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Introduction 

This book contains the executive summaries and related papers (in the enclosed 
CD) that were submitted on the occasion of the Joint International CIB 
Symposium, Construction in the XXI century: Local and global challenges, that 
was held on 18-20 October 2006 in Rome, Italy. The contributions reflect the call 
for papers for the annual meeting of three CIB Commissions:  
– W055 (Building Economics),  
– W065 (Organization and Management of Construction) and  
– W086 (Building Pathology).  

 
These three commissions operate under the umbrella of CIB (International 

Council for Research and Innovation in Building and Construction, formerly Conseil 
International du Bâtiment). Established in 1953, CIB is based in Rotterdam, the 
Netherlands, and is the world’s foremost organization for construction researchers 
and practitioners.  

 
The book is divided into two sections. The first contains the contributions to the 

W065/W055 commissions, while the second pertains to the contributions to the 
W086. All the contributions are listed in alphabetical order of the last name of the 
author or first co-author. 

 
In the first section, the content of the papers reflects six broad areas of   

concern: 
i) Global and local issues of construction, with emphasis on sustainable design 

and construction as well as the built and natural environment with consideration 
of appropriate technologies. 

ii) Changing frontiers of construction, with particular attention to clients as drivers 
of change and new frontiers of building design and representation. 



iii) Structure and performance of the construction industry, with case studies of 
national construction industries and international comparisons of construction 
practices. 

iv) Competitive strategies for the XXI century, with many contributions focusing 
on new management and industrial theories and applications, criteria for 
improving the performance of construction firms, including innovation issues, 
the need for collaboration during design and construction, and critical 
comments on project delivery systems.  

v) Management of human and physical resources, with studies of professional 
development and labor training and skills, cultural aspects of construction, the 
emerging role of women in the industry, organizational learning, and 
construction planning techniques.  

vi) Economic aspects of construction, including macroeconomic issues as related 
to specific countries, cost estimating issues and risk management for 
construction projects and firms. 

 
In the second section the content of the papers reflects three main thrusts: 

i) Case studies of building failures, namely reports containing the building 
pathologist's analysis of the failure, with varying degrees of complexity, of a 
building system or component, usually with the intent of identifying 
responsibilities, proposing remedial solutions or preventive actions. 

ii) Degradation mechanisms, failure modes and durability optimization of building 
materials and technologies, that is, the first generalization level of knowledge 
that a building pathologist can elicit from the analysis of similar failures. 

iii) Pathology-conscious building design and life cycle planning, a further level of 
knowledge represented by rules and methods that results from the analysis of 
case studies and identification of defects and errors. 
 
I would like to thank all the authors of the published contributions for their 

excellent work and enthusiastic participation in the event. At the moment of this 
writing, in fact, more than 180 delegates from around the world are expected to 
attend the symposium.  

I am indebted to those colleagues who organized the four workshops that were 
held during the event. Special thanks belong to the editors, particularly Teresa 
Tatulli, whose efforts made this publication possible. 

 
Roberto Pietroforte, Ph.D. 

Chair of the Editorial Committee 
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A review of the relationship between skills and  
productivity in construction 

 
Mohamed Abdel-Wahab, Loughborough University, UK (m.s.abdel-wahab@lboro.ac.uk) 

Andrew Dainty, Loughborough University, UK (a.r.j.dainty@lboro.ac.uk) 
Stephen Ison, Loughborough University, UK (s.g.ison@lboro.ac.uk) 

 
UK government considers ‘skills’ key driver of productivity across different sectors of the economy. A survey of the 
existing  literature relating to skills and productivity reveals  the lack of a clear and specific evidence in construction 
at the firm level. This is fundamental to demonstrate to employers how a process of skills development could induce 
productivity gains. 

Keywords: skills, productivity, review and policy. 
 
 

1. Skills as driver to productivity 
A fundamental element of the workforce productivity 
performance is governed by its skills domain meaning 
that a workforce with lower skill levels represents a 
constraint for realizing maximum performance poten-
tial. Crafts and O’Mahony [1] found that UK produc-
tivity lags behind other countries because of a lack of 
skills. They argued that skills could potentially help 
in closing the UK productivity gap with other nations. 
In addition, Clarke and Wall [2] conclude that the 
construction process in the UK depends on a lower 
level of skill than in Germany and the Netherlands. 
More recently, the Pre-Budget Report [3] prescribes 
skills as a key driver for productivity within the UK 
economy. Accordingly, it promotes the attainment of 
higher qualification level and training as a means of 
developing the workforce skills and realizing such 
productivity gains.  

The aim in this paper is to unpick the knowledge gaps 
which act as a constraint for applying what is already 
known, e.g. why employers are not investing enough 
in developing their workforce skills? But first some of 
the barriers to establishing a relationship between 
skills and productivity within the context of the con-
struction industry are listed. 
 

2. Barriers to skills and productivity 
2.1 Definitional problems 
2.2 Totality of factors affecting productivity 
2.3 Nature of the construction industry 

 

3. Themes in the literature 
3.1 Logistics and late material delivery 

Workers are vital parts of the supply chain especially 
that labour-only-subcontractor make-up a consider-

able proportion of the workforce in the UK. Thus, 
having highly skilled workers with an ongoing train-
ing and development will help in providing strong 
links in the supply chain. For example, if a material 
supplier employs people with poor communication 
skills (e.g. ICT) and not enough experience, then the 
chances of having poor performance become appar-
ent which is manifested in late delivery or wrong 
order of material. This may result in a knock-on ef-
fect on-site creating a back log of work and thus a 
drop in productivity levels, though the best skilled 
people may be hired on site. However, problems with 
material logistics may occur due to shortage in global 
material supplies (e.g. steel), which is out of the 
hands of the supplier. Therefore, it is important to 
ensure that the suppliers workforce maintain appro-
priate level of skills to minimize the effect of prob-
lems arising that could be attributed to poor skills. 
The workforce skills across the supply chain are im-
portant for passing on productivity gains on site. 
Having a reliable supply chain that applies cutting 
edge logistics system requires equipping the work-
force with the necessary skills for doing that. 

3.2 Workforce Skills 
It is essential to recognize that both managers and 
operative skills have a role to play in improving pro-
ductivity.  

This would fit with the nature of a construction pro-
ject, which involves complex inter-relation of differ-
ent activities. For example, if managers set up sophis-
ticated systems and plans for operations, then it 
would mean nothing unless there is a willing and 
skilled workforce who is capable of delivering. Con-
versely, the best skilled workforce will not be able to 
work productively without the support of a good 
management practice, e.g. ensuring that materials 

12 Section I



13 

  

arrive on time. It follows that the skills of both opera-
tives and managers, which is manifested in a good 
work practice, complement each other and this 
should be reflected in streamlined operations on-site 
that could result in improved productivity levels. 
However, management have the authority to give 
bonuses which may result in motivating the work-
force and driving up productivity performance. A 
demotivated workforce could create time losses as 
much as 13.6 man-hours/week [4].  

3.3 Labour training 
With the growth of self-employment in the UK con-
struction, it becomes difficult to ensure that the con-
struction workforce receives the necessary training to 
make it perform competently and let alone improving 
productivity. This responsibility falls within the remit 
of the Construction Industry Training Board (CITB) 
which has a central role to play in ensuring that the 
workforce receives enough and adequate training. A 
progress has been achieved with the Labour Force 
Survey (LFS) [5] reporting an increase of 68.8% in 
the participation in training in construction over the 
last decade. However, it is important to ensure that 
participation in training is derived from an actual 
business need. Training could be an extremely expen-
sive way of attempting to remedy a human perform-
ance problem if it is not the most appropriate strategy 
to use [6].  

3.4 Education attainment 
Sole reliance on qualifications as a measure of skills 
in the workforce is far from ideal. Many skills are 
acquired at the workplace and remain uncertified in a 
formal way, e.g. computer skills. For these reasons, 
qualifications can only be regarded as a proxy for 
workforce skills. Simply increasing the supply num-
ber of workers with higher levels of qualifications is 
unlikely to be the full answer to raising the skills that 
are exercised in British workplaces [12]. 

This requires matching the required skills demand in 
the job market with adequately trained workforce, 
who would be productive at doing their jobs. 

So, this vision and understanding should be projected 
onto the construction industry, because simply if the 
workforce became more qualified then this would not 
mean a panacea for the industry problems and boost 
in its productivity levels.  

4. Conclusion 
There is no specific and clear evidence to support the 
claim that skills improve productivity at the firm level 

within the construction industry. This presents a real 
barrier for persuading employers to invest in the 
process of skills development, e.g. through training. 

This requires a firm level enquiry that would involve 
asking employers about productivity benefits derived 
from investing in their workforce training and devel-
opment. The evidence of improvements which accrue 
from such investment would undoubtedly be broader 
than straight output improvement. This would enable 
collecting some prima facie evidence of how the two 
things are connected. Also, the spin off benefits of a 
better trained workforce could be examined (e.g. im-
provements in behavior and attitude, interfacing be-
tween trades etc - these are known as 'externalities' or 
external benefits which accrue from the investment in 
skills). These may actually amount to much more 
than just the output productivity improvement. 
 

References 
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Establishing project budget growth norms for the roads 
sub-sector in construction 

Charles Afetornu, Dept of Civil and Bldg Engrg, Lough. Univ., UK  
Francis T. Edum-Fotwe, Dept of Civil and Bldg Engrg, Lough. Univ., UK (email: f.t.edum-fotwe@lboro.ac.uk) 

 
Generally, cost overruns are deemed as adverse consequences in the viable delivery of the project.  The immediate 
as well as other stakeholders associated with the project suffer the socio-economic impact of this adverse conse-
quence.  To some extent the cost overruns can be deemed as being symptomatic of inadequate planning and budget-
ing of projects that in turn is a consequence of accuracy of costing data employed for estimating project budgets.  
Understanding the nature and factors that account for the overruns should assist in establishing more accurate pro-
ject costs.  The aim of the study is to explore the nature and scale of project cost overrun in construction to provide 
information for planning future projects. 

Keywords: construction, projects, budgets, roads, contingency, norms. 
 
 

1. Introduction 
The continued use of contingency in budgeting for 
construction projects provides an undisclosed ac-
knowledgement of the perennial problem of cost 
overruns in the delivery of projects.  Whilst con-
struction has been happy to encourage the practice 
of budget uncertainty with the use of contingency, 
there is evidence to suggest that major clients are 
demanding more cost certainty [1].  In one sense, the 
use of contingency can be deemed as the anticipated 
budget ceiling for any project.  In the past the basis 
for establishing such contingency had been by rule-
of-thumb or sometimes rather arbitrary [2].  Davey 
[3] makes the case that cost overruns often represent 
symptoms of inadequate planning and budgeting for 
the projects, which, in turn is a consequence of accu-
racy of costing data employed for estimating project 
budgets.   

Within this paper, the authors explore the nature of 
budget overrun and present the interim results from 
an investigation into the scale of construction project 
cost overrun.   

The study employed project data from road schemes to 
establish a generic function for the magnitude of cost 
overrun.  The generic function of cost overrun can be 
employed to provide information for planning future 
projects on the most likely levels of contingency to 
incorporate for improved budget certainty. 

2. Definition of cost overrun 
Generally most actors defined cost overruns on pro-
jects as the deviations of actual from estimated cost.  
In an earlier paper, it was reported that two principal 
definitions emerge from the literature, the generic 
definition and the critical activities definition [20].   

Within this paper the following definition is adopted: 
“Cost overrun is the additional cost beyond the 
planned estimated cost of the project.” 

3. Modelling cost overrun 
The basis of contingency budgets for construction pro-
jects is the extent of cost overrun that is expected to 
occur during the implementation of the project.  The 
investigation involved establishing the scale of such 
overrun for completed projects in order to provide a 
generic function original estimates and the outturn 
budget for the project. Gilchrist [21] and Berk [22] 
separately support the assertion that mathematical or 
statistical expressions can be used to establish the be-
haviour and properties of the quantities being mod-
elled. 

The modelling in the study was by regression analy-
sis. Regression analysis is defined by Cook and 
Weisberg [23] as the analysis “to determine as far as 
possible with the available data how the conditional 
distribution of the response Y varies across subpopu-
lations determined by the possible values of the pre-
dictor X or predictors Xi.”   

Simple linear regression analysis statistical modelling 
technique was adopted because of the number of vari-
ables involved and the discrete nature of the data. The 
generic form of the expression for the modelling is 
represented as follows: 

Y= β0 + β1X1 + ε   Eq 1 

where β0 and β1, are the model regression coeffi-
cients or parameters, and ε is an error factor or ran-
dom disturbance. 

This definition encompass both situations where there 
is a planned contract schedule identify its critical ac-
tivities and the other case without such schedule.  
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4. Results 
The plot of fitted model produced from the modelling 
of the original data is given in Figure 1.  This gives a 
strong indication of a systematic relationship between 
the initial cost and final cost of the project. 

Plot of Fitted Model
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The results of the analysis gave the equation of the 
fitting linear model that described the relationship 
between Final Cost and Initial Cost of the original 
data as follows: 

FINAL COST=1.89077E8+0.999149×INITIAL COST  
     Eq 2 

This equation relates to the general equation of linear 
regression which is given by: 

Y = a + b*X 

Therefore applying this principle to the equation gen-
erated from the original data:  

Y = Final Cost,  

a = 1.89077E8 which is the constant coefficient,  

b = 0.999149 which is the slope, and  

X = Initial Cost. 

5. Conclusion 
While cost overrun on construction projects is ac-
cepted as a common feature, not much has been done 
to minimize or eliminate their occurrence and prob-
lems associated with cost overruns.  The reason was 
that the true nature and extent of cost overruns was 
not understood.  History can be leant to understand 
the nature and characteristics to help in deriving a 
more scientific way of minimizing or eliminating the 
effects of cost overruns on construction projects.  The 
model in the study would be very useful for obtaining 
funds for donor funded projects, and for more realis-
tic estimation of project cost.  Most donor funded 
projects are executed on tight budget.  Therefore in-

adequate estimation will result in serious cost over-
runs on the projects.  These effects could be elimi-
nated by the application of the derived model in esti-
mating the expected final cost of projects.  The calcu-
lated Final Cost therefore becomes the budget for the 
proposed project.  The budget for the project would 
therefore include the expected cost overruns.  Infla-
tion was identified as the only factor that causes cost 
overruns on construction projects in developed and 
developing economy differently.  Data for the model-
ling was obtained from developing economy.  There-
fore the application of the model is limited to projects 
in the case developing economy.  The model could 
however be modified with data from developed econ-
omy to enable an appropriate model, suitable for de-
veloped economy to be derived.  The model derived 
from the research would therefore enable project 
managers and advisers allocate appropriate contin-
gency amounts on construction projects.  In this way, 
cost overruns on construction projects would be 
eliminated or minimized. 
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Identification of factors that stimulate or inhibit the  
adoption of quality systems in construction companies 

Sergio O. Alvarez-Romero, Autonomous University of Yucatan, México (email: aromero@tunku.uady.mx)  
William G. Perera-López, Autonomous University of Yucatan, México (email: diesel_03@hotmail.com) 

 
The construction industry in Mexico is adopting quality systems in a very low proportion compared with other indus-
tries.  The decision-makers in the construction companies knows that quality systems are beneficial for their compa-
nies, nevertheless, very few of them are implanting a quality system. Many authors have expressed in their works that 
there are different factors that affect the decision of adopting or not a quality system, this study is focused on identi-
fying the factors that are influencing such decisions in the local construction industry and in which measure they are 
present. This research is carried out through interviews to the decision-makers and is intended to serve as a starting 
point to develop strategies in the academy, government and the industry to stimulate the adoption of quality systems. 

Keywords: Quality Systems, Quality Inhibitor, Quality Stimulator 

 

1. Introduction 
It is perceived that quality of products and services 
into construction industry is growing up and reaching 
higher levels than ever. Processes supported by the 
techniques of quality improvement  (such as TQM, 
re-engineering, among others), which have been suc-
cessfully proved in the manufacturing industry, are 
now being used in the construction industry, making 
emphasis on the process as the key to achieve the 
highest quality in the products, services and the satis-
faction of all of the parties involved in a construction 
project [1]. In the construction context, quality can be 
defined as the satisfaction of the requirements of de-
signers, constructor, government, society, and the 
owner [2]. This satisfaction is being achieved with the 
support of quality systems, which help to the clients, 
constructors and designers to achieve the project ob-
jectives. There are different approaches such as the 
one being used by the governments of Singapore, 
Sweden and Hong Kong, among others, where the 
governments have a mandatory policy of requiring 
the constructors to be certified under the ISO 9000 
[3]. We have another example in the Housing Devel-
opment Board, in Singapore, where the use of Six 
Sigma allowed an improvement of the interiors finish 
work, in housing projects [4]. In Mexico we still have 
a long road to walk to achieve the standards men-
tioned above. In spite of the existing need of better 
services and products with a higher quality, we can 
perceive an interest in the constructor on being part of 
this culture. The signs of a low interest on consumers 
satisfaction in construction projects is evident in the 
local newspapers: From January till June of 2004, the 
Mexican Federal Agency of Consumer (PROFECO), 
had reported claims against the services provided by 
construction companies, totalizing 5,190 for an 

amount of 20.6 million dollars. The main claim topics 
includes, delay in the termination of the project, un-
corrected construction errors, performance failures, 
violation of the contract, among others [5]. 

Facing this situation, what should we do? Why, if the 
quality systems are so good for the industry, the deci-
sion makers are not opting to invest in a quality sys-
tem for their companies? Which are the keys to 
achieve a substantial participation of the construction 
industry in this quality culture? 

This research is focused on identifying what factors 
have a strong influence, in a positive or negative way, 
on deciding to adopt a quality system in a construc-
tion company in the State of Yucatan, Mexico. 

2. Methodology 
We took as a universe for this study, the official list 
of companies registered as actives in the local cham-
bers of construction. 48 construction companies com-
pose the universe. The study unit is the decision-
maker with the faculty of deciding on investing in the 
implantation of a quality system in a construction 
company. The calculated sample size is 40 for a stan-
dard error of 0.02. We propose the use of the Influ-
ence Index (I), for measuring the influence level of 
the stimulator or the inhibitor. This is calculated as 
the proportion of the times that an item was consid-
ered as a “definitively it influences” from the total of 
interviews. 

3. Survey results 
The general section of the questionnaire is intended to 
identify the general attitude of the decision-maker on 
the decision of adopting a quality system for non a 
particular company, so the attitude shown will depend 
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on the knowledge, academic formation and the pro-
fessional experience of the decision-maker.  

Figure 1. Influence index of stimulators  

 

The particular section identifies the attitude of the 
decision-maker on adopting a quality system for the 
company where the decision-maker is currently work-
ing. In this section can be identified, what are the 
strengths and weaknesses of the companies in order to 
implant a quality system. 

Figure 2. Influence index of inhibitors. 
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4. Conclusions and discussion 
The geographic region surveyed, show a high level of 
motivation to adopt quality systems; originated by the 
knowledge and experience of the decision-makers. In 
contrast there is a poor consumer culture that inhibits 
the demand of high quality standards; resulting in a 
very poor stimulator: “Achieving client requirements” 
which in occasions have a behavior most like an in-
hibitor. 

From the point of view of inhibitors, the context 
shows a lack of experience in implementing quality 
systems and a low level of knowledge on quality is-
sues; this results in emerging a doubt about the capac-
ity to achieve a successful implementation. Addition-
ally the lack of resources to invest in the implementa-
tion of a quality system makes the doubt stronger and 
finalizing in pushing the decision to the side of not 
adopting a quality system. 

There is a need of educational programs that allow 
the community to enter in a consumer culture; that 
create a conscious state on the demanding of high 
quality standards; and prepare clients to evaluate con-
struction projects based not only in the cheapest ap-
proach, because this not always is translated into sav-
ings. 
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A service based framework enabling collaborative  
construction project management 
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This paper highlight the importance of  formalizing  construction process components  in a single context in order to 
enable a consistent management of the engineering activities. A framework for a collaborative model in  construc-
tion project management is presented incorporating the service based technology as the conceptual foundation. 
Within the framework, project tasks  become more applicable and more comprehendible even for  distributed engi-
neering virtual teams  on a network. 

Keywords: Construction Project Management, Collaborative and distributed engineering system,   Building process 
models, Web Services. 
 

1. Introduction 
Large and/or complex projects are tackled by a num-
ber of individuals and organizations who collaborate 
and work jointly on the construction project from its 
inception to completion. Furthermore, the planning 
processes in complex civil and building engineering 
projects are carried out by a lot of different engineers 
working collaboratively in projects teams whose 
members often reside in different cities or even dif-
ferent countries. Recent improvements in ICT  accel-
erate this collaboration while emerging technologies 
such as Web Services (WS) [1] have enabled new 
applications consisting in a set of services to be in-
voked by users. .  
Assuming the WS Architecture as enacting  para-
digm, this paper presents a framework that is con-
cerned with the collaborative engineering  in con-
struction project management.  

2. The service based framework 
The  proposed framework is based on the acceptance 
that collaborative construction project management  is 
a human-based, interdisciplinary and socio-technical 
activity and can be modelled as a set of  processes 
accordingly [2] [3]. A construction project is assumed 
as composed by a set of  functional processes that a 
group of  humans may go through  on a network of 
computers (e-nodes) interacting with one another in 
order to offer or to ask for services. Similar to an e-
market-space, this collaborative engineering envi-
ronment (CEE) is a virtual cooperative environment  
where the physical distribution of resources and ac-
cess problems are masked via the service interface. 
Each service is offered by an e-node, namely a pool,  
that sets the rules under which the service can be ac-
cessed by other e-nodes through service invocation.   

A pool is most often assumed to mask an individual 
human that possesses a body of knowledge and values 
that are applied to decisions or contribution made to a 
collaborative engineering process. A pool may, how-
ever, mask an organization i.e. a community of indi-
vidual humans that collectively have an agenda or 
purpose that they are pursuing. Pools need to be 
taught on how to set-up a CCE that operates through 
the network and allows complex tasks requiring the 
collaboration of various services spread over different 
pools  each  of ones is described by a set of local in-
formation sources and a set of local services.  

As shown in Figure 1, the framework has a layered 
architecture  consisting in four level of abstraction 
and expresses an appropriate modelling of  collabora-
tive processes  that can be decomposed and  made 
executable as granular services individually. 

 
 

PROCESS

COMPONENTCOMPONENT

Abstract workflows out of the 
available services on construction 
project management

SERVICESERVICE

RESOURCE

Building Design, Structural Analysis, 
Construction Project Scheduling,  
Risk Analysis…

Programs :  CAD , Planners, 
Simulators…...

Databases,  Images, Videos, 
Graphics,  Documents….

 
Figure 1 . The proposed Service Base Framework 
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Specifically, at  process layer, this decomposition is 
formalized by a abstract workflows out of the avail-
able services on  construction project management . 
Each workflow expresses a sequence of cooperative 
tasks each performed by a set of e-services and is 
designed by the project manager  that is in charge of 
coaching pools partners  through the entire process 
life-cycle. A workflow includes points of access to 
remote information sources and points of cooperation 
with other e-nodes’ workflows as well as possible 
destinations of processed information. The services 
layer models granular processes performed by an e-
node or other local control activities. The services 
organize their activity on the basis of both local and 
network information sources and are related to the 
particular project context by the workflow describing 
the services to be executed and the context knowledge 
applied to solve a problem, to enact a decision or to 
achieve a goal. The component layer expresses soft-
ware components invoked at services layer. Finally, 
the resource layer collects electronic resources related 
to the activities assigned to each e-node Information 
within a workflow is organised in purpose-centric 
aggregations of  resources referred as views. Each 
collaborative team has one or more views under 
which he participates and contributes to the CEE . 
Specifically, a view of an individual user may be con-
sidered a local resource and collection of views of a 
collaborative team may be considered a shared re-
source. These distinctions are important because con-
struction project management originates in the 
view(s) of individual users and is reinforced through 
the acceptance and integration into a collection of 
views of  a collaborative team. The framework mod-
els how construction process management is carried 
out by a number of services where the physical distri-
bution of resources and access problems are masked 
via the service interface while a workflow ensures 
that appropriate collaboration. As new information 
sources and processing techniques become available, 
they are simply represented as new services thus en-
suring the environment scalability. 

3. The web service technology 

WS are distributed services which consist of inde-
pendent application components published on the 
Web in a way that they can be used by other Web 
applications. A register (UDDI) maintains detailed 
lists of published Web services and acts as a bridge 
between service providers and service requesters. The 
WS architecture make it possible to implement a dis-
tributed integration infrastructure where an active 
mediator acts as information broker between the cli-
ent devices and the information sources so allowing 
each client to share and update information.  

4. An application scenario 
To explain how a collaborative process can be for-
malized the paper considers a construction project 
management where the PM models the planned work 
process by a traditional CPM diagram and project 
personnel  who are responsible for the activities . This 
process can be supported by many  proprietary  soft-
ware application whose interoperability is still an 
issue. However,  information sharing is a mandatory 
requisite when the  project management involves sev-
eral other parties (i.e. teams of specialists in different 
areas) each of ones may use specific applications that 
reside on distributed and networked computers. Ac-
cording to the proposed framework, the integration 
process can be modeled, at process level, by a work-
flow that expresses the project scheduling as a single 
service composed by a set of web services, each of-
fered by a single team. Specifically, the service level 
exposes software applications that are available 
within the different teams. At component level, the 
proprietary software components are wrapped as WS 
in order to export their functionality. Finally, the re-
source level models basic information such as graph-
ics, spread sheets, diagrams etc.. In short, the pre-
sented framework and the WS architecture make it 
possible to implement a distributed integration infra-
structure allowing each team to view and update the 
project on a Web browser. 

5. Conclusions 
The proposed framework is an effort that tries to give 
some answers to collaborative engineering challenges 
by offering a service based environment that is 
needed as a backbone for the cooperation. The adop-
tion of a service based architecture offers the possibil-
ity to share information and use value added commu-
nity solutions that facilitate the  construction project 
management. 
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The management of risk in construction is influenced by the knowledge and attitudes of project staff who, are re-
quired to deploy the techniques and tools as part of procedures within a project. The investigation provided evidence 
to suggest that risk management usage in the execution and planning stages of the project life cycle is higher than in 
the conceptual and termination phases.  Equally, experience, personal judgment and brainstorming are the tools 
mainly used in risk management.  Risk management packages, and formal risk management techniques are rarely 
used due to lack of familiarity with tools, resource constraints and management culture of organizations. 

Keywords: risk, risk management, project, analysis, judgement. 
 

1. Introduction  
From a construction perspective, risk is the occur-
rence of an event that has consequences for, or im-
pacts on, outcome of the delivered project [1].  As 
such, each construction risk can be considered as re-
flecting one or more of three types, namely, known 
risk, known unknowns and unknown unknowns, [2].  
The management of these categories of risks often 
rely on procedures and processes that are aimed at 
facilitating the identification, and/or optimisation of 
the contribution from different risk factors towards a 
mitigation decision.  There are conventional methods 
for applying the procedures and processes involved in 
managing risks.  The practice of these procedures 
within construction however, differ from company to 
company, and similarly from project to project.  
Chapman, [3] opines that there are variations to the 
standard project management process that different 
organisations adopt for managing risk to suit their 
organisational context.  There are numerous tools and 
techniques available to support the various phases of 
the risk management process.  Their use is influenced 
by the knowledge and attitudes of project staff who, 
are required to deploy these techniques and tools.  
Within this paper, the authors present an investigation 
that was conducted to evaluate the risk management 
practices of project staffs in risk identification, risk 
analysis and risk response in their use of the tools and 
techniques that are available for managing different 
categories of risks. 

2. Construction and risk 
The notion that risk management should be an inte-
gral part of the management considerations for the 
execution of construction projects is well and widely 
shared by the leading project management institutions  

 

 

and professionals [4] [5].  The scope of attention 
given to risk and the extent of detail that is reflected 
by any analysis however, varies considerably.  BS 
6079, [6] regards risk as the uncertainty inherent in 
plans and the possibility of something happening that 
can affect the prospects of achieving business or pro-
ject goal.  The management of risks therefore, is es-
sential for effective and efficient delivery of every 
project and organisation within construction.  Boehm, 
[7] suggested a process consisting of two main 
phases, Fairley, [8] proposed about seven steps, and 
Chapman and Ward, [9] outline a generic PRM proc-
ess consisting of nine phases. 

3. Risk management practices 
According to Webb, [10] formalised risk analysis and 
management is a relatively recent development 
within construction but risky projects have been suc-
cessfully completed in the past without a formalised 
approach, so an effective informal process must have 
existed.  Formalised risk analysis and management, 
however, removes the element of chance associated 
with an informal arrangement.  The management of 
risk often involves the deployment of tools to arrive 
at a systematic consensus.  Techniques of risk analy-
sis in construction projects include risk premium, risk 
adjusted discount rate, subjective probability, deci-
sion analysis, sensitivity analysis, Monte Carlo simu-
lation, stochastic dominance and intuition. 

4. Survey 
The elicitation instrument comprised five sections.  
The first section addressed background information, 
and explored respondent details of highest academic 
qualification, years of experience, current designa-
tion, and role in organisation.  The second section 
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explored the risk-related decisions the respondent 
makes, the frequency and the background information 
required to make such decisions.  The third section 
dealt with the risk strategy of the respondents’ organi-
sation in terms of formal risk management proce-
dures, and the risk management team.  It also en-
quired into the key stages of the project at which 
these risk management procedures are applied.  The 
fourth section looked for details of the extent to 
which the respondent knew various tools proposed for 
managing risk as well as their preferences for manag-
ing risks.  The final section focused on the benefits of 
risk management and factors that influence the im-
plementation of risk management tools and tech-
niques.  This paper addresses in detail sections two, 
three and four.  The survey was administered by post 
and complemented by email to a sample of 65 staffs 
randomly selected who were involved in various pro-
jects within UK construction industry. 

The survey achieved a response rate of 40% from 
respondents drawn from contractors and project man-
agement practices across the UK.  The contractors 
included both national and regional companies.  The 
respondent group reflected that many staff play a va-
riety of roles in their organisation and account for any 
risks related to any work section which they make 
decisions on. 

Overall, 80% of the respondents indicated that their 
roles involved accounting for any risks related to a 
work section or whole project in which they made 
decisions for.  The decisions are made in accordance 
with laid down procedures.  All respondent have for-
mal risk management procedures which enables the 
systematic management of risk. 

Under the section risk awareness and tools, 14 tools 
and practices mentioned in literature as contributing 
to project risk management were listed.  In the first 
part respondents were asked to indicate the extent to 
which they knew these tools and practices.  From the 
responses shown in Figure 2, it is evident that formal 
risk management techniques are still rarely used in 
the construction industry, and as such most construc-
tion project staffs are not familiar with these tech-
niques.  Experience, personal judgement, checklist 
and brainstorming still top the list of tools familiar to 
project staff.  Figure 2 shows that most of the respon-
dents are only familiar with only probability-impact 
scores (40%).  This is followed by Monte Carlo simu-
lation (32%), decision tree (28%) and sensitivity 
analysis (26%).  Almost all project staff depends on 
experience, personal judgement and intuition to man-
age risks involved in construction.  This is followed 
by probability-impact scores (40 %).  The popularity 
of probability-impact scores compared with any other 

formal techniques of project risk analysis and man-
agement is probably because; it permits ranking of 
risks. 

5. Conclusion 
Project staffs rely predominantly on experience, per-
sonal judgment and brainstorming as the principal 
tools for their risk management.  Risk management 
packages, and formal risk management techniques are 
rarely used due to lack of familiarity with tools, re-
source constraints and management culture of organi-
sations.  Whilst it appears obvious to explore mitiga-
tion at the earliest possible decision in the project 
lifecycle, it would appear that considerable effort is 
put into managing the risk at the construction and 
post construction stages rather than the more strategic 
stages of the project proposal.  The evidence from the 
study suggests that risk management usage in the 
execution and planning stages of the project life cycle 
is higher than in the conceptual or termination phases.   
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Partnering guidelines often recommend that economic incentive systems are brought in to create a win-win atmos-
phere and elicit constructive collaboration. However, there are only a few empirical studies of how economic incen-
tives are implemented, and these highlight inconsistencies in how these are designed and managed in practice. This 
paper reports the results of an interview study comprising 7 clients and 7 contractors, focusing their views on and 
experiences of incentive arrangements in general, not only in partnering projects. Incentives were estimated to be 
used in about 10% of the projects, most when demand is high, and concerns to share and minimize risks were often 
mentioned. Incentive arrangements were perceived to require trust and can also reinforce trust, but may become the 
subject of fixed pie negotiations about target cost adjustments. 

Keywords: incentives, gainshare-painshare, collaboration, motivation 
 

1. Introduction  
There is a trend to abandon traditional construction 
contracts in favour of more collaborative arrange-
ments. The need to improve motivation in a tradition-
ally conflict prone context has been an important 
driver for introducing incentives that align the busi-
ness goals of the individual participants with project 
objectives [1], and partnering guidelines often view 
economic incentive mechanisms as essential to elicit 
constructive collaboration and innovation.  

Still, there are few empirical studies of how such ar-
rangements are negotiated and implemented in pro-
jects. This study investigates the use of economic 
incentives, mainly gainshare-painshare models, in 
Swedish construction. The aim is to gain a general 
understanding of what kinds of factors that prompt 
the use of incentives in a construction context, what 
processes might be affected and how they are related 
to collaboration. 

2. Incentive areas and risks 
A variety of aspects and outcomes may be “incentiv-
ised”, i e rewarded by incentives. Most authors men-
tion cost, schedule, quality and safety as the main 
incentive areas. Regarding incentives specifically 
relating to cost performance, it is common to use a 
target cost approach [2]; [3]. Here, there is a direct 
relationship between cost performance and contractor 
rewards, so that gains and losses in relation to an 
agreed target cost are divided between the client and 
the contractor. However, cost incentive contracts are 
not without problems. A focus on performance in 
areas that are measured and explicitly rewarded may 
crowd out intrinsic motivation [4], why economic 

rewards may fail to elicit an open-ended, benevolent 
and co-operative state of mind.  

3. Previous studies 
Arditi and Yasamis [5] found that the parties were 
generally ill informed of the basis and contents of the 
incentive arrangement. Further, most contractors re-
ceived schedule incentive payments near the maxi-
mum limit, while penalties (disincentives) were rarely 
issued. Similarly, a study of US government [3] iden-
tified a clear tendency that owners pay incentives also 
for average performance, and in cases when perform-
ance targets were not met. 

Bresnen and Marshall [6] studied six partnering pro-
jects with economic incentives and pointed at a num-
ber of inconsistencies in the design and implementa-
tion of the incentive schemes. One conclusion was 
that the collaboration and commitment observed in 
the cases should be attributed not to immediate eco-
nomic incentives, but to the prospect of future work, 
or to more psychological and social rewards such as 
greater autonomy and improved working relation-
ships.   

Thus, previous studies have pointed at a lack of 
knowledge of how incentives are designed and man-
aged on a more detailed level, as well as of the more 
precise relation to collaboration and innovation.    

4. Methodology 
This paper reports the results of the first phase of a 
larger study of incentive mechanisms and inter-firm 
collaboration in construction projects. Semi-
structured interviews have been carried out with 
seven clients and seven contractors.   
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The interviews were designed to provide a broad 
overview of what kind of incentives are used in 
Swedish construction, in what situation and for what 
reason. Further, respondents were asked about their 
experiences of incentive contracts and their general 
opinions of success factors and risks. The focus was 
on economic incentives, in particular target cost ar-
rangements. The wider purpose was to serve as a ba-
sis for designing deeper case studies of incentive con-
tracts in a practice context. 

5. Interview results 
The respondents perceived target cost arrangements 
as the most common incentive, and contractors esti-
mated them to be used in about 10% of all construc-
tion projects. High level of uncertainty, large and 
complex projects and high demand were associated 
with use of incentives. Two contractors, however, 
believed that incentives could be used in all projects 
provided that there was some room for contractor 
creativity. The main reason to use incentives was “to 
keep costs down”, but also to induce innovative be-
haviour and collaboration. Incentives allowed clients 
to buy knowledge and competence. Symbolic effects 
of incentives as a way of starting a dialogue and work 
with open books were also mentioned.  

Concerning how gains and losses in relation to the 
agreed target cost should be shared between the client 
and the contractor, clients tended to have strong, but 
differing, views. Contractors had less strong opinions. 
They emphasised that deciding about sharing frac-
tions was a part of an initial negotiation process, and 
that these vary widely between projects.  

Among perceived key success factors, contractor 
commitment and responsibility were seen as impor-
tant, while clients should show commitment, compe-
tence and generosity. Both contractors and clients 
said that some clients find it hard to accept that the 
contractor makes a profit if savings are made. On the 
other hand, contractors have a considerable advantage 
in setting target costs, and one view was that there 
had to be limits to how much a contractor could earn.   

The importance of trust was strongly emphasised by 
all interviewees, and incentive contracts were only 
used when there was a basic level of trust between the 
parties. The most important threat to trust was nego-
tiations about target cost changes due to changes in 
client requirements or new circumstances. Both par-
ties have opportunities to pursue opportunistic strate-
gies, and project managers try to establish rules to 
guide target cost adjustments. These rules, however, 
vary widely. In one case, the target cost might be 

changed frequently, while other respondents said that 
the whole point of incentive contracts was that only 
additions in building area or important changes in the 
functions (from office to laboratory) should result in 
target cost changes.  

6. Conclusions 
Negotiations about target cost adjustments versus 
incentive outcomes present important challenges to 
the relationship, and thus are key relationship indica-
tors. Case studies should focus on these negotiations: 
What kind of changes lead to target cost adjustments 
and when is there gain- or painsharing? How frequent 
are these discussions? What is the relationship to the 
quality of collaboration and levels of trust? What em-
phasis is put on stimulating intrinsic motivation, such 
as communication, teambuilding efforts, client com-
mitment, and opportunities for on creative interac-
tion? To what extent are incentives important as  sig-
nals of commitment to collaboration or is the empha-
sis on actual and direct economic rewards? We sug-
gest 3-4 deep and carefully chosen case studies of 
projects with different kinds of incentive arrange-
ments and client objectives.  
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The briefing process for the arts projects has to translate the spatial needs of the so-called ‘artistic vision’ into a 
building to accommodate the needs of the arts clients that may be unique and dynamically changing over time. Aim-
ing to elucidate the most appropriate briefing process or processes that deliver a ‘better’ environment for the arts, 
an investigation has been set out using multiple cases within the grounded theory methodology. Whilst the writing of 
the case studies storylines has been considered eminent for the grounded theory methodology, particularly for the 
cross-case analysis purpose, the complexity and the richness of the information of the case studies was found to be 
overwhelming and impractical for research team discussions. In attempt to represent the complexity and richness of 
the information in describing the storyline of the case studies, an approach using rich picture diagrams has been 
applied in this research and is presented. The reasoning underpinned the development of the diagram to model the 
case studies is explained and the application of such a diagram in representing the case studies is discussed with the 
pilot case as an example. 

Keywords: arts projects, case studies, diagram, grounded theory, rich picture. 
 

1. The research project 
The research project aims to investigate the most ap-
propriate practices to enable a ‘better’ environment in 
order to deliver excellent buildings for the performing 
arts. The measurable objective of the research is to 
investigate and analyse thoroughly the selected build-
ings for the performing arts which have been briefed, 
designed and procured in the relatively recent past to 
identify and develop the successful ‘good practice’ 
exploiting the particular skills and abilities in the arts 
for creating and communicating ideas and 'visions'. 
The selected strategy is the grounded theory method-
ology with multiple case studies to ensure an in-depth 
interaction between the researchers and the partici-
pants of the construction process. Two techniques of 
data collection are applied in this research, namely 
the semi-structured interviews and the archival study.  

1.1. The case studies analysis 

The interview transcripts were analysed using NViVo 
package [1]. In accordance with the grounded theory 
methodology, analysis of the transcripts was followed 
by the development of the storyline of each case 
study to enable incremental cross-case analysis of the 
case studies. The original format intended for the 
storyline was by text However, the richness of the 

information gathered through the interviews was 
found very complex and impractical to be represented 
in text format particularly as an object for discussion 
during the research team meetings and difficult to 
visualise. There was a need for a different format of 
representation that capable of modelling the case 
studies storylines in a macro-view level and demon-
strate the relationship between various elements 
across the timeline. 

2. Presenting the case studies story-
lines 

Considering the requirement of the representation 
format needed for this research, an attention was 
drawn into the diagrammatic format. Pictorial flow-
charts have been prescribed for use where the subject 
matter is complex, potential to enable more accurate 
and quick interpretation compared to words [2] whilst 
the current trend in presenting technical information 
has been perceived as heading in the direction of 
more visual methods [3]. In the further attempt to 
search for an appropriate case studies representation, 
another research has reported successful adoption of 
the “rich picture” from the earlier phases of the soft 
system methodology (SSM) for analysing complex 
problems. By providing a macro view of the problem, 
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the rich picture was argued to improve the under-
standing and speed of comprehension by portraying 
the complexity of a problem and the entwined issues 
involved [4]. It was then decided to adapt the rich 
picture approach to diagrammatically represent the 
case studies storylines. 

3. Development of the rich picture 
diagram 

No single best way can be prescribed to produce a rich 
picture as even the same researcher may use different 
styles under different circumstances [5]. However, 
consistency was considered important in the develop-
ment of the rich picture diagram for each case study, 
particularly for the cross-case analysis purpose. It was 
also found necessary to arrange the rich picture dia-
gram in a timeline (according to construction phases) 
to show the inter-relations among different elements 
from different phases. The earlier developed budget 
history diagram [1] was found useful during the devel-
opment of the rich picture diagram, particularly in 
tracking various elements and maps them into the ap-
propriate timeline. For illustrating purposes in this pa-
per, the rich picture diagram developed for the pilot 
case study is presented. 

3.1. The major themes and timeline 
The rich picture diagram is divided into rows represent-
ing the major themes recurring in the storyline. The rich 
picture diagram for the pilot case was divided into four 
rows, namely the Market and external condition, the 
Funding and financial, the Vision for theatre, and the 
Distinctive features. Other case studies may have differ-
ent numbers of recurring major themes and/or different 
major themes. The timeline is divided into different 
phases in accordance with the budget history diagram of 
the pilot case (project phases).  

3.2. The pictorial representation 

For consistency, various pictorial representation are 
standardised in this research project. The pictorial 
representations used in the rich picture diagram can 
be considered self explanatory completed with some 
textual explanations. The “journey” is guided by the 
thick (red) arrow line with other thinner lines showing 
relationships or influences. A segment of the rich 
picture diagram of the pilot case storyline is provided 
in the figure 1. 

4. Conclusion and further research 
The development of the rich picture diagram to model 
the case studies storylines is explained to enable a 
macro view of the entire storyline whilst showing 
inter-relationships among different events and the 
project stakeholders at various points in the timeline. 

 

 

 

 

 

 

 

 

 

 

Figure 1: A segment of the pilot case storyline in a 
rich picture diagram format 

 
This paper has demonstrated the superiority of devel-
oping rich picture diagrams in comparison to present-
ing case studies storylines in text format, particularly 
to facilitate research team discussions. Therefore, the 
use of the rich picture diagram to model a case study 
storyline can be recommended. Further activities of 
the research projects includes further data collection 
for the remaining case studies, and analysis with the 
grounded theory methodology including the devel-
opment of the storylines of the case studies using rich 
picture diagram, leading to the cross-case analysis of 
the case studies. 
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Life-Cycle Assessment (LCA) is a tool that offers decisional support to designers about sustainability of projects. 
LCA has been recently improved with the implementation of site-dependent factors, spatially  resolved at the level of 
countries. The uncertainty in assessment due to spatial variation of effects is thus reduced. A further improvement 
may be achieved, in the future, by development of characterization factors spatially resolved at level of regions. This 
may give more precise information about impact of local products. 

Keywords: LCA, spatial differentiation, environmental impacts, local building materials 
 
 

1. Introduction 
In the challenge to global environmental sustainabil-
ity improvement, impact assessments are a useful set 
of tools. Within them, Life-Cycle Assessment (LCA) 
is a tool that allows the evaluation of environmental 
and energy loads of any product or service, thus it is a 
suitable instrument for the needs of designers, manu-
facturers and all the stakeholders in the implications 
of a project for the environment. The seriousness of 
environmental issues requires that designers have an 
increasing sensitivity to the theme of sustainability; to 
this end it is worth setting up support systems that 
help in the adaptation of strategies for the choice of 
materials and components. Those designers that care 
about the environmental performance of their build-
ings often choose local materials. That choice is sup-
ported, from the architectural point of view, by fac-
tors like the greater suitability of local materials 
through the use of traditional construction techniques 
and a greater adherence to the history and style of 
local architectures. In terms of environmental impact, 
local materials are usually preferred for the availabil-
ity of raw materials and the low energy consumption 
for transport. The accessibility of raw materials, for 
example, is not necessarily synonymous with the 
great availability (in terms of quantity) of the re-
source, just as certain polluting emissions can have a 
more serious impact on the local ecosystem in one 
region rather than in another. A complete LCA must 
take into account, within the total impact scores, also 
the social effects connected to the economic activity 
of extraction of the raw materials and the production 
of building materials. It seems clear that, if up until 
now the evaluation of damage was based on average 
data referring to a whole continent, the possibility to 
base the analysis on more local parameters gives the 
LCA greater value. In the first versions of LCA-

related methods, the effect variation given by the 
place of release for an emission was not taken into 
account. Recently analysts have felt the need for that 
information provided through inclusion of a spatial 
differentiation of pollution sources. All these methods 
take into account a complete range of environmental 
questions, however, each of these is directed so as to 
give particular emphasis to certain aspects, allowing 
the analysts to choose where to focus their evaluation 
on the basis of what they think is more pertinent to 
the product/service or to the environment which will 
suffer the impact, or also to look at aspects about 
which the commissioning group wishes to be in-
formed. One of the most updated tools is the 
EDIP2003 methodology. Compared to the EDIP1997 
methodology, the models underlying the EDIP2003 
characterisation factors take a larger part of the cau-
sality chain into account for all the non-global impact 
categories [1].  

 

2. Site-generic and site-dependent 
factors  

The EDIP 2003 factors have been developed in a site-
dependent and in a site-generic form. The site-generic 
form disregards spatial variation in dispersion and 
distribution of the substance and exposure of the tar-
get systems, like in the EDIP97 methodology. In the 
site-dependent form of EDIP2003, the characteriza-
tion factors are spatially resolved at the level of coun-
tries, allowing the differences in impact from an 
emission, when released in different countries, to be a 
part of the characterization, as well as the exposure of 
target systems [2]. Therefore, the environmental rele-
vance of the calculated impacts is higher. For many of 
impact categories, the potential spatially determined 
variation is very large. 

26 Section I



27 

 

3. An approach to understand the po-
tential of site-dependent assessment 

It is possible to comprehend the relevance of spatially 
determined variations in impact scores. The proce-
dure shown in this work [1] can be seen as a sensitiv-
ity analysis based reduction of that uncertainty [3] 
caused by not using a site-dependent characterization. 
Considering the “acidification” impact category, there 
is a relevant difference between site-generic and site-
dependent characterization factors. A three-steps pro-
cedure allows to identify those substances that most 
contribute to the impact score of a product, then to 
change their characterization factors to site-dependent 
factors, then to assess the impact according to the new 
process contribution due to the spatially determined 
variation of impacts. E.g., for the “acidification” im-
pact category, the spatially determined variation be-
tween the most sensitive and less sensitive country 
shows a 103 factor. 

4. Example: two light clay bricks 
made in different countries 

In the building trade, local products are used as well 
as components coming from far away production 
sites. Usually local products should give a better envi-
ronmental performance, however, impacts due to pro-
duction processes will result higher or lower depend-
ing on characterization factors used for the assess-
ment. The functional unit for the example consists of 
10 kg of light clay brick, a very common building 
material, produced either in Italy or in Finland, which 
are two countries with very different ecosystems. The 
characterization with site-generic factors give the 
same results for both products. The site-generic fac-
tors give a result in which the largest acidification and 
eutrophication impacts are caused by Nitrogen oxides 
and Sulphur dioxides. The potential standard devia-
tion is high and thus the results are affected by large 
uncertainty. A site-dependent characterization is per-
formed for those processes that most contribute to 
impacts, and new results show that, the largest proc-
ess contribution is due to Ammonia and Hydrogen 
chloride. However there is a large difference between 
impacts in Italy and in Finland because of spatially 
determined factors. 

5. A research proposal for local build-
ing products and their assessment 

In a comparison between two similar products made 
in different countries, there may be a great difference 
in the impact scores. The relevant differences in im-
pacts calculated by the local (national) factors show 
that ecosystems are differently affected by emissions, 
and similary it is presumable that differences will also 

be found between regional ecosystems. Characteriza-
tion factors have as a background the modeling of 
dispersion of each substance to the ecosystem. What 
would happen if we could use characterization factors 
determined at the regional level (perhaps a 200km 
range) ? Using region-resolved factors, the assess-
ment would be more precise. Results given by such 
“regional” assessment could indicate the way to avoid 
resources consumption or establishment of productive 
processes in a region with a  sensitive ecosystem just 
choosing, within the same country, another region.   

6. Conclusions 
The results of the above described research could be a 
decisional support not only for manufacturers, but 
especially for designers. The higher accuracy in im-
pact scores given by a local (at regional level) charac-
terization could give to designers the chance to assess 
the choice of a building material knowing the influ-
ence of the product’s impact on the region of manu-
facture. Designers could thus prefer either local or 
non-local materials depending on what environmental 
performance is globally shown by a product, even if it 
comes from distant production sites but are all-in-all 
more sustainable due to a lesser impact on the local 
environment. A set of new region-resolved factors 
could thus help designers in the achievement of that 
sustainability at which they are aiming. 
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There is no generally accepted method for bringing construction costs in different national currencies to a common 
base. Exchange rates are generally considered to be inappropriate and a variety of other methods have been tried, 
most notably the use of purchasing power parities (PPPs). Their use in the construction context is, however, still 
considered either inappropriate or unreliable by many. Several studies are reviewed here and it is shown that the 
conclusions drawn by the authors of those studies vary considerably when different conversion methods are em-
ployed, and in some cases quite contradictory conclusions emerge. 
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1. Introduction 
International comparisons of output, performance or 
productivity generally require some conversion of 
values (cost, price or value of production, value added 
or some similar measure) from the national currency 
of the producers to some common base, typically US 
dollars. Many authors suggest that market exchange 
rates are not appropriate as they do not necessarily 
reflect price differences between countries. The 
method chosen for conversion can have very signifi-
cant effects on the results and conclusions that 
emerge from international comparisons, however, the 
options available for conversion are limited. 

2. Conversion options 
Apart from money market exchange rates there are 
basically two available options: one is the use of 
some sort of purchasing power parity (PPP), the other 
is the use of the price of a standard commodity (also a 
sort of PPP), the best known of these being the Big 
Mac hamburger. 

Purchasing power parities have been published by 
various organisations for some years. The OECD 
publishes a range of PPPs, both general and industry-
specific at about three year intervals.  

The Big Mac has been used since the 1980s and has 
gained some, if limited, support from various authors 
in recent years. 

3. Previous studies 
When alternative methods such as PPPs are used to 
bring costs to a common base outcomes change, 
sometimes quite dramatically. To illustrate this prob-
lem three st6udies produced over the past 20 years are 
re-examined. While the authors of these studies used 
a variety of conversion methods none used PPPs. In 
their 1986 study [1] Flanagan et al. used a notional 

exchange rate to compare US costs to UK costs. On 
the basis of their calculations the authors concluded 
that their data lent “no support to the notion that UK 
construction costs [were] significantly higher than 
UK costs for comparable construction.” However, if 
their cost data is converted to a common currency 
using PPPs the six UK office projects studied appear 
to be between 50% and 124% more costly than the 
comparable UK projects. 

In 1993 Lynton plc [2] used a completed UK office 
building as the basis for a hypothetical project of 
identical design and specification “constructed” in 
Charlotte, North Carolina. Charlotte was selected as 
the location for the hypothetical project as, based on a 
chosen exchange rate, this city had input costs very 
similar to UK costs for labour, supervision and basic 
materials. The exchange rate used was a 10 year 
money market average rate of $1.60 = ₤1. In this 
study the exchange rate used was actually very close 
to the general PPP ($1.57 = ₤1), and not greatly dif-
ferent to the construction specific PPP for 1993 
($1.71 = ₤1). The Lynton study concluded that the US 
cost for an identical project was practically the same 
as the actual UK cost – only when the design was 
adjusted to reflect expectations and requirements 
typical of US clients did the US cost fall significantly 
below the UK cost (-32%). If, however, the costs are 
indexed to 1999 prices and the US estimates are con-
verted to GBP using three different 1999 factors (i.e. 
10 year average rate, general PPP and construction 
PPP) the costs of US construction relative to the UK 
are –17%, -13% and –2% respectively. This is due to 
some extent to changes in tender price indices in the 
in the two locations in the period 1992-1999: the UK 
Tender Price Index rose 36% while the US rose less 
than 16%. Using the estimated cost for an amended 
design, as described above, US costs appear much 
lower than UK costs regardless of the conversion fac-
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tor used: -44%, -41% and –33% (10 year average, 
general PPP, construction PPP respectively). 

The third study, published in 1999, was a pure cost 
comparison based on seven hypothetical projects 
priced in seven countries [3]. Initially costs were con-
verted to AUD using current exchange rates - in this 
paper only the estimated costs for office buildings are 
discussed. Based on those costs (in AUD) the authors 
of the first stage report suggested that “it would ap-
pear that Australia with its currency exchange advan-
tage is more than competitive with the other Western 
countries and on a par with Singapore”. If costs are 
converted using PPPs, Australia appears to be consid-
erably more expensive than most of the other Western 
countries included in the study, with the Germany the 
exception. 

In a subsequent analysis of the same data Langston 
and de Valence sought to avoid the exchange rate 
problem by using the Big Mac Index [4]. On that ba-
sis Australia appeared to be more expensive than all 
but one of the other six countries, and the most ex-
pensive of the four Western countries. If general PPPs 
are used instead of the hamburger index Australian 
costs appear to be 8% and 10% higher than UK and 
US costs respectively; with construction PPPs the 
Australian figures are 27% and 13% higher. Once 
again it is clear that the use of alternative conversion 
methods changes the outcomes considerably. 

4. Discussion 
The foregoing discussion highlights the problem of 
bringing construction costs to a common currency 
base when making international comparisons of con-
struction industry performance, productivity and/or 
cost. Studies that use well-considered methodologies 
for making such comparisons can produce highly 
questionable conclusions if the currency conversion is 
not properly handled, and those conclusions may be 
adopted by subsequent researchers and the unsound 
outcomes carried forward into other studies. 

While a more reliable method is needed, there is on-
going debate as to what is the most appropriate ap-
proach. The bills of quantities (BOQ) approach is 
widely regarded as too cumbersome and expensive; 
baskets of construction components (BOCC) and 
goods (BOG) have been suggested but require further 
development. A successful approach, whatever its 
basis, should be built around the notion of purchasing 
power parity (to deal with price differences), should 
be industry specific, and should satisfy the basic re-
quirements of representivity and comparability. It 
also needs to be time and cost effective in use to al-
low for greater frequency of data collection and for 

data in individual countries to be collected from a 
wider range of sources. 

5. Conclusions 
To date there is no “correct” method available al-
though the use of construction specific purchasing 
power parity appears a priori to be the most promis-
ing. There are, however, continuing problems with 
the production of reliable construction PPPs that will 
be applicable across many countries, and there is con-
tinuing debate as to how such PPPs should be calcu-
lated. Until widely accepted PPPs are available it 
seems prudent to use several approaches, compare 
results and look for trends rather than trying to arrive 
at definitive conclusions. This would be the case even 
if the cost conversion problem were totally resolved; 
while it is a concern that sits at the heart of the com-
parison problem there are many other variables (e.g. 
taxation) that need to be considered before valid 
comparison can be made. 
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Open access is a new Internet-enabled model for the publishing of scientific results, in which either the published 
articles are freely available on the Internet for anyone to read, or copies are made available in subject-based or in-
stitutional repositories. During the 1990’s hundreds of individual open access journals were founded by groups of 
academics, supported by grants and unpaid voluntary work. During the last five years other types of open access 
journals, funded by author charges, have started to emerge. This paper reports on the experiences of the Electronic 
Journal of Information Technology in Construction journal, which also has been benchmarked against a number of 
traditional journals in construction IT and economics. The analysis shows that it is equal to its competitors in most 
respects, and publishes about one year quicker. The experiences of setting up a subject-based repository in the same 
field are also reported on.  
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1. Introduction 
Currently we are witnessing a very fast change in 
scientific communication from paper to predomi-
nantly electronic distribution of scientific journal arti-
cles. Yet the full potential of this change has not been 
fully utilised, due to the lack of competition in the 
area of journal publishing, and the unwillingness of 
the major publishers to change their currently rather 
profitable subscription-based business models. In the 
early 1990’s scattered groups of scientists started to 
experiment with a radical new model, nowadays 
called Open Access, which means that the papers are 
available for free on the Internet, and that the funding 
of the publishing operations are either done using 
voluntary work, as in Open Source development or 
Wikipedia, or lately using author charges. 

This process worked well until the mid nineteen nine-
ties. The quick emergence of the Internet, where aca-
demics were actually forerunners as users, radically 
changed the situation. At the same time there has 
been a trend of steadily rising subscription prices 
(“the serials crisis”) and mergers of publishers. In 
reaction, a new breed of publications emerged, pub-
lished by scientists motivated not by commercial in-
terests, but by a wish to fullfil the original aims of the 
free scientific publishing model, now using the Inter-
net to achieve instant, free and global access.  

It is not only the publishing itself, which is becoming 
a battleground between commercial interests and ide-
alistic scientists. Since the emergence of data base 
technology in the 1960’s a number of commercial 
indexing services have emerged, which libraries sub-
scribe to. Traditionally these have relied on manual 
and or highly structured input of items to be included, 

a costly and also selective (and thus discriminatory) 
process. Now scientists are building automated web 
search engines which use the same web crawler tech-
niques as used by popular tools, such as Google, and 
which apply them to scientific publications published 
in formats such as PDF or postscript. The combina-
tion of free search engines and eprint repositories is 
providing what is called the green route to Open Ac-
cess. Currently around 15 % of journal papers are 
estimated to be available via this route. 

A repository for construction IT papers was set up as 
part of the EU-funded SciX project (http://itc.scix.net/) 
[1]. Currently the repository houses some 1000+ pa-
pers, with the bulk consisting of the proceedings of the 
CIB W78 conference series going as far back as 1988. 
The overall experience with the ITC repository is 
mixed. Ideally agreements should have been made with 
all major conference organisers in our domain for up-
loading their material, at least in retrospect. This was, 
however, not possible due to copyright restriction, the 
ties between conference organisers and commercial 
publishers, fears of losing conference attendees or so-
ciety members if papers were made freely available 
etc. Due to problems like this the repository has not 
reached the hoped for critical mass. 

2. Benchmarking ITcon  
The Electronic Journal of information technology was 
founded in 1995 as the first Open Access journal in 
civil engineering. It has since been followed by the 
International Journal of Design Computing and the 
Lean Construction Journal. ITcon is now well estab-
lished and publishes 25-40  papers per year, on a par 
with a traditional quarterly journal [2]. ITcon uses the 
normal peer review procedure and the papers have a 
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traditional layout. Other Open Access journals have 
experimented with alternative forms of peer review 
and more hyper-media like user interfaces, but our 
experience is that what is most important to authors 
and readers is rapid publication and easy access.  

ITcon has recently been benchmarked against a group 
of journals in the field of construction information 
technology and construction management [3]. The 
studied factors included: Journal subscription price, 
Web downloads, Impact factors, Publication delay, 
Acceptance rate. 

The subscription prices are easily available from the 
journal web sites. In order to make the results compa-
rable the yearly subscription rates were divided by the 
number of scientific articles. The price per article 
ranged from 7.1 to 33.3 euro (Figure 1).  

  

Figure 1. The price per article in Euros of the ben-
marked journals (for details see full paper). 

Society journals often offer very advantageous indi-
vidual subscription to members, which tends to in-
crease the readership. Consider for instance the above 
figure, in which ECAM, CACIE and CME are pub-
lished by big commercial publishers, and JCCE by a 
Society. Also IJAC is essentially a journal published 
by the eCAADe society, with its sister organisation 
on other continents. In practice commercial journals 
have often opted for much smaller subscription bases 
where their overall profits are maximised. 

Readership is one factor for which it very difficult to 
obtain data. First the number of subscribers, in par-
ticular institutional subscribers, does not equate to the 
number of readers. Second most journals tend to keep 
information about the number of subscribers as trade 
secrets, since low numbers of subscribers might scare 
off potential submitting authors. Data on the 
downloads of published papers by readers could only 
be studied for one of the journals. For ITcon the web 
download figures (excluding robots) from the past 
three years were used. Over the three-year period 

each of the 120 published papers was on the average 
downloaded 21.2 times per month. 

For ITcon the full publication delays where calculated 
from available databases. For some journals complete 
or incomplete information could be gathered from the 
submission and acceptance dates posted with the arti-
cles and the publication delay ranged from 7.6 to 21.8 
months.  

Construction Management and Economics has made 
quite detailed statistics on submissions and accep-
tance rates available on its web site, and over the pe-
riod 1992-2004 the acceptancy rate was 51%. Also 
the ASCE journal for Computing in Civil Engineering 
has recently reported its acceptance rate to be 47 %. 
The overall acceptance rate for ITcon was calculated 
from the records and proved to be 55%. 

All in all the experience with ITcon has shown that it 
is possible to publish a peer-reviewed journal which 
is on par with the other journals in its field in terms of 
scientific quality, using an Open Source like operat-
ing model, which requires neither subscriptions nor 
author charges. ITcon outperforms its competitors in 
terms of speed of publication. Concerning the total 
amount of readership it is impossible to obtain com-
parable figures for other journals. The analysis of 
journal pricing does, however, indicate that the pric-
ing of some journals is so high that the number of 
subscribers is likely to be low. 
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From formulation to appropriation:  
The importance of communication in strategy design and 

implementation 
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Based on a field study in a large construction company, we follow the introduction of a new business plan from its 
formulation to its appropriation by managers at different hierarchical levels. We found that although top manage-
ment paid attention to the production of the strategies, far less care was devoted to their dissemination and interpre-
tation lower down in the organization. This neglect made it difficult for lower level managers to appropriate the 
strategies.  

Keywords: Communication practice; discursive activity; organizational strategies; sense making 

 

1. Introduction 
“Strategies take on value only as committed people 
infuse them with energy” [1] 

This paper examines the ways in which strategies are 
communicated down the chain of command in a large 
Swedish construction organization referred to as 
company A. Special attention is paid to the middle 
management level. The study focuses on one regional 
business unit and follows a set of new strategies down 
two paths of that unit, i.e. two districts. Using 
Weick’s framework [2] [3], the paper examines the 
different methods of working with the strategies and 
discusses the possible outcomes. We argue for the 
need to align strategies with the mindsets of the indi-
viduals of the organization so that the strategies may 
be better appropriated and enacted. 

We apply four of Weick’s [3] properties of organiza-
tional sense making on our empirical case: Sense 
making is: 1. Grounded in identity construction; 2. 
Social and enactive of sensible environments; 3. Fo-
cused on and by extracted cues; and, 4.  

Since organizations are made up of individuals who 
make sense of the world around them, more attention 
needs to be paid to collective sense making when ana-
lyzing the dissemination and implementation of strate-
gies. The results from such a study could help improve 
communication practices [4] [5] and provide organiza-
tions with a way to work proactively with strategy im-
plementation thus avoiding “silent killers” [6].  

2. Making changes through strategies 
The strategies in company A are reviewed annually 
by top management and aligned with company opera-
tions. Although the strategies apply to the whole or-
ganization, they are mainly formulated to address 

regional managers. The strategic document in ques-
tion, 2006, included 30 strategies grouped under the 
headings: “Customer”, “Way of working” and “Co-
workers”. The strategies cover different aspects of 
these headings, for example communication with the 
outside world and being sensitive to the clients needs 
sorting under the heading “Customer”.  

At the regional level, managers, including the district 
managers, were called to a two-day off-site meeting 
to discuss and prioritize the 2006 strategies to fit the 
circumstances of the region. Meeting off-site was a 
symbolic means of giving prominence to strategy 
work, which in previous years had lacked structure.  

At this meeting, 18 of the 30 strategies were deemed 
a priority for the region. Several controversies arose 
concerning the interpretation of these strategies. For 
example, the strategy communication with the outside 
world caused discussion especially among the district 
managers, who interpreted the outside world as the 
media, and considered this issue not to be their re-
sponsibility. It was nevertheless decided that to fulfil 
this strategy the districts would seek regular contact 
with the information department. 

2.1. How did the districts handle strategy 
work? 

This section describes how two districts, Alpha and 
Beta, dealt with strategy work. Both used meetings to 
discuss the strategies and worked directly in the 
document enabling them to visualise the changes 
made and action points proposed. What differentiated 
the groups were the respective district managers’ 
stance and communication methods, which we claim 
has an implication in the implementation.  

Alpha’s meeting was a traditional, based on an 
agenda, with the district manager acting as chairper-
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son and authority. It was held on site, lasting a mere 3 
hours. Present were only the district management 
group and only the region’s 18 prioritized strategies 
were discussed.  

Alpha’s interpretation of the 18 strategies differed 
from that of the regional group. For example, com-
munication with the outside world was reinterpreted 
as referring solely to media contact and could there-
fore be redefined as lying outside the district’s re-
sponsibility.  

The district manager considered strategy work as a 
necessary ill even though he acknowledged the im-
portance of strategies. He stated that he did not pay 
much attention to the documents or measures that the 
work produced.  

District Beta’s manager followed an entirely different 
approach. Like the regional meeting, Beta’s strategy 
meeting took place off-site and over a period of two 
days. Besides the district management group, three 
lower-level managers participated.  

The meeting was transformed into a forum for collec-
tive thinking and dialogue, with the manager acting as 
moderator rather than authority. He felt that strategies 
had to be goal-driven and all the employees needed to 
understand the strategies underlying warrants. He 
highlighted the importance of the members’ affect 
toward the strategies: employees should believe in the 
strategies of the organization. 

District Beta prioritized 16 of the 30 strategies. Out of 
the 18 strategies prioritized at the regional level, 12 
were kept and four were replaced. The four locally 
prioritized strategies were deemed to be of concern to 
district Beta’s particular context. As with Alpha, one 
of the de-prioritized strategies was communication 
with the outside world for the same reason.  

The main difference between Alpha’s and Beta’s proc-
essing of the strategies was that Beta did not only use a 
goal-driven approach, in which the group assigned a 
concrete measurable and realistic goal to a strategy and 
then assessed what measures would be needed to fulfill 
the goal, they also used dialogue and reflection as 
communicative tools. This approach was not used in 
any of the other districts of the studied unit. 

3. Conclusion 
Making is the internal boundaries between organiza-
tional levels. Each level co-constructs its own envi-
ronment, opportunities and constraints, and interprets 
new information on the basis of these contingencies. 
Thus members of each level extract the most plausi-
ble cues at a particular moment in time that will en-
able them to shape the environment such that they 
will then be able to enact it [3]. This means that there 

will inevitably be conflicts between the cues that are 
extracted and the meanings ascribed to the cues. The 
lack of precision in the formulations provided top-
managers with cues to which they could ascribe their 
own plausible meanings. For middle managers it was 
far more difficult to find simple and familiar cues in 
what they referred to as “fluffy strategy formula-
tions”. The wider underlying intent and implications 
of the strategies were thus “lost in translation”.  

As Weick points out, sense making is grounded in 
identity construction and sensitive to shifts in context 
[3]. Thus managers’ identities changed as they 
changed context: in one context they were subordi-
nates, interpreting the strategies from the perspective 
of the voice of authority, in the other, they were that 
voice, translating the strategies to fit their local con-
texts and agendas.  

Looking at the implementation process at company A, 
this study shows that the organization needs to ac-
tively work with involving all of the members in the 
strategic work. As quoted in the beginning of this 
paper, “Strategies take on value only as committed 
people infuse them with energy” [1], this should in-
clude all of the members of the organization not only 
the management. 
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Recycled construction materials for urban infrastructure 
– non-technical barriers to sustainable use of resources 
Andreas Blum, Sylke Stutzriemer, Leibniz Institute of Ecological and Regional Development (IOER) Dresden,  

Germany (a.blum@ioer.de) 
 
Construction and demolition activities produce waste in very significant quantities and at the same time have a high 
demand for natural resources. Appreciating recyclables / reusables from construction and demolition processes as 
resources is an important contribution to a sustainable use of resources. Nevertheless there are still potentials to 
increase recycling rates and recycling quality for construction and demolition waste (C&DW). The study presented 
analysed the non technical options and barriers for C&DW recycling for the field of municipal road construction 
and urban infrastructure.  

Keywords: C&DW recycling, urban infrastructure, actors, attitudes, institutional context. 
 

1. Recycling for urban infrastructure 
construction 

Under the guiding principle of a sustainable use of 
resources and a reduction of waste the use of recycled 
mineral construction materials (RCM) is an important 
issue that is dealt with in both, European and national 
policy papers and regulations. Within a construction 
industry that in general is developing less dynami-
cally at present maintenance and renovation of an 
aging building stock and urban infrastructure are 
gaining relevance. At the same time urban infrastruc-
ture construction offers less critical options for the 
use of RCM. Nevertheless these options are still not 
yet used as desired and attitudes of actors concerning 
this issue vary considerably as the results of an earlier 
explorative study of IOER [1] show. This was the 
starting point for the analysis of non technological 
obstacles to the use of RCM for urban models of in-
stitutional innovation were drawn upon [4] [5]. From 
a theoretical perspective it became clear, that distur-
bances – in the case of individual actors initiating a 
reflection of consolidated action pattern – and desta-
bilisations – in the case of institutionalised trajecto-
ries preparing a “window of opportunity” – are cru-
cial elements of a model designed for the analysis of 
non technical obstacles to the use of RCM for public 
works construction [6]. 

 2. Use of RCM as a change of action 
pattern and institutional innovation 
To define model hypotheses and outline the design of 
the survey the project started with a theoretical analy-
sis of the institutional and regulatory context. Since 
the use of RCM for public works construction was 
interpreted as an environmentally driven innovation 
within a highly institutionalized field of action valu-

able input was sought from action theory, theory of 
innovation and theory of institutionalization. In order 
to focus the non-technical obstacles to the use of re-
cycling materials for urban infrastructure the perspec-
tive adopted was rooted in action theory. The use of 
recycling materials is analysed as a shift of action 
patterns from a conventional business as usual ap-
proach towards a revised action pattern that takes into 
account environmental concerns [2] [3]. Considering 
the highly institutionalized context of an urban infra-
structure planning authority, defining a widely infra-
structure construction that combined theoretical 
analysis with an empirical survey. 

3. Attitudes and motivations of key 
actors 

Based on this model, several hypothetical factors 
determining a shift towards the use of RCM for urban 
infrastructure construction were outlined. They were 
distinguished by their origin within the political, cul-
tural or techno-economic system and their potential to 
either stabilise or destabilise the established trajecto-
ries of material use for public works on the one hand 
and the treatment of construction and demolition 
waste (C&DW) on the other. These factors also were 
the basis for the design of the interview guideline for 
the expert interviews with key actors from the con-
struction industry and municipal public works de-
partments. From the political system mostly pro-
grammes and regulations can be expected to affect 
the stability or destabilisation of a given trajectory. In 
general we can say that for Germany the national 
strategy for sustainability includes targets of reduced 
waste generation and resource consumption. Also 
existing regulations like the “recycling economy and 
waste act” and the recently enacted “landfilling ordi-
nance” potentially make simple and cheap landfilling 
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or downcycling “solutions” more difficult. This in 
turn has the potential to destabilise the flow of the 
C&DW disposal trajectory. On the other hand it is 
stabilised by regulations on groundwater protection. 
Even if actors are prepared to use RCM they often 
step back because of the risk of harmful substances 
be washed out of RCM. 

Regarding the cultural system we can identify some 
soft factors that are potentially influencing the stabil-
ity of trajectories. On the one hand public actors often 
are referred to as responsible for giving good practice 
examples, which may be interpreted as a “construc-
tive disturbance” of consolidated traditional action 
patterns or trajectories. On the other hand for the in-
dividual actors but also in the public RCM often still 
have the image of first of all still being waste. 

From the techno-economic system first of all prices of 
RCM compared to those of new materials have to be 
considered as driving factors. For construction mate-
rials prices usually are determined by regional supply 
and demand. Thus a local shortage of new construc-
tion materials (natural lack of mineral resources or 
economic shortage due to dynamic demand) can be 
expected to hinder a given trajectory of C&DW dis-
posal. On the other side growing recycling facilities 
and technological progress has the potential to lead to 
high quality RCM at favorable prices which might 
lower the inhibition threshold to the use of RCM. 

4. Survey results 
Uncertainties of users: representatives of the recy-
cling industry reported discriminations of RCM in 
public call for tenders and see uncertainties and lack 
of information on the side of the users as one major 
reason for this situation. On the other hand respon-
dents from the municipalities point out, that even if 
calls for tender are neutral concerning the use of 
RCM, bidders often do not consider this option, but 
seem to prefer “proven solutions”.  

Quality assurance is central: According to these 
uncertainties the participants highlight the necessity 
of clear quality standards and quality assurance 
schemes. In particular it is criticised, that in most fed-
eral states RCM are still not approved as products for 
market but still formally considered as waste. A spe-
cial issue concerning quality assurance for RCM 
pointed out by the participants is the problem of 
“black sheep”. What is meant is that suppliers of 
RCM may be tempted to dilute high quality lots with 
low quality material “out of some dump”. The ap-
proach most widely discussed to overcome this prob-
lem is the organisation of RCM suppliers in “quality 
associations” providing third party certifications of 
quality over the whole recycling chain. 

Landfilling still an option: Questioned about the 
expected effects of amended waste management and 
landfilling regulations, the majority of the interview 
partners indicated that they were not too optimistic. 
From their previous experience they judge that still 
too many gaps might exist. 

All in all the results of the project indicate, that after 
some years of “fashion like” [4] use of RCM the fu-
ture has to be considered less optimistic – at least 
concerning a rise of substitution rates of natural re-
sources. However there are still private and public 
actors on stage that support recycling targets, so that 
the situation should at least be stabilized on the cur-
rent level. 
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Construction project total duration is always a critical element for construction management. The object of the pa-
per is to introduce Sensitivity Analysis of project total duration, versus basic parameters like standard production 
rates of resources or key resource availability. A model of an example project is realized with Precedence Dia-
gramming Method (PDM). The effects of variations of productivity rates and of variation of the availability of key 
resources versus total project duration are observed, thus performing a sensitivity analysis with a heuristic method, 
in a simple way. 

Keywords: Construction project, sensitivity analysis, PDM, productivity, resource availability. 
 

1. Introduction 
Time duration of construction project is often fixed in 
contracts with poor investigation of feasible working 
methods and effective job conditions. In best cases 
the estimate of total duration of construction projects 
is what we can call a scientific guess. Since in the 
design phase it is impossible to forecast the actual 
contractor’s organization, his management approach 
to project work and his effective resource availability, 
often total duration of even big construction projects 
is fixed, for contractual purposes, by owner’s engi-
neers just looking at their past experience and fore-
casting how project’s peculiarities can bias standard 
production rates. Total project duration is a basic 
element of construction. It concerns functionality and 
usability of the building to be realized, and, obvi-
ously, economic and financial commitment of owner 
and contractor. Nevertheless the planner has a unique 
certain datum: the work to be done. In fact in most 
common cases the owner doesn’t know contractor’s 
organization before the contract is signed. Planning 
and scheduling process is based on contractual and 
design specifications. So the planner will decide, on 
his/her personal experience basis, at least two basic 
parameters concerning the production capacity of the 
contractor: 

• available resources, or the number of crews; 

• production rate of each resource. 

It is of evidence that these parameters are of para-
mount importance especially in the scheduling proc-
ess, and, in particular, in calculation of total project 
duration. 

Sensitivity analysis is a method of Decision Analysis 
that aims to include uncertainty in production process 
models. Sensitivity Analysis tests if feasible changes 
in the values of fundamental variables of a model 

affect final results [1]. The objective of Sensitivity 
Analysis is to quantify changes in the final result be-
cause of a change in initial “key” inputs.  

2. Sensitivity analysis of total project 
duration: proposed method 

The proposed method was developed for repetitive 
projects planned with Precedence Diagramming 
Method [2], [3]. Project total duration is computed by 
performing the activity network’s time analysis. Sen-
sitivity analysis of Total Project Duration needs to 
change some input parameters. The parameters cho-
sen are rpr (resource production rate) and the avail-
ability of resources, i.e. the number of crews available 
of a specific job type (e.g. carpentry). The change of 
these parameters defines some different scenarios for 
the construction project. The method is made of three 
steps. The first Step is the planning phase, the second 
Step is the Scheduling Phase and the third Step is the 
evaluation of results, i.e. the sensitivity analysis.  

2.1 First step: Planning phase. 

From an initial Project network, often planned using 
the hypothesis of unlimited resource availability, two 
new networks are developed. Network number 1 is 
the one expressed by minimum feasible resource 
availability, Network number 2 is the one expressed 
by maximum feasible resource availability [4]. 

2.2 Second step: Scheduling phase. 

Time analysis for Network no. 1 (least resource avail-
ability) is performed using for all project activities the 
least values of resource production rate. Total Project 
Duration, with a value called TPD no. 1.1, is found, 
and this is expected to be the greatest value of TPD. 
Then time analysis for Network no. 1 (least resource 
availability) is now performed using for all project 
activities the greatest values of resource production 
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rate. Total Project Duration TPD no. 1.2, is found. 
The same procedure is performed in time analysis for 
Network no. 2 (maximum resource availability). With 
the least values of resource production rate for all 
project activities Total Project Duration TPD no. 2.1, 
is found. With the greatest values of resource produc-
tion rate for all project activities Total Project Dura-
tion TPD no. 2.2, is found, and this is expected to be 
the least value of TPD. 

 

 

 

 

 

 

 

 

Figure 1. Example PDM Network 

2.3 Third step: evaluation of results and sen-
sitivity analysis. 

To better show the results of the above procedure, 
found values of TPD should be plotted in a chart with 
the x –axis representing time and y – axis represent-
ing percentage of completion of the project in a scale 
from 0% to 100% [5]. (figure 2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Sensitivity Analysis 

The range between TPD 1.1 (point B) and TPD 2.2 
(point A) is the estimated variation of Total Project 
Duration versus productivity and resource availabil-
ity. The area between straight lines OA and OB and 
the straight line at 100% completion AB, represent 
the area where must be located the S – curve of con-

struction project performance. The sensitivity of the 
project is represented by the area of triangle AOB. 
The greater is the area AOB the greater is the sensi-
bility to inputs parameters, the smaller is the area 
AOB the smaller is the sensibility of the project.  

5. Conclusion 
Sensitivity analysis allows evaluating output chang-
ing of a model in relationship with input changing of 
key parameters [1]. Above it is proposed a simple 
heuristic method for sensitivity analysis of total pro-
ject duration of a construction repetitive project ver-
sus variations in resource production rates and in 
crew availability. The first step is to develop two 
PDM project networks: one with the minimum feasi-
ble number of crews, another one with the maximum 
possible number of crews [4]. Time analysis is per-
formed in these networks: first with the smallest pos-
sible resource production rates; second with the 
greatest possible resource production rates. Every one 
of the four scenarios founded has different total pro-
ject duration. The values of total project duration 
(TPD) are plotted in a time / percentage of comple-
tion chart and evaluated [5]. The area bounded by 
extreme scenarios give a measure of sensitivity that 
can be evaluated and compared case by case. 
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Construction contractors as service innovators:  
A Swedish survey 
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The purpose is to develop and apply a method for empirically surveying development activities and innovation 
among construction contractors. R&D efforts, innovations new to the firm and innovations that are new to the coun-
try are distinguished. New OECD definitions that recognize the service element in construction are applied. A char-
acteristics based theory of service innovation has been used for a survey of the 50 largest Swedish construction con-
tractors (88% response). Survey findings show that R&D and innovation definitions are crucial and that patterns 
vary with principal activities of firms and modes of innovation. 

Keywords: construction contractors, research and development, innovation. 
 

1. Defining and measuring 
construction innovation 

The construction sector all too often appears as an 
inferior variety of manufacturing in the CIS and other 
surveys of innovation [1]. It seems that meaningful 
comparisons between these two sectors have to rede-
fine construction along the value chain [2] or recon-
sider what is meant by innovation. Broadening the 
innovation concept implies being more generous 
(‘new to a particular firm’, rather ‘globally unique 
innovation’) or by including more than technology as 
an object of innovation. There has been a growing 
dissatisfaction with how surveys fail to capture ser-
vice innovation [3].  

However, the recent third edition of the OECD Oslo 
Manual [4] has modified definitions and can be taken 
as a new starting point for surveys of construction 
innovation. In the present version of the Manual, an 
innovation is defined as ‘the implementation of a new 
or significantly improved product (good or service), 
or process, a new marketing method, or a new organ-
isational method in business practices, workplace 
organisations or external relations’. 

Thus, the purpose is to develop and apply a method 
for empirically surveying development activities and 
innovation among construction contractors. The pro-
ject is supported by the Development Fund of the 
Swedish Construction Industry (SBUF). 

2. Characteristics based service 
innovation theory 

For studies of innovation in service industries, Gallouj 
[5] has proposed a framework where four variables are 
distinguished: (1) constituent services, (2) service me-
diums, (3) service characteristics (utilities) and (4) 
competences. Furthermore, there are the competences 
that are mobilized and the bundle of service character-

istics that are related to customer utility functions. An 
example of an application of this framework is the 
mapping of innovation dynamics of hospitals. 

This approach where innovation can be understood as 
driven by demand, oriented towards various character-
istics of services, has been applied and extended to 
construction contracting here. Instead of ‘constituent 
services’ the principal activities of construction con-
tractors are identified. The categorization of service 
mediums is retained. Service characteristics are inter-
preted as a set of sources of customer (client) satisfac-
tion, to which is added a further set of internal effects 
of R&D and innovation. Competences are split here 
into level of formal education and ability to relate to 
particular groups of collaboration partners for R&D 
and innovation. 

While earlier surveys of construction innovation pro-
vide guidance for identifying groups of partners for 
R&D and innovation, the categorization of sources of 
client satisfaction is more complicated. Studies of 
construction service quality dimensions inspired by 
the SERVQUAL scale, the development of Key Per-
formance Indicators for construction and of non-price 
multiple criteria for contract awards inspired these 
eight sources of client satisfaction: 

a) Higher technical quality 

b) Higher esthetical quality 

c) Higher technical quality precision 

d) Shorter construction time 

e) Higher construction time precision 

f) Reduced local negative environmental effects 

g) Reduced global negative environmental ef-
fects 

h) Higher ability to communicate with client 
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For the internal effects of R&D and innovation, these 
categories were chosen: 

a) More efficient production process 

b) More stable capacity use  

c) Better occupational health and safety for 
employees 

d) Better leadership and relations between em-
ployees 

e) Better relation to subcontractors or suppliers 

f) Better image of the firm 

3. Survey method 
A questionnaire was sent early in 2006 to the fifty 
largest Swedish construction contractors, as measured 
by turnover in 2004. Six of these firms had more than 
1,000 employees. Responses were received from 44 
contractors (88 per cent). The first part of the ques-
tionnaire concerned basic data on the firm, while the 
second part was one form for each principal activity 
that the firm was involved in. Summing up over all 
firms there were data for 17 different principal activi-
ties, giving a total of 173 forms. The 2005 Draft Rev. 
2 of the NACE code was used for classifying princi-
pal activities. 

A distinction was made between R&D efforts, inno-
vation new to the firm and innovation that is per-
ceived to be unique nationally. Four categories of 
R&D and innovation were chosen: Material, Informa-
tion, Knowledge and Relational. Four levels of formal 
education of employees were listed, as well as eight 
categories of collaboration partners. There were eight 
types of customer satisfaction effects and six types of 
internal effects of R&D and innovation.  

4. Survey results 
From the analysis of the survey responses, a number 
of salient findings can be reported. Many of these can 
be interpreted as patterns of coexistence between tra-
ditional R&D technology efforts and the exploitation 
of generic ICT for construction purposes: 

• While Knowledge (Routines) is the most fre-
quent medium for R&D in these firms, Material 
(Technology) grows in importance as innovations 
‘new to the firm’ and is the dominant mode for 
innovations ‘unique nationally’. Thus the defini-
tions of R&D and of levels of innovation are cru-
cial. 

• There is considerable variety of principal activi-
ties among firms classified as construction con-
tractors. On average, each firm had 4.6 principal 
activities. The five firms active in quarrying and 

manufacturing exhibit a stronger orientation to-
ward R&D and innovation, together with a 
greater reliance on employees with a research 
degree and on linkage with universities. 

• The two most frequent external linkages for 
R&D and innovation were clients and IT suppli-
ers for the largest firms (1,000 and more employ-
ees), while clients and consultants were the most 
frequent for the rest of the firms in the survey. 
But the priority list of collaboration partners also 
varies with the principal activities. 

• Most frequently mentioned sources of client sat-
isfaction were ‘better ability to communicate 
with client’ and ‘higher technical quality’. 
Among the perceived internal effects of R&D 
and innovation, ‘more efficient production proc-
ess’ and ‘better image of the company’ received 
top scores. Once again, the ranking was quite 
sensitive to mode of R&D and innovation. 

• From a policy viewpoint, it is noted that univer-
sity linkage is strongly related to materials and 
technologies R&D and innovation and that Euro-
pean research collaboration is only found among 
the very largest contractors. 
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Global players in the world’s construction market 
Christian Brockmann, ETH Zurich, Zurich, Switzerland (email: brockmann.christian@t-online.de) 
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Typically, construction markets are characterized as local, not global markets and still there are companies that do 
business in many countries around the world. To bring order to this confusion we can distinguish between six differ-
ent markets (regional, national, international, multinational, global, and transnational). On all of these markets spe-
cific products (or performances) are demanded by specific clients from specific construction companies. By looking 
at archival data of national and international construction activities it is possible to establish an allocation of com-
panies to one of the six market strategies. From interview data collected on two types of mega-projects it is also pos-
sible to determine what characterizes a global player in construction.  

Keywords: Global players, international construction, multinational construction, global construction. 
 

1. Market strategies in construction  
The construction industry has in principal the choice 
between five different market strategies: regional, 
national, international, multinational, global and 
transnational. [1] 

The regional company concentrates on the local net-
works, is specialized in those networks and often also 
in some major segments such as building or some 
trades. Once a company has established a regional 
presence it can add additional networks in other areas. 
At the end of such a process the company becomes a 
national competitor by being active in most of the 
important regional markets of a country. National 
companies have a headquarter and many local sub-
sidiaries. Other than the regional company, the na-
tional company has gained the competence to grow 
into different markets.  

An international strategy is characterized by a large 
share of the revenues being generated in the home 
market and some additional activities in selected for-
eign markets. Construction services offered on for-
eign markets are specialized and limited to a small 
range. The number of countries served is also small. 
The behavior of the company is ethnocentric with a 
limited amount of knowledge of foreign markets. De-
spite all limitations, international companies must 
have the possibilities to form and manage the net-
works around their foreign sites responding to differ-
ences in culture and regulations. 

If the activities in foreign countries contribute a larger 
share to a company’s revenues and if these contribu-
tions come from many different foreign markets, then 
the company can be called multinational. Ethnocen-
tricity is replaced be a polycentric behavior with 
strong orientations towards the different host coun-
tries. This, of course, implies a decentralized organi-

zation of the company with many top managers in the 
host countries having a local origin. A multinational 
company has many foreign subsidiaries. The ability to 
work in foreign environments and to build up net-
works in a score of different cultures is the main 
competence of the multinational company. Through 
its polycentric behavior such a company is prepared 
for and at ease in foreign environments. 

Global companies are not simply active in more for-
eign countries than the multinational company but 
they use standardization of their products to achieve 
the highest possible economies of scale. They profit 
from a network spanning the globe to organize pro-
duction. Managers come from countries around the 
globe, products are bought where cheapest, produc-
tion is set up where labor costs are low. The orienta-
tion of the company is not tied to any one national 
culture, it is global, the behavior is polycentric. The 
important point for this strategy to work  is, however, 
that the products can be standardized. This is not an 
option for the construction industry. Transnational 
companies are combining the advantages of global 
strategies for inputs wit a differentiation of outputs. 
Table 1 contains an overview of the numbers of com-
panies in the different markets for Germany. 

 

Table 1: Number of German companies in different 
geographical markets [2], [3], [4] 

Market Companies 
Regional ~ 80,000 (100 %) 
National > 1,500      (1%) 
International ~ 250   (0.3%) 
Multinational ~ 5 (0.01%) 
Global 2      (0%) 
Transnational 0 
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2. International construction  

The total value of construction spending has been 
estimated to be around 3.9 trillion US dollars for the 
year 2002. In the same year the top 225 international 
contractors had a revenue of 117 billion US dollars 
from overseas operations, which is equivalent 3.4% 
of construction spending [4]. The interpretation of 
these data is clear: About 95% of the global construc-
tion spending is allocated on local markets to local 
and national contractors. It definitely shows that the 
construction market is not a global market. Whatever 
happens in China is of very little interest to most con-
struction companies in the US. 

The sum of the international revenue of the top ten 
construction companies amounts to 56 billion US 
dollars which is 48% of the worldwide international 
revenue (117 billion US$). Yet the market share of 
these ten companies of all national markets is merely 
1.4% (56 / 3,900 * 100 = 1,4 %). This tells us that 
there are no global players in construction holding a 
recognizable market share. 

3. Global players in construction 
The above figures are output-oriented. If it is, how-
ever, true that construction companies sell their per-
formance potential, another question could be if there 
is a potential that is demanded by a global market. So 
the idea would be to look no longer at markets from 
the supply side but from the demand side. A tentative 
answer to the question whether there is a global de-
mand for a specific construction potential is yes and 
this with regard to international mega-projects.  

5.1.1 Miller/Lessard have studied mega-projects 
around the world and the average contract size in 
their sample is 985 mill. US dollars [5]. They require 
cutting-edge technology. Structures included in the 
sample are hydroelectric projects, thermal and nuclear 
power projects, urban transport, roads, tunnels, 
bridges, tunnels, oil projects, and technology projects. 
Not included are buildings and manufacturing 
structures. Beside the technology the companies 
involved in mega-projects need the ability to deal 
with the extreme complexity of such projects which 
includes the ability to establish the necessary network 
around the project in any part of the world.  

In a study of several infrastructure mega-projects in 
Thailand (expressway system) and in Taiwan (high 
speed rail) we found some striking evidence of glob-
alization to support the mentioned hypothesis. There 
are four indicators of such specifics: The perception 
of complexity, the goals of the companies, the type of 

organization, and the use of constructs. The inter-
views were conducted with managers from the USA, 
the UK, Germany, the Netherlands, Australia, Japan, 
Thailand, Taiwan, Korea.  

4. Survey results 

Regardless of the different national and company 
backgrounds the interviewees describe the over-
whelming project complexity as the main characteris-
tic of mega-projects. They expressed in unison their 
goals as being mainly to generate a profit and to 
eliminate all obstacles that endanger this goal. Cus-
tomer satisfaction is for example not seen as a goal 
per se but as a stepping stone to profit. Even Japanese 
managers point out that they will most likely work 
only once for this mega-project client and then cus-
tomer satisfaction serves no purpose. There are no 
differences in organization. Decentralization was seen 
by all managers as the only option to deal with the 
inherent project complexity. One Korean joint ven-
ture set up a hierarchy and found that it did not work. 
Even a construct such as trust was seen by all inter-
viewees in the same way as a tool to decrease com-
plexity. All these findings are somewhat in contradic-
tion to the literature on international marketing and 
organization theory and therefore quite surprising. 

All these indicators point in the same direction as the 
archival data: There is a select group of companies 
engaged in global projects around the world. They 
standardize across cultures and organizations what 
they offer on these markets, their potential to execute 
mega-projects. Such companies are the global players 
in construction.  
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Public Private Partnership as innovation in services: 
global solution, local issues 
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Public Private Partnership (PPP), a global innovation in services, is locally implemented in very different ways in 
the countries. PPP is mainly considered as an organizational innovation, evolving according to a methodological 
trajectory, implemented through local construction and management business systems. Three case studies are ana-
lysed in the UK, Italy and France. The differences among the three countries rely on differences of political under-
standing of PPP, of national culture and of the kind of local construction and management business systems put into 
action. In the conclusion, a method to analyse the complexity of PPP as innovation in services is proposed. 
 
Keywords: Public Private Partnership, organisational innovation, innovation in services, construction business system. 
 
 
  

1. PPP as innovation in services 

In the present paper, PPP is analysed as an innovation 
in services. The theoretical analysis framework is a 
neo Schumpeterian approach of innovation in the 
service economy The result of a PPP procedure is a 
package of a product (the facility) and services (the 
funding and the management of the facility), one of 
the five kinds of services specified by Gallouj [1]. It 
is mainly an organizational innovation, one of the 
four kinds of innovation specified by Sundbo [2].  

2. Three case studies in the UK, Italy 
and France 

Three cases are studied: a 94 millions € thirty years 
contract for a hospital in the UK, a 29 millions € thirty 
years contract for a students’ home in Italy and a 24 
millions € twenty five years contract for a police build-
ing in France. The case studies are chosen among the 
ten European buildings PPP cases analysed in [3].  

3. Very different packages of prod-
ucts and services 

In the three cases, PPP is a package including a prod-
uct (a hospital, a students’ home, a police building) 
and services (the funding of the investment and the 
management of the building during 25 or 30 years), 
but the services provided are very different from a 
case to another. Higher is the service provided by the 
private sector, higher is the transfer of risks from the 
public authority to the private partner and higher is 
the price paid by the public sector.  

4. PPP can be not only an organiza-
tional innovation but also a process 

innovation 

In the Italian and French cases, PPP is mainly a new 
way to manage the modes of financing, building and 
operating public buildings. It is essentially an organ-
izational innovation. In the British case, PPP is also 
the beginning of a process innovation, which is a 
change in service elaboration procedures, even if 
more recent British PFI projects quality processes, 
such as the Treasuring Building refurbishment one, 
are much more innovative. PPP can also be a service 
innovation when a new service is proposed. 

5. PPP can evolve according to not 
only a methodological but also an in-

formational trajectory 

As it was already said, PPP uses new formalized 
methods to carry out the package product plus ser-
vice. It evolves mainly according to a methodological 
trajectory. But in the British case, the innovation be-
gins to deal also with an informational trajectory.  

The information processing trajectory requires new 
data, new uses of data, networks sharing of informa-
tion. PPP can also follow a material transformation 
trajectory, with an alteration of the material basis of 
the service. This innovation is potential. After elabo-
ration of long term real operation and maintenance 
costs data bases, this innovation should appear and 
alter the material basis of the service. 
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6. Four reasons to explain the differ-
ent ways to implement PPP 

A first explanation is the differences between the 
characteristics of the buildings: a hospital is more 
complex than a students’ home or a police building. 
But three other explanations can be proposed. One is 
the political understanding of PP. In the UK, govern-
ment, public bodies, especially Ministry of Finances 
and National Audit Office strongly support PFI and 
PPP, through the idea that private sector competences 
are much more efficient than the public sector ones. 

In Italy, the understanding of PPP is very different. A 
lot of the PPP projects are negotiated by medium size 
or small local authorities with medium size private 
companies. In France, dominant ideology in public 
bodies is a mistrust of the private sector and profit-
ability. Another explanation of the local differences is 
a cultural one. In the UK, the culture of the service is 
largely developed. In France and Italy, technical as-
pects are dominant among the public clients.  

Another explanation of local differences deals with 
the type of local construction and management busi-
ness systems implementing PPP. In the British case, 
the Special Purpose Vehicle Company is controlled 
by four private big companies. In the Italian case, the 
SPV Company is controlled by a medium size con-
struction firm. In the French case, the SPV Company 
is controlled by a public bank and two of its subsidi-
aries. 

7. A method to analyze the complex-
ity of PPP as innovation in services 

Basically, PPP, which always delivers a package of a 
product with services, is an organizational innovation, 
evolving according to a methodological trajectory. 
But, in a given political and cultural context, the fea-
tures and the complexity of PPP, as innovation in 
services, depend on the competences and the techni-
cal (material and immaterial) characteristics mobi-
lized by the players involved in the process.  

When simplified typologies of service innovations 
and innovation trajectories, inspired by Sundbo and 
Gallouj ones, are used, three levels of complexity can 
be specified. As an innovation, basic PPP is an organ-
izational one, a new mode of financing, producing 
and operating public facilities, following a methodo-
logical trajectory, with innovative new formalized 
methods to implement the organizational change. 

If certain competences and technical characteristics 
are mobilized by the players of the construction and 
management business system, PPP can become a 
process innovation, with innovative changes in the 
service elaboration procedures, requiring most of the 
time an informational trajectory, with innovative new 
data, uses of data, network sharing the information. 

If others competences and characteristics are mobi-
lized, PPP can become a service innovation, produc-
ing a new service and the trajectory can concern ma-
terial transformation, with innovative new ways to 
design and build the public facility, especially in a life 
cycle cost perspective. Intermediate complexity levels 
are possible, such as for example PPP as a service 
innovation without any material transformation of the 
building.  

8. Conclusion 

PPP is basically an organizational innovation follow-
ing a methodological trajectory in all countries. In a 
given political and cultural context, with the mobili-
zation of certain competences and technical character-
istics by the players involved in the local construction 
and management systems, PPP can become a more 
complex innovation being able to create new proc-
esses and new services, and able to use new informa-
tion processing systems and implementing material 
transformation of the building. 
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management framework (PDRMF) 
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Process-driven risk management framework is subordinated to the construction process. It implies a cyclical risk 
management process in all phases through which construction project passes. Key risks are identified for each phase 
from the beginning of the project to operation and maintenance.  
Application and verification of PDRMF  is done on a project involving a tunnel as a major infrastructure facilities 
and well known as a great source of risks. Eighteen experts who had in various ways significantly participated in the 
execution of similar project were involved and helped verify the efficiency and applicability of the framework.  PP- 
Risk computer programme, an integral decision support system and questionnaire are used for this purpose. The 
application and the experts' verification has provided useful lessons that will be presented in the paper for future 
research and application of PDRMF. 
 
Keywords: risk management, process, framework, tunnel 

1. Introduction 
In the global sense, risk management is the process 
that, when carried out, ensures that all that can be 
done will be done to achieve the objective of the pro-
ject, within the constraints of the project [1]. Risks 
and their effects should be observed on all the key 
sites of decision-making throughout the project and 
by all the participants in the decision-making process. 
The management of risk is a continuous process and 
should span all the phases of the project [2]. 

To identify key risks for each phase of the project any 
detailed  plan of work can be used. Process Protocol, 
a plan of work that divides construction process into 
four stages that comprise ten phases, with maps 
which show breaking down structure of high level 
processes into sub-processes [3] [4] provided a good 
base  for  process-driven risk management (PDRMF) 
[5]. 

2. Application of the process-driven 
risk management framework  

The application of the PDRMF (Process-Driven Risk 
Management Framework) was demonstrated on the 
Sveta tri kralja Tunnel. This tunnel is planned as part 
of the Zagreb-Macelj Motorway that will link the 
capital of the Republic of Croatia with the Republic 
of Slovenia. The tunnel will be more than 5 km long, 
mostly running through the weakest rock categories 
of the hard soil-soft rock type, with high levels of 
groundwater and many natural landslides.  

The application of the framework was tested in sev-
eral steps.The first step was choice of experts to par-
ticipate in the testing. A total of 18 experts took part, 
who had played an important role in the realisation of 

similar facilities in the past. In the second step all the 
experts were given the list of key risks. Since the tun-
nel is a future project whose execution has not yet 
started, all the experts agreed that the risk list was 
appropriate for first analysis and that project-related 
risks may appear during project execution. The third 
step was to determine risk exposure and form the risk 
priority list for each phase. 

Qualitative analysis was carried out as follows:  

1. Questionnaire-type forms made for each phase 
separately were distributed to all the experts, to 
serve as the first iteration in the process of de-
termining risk exposure for each identified risk. 
The forms were adapted to the Analytic Hierar-
chy Process (AHP) [6] method and enabled mak-
ing a series of judgments about interrelationships 
among the identified risks with reference to 
probability, time, cost and quality, and defining 
the mutual significance of time, cost and quality 
in each phase.  

2. The comparison results were entered in the data-
base of the PP-Risk computer programme, and a 
degree of inconsistency in judgments appeared in 
a certain number of cases.  

3. After the results were entered in the database a 
two-part interview was performed with each re-
spondent. In the first part the experts used the 
PP-Risk computer programme [7] to correct their 
judgments so as to achieve consistency in decid-
ing. The process was fast and efficient because 
the experts were now well acquainted with the 
risks, had been given time to think about them 
more, and easily achieved consistency in decid-
ing. In the second part of the interview the ex-
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perts were requested to provide the appropriate 
risk response.  

4. Finally the author of the research syntesised all 
results, taking into account all the judgments 
made by the experts, as well as the exposures and 
the appropriate risk responses obtained. 

3. Verification of the process-driven 
risk management framework  

The framework was verified using the questionnaire 
method. The experts filled in the questionnaire after 
they had suggested, with the support of PP-Risk, the 
appropriate risk response and after they were shown 
the results of risk management in all the phases 
through which the construction project passes accord-
ing to Process Protocol. The structural questionnaire 
has 10 questions that required the experts to choose 
one of the answeres offered. 

In their answers the experts verified the breakdown of 
the project in phases suggested in Process Protocol, 
the list and process driven risk management. They 
marked the PP-Risk computer programme, as the 
implementation of IT support for the framework, as 
Very Suitable. They marked the user interface as Sat-
isfactory. All the experts found that using the frame-
work helped them understand the process in construc-
tion Much or Very Much better. They also agreed that 
the framework is Appropriate or Very Appropriate. 

4. Lessons learned from application 
and verification of  PDRMF  

The application of the framework and the experts' 
verification has provided useful lessons for future 
research and application. The lessons can be summa-
rized as follows: 

1. The experts supported the division of the project 
into 10 phases following the structure of the 
Process Protocol. 

2. The list of key risks for all the phases through 
which the project passes is appropriate for the 
first analysis but it might be modified in the fu-
ture as the project develops incorporating the 
project-related risks which may appear during 
project execution. 

3. The AHP technique was found appropriate for 
establishing the risk priority list in the each phase 
of the construction process. Some participants 
were not familiar with this technique, so it is 
possible that this problem might occur in the fu-
ture. This would suggest that all participants 
should be made fully aware of the AHP tech-
nique before beginning to use the system. 

4. There was some difficulty experienced by the 
experts in trying  to be consistent in all judg-
ments, but aided by the PP-Risk computer pro-
gramme participants were able to achieve consis-
tency in their judgments. It was found difficult to 
make a large number of judgments at once and 
keep the consistency. Therefore, it has been sug-
gested use is made of the PP-Risk computer pro-
gramme at the beginning of  the risk analysis. 
This led to the conclusion that each participant 
should be provided in the future with the PP-Risk 
computer programme to avoid this problem. 

5. All the experts found that the framework helped 
them understand the construction process better 
and the assessment of risk. 

6. The framework improves communication be-
tween all participants of the project throughout 
all phases. Project managers gather information 
on risk from all the relevant participants in the 
projects. 
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Women as engineers in construction:  
a framework for analysis 
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The construction industry in Sweden is a male dominated place of work. This is shown by all statistics and is often 
the theme in the debate about the industry’s future with focus on the negative influences of gender segregations on 
societal development. The questions exists as to how to change this situation and find arguments for increasing and 
keeping women engineers in construction. This paper starts a discussion and connects gender issues to the construc-
tion industry by presenting a theoretical framework with a gender perspective for a proposed study. The study will 
focus on conditions for women engineers in this context using qualitative interviews as the principal research 
method. 

Keywords: women engineering, women and technology, gender and technology. 
 
 

1. Women engineers in construction 
The construction industry is a male dominated activ-
ity as shown by all statistics in Sweden. The sex ratio 
is extremely unequal. Only 3 % of upper manage-
ment, 16 % of the engineers and technicians, 5 % of 
the construction craftsmen and 1 % of the construc-
tion workers are woman. In the group of civil engi-
neers and architects women constitute 20 % of the 
workers employees.  

A questionnaire survey by the Swedish union for 
managers in construction shows that one of four man-
agers does not want to increase the diversity in con-
struction. One in six declares that competence is the 
main obstacle to women work possibilities in the in-
dustry. 

Themes in the public and political debate are often the 
male dominance and the problems of keeping and in-
creasing the women engineers. The basis for this de-
bate is the opinion that the male dominance is negative 
for the development of the society and the future of the 
industry. It is a problem from a gender equality per-
spective and also a recruitment problem in an industry 
facing large retirements in the near future. 

Little has been done so far. It is still difficult to keep 
the women in the industry. Today the knowledge 
about what the main obstacles are that exclude 
women is not sufficient. This paper presents a theo-
retical framework for a proposed study about women 
engineers dropping out of construction where qualita-
tive interviews will be the principal research method. 

The starting point is a literature review about estab-
lished knowledge in gender theories and gender in 
work organizations to connect the subject of gender 
with the construction industry. 

2. The gender perspective 
Making gender is a deep structure in our culture and 
our social system according to Hirdman [1, 2]. The 
foundation for the gender theories are the two princi-
pals of the gender order, the distinction of the sexes 
(to keep men and women apart) and the principal of 
men as the common praxis. Men are generally con-
sidered superior to women and constitute the normal 
human being. What men do is normally more highly 
esteemed than what woman do. Both men and women 
are integrated in the gender order by maintaining it. 
The gender order rules before and in other orders and 
interacts with class and ethnicity and with occupation 
and position in work organizations. Hirdman means 
that the gender contract is featured by a constant un-
dergoing of integration and segregation which just 
update the gender contract. Women have their own 
room and conditions in male dominated work organi-
zations. With increased visibility of the gender order 
it is possible to make a change. 

3. Gender segregation 
Gender research in male dominated work organiza-
tions is reviewed here with the female engineer and 
the construction industry in view. 

The Swedish Government Official Reports of the 
gender segregated Swedish labor market [3] state that 
the segregation in the Swedish labour market has 
been reduced but the gender differentiation remains. 
That is in spite of investment efforts made to increase 
women’s interest in technology to satisfy the need for 
professionals in the labour market. According to the 
reports it is a question about different conditions for 
men and women. A seemingly gender integrated oc-
cupation can still be gender segregated. The reports 
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explain that gender segregation exists in different 
dimensions, vertical (men and women reach different 
levels in their career) and internal (different tasks or 
expertise in the same work). A common explanation 
is about the separate areas of interest for women and 
men. But this can be a consequence of exclusion ob-
stacles which require closer examination. The reports 
give three explanations of the unequal working condi-
tions where the question of power is one. Secondly, 
women are as well qualified as men but myths about 
their competence exist. A third reason pointed out in 
the reports is the representation of different genera-
tions in working life that influence and contribute to 
the gender segregation.  

Kanter [4] found that the structures in work organiza-
tions decide possibilities for success and the experi-
ences from working life form the human. Three con-
clusive factors should be studied- possibilities, power 
and the number of various kinds of people to reach 
understanding. Women and men are in equal posi-
tions in work but the career possibilities look differ-
ent. Kanter means that women are in a minority posi-
tion and segregation arises. The possibilities to gain 
sponsors and alliances with equals are rare. Women 
develop stereotyped strategies to cope, often placed in 
a gender specific position made by the work organiza-
tion e.g. positions where there is less need for control 
as routine work, technical specialists or expert posi-
tions without decision making. 

Abrahamsson [5] discovered that the segregation in 
work demands a picture of the organizations starting 
position with focus on the gender order to make a 
change instead of a restoration that only means an 
updated gender order. Otherwise a new construction 
of gender and a sorting according to gender occurs. 
But in a long perspective a slow improvement can be 
seen, new structures, new competences are asked for 
and new basics grow up. A so-called restoration of 
changes emerges as a positive effect. The existing 
culture and the configuration of gender are determin-
ing factors to refer to or make visible to be able to 
meet the force of restoration and bring about a 
change. Abrahamsson concludes that the gender order 
is a central principle in work organization changes by 
its sorting mechanism. 

4. The empirical study 
The aim of the study is to use a theoretical gender 
perspective to explore and explain why women engi-
neers drop out of the construction industry. Why do 
some leave and why do others stay? Which are the 
obstacles and conditions for women in this context? 
And furthermore to find tools to update the industry 
and make guidelines for a change. An initial pilot 
study [6] constitutes the basis of the project. It shows 

that about 30 % of the women graduating MSC in 
engineering from technical universities in Sweden 
during a period of ten years at different periods left 
construction. Qualitative in depth interviews with 
women engineers will be the principal research 
method. They all have experiences from construction 
and made different choices about their career, in or 
outside the industry. 

5. Discussion and conclusions 
The question of how to increase the proportion of 
women engineers and keep them in construction is of 
high importance for the industry. Not much has been 
done so far. A deepened need for condition analysis 
and increased awareness of the changes of structures 
is necessary to improve the women engineers work-
ing life. This paper starts a discussion and connects 
gender issues to construction. 

When summing up the theoretical framework, paral-
lels can be drawn between previous research about 
gender in work organizations and the women engi-
neer in the industry, such as restorations, gender 
marked tasks, segregation and alliances just to men-
tion some. To be confirmed as a women engineer 
means to be seen from a masculine perspective. 

Based on the theories, gender and the gender order 
are significant and gender is constructed from the 
different conditions for men and women in construc-
tion. The study will illustrate what part the obstacle 
structure of gender has in the women’s decision to 
leave or stay. All experiences and efforts by the 
women engineers can constitute an important source 
of inspiration for a change in the future with the per-
spective of gender. 
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Discrete event simulation (DES) is considered to be a very promising management technique for decision making 
process in the construction industry. This paper suggests integrating simulation with other planning systems like 
CAD by means of a simulation related product model. A case study of a German railway line construction project is 
also presented to demonstrate the role and advantages of simulation in supporting and archiving the decision mak-
ing process in many project phases. 

Keywords: construction management, simulation, CAD, XML, Earthwork. 
 
 

1. Introduction  
DES enables stochastic and dynamic analysis of a 
system and helps consequently designing and describ-
ing its behavior over time. Nevertheless, simulation 
technique did not achieve a wide use in the construc-
tion practice yet. The main reason is the modeling 
complexity of construction processes, which differ 
with each project causing the modeling process to be 
uneconomic. The new approach is based on two theo-
ries which aim at simplifying the modeling process 
and establishing simulation in the construction prac-
tice. Those are developing special purpose simulation 
tools with simplified, graphical and user-friendly 
modeling methods and integrating them with other 
planning methods. This paper takes advantage of new 
advancements in hierarchical and object-oriented 
simulation concepts, like Petri nets, as well as in data 
management technologies, like eXtensible Markup 
Language (XML), in order to build up a simulation 
related road product model (SRM) as an integration 
interface between simulation and CAD. 

 

2. System architecture and applica-
tion field  

The specific goals of the road construction simulation 
are to analyze the resource utilization, to determine 
the most economical composition of resource groups 
and to minimize haul distance taking surrounding 
conditions into consideration. The CAD-based simu-
lation system is implemented as an add-on program 
on AutoCAD. The system consists of three individual 
components, which exchange data between each 
other: the data model, the CAD environment and the 
Petri nets simulation system.  

The SRM occupies a central position of the whole 
developed concept and represents the data base where 
the project data is saved. It works also as an interface 
between the two other components. SRM contains 
data related to the structure and relationships of proc-
esses, machines, geometry and durations within a 
road project. According the SRM a road project con-
sists of four classes: cut, fill, temporary store and 
landfill for excess cut material. These classes are 
linked together with an additional class which repre-
sents the haul road. SRM is developed independently 
from a ‘root’ product model and can be understood as 
a ‘particle’ product model to be linked with other 
product models according to new approaches in this 
field [1], [2]. All the data of SRM are saved in one 
file written in the eXtensible Markup Language 
(XML). The CAD component is an add-on program 
on AutoCAD, which operates as a graphical user in-
terface for the simulation component. The SRM is 
integrated in AutoCAD, so that a project specific 
XML-document can be generated to include all user 
input. A simulators developing environment called 
PACE® underlies the developed special purpose, 
Petri nets-based simulation system. This environment 
enables building up own simulation systems. The 
basic idea is to construct a universal simulation model 
for a specific field of application, i.e. earthwork in 
road construction projects. All simulation parameters 
are kept variable till the data are written to the SRM. 
After that, the parameter get their values and the 
simulation runs considering the specifications of the 
studied construction site which are input by means of 
CAD. 

3. Program structure 
The input of the data is managed with various menus. 
The user gets access to these menus by an additional 
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drop-down menu in AutoCAD named ‘Simulation’. 
The drop-down menu consists of several menu points 
like ‘project description’, ‘cut’, ‘additional locations’, 
‘haul roads’, trucks’, ‘soil strata’, etc. project related 
data can be directly input or extracted from CAD. 
The menus give access to the XML-Document, which 
contains the SRM. The earth quantity calculation is 
also managed at a menu, by using the German ex-
change standard for quantity calculations REB 
(Richtlinien für elektronische Bauabrechnung) [3]. 
Finally, the sequence of construction can be defined 
by creating a Microsoft Project file out of the speci-
fied project data automatically.  

4. The case study 
The new approach is applied on heavy earthmoving 
construction and logistic operations within a railway 
line construction project in Germany.  

The analyzed project is the construction of the ICE 
(Intercity Express) railway line between Ebensfeld 
and Erfurt which is a section of the new railway line 
construction project Nürnberg-Erfurt-Leipzig/Halle-
Berlin. A lot of unevenness exists along this railway 
line construction area. The 6.2 km long distance con-
tains six heights and seven deepenings with reference 
to the planned railway line position. In order to con-
struct the required planum about 1,650,000 bank cu-
bic meters (BCM) must be moved.  

The project is constructed according a ‘function 
building contract’ that includes building the railway 
line and its maintenance over a longer period of time. 
Function building contracts aim at raising quality 
standards relating utilization in addition to construc-
tion methods and materials. However, they demand 
efficient instruments to enable analyzing more eco-
nomical construction variants and accomplishing a 
kind of self control. A lot of conventionally docu-
mented project data are observed and machine cycle 
time data are collected on the construction site in or-
der to regenerate the construction progress. Modeling 
stochastic simulation input demands selecting a theo-
retical distribution function that models the collected 
data. In order to determine the type of this function 
(Θ1- Θ2) diagram. The results confirm the study of 
AbouRizk and Halpin [4] in which they approved that 
flexible distributions, like beta distribution, are re-
quired to properly model the diversified characteris-
tics of construction duration data.  

The output for the first and second cuts is presented in 
this paper. The project is structured to include 6 cuts 
‘E1’….’E6’, 9 fills ‘D1’…..’D9’ and two landfills 
‘Lf1’, ‘Lf2’. While the first cut is decomposed into 4 
sections which consist of 17 soil blocks in total, the 
second cut is decomposed into 9 sections with 92 soil 

blocks. After this structure has been input by means 
of the developed program, the processes are listed 
automatically in a scheduling program, where the 
process sequence has to be input by defining the 
predecessor relationships. The simulation model is 
consequently generated and can be used to analyze 
the machine groups for each soil block considering its 
surrounding conditions and to evaluate many earth 
mass distribution alternatives. The first possibility 
offers a process analysis, which helps defining the 
best group of machines and thus increase the produc-
tivity. With the second possibility the simulation sys-
tem enables a project-oriented view to analyze logis-
tic and transportation processes in between the differ-
ent work locations. Now many other possible alterna-
tives can be simulated. Comparing the simulation 
output of each alternative supports decision making 
process during all project phases.  

Conclusions 
With the developed approach and its implementation 
the modeling process is simplified and the simulation 
is integrated with CAD and scheduling systems. 
Simulation promises even more potentials than 
maximizing resources productivity and predicting 
process cost and duration under realistic site condi-
tions. It constrains transparency and structure at proc-
ess and at project level, and it can be an excellent 
prediction, documentation and communication in-
strument. 
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Partnering has appeared to be an effective and non-confrontational approach to procuring construction projects in 
Hong Kong since its first adoption on the North District Hospital project in 1994.  This paper analyzes and com-
pares the applications and outcomes of project partnering practices between the private and infrastructure sectors of 
Hong Kong via four case study projects. By using structured interviews and empirical surveys, the partnering ap-
proach and process, major benefits of implementing partnering, key performance indicators (KPIs), together with 
overall project performances, are investigated and compared. The research findings indicated that both sectors 
adopted similar structured partnering processes and achieved very outstanding project performances.  The infra-
structure sector achieved better overall project performance with lesser dispute magnitude than the private sector 
while the private sector outperformed the infrastructure sector in ‘quality performance’, ‘professional image estab-
lishment’ and ‘scope of rework’.  It is recommended that partnering together with appropriate contractual arrange-
ments, such as Guaranteed Maximum Price (GMP) and Target Cost Contracting (TCC)  be adopted across a wider 
spectrum of the construction industry during the 21st Century to reap sustainable benefits for construction excel-
lence.    
Keywords: Comparative study, project partnering, private sector, infrastructure sector, Hong Kong

 
1.  Introduction 

An increasing trend in the adoption of construction 
partnering by clients has been observed in Hong 
Kong since its first application to the North District 
Hospital project in 1994 [1].  It is worth noting that 
both the private and infrastructure sectors imple-
mented partnering principles with tremendous 
achievements in terms of time, cost and quality per-
formances [2].   
 
To investigate and examine the effectiveness and per-
formance of project partnering as applied in the local 
building and construction industry, the Construction 
Industry Institute, Hong Kong (CII-HK) 
(http://www.ciihk.org.hk) commissioned a research 
team in March 2003 to undertake an industry-driven 
research study to analyze project partnering practices 
in construction. The study aimed to explore and com-
pare project partnering practices amongst the public, 
private and infrastructure sectors based on six part-
nering projects completed between 1999 and 2002 in 
Hong Kong [2].  This paper particularly focuses on 
comparing project partnering practices between the 
private and infrastructure sectors of Hong Kong via 
four relevant partnering projects.  The projects in-
clude two from the private sector and two from the 
infrastructure sector. 

 
  

1. Private sector building projects 
Chater House – a prestigious rental commercial 
development in Central by Hongkong Land Ltd 
(HKL) 
1063 King’s Road – a rental commercial devel-
opment in Quarry Bay also by Hongkong Land 
Ltd (HKL) 
 

2. Infrastructure sector projects 
MTRCL Contract 601 (Hang Hau Station and 
Tunnels) 
MTRCL Contract 654 (Platform Screen Doors) 

 
2. Research methodology  

A number of research methods were used in this 
study, which included (1) structured interviews; (2) 
case study approach; (3) the computation of Key Per-
formance Indicators (KPIs); and (4) empirical ques-
tionnaire surveys.    
3. Comparisons of project partnering 
practices between the private and in-

frastructure sectors of Hong Kong   
Three kinds of analyses were undertaken to compare 
project partnering practices between the private and in-
frastructure sectors of Hong Kong via four relevant part-
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nering projects, two for each sector [2]. The first analysis 
is the direct comparison of the Key Performance Indica-
tors (KPIs). The second analysis is to compare partner-
ing approach and process.  The third analysis is to com-
pare the relative rankings of the mean scores for the ma-
jor benefits of partnering and overall partnering per-
formances based on the responses from the empirical 
questionnaire. It is of interest to note that the findings are 
indicative in nature rather than conclusive because there 
are only four case studies for the private and infrastruc-
ture sectors and the sample size is small. 
 

3.1 Major findings  
1. All four case study projects were completed on 

time (with 2 infrastructure projects being ahead of 
schedule by 5% and 1 private sector building pro-
ject being ahead of schedule by 0.63%), at reason-
able costs, and to satisfactory quality. 

2. All four case study projects adopted a structured 
partnering process, which includes one initial 
workshop, one or more interim workshops, and 
one final wrap-up workshop.  It is worth noting 
that the two infrastructure sector projects had more 
frequent interim workshops.  These workshops 
seem to help deepen the partnering spirit.     

3. The two private sector building projects only en-
gaged external independent facilitators whilst the 
infrastructure sector projects engaged both external 
and in-house trained facilitators to facilitate the 
partnering workshops.  It appears that more flexi-
bility can be built in through an internalized part-
nering arrangement but the benefits of having an 
external facilitator should not be under-estimated. 

4. The infrastructure sector projects gained more 
benefits, exhibited better overall project perform-
ance, and encountered fewer difficulties from part-
nering implementation than the private sector.  
This can be attributed to the systematic approach 
of implementing partnering and the method-related 
nature of civil and E&M installation works, which 
entail a lot of discussions and co-ordinations 
amongst the interfacing project participants. 

5. The private sector building projects had better 
quality performance, professional image estab-
lishment and scope of rework as indicated from the 
results of the questionnaire survey.  Quality assur-
ance has been widely accepted as an essential ele-
ment in establishing a professional image among 
counterparts especially in the highly competitive 
private sector.  Partnering is instrumental in shap-
ing a professional image among counterparts by 
achieving quality and prestigious construction. 

4.  Conclusion  
This paper has presented a holistic approach to com-
pare the implementation and outcomes of project 
partnering practices between the private and infra-
structure sectors of Hong Kong.  In addition to the 
previous findings, it has been found that the devel-
opment of ‘Target Cost Contracting’ (TCC) via ‘In-
centivization Agreement’ (IA) in the two infrastruc-
ture projects and the ‘Guaranteed Maximum Price’ 
(GMP) contracing approach in the two private sector 
building projects are effective in fostering a co-
operative working atmosphere with a gain-share/pain-
share culture, which are largely derived from the per-
ceived partnering spirit cultivated amongst all con-
tracting parties.  As a result, this study has generated 
good pointers to the successful implementation of 
partnering for improving overall project performance.  
However, it must be stressed that partnering is not 
almighty to fix all types of problems.  What it does is 
to establish a platform for project stakeholders to 
communicate better for mitigating unnecessary mis-
understanding and intractable disputes.  As advocated 
by the CIRC’s Report [3], partnering coupled with 
other appropriate contractual arrangements, such as 
GMP and TCC be implemented widely within the 
Hong Kong construction industry to strive for excel-
lence in overall construction performance.   
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There is rising interest in inter-disciplinary working and integrated team working in UK construction over the last 
decade. However, we are still bounded by such functional roles as architects, builders, quantity surveyors etc. Inter-
disciplinary working necessitates cross-cultural appreciation of the multitude of roles in construction and a rethink 
in education. This paper reports on a survey conducted on a group of 78 second year undergraduate students in a 
UK university. The specialisms cover architectural technology, design management, project management, construc-
tion management and interior design. The Belbin (2004) team roles questionnaire was used to identify particular 
tendencies of the students. The findings suggest architectural and interior design students to assume more creative 
team roles, whilst construction and project management students tended to undertake the role of team workers. The 
results highlight the need for more opportunities to be given to students to interact with various disciplines to 
achieve greater cross-cultural appreciation. 

Keywords: cross-cultural appreciation, disciplines, education, team working, team roles. 

1. Introduction 
It is widely accepted that team working brings about 
opportunities for individuals to come together to 
solve organizational problems that are often complex 
and multi-dimensional. Alongside the growth in team 
working, the phenomenon of (and need for) inter-
disciplinary working and thinking is increasingly fea-
tured in the business environment as well. 

However, whilst the concepts of team working and 
inter-disciplinary working espouse business benefits 
in principle, the reality seems less certain. In con-
struction, Moore and Dainty [1] found that intra-team 
disciplinary boundaries exist within design and build 
construction despite the intended integration of design 
and construction disciplines in such arrangement. 

Indeed, for inter-disciplinary working and thinking to 
work effectively in construction, there needs to be 
cross-cultural appreciation of the multiplicity of roles 
involved in delivering the built environment. Propo-
nents of inter-disciplinary working have often as-
sumed that benefits to problem solving accrue on the 
basis of getting a range of disciplines together. It is 
argued that this assumption of getting people together 
has formed the thrust of many industrial and research 
initiatives promoting inter-disciplinary working, and 
resulted in the investment of research efforts into is-
sues like knowledge management. However, it is 
maintained that deeper understanding beyond the 
mere coming together of people of how inter-
disciplinary working is best employed has yet been 
established. 

This paper presents an endeavor to better understand 
team working from a psychological perspective. Fol-
lowing the conduct of Belbin team roles [2] question-
naire on a group of second year undergraduate stu-
dents undertaking a general management module in a 
UK university, it was discovered that inter-
disciplinary working is not as straightforward as get-
ting different disciplines together. The findings sug-
gest that each discipline contains certain tendencies in 
relation to the team roles, and that such disciplinary 
silos potentially prevent the espoused benefits of in-
ter-disciplinary working from taking place. 

2. The research process 
The sample for the Belbin [2] questionnaire survey 
derived from a common management module taught 
to second year undergraduate students pursuing a 
degree program in a UK university built environment 
department. The essence of the management module 
is the inclusion of the overarching emphasis of team 
working. All 78 students – consisting of 22 architec-
tural technology students, 15 construction manage-
ment students, 21 design/project management stu-
dents and 20 interior design students – were asked to 
complete the Belbin team roles questionnaire during a 
timetabled lecture session. The results from the ques-
tionnaires were then collected and analyzed using 
descriptive statistics. 

3. Findings 
Thirty-three percent of the construction management 
students (CM) in this study emerged as implementers. 
However, CM scored lowly on shaper roles, with 
only 6% claiming shaper as a dominant role. Inciden-
tally, only 9% of architectural technology students 
(AT) were dominant shapers. By contrast, a higher 
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proportion of design/project management students 
(BDM/BPM) and interior design students (ID) appear 
to be shapers in this exercise. This reinforces the 
conventional thinking that links leadership roles with 
project managers and designers [8]). 

As expected, designers are creative. This is supported 
by the relatively higher proportion of plants among 
both ID (20%) and AT (13%) students, as compared 
to BDM/BPM (9%) and CM (0%) students. Nonethe-
less, CM students appear to be very resourceful, with 
20% claiming resource investigator as a dominant 
role. It is also fascinating to note that BDM/BPM 
students (23%) and CM students (20%) came out as 
more dominant in terms of the coordinator team role. 
Again, these findings reinforce stereotypical views of 
the nature of jobs held by project managers and con-
struction managers in practice. 

The findings presented in this section offer insights 
into the psychological traits of the built environment 
students concerned. The cliché that designers are 
creative and construction people are doers appear to 
be emphasized. 

4. Implications 
The findings presented in this paper make a poten-
tially worrying read because there is some indication 
that the team roles mirror the functional disciplines 
that make up a construction project team – and not in 
a good way! For example, if more designers assume 
the shaper role, then the construction managers who 
feature lowly in this particular role within this study 
will possibly be sidelined, thus reinforcing the 
deeply-entrenched fragmentation of the industry. 
Similarly, if construction management students con-
tinue not to assume the monitor evaluator role, this 
can mean that construction managers of the future 
will be so caught up in doing the project that they lose 
sight of thinking and planning. 

This then raises a number of questions that need to be 
explored in further research. First, how did these sec-
ond year students come to possess these tendencies? 
Will these tendencies be reinforced as the students 
advance through universities? Will the students in 
turn take these tendencies into the workplace, thereby 
strengthen the fragmentation of the industry? Should 
more inter-disciplinary working be introduced into 
the curriculum so as to reduce the probability of rein-
forcing these tendencies? One way to help answer 
these questions could be to run the Belbin team roles 
questionnaire on first year and final year undergradu-
ate students, as well as fresh graduates to see if the 
emergence of these team roles within the disciplines 
follows a clear development trajectory. 

5. Conclusions and recommendations 
In conclusion, this paper deals with the growing trend 
of team working and inter-disciplinary working and 
thinking in both practice and research. The paper 
highlighted that the underlying assumption of inter-
disciplinary working, i.e. that getting various disci-
plines closer together is better, remains cursory. 
Therefore, the question was posed as to whether a 
deep understanding of inter-disciplinary working and 
thinking has been ensued in the industrial initiatives 
and research around the issue. By utilizing the Belbin 
team roles questionnaire to identify tendencies among 
a group of second year undergraduate students, it was 
found that stereotypes exist. Specifically, designers 
are creative whilst construction people are doers. It 
was proposed that the curriculum and culture of aca-
demic departments might be responsible for driving 
these silos and that further research needs to be un-
dertaken to explore the extent to which this is true. 
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The move towards the knowledge economy necessitates a rethink of the role of knowledge in practice. The UK lags 
behind the USA and parts of Europe in terms of productivity. This research represents a multi-disciplinary, multi-
sectoral project attempting to dissect the nature of knowledge and its impacts on the UK productivity gap. The re-
search focuses on organizational knowledge flows, which can have positive and negative ramifications on the firm’s 
productivity. To secure the long-term competitiveness and productivity of UK firms, there needs to be clearer under-
standing of the role of these knowledge flows in practice. Through exploratory interviews with senior managers of 
design firms, key issues regarding knowledge flows are elicited. The findings highlight knowledge flows as dynamic 
interactions between organizations and their supply chain, customers, competitors, collaborators and human re-
sources. This exploratory phase contribute to the wider research aimed at developing taxonomy of these knowledge 
flows called knowledge leakage. 
 
Keywords: design, globalization, knowledge leakage, outsourcing, productivity. 
 
 

1. Introduction 
The advent of the knowledge worker especially in the 
developed world, according to the late Peter Drucker 
[1], necessitates a productivity revolution where 
knowledge is a fundamental tool of production. 
Within much political rhetoric, the recognition of this 
productivity revolution has given rise to the emphasis 
of the knowledge economy.  

Despite much hype surrounding the role of knowl-
edge in boosting the performance and competitive-
ness of the economy, several commentators have ex-
pressed dissatisfaction with a lack of understanding of 
the nature of knowledge. Kelloway and Barling [2], 
for instance, commented, “as yet there is little con-
sensus as to what constitutes ‘knowledge work’, mak-
ing it difficult if not impossible to achieve (p. 287)”. 
They added that the literature around the concept of 
knowledge has thus far repackaged “old wine in new 
bottles (p. 288)”. Indeed, the understanding of knowl-
edge remains, at best, in the abstract. Taylor [3] la-
mented on the level of abstraction and suggested that 
“honest probing is needed now, rather than glib an-
swers”. 

This paper reports on research that is attempting such 
honest probing. The intention is to develop greater 
specificity of knowledge through what is called 
knowledge leakage. The research is borne out of a 
UK-funded program that investigates the nature of the 
UK productivity gap with countries like the USA (see 
http://www.aimresearch.org/ideas_factory.html).  

Initial motivation of this particular research is con-
cerned with growing trends of globalization and out-
sourcing, and the fear that organizations which out-
source may inadvertently leak knowledge to another 
organization to the detriment of its productivity and 
competitiveness. The ultimate aim of research seeks 
to develop taxonomy of knowledge leakage to enable 
organizations to understand their organizational 
knowledge leakage and the resulting consequences. 
Early findings from a scoping phase of the ongoing 
research, which included a multi-disciplinary litera-
ture review and interviews with senior personnel from 
a range of organizations, are reported here. These 
findings suggest knowledge to result from the dy-
namic interactions between organizations and their 
supply chain, customers, competitors, non-
competitive collaborations and human resources. 

2. Research process 
Eight organizations (of which three were related to 
the construction industry) from the research team’s 
existing contacts were approached either by telephone 
or in writing. It was decided that interviews should be 
conducted with senior managers who has an overview 
of the organizational processes. A total of 10 senior 
managers were consequently interviewed in the 8 
organizations. Each interview lasted between 1 to 2 
hours and the questions revolved around the partici-
pant’s view of their organizational knowledge, the 
associated knowledge flows and the effects on pro-
ductivity. The interviews were recorded and tran-
scribed verbatim for subsequent analysis. 
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3. Early emergent findings 
Knowledge was categorized into dynamic interactions 
between organizations and their suppliers, customers, 
competitors, non-competitive collaborators and hu-
man resources. 

Suppliers: there is awareness of knowledge leakage to 
suppliers of information in all cases. Organizations 
attempt to safeguard the critical knowledge of the 
business by controlling the types of knowledge that 
they outsource (standardized and repetitive) or main-
taining as much of the knowledge base in-house as in 
the case of Participant B’s organization. There is also 
a general perception that the higher value design work 
represents knowledge that should be kept secure. 
Also, smaller organizations are more inclined to out-
source certain elements of work for efficiency gains, 
whereas larger organizations have the capacity per-
haps to develop a range of complementary skills. 

Customers: it is unsurprising to find that all the par-
ticipants felt that it is extremely important to learn 
from the client, especially in terms of developing the 
design brief. All participants acknowledge the impor-
tance of maintaining customer satisfaction and that 
understanding the client’s business is central to 
achieving success. On a similar point, it was noted 
that the participants preferred repeat businesses be-
cause this meant reducing the time spent to “reinvent 
the wheel”. 

Competitors: every organization is always tuned into 
what their competitors are doing. However, when 
quizzed about knowledge leakage to and from com-
petitors, all the participants felt it was very difficult to 
illuminate exact leakage of knowledge and distill out 
the impacts on productivity. 

Non-competitive collaborations: all the participants 
recognize the occurrence of knowledge leakage to 
non-competitive collaborators, e.g. Universities, in-
dustrial cluster groups. 

Human resources management: knowledge leakage 
due to people leaving either permanently through 
retirement/resignation or temporarily through sick-
ness/holidays can have a negative impact on produc-
tivity. Conversely, it was recognized that the recruit-
ment people, especially from a competitor or cus-
tomer, can be beneficial to the business. 

4. Conclusions and recommendations 
This paper reports on ongoing research into establish-
ing the impacts of knowledge on productivity. Within 
the confines of this paper, the results of a scoping 
study are presented. The findings reveal knowledge 
leakage through dynamic interactions between or-

ganizations and their suppliers, customers, competi-
tors, non-competitive collaborators and human re-
sources. The preliminary findings appear interesting 
and pave the way for further work to test the concepts 
further. In-depth case studies will now be undertaken 
to obtain deeper insights into the key emergent issues 
provided here. It is believed that the research de-
scribed here offers greater specificity and holism to 
our understanding of organizational knowledge. 
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This paper presents a recent research on developing an alternative method for determining the total indirect cost of 
a project. Traditional methods of estimating indirect costs are reviewed first. A model that establishes the relation-
ships between project factors and the ratio of indirect cost to direct cost is then introduced. The model is based on a 
back propagation neural network that is trained with a firm’s historical cost data for a number of past projects. The 
model can be used by the firm for estimating the level of indirect cost for a given project. A comparison between re-
gression models and neural networks shows that neural networks have better performance. The neural network 
model is potentially useful both for owners in setting project budgets and contractors in bid determination. 

Keywords: project plan, cost estimate, indirect costs, computing model, neural network. 

1. Introduction 
Project indirect costs or site overheads are the costs 
incurred by a contractor for production support in 
undertaking a project. Indirect costs are not directly 
attributable to the performance of any particular item 
of work, but are required for running the project as a 
whole, including site management and supervision, 
site offices and shops, utilities and services, transport, 
safety and first aid etc. Like direct costs, indirect 
costs are essential costs for any firm completing the 
project at the level of quality required by project 
specifications. Since indirect costs may constitute a 
significant portion of the contract price, indirect costs 
have to be accurately estimated. While the amount of 
indirect costs depends on the project size measured by 
direct costs, the ratio of indirect cost to direct cost (or 
simply the indirect cost ratio) varies according to type 
of work, project conditions, and contract require-
ments.  

Traditionally, contractors obtain a reasonable esti-
mate of project indirect costs through a detailed and 
time-consuming analysis, based on the project plan 
and schedule and using a checklist. On the other 
hand, the short-cut method of fixing all of the con-
tractor’s overheads and profit as a percentage of the 
direct cost is prone to inaccuracy because of subjec-
tivity. This paper presents a recent research on devel-
oping a alternative method for determining the level 
of total indirect cost for a project as represented by 
the indirect cost ratio. The research began with an 
investigation of general factors of a project that have 
an effect on indirect costs. Then, based on collected 
cost data for a number of past projects of a contractor, 
the research established the relationships between the 
identified factors and the indirect costs ratio by using 
quantitative models. The obtained models, which 
include regression equations and neural networks, 

were compared in prediction performance, in order to 
determine the best model, which can be used by the 
contractor for estimating the indirect cost ratio for a 
given project in determining the amount of total indi-
rect cost and the project construction cost. 

2. Factors influencing project indirect 
costs  

While the customs, practices, and legal requirements 
of a country have an impact on indirect costs, a few 
attributes of a project potentially have influences on 
the indirect cost ratio. The size matters because many 
items of indirect cost exhibit economies of scale. The 
duration matters because many items of indirect costs 
depend on the project duration. The type of work, e.g. 
road, building, impacts on the level of supervision 
manpower required and transports and services. The 
project location, urban or rural, influences set-up and 
maintenance costs relating to offices and shops. The 
proportion of subcontracting influences the required 
communication efforts. The above factors were used 
as the input parameters of the proposed model for 
estimating the indirect cost ratio, while indirect cost 
ratio is the output parameter. While measurements of 
quantitative factors such as project duration, project 
size, and indirect cost ratio are obvious, qualitative or 
nominal attributes such as location and type of work 
were represented as binary variables. 

3. Description of data 
The cost data for this study were collected from a 
major construction contractor in Taiwan, consisting 
of 191 construction-only contracts that the firm bid 
for between March 2000 and February 2006. The 
projects ranged between 50 millions and 28 billions 
NT$ in size and between 5 months and 106 months in 
duration, covering a variety of types of work such as 
roads, buildings, tunnels, waterworks etc. The cost 
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estimates for these projects have indirect cost ratios 
between 1.7% and 29.1%, with an average of 7.64% 
and standard deviation of 4.23%. Duration in months, 
location, type of work, total direct cost, proportion of 
subcontracting, as well as indirect cost ratio were 
identified for each project. Since total direct cost may 
not be a meaningful indicator of the scale and inten-
sity of activity, the size of a project was represented 
by direct cost per month, i.e. total direct cost divided 
by project duration. The prepared project data were 
then tabulated and a statistical analysis was per-
formed to find out correlations among these factors 
for the 191 projects.  

There is a strong and positive correlation between 
project duration and indirect cost ratio. The negative 
but weak correlation between project size and indirect 
cost ratio may be explained by the fact that effects of 
economies of scale are mitigated by the more de-
manding quality systems for larger projects. Larger 
project size and more communication efforts may be 
the reason behind the positive correlation between 
proportion of subcontracting and indirect cost ratio. 
With respect to project location, each project was 
classified as in remote areas, in small towns, or in 
metropolitan areas. Concerning type of work, each 
project was classified as site preparation, building, 
road, waterworks, bridge, marine works, tunnel, or 
mass rapid transit. Analysis of variation concluded 
that the mean indirect cost ratios for the three location 
groups are not equal and that the mean indirect cost 
ratios for the eight type-of-work groups are not equal.  

4. Description of models 
Of the collected 191 projects, the 141 projects be-
tween March 2000 and July 2004 was used to build 
models for estimating indirect cost ratios. The re-
maining 50 projects from August 2004 to February 
2006 were used as the testing sample to evaluate the 
accuracy of the built models. Two groups of models 
were constructed for a comparison. The first group 
consists of multiple regression equations built using 
combinations of factors from the identified five fac-
tors. While real numbers were used to measure the 
quantitative factors, binary variables were used to 
represent the location factor and the type-of-work 
factor, requiring 2 and 7, respectively. As a result, the 
maximum number of binary and real number inde-
pendent variables in the regression models is 12. 

Mean squared error (MSE) was used to measure the 
closeness of fit in constructing the models, while av-
erage percentage error was used to measure the pre-
diction accuracy of a constructed model in testing 
against the applied indirect cost ratios [1]. The results 
show that the performance of a model improves with 
more factors being included. The three regression 

models with better performance were then selected 
for a comparison of performance with their neural 
network counterparts. Therefore, three neural net-
works were developed using the same input variables 
as the corresponding regression models. The BP algo-
rithm was chosen for training thel networks. The 
number of hidden layer was fixed at one, while the 
number of hidden nodes was determined based on the 
ease of convergence in training and accuracy in test-
ing. The number of hidden nodes finally selected is 
23 for network A, 7 for network B, and 27 for net-
work C. The number of training cycles used ranged 
between 20000 and 30000, along with a momentum 
of 0.9 and a learning rate of 0.7. 

All the three neural networks achieve better closeness 
of fit after training than their regression counterparts, 
as indicated by a smaller MSE. Furthermore, all the 
three networks attain a better prediction accuracy, as 
indicated by a smaller average percentage error. The 
network with the best overall performance is network 
C, which includes all five factors as inputs, achieving 
an average prediction error of 32%. The neural net-
works perform better than the linear regression mod-
els because of the nonlinear nature of the stated esti-
mating problem, which suits neural networks’ map-
ping ability. We do not need to specify any exponen-
tial expression beforehand. We need only to present 
the data in a form exhibiting more non-linearity be-
tween input and output variables. 

5. Conclusions 
Based on the findings of this research, it appears that 
neural networks are good computing models for esti-
mating project indirect cost. The presented methodol-
ogy for model development is general and can be 
applied by contractors or owners in any country. 
From the viewpoint of practicality, the model can 
enhance the performance of cost estimating by pro-
viding a speedy estimate, and thus is potentially use-
ful both for owners in setting a project budget and for 
contractors in cost estimating for bid decision or in 
checking the result of a detailed analysis. The model 
can be made a component of a comprehensive cost 
estimating system. 

References 
[1] Sonmez, R. and Rowings, J.E. (1998). “Construc-
tion labor productivity modeling with neural net-
works.” Journal of Construction Engineering and 
Management, ASCE, 124(6), 498-504. 

W065/W055 Committees 57



58 

 58 

Revenue risk mitigation in BOT projects:  
A real options approach 

 
Nicola Chiara, Columbia University, New York, USA (email: nc2112@olumbia.edu) 

Michael J. Garvin, Virginia Tech., Blacksburg, USA (email:garvin@vt.edu) 
 
Effective risk management is essential for success in infrastructure project financing arrangements such as Build-
Operate-Transfer (BOT). Both Sponsors and Lenders consider the revenue risk an extremely important factor when 
they assess a BOT project’s feasibility.  One potential strategy for mitigating the revenue risk is an insurance reve-
nue guarantee, where a pool of insurance providers secures a minimum amount of revenue for a project.  Even 
though the structure of this insurance guarantee may have a complex design to account for different insurer risk and 
financial exposure preferences, the value of the guarantee may be assessed by modeling it as a multiple-exercise real 
option.  Specifically, the Least-Squares Monte Carlo method is employed to determine the fair value of this real op-
tion.  A hypothetical case study illustrates its application and potential as an effective risk mitigation tool in BOT 
projects.  
 
Keywords: Build/operate/transfer; Real Options; Monte Carlo method. 
.  

1. BOT risks and revenue risk 
During its life cycle, a BOT project is exposed to 
various risks that, if not mitigated, may financially 
distress sponsors and lenders [1], [2]. Therefore, be-
fore entering into contractual arrangements sponsors 
and lenders appraise the risks involved in the project 
[1], [3].  If they are not comfortable with the level of 
such risks and there are no available alternatives to 
mitigate them, they will likely withdraw from the 
project.   In other words, sponsors and lenders finalize 
the BOT project “only if” the mitigation of the pro-
ject’s risks makes their investment profitable.   Thus, 
risk management and risk mitigation play a central 
role in the successful realization of BOT infrastruc-
ture projects. One of the more significant risks of a 
BOT project is the revenue risk. The revenue risk is 
the adverse possibility that the project cash flows may 
not be sufficient to cover the project costs, to service 
the debt, and to generate the sponsors’ expected in-
vestment rate of return. One possibility for mitigating 
the revenue risk is for a Government to guarantee a 
specific level of revenue for the Sponsor during a 
project’s operations period.  Hence, if the actual reve-
nue generated by the project falls below the guaran-
teed amount, then the Government will finance the 
difference. The current methods to value this type of 
guarantee makes use of a European option framework 
[2], [4]. In fact, it is possible to employ these tech-
niques to value the revenue guarantee for some par-
ticular operational years, i.e. partial coverage.  How-
ever, the shortcoming of this approach is that the 
guaranteed party must specify beforehand the years in 
which they want to exercise the revenue guarantee. 
Therefore, relevant information about the revenue 

guarantee shortfalls that eventually will be revealed 
during the operational phase cannot be used to em-
power the exercise strategy of the guaranteed party. 
On the other hand, it is possible to overcome the lack 
of decision flexibility by arranging a full risk cover-
age revenue guarantee that protects the guaranteed 
party against the revenue shortfalls over all opera-
tional years.  However, this arrangement will result in 
a costly long-term commitment for the guarantor. 
Unlike the abovementioned revenue guarantee ar-
rangements that show “static” decision features, the 
new frameset of “dynamic” revenue guarantees pro-
posed in this paper permits the guaranteed party to 
decide on the “spot”, i.e. during the operational phase, 
where to redeem the revenue guarantee.  Accordingly, 
the guaranteed party can take full advantage of the 
relevant information that will be revealed over the 
operational phase to make the best exercise decision. 

2. Dynamic revenue guarantee 

A general revenue guarantee is a contract in which 
one party promises the other party to pay the revenue 
shortfall (K - X) relative to a period of time ∆t, that is 
the difference between the minimum guaranteed net 
revenue, K, and the net revenue, X, accumulated in 
∆t. The contractual cumulative period ∆t is a project 
financial auditing interval, which typically occurs on 
a quarterly, semi-annual or annual basis.  This type of 
scheme is akin to a financial put option.  

Accordingly, the “dynamic” guarantee revenue can be 
framed as a multi-exercise put option exercisable M 
times in discrete points over the operational period. 
The payoff function of such option is represented by  
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( )max , 0K XΠ = −  (1) 

where K, the guaranteed net revenue, is the option 
strike price and X, the net revenue, is the underlying 
stochastic process. The computational tool used to 
value this multiple exercise option is the Multi-Least-
Square Monte Carlo method [5], which is obtained by 
extending the American-option valuation method 
proposed by Longstaff and Schwartz [6] to multiple 
exercise dimensions.   

3. Multi-guarantor revenue guarantee 

As illustrated previously, the current valuation tools 
only have the capacity to determine the value of a 
limited set of “static” revenue guarantee configura-
tions.  Moreover, the available tools also presume that 
a single guarantor, which is most likely the Govern-
ment, will underwrite the guarantee. This circum-
stance limits the flexibility afforded to the Public and 
Private sectors to fashion mitigation strategies that 
match their financial positions and risk tolerances. A 
more general and effective approach is to offer a “dy-
namic” revenue guarantee that may be underwritten 
by parties other than the Government.  As a form of 
revenue “insurance”, the underwriters of these prod-
ucts might include any number of the parties normally 
involved in BOT projects, including international 
financial institutions (e.g. IRBD, IFC, EIB), export 
credit agencies (e.g. EXIM, OPIC, EDGC) and pri-
vate insurance companies (e.g. AIG, Lloyds, Swiss 
RE, Zurich-American). The key characteristic of this 
contract is that it facilitates the pooling of project 
revenue insurers by “accommodating” insurer finan-
cial and risk preferences. In fact, this “accommoda-
tion” is achieved by providing a pre-agreed priority 
payment sequence for the claimed net revenue short-
falls. The following illustrative case study will clarify 
the mechanics and risk mitigation strategies of this 
“dynamic” revenue risk mitigation contract.  

4. Illustrative case study 
The case study examines a Greenfield BOT toll road 
project harmed by a significant project revenue risk.  
This BOT project is assumed to have a 2-year con-
struction phase and a 30-year operational phase.  The 
base case yields a net present value, NPV, of roughly 
$4.3 million and an internal rate of return, IRR, of 
19.7%. A Monte Carlo risk analysis on the net reve-
nue by considering the traffic volume as the only risk 
variable [2] generated an equity cash flow NPV dis-
tribution with an expected NPV of $4.3 million and 
probability that NPV is negative of 36.3%.  With such 

a high likelihood that the project has a negative NPV, 
Sponsors may decide to abandon the project.  In fact, 
unless the revenue risk is mitigated to a level that 
does not endanger the profitability of the project, the 
project is not financially feasible to the Sponsors.  
Accordingly, Sponsors may consider ensuring a 
minimum equity cash flow to preserve the project’s 
profitability.   Such a minimum ECF level can be 
represented by the minimum annual equity cash flow, 
K, that generates a Sponsor’s rate of return as much 
as the cost of equity, i.e. 15%. Eventually, the value 
of K is estimated as high as $6.5 million.  In this case 
study, the pool of insurers comprises one senior guar-
antor, Insurer A, and two junior guarantors, Insurers 
B and C.  The “seniority” among the insurers is estab-
lished by a pre-agreed priority payment sequence.  
Furthermore, it is assumed that each insurer is only 
responsible for its own payment, that is no insurer is 
liable if another insurer is in default. The insurance 
guarantee can be modeled as a multiple-exercise put 
option with payoff function (1). Accordingly, the fair 
value of the revenue guarantee for different numbers 
of allowed exercise rights can be computed. Sponsors 
can use the spectrum of different contract values to 
choose the most suitable revenue risk coverage for 
their mitigation strategy, which may include a portfo-
lio of other mitigation tools. 
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The Italy’s educational system has always focused mostly on developing and delivering efficient teaching models. 
With this aim, the provision of facilities like student residences has almost been a very secondary concern. The result 
of this choice is today’s chronic deficit of student accommodation and the insufficient attention given to architectural 
models that should meet the complex series of requirements specific to the university residences. The proposed arti-
cle analyze the Italian context and the different legislative provisions. Moreover some cases of study will be pre-
sented. 

Keywords: Student housing, regulations, current trend, sustainability. 
 
 
1. The Student housing regulation 
The law n. 338/2000 [1] and its “put into practice” 
ordinances, has signed an important improvement 
compared with past legislation: it, in fact, divides the 
student housing promoters and builders from those 
involved into “subsidize housing” on a financial, 
technical and prescriptive level. The “put into prac-
tice” ordinances of Law n. 338/2000 could be consid-
ered as the most important legislative innovation. 
D.M. n° 118 (9/07/01) [2], in particular, contains: 

1) the minimal dimensional and qualitative stan-
dard (Attachment A);  

2) the guidelines for technical and economical pa-
rameters (Attachment B). 

The compulsory instructions are divided into two 
categories: interventions that can avoid prescriptions; 

a) A1, demolition of architectural feature that de-
nies access to the handicapped;  

b) A2, adaptation of current dispositions under 
sanitary and security aspects (such as asbestos 
and injurious to the health materials removal); 

c) A3, extraordinary maintenance; interventions 
subjected to prescriptions: 

d) A4, restorations, building and urban restructur-
ing; 

e) B, new constructions or extension of student 
housing, including the acquisition of the neces-
sary areas; 

f) C, purchase of buildings to be destined to stu-
dent housing, including also the interventions, 
described by the A letter. 

 

2. Current trends in student housing 
Universities and their supporting structure have a 
peculiar relation with the urban context that give im-
portant indications on the current trends, that student 
housing has taken in the latest years due to changes in 
the Italian social and economical reality. the common 
settlement model applied is that of a student housing 
within historical context or central areas. This model 
derives from historical transformations that character-
ised the birth of universities, especially those with a 
classical kind.  

In the latest years municipalities and regions financed 
the restoration of public historical buildings in the city 
centres using national funds. This approach caused the 
transformation of building with a different function 
into student housing defining a new model for the col-
lective building serving the entire university commu-
nity: in such cases the student houses is structured as a 
diffuse lodgings’ system surrounding the university, in 
close relation with the city and university life. 

In other cases both universities and student houses are 
located in demi-suburban areas defining another model 
commonly adopted by scientific poles. In these cases 
the new university complexes, following urban choices 
made in seventies, were located in areas destined to 
city expansions, in the light of a future enlargement of 
the complex with student service buildings. 

The last model analysed is related to student housing 
located in peripheral areas and in service less 
neighbourhoods. This choice characterises the con-
temporary interventions’ approach on weak city ar-
eas. Universities and student houses have the task of 
brightening up neighbourhoods, and supporting the 
birth of services and cultural and recreative activities, 
in a long time. 
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3. Type and distribution [3] 
Traditional residential housing often derives from 
typological processes that could not be recognised in 
student housing. The difficulty in defining a typologi-
cal development mainly depends on:  

a) a strict influence of traditional housing and/or 
hotel types; 

b) changes in cultural models; 

c) changes in didactic methodologies and related 
structures in the same universities. 

However there are some recurrent types: line apart-
ments houses, and tower houses. 

The common distribution of a student housing is in 
many cases a corridor distributed the lodgings in both 
historical or new buildings converted into student 
housing. A variant is represented by the balcony, that 
often becomes a panoramic external access way. An-
other variant is the compact distributing space of the 
“central nucleus”, that involves a limited surface of 
both the serving areas and served lodgings in com-
parison with the corridor variant. 

4. The architectural organism [3] 
The student residential areas structured as mini-flats 
or flats are of particular interest because they involves 
the definition of “mini-flat cell” and “flat cell” for 
student housing. The mini-flat for one/two students 
presents an open space with bed-seat, the study-seat, 
the bathroom and a small cooking corner (often sub-
stituted with a room). The flat has a different spatial 
organization in comparison with the traditional hous-
ing aggregations: each bedroom has its internal and 
autonomous bathroom; there is a common residential 
space for cooking, eating and socializing. When a 
traditional residential building has been converted 
into student housing, bedrooms do not include ser-
vices, while bathrooms, dining rooms and kitchens 
are shared. 

5. Student housing and sustainability 
5.1 Student housing at Reggio Calabria [3] 

The student housing has been designed to complete 
University structures with a scientific and technologi-
cal kind. The entire complex presents a two-levels 
equipped plateaux with a rectangular grid. 

The technological solution adopted are very interest-
ing: the idea of creating a sustainable building has 
determined the project of different constructive parts, 
that depend on both the orientation and the function 
within the residential complex. The “garden roof” is 
used for covering the plateaux and the collective ser-

vices: vegetation has a specific agricultural character 
with local plants. The climatic buildings’ control is 
obtained with the integration of traditional and “pas-
sive” collaborative installations. 

5.2 Student housing at Monte Cengio-Padova 
[3] 

In seventies the University of Padova started a decen-
tring program for the university student housing, in 
order to integrate students with suburban areas in-
habitants. The complex known as Monte Cengio was 
purchased by the ex University Institution, and sev-
eral building enterprises realised the expansion of the 
area. The experimental social program for the area 
provides that the students shall integrate with subur-
ban areas inhabitants. Therefore the collective areas 
are located at the buildings’ ground floors: an internet 
café, a meeting room (building A) and a study room 
(building B). Even in this case the student housings 
use sustainable techniques and technologies for en-
ergy savings. The entire complex is served by an ur-
ban teleheating grid connected with the general ther-
mic boiler. A presence detector system and a long 
distance flats’ controlling system expand the heat 
saving: all the flats devices are automatically 
switched off when users are absent. The heating sys-
tem integrated traditional radiators and floor radiant 
panels with low operating temperatures. The residen-
tial cell is structured as 2/4 students flat including two 
bedrooms (single or doubles) with internal bathroom, 
that overlook the dining room/kitchen. Each cell 
measures 45 square metres. 
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The theory of Knowledge Management (KM)  studies and provides methodologies and tools capable of managing it, 
through an innovative approach. It is recognized that knowledge dissemination and decentralization are the most 
important key points to improving the success of the proper use of a specific technique. The heritage of earthen ar-
chitecture is particularly subjected above all to dispersion and losing of implicit knowledge: in this field KM can be 
a complex paradigm, because all the tacit knowledge consists of that kind of informal technical skills captured in the 
term “know-how”. Existent explicit knowledge is, instead, disorganized and dispersed. Moreover, knowledge has to 
be shared and disseminated, in order to be truly effective and profitable for the advancement of the research in the 
field. The goal of the work presented is the implementation of advanced methodologies for collection, management 
and sharing of knowledge on earthen building technologies through the application of ontology-based tools. The 
implemented tool is expected to be a valuable support for the analysis and the management of different sources of 
domain knowledge, and to enable its reuse and sharing among the operators involved in the construction process. 
 
Keywords: Knowledge management, ontology, architectural heritage. 
 

1. Introduction 
This paper is focussed on the application of ontology-
based tools to the management of knowledge of 
earthen construction techniques. Earthen architecture is 
characterized by a high level of technical variability 
and integration into its geographical and technical envi-
ronments. The Earthen architecture heritage is in dan-
ger for two kinds of reasons: first, it is particularly ex-
posed to deterioration, lack of maintenance and pro-
gressive abandonment; second, it is subjected to the 
dispersion and loss of implicit knowledge. The second 
issue is certainly the most dangerous. Recently the 
growth of awareness regarding the risk of losing this 
kind of knowledge has contributed to the awakening of 
a consciousness and to the beginning of a debate. 
 

2. Environment of the research 
Though earthen building techniques are characterised 
by high performances, environmental sustainability and 
versatility of applications there are some elements that 
hurdle the diffusion of this building technique: 
• the information specific to the field of conserva-

tion of earthen architecture is lacking in a num-
ber of areas.  Nevertheless, a great deal of infor-
mation exists in grey literature that is not readily 
accessible or reported on; 

• for each specific research subject, it will be nec-
essary to do a preliminary cross-disciplinary desk 
assessment and synthesis. Identified missing 
pieces will have to be adopted/adapted from 

other disciplines or generated specifically as a re-
sult of a specific research effort;  

• the access to existing data in the field of earthen 
architecture and its conservation is severely lim-
ited due to the lack of centralized databases, 
online catalogues meeting international library 
standards, and the like;  

• the results of the research should be made 
broadly accessible, especially through the devel-
opment of appropriate diagnostic methods and 
analytical tools. 

The lack of applications is strictly connected to the 
fundamental issue of managing and organizing the 
existent scientific knowledge and the local and tacit 
technical knowledge, and to integrate it with national 
and international references from other disciplines. 
The design of new earthen constructions requires a 
deep knowledge of physical and mechanical charac-
teristics of the building material and in particular the 
phase of selection of the appropriate earth (mix de-
sign) is decisive in order to ensure the production of 
high-quality buildings. 

3. The ontology of mix design 
In recent years the development of ontology is playing 
a key role in knowledge management. “Ontology” is 
the name given to a structure of knowledge, used as a 
means of knowledge sharing within a community. An 
ontology is a “data skeleton” that can be developed for 
a variety of data-based and knowledge-based systems. 
It consists of a collection of concepts (or classes) and 
relationships between them. Generally, each concept is 
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represented by a favoured term, word or phrase. The 
ontology might include principle synonyms (abbrevia-
tions, common misspellings) for each term. It could 
contain only a single type of relationship between 
terms; e.g., a “kind-of” relationship, such as “pisé and 
adobes are kinds of earthen building techniques.” 
However, ontologies can represent other relationships 
(e.g., part-of, precedes-in-process, reports-to). Further, 
terms in ontologies can have qualifying attributes, and 
ontologies can include restraints (“rules”) on values for 
terms. So, an ontology includes basic knowledge rela-
tionships that a variety of types of knowledge applica-
tions might use. For humans, ontologies enable better 
access to information and promote shared understand-
ing. For computers, ontologies facilitate comprehen-
sion of information and more extensive processing. 
The methodology adopted for the ontology develop-
ment comprises the following phases: 
1. Identification of the research topic. The prelimi-

nary step is characterised by the identification of 
the domain through a complete and accurate 
definition of the “boundaries” of the topic se-
lected. 

2. Review of existing ontologies/taxonomies. The 
use of ontologies can provide a significant ad-
vancement of knowledge among different com-
munities. For this reason, it is important to evalu-
ate the opportunity of reviewing existing ontolo-
gies or taxonomies, in order to reuse the related 
knowledge. 

3. Identification of sources of domain knowledge. 
This step entailed the gathering of different ty-
pologies of knowledge, information and data. 

4. Elaboration of information. The different types of 
information have been selected and represented 
inside the ontology through the construction of a 
taxonomic structure that contains the concepts 
used for the domain modelling. 

5. The ontological representation of concepts. This 
step is about the definition of the relationships 
among classes and the properties that character-
ise each class. 

6. Elaboration of the knowledge base. The ontology 
is populated with examples that are concrete in-
stances of the information and that constitute a 
true knowledge base. 

The ontology of mix design aims at organising a dou-
ble-sided field of knowledge representation. On the 
one hand it aims at reorganising the fragmented and 
dispersed domain of knowledge pertaining to the mix 
design of adobes, using therefore “descriptive” in-
formation that are able to describe the topic from dif-
ferent point of view (elements that constitute the ma-
terial, tools, actors, etc); on the other hand the ontol-
ogy intends to support the decisional actions needed 
for the definition of the appropriate mix of earth for 

the production of adobes, involving “operational” 
knowledge, as such necessary for the development of 
procedures and tasks. The top level classes and the 
main semantic areas that compose the ontology are 
“Materials”, “Tools”, “Actors”, “Conceptual ele-
ments”, “Protocol elements”. The class “Materials” 
includes the description of natural or manufactured 
materials, used or produced by the procedures. The 
class “Tools” consists of the physical objects created 
by men, necessary for the development of the proce-
dures. The class “Actors” includes people that per-
form intentional actions on their own responsibility in 
the sector of mix design selection procedures. The 
class “Conceptual elements” contains all the immate-
rial entities that are produced by intellectual activities. 
Finally the class “Protocol elements” contains all the 
knowledge necessary for the development of the ac-
tivities, so that it can be used as an operative tool for 
supporting decisions. 

4. Application of the ontology 
The ontology can have different usability levels: it 
can be accessed using a problem-solving method to 
answer questions and solve problems regarding the 
domain. It can be used for supporting decision when 
approaching new building projects, suggesting the 
best practice in a particular area with a definite kind 
of earth and, trough the system of queries, answering 
questions of the researcher, the architect, the conser-
vation scientist and the end users. Furthermore, one of 
the main motivation behind ontologies is that they 
allow for sharing and reuse of knowledge bodies in 
computational form: a flexible access to a “shared 
workspace”, could be represented by a shared server 
on internet which supports document upload, event 
notification, group management and much more. To 
access a workspace, group-members only need a 
standard Web browser and a login-name and pass-
word. 
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Waste minimisation is one of the construction industry responses to the sustainable construction agenda. The use of 
waste minimisation and management strategies is believed to have key economic benefits as well as fundamental 
environmental benefits. The implementation of waste minimisation and management in the construction industry is 
governed in many ways by the perceptions of the practitioners. A survey of consultants and contractors reveals the 
waste management measures currently implemented in the UK and the perceived effectiveness of these measures. 
The survey, building on current waste management research, investigates the benefits of waste management and the 
barriers to its implementation.. 

Keywords: Waste minimisation, waste management, industry practices. 
 

1. Waste minimisation in construction 
procurement 

Sustainable development is concerned with achieving 
an effective balance between economic progress and 
environmental conservation [1]. The construction 
industry is responsible for the production of the nec-
essary facilities and infrastructure required for eco-
nomic growth. The concept of sustainable develop-
ment emerged from a general agreement that ‘uncon-
trolled exploitation of natural resources is not benefi-
cial to humankind in the long term’ [2]. The construc-
tion industry is a major consumer of natural re-
sources, and the wastage rates of materials are sig-
nificant averaging 9% (by weight) [3]. 

Traditionally waste management referred solely to the 
management of waste once it had been produced. 
This concept of waste management does not directly 
address the issue of reducing or minimising waste at 
source. ‘Today, it is accepted that the single most 
effective way of dealing with any solid waste is not to 
create it in the first place’ [4]. Waste minimisation is 
also concerned with improving the quality of waste 
produced in order to facilitate its reuse, recycling or 
recovery [5]. An assessment of the current role of 
waste minimisation in the UK construction industry is 
warranted in order to establish the extent to which the 
industry has adopted the principles of waste minimi-
sation in response to environmental legislation and 
the growing concerns of society as a whole on the 
environmental impacts of anthropogenic activities 
such as construction. 

2. The frequency and effectiveness of 
waste management measures 

A survey of waste management practices in the UK 
was undertaken to establish the perception of practi-

tioners in the construction industry. The survey aimed 
to establish which waste minimisation measures were 
being implemented and which were considered the 
most effective. The waste management measures 
were grouped into three categories: Design; Procure-
ment; and Construction. The top five most effective 
waste minimisation measures were perceived to be: 

1) Ensuring materials are properly stored and pro-
tected on site 

2) Incorporating the use of prefabricated compo-
nents in design 

3) Inducting site operatives in proper materials han-
dling and practical waste minimisation measures  

4) Active participation of main contractor in design 
process  

5) Ensuring materials are supplied with suitable 
packaging to prevent damage during transport and 
subsequent handling 

The waste minimisation measures used most fre-
quently are primarily concerned with the procurement 
of materials and their subsequent handling and stor-
age on site and come under the remit of the main con-
tractor, subcontractors and suppliers. Design man-
agement measures are noticeably absent from this list, 
the highest ranking design measure being ‘managing 
the design to prevent over specification of materials’ 
in 8th place 

3. Benefits of and barriers to waste 
minimisation 

A list of benefits and barriers of waste minimisation 
were derived from the survey carried out by Shen & 
Tam [6]. The survey respondents ranked the benefits 
of waste management (table 2). There was general 
agreement that all the established benefits made a 
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significant contribution. The top benefit of waste 
management was a reduction in waste disposal costs. 
This is a significant factor in the motivation to im-
plement waste management measures.  

The lack of local infrastructure for recycling (J) is 
perceived to be the most significant of the 14 barriers 
to implementing waste minimisation measures fol-
lowed in turn, by the lack of participant awareness of 
waste issues (G) and the lack of support from subcon-
tractors (D). All barriers exhibited mean values above 
1 indicating that they all exist to some extent in the 
construction industry, however the least significant 
barrier is that of the change in organisation structure 
and / or policies that can be associated with the im-
plementation of waste minimisation measures. The 
association of increase in management and opera-
tional costs (K) was perceived to be of only moderate 
significance with a mean value of 2.00 and was 
ranked 8th. This contrasts with the aforementioned 
study conducted by Shen and Tam [6], in which this 
barrier was found to be the most significant of 13 
barriers to implementing environmental management 
put to respondents. However the lack of trained staff 
and expertise, and the lack of subcontractor coopera-
tion also featured highly in their study drawing some 
parallels with the findings here 

4. Conclusion 
It is evident that all of the waste minimisation meas-
ures encountered in the literature review are being 
implemented in construction projects, however they 
are implemented with varying degrees of frequency 
and there appears to be substantial scope for increas-
ing their implementation. The most frequently em-
ployed waste minimisation measures are concerned 
with the procurement and subsequent delivery and 
handling of materials. Potentially more effective 
measures implemented during the design process are 
employed less frequently. Although all parties are 
regarded as having a share of the responsibility for 
waste minimisation in a construction project, it is the 
main contractor that is considered to shoulder the 
greatest responsibility. The main contractor is also 
considered to be in the best position to implement 
waste minimisation measures and Design and Build 
to be the procurement method which best facilitates 
the implementation of waste minimisation measures. 
These results indicate that there a general reliance on 
the main contractor to implement waste minimisation 
measures. 

There is unanimous agreement among the respon-
dents that waste minimisation measures are indeed 
cost effective. Waste minimisation measures contrib-
ute to all of the listed benefits derived from the litera-
ture review, the most significant contribution being in 

the form of reduced costs of waste disposal, increased 
compliance with environmental legislation and en-
hanced protection of the environment. All of the 
listed barriers to implementing waste minimisation 
measures exist however the most significant are 
deemed to be the lack of local infrastructure for recy-
cling, the lack of  participant awareness of waste is-
sues, and the lack of support from subcontractors. 
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When facing the issue of sustainability, the problem of considering the local as well the global scale of thinking and 
acting significantly arises. This invites reasoning in terms of the approach to be used, and this paper proposes to use 
a two-level approach, facing the local with the global in mind. The two main characteristics of the approach, which 
are considered more productive in terms of sustainability, are those of being holistic and of a ‘learning-by-doing’ 
type. The two levels, operative and strategic, of such an approach are then analyzed through three case studies. 

Keywords: global, local, strategy, action, existing buildings. 
 

1. Sustainability in the construction 
field 

Sustainability is a very broad concept, of general in-
terest and almost universally accepted, but not univo-
cally defined, thus still remaining rather vague [1]. 
However, beyond the conceptual meaning, one of the 
most important problems concerning sustainability is 
how to put it in practice, how to configure and then 
implement sustainable actions, and how to measure 
their effectiveness.  

Although we started to talk of sustainability in build-
ings and constructions more recently than in other 
fields, many interesting results have been achieved, 
both on theoretical and practical levels. Nevertheless, 
we must recognize two weak points of all our efforts: 
(i) we are still unable to overcome the problematic 
aspects of sustainability in practice efficaciously; and 
(ii) we are not tangibly contributing to real improve-
ment of the environment, the people and the econ-
omy. Thus, I think this situation should make us re-
flect in terms of improving the approach we use to-
wards sustainability in the construction field, aiming 
at being more successful in acting at the local scale of 
a sustainable development and more productive in 
contributing to the global scale of sustainability. 

2. A two-level approach  
I think that the two main characteristics of a more 
productive approach can reside in being holistic and 
of a learning-by-doing type. The holistic characteris-
tic can allow us to respect the complexity of real 
situations, in particular to consider the many interre-
lated aspects of sustainability, trying to avoid preva-
lence of one over the others; while learning-by-doing 
can help us to mature the right expertise to include in 
the process all the actors and necessary actions to 
define a real sustainable practice. Thus, the approach 
can be considered two-level, favoring operativeness 

required for acting at the local scale on the one hand, 
and supplying a strategy necessary for contributing to 
the global scale on the other. Implementing different 
and various sustainable actions, be it at the local 
level, as long as they are made within a global sus-
tainability strategy, seems to me the only way to be 
successful, since the shift between the two levels of 
approach can continuously stimulate the ability of 
producing innovation, which is considered indispen-
sable for sustainability [2].  

3. The case studies 
The two levels, operative and strategic, of the pro-
posed approach are analyzed through three case stud-
ies, referring to existing building stock in a city, and 
considering to retrofit it in a sustainable way in order 
to effectively contribute to sustainability of the built 
environment. 

The three cities under study are all in the Apulia Re-
gion, in South Italy, Taranto, one of the six provincial 
capitals of the region, on the Ionian Sea, Bari, the 
regional capital, on the Adriatic Sea, and Gioa del 
Colle, in the province of Bari, in between Taranto and 
Bari. The three cities are different in size, population, 
economy, and municipal government; however, the 
physical and social aspects of the public social hous-
ing building stock considered in the study present 
analogies allowing comparison between the three 
different situations.  

In all the three cases, the final purpose of the study 
was to suggest to the public actor, owner and manager 
of the social housing estate, a global strategy to retro-
fit buildings and re-qualify urban spaces and infra-
structures in a sustainable way, within which imple-
menting different actions in the local context. To do 
this, a basic premise of the work carried out was al-
ways to treat as interrelated both the physical and 
social aspects of the case studies, which were then 
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investigated from a technical as well as a societal 
point of view, in order to respect the complexity of 
real situations and to guarantee a sustainable charac-
ter to the suggested strategy and actions. In this light, 
actors involved in the process are very important and 
some attention must be posed to the methodology 
used for eliciting various kinds of knowledge, useful 
for a multi-faceted evaluation of the present situation 
and also for recognizing the features of sustainability 
of the strategy and actions to be proposed. 

At the end of the process, the research team used the 
knowledge derived from documents and on-site sur-
veys, as well as the knowledge elicited from the dif-
ferent actors, to design a strategy and related actions 
to be implemented in each local context. 

4. Managing sustainable construction 
Like any other activity today, construction manage-
ment too must be re-interpreted in the light of sus-
tainability; and this should be done in the two dimen-
sions, the substantive and the procedural one, in 
which sustainability is to be thought of as acting as an 
integrating concept [3]. 

In order to change the usual construction management 
activity, learning is a key concept, following the uni-
versal principle that learning must precede change; 
however for creation of change, more than traditional 
learning is required, and new learning ability is nec-
essary to enhance an action which makes change ef-
fective [4]. New learning ability can be gained in sev-
eral ways, however two training activities seem de-
serve special attention: learning from failures and 
learning collectively. 

When carrying out experimentation on the three case 
studies, what the research team did was to bear the 
substantive as well as the procedural dimension of 
sustainability in mind, this corresponding to the two 
levels of the proposed approach, the holistic one and 
learning-by-doing. Moreover, a peculiarity of the 
experimentation was to activate a learning process, 
trying to overcome traditional learning and knowl-
edge acquisition and focusing on how to collect and 
use multiple forms of knowledge. In this light, two 
significant lessons emerged from the experimenta-
tion: on the one side, the decision-makers have to 
adapt their decision making process to the specific 
case and context in a way that is accepted by the 
actors involved in the process; on the other side, the 
decision-makers should be productively supported 
by better tools to measure sustainable development, 
particularly at an intermediate level, like that of a 
municipality. 

Thus, it seems that an operational perspective of the 
research presented here may be the design of a DSS, 
based on the multiple forms of collected knowledge. 
We imagine that the end-user of the DSS is the public 
decision-maker and the main aim is to facilitate the 
decision making activity, by including an objective 
description of the reality under study, through data, 
information, expert knowledge and skills, as well as a 
subjective description coming from any kind of 
knowledge, expertise, and ability, so to favor a better 
representation and understanding of the complex real-
ity. Major attention must be posed to the cognitive 
mapping approach used in the system for building the 
knowledge base. 

4. Conclusions 
The final outcome of the study presented in this pa-
per, should be considered that of having brought to 
light some features of a sustainable process for man-
aging existing buildings and the built environment, 
which go beyond technical solutions and local appli-
cations; in conclusion, reaching a strategy that seems 
to ensure shareability and durability, and then sus-
tainability, to development implementation. The key 
point of local vs global development posed by sus-
tainability to each activity, was tested in relation to 
the construction management activity through three 
case studies that could be now considered as bench-
marks of the procedure used; the case studies enabled 
us to experiment a new, two-level, approach, as well 
as different methods of knowledge acquisition from 
multiple actors involved in the process.  
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Industrial techniques for building maintenance: 
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This paper presents the initial results of research into techniques that may be transferred from the industrial mainte-
nance to the building maintenance. In the first part, with reference to the scientific literature and local features of 
European and particularly Italian building stock, the authors identify the relevant features of the whole building sys-
tem and its consequent maintenance activity. The second part concentrates on understanding the main industrial 
techniques for maintenance management. The aim of this research is to select the most appropriate technique for 
building maintenance and to suggest fitting applications. 
 
Keywords: Building  maintenance, industrial maintenance, building performance. 
 
 
Real estate industry, construction and real estate ser-
vices, is one of the biggest European industrial sectors, 
in terms of total turnover (13.6% GDP EU 25) and 
employees (14.6 millions of people) [2]. The Italian 
construction industry, assessed in less than 9.0% GDP, 
represents the most dynamic industrial sector. Mainte-
nance of existing building is the biggest share of con-
struction investment value in Italy. The built environ-
ment is one of the main actors in the environmental 
issue, because of land use, non renewable resources 
consumption, greenhouse gas emission, air-soil-water 
pollution. The building sector is responsible for about 
40% of Europe’s total primary energy consumption 
[4]. The EU 2002/91/CE Directive on energy perform-
ance of building is moving toward environmentally 
friendly buildings, including in its target large existing 
building (>1000sqm) as soon as they undergo signifi-
cant maintenance actions. The maintenance of existing 
building stock could play a relevant role in reducing 
the energy consumption. The buildings are affected by 
the contributions of different and high technological 
industrial sectors. Product evolutions find their own 
and immediate way in the building automation. A more 
holistic vision would set building automation joint to 
sustainability. Building is supposed to become “a ma-
chine for living” and as a machine is expected to work, 
to cost, to be maintenanced.  

1. Building maintenance and its 
specificities 

 
1.1 Building maintenance in Italy: features. 

 
Recent concerns about building maintenance in Italy 
find their origins in the combination of numerous 
factors: 

• Building stock age. 
• Demand for technological adjustment. 
• Property & real estate market. 

• Container-content relationship.  
• Legislative framework evolution. 

 
1.2 Building consumption 

Even if buildings are static in space, they are dynamic 
over the time; once used, or better once designed, a 
building is supposed to undergo a progressive con-
sumption. Since the building value is linked to the 
quality of services offered, plus a combination of 
productive factors, maintenance actions become nec-
essary to maintain it over the time. 
Physical building consumption, due to the regular use 
of building, could be accelerated in the main part of 
case by some pathological features. These features are 
to be found in faulty design and construction process. 
Faulty design has a relevant consequence on the 
building consumption and its consequent maintenance 
[5]. The wrong evaluation of a certain building com-
ponent consumption in a certain environment is the 
main cause of the accelerated component consump-
tion. This consideration adds a further complexity to 
design the building maintenance: the interactions of 
the building and the surrounding environment and the 
behaviour as a system of this whole.  
The main part of building components are not bi-
stable and affected by a difficulty in discovering their 
failure state. The effects of faulty design or not cor-
rect use will be noted in a relevant range of time. 
The ignorance in the degradation process of building 
materials is also increased by the prototype feature of 
a building, which makes each project unique in itself 
and at least similar to the other. 
 

1.3 Building performance and building 
maintenance performance. 

 
Building performance could be defined as the ability 
to fulfil the functions of a building’s intended use.  
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Over the last years, there has been, in a way, a grad-
ual understanding of the importance of buildings as 
an enabler resource to increase the productivity of 
employees, and in the other way the increasing think-
ing of building as an income producer in itself. In 
other words: tenants & owners want their building to 
be attractive, long lasting, efficient (adaptive, energy 
efficient, habitable and secure). According to the con-
cept of building as an enabler resource, if the building 
performance decreases over time, building mainte-
nance is a necessary investment. As investment, 
building maintenance should let investors know its 
rate of return, or in other words building performance 
should be measured in order at first to know the quan-
tity of necessary maintenance actions, and then their 
efficiency. 
This way moves the issue of measuring the building 
maintenance performance to measuring the building 
performance. 
The assessment of building performance requires a 
reference standards to be defined. Defining a refer-
ence standard for building performance has to start 
from the awareness that it will not be absolute, but 
that it is supposed to evolve. Standards could easily 
fit commercial building but could difficulty be ap-
plied to the residential building stock, due to the not 
easy calculation of the “amount of user perceived 
discomfort”, because of incorrect maintenance. 

2. Industrial techniques for building 
maintenance 

The potential transfer of maintenance knowledge, 
developed in the industrial production to the building 
maintenance activities relays two relevant categories 
of contributions. All those studies, developed on the 
logistical features of maintenance, focused on the 
maintenance strategy, optimizing and programming 
the maintenance actions and resources belong to the 
former. The studies, whose aim is to define an appro-
priate modelling to forecast the behaviour in time of 
the components, in order to manage, as much as pos-
sible in the design phase already, the probability of 
failure event, belong to the latter. 
Based on a survey of the most relevant techniques 
developed by the industrial production or already 
applied in, the authors have tried to identify those, 
which could more easily fit the specificities of build-
ing maintenance. 
 
2.1 Industrial maintenance management 

techniques. 
 
Based on a survey of those techniques developed by 
the industrial production, which seem more versatile 
and have already been applied or could be suggested 

for their application in the building maintenance 
process, the following have been selected and ana-
lyzed: LCCA, FMEA, RBD, Markov Analysis, Neu-
ral Network and Fuzzy Logic [6]. 
 

2.2 The correlation matrix. 
 
The correlation matrix has been developed on the 
basis of the features underlined by the previous analy-
sis. Its intent is to provide a semi-scientific approach 
to the selection of those techniques more suitable to 
building maintenance, knowing in advance that it 
could be susceptible to evolution but well focused on 
the highlights of the issue. 
 

Conclusion 
 
The application of those techniques developed in the 
industrial production (LCCA, FMEA, RDB, Markov 
Analysis) is limited, if referred to the building main-
tenance, but they could be used as support tool to 
validate the design process. Soft computing tech-
niques (Neural Networks and Fuzzy Logic) have not 
been developed in the industrial production but have 
already been used in this field. Those techniques are 
more versatile and adaptive to building process evolu-
tion, they could be used in monitoring maintenance 
activity, acting as decision makers support tool. 
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The last few years have confirmed what was mostly feared: Portuguese construction industry suffers from a chronic 
disease - the lack of competitiveness. Symptoms have long been recognised in several construction projects: frequent 
delays, cost overruns, deficient safety, absent quality. In order to assess and to make clear the construction delays 
problem a PhD survey was administered. It has the following mains components: (1) ) to inquire to Portuguese con-
struction stakeholders on the causes and background reasons for project delays following from their experience in 
recent projects; (2) to establish possible paths to solve the problem. 

Keywords: Portuguese construction competitiveness, construction delays, survey. 
 

1. Construction delays consequences  
The consequences of a time overrun are almost al-
ways serious and hard to resolve. Failure to meet 
deadlines represents financial losses to the users and, 
more often than not, it has a negative impact on the 
profitability of the project for the promoters. How-
ever, understanding the causes may help in curbing 
the problem and contribute to an improvement in 
management and productivity, inevitably making the 
sector a more productive one. The goal here is to 
make information available that will help develop and 
deploy attenuating measures as well as strategies and 
techniques geared specifically towards the manage-
ment, prediction and control of the causes for delays. 
These would have an impact on the project's design 
and construction management stages and would then 
ensure greater success where compliance with sched-
ules and deadlines is concerned. This would substan-
tially improve the competitiveness of the Portuguese 
construction industry. 

2. The present study aims 
A PhD thesis named “Construction delays” has been 
developed by author João Pedro Couto. The main 
program task was a survey carrid to Portuguese con-
struction stakeholders. This paper occurs mainly 
about the aims of PhD survey, general research 
method deployed, the international state of art and 
finally will be presented the preliminary results ob-
tained and recommendations or measures to mitigate 
the problem of the time overruns. 

To help improve the performance of everyone in-
volved in the construction process, it is very impor-
tant to look into and evaluate the aspects pertaining to 
causes for delays that have an impact on the output of 
construction companies. To this end, the literature 

available was analyzed undertaken bearing in mind 
the following aims: 

 To catalogue and analyze the factors, reasons 
and motives for delays discussed in extant 
bibliography; 

 To glean information on classification of, as 
well as methodologies to evaluate, delays, 
claims and related issues; 

 To understand, compare and draw out the 
specific traits of the causes specific to con-
struction Portuguese sector and contrast what 
is found in international data. 

 
To make this possible, not only was collect biblio-
graphical information and proceed with the analysis 
of the traits found in the national construction sector 
but also was asked a number of people for their opin-
ions. These people were promoters, company owners, 
construction owners, public institutions, contractors, 
designers and other relevant construction personnel. 
They were asked to provide a data set that would 
validate current concern and allow for a more realistic 
insight into the problem, and increase our knowledge 
and understanding of the reasons behind overruns.  

3. PhD survey 
The specialized bibliography indicated that recently 
there have surfaced studies on the methods for analy-
sis, quantification and accountability for delays, as 
well as on the deployment of measures to control 
causes of delay in the design and construction stages 
[1], [2] and [3].  

Once studied the bibliography and complemented, 
double-checked and contrasted the data therein 
against a number of opinions published by several 
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relevant parties in the sector, drafted a map of causes 
for delay in Portugal  
Then a few national specialists, consultants and re-
searchers in construction management were consulted 
about the adequacy of this cause map that we'd 
drafted, and then elicited opinions from national and 
specialists about the importance and meaning of stud-
ies of this kind to the delay control and competitive-
ness in the construction sector. Having defined the 
cause map, we drafted a questionnaire based on it. 
The map now featured an analysis of the relationship 
between delays and accidents in the workplace, as 
well as an analysis of the legal framework for delays 
in construction projects in Portugal.  
One hundred questionnaires were sent to contractors, 
85 to consultants and project designers and 100 to 
construction owners. The main intent was to ask 
questions that would clarify the causes mentioned in 
the survey and observe procedures so as to resolve 
them. 

The answers were provided by administrative person-
nel or technical staff in management positions then 
working with construction companies, as well as pub-
lic owners, consultancy and engineering firms, design 
firms, management directors, project directors and 
managers and senior engineers. 

59 contractors, 26 designers/consultants and 79 by 
owners answered to questionnaire.  

4. Survey results 
The survey results appear to confirm that the respon-
sibility for delay can be ascribed to all parties in-
volved. The statistical and mathematical analysis is 
still under way, but we can now publish some of our 
more evident conclusions from the data gathered. 
 
Of the 118 causes contemplated in the survey, we 
now present an extract of the 5 that were most highly 
ranked on a scale of relevance by 4 groups involved 
in the construction sector (Public owners, Privative 
owners, Contractors, Designers /Consultants) [4].  

1) Incomplete projects, ambiguities, errors, omis-
sions, inadequate details, details inconsistent 
throughout special teams, inadequate design, etc. 

2) Excessive dependency on opinions and authori-
zations from several institutions and ruling bod-
ies (city/town halls, IPPAR – Portuguese Institute 
for Architecture and Patrimony, Environment In-
stitute, etc.) 

3) Difficulties in obtaining licenses and permits 
from authorities 

4) A tendency to use procurement systems with a 
bias toward the cheapest solutions 

5) Deficient planning, activity/material/labor and 
equipment management and control 

Based on the opinions provided by the respondents, 
the preventative measures and recommendations, 
that will help lessen the construction delays are for 
example: 

 The need to implement a national database with 
the quantity works list for different construction 
projects - this project is now under way; 

 Implementing more appropriate and efficient 
organizational systems within design teams; 

 A need for greater care on the part of the owners 
when they prepare their schedules and prelimi-
nary programmes; 

 A need for greater precision when preparing vi-
ability studies; 

 Raising awareness with those involved about the 
risks inherent to construction; 

 A need to optimize management with a basis on 
qualification and the use of more adequate tech-
niques; 

 A need to update some inadequate legislation so 
as to clearly define and segregate responsibility 
and liability, and so on. 
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In this way booklet permits a thorough systematic practice, which indicates and evaluates the drop in performance of 
the technical elements and the technological subsystems over a period of time, providing the measures of interven-
tion and planning required.
 
Keywords: booklet-type, feedback, procedural planning, check up, building certification. 
 
 

1. The concept of booklet 
This proposal introduces a few concepts from the 
booklet of the building which can be applied to the 
management of durability and maintenance in the 
building process. There are several reasons for this, 
such as; the continuing concern for quality and safety 
in buildings, a growing interest in resource conserva-
tion in the building and construction sectors, with 
particular attention being paid to the issues of durabil-
ity and maintenance, as well as the building object 
and the optimisation of maintenance programmes. 
The framework booklet is set out in four main fields: 

• Part 1 The registry of the building 
• Part 2 System of validation 
• Part 3 System of diagnosis 
• Part 4 System of maintenance [1] 

These systems are the basis of management control of 
durability and maintenance in the building process. 
By these means progress and innovation in the build-
ing process is favoured, through a flexible tool like 
the booklet–type. 

2. The question of the assessment in 
the building process 

The planning of maintenance interventions, preserva-
tion and renovation, the revision of the project to op-
timise the cycle of service life of a building and its 
items, the reduction of environmental impact, and the 
need to avoid the risks of unforeseen deterioration,  
have become indispensable objectives in the man-
agement and sustainability of the property in the 
building process. 

 
Figure 1. The plan to make process for the building 
project. 

The service life of each component is directly related 
to the design stress. It is insufficient and risky to 
merely copy details from previous projects without 
considering the surrounding environment. Prescribed 
solutions must be based on a detailed analysis of the 
performance requirements for the actual component 
in the building system, as a basis of service life mod-
elling for the interaction between the material and 
exposure conditions (data collection) [2]. Durability 
is influenced by every component in the building's 
development. It is also affected by the judicious use 
of durable materials that are hard to obtain or main-
tain during the service life of the building. The aim of 
a test or a survey is to predict a service life, defined as 
the period after installation during which all condi-
tions of a component meet or exceed all established 
performance requirements. Accordingly, for each of 
the requirements, the corresponding performance 
characteristics are recorded during a test or survey 
(Maggi, cited in [2]). 

 
Figure 2. the chart building system for durability 
class.  

By all means, the construction  of a building demands 
meticulous attention especially in reference to: 

• selecting materials and systems that are compati-
ble with each other, that have at least a reason-
able record of performance, that are durable 
within the designed lifetime, and that can be 
maintained and serviced effectively; 
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• the complexity of buildings with thousands of 
disparate materials and combinations, assembled 
by agencies that can have conflicting schedules 
and interests; 

• constructing as specified, thus obtaining the 
maximum utility from the required materials and 
combinations, and from quality and fully quali-
fied workmanship; 

• utilizing materials that have been researched and 
tested sufficiently to assure that they are fit for 
their intended use; 

• eliminating trendy and untried methods and ma-
terials, especially when they are difficult to reach 
after construction and could be costly to replace. 

 
3. The booklet framework 

In the aim to streamline the booklet of the building 
was born. In fact, in Italy one of the first definitions 
of booklet of the building is provided by the D.D.L. n. 
4339/99 (art. 1), which outlines the file as a tool 
where (…) the information concerning the building is 
written according to the identification, the project, the 
structure and the plant, arriving at a fit picture of in-
formation starting, where possible, from the phases of 
construction, and where the modifications are regis-
tered and compared with the original configuration, 
with particular reference to the static, functional and 
installed components of the building (…). 

 
Figure 3. The Chart flow of the booklet 

The booklet of the building outlines the following 
characteristics: 

• It is complete (from the point of view of the in-
formation in its content), but not, aimed at opera-
tions management of the building; 

• It allows for the evaluation of given perform-
ances of each single component and their interac-
tions, and facilitates the systematic activities of 
analysis and monitoring (diagnosis of control, 
etc.); 

• It includes particular instruments of evaluation 
concerning the phenomena of modification dur-
ing service life of the organism (anomaly, defect 
and fault); 

• It is flexible, so that it can be updated in accor-
dance with the phases of control (indispensable 
peculiarities and properties, and also allows in-
teraction with an information system); 

• It can be managed by several users with different 
technical-cognitive levels (maintenance staff, 
residents and users of the building, specialised 
technicians, etc.); 

• It is necessary and fundamental to categorize the 
building types (distributive and morphologic 
characteristics, etc.) and the related prevalent 
building technologies into their environmental 
differences, by specific articulation and by identi-
fying single building subsystems, spatial units, 
and so on, through ordinate schemes of classifi-
cation (Rejna, cited in [1]); 

• It is possible to put into motion the activities of 
operative management for maintenance plans or 
the plans for realignment of the performance, etc. 

 
4. Knowledge maintenance 

The use of the building booklet is to forecast mainte-
nance objectives, and the purpose of the booklet is to 
provide a complete result through specific analysis 
and technical evaluation in order to enhance the main-
tenance criterion of the whole building in line with 
performance satisfaction. Opportunely planned main-
tenance can help to realise the regular functioning of 
the building without prejudice of use. The procedural 
elements considered must be improved, extended 
over the course of time and tried in an open labora-
tory, where feedback can aid in perfecting the meth-
ods of planning and management, to involve all the 
driving forces of the building process to create a 
flexible booklet–type. 
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The renewal programs that universities are carrying out result from the new awareness that curricula should be 
more student-centred and that the quality of facilities are one of the most important factors in the recruitment and 
retention of students. This paper outlines a reliable model for the necessary and urgent renovation process that en-
compass four main steps: accurate analysis of actual conditions and future needs; the definition of space/cost plan-
ning standards; the development of a theoretical model that could describe future scenarios and a continuous 
benchmarking evaluation. 

Keywords: Student center, facilities, standards, benchmarking. 

 

1. University students related services 
In recent times universities have been developing 
organizational and structural renewal programs. New 
learning paths have been introduced, new technology 
and pedagogical studies have changed teaching meth-
ods. The different needs of students, in addition, have 
required a novel and more responsible approach to 
environmental needs. Campus and university should 
offer more qualified services, not only in regard to 
educational or knowledge transferring areas, but also 
in regard to those aspects that concern the whole uni-
versity life experience. Building and organizational 
structures had to be more student-centred and offer 
more qualified facilities for study and leisure activi-
ties, sport, socialization and all life requirements. Fur-
thermore student centers have a strong influence in 
the recruitment and retention of students. In the An-
glo-Saxon universities and campuses we can find a 
specific building that hosts most of students’ activi-
ties. We refer to the so called Student Centre or Stu-
dent Union that embodies three significant concepts: 
visual connections, physical relationships, and sym-
bolic representations [1]. 

2. The student unions of  
“Net generation” 

Student Unions are characterized by a significant re-
furbishment and renovation process. These changes 
are remarkably influenced by technology innovation. 
Currently the students of “Net generation” [2] are 
technologically oriented in their entertainment habits 
and always use tools (cell phones and web connec-
tions) that allow remote social interaction. This pat-
tern suggest that students are no longer interested in 
“traditional” socialization activities. Differently stu-
dents often participate in collective events such as 
movies, late night breakfasts, outdoor concerts and 
dances, cultural festivals, etc. 

Students require the continuous availability of ser-
vices, such as laboratories for creative and craft-based 
activities, art exhibit spaces, music rooms and innova-
tive sport facilities [3]. There are two different alter-
natives that can meet these goals: the compact and 
satellite configuration. According to the first alterna-
tive, the union building has the main role of gate with 
the “external world” communicating a positive im-
pression to visitors and recruits. In this case it should 
provide orientation and service to immediate needs of 
students. At the same time the compact configuration 
should aim at gathering other students, as an exten-
sion of a living space that re-creates domestic atmos-
phere. In this context students could spend free time, 
cultivate and share interests and curiosity, debate and 
promote joint initiatives. The second type of configu-
ration relates to the so called “Satellite Union build-
ings”. Students can easily take advantage of the ser-
vices that are located in the lounges in their own de-
partment. This type of configuration should provide a 
dynamic combination of learning and service spaces, 
such as in the case of a village square or street that 
promotes direct communication among students and 
reinforces the sense of community. 

3. Standards 
The proper characterization and planning of facilities 
builds upon guidelines, dimensional parameters and 
standards that help in making the right decisions in 
regard to the size of student population, context and 
goals. In higher education, space standards for teach-
ing, research and administrative activities have been 
already developed. However it is more difficult to 
define standards for students related facilities because 
of the difficulty in defining the exact number of users 
and the strong relationship of this type of facilities 
with the surrounding context. In the area of higher 
education space planning and utilization standards are 
receiving increasing attention because they help in 
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improving capital planning, budgeting, and manage-
ment. Standards are subject to different interpreta-
tions. Three typical standards can be noted[4]:  

• Space standards that define the requirements 
for student capacity, square-foot allocations 
and use.  

• Functional standards that link the specifica-
tions for educational space and equipment 
with the specific requirements of teaching or 
learning curricula.  

• Design standards that typically include the 
quality performance, durability and condi-
tion requirements of building systems. 

It is possible to select and customize other types of 
standards in relationship to the specific purposes and 
priorities of any given university. Space standards can 
be differentiated according to [5]:  

• Space Planning Standards or guidelines that 
are used for the analysis of campus capital 
needs. The guidelines results from compar-
ing existing space conditions with future 
possible space needs as to develop accurate 
capital programs. 

• Space Utilization Standards or guidelines for 
the comparative analysis of space use pro-
ductivity that is mainly based on room utili-
zation rate. 

• Space Programming Standards. Sometimes 
they are called “design standards”, such as 
the architectural planning criteria for the ex-
act sizing of individual rooms that eventually 
set the overall dimensions of a given project. 

4. Benchmarking 
The process of defining standards is a complex one 
and it requires to move away from the traditional use 
of fixed numeric values, to be applied in any situa-
tion. Standards results from a complex iteration 
process that evolves continuously and may concern 
different and specific realities. This process typi-
cally is characterized by four main phases: audit, 
standard definition, modelling and benchmarking. 
The latter, on paper, allows university staff to ascer-
tain performance trends and undertake continuous 
self-improvement activities. Reference and quantita-
tive criteria are two important kinds of benchmark-
ing [6]. The approach to the criterion reference sim-
ply defines the attributes of good practice in a func-
tional area. Quantitative criteria, on the other hand, 
aim at defining normative and competitive levels of 
performance achievement. Possible benefits from 

benchmarking include the meeting of critical and 
basic needs without overbuilding, credibility and 
transparency, improved deferred maintenance, 
elimination of unwarranted projects. Other benefits 
are the demonstration of fiscal responsibility, the 
capability of developing better annual monitoring 
tools and, lastly, improved facility efficiency and 
effectiveness. One of the most critical challenges of 
benchmarking, at the moment, relates to quality data 
collection, manipulation and improvement. In spite 
of the fact that many national programs have defined 
fixed rules and fields of investigation, there are re-
markable differences among universities. The latter, 
in fact, pays different attentions to these parameters, 
depending on their own goals and measurement cri-
teria. The current situation of Italian universities 
requires timely and opportune strategies that im-
prove the quality of the whole system of higher edu-
cation. The most correct approach consists of a 
comprehensive and systemic analysis of existing 
conditions referred to actual and predicted needs. 
The definition of standards, as they result from col-
lected and shared data within each university, could 
facilitate the meeting and maintenance of prear-
ranged goals. This process, however, should be con-
tinuously reviewed and adjusted as to ensure “that 
the result will be a well-rounded, forward-thinking, 
lasting action that truly addresses to important con-
cerns” [4]. 
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The problem of information about information:  
An action plan
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colinhdavidson@sympatico.ca 

 
Management in the construction sector includes knowledge management, just as it includes communications man-
agement; what is often overlooked is the management of the information which knowledge acquisition and effective 
communication depend upon and which is the basis of well-managed decision-making and action. There is a “prob-
lem of information about information” in the construction sector. Attention has been given to various approaches to 
improving the performance of the construction sector, through e.g. re-engineering, the performance approach, inno-
vative procurement and information technology. These affect the roles of the participants in the building process and 
the relationships between them, and consequently impact on the kinds of information that is required to support a 
novel distribution of responsible decision-making Conversely, a systemic approach to information and its processing 
will impact on the effective adoption of the wished-for changes. This requirement applies not only to project-specific 
information as it develops over the life of a project, but also to general information and in particular to the transfer 
of information from research to practice. Research has confirmed (a) the importance of information and its accessi-
bility as a factor of the efficiency of the building process and (b) the almost complete lack of research into this prob-
lem. An action plan has been established and an initial group of international participants has been formed. 

 

1. Introduction 
Project management has many facets - but necessarily 
includes the management of decision-making, which 
in turn includes (or, rather, should include) mastering 
the flows of information needed by decision-makers. 
In fact, even though this is a global problem, very 
little work is being done on understanding the rela-
tionship between adequate information and well-
managed construction projects, particularly in a con-
temporary context of process innovation. Indeed, re-
search has confirmed (a) the importance of informa-
tion and its accessibility as a factor of the efficiency 
of the building process and (b) the almost complete 
lack of research into this problem. 
There is, in other words, what can be called “the 
problem of information about information” in the 
construction sector. In the situation of today, the ar-
chitect has the problem of knowing (or rather: not-
knowing) all that is pertinent for his/her tasks. This is 
coupled to a kind of naïve optimism that the over 
viewing (i.e. synthesis) activity that is inherent in the 
creative process of design overrides the need for rele-
vant information for all levels of decision-making. 
This paper presents this problem and proposes a plan 
of action, starting with a workshop at this conference. 
Many organizations are concerned about improving the 
performance of building design and production activi-
ties and are initiating “proactive” research efforts. 
However, an essential complementary program of ac-
tivity has been neglected. In an environment of hoped-
for innovation, it is high time to study information as 
an essential ingredient of the production of buildings.  
The objective of the workshop that this paper sup-

ports, is to lay the foundations for a concerted effort 
(i.e. a research program) to understand and improve 
the use of information for better decision-making in 
building, and thence for a quicker adoption of inno-
vations. The underlying hypothesis is that better deci-
sions are made when better information is used for 
making them, suggesting that process-oriented infor-
mation systems will positively impact on the perform-
ance of project groups. Unfortunately, there is also 
evidence that time spent searching for information is 
not considered to be time well spent. 
 
2. The building industry’s information 

context 
The structure of the industry and the habitual processes 
by which projects are procured, designed, constructed 
and maintained, and their component parts specified and 
manufactured, all seem to explain, if not justify, this 
apparent reluctance to innovate. The explanations in-
clude: 

• the fact that the building industry is composed of a 
large number of different (and generally small or 
very small) firms and enterprises,  

• the fact that building projects are entrusted to 
groups of participants who are brought together 
from within this multi-industry - through the 
building owners' procurement strategies - for the 
duration of each project, 

• the fact that any effort regarding information (re-
trieving and reading it) is currently not regarded 
as a productive use of one's time 
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• the fact that the presentation of information is 
governed by traditions that prevail, and it is still 
commonly accepted that skill is required for the 
interpretation of instructions. This suggests that 
when there is any change from traditional prac-
tices (e.g. when there is innovation), the tradi-
tional approach to dealing with information may 
no longer apply. The information related to inno-
vation will probably upset the reliance on this "in-
terpretation skill", potentially leading to acute 
communication problems and putting a brake on 
innovation itself.  

Within this building "multi-industry", the various 
participants can be described in terms of their "infor-
mation appetite", namely the amount of information 
required in their professional activities. 

  
3. An action plan 

In this way of looking at the building process and the 
emerging trends, information appears as a key ingre-
dient, particularly in any attempt to re-engineer the 
building industry, or improve its capability to inno-
vate through its hoped-for adoption of the perform-
ance approach. The absence of an understanding of 
the key role of information translates into a problem 
of information about information. We base our con-
cern for research into "information" (its generation, 
its warehousing, its movement, its retrieval and its 
use) on the concomitant need for changing the build-
ing process. There is a two-way influence (a) between 
changing the approaches to the organization of the 
building process on the one hand and mastering the 
use of information on the other, and, conversely, (b) 
between novel approaches to information and strate-
gies for improving the building process. We suggest 
that information is (or more realistically, ought to be) 
the kernel of research in this quest for improved 
building through quicker and better innovation (both 
organizational innovation and technical innovation). 
In short, we suggest that there is an "information 
problem" to be solved before there can be any signifi-
cant innovation. As a consequence of the problem of 
information about information, its ramifications in the 
areas of building process re-engineering and of tech-
nology transfer, and as a consequence of the lack of 
antecedents described above, a program of research is 
called for. This program comprises a set of related 
exploratory research activities leading to fully-
fledged cooperative research projects addressing this 
relatively unexplored domain. 

3.1 Research questions 

The research program on the problem of information 
about information posited here suggests research 

questions such as: 
• What kinds of information are required for inno-

vative building design, manufacture and con-
struction, including process management and 
control, and building maintenance and use? 

• Where can this information be found? 
• How is it (or could it be) taken up and used by 

professionals and enterprises, who for various 
reasons, choose (or are obliged) to work within 
an innovative approach? 

• How is performance-related information adapted 
for use at the various stages of project develop-
ment? 

• How does re-engineering affect the flow of in-
formation within a re-engineered building indus-
try? How does this modified flow of information 
affect the scope for innovation?   

• How is information flow affected by various 
novel procurement strategies?  

• Do contemporary models of a re-engineered 
building industry take into account the impact on 
the flows of information within the sector? 

• Can understanding the needs regarding the flow 
of information have a positive impact on attempts 
to re-engineer the building process? 

 
4. Conclusions 

The worldwide “problem of information about infor-
mation”, coupled to the fact that only a few research 
groups are tackling it, suggests that indeed an action 
plan is timely, if not overdue. The action plan pro-
posed here is based on the premise that today’s com-
munications technologies allow for efficient network-
ing between researchers. Specifically, the proposal is 
for establishing a program of research which ad-
dresses the questions raised here, and for establishing 
a relatively informal and decentralized structure to 
identify missing areas, to share the work, to provide 
moral support for decentralized fund raising and for 
disseminating the findings back into the building in-
dustry, also worldwide. This paper provides back-
ground information and a broad-scope vision of the 
challenge, and is intended to serve as springboard for 
the workshop that forms part of this conference. It is 
also an invitation to participate. 
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A new enclosure heat storage system  
(a brief history of C-TIDE craft research) 

Mario De Grassi, Polytechnic University of Marche, e-mail: m.degrassi@univpm.it 
Massimo Lemma, Polytechnic University of Marche, e-mail: m.lemma@univpm.it   

Marco Imperadori, Politecnico di Milano e-mail: atelier2@arcoquattro.it 
 
Direct gain due to solar radiation through external walls can lead to overheating, particularly using light building 
techniques. The use of building-integrated Phase Change Materials (PCM) is a possible solution and was also inves-
tigated in the C-TIDE Craft Research. In this Research Building Industries (Vanoncini, Poggi) and Materials pack-
aging Industry (Climator) collaboration are useful to Research team (PCQ - Italy and BMG - Sweden) work.  
This paper illustrates several building solutions regarding PCM panels – any of the results of the EU-funded C-
TIDE research. PCM panels was experimented and compared to a similar elements without the artificial storage 
element. This new technology demonstrated its ability to lower thermal load peaks and, more importantly, it demon-
strated its ability to shift the peaks during the hours of the day in which they are useful for guaranteeing a stable 
temperature within the internal environment.  

Keywords: PCM, latent heat storage system, heat transfer, passive cooling, low energy consumption 

1. PCMs in buildings 
The aim of C-TIDE (Changeable Thermal Inertia 
Dry Enclosures) research was to test walls built using 
a “dry” technology capable of coping with the ther-
mal comfort problems that characterize such building 
technologies. This problems are linked to the low 
thermal inertia, which leads to high use of HVAC 
systems, often with high levels of consumption and 
low environmental comfort (overheating or excessive 
cooling of surroundings). 
Storage of thermal energy can be performed by latent 
heat of the Phase Change Materials (PCMs). Latent 
heat storage is a promising technique as it provides a 
high-energy storage density band that has the capacity 
of storing heat at a constant temperature. 
The heat produced by melting is 80 to 100 times lar-
ger than the heat required for heating a material one 
degree. PCMs absorb and emit heat while maintaining 
a nearly constant temperature. Within the human 
comfort range of 68° to 86°F (20° to 30°C), latent 
thermal storage materials are very effective. 

2. Applied methodology and    
scientific achievements 

Whole building behaviour. C-TIDE research group 
has worked to define a design procedure aimed at the 
definition of buildings’ thermal performances, in 
connection to their previously chosen climatic and 
design contexts. The analysis of thermal fluxes cross-
ing the building’s structure allows a first definition of 
the amount of PCM needed inside stratified enclo-
sures in order to ensure comfort conditions while lim-
iting the use of cooling systems.  

The results obtained seem to confirm the advantages 
due to the presence of the PCM layer in the external 
enclosures whose task is storing all the heat coming 
only from the exterior. 
In conclusion, the simulations offers the possibility of 
calculating, in hourly transient state, the in-coming 
heat fluxes through the walls, in a reasonable period 
of time, varying climatic contexts and the building 
model used. This fact allows the building’s designer 
to decide, in a first design phase, the strategies with 
which excess heat is to be stored, before doing a “fi-
nal-functional” simulation of the stratified enclosure 
(melting temperature of the PCM, amount of PCM, 
place and kinds of material, etc..)  
External walls behaviour. In this research step, results 
and evaluations relative to 3 functional models are 
listed. 
In the first Functional Model, a layer of PCM was 
sandwiched between the internal and external sub-
systems of a typical low thermal inertia dry enclosure, 
made up of its external and internal finishes and a 
layer of insulating material. The PCM layer was 
placed behind the external finish, trying to absorb all 
the in-coming heat flow during the summer period; in 
this way we avoid the internal surface’s overheating. 
During the night the heat flow will go towards the 
external part of the wall, due to the presence of the 
insulating material at its back. 
The second functional model was thought to avoid 
any problems connected with PCM solidification 
during the night, that’s to say making its de-loading 
as speed as it is possible.  
This stratified envelope is made up of the internal and 
external finishes, an air layer, which can be venti-
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lated, one PCM layer and an internal insulation layer, 
settled behind PCM. 
In climatic contexts where there is a great quantity of 
solar radiation hitting the external surfaces of build-
ings it is worth avoiding the solution of increasing the 
PCM’s thickness and to accept the strategy whose 
purpose is postponing the moment in which the PCM 
layer reaches its melting point. This purpose could be 
reached, for example, placing an air layer, at the ex-
ternal side of PCM, which provides a considerable 
thermal resistance against the passage of heat (the 
third functional model) 
The behaviour of PCM placed inside the walls de-
scribed above was studied through the finite element 
analysis applied on numerical models built for that 
aim.  
As a conclusion, the First Functional Model (without 
the air layer) seems to ensure internal comfort condi-
tions for climatic context characterized by great tem-
perature difference between day and night. If there are 
low thermal day-night temperature differences and 
strong solar radiation, the most advisable model is the 
Third one (with the air layer in front of the PCM). If 
there are average-low solar radiation values, the Sec-
ond Functional Model (with the air layer behind 
PCM) gives the best warrantees, particularly if the 
temperature difference between night and day is quite 
low (otherwise even the First Functional Model can 
be used in this climatic conditions). 

3. Test results 
The research workgroup carried out two experimental 
campaigns aimed at evaluating the behaviour of PCM 
containing walls and validating the simulation meth-
ods hypothesized using software programs. 
In order to have  available a number of standard size 
walls (3 ml), 8 envelopes (boxes measuring 3x3x3ml 
with a south facing PCM containing wall) were built 
instead of one only multi-storey building which will 
have limited the possibility of diversifying the tech-
nology at the South facing walls. 
As can be deduced from the values obtained, all 
boxes clearly demonstrated that the PCM increases 
the thermal inertia of the south wall.  
The data obtained is quite positive and they were ana-
lysed in comparison to the results obtained in the ref-
erence boxes.  
The behaviour of the South stratification is object of 
the comparison.  For each box, a graph containing the 
time period and the temperatures was created, the 
different lines are the values recorded by the different 
thermal resistors installed in the walls’ various layers.  
If with the first experimental campaign only a pre-
liminary study of the potentials of light PCM contain-
ing walls was carried out, with the study done regard-
ing the results obtained by the second experimental 

campaign it was possible to demonstrate the impor-
tance played by the PCM, particularly in the relation 
to the ability to improve its inertia in regards to solar 
radiation, which is the most important overheating 
cause of light type panels.  
In general, it is possible to state that a PCM contain-
ing wall is much more sensitive to external atmos-
pheric conditions as compared to the reference wall, 
that is, it’s behaviour is typical of heavy structures 
but, it has the advantage of being built with industrial-
ized technologies typical of light walls. 
As far as concerns walls containing a ventilated inner 
air chamber between PCM layer and insulation, it 
guarantees greater protection as compared to the one 
without ventilation: for example, solar radiation sets 
off a ventilation which can remove heat from the ex-
ternal environment, however it is much more difficult 
to control during night time when forced ventilation 
is required to help unload the heat accumulated by 
PCM during the day time, otherwise, we risk restor-
ing all of the heat to the inside. An analysis of the 
costs/benefits must be carried out every time a deci-
sion must be made concerning which solution should 
be adopted. 
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The “Living Building” concept: starting a first experiment 
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The Living Building Concept (LBC) aims for improvement of both users benefit as well as suppliers profit over the 
whole life of a built object. Instead of contracting a fixed scope against a fixed price at the start of a contractual pe-
riod, the LBC starts with an initial price for an initial scope (performance) and measures and reimburses the actual 
performance during the contractual period. In this way the LBC keeps buildings fit for purpose and up to date in the 
fast changing world inside and around a building. Moreover, LBC substantially reduces transaction costs and risks 
because there is no need to predict all possible scenarios in order to set a firm fixed price. At the moment an experi-
ment is commenced with a long term DBM contract for a new school in Veenendaal in The Netherlands. This paper 
describes the contractual implications of the LBC. The whole life value delivered is expressed in terms of psychic, 
functional and technical value. The costs are expressed in capital, operational and maintenance costs.  Value and 
costs are coupled to the price with a formula agreed upon by the client and the contractor (supplier) at the start of 
the project. During the process the changes of the value required and delivered are measured, and thus the changes 
in the price and the costs can be measured too. In the contract the client is responsible for the changes of the value 
required; the contractor is responsible for the value delivered. 

Keywords: Construction, Contract, Costs, Life cycle, Value. 
 

1. The “Living Building” concept in 
construction 

The Living Building concept (LBC) presented in this 
paper is called the “Living Building Concept” to indi-
cate the dynamic approach to built services, the con-
struction project and the life cycle, and has been in-
troduced by both authors before [1] [2]. The aim of 
construction is to produce an acceptable difference 
between value on one side against costs on the other 
side. The difference between value and costs is the 
total benefit. This benefit is for all involved parties 

Costs (t)

Value (t)

Benefit (t)

 
The problems of perception and the dynamics of con-
struction life cycles call for a dynamic interrelated 
and long term approach to the demand and supply of 
built facilities aimed at systematic and adaptive 
maximisation of the total life cycle benefit.  When the 
total value could be interconnected qualitatively and 
quantitatively to the total costs of a built service and 
parties would agree on the algorithm between value 
and costs, then the collective of demanding and sup-
plying parties can aim the process at achieving the 
highest possible benefit to the mutual advantage of 
both demanding and supplying parties.   
The initial price will grow within this dynamic proc-
ess in a controlled way to a final price. Instead of en-
forcing the initial planned value against a fixed price 

calculated in the first phase of the process, the price is 
based on the actually delivered value at the end of the 
process. The final price will never exceed the budget 
of the client. The range between initial price and 
maximum budget can be considered as the client’s 
“control budget” for dealing with problems of percep-
tion. On the supply side, contractors and other parties 
are enabled to reduce costs or increase value. 

costs (t)value (t)

Demanders’
benefit

Suppliers’
profit

price (t)

 

2. Principles of the “Living Building” 
concept  

The main principle is that changes of the building or 
construction are regular events instead of exceptions. 
This means that the client is not considering all possi-
ble scenarios with respect to influencing factors and 
finally bring them into one extreme scenario for the 
lifetime of the building covering all imaginable cir-
cumstances and leading to over- dimensioned build-
ings with associated oversized cost estimation. In-
stead, the Living Building Concept is aimed at a “”Fit 
for purpose”” and an “”Up to date”” building right 
from the start and will adapt the building to changing 
circumstances only when needed. This means that 
LBC starts with the “best guessed” value at that par-
ticular moment. 
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value

Budget

Minimum  
requirements

price

costsC1 C2V2 V1

P1

P2

α1

α2

Demander’s strategy
Supplier 2Supplier 1

Minimum 
price

Boundary
condition  

The ultimate goal is to find the maximum benefit pos-
sible for clients and other stakeholders, as well as the 
contractor and suppliers, i.e. best value for the client 
at minimal costs for the supplier.  Client and supplier 
share the benefit by finding a right price in the mid-
dle.  This implies measuring and rewarding value 
delivery, minimizing adversarial relationships and 
collaborative decision making leading to “best client 
value” [3]. Besides “value optimization” also target 
costing should be applied. This kind of “value for 
money” approach has the largest potential in the early 
stages of the project, i.e. the briefing phase, when 
strategic decisions are made, together with applica-
tion of integrated life cycle contract types [4]. 

t start t endt scenario

scenario

change

Vmaximum

V base case Vadapted

 
Starting point is that the real scenarios (actual 
changes) during the lifetime will all be a part of the 
extreme scenarios. The advantage of this method is 
that the prices of changes are made in competition, 
and that the client should define the changes as a part 
of the scenarios. It does not only facilitate easy deci-
sion making for the client as the price of a change is 
always known, but it facilitates also a good collabora-
tion between demander and supplier, because they are 
not only aware of risks but also opportunities. The 
price of an actual change can easily be determined 
from the scenarios. 

3. Case Veenendaal School 
The selection procedure contains three steps: (1) Pre-
selection leading to 5 competitors, (2) Pre bid selec-
tion, leading to 3 competitors and (3) Final selection 
after competitive dialogue leading to the preferred 
supplier. The aggregate price is the sum of the base 
case price, the maintenance price and the price for a 
reference scenario which is a mixture of the three 
defined scenarios. Moreover, the psychic value which 
is the result of the detailing will also be part of the 
final bid and will be evaluated by a committee. At the 
end of the first contractual period, the maintenance 
contract over the following 10 years will be tendered. 
The first supplying party is also allowed to bid and 

has the opportunity to revise his first estimation of 
maintenance cost after the first 10 years. When the 
winning competitor comes up with a lower price than 
was estimated, the first supplying party will be re-
warded with 50 % of the difference for well per-
formed maintenance. 

4. Conclusions 
The “living building” concept represents a new and 
comprehensive approach to demand and delivery of 
built services, based on a dynamic approach to the 
construction process and the life cycle. It solves prob-
lems of perception and process statics. It offers great 
potential advantages to demanding parties (clients, 
users etc.) as well as supplying parties (contractor, 
suppliers etc.). Particularly the continued dynamic 
approach, performance measurement and involve-
ment of parties through the life cycle imply a great 
endeavour for clients as well as suppliers. The case 
shows that the Living Building Concept can be ap-
plied in practice. It is not only possible to measure 
value and cost in the bid phase of a project but also to 
determine extreme change scenario’s which form a 
firm basis to control actual changes of a building 
when measuring the changed value and paying the 
associated price. As the suppliers will be invited to 
bid on a base case and predetermined scenarios, the 
risks are minimal. In consequence the transaction 
costs will be reduced significantly. In all, the case 
shows that the LBC concept will lead to maximum 
benefit for all parties at the end of a project, which 
results in client’s added value and supplier’s profit. 
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Competition and the characteristics of construction  
markets 

Gerard de Valence, University of Technology Sydney (email: g.devalence@uts.edu.au) 
 
The objective of this paper is to discuss issues associated with the conditions under which competition between con-
struction firms occurs, in the context of the economics of markets.  Different views on the application of market 
structure models to the construction industry are discussed, in particular the widespread acceptance of perfect com-
petition as the norm.  This is followed by an analysis of the ability to exercise market power and the degree of con-
centration in the industry.  Then two important characteristics of markets are applied to the construction industry, 
product homogeneity and barriers to entry.  The paper then argues that the actual degree of competitiveness of dif-
ferent sectors of the industry varies at both the contractor and subcontractor levels.  The arguments for this alterna-
tive approach conclude the paper 
 
Keywords: market structure, construction markets, contractors, subcontractor 
 
 

1. Introduction 
This paper analyses one how competitive markets 
operate in the construction industry.  The type of 
market an industry operates in is known as its struc-
ture, and in microeconomics there are four types of 
market.  The type of market found in the construction 
industry is a point of debate among researchers and 
analysts and the aim of this paper is to establish the 
relevance of different market types to the construction 
industry.  The significance of 13 barriers is assessed 
for four different market types, based on product 
characteristics.   

2. Market structure models  
In neoclassical economics there were initially two 
extreme types of market, one full of competition and 
the other without any competition.  Because many 
industries do not have these characteristics and fall 
between perfect competition and monopoly the alter-
native models imperfect competition known as mo-
nopolistic competition and oligopoly were developed.  
Under monopolistic competition there are many small 
firms with limited control over price, producing either 
identical or differentiated products supported by 
brand names and marketing with some (often impor-
tant) barriers to entry (Bain 1956).  The key charac-
teristics of an oligopoly are a few large (but not nec-
essarily the same size) firms and significant barriers 
to entry.  Industries that are concentrated oligopolies 
produce homogenous product (steel, cement, basic 
chemicals, electricity), while differentiated oligopo-
lies are found in consumer goods markets (computers, 
automobiles, banking and insurance) (Sylos-Labini 
1987: 701).  
 

3. Arguments for perfect competition 
In many construction or building economics texts the 
starting point for discussion of markets is perfect 
competition.  Runeson (2000) examines the structure 
of the industry and the level of competition based on 
the idea that market structure determines conduct, 
which in turn determines performance.  His conclu-
sion on competition in markets for building was 
“firms behave as if they were operating in a very 
competitive market where price is determined by the 
competition.  That is all that is required for the mar-
kets to be defined as perfectly competitive” (Runeson 
2000: 142) 

4. Ability to exercise market power 
In Hillebrandt’s (2000) view the key characteristics of 
construction industry markets are the type of product, 
and size and complexity of the contracts, because as 
these increase the number of firms capable of under-
taking the contract diminishes.  She links the system 
used to select contractors to a specific type of market 
and uses the procurement method as the key distin-
guishing factor between different market types found 
in construction. In contrast to Runeson, Hillebrandt 
does not see perfect competition as the typical market 
type, but as specific to certain stages of the selection 
process under certain conditions.  The Hillebrandt 
concept of construction markets is clearly an adapta-
tion of microeconomics to accommodate the charac-
teristics of a project-based industry.   

5. Concentration in construction  
The degree of monopoly power exercised by the larg-
est firms in an industry is expressed in the concentra-
tion ratio.  McCloughan (2004) analysed trends in 

82 Section I



83 

 

concentration in the British construction industry at 
three levels.  First, aggregate concentration is low in 
the British construction industry with the largest 100 
private contractors accounting for 20 per cent of ac-
tivity and 15 per cent of employment.  Second, the 
five-firm concentration ratio (C5) is estimated for 
general builders at around 10 per cent, building and 
civil engineering contractors around 20 per cent and 
civil engineers 15 per cent.   

In the analysis of concentration in specialist trades 
between 1980 and 1999 the results were very differ-
ent.  McCloughan divided these trades into two, a 
labour-intensive, low capital, easy to enter category 
including plumbers, plasterers, carpenters and paint-
ers that deals mainly with private customers, and a 
second group of more concentrated trades that work 
for commercial and government clients.  The trades 
and C5 estimates in the concentrated category are: 
scaffolding specialists 56 per cent; asphalt and tar 
sprayers 40 per cent; constructional engineers 36 per 
cent; insulation specialists 39 per cent; and demoli-
tion specialists 31 per cent. 

6. Product homogeneity 
In construction there are two views on product homo-
geneity (sameness) or heterogeneity (differentiation).  
On the one hand the industry produces buildings of 
many different types, on the other it manages the 
process of building.  Gruneberg and Ive suggest that 
there are no “clear product markets” or “a tendency 
towards homogeneity within product markets or a 
single product market unit price” (Gruneberg and Ive 
2000: 107).  Runeson’s and others answer to this is 
that the industry is the market for building manage-
ment services, not for products called buildings.  Ser-
vices are clearly homogeneous, while products can be 
differentiated. 

7. Barriers to entry 
There are six barriers to entry identified by Gruneberg 
and Ive (2000: 97-101), one of which is unique to 
construction.  The typical barriers to entry are 
economies of scale, supply chains, incumbent cost 
advantages, private information (including client rela-
tionships), and contestable markets.  The unique bar-
rier is “client imposed barriers to entry to contract 
construction markets”. 

Six barriers specific to the construction industry dis-
cussed by de Valence (2003) were:  the cost of in-
vestment necessary to become a participant, ranging 
from very low (the building industry) to very high 
(starting an airline, for example); the market power of 
incumbents; acquisition of the technology, skills and 

workforce needed; access to equity and debt finance; 
the state of the market, or the growth rate in and level 
of demand; and the intensity of competition and mar-
gins available   

8. Competitiveness of sectors 
Generally, labour-intensive subcontractors and small 
contractors operate under perfect competition.  Capi-
tal intensive subcontractors and medium sized con-
tractors will typically be in monopolistic competition, 
and could have either homogeneous or differentiated 
products.  The type of project and procurement 
method determines whether large contractors are in a 
homogeneous or differentiated market, and subcon-
tractors that have significant R&D, capital intensity 
and strong client relationships are in a differentiated 
monopoly.  The 12 barriers to entry identified are 
then applied to subcontractors and contractors, with 
either homogeneous or differentiated prod-
ucts/services under imperfect competition.   
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The contribution presents a typology based software-tool (BASiS-2) which describes the existing housing stock of 
Germany and allows the modeling of development paths. The model uses findings from empirical analyses of mate-
rial-flow and land-use in the housing sector in Germany taking into account the building stock and the essential 
technical infrastructure facilities. Statistical data on a national level and empirical findings allow to estimate the 
environmental impact of the housing sector. The BASiS-2-Project was financed by the Federal Environmental 
Agency of Germany [1]. 

Keywords: Urban Structural Type, resource consumption, scenarios, housing sector 
 

1. Scenarios 
In order to picture the future housing situation two 
scenarios were developed. Key factors had to be de-
fined and assumptions made on the variables to gen-
erate a “Reference” and a “Sustainability” Scenario 

The scenario editor of BASiS-2 allows alterations, 
but these have to be chosen carefully well in order to 
be logically consistent. The process to define the 
well differentiated scenarios was time consuming 
and needed the input of external experts. First the 
decisive factors had to be identified, then character-
istic values hat do be assigned to these factors in 
accordance with the scenario-visions. Two work-
shops, one on housing demand in general and one on 
resource- and land consumption-conscious building 
activity guided towards the scenario visions. Both 
scenarios assume similar demographic and economic 
developments.  

Essential for the model is the “urban structural type” 
approach in order to make out of statistical data 
“physical” data. Urban structural types (UST) are 
defined as: “areas with physiognomic homogenous 
character, which are marked in the built-up area by a 
characteristic formation of buildings and open 
spaces” [2]. Thus, they integrate areas with similar 
environmental, infrastructure conditions and similar 
use (functions). They can provide an impression of 
the morphological situation of the urban area. To 
cover the objectives of the project – the simulation of 
the German housing stock -, seven Urban Structural 
Types were defined. [3] In addition the age of the 
buildings by statistical data is needed to hitch up in-
formation on the different historical building tech-
niques and materials. Representatives of building-
types and infrastructure-types containing this infor-
mation are used as bottom-up empirical data for the 
analysis of UST.  

 

 

 

 

 

 

 

 

Figure 1. Urban Structural Types 

2. Findings  
Both scenarios assume that Germany has 82.5 Mill 
inhabitants in 2000 as well as in 2025. The average 
floor space per inhabitant is expected to grow from 
39,2 m² in 2000 to 47.7 m² (Reference scenario) or 
46.2 m² respectively (sustainability scenario), within 
this period. The total floor space area until 2025 will 
rise from 3,2 Billion m² in 2000 to 3,9 Billion m² for 
reference and to 3,8 Billion m² for the sustainability 
scenario. These “growth” figures indicate clearly, that 
the sustainability scenario was not artificially set to be 
an austerity scenario.  

A significant difference in the scenarios can be found 
in the new land take for residential areas. A difference 
of factor 5 between the scenarios indicates the impor-
tance of the municipal land use planning and the chal-
lenges to guide towards sustainable development. The 
net building land take per day will drop from 25 ha 
per day to 4,5 ha per day in the sustainability sce-
nario. The options to take are more inner city devel-
opment, less free standing single family homes, re-
covery and improvement of existing housing stock 
instead of new construction, re-use brown fields etc. 
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Therefore the sustainability scenario reduces signifi-
cantly new land take. 

Beside these spatial analyses, the BASiS-2-Modell 
allows material flow analyses (MFA). In this area the 
model interlinks with the GEMIS-databank, a primary 
source for building product data. All building prod-
ucts are listed with their process chain, embodied 
energy and environmental “emission profile”. The 
scenarios in conjunction with building product data 
allow to estimate the effects of future building activi-
ties along branches or materials. The change in build-
ing techniques and products will affect the building 
industry differently.  

 
 
 
 
 
 
 
Figure 2. Effects of housing development on the 
wood- (left side) and concrete-industry (right side) 
(Year 2000 = 100) 

For example will the future slow down in building 
activities concern the concrete industry in the sustain-
ability scenario far more than the wood industry. Two 
reasons: The orientation of housing policies towards 
refurbishment and modernization of the existing stock 
instead of new housing construction and the assumed 
higher proportion of wooden instead of massive con-
struction in housing.  

With these types of analyses the BASiS-2 model 
could help the building industry to be well prepared 
for the future. But attempts to get them involved in 
long term scenarios (2025) failed, because their time-
horizon doesn’t go beyond 5 years. “Who knows 
whether we then still exist.” Therefore up until now 
politicians show the greatest interest in the research 
finding. 

In terms of CO2-emission until 2025 different scenar-
ios for thermal improvement of existing housing 
stock were calculated.  

In the reference scenario 1% of building envelope of 
existing stock ( sustainability scenario 2%) will be 
improved per year to meet the legally binding energy 
regulation of today. In new construction it was as-
sumed, that 5 % from 2005 onward will comply with 
Passivhouse-standard. In the sustainability scenario 
the ratio will rise by 3 % annually to 35 % of Pas-
sivhouse-construction in 2025. Not only the thermal 
envelope but also heating systems and national fuel 
mix were altered in the scenarios to gain a picture of 

the CO2-future with regard to building stock in Ger-
many. 

In result the CO2-emissions from future housing stock 
decreases from 227 Mio tons in 2005 to 107 Mio tons 
in 2025. This is a reduction of 50 % in the sustainabil-
ity scenario. The sensitivity analyses show that de-
spite the thermal envelope improvement changes in 
the heating system (e.g. small district heating) and 
change of used fuels (less coal and oil, more natural 
gas, more biomass) contribute most to the reduciton.  

All in all, the study delivers a whole range of results 
and furthermore it can be used by third parties to 
write own scenarios. For these interested in more de-
tails, the study is published, with a short English ab-
stract and can be ordered from www.uba.de. 
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Procurement in the construction industry: 
choice models  

 
Giovanni dell’Aquila, Politecnico di Bari – Italy, (email: g.dellaquila@poliba.it) 

 
 
The construction industry, even though characterized by differentiation, localism and globalization phenomena, al-
ways plays an important role in the economy of a country. At the same time progress, technological innovation, sus-
tainability, greater rapidity in the changes always require, a "quality product", also in the construction sector in 
terms of product and process, with reference to the context in which it is carried out. 
In this light procurement is of extreme importance and, more in general, methods, approaches, systems of relation-
ships between the different actors (stakeholders) involved in the process and, particularly, between clients, designers 
and contractors. In fact, the procurement route existing number is of great importance, both in the private and the 
public sector, in different contexts and times developed according to the requirements/requisites of the situation. 
Therefore, the present work aims to identify some models - of support to the client - for the choice of the best pro-
curement system, depending on the characteristics of the work to be realized and on client demands. 
 
Keywords: Public Procurement, Private Procurement, Bayesian network. 
 
 

1. Introduction 
In this ambit to speak of "quality product" it means to 
speak, in particular, of work quality, work costs and 
realization times. These can be understood insofar as 
the three fundamental objectives of the building proc-
ess that interest, above all, the customer that, natu-
rally, desires to get a product of good quality at the 
correct cost and in congruous times. However the 
attainment of these objectives can clash with the af-
fairs of other actors, above all if involved according 
to the traditional approach in which the designers 
design and the contractors build. 

Overcoming this division of affairs, or rather the shar-
ing and profit sharing of this objective, is possible 
through the individualization of the most opportune 
procurement system. Where by "procurement sys-
tems" can be intended the approaches (or methods) 
that allow the definition and regulation of the agree-
ments between the various process actors (procure-
ment routes), specifying what must be submitted, to 
who is submitted and when, the methodology, or 
rather how it is submitted, and finally the objectives, 
or rather why. 

The different existing procurement systems, in fact, 
are characterized by the combined answers to these 
five "questions", according to a combination that can-
not be casual, but it has to meet the precise demands 
that characterize the project to be realized. That is to 
say, define the type of work that the contractor in-
tends to build, and kept account of the surrounding 
conditions, it is necessary to identify a procurement 
route and which methodology is best to provide it. 

2. The study of existing procurement 
systems 

The existing forms of procurement routes are numer-
ous and vary widely since they were conceived and 
developed at the time to respond to different market 
demands, differently characterized according to the 
context of reference. A first and fundamental charac-
teristic of this market is given by the distinction be-
tween the public sector and the private sector, which 
corresponds to an as important differentiation be-
tween the procurement systems used that, despite 
deriving from same principles, are codified by differ-
ent rules. In fact, if specific norms do not exist for 
private sector procurement systems and the only ties 
are contractual in form, in contrast, in the public sec-
tor, defined as public procurement, there are precise 
norms prescribed by special laws. 

The public sector of the construction industry is part 
of the wider area of public procurement, which in-
cludes supply, works and service contracts, and is 
characterized, in Europe, by the opening to the single 
or internal market and by the relative directives, to 
which all the countries members have to conform. 
The norms in force in the principals European states 
have been studied, namely France, Germany, the 
United Kingdom, Spain and Italy. 

In contrast, within the private sector, the procurement 
systems used in Italy and in the United Kingdom have 
been identified and analysed, as the Anglo-Saxon 
world is always taken at an international level as a 
reference or as a model for management systems. 
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3. Results organization 
The studies and especially the critical analyses carried 
out on the different construction industry around the 
world, also using interviews with construction firms 
operating in different European countries, as well as 
the indications on the possible procurement develop-
ments identified by the study of the latest trends in 
building process management, constitute the ample 
cognitive baggage of an "expert" that has been used 
for the creation of the two choice models, one for the 
public sector and the other for the private sector. 

The study of these systems, underlines their connec-
tions between the work characteristics and customer 
requirements/wishes and some procurement "tech-
niques" and/or "procedures". It is therefore necessary 
to organize all the information collected about these 
systems, in order to provide a general overview of it 
and better identify its strengths and weaknesses, un-
derstood as aspects that can determine positive or 
negative effects on the project.  

These effects, in terms of the three principal objec-
tives of quality, costs and times, constitute the indi-
cations supplied, by the two choice models, to the 
decision maker for the selection of the procurement 
system. 

4. Construction models 
Having organized the results obtained, it was necessary 
to individualize the tool best suited both to represent 
the context (work characteristics and customer 
needs/wishes, normative ties) and to manage all the 
variables used to define the procurement systems. 
Among the possible techniques, the Bayesian networks 
have been chosen. In fact, probabilistic type techniques 
allow the interpretation of the results obtained, and 
particularly the indications (opinions) of the inter-
viewed experts as the probability that the various pro-
curement approaches are suited to the context in which 
we operate. The proposed models are interactive be-
cause the decision maker can select, in the input nodes, 
the context properties to choose the best procurement 
system that is automatically suggested by the output 
nodes or, alternatively can select a procurement sys-
tem, or parts of it, to know the context properties. 

The need to create two models, one to support the 
public customer and the other the private one, is due 
not only to the wish to make the models as simple as 
possible, in terms of the interface with the end user, 
but also to the convenience of creating networks with 
the smallest possible number of connections, there-
fore eliminating the elements typical of one sector 
that have no importance in another. 

5. Conclusion 
Leaving aside the analyses on the current construction 
market, together with the studies on the latest trends 
in building process management, the presence of a 
number of procurement systems has emerged, the 
characteristics and advantages of which recommend 
an widening of the choice of systems to apply, rather 
than restricting selection to a few approaches. From 
here, the objective to propose two choice models of 
support to the customer, one for the private sector and 
the other for the public sector, for the selection of the 
procurement system that, due to its characteristics, is 
best suited to respond to the demands of the case. The 
construction of these models as Bayesian networks, 
characterized by the representation simplicity of the 
context and by the interrogation facility of the same, 
make the proposed models extremely interactive and 
dynamic, also allowing simulations of events in cases 
where knowledge of the context is limited. Finally, a 
further benefit of Bayesian networks and therefore of 
the proposed models is the possibility to update and 
improve them constantly through the use of statistical 
data, coming from "new" experiences, which in this 
way can be integrated with the "expert baggage” used 
for their construction. The models have also been 
built so as to simplify the change of weights attrib-
uted to variables that define the performance of the 
various procurement systems in terms of quality, 
costs and construction times. In fact, this is the first 
operation that the decision maker should complete 
with the aim of “educating” the model to the context 
of reference, attributing the weights on the basis of 
his own knowledge and experience. These last two 
characteristics make the model for the private sector 
of great interest since it can also easily be adapted to 
and, therefore, applied in different specific national 
and international contexts. 
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PPPs (Public Private Partnerships) have been conducted as a practical form of cooperation between the public sec-
tor and the private economy since the 1940s. As science only started focusing on this issue at a much later date, the 
theoretical design of PPPs and in particular the corresponding processes are extensively unstructured. To reduce 
the complexity of PPPs and prevent opportunistic attitudes within the partnership, structuring, scientifically based 
models are needed that can serve as recommendations for actions for the participants of a PPP. Through the appli-
cation of process models, PPPs can be incorporated into a wider spectrum of public works thus increasing effi-
ciency. With the main objective of structuring PPP processes, this paper presents a PPP performance process model 
for structuring the functional-operative processes of a service provision PPP. 

Keywords: Public Private Partnership, process model, cooperation, street maintenance and rehabilitation. 
 
 

1. Introduction 
Public Private Partnerships are an issue that first gained 
relevance in practice, before becoming the focus of 
science and research. The late involvement of science 
in the PPP development process caused the PPP proc-
esses to be extensively unstructured. The task of sci-
ence is now to supply clear process structures for com-
plex and long-lasting partnerships incorporating scien-
tific theories, thus opening PPPs to a wider spectrum of 
public works and improving efficiency in future. The 
Institute for Construction Engineering and Manage-
ment of the ETH Zurich is developing a process model 
for the maintenance and rehabilitation of communal 
street networks in Switzerland, which structures the 
cooperation between the public and private sectors for 
a service provision PPP [1]. 

2. Research methodology  
In order to obtain scientific findings in business man-
agement issues, the hermeneutic paradigm [2] is being 
adapted for business and management research, lead-
ing, i.a., to the constructivist paradigm. The construc-
tivist research approach aims to structure new socio-
technical systems based on an intended input-output 
relation. The validation of the research project is based 
on triangulation, whereby the Principal-Agent Theory 
[3] and Giddens' Theory of Structuration [4] are ap-
plied for theoretical reference framework. 

3. Definitions 
The entire spectrum of public-private cooperations 
can be structured by the “degree of cooperation” [5]. 
The degree (intensity) of cooperation is defined using 
a combination of the “degree of formal institutionali-
zation” and the “scope of tasks of the PPP” (Fig. 1).  

 

 

 

 

 

 

 

Fig. 1 Distinction among the PPP basic model groups 
[5]  

In terms of their formal institutionalization, PPPs can 
be split into two forms of contractual agreement: 

• Contractual agreements, where the (minimum) 
two parties stay economically and legally inde-
pendent. 

• Partnership agreements between (minimum) two 
parties to form a new joint PPP-corporation. 

In terms of their scope of tasks, PPPs can be differen-
tiated in (Fig. 1): 

• Life cycle based procurement PPPs for complete 
projects, including design, financing, construc-
tion and operation phase within a specific public 
division, and 

• Service provision PPPs for certain tasks of a 
whole public division within the operation phase 
(only); performing services and providing prod-
ucts over a long period of time. 

This differentiation provides the three PPP basic 
model groups (Fig. 1): PPP Outsourcing Models, PPP 
Contract Models and Strategic PPP Cooperation 
Models. As the fulfilment of certain tasks of a whole 
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division of the public sector is a characteristic of the 
service provision PPP, the basic PPP model groups 
PPP outsourcing models and strategic PPP coopera-
tion models could be applied. 

4. Status of research 
Existing research approaches mainly focus on the so-
called procurement PPPs. To date there are no ap-
proaches in literature known in regard to structure 
service provision PPPs for those whole public divi-
sions. As such, there is a general need to develop both 
functional-operative and normative-strategic struc-
tures for service provision PPPs. 

5. PPP process model for  
maintenance and rehabilitation of 

communal street network 
The overall PPP service provision process model [1] 
is structured into three interlinked partial PPP process 
models by the dimensions “phase” and “level of ac-
tion”. The high integration of the partial PPP partner-
ship process model and the partial PPP performance 
process model in the performance phase is shown in 
figure 2. The high interlinked and integrated proc-
esses consist of two task categories, the coordination 
and routine processes (Fig. 2). 
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Fig. 2 PPP partnership and performance process 
models of a service provision PPP 

Coordination tasks, which consist of predictable tasks 
and ad hoc tasks, have to be annually or ad hoc 
planned by the planning and controlling board on the 
strategic level within the partial PPP partnership 
process model. After planning the proposals will be 
submitted to the public authority for decision making. 
The PPP performance process model is based (de-
pendant) on the input of the strategic level (PPP part-
nership process model) in form of the local author-
ity’s decisions that include which coordination tasks 
should be performed in the actual period. The coordi-
nation tasks will be executed according to additional 
contracts based on the stipulations of the basis con-
tract. 

The routine tasks do not need any coordination. For 
their execution performance and output standards are 
initially determined in the contract. These standards 
ensure service performance for the routine tasks on 
the basis of output standards, such as the cleanliness 
index and other quality indicators. Following these 
modalities, the PPP project controlling is guided by 
the functional tender, which includes functional re-
quirements of performance specification, thus allow-
ing the private partner to choose how to fulfil the 
specified tasks. The results and the quality of the ser-
vices need to be assessed by the public sector (or the 
planning and controlling board). 

7. Conclusion 
A PPP generates complex processes that can initially 
hinder their use for the performance of public tasks. 
The PPP performance process model enables non-
opportunistic partnership and cooperation agreements 
by focusing on the core competencies of the involved 
players and by structuring the processes. 
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 One of the main characteristics of the Modern Architecture is the particular attention to the social problems. The 
“funzionalismo”, to the beginning, has had a big spread because the functionality of the architectural spaces was 
considered a necessary condition for the quality of the life . During the phases of design and construction it is very 
important a continuous control of the today’s requirements in order to the quality of the life. 
The collaborative design is a very interesting approach in order to a new way of thinking the architectural design, 
that includes the today's requirements of the comfort, the energetic saving, the intelligence use of the resources, 
without to limit the freedom of the aggregation and the composition of life spaces. 
The collaborative design research represent a possibility to move away from the professional practice, by promoting 
the overcoming of a designing method based on independent steps and making it possible to get back to its original 
meaning, as the expression of a unitary and simultaneous expression of all the involved aspects.. 
 
Keywords: Modern Architecture, collaborative design, society. 
 
 

1. Architectural desig  and social  
requirements 

One of distinctive features of modern architecture 
includes a particular attention with regards to social 
problems. In fact, a real challenge that the architects 
had to deal with in the first decades of the 20th cen-
tury was to be able to face the needs of a new society 
which required good quality and low cost hygienic 
spaces for a rapidly increasing population that was 
making the city dimensions enormous in a very short 
time; to be able to built hospitals and schools for all, 
where everyone could find equal assistance and pos-
sibility of learning; to create work places, factories 
and offices, in such way to always safeguard people's 
dignity and liberty. Finally, it can be stated that these 
were the most deeply-rooted and profound contents of 
the Modern Movement, what allowed it to deal with 
and propose solutions to improve life conditions of 
today's man. 
In the new line of architectural studies it is still ob-
served how a synthesis between form and function 
that had always shaped architecture of all times sud-
denly becomes missing: in architecture of the Modern 
Movement  it is the function that needs to prevail, 
because only in this way it is possible to face up the 
needs set by the new building types represented by 
factories, workers' areas and new urban systems. 
It's know how from these considerations a dogmatic 
attitude derived with regards to new architecture, par-
ticularly reserved in occasion of the fourth C.I.A.M., 
which caused a reaction and created a definite break-
ing after the eleventh and last C.I.A.M., in Otterloo in 
1959: a demand for autonomy of architectural form 

with regards to the function consequently found fur-
ther supporters. 
It's just the case of remembering how from critics 
addressed to "International Style" and to extreme 
simplification of language that it was proposing, there 
arose the stances of  "Tendency" movement and its 
leader, Aldo Rossi, and of vast sectors of architectural 
culture, not only in EuropeAnd still, as exactly from 
this annulling Peter Eisenman started to elaborate his 
deconstructionist theory, tending to liberate architec-
ture from any ties of functional nature. In this way, 
creativity becomes the dominant category of archi-
tect's activity without functional contaminations that 
the reality can exert on architecture. 
Once the relationship between function and form has 
been put in discussion, with a revaluation of the sec-
ond with regards to the first, as well as considering 
that technological evolution hasn't only allowed one 
greater formal liberty for the most elevated perform-
ance characteristics of building materials with conse-
quent minor structural ties, but it necessary implies 
risks of a poor experimentation of new technologies, 
a continuous control is now more necessary than ever, 
in planning and building phases, of respect of essen-
tial functional requisites with regards quality levels of 
life which are today considered unbreakable. 
For this purpose, collaborative design is used as an 
essential instrument for planning that takes into con-
sideration the needs of environmental comfort, ener-
getic saving, rational utilising of resources and appli-
ances with limiting the liberty of composition and 
aggregation of spaces for man's life. 
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2. The modern needs  of  architectural 
design 

 Today, infact, the architectural design is always more 
complex.  
People hope that technology can increase the level of 
quality life in home like in town. In the last years, a 
lot of international research works, are oriented to 
define a method of design based on innovative com-
puter technology that can be applied also to tradi-
tional issues and traditional design methodologies. 
The scientific starting point was therefore based on 
multidisciplinary issues, regarding both the process of 
design and its application purposes.  
The general goal is to develop suitable tools in sup-
port of integrated Process/Product design activities, to 
develope a final response to the growing complexity 
of today's requirements of the design of an architec-
tural work.  
The actual complexity of design, in fact, is made in-
creasingly complex by the nature of the architectural 
product itself, by the number and specialisation of the 
operators involved, by the increased need to fulfil 
regulatory, procedural and technical obligations and 
by the growing availability of products and services.  
 

3. A collaborative approach for  
Architectural Design 

 
Collaborative design is a process with involves a high 
interdisciplinary level, de-localisation of activities, 
division of operations, appropriate timing in the use 
of information and correct use of the most advanced 
methods and technology. According to such new ap-
proach, computer technology and the engineering of 
knowledge combine to generate “informative” models 
of construction, which can develop design methods 
directly from the constructive practice and procedure. 
During the last 20 years of  the 21st Century, Archi-
tects and Engineers have used more and more ICT 
resources, to manage the complexity of building de-
sign.Today, in the collaborative design “dimension”, 
the sharing of the decision-making process is 
grounded in the use of computer technology. In of-
fices with different specializations, localized in dif-
ferent places, the equipes of designers can work to-
gether. Every contribution goes to create a “unicum” 
model of the project. This model of the project is lo-
cated in a virtual space: every equipe of designers 
offers its contribution. 
 

4. Benefits 
Designing in collaborative manner, can offers the 
opportunity to give many control levels for the  
project.  

One of the main lines of development of the collabo-
rative methodology is the possibility to carefully 
weigh up different solutions during the development 
of the design, unlike what happens in today's profes-
sional practice often gives priority to the first accept-
able solution as a basis for later developments, ne-
glecting alternative solutions even if innovative (or 
especially if alternative) if they involve longer times 
or higher designing costs. 
Thinking at the Modern Movement, In particular, the 
decay of many works is often the result of poor atten-
tion to the complexity of design, which often leads to 
the adoption of inappropriate technological solutions, 
sometimes even because it is impossible to simulta-
neously compare them with other solutions that seem 
t involve higher building costs in the short term, 
without looking however at the benefits that they 
would provide in terms of durability and therefore in 
terms of maintenance costs.  

5. Conclusion 
The develope of Collaborative design aims to: 

• To promote not only the mere application of com-
puter technology to architectural and building de-
sign (which can however be still essentially "juxta-
posed"), but to test the possibility that they may be-
come second nature with it, from simple tools to the 
implementation of working methods, able even to 
affect the genesis of a potential transformation of 
the designing concept and practice. 

• To find potential relations with the tradition of de-
sign. Design has always had an essential meaning: 
to be a "verified concept".  

• In the past, 'concept verification' was implied in 
designing and building to the professional standards 
that had been developed by tradition over the centu-
ries.  

• Now the design concept is verified before erecting 
the building, according to the modelling of its 
building features, through an interaction of the 
many disciplines involved and an iteration between 
the time of conception and the time of verification. 

• To assess, with reference to the proposed applica-
tions, how the implementation of building models 
can get to guide the practice of design itself. 

• In order to incraese the quality of life in the build-
ings, the need to develop, alongside the theoretical 
models, practical applications tools for studying 
modelling procedures for non-standardised building 
elements looks now particularly interesting. 
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BygSoL – Learning at the building site 
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For more than 20 years different initiatives have been carried out to increase the productivity of the Danish Building 
Industry. However, the longer lasting results of these have not yet materialised. This paper presents a development 
initiative in the Danish Building Industry called BygSoL. The focus of BygSoL is learning and cooperation at the 
building site supported by implementing elements from among other things Partnering and Lean Construction, and 
by offering educational programs at the building site. It is claimed that by involving a broad range of representatives 
in the sector and at the same time having focus at the building site, the initiative points in the right direction for mak-
ing longer lasting development of the building process. 
 
Keywords: development initiative, workforce training, empowerment, action research 
 
 
 

1. Introduction 
The BygSoL initiative (Danish abbreviation for Co-
operation and Learning at the Building Site) emerged 
as a response to the lack of long lasting effects of 
earlier development initiatives. Instead of trying out 
new ideas, the focus of BygSoL is on implementing 
existing concepts by shaping and combining the con-
cepts according to the requirements of the specific 
building project. The objective of this paper is to pre-
sent the BygSoL initiative and the provisional find-
ings with focus on how elements from the initiative 
counteract the sub-optimisation among trades at the 
building site. Furthermore, challenges in the initiative 
will be discussed with the aim to show that there is 
still room for improvement. The authors have been 
involved in BygSoL in several ways: at building pro-
jects as action researchers, in the research team and as 
consultants.  

2. Presentation of BygSoL  
The BygSoL initiative started primo 2004 and is 
joined by the labour-market parties, technical univer-
sities, technical colleges and schools, companies and 
10 building sites of varying sizes. The objective of 
BygSoL is to make the building process more effec-
tive, efficient, and safe by supporting learning and 
cooperation activities at the building site. However, 
instead of developing new concepts, BygSoL focuses 
on implementing existing concepts and on using the 
knowledge emerged from the former development 
initiatives, which showed great potential. The core of 
BygSoL is three elements:  
- Lean Construction [1],  
- Partnering [2] and  
- Learning at the Building Site [3].  

3. The structure of BygSoL 
The working structure of BygSoL, which carries out 
the practical tasks, consists of three parties, which 
mutually depend on each other. Most important is the 
building projects where elements of Lean Construc-
tion, Partnering and Learning at the Building Site are 
implemented. The support to the design an implemen-
tation plan and the actual implementation is provided 
by involved technical colleges, technical schools, 
supplementary training centres and the project secre-
tariat. The educational courses undertaken at the 
building site are designed to meet special needs at the 
specific building project. The Knowledge Program is 
a group of researchers and consultants who on daily 
basis work with topics relevant for developing the 
building process. The Knowledge Program’s objec-
tive is to provide the building projects and educa-
tional institutions with relevant updated knowledge. 
Beside this, the Knowledge Program helps evaluating 
the building projects and thereby obtain input to new 
research.  

4. Typical elements of BygSoL 
Even though each building project in BygSoL is 
unique, and a special implementation plan is made for 
each project, there are some common characteristics: 

• An introduction meeting with all participants in 
the project  

• A noon-to-noon seminar with an introduction to 
the building project, teambuilding, determination 
of some common guidelines for the cooperation, 
and social events in the evening/night. 

• Weekly meetings between the sub-contractors and 
main-contractor to plan the work 5 weeks ahead. 
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• Weekly meetings where the foremen and/or 
tradesmen plan the work one week ahead;  

• Training activities planned in relation to the state 
of the building project, the training could e.g. be 
a supplier showing the correct installation 
method of the heating system, or the training 
could be guidance in safety-practice. 

• A common room or temporary workmen’s shed 
for breaks and meetings for all the tradesmen and 
the site manager(s).  

 
5. Provisional findings 

Some of the building projects have formally been 
evaluated using surveys and interviews [4]; others 
have informally been evaluated using observations 
and informal interviews with the participants. The 
provisional findings include:  

• The cooperation between the trades have im-
proved significantly at BygSoL-projects com-
pared to former building projects. 

• The noon-to-noon seminar has a big influence on 
the atmosphere at the building site. 

• The common room is a success for information 
dissemination between trades and has also af-
fected the atmosphere towards being lighter and 
more trustful.  

• The tradesmen also find the involvement in work 
planning very useful and it gives them knowl-
edge of why certain decisions are made. How-
ever, this demands the managers to be open and 
to bring the ideas and decision made by the 
tradesmen in action. At some building projects 
this has been a problem.  

• Most of the participants find that BygSoL has a 
positive influence on their learning.  

In a broader view, the provisional results of BygSoL 
are mainly personal relationships and initiation of 
networks. Individuals from various professions, both 
practitioners, educators and researchers, have formed 
personal relation ships. Through these relationships 
knowledge and experiences disseminates informally 
as an alternative to formal knowledge disseminations 
at e.g. conferences or in evaluation reports. These 
interdisciplinary relationships can in the future help to 
support a more coherent educational system, where 
the apprentices and students are educated to handle 
the challenges in the building industry, not only the 
methods and knowledge of the specific profession, 
but also interdisciplinary communication and coordi-
nation. 

By placing the educational programs at the building 
site and in the context of the daily practical work, the 
tradesmen see the learning activities as a natural part 
of their work-life, and the tradesmen contribute to 
making the building process more Lean. By bringing 
the tradesmen together in interdisciplinary planning 
tasks and educational programs, the tradesmen get at 
broader view on the building process to avoid sub-
optimization, and the tradesmen are better equipped 
to be changing agents at subsequent projects. 

However, there are still some challenges that need to 
be dealt with in order to fully exploit the potential of 
the tradesmen’s knowledge. The role of the manager 
should be redesigned to fit the new circumstances and 
the managers should get the needed support in order 
to handle the situation. 
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Production delays are often due to lack in communication and coordination between different trades. However, these 
problems seem to reoccur on projects even though the industry is aware of them. This paper seeks an understanding 
o, why it is so difficult for different trades to cooperate and communicate to develop the building process. To clarify 
the causes for lack in communication and coordination, syllabi and former research on the tradesmen’s perception 
of learning is analysed and discussed.  
 
Keywords: workforce training, learning, tradesmen, building process 
 
 

1. Introduction 
Recent research shows that the reasons for frequent 
delays in the production process are related, among 
other things, to issues regarding communication, or-
ganisation and planning of work, [1]. As the reasons 
for production delays in the building process are 
clear, it might seem an easy task to eliminate them. 
However, knowledge and skills generated within a 
project do not transfer smoothly to other projects or to 
the main organisation [2]. While most argue, that the 
solution to improving learning and development lies 
within a reorganisation of the building industry to 
support longer lasting strategic co-operation, this pa-
per seeks an understanding of the problem within the 
current conditions and framework. 

  

2. Definitions of learning 
The paper is inspired by communities of practice 
(COP) [3]. In this paper COP is used as a notation for 
a group of individuals participating in a shared prac-
tice and having a shared history or repertoire and 
thereby sharing identity of how to be a practitioner. 
When the shared knowledge or image about practice 
is challenged, negotiations in the group reconstruct 
the meaning in accordance with the new knowledge. 
Unlike COP, project practice tends to be non-
repetitive and time bound, and it is often loosely cou-
pled to multiple organisational contexts through sub-
contracting or supply chain relations. Project work 
generates learning not through repetitive activities in 
a stable context, but rather through the intensive inte-
gration of different forms of knowledge within a 
novel or uncertain and temporarily bounded task set-
ting [2].  

3. The tradesmen’s learning 
The knowledge used by the practitioners in building 
projects to perform their job is to a great extent tacit 
and gained through experience, and they learn by 
watching and imitating. They use episodic memory 
(stories of episodes) instead of semantic memory (ab-
stract interpretation). Competences are, according the 
practitioners from the survey, an inborn talent mixed 
with practical experience in contrast to theoretical 
knowledge learned in training institutions. [4]. This 
perception of learning tallies with the way COP oper-
ates and learns. But this inhibits learning across trades 
and in unstable contexts such as in the project organi-
sation. Looking through the syllabi of education pro-
grams as well as supplementary training programs 
one strong common feature comes into mind: the in-
wards focus. All programs isolate the students from 
other professions. The syllabi show, that almost no 
programs include subjects like cooperation and get-
ting an understanding of the building process as a 
unified whole, etc. The programs do not provide ap-
prentices with an image of the constraints between the 
different professions or an understanding of the 
mechanisms that put together the different profes-
sions’ knowledge and skills in the building process. 
Instead the focus is on own methods, own skills and 
specialist knowledge relevant only to the profession 
concerned.  

4. “Us” and “them” 
Due to the strong inward focus in the educational 
systems, individuals have a strong image of “us” and 
“them”. Us-relations are between people who, to 
some extent, have the same educational background 
and thereby the same image of work practice. Them-
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relations are between people with different profes-
sions and educational background. This causes the 
communication to be limited to explicit work instruc-
tions. Because of the lack of continuity in them-
relations, there is no inborn trust in the relations, but 
there are expectations of the different roles. 

Project manager

Master 
electrician

Master
plumbing

Master
bricklayer

Explicit communication 
– them-relations

Tradesmen

WorkgangTacit communication 
– us-relations

 

Figure 1 “Us”- and “Them”-relations in a project 
organisation. 

In the building industry, most practice is divided into 
sub-contractors, which work on their own. This 
means that learning at project level is typically based 
on knowledge integration activities, which involve 
overcoming, rather than deepening, division of prac-
tice among project members [2]. However, the tem-
porary organisations inhibit long term relationships. 
This cause the participants to refer to the different 
professions or roles (them) that are more or less stable 
from project to project instead of referring to the in-
dividuals. Due to the changing structures for co-
operation, the participants do not have the same im-
age of practice, and thereby the communication at 
project level is mostly explicit. This limits the depth 
of learning to the explicit agreement of how the pro-
ject went, and mostly there are no such agreements 
because the members disperse after completion of a 
job-task.The workgangs on the other hand are the 
stable units continuously refining their practice. But 
the workgangs’ focus is mostly inwards on own 
methods and experience. Even though their practice is 
highly dependent on other professions, they tend to 
work in isolation from the other professions. If they 
adjust to the other professions it could be character-
ized as an ecological adjustment [5], which is an ad-
justment to the other professions with the aim of sta-
bilizing own practice as a survival mechanism. Seen 
in a broader perspective, the ecological adjustment is 

a sub-optimization and does not lead to a better build-
ing process. 

Conclusion 
In project organisations in the building industry learn-
ing happens at two levels; the workgangs and the pro-
ject organisation. The workgang focuses on own 
methods and with the aim of improving own effec-
tiveness and profit. At project level learning is limited 
and also with an inwards focus for each sub-
contractor. In the light of this it is no surprise that 
most learning at building projects causes a deepening 
of the division of practice and sub-optimisation. 
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Logistics on construction sites becomes more and more important. Since the planning of construction logistics on 
many major sites is practised daily, the challenge is to control the planned processes on site. The staff on site has no 
reliable method to check the logistic in- and output of the construction logistics. This lack of information and the 
related problem, that mistakes can’t be analysed correctly, is the reason, why many logistics concepts fail in detail. 
People return to established processes and miss the chance to make the supply chain more effective. Therefore, this 
abstract takes a first step towards an indicator system for construction logistics. It provides a short overview about 
the use of logistic indicators in general and deflects indicators for construction logistics. Sources for information 
and obstacles are briefly discussed. 

Keywords: Indicator System, construction logistics, material and equipment management, supply chain management 

1. Performance of construction  
logistics 

Starting from a sound preparation of work, different 
working fields can be identified for the performance 
of construction logistics. In the case of big projects, it 
will be useful to plan these topics in the preliminary 
stages to get the maximum use out of the logistic con-
cepts. Planning parallel to the constructing period – 
regrettably still being practised in Germany – is insuf-
ficient from a logistic point of view and therefore has 
to be refused. As for all planning services in construc-
tion, it is also true for expert planners being involved 
at an early stage, can the decisive fields be effectively 
influenced. The increased planning effort and the sur-
plus costs connected on the side of the client are dis-
posed to a higher reliability in view of costs, time and 
quality in the construction realization. The logistic 
concepts can be roughly divided into supply logistics 
to the construction site, site logistics as well as dis-
posal logistics.  

 2. Scientific approach: Indicators in 
logistics 

Indicators serve for demonstrating quantitatively 
comprehensible facts of business administration in a 
concentrated form. They can refer to the entire enter-
prise (e.g. balance indicators) or they can be applied 
for single departments and divisions (e.g. production 
or logistic indicators). 

The most important elements of an indicator are its 
informative character, its ability to be quantified and 
the specific form of its information. The latter refer-
ring to complicated structures and processes being 

shown in simplified form to allow a rapid and com-
plex overview especially for leading authorities.  

Indicators have to fulfil criteria determined for practi-
cal use covering inquiry, controlling and recipient. 
The inquiry of indicators has to be based on the data 
available and that they can be recorded with little 
effort, use-orientated and for the long term. For the 
control with indicators it has to be considered that 
they are target-related, relevant for control, influence-
able, resistant against manipulation and incentive-
orientated. Last but not least, they have to be under-
standable, definite and interpretable for the recipient 
so that they can be used as database in process con-
trol. 

3. Novelty: Construction logistic  
indicators 

A number of logistic indicators can be transferred to 
construction logistics without further adjustment. In 
several fields considerable differences become obvi-
ous. Especially obvious is the deviation in the sector 
of distribution logistics. Due to the immobility of the 
product, this field is completely inapplicable in con-
struction logistics. It’s place, with limitations, is taken 
by disposal logistics which has direct influence on the 
logistic processes at the construction site. However, 
the structure of the indicators in this sector is deviat-
ing from the systems of supply and construction site 
logistics so that only a few indicators can be applied 
for the superordinated indicator system. Within the 
planning phase there are different information sources 
available for the determination of indicators. Applica-
tions of CAD (Computer Aided Design) and AVA 
(Ausschreibung, Vergabe, Abrechnung – application 
of tenders, allocation, invoicing) are of special impor-
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tance for data processing in the construction sector. 
These systems contain a great deal information which 
– with an appropriate classification – provides clues 
about the logistic need at the building site. In the 
process planning the data are being used already for 
the dimensioning of transport and storage capacities. 
However, the evaluation is mostly done manually and 
without planning and controlling system. A docu-
mented control and performance calculation is not 
made so that further sources for the determination of 
indicators are not available.  

In logistics, therefore, technologies as barcodes and 
RFID for identification are decisive for a continuous 
data flow which, in the end, should comprise the en-
tire logistic process. The necessary databases for stor-
age are so-called WMS and ERP systems. A realiza-
tion of the process optimisation over several suppliers 
up to the final customer is therefore called supply 
chain management. So the target is to establish these 
technologies, systems and management approaches 
and to link them with already existing planning pro-
grams to simplify the planning and control of the lo-
gistic service. 

To meet the requirements of the criteria for the use of 
indicators an automation of the recording at construc-
tion sites is indispensable. Special need of research 
lies in the low-effort identification of the items and 
the continuous availability of the data. Here, tech-
nologies as barcodes and RFID tags as well as soft-
ware applications from the group of WMS/ERP are of 
special importance. For those responsible at the con-
struction site their application has to be realized with-
out any problem and with low effort. In consequence 
communicating control measures and incentive sys-
tems will become understandable for the recipient and 
clearly representable with the aid of the indicators. 

4. Conclusion 
The application of indicators is widely spread in lo-
gistics control of the stationary industry. The advan-
tages provided by this approach can also be trans-
ferred to the construction industry. Also in a construc-
tion enterprise the target is the optimization of the 
rentability, of the economic effectiveness and of the 
productivity.  

For this target, however, the development of a logistic 
indicator system is necessary to fulfil the require-
ments of a construction site on the one hand. On the 
other hand, the data recording and data management 
has to be automated to be able to easily and user-
friendly care for the system. Currently the efforts 
supporting this step for the construction industry be-
come obvious from the side of the WMS and ERP 
providers. 
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 The importance of whole life costing (WLC) appraisal in the design and management of buildings has long been 
recognised within the construction industry. WLC estimation considers alternative design solutions in terms of cost 
and other performance measures such as sustainability which is increasingly becoming an important issue to clients. 
This paper reports on the process of WLC estimating and describes its application in a case study that compares the 
whole life costs for different types of windows over their whole life cycle. The results indicate that despite higher 
initial costs the whole life costs of timber windows are significantly lower than uPVC windows over a life cycle of 60 
years. The paper also highlights the difficulties in the application of whole life costing as a decision making tool in 
the construction industry. 
 
Keywords: Whole life cost analysis, WLC process, theory of significance, FMEA, RCM. 
 

1. Introduction  
Whole life costing is not a new approach, but its im-
plementation is becoming much more important as 
long-term building owners and clients start to demand 
evidence of what their costs of ownership will be [1].  
More private companies are investing in the Private 
Finance Initiative (PFI), Public Private Partnership 
(PPP) projects, and the increasing Government de-
mand to concentrate on reducing WLC [2] all con-
tribute to its growing importance. This paper reports 
part of an EPSRC funded research project carried out 
by the University of Dundee. The aim of the research 
project is to develop a generic approach to minimis-
ing WLC in the construction industry.  The purpose 
of this paper is to describe the steps of WLC proc-
esses which are based on the application of the “the-
ory of significance, and to demonstrate its application 
through a case study. 

2. WLC process 
Flanagan et al [3] suggested that application of WLC 
for every element in every project is time and re-
source consuming, so there is a need to find a way of 
simplifying its application.  One possible solution is 
to apply WLC technique only to significant elements, 
which have been shown to be those whose WLC is 
greater than average [4]. The WLC process developed 
in this involves the following steps. 
1. Identify all anticipated building phases and activi-
ties that will generate cost in the life cycle. 
2. Create or adopt WLC data structure. 
3. Identify potential cost drivers – WLC significant 
elements. 

4. Determine the data required to estimate each  alter-
native option. 
5. Select method(s) for estimating costs of each alter-
native option. 
6. Estimate WLC of each alternative option. 
7. Compare various alternatives.  
8. Evaluate results for uncertainty and risk. 
9. Compile WLC for the whole building. 
10. Report findings and conclusions. 
 

3. What comprises a successful 
WLC analysis? 

Optimised through life solutions require an integrated 
team approach to development of a project. Whilst 
achieving a solution which is within the client target 
cost and affordability, it is important that other client 
objectives (political, functional, operational, sustain-
ability, commercial, etc) are met.  The principal pur-
pose of WLC analysis is to provide facilities man-
agement data to designers in order to select the design 
solution that satisfies the required level of availability 
and performance with the lowest facilities manage-
ment cost.  To do this accurately, it is necessary to 
understand factors such as location, context, opera-
tion scenario etc that influence project costs, and to 
collect actual data about frequencies (replacement, 
planned preventive maintenance, cleaning, etc) and 
performance, energy consumptions, etc. 

4. Case study 
The WLC process was implemented using the steps 
described in the previous section on a high school 
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project for 1050 pupils, and the data breakdown struc-
ture developed by El Haram et al [5] 

The WLC of the 29 elements used in the original de-
sign were estimated using data from standard estimat-
ing books. Eleven WLC significant elements were 
identified, whose total costs were higher than the av-
erage WLC for all building elements. The demonstra-
tion of the practical application of the process is 
based on one WLC significant element, “windows”. 

Three alternatives were selected: high quality soft-
wood, aluminium and uPVC. Failure Mode and Ef-
fect Analysis and Reliability Centred Maintenance 
(RCM) tailored for construction by El-Haram and 
Horner [6] were applied to identify the required main-
tenance tasks. Operating costs related to windows 
were identified in terms of cleaning. The cleaning 
costs of WLC significant elements were estimated 
using recommended frequencies of cleaning.  

The WLC analysis of the three different types of dou-
ble glazed windows shows that the NPV at a discount 
rate of 3.5% for 60 years can vary between the cheap-
est WLC option and the most expensive by about 
30% [7]. Although uPVC windows are the cheapest 
to install they are the most expensive in terms of 
WLC. A sensitivity analysis for discount rates (e.g. 
3.5% and 6%), economic life (e.g. 30 and 60 years) 
and various physical life expectancies was carried 
out.  The rank order of the NPV of each of the three 
alternatives was insensitive to changes in the vari-
ables.   

5. Conclusions 
The WLC process developed in this work has been 
applied to a practical example. The identification of 
WLC significant elements is based on “the theory of 
significance”. This “theory” is a powerful tool for 
defining the WLC significant elements for each build-
ing type, and can help to reduce the collection of data 
needed for detailed WLC analysis. For example, in 
the high school used in this analysis, 38% of all ele-
ments contributed 82.4% of total WLC.    The WLC 
process should integrate the use and sharing of data 
related to project design, construction, operation and 
maintenance costs and encourage closer working rela-
tionship between members of the construction indus-
try supply chain to make the best decisions from the 
WLC point of view.  The WLC process should be 
used for analysis and reduction of WLC in early de-
sign stages (e.g. scheme design). Further analysis on 
different types of buildings will be carried out in or-
der to check the consistency of occurrence of WLC 
significant elements.  If such a consistency is found, 
the effort required to estimate WLC can be reduced 
by some 70%. 

Effective estimates of WLC and improvements in 
accuracy will come about as a result of improvements 
in the WLC process, integration of supply chain, edu-
cation and training, use of proper tools and tech-
niques, provision of sufficient resources and time and 
a good reliable cost database. It could be several years 
before the construction industry has enough data from 
which better estimates of WLC can consistently be 
made. 
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A technology for the construction of temporary buildings with low environmental impact, costs and construction ef-
forts, that can be used as modular architectures in emergency situations. The materials used for roof, walls and floor 
is a corrugated cardboard. It’s a product that results from a recycling process and is itself recyclable. The new pro-
posed technology opens new perspectives for the management of natural catastrophic problems (earthquake, floods 
...), allow thinking in an innovative way the understanding of house for emergency residence. 

Keywords: sustainability, recycling, low costs, easily transportation and assemblage
  

1. Paper and recycling 
As it is well known, papers are the major support for 
writing that have contributed and still contribute, to 
the spread of knowledge and communication between 
civilizations. However, the transformations that pa-
pers undergo through years have rendered them a 
poured material and made them enter in different con-
trasting fields trades. The corrugated cardboard, is 
one of these transformations that allowed the use of 
papers in the field of packing (standard boxes, larger 
boxes, etc). It has been this introduction to boost the 
idea of studying new and innovative uses, such as 
containers for objects and for persons leading to a 
strong stimulus for architecture use. Nowadays, recy-
cling is not considered anymore as a strange idealistic 
fantasy, but rather a civil habit. The recognition of 
this fact has contributed with no doubt to push to-
wards further research of new technological and tech-
nical solutions in various fields that involve materials 
of high degree of recycling as the corrugated card-
board exactly is. 

2. The modular system 

Papers and corrugated cardboard are not exactly ma-
terial for construction. Raw materials, as well as pro-
duction process, have a great influence on the final 
material performances. However, that does not mean 
that the main concepts of engineering cannot be ap-
plied in this case. To construct with the paradigm of 
reversibility, is one of the concepts taken in consid-
eration to face this research, which means facing the 
principles that make a practical fact the inversion of 
the constructive process: from production to divest-
ment to "the zero residual" according to the sustain-
able development. Considered as a possible equilib-
rium between resources and their environmental im-
pact. the better way to reach the objective of trans-
formation-adaptation and of the reversibility of the 
construction operations, is to dry assemble the con-

struction  without any nails, hill or other additives 
use. It is not of our objectives to create or to invent a 
new material that constitutes a real overcoming of the 
currently available alternatives, but rather a new way 
of using the potentialities of an already available ma-
terial, not only of product but also of process, and to 
combine them together. After several efforts and tri-
als to conceive an element composed of corrugated 
cardboard that could combine itself in a modular way 
creating a wall system as well as a cover and an attic, 
than do not reflect a simple large box, a prototype has 
been developed that resolved a great part of the prob-
lems related to the above cited constructive systems. 
The final configuration of the modular element is 
obtained from the juxtaposition of two corrugated 
cardboard sheets adequately folded in a U shape, ob-
taining in this way a carrying structure of a squared, 
quarry, closed and crushproof implementation, of 
equal sides of 25 cm, able to support a significant 
compression effort up to 461,4 Kg. This construction 
has zones that can hold lateral break-through and with 
bended moments, to absorb these effects. Their 
weight is around 863g and the block dimensions after 
its assemblage are of 50x50cm of plant and 40cm of 
height. This measures guaranty a precautionary de-
gree of stability. For static ends, the solidification of 
the elements occurs by "combination" and not by 
"cohesion". When exposed to water or to excessive 
humidity, the cardboard tends to soften as a result of 
the hydrogen links disintegration that are established 
during the fabrication process of the sheets. This dis-
advantage can be avoided, or at least attenuated using 
particular charges within the production process that 
makes the cardboard humid-resistant; or by applying 
to the cardboards already produced, films of polyam-
ide material. The application of these products, be-
yond improving the hygroscopic and impermeable 
property of the corrugated cardboard, they improve its 
resistance and rigidity. Moreover, the fire is not card-
board’s best friend. Therefore, to make our material 
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fireproof or at least try to delay its ignition, it is pos-
sible either to insert directly in the mill a particular 
type of charges, or to apply a fireproof paint that 
could result in more complicated recycling of the 
cardboard. 

3. Uses 
The structures that result from the assemblage of the 
modules in corrugated cardboard turn out to be light, 
resistant and quick to realize. The simple and easy 
transportation and use of these corrugated cardboard 
make the product  appropriate for demonstrations in 
fairs, expositions and most of all to each the main ob-
jective of this search and to build units for emergency 
habitations. The modularity of the system allows the 
creation of various raised and plant configurations, 
succeeding in constructing blocks of adaptable dimen-
sions to every type of space. The rapidity of assem-
bling all elements allows transporting them in single 
pieces, collecting the sheets in pile and consequently 
resulting in a remarkable increase of the cargo ability 
and therefore in a greater number of transportable ele-
ments. As a practical application, of this proposed sys-
tem, a series of demonstrative set-ups of prototype unit 
of inhabitation were made. As an immediate result, the 
attention has been turned to the emergency cases, that 
consist in the use of this system for setting-up emer-
gency shelters. In this way the times of realization will 
be lowered and albeit will be possible to transport 
greater number of inhabited units. The modular system 
allows the realization of structures that can be organi-
cally transformed and adapted in function of the user’s 
requirements and needs. These constructions can be 
taken apart and rebuilt many times until the total recy-
cling at the dismissing time. As to what concerns the 
lightings and the natural aeration, they are achieved 
through windows replacing some cardboard modules 
corrugated with others, the alveolar polypropylene, an 
impermeable and easy workable material is proposed 
in this case. 

4. Scope and expectations 
The final scope of this work is to achieve successfully 
structures fully composed of corrugated cardboard, 
avoiding environmental contamination and additive 
materials uses and resulting economic, sustainable 
and of low environmental impact. Structures that may 
be both temporary or permanent reflecting the follow-
ing characteristics: 
- the assemblage of the modules is done without any 
additives or particular fixing materials (glue, nail, and 
others...) 

- the strength of this structure is due to it form rather 
than the material of construction, it is resistant to-
wards the static stresses 

- the residence can be easily built, even an singular 
person can assemble it by simply reading the instruc-
tions 

- does not present constraints in the spaces character-
istics as the assemblage could be realized in a differ-
ent architecture as needed 

- allows enteric comfort performances such as the 
traditional material building 

- does not need any particular foundations 

- materials transportation presents an advantage of 1:3 
comparatively to the other available solutions 

The development of this research requires time and 
investments exactly as all the materials that have a 
main role in the construction fields. One of the most 
important objectives is to obtain through this re-
search, waterproof and fireproof cardboards from the 
initial productive cycle. All project considerations 
were developed taking in consideration that further 
research should be done on the static behaviour of 
these structures and the consequences due to extended 
exposition to sunlight and weather condition. 
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The construction industry is male dominated industry in UK. Women face numerous difficulties to entry in to the 
construction industry. This problematic nature of the construction work place and its impact on women entry into 
industry formed basis for a significant lower participation of women in the industry construction industry.. This pa-
per critically reviews the literature on whether industry culture affects women entering into the field and if so, how 
and why. 

Keywords: Barriers, Construction, Culture, Women. 
 

1. Women in construction 
The role of the women in employment is changing 
fast in most societies and as mentioned earlier in Brit-
ain women constitute just over half of the total work 
force. However as per the [1] it was revealed that 
women still constitute only 9% in construction sec-
tor.Women now comprise some 18% of the under-
graduates on construction related courses within the 
UK[2]. The UK construction industry is busier now 
than it has ever been for a decade and is suffering 
from skill shortage in both craft and manual trades 
such as bricklaying, plumbing and painting, and at the 
professional level, in engineering, quantity surveying 
and estimating[3]. [4] noted that construction work-
place has been described as amongst the most chau-
vinistic in the UK, with an extremely macho culture 
and hostile and discriminatory to women. In that con-
text this paper critically reviews the literature on 
whether industry culture affects women entering into 
the field and if so, how and why. 
 

2. Barriers faced by the women  
in entering and progressing  

in construction 
Within the number of studies detailing the position of 
women in construction, the studies related to prob-
lems faced by the women to enter and retain in the 
construction industry could be considered as impor-
tant.  It is mainly the barriers, which lead to a lower 
participation rate of women in construction.  There-
fore, it is vital to look into the problems faced by 
women entering into construction. There are several 
barriers for women entering and working in the con-
struction industry. From the literature survey the ma-
jor barriers have been identified as image of the in-

dustry, career knowledge, culture and working envi-
ronment, family commitments, male dominated train-
ing course, and recruitment practices .  
  

3. Construction organization culture 
Within organizational theory the concept of culture 
tends to be used in two distinct ways: firstly as some-
thing that an organization has, that can be construed 
as an independent variable; and secondly, as some-
thing an organization is, a root metaphor [5]. A    
number of writers [6] describe culture as having dif-
ferent layers. [7] envisages three levels of culture: 
first artifacts, which includes observable behavior and 
processes as well as physical objects; second, publicly 
espoused value such as mission statements and policy 
documents; and last the underlying assumptions 
which are rarely articulated and may conflict with 
espoused values and even with each other. Many 
companies with espoused “women friendly” policies 
may be exposed by women’s lack of progress com-
pared to their male colleagues, an artifact in [7] terms.  

 

4. Discussion 
Literature findings highlighted that construction com-
panies provide a patriarchal work place environment, 
where men resent women’s participation as profes-
sional equals [4].further, they highlighted that gender 
appears to be embedded within the practices and rela-
tionship that construction organization endorse, as the 
synergy of the exclusionary and discriminatory as-
pects of the industry’s subculture challenge women’s 
success and avert their participation. The cultural cre-
ate an orderly set of rules. They aim to remove cogni-
tive and behavioural dispositions, which deviate from 
the norm, and to ensure that employees adopt the or-
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ganization’s values as their own behaviour in pursuit 
of career goals [9]. In particularly, work hours and 
staff allocation were organized in an erratic and ad –
hoc manner, which had created difficulties for women 
with life-cycle restraints [10]. According to [4] reach-
ing powerful senior operational positions have proven 
particularly problematic for women, because in addi-
tion to socially excluding them, men appear to overtly 
attempt to undermine women’s contributions in an 
attempt to preserve their own positions. This provided 
the proven of cultural conflict exists between envi-
ronment offered by the construction workplace and 
women’s career needs expectations. [10] has high-
lighted competitive work environment as a reason, 
where mangers were in a contest for a limited number 
of promotional opportunities. Further, she identified 
that this situation had been intensified by companies 
continuing to appoint externally to middle manage-
ment positions, and by the removal of management 
levels in order to streamline organizational structures. 
This resulted in women being perceived as a threat, 
both in terms of promotional opportunities and to 
existing cultures [10]. This resentment was mani-
fested in overt discrimination and harassment and 
informal discriminatory mechanisms. These latter 
mechanisms included excluding women from out of 
work events, which offered career enhancing benefits. 

5. Conclusions 
This paper has provided a Critical review and analysis 
of literature on barriers, with particular focus on  in-
dustry cultural aspects affecting entry of women into 
construction industry. Culture of construction has 
been highlighted by many researchers as the one of 
the major barrier for women, beginning with difficul-
ties in joining the field of construction till capturing 
the top most position in the organisation’s hierarchy. 
Organisations’ recruitment practice is not fair for 
women’s progression in the industry.  Therefore this 
culture environment is problematic for women unless 
it changes such a way that their contribution is wel-
comed by the construction industry.  
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During recent years, traditional procurement procedures have been criticized for being outdated and unsuitable, due 
to the trend towards increased complexity, uncertainty and time pressure in construction projects. Thus many call for 
a change in order to achieve procurement procedures more compatible with project reality. The purpose of this paper 
is to compare an empirical investigation of Swedish construction clients’ recommendations regarding procurement 
procedures with another investigation regarding Swedish construction clients’ current procurement behaviour and 
discuss any discrepancies between these investigations. The empirical data shows large differences between pro-
curement recommendations and current behaviour. In an advisory situation, clients mostly recommend the estab-
lishment of relationships based on cooperation, instead of traditional “arm-length” relationships. The current pro-
curement procedures actually used, however, facilitate competition rather than cooperation. Hence, there seems to be 
a classical “Do as I say, don’t do as I do” situation.    
 
Key words: Partnering, procurement, cooperation, governance
. 
 

1. Introduction 
Traditionally, construction procurement decisions are 
often judgmental and subject to biases of the deci-
sion-maker [1]. It is however important that such de-
cisions are made logically, systematically, and in a 
disciplined manner [2], considering the nature and 
characteristics of the project. According to transaction 
cost theory (TCE) the transaction characteristics asset 
specificity, frequency/duration and uncertainty should 
determine how to procure and govern a certain trans-
action in order to facilitate efficiency.  
In many western countries the construction industry is 
often criticized for lack of cooperation, generating 
problems regarding both costs and quality [3]. During 
recent years the interest for more collaborative rela-
tionships, mostly referred to as partnering, has in-
creased as an alternative approach to traditional pro-
curement and project governance. However, so far the 
increased interest has not yet resulted in a broad 
adoption of the concept [4, 5]. In Sweden, the positive 
arguments for partnering are mostly raised by con-
struction contractors. Most people however agree that 
such changes should be initiated by clients through 
their procurement and project management processes. 
The purpose of this paper is threefold. First, to pre-
sent an empirical investigation of Swedish construc-
tion clients’ recommendations regarding procurement 
procedures in different project contexts in order to 
explore if a change towards more cooperative pro-
curement processes are called for by the clients them-
selves. Second, to present survey regarding Swedish 

construction clients’ current procurement behaviour 
in order to explore if a  
 
change towards more cooperative procurement can be 
identified. Third, it aims to compare clients’ recom-
mendations with current practices and discuss any 
discrepancies between them. 

2. Procurement’s effect on 
cooperation 

Construction projects mostly involve complex and cus-
tomized transactions with high frequency and/or long 
duration coupled with high uncertainty. From a TCE 
perspective, they should therefore be governed within a 
relationship focused on cooperation. A suitable balance 
between cooperation and competition is facilitated by 
proper procurement and governance [6]. The choices 
made during the procurement process will involve 
three different types of control; output, process and 
social control. Output control can be achieved through 
contractor specification of the product (design and 
build contract) and fixed price compensation, facilitat-
ing competition. Process control can be achieved 
through client specification of the product and reim-
bursement compensation. These procedures are more 
difficult to relate to either competition or cooperation 
but detailed design coupled with comprehensive moni-
toring is argued to be detrimental to cooperation [7]. 
Social control can be achieved through joint specifica-
tion, incentive based compensation and collaborative 
tools, facilitating cooperation. 
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3. Empirical results from Study 1 
In order to study how different project types and the 
actual set of other preconditions in connection to a 
project are affecting the contracting model a field 
survey was carried out by Toolanen [8] in Sweden. 32 
professional clients agreed to act as advisors in differ-
ent contracting situations. The respondents advise that 
traditional arm-length relationships are not very suit-
able in any project situation. High uncertainty, short 
lead times, lack of bidders, and high complexity and 
frequency further increase the need for cooperation. 
The advice therefore suggests that clients should es-
tablish cooperative relationships with contractors. 
Design-bid-build approaches were recommended only 
for slow, certain and simple projects and when there 
was risk for few bidders. In other situations design-
build contracts were considered more appropriate. 
The use of transparent remuneration forms including 
incentives (cooperation) were mostly recommended 
by the respondents in cases with complicated decision 
environment, while fixed prices were only considered 
suitable in slow, certain and simple projects. 

 
4. Empirical results from Study 2 

The quantitative data was collected through a survey 
sent to 104 Swedish construction client organizations 
which are members of a national construction client 
association (Byggherreforum). 87 responses were 
received, representing a response rate of 84 percent.  
In this study clients’ current procurement procedures 
were investigated. It was shown that the clients spec-
ify the product thoroughly (Design-bid-build) before 
they procure contractors based on fixed price. Joint 
specification and incentive based compensation are 
seldom used. Furthermore, collaborative tools, such 
as joint objectives, shared IT-database, joint project 
office and teambuilding, are not commonly used dur-
ing project duration.  

5. Conclusions 
In this paper clients’ advice regarding suitable degree 
of cooperation (Study 1) has been compared to cli-
ents’ current procurement procedures (Study 2). The 
empirical result of Study 2 shows that construction 
clients make choices during the buying process ren-
dering in governance forms that facilitate a focus on 
competition in the transaction relationships. These 
empirical results do not fit the recommendations of 
the respondents in Study 1. They recommend some 
degree of cooperation in all project contexts, arm-
length relationships are never considered most suit-
able. Additionally, increased complexity, uncertainty, 

frequency and short lead times further increase the 
need for cooperation. Hence, there seems to be a clas-
sical “Do as I say, don’t do as I do” situation. Accord-
ing to TCE, transaction relationships between con-
struction clients and contractors should have a higher 
focus on cooperation than on competition, due to high 
complexity/customization, long duration and high 
uncertainty. The cooperative advice given in Study 1 
therefore seems more suitable than the competitive 
behaviour observed in Study 2. 
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In spite of their importance, clients and main contractors seem unaware of that subcontractors can bring added 
value to the construction process. Due to competitive tendering procedures and the transactional focus the relation-
ships between main contractors and subcontractors are mostly adversarial, resulting in a lack of supply chain inte-
gration and collaboration, which is negative for value creation and innovation. The purpose of this paper is to inves-
tigate how construction clients’ procurement procedures regarding subcontractor selection and involvement affect 
value creation and innovation in construction projects. The tentative case study result shows that the client’s pro-
curement procedures affect the level of subcontractor involvement and integration, but that this does not necessarily 
results in increased subcontractor value creation and innovation in the construction process.    
 
Key words: Supply chain integration, partnering, procurement, subcontracting 
 
 
 

1. Introduction 
One prominent characteristic of the construction in-
dustry is the practice of subcontracting portions of a 
project to specialty contractors (subcontractors) by 
general (main) contractors [1]. Traditionally, the rela-
tionships between main contractors and subcontrac-
tors are often characterized as strained by conflict and 
mistrust, derived from traditional procurement proce-
dures based on price [2]. The lack of integration and 
collaboration between these actors is negative for 
innovation and value creation. Hence, to facilitate 
incremental improvements and innovation the skills 
of suppliers and subcontractors should be assessed 
and utilised through an integrated supply chain [3]. 
The purpose of this paper is to investigate how con-
struction clients’ procurement procedures regarding 
subcontractor selection and involvement affect value 
creation and innovation in construction projects. The 
empirical data has been collected in a case study re-
garding a construction project in Sweden. 
 

2. Innovation in construction 
One of the key notions within the construction inno-
vation literature is that successful innovation often 
requires effective cooperation, coordination and 
working relationships between the different parties 
involved in specific projects [4, 5]. Aspects of tradi-
tional and non-partnering procurement that can hinder 
the ability of subcontractors to innovate and contrib-
ute to innovation include the division of work, con-
tract conditions and allocation of risk.  

To address these problems and improve the potential 
for subcontractors to contribute to innovation there 
are several procurement aspects to consider. First, an 
extension of partnering relationships to subcontrac-
tors, that is, a broad partnering approach is recom-
mended. In addition, early involvement of subcon-
tractors can increase their motivation to propose and 
initiate innovations in particular projects [6]. The pos-
sibility of successful innovation is increased dramati-
cally when there is fair sharing of risk between parties 
and minimal contractual and statutory constraints to 
innovation [5]. In addition, construction contracts can 
also be designed on a win-win basis to include incen-
tives and rewards for all participants involved in in-
novation. To further increase the integration of differ-
ent actors and create a collaborative project climate 
“collaborative tools” should be utilised throughout the 
project duration [7].  
 

3. Case study 
A case study investigated how the client’s procure-
ment procedures affect subcontractor involvement 
and if and how such involvement affects value crea-
tion and innovation in a construction project. The 
case study regarded procurement and subsequent con-
struction of a plant for the manufacturing of pharma-
ceutical products in Sweden. The case study data was 
collected through interviews, case surveys to all par-
ticipants in the partnering team, document studies and 
also observation and participation in a large amount 
of meetings and workshops. The case study followed 
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an action research approach in which the first author 
served as an advisor/facilitator to the partnering team. 
The client used several techniques to integrate the 
different actors and create a collaborative project cli-
mate: a broad collaborative approach, early procure-
ment not based solely on lowest price, contracts based 
on joint profit sharing, suitable risk allocation and 
various collaborative tools. The participants argued 
that these techniques functioned rather well in this 
project and that they resulted in increased subcontrac-
tor involvement and integration. However, their in-
volvement only led to small improvements in their 
contributions to innovation. There are a few possible 
reasons for these results. First, it may be derived from 
the fact that the client failed to create a project cli-
mate that encouraged the actors towards innovation 
and continuous improvements. Second, subcontrac-
tors’ contribution to innovation depends to some ex-
tent on collaboration with consultants, which was 
somewhat problematic. Third, this increased integra-
tion enhances knowledge sharing and incremental 
learning which may be hard to utilize in the short-
term during the duration of a single project.  
 

4. Conclusions 
The empirical results show that the client can increase 
subcontractor involvement and integration by pur-
poseful procurement and project management proce-
dures, such as early procurement not based solely on 
lowest price, contracts based on joint profit sharing, 
suitable risk allocation and various collaborative 
tools. These procedures are often important parts of 
partnering processes but they often concern only cli-
ent and main contractor. In the case project, however, 
these processes also included important subcontrac-
tors through the client’s broad collaborative approach. 
However, this study also shows that involvement and 
integration can be beneficial in many ways but it does 
not necessarily result in increased innovation and 
value creation, which depend on many other factors. 
In the case project the actors failed to create a climate 
that encouraged innovation and continuous improve-
ments. Furthermore, relationships between design 
consultants and subcontractors need to be strength-
ened in order to increase subcontractor impact on 
design. By adopting a long-term perspective, how-
ever, the client can learn from these shortcomings and 
improve these aspects in future projects. It should 
also be beneficial to let project participants working 
together over a series of projects in order to reap the 
benefits of increased knowledge sharing and continu-
ous learning. In this way increased innovation and 
value creation can then be obtained through a long-
term perspective on subcontractor involvement and 
integration. 
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Payment systems in construction are always dealt with in isolation to the procurement system. Procurement ap-
proaches are changing to reflect the new climate of trust and co-operation. As a result there is a new need emerging 
that calls for a cash flow model that promotes integration and early project based planning considering the potential 
payment system. This is one of the fundamental principles behind the research of this paper. 
This research aims to investigate and make explicit the advantages of applying appropriate payment system by de-
veloping a decision support tool that links payment systems to the project plan. The proposed model has to be capa-
ble of analysing alternative payment mechanisms from a supply chain perspective. This will define the payment sys-
tem in terms of the four layers involved, namely “the process map”, “the supply chain”, “the pricing method” and 
“the payment method”.  This paper, as a result of this research, presents the principles of a decision support tool 
developed to assist industry practitioners to select the most appropriate payment system for given sets of project re-
quirements and characteristics. 
 

Keywords: Payment mechanisms, cash flow, construction process 
 
 

1. Introduction 
This paper aims to model payment systems for the 
UK construction industry and promote their use as 
performance enabling mechanisms.  Payment systems 
in this context relate to the processes by which con-
struction products and services are priced and paid 
for. The research will focus on approaches that will 
encourage best practice and help facilitate project 
stakeholder satisfaction. 

The proposed model aims to investigate and make 
explicit the advantages of applying appropriate pay-
ment system by developing a decision support tool 
that links payment systems to the project plan. This 
paper presents the proposed model which assist in-
dustry practitioners to select the most appropriate 
payment system for given sets of project requirements 
and characteristics. 

2. Research background 
The literature reviewed has shown that choosing the 
appropriate pricing and payment system can have a 
positive effect on the management and delivery of a 
building project and, ultimately, the quality of the fin-
ished building product.  Each system is appropriate for 
a specific project and client circumstance.  Even the 
traditional methods of the lump-sum and unit-price 
have their usefulness for the appropriate project and 
client circumstance such as when there is adequate 
information to produce a complete design, thereby, 
allowing proper contractor competition, reduce tender 

cost, easy assessment of interim valuations and varia-
tions for payment, and comparatively low final project 
cost and higher level of certainty that quality and func-
tionality standards will be attained (Masterman 2002, 
Smith 2002 and IChem 2003). 

Williams (1992), O'Reilly’s (1993), Potts (1995) and 
Smith (2002) have all categorised types of contracts 
by the types of payment systems. Contracts that spec-
ify ‘lump-sum’ and wholly ‘cost-reimbursable’ pay-
ment are acknowledged by IChemE (2003) to be the 
extremes of a wide range of forms of contract that 
provide for the allocation of risks and responsibilities 
between the contracting parties.  There is a variety of 
forms of payment which IChemE (2002) lists as: re-
imbursable cost-plus a percentage-fee; reimbursable 
cost-plus a fixed-fee; target cost (shared over-run 
and/or under-run); unit-rate (including re-measure 
guaranteed maximum price; lump-sum services and 
materials with reimbursable construction; lump-sum 
(i.e. wholly lump-sum) 

3. Process map 
The “process map” defines the products, services, 
management, design, engineering, and prefab & as-
sembly needed for a project. Having a process map 
enables the project team to agree on a common 
framework for managing and controlling a project in 
order to meet the client’s business needs.  

Many process maps have been developed to represent 
construction projects. Among the well known maps to 
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practitioners in the UK, there is the architect’s plan of 
work (RIBA 2000) and the Process Protocol (1998), 
which are adopted for this research to simulate a con-
struction project. Table 1 shows the main phases of a 
project as classified by the two maps. The developed 
model contains also details on  

4. Pricing and payment systems 
One of the main aims of this research is to develop an 
integrated project team cash flow model that would 
assist in realising Latham's vision of a less diputatious 
industry.. The model, at this stage, will use the proc-
ess maps discussed above and enable users to custom-
ize these maps depending on the conditions of the 
project. When the user is not familiar with the 
adopted maps, s/he can create a map which is most 
relevant to the project conditions. A full project pro-
gram will then be generated using a project manage-
ment tool. MSProject was linked to the developed 
model to simulate all relevant data required to obtain 
the necessary cash flow profile for the client, contrac-
tors, and all supply chain members. 

At this stage of the model development, three pay-
ment mechanisms were fully simulated; namely: the 
payment system for fixed price contracts, cost reim-
bursement contracts, and incentive contracts. The 
model is also able to simulate different payment 
methods within these payment mechanisms, namely: 
interim payment (e.g monthly payment), stage pay-
ment (when certain milestones are defined for pay-
ment), and mobilized advanced payment. 

The model has the ability to implement what-if analy-
sis by changing any data elements and finding out the 
effect on the output. Changes can be made for the 
cost/duration of any process in a project and also for 
any payment conditions such as payment delay, pay-
ment retention, and the amount of advanced payment. 
Therefore, the most suitable payment mechanism can 
be defined considering the project conditions.  

5. Conclusions 
The progress control and promote satisfaction. The 
construction indsutry suffers from a high level of 
bankruptcies and voluntary liquidations due to the 
problematic issue of cash management. The 
developed model for this research can help predict 
cash flow patterns in different payment mechanisms 
which may result in reducing bankruptcies, thus 
enhancing the quality of the personal and professional 
lives of those directly and indirectly involved.  Also a 
considerable number of disputes are linked to 
problems in payment, hence an integrated project 
team cash flow model would assist in less diputatious 

industry.  The model will be used by projects’ stake-
holders to forecast and plan their cash flow once a 
payment mechanism is defined. The model provides a 
decision aid tool for representing alternative payment 
mechanisms in addition to the financial output needed 
to support the practitioners’ assessments.  
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The White Paper ‘Creating an enabling environment for reconstruction and growth in the South African construction 
industry’ identified the need to improve performance relative to safety, health, environment, and quality (SHEQ) and 
proposed a range of interventions. The paper reviews the extent and effectiveness of SHEQ education and training in 
construction management programmes at Universities of Technology.  The findings indicate that curricula do not 
adequately address SHEQ, educators are not familiar with SHEQ related issues or needs of industry, and industry 
co-operative education role players do not focus on SHEQ during experiential training.    

Keywords: safety, health, environment, quality, construction management, education, training. 
 
 

1. Introduction  
Arguably the four aspects of a construction project 
that require the attention of any construction or con-
struction project manager are construction safety, 
health, environment and quality (SHEQ).  Given that 
people are the most important resource and their 
health and well being are important in terms of corpo-
rate social responsibility and their ability to work, 
then health and safety (H&S) are critical. With re-
spect to the environment, activities relative to and 
their impact thereon, are regulated by a plethora of 
environmental legislation. Furthermore, many H&S 
and environmental issues are interrelated.  Quality, 
which is generally defined as “conformance to re-
quirements”, is a traditional project parameter.  How-
ever, conformance to requirements includes H&S and 
environmental requirements.  Furthermore, rework, 
which arises from non-conformance to requirements 
impacts on the environment as a result of the disposal 
of solid waste to landfill sites. The paper investigates 
the delivery of SHEQ education and training by Uni-
versities of Technology. 
 

2. Review of the literature  
The Department of Public Works [1] cites inter alia, 
the following as the key approaches towards enhanc-
ing industry performance: quality and productivity 
improvement programmes; procurement-related 
measures to promote H&S and environmental protec-
tion, and the establishment of best-practice perform-
ance standards, partnering and participative manage-
ment techniques. Smallwood [2] surveyed general 
contractors (GCs) and members of the former South 
African Institute of Building (SAIB) to determine the 
extent to which construction managers (CMs) should 

be familiar with 75 subject areas. The SHEQ related 
findings in terms of rankings and mean percentage 
affirmative responses were: quality management was 
ranked joint first (98.9%), H&S was ranked joint fifth 
(97.2%), and environmental issues were ranked forty-
fifth (72.7%).  Given that the mean affirmative re-
sponses were above 50%, CMs should be familiar 
with SHEQ subject areas. Anderson [3] attributes the 
non-improvement in the UK construction industry 
accident rate to seven factors, inter alia, lack of edu-
cation and training. Anderson maintains that man-
agement education and training, particularly that pro-
vided by tertiary institutions, “fails to give the neces-
sary emphasis to the subject, and those new to the 
industry have to fall back on ‘learning on the job’ as 
opposed to gaining experience on the job.”  
Smallwood and Haupt [4] advocate a paradigm shift 
relative to the status of H&S, namely from the view 
of H&S as a priority to the view of H&S as a value, 
as values remain constant whereas priorities change. 
Furthermore, they argue that H&S education will 
have a direct impact in the form of an improved H&S 
culture. Smallwood [5] investigated GC perceptions 
and practices relative to the environment in the Cape 
Peninsula, South Africa.  Based upon the practices 
and the frequency thereof, he concluded that all terti-
ary built environment programmes should address the 
environment. A further study conducted among GCs 
in South Africa by Smallwood [6] investigated the 
extent to which twenty-one agencies could improve 
or contribute to an improvement in quality perform-
ance. Management commitment predominated, fol-
lowed by training, and education.  However, educa-
tion and training are a pre-requisite for awareness, 
which in turn is a pre-requisite for management 
commitment. 
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3. Research 
The sample stratum consisted of the Heads of De-
partments of Building at twelve Universities of Tech-
nology.  The survey was conducted by means of a 
questionnaire circulated electronically, and then per 
facsimile. Despite the aforementioned and subsequent 
follow-up telephonic requests only six responses were 
received, which equates to a response rate of 50%. 

The traditional project parameters of cost, quality and 
time are more important than project safety, which is 
followed by public H&S, environment, and project 
health in descending order of importance to the De-
partments of Building. The ND Building and BTech 
(Construction Management) programmes generally 
address quality, project safety and public H&S more 
than project health and the environment. Generally, 
project safety, project health, and quality are ad-
dressed more as a module in the subject Construction 
Management programmes, than the environment.  
Project safety and quality are refered to substantially 
more frequently than project health and the environ-
ment in terms of reference thereto in other modules / 
subjects.  However, neither of the SHEQ components 
is afforded subject status.  In general, lecturing staff 
are perceived to be more familiar with project safety 
and quality, than project health and the environment. 
The lesser status afforded project health and the envi-
ronment is acknowledged in terms of the perceived 
need to focus more on project health and the envi-
ronment in both the ND Building and BTech (Con-
struction Management) programmes.  However, there 
is also a perceived need for more focus by industry 
relative to all the components of SHEQ, but more so 
relative to health and the environment. Although the 
BTech (Construction Management) programme ad-
dresses the integration of SHEQ more than the ND 
building programme, the level of integration is inade-
quate. This is possibly attributable to the lesser extent 
to which project health and the environment are ad-
dressed.  The industry is perceived as focusing more 
on safety and quality during post diploma / post 
graduate training, than on health and the environment.  
Therefore, the following can be concluded:  safety 
and quality are more important than health and the 
environment to both Universities of Technology and 
the industry; the lecturing staff at Universities of 
Technology, and industry practitioners are less famil-
iar with health and the environment, than safety and 
quality.  There is a need for lecturing staff to be edu-
cated in SHEQ, especially health and the environ-
ment.  Similarly, industry practitioners need to be 
empowered through continuing professional devel-
opment (CPD); the extent to which health and the 
environment is addressed at Universities of Technol-
ogy is inadequate; Universities of Technology con-

tribute to the perpetuation of the passé paradigm of 
cost, quality and time being the primary, or sole pro-
ject parameters, and Universities of Technology ac-
knowledge the SHEQ related shortcomings in their 
programmes. 
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The present study has the objective of evaluating the maturity level of workers of the civil construction sector 
through a case study carried out in a construction site in the city of Florianopolis - Brazil. A bibliographic review 
was conducted followed by the design of questionnaire, aimed to the preparation of interviews with workers and 
their supervisors. Among the main conclusions of this study it was found that: (a) there is a big degree of variability 
between the workers in terms of maturity; (b) the site manager has a central role in the development of the maturity 
of workers, and for this reason he must have a position of leadership and more qualification; and (c) there is a po-
tential application of situational leadership in the construction site due to the big variability of maturity found in the 
site under analysis. 

Keywords: Maturity, Situational Leadership, productivity.
  

1. Introduction 
The construction sector is the option for who doesn’t 
obtain another work. Generally, these workers believe 
that an informal learning is sufficient for the kind and 
quality of work done. In spite of knowing the workers 
deficiencies, this situation is reinforced by companies 
that don’t demand qualification neither educational 
level in the moment of employ [1]. The low educa-
tional level and deficient qualification are generally 
pointed as a cause of low productivity and high indi-
ces of losses and reworks on construction activities. 
There is an increasing preoccupation in localize and 
conserve good workers, because the number of work-
ers without qualification have increased on the last 
years. Notwithstanding, this workers are not trained 
to execute their activities. They learn the profession 
by means of observing the skilled workers [2]. In this 
context, the present paper pursuit to evaluate the 
workers maturity level of a construction company, in 
agreement of the level classification proposed in the 
Situational Leadership Theory of Hersey and Blanch-
ard [3], in order to assist the development of the ma-
turity level of the workers. 

2. Situational leadership  
Hersey and Blanchard [3] presents the Situational 
Leadership Theory, about leadership effectiveness 
synthesizing the humanistic theories. Blanchard and 
Hersey characterized leadership style in terms of the 
amount of direction and support that the leader pro-
vides to the followers. They categorized all leadership 
styles into four behavior types, which they named S1 
to S4 (Directing, Coaching, Supporting and Delegat-
ing). Of these, no one style is considered optimal or 

desired for all leaders. Effective leaders need to be 
flexible and adapt themselves according to the situa-
tion. The right leadership style will depend on the 
follower, in accordance to maturity level, based on 
the competence and commitment of the followers, 
named M1 to M4 (Low Competence and High Com-
mitment; Some Competence and Low Commitment; 
High Competence and Variable Commitment; High 
Competence and High Commitment ). Maturity levels 
are also situational. Blanchard and Hersey said that 
the leadership style (S1 - S4) of the leader must corre-
spond to the maturity level (M1 - M4) of the follower. 
Furthermore it is the leader who must adapt, not the 
follower. To get the most of situational leadership, a 
leader should be trained in how to operate effectively 
in various leadership styles, and how to determine the 
maturity level of others. 

3. Research method  
This item represents the path followed during the reali-
zation of this research. According to Yin [4], the de-
velopment of the method is the best tactics to increase 
the confidence in the research, having the objective of 
guiding the researcher during his work. The strategy 
used in this work consisted in a case study with quanti-
tative approach, descriptive/exploratory study, realized 
in a construction site in the city of Florianópolis, cho-
sen to take part in research projects by GestCon – Ad-
ministration of Construction Group of UFSC. With the 
aim of achieving the proposed objectives, the work was 
divided into three phases: 

(Phase A) Bibliographic revision of the literature and 
creation of a questionnaire to define the structure of 
the interviews; 
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(Phase B) Case study that was structured in three 
stages: 

Random selection of workers in the site and struc-
tured interview with each of them; 

Structured interview with the supervisor (site man-
ager or engineer) of the workers interviewed in the 
previous stage (1), with the aim of identifying the 
leadership style utilized with every worker. 

Application of the Form for Evaluation of the Man-
ager in accordance with Hambleton et al.  apud Her-
sey and Blanchard [3]; 

 (Phase C) Evaluation and discussion of the results. 

4. Results 
Ten functionaries of the firm were interviewed, one 
site manager, one carpenter, four brick layers and four 
brick layer helpers. The results show that the school-
ing level of the functionaries of this firm is low. 
Among the interviewed workers, 30% studied up to 
the 4th series and 70% covered the studies completing 
between the 5th to the 8th series. Nobody managed to 
start the high school. It can be observed that, gener-
ally, the younger functionaries have a higher school-
ing level. However, due to their young age, they do 
not have a lot of experience in the area, usually occu-
pying the role of helper. It is also possible to observe 
a great variability of time of employment, which has a 
direct connection with the age of the workers. This 
shows that the sampled workers started to work in the 
construction sector at around the age of twenty, re-
maining in this field until now. The maturity of each 
functionary was evaluated by his supervisor. The site 
manager assessed the carpenter, the helpers and the 
brick layers. His evaluation was then performed by a 
construction technician that works directly with him. 
An interview was also carried out with the functionar-
ies, based upon a questionnaire, aimed at identifying 
their maturity. Is possible to observe that the func-
tionaries evaluated show different levels of maturity, 
varying from low to moderately high (M1 and M3). 
Functionaries with high level of maturity (M4) were 
not identified, except for the evaluation of the site 
manager. However, it was verified that the site man-
ager utilizes only the leadership style S2, that is, seri-
ous job and serious relationship. Acting like this, he 
obtains good results, once that S2 is an intermediate 
style between S1 and S2. However there is a tendency 
to prevent the evolution of workers with higher ma-
turity. These facts demonstrate the application poten-
tial of Situational Leadership in civil construction 
with the intention of developing of the maturity of the 
workers. A certain amount of discrepancy can be ob-
served in comparing the evaluation obtained through 
structured interview with the evaluation performed by 

the site manager that, in most cases, evaluates the 
workers in higher levels compared to the previous 
evaluation. Possibly personal relations of friendship 
and esteem or even accidental existing conflict may 
cause distortions in the evaluation carried out by the 
site manager. 

5. Conclusion 
Through this research it was found that a big variabil-
ity of maturity exists among the construction workers 
studied, varying from M1 to M3 according to the 
classification of Hersey and Blanchard in Situational 
Leadership. The leadership style utilized by the site 
manager is always of S2 (presenting high degree of 
leadership and high degree of support). It was not 
observed any action of the site manager aimed at the 
development of maturity of the workers. The site 
manager presents a schooling level very low. In a 
general way it can be said that: (a) there is a big vari-
ability of maturity among the workers studied; (b) the 
site manager performs an essential function for the 
development of the maturity of the workers, for this 
reason he must have a leading profile and higher 
qualification; (c) it is necessary to raise the degree of 
schooling and offer qualified training to the workers 
of civil construction; and (d) there is a potential of 
application of situational leadership in the construc-
tion site due to the  big variability of maturity found. 
Thus, future studies about this topic are going to be of 
great value with respect to the contribution and sug-
gestion of creative ideas to the introduction of Situ-
ational Leadership in construction sites. 
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This paper introduces a research project entitled Sustained Competitiveness in the UK Construction Industry. The 
project's aim is to develop and implement an integrated strategy that supports sustained, innovation-based competi-
tiveness. To achieve this, future Construction Industry trends are being identified together with an investigation of 
the construction industry's structure. To model the interconnectivities between the structure and these trends, it has 
been proposed to use a modelling technique called System Dynamics. The purpose of this paper is to provide a his-
torical background to the development of System Dynamics in order to raise awareness of this technique and the 
appropriateness of its application to construction.   
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1. Introduction 
This paper introduces a research project entitled, Sus-
tained Competitiveness in the UK Construction Sec-
tor: a Fresh Perspective and also provides a historical 
perspective to a modelling technique called System 
Dynamics that has been selected for use on the pro-
ject. The project is being undertaken by the IMRC 
research centres at the University of Salford, the Uni-
versity of Loughborough and the University of Read-
ing. Currently research is being undertaken to explore 
future industry trends and how these inter-relate with 
each other and with the structure of the Construction 
Industry. This will enable future scenarios to be de-
veloped and considered in relation to the current 
competitiveness context. For example, in recent years 
there has been a structural shift within the industry to 
move towards management and coordination func-
tions [1]. It could be concluded that this move to-
wards service provision has impacted the technologi-
cal skills base of the sector. This shift has occurred 
within the industry and is affecting its internal struc-
ture. The Industry is also changing to embrace exter-
nal factors such as the requirements of the future 
needs of the UK economy and society at large that 
were first introduced in 1999 in the HM Govern-
ment’s Sustainable Development Strategy [1]. The 
themes introduced in this document have recently 
been updated in the Securing the Future (2005) report 
[3]. In this report, Tony Blair states, “Make the wrong 
choices now and future generations will live with a 
changed climate, depleted resources and without the 
green space and biodiversity that contribute both to 

our standard of living and our quality of life. Each of 
us needs to make the right choices to secure a future 
that is fairer, where we can all live within our envi-
ronmental limits. That means sustainable develop-
ment.” Therefore, in order to sustain its competitive-
ness, the Construction Industry requires a sustainable 
environment in which to operate.     

2. Introducing system dynamics 
 
In order to understand the internal interconnectivities 
within the industry and the external interconnectivities 
between the industry and its environment and how 
these inter-relate a methodology exists called System 
Dynamics, which enables systemic interconnectivity to 
be modelled and analysed. System Dynamics has been 
selected as a modelling technique for this project, due 
to its capability to model systems with the purpose of 
improving behavioural understanding of the system. 
The Construction Industry and its wider environment 
are considered to be complex in terms of their compo-
nents and inter-relationships. System Dynamics offers 
a technique that models these components and inter-
relationships in a methodological rather than intuitive 
fashion. The early methodological phases of System 
Dynamics modelling share similarities with case study 
methodology. Initially they both gather and organise 
information from the actual case. However the case 
study leaves the information in a descriptive form 
whereas System Dynamics takes the information and 
simulates it to reveal the variety of dynamic behaviours 
that result from different policy choices. 
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System Dynamics is described by Runge [4] as the 
“Science and Engineering of Dynamic Systems”. It is 
a science in that it strives for increased understanding 
of the relationships between structure, parameters and 
behaviour of dynamic systems.  It is engineering in 
that it strives for greater control or management of 
dynamic systems.  
The System Dynamics modelling technique was devel-
oped by Professor Jay Forrester of The Sloan School of 
Management. During discussions with GEC regarding 
demand and supply fluctuations, Forrester started to 
use pen and paper to simulate these discussions in 
terms of inventories, employees and orders. This sys-
tem enabled decisions to be made on how many people 
to employ in the following week, thus allowing a new 
condition of employment inventories and production. 
These simulations indicated that the potential for insta-
bility within a system was often internally determined. 
Even with a steady flow of incoming orders employ-
ment instability could occur as a result of the policies 
affecting decision making. Forrester commented, “that 
first inventory control system with pencil and paper 
simulation was the beginning of System Dynamics” [5] 
and was outlined in Industrial Dynamics [6] which was 
perhaps the first text to outline the philosophy, the 
mathematics and the computer modeling that was re-
quired in order to take a new and pragmatic approach 
to the management of social systems. Forrester pre-
sented Industrial Dynamics as a “way of studying the 
behaviour of industrial systems to show how policies, 
decisions and structures are interrelated to influence 
growth and stability” and ultimately, “how information 
and policy determine the character of an organisation.” 
The work proposed integrating the previously separate 
management functions of marketing, research, invest-
ment, personnel, production and accounting in order to 
refocus organisational activity towards the fundamental 
areas of money, orders, materials, personnel and capital 
equipment. These five flows are integrated by an in-
formation network.  
The work was made possible by advances that had 
occurred in the twenty years prior to publication. For-
rester considered these advances to be: 

• The development and the advancement in the 
theory of information feedback systems. 

• The fact that decision making had been studied 
and investigated in the context of military tactics. 

• The fact that the experimental model approach to 
designing complex engineering and military sys-
tems can be now applied to social systems. 

• The digital computer. 

Whilst working at MIT Forrester considered the dy-
namics of urban environments that led to Urban Dy-
namics [7]. The scope broadened for the next study, 

in his 1971 work called “World Dynamics” [8], in 
which exponential growth was considered in relation 
to five major trends: Accelerating industrialisation, 
Rapid population growth, Widespread malnutrition, 
Depletion of non renewable resources, Deteriorating 
environment. This work was one of the key influ-
ences of the Limits to Growth [9] project that was 
initiated by the Club of Rome.  

 
3. Conclusion 

 
This paper has presented a brief background to the 
modelling technique that is System Dynamics in or-
der to stimulate discussion and debate as to the appli-
cations this technique may have for the Construction 
Industry. It is felt that the technique is appropriate for 
modelling construction as it is particularly adept at 
modelling complex entities. For the Sustained Com-
petitiveness in UK Construction project, the tech-
nique will be capable of modelling and simulating the 
trends and structural factors that are identified to pro-
duce scenarios. These scenarios will provide an in-
sight into the Construction Industry’s behaviour to 
enable key policy makers to review existing policies 
and determine appropriate policies for future imple-
mentation.  
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Construction projects, especially those located in the UK public sector, are effected best when consideration is given 
to the needs of project stakeholders and those needs are incorporated into the construction project management 
processes.  Stakeholders are recognised within the project implementation plans developed by project managers for 
the delivery of large infrastructure projects funded jointly by the public and private sector.  The thesis of this paper 
is that similar approaches are especially needed for smaller scale projects that are situated in the public or quasi 
public sector of the UK economy. 
An initial conceptual model is determined that can be used to shape and collect qualitative data from the field.  The 
case for a focused exploration of stakeholder management practices is made that are related to a number of case 
study projects drawn from NHS healthcare projects.  It is posited that such a study would allow a robust framework 
to be developed that practitioners would use to aid their decision making. 
 

Keywords  Stakeholder management, success factors, construction project management 
 

1.  Introduction 
The formula to ensure success in construction project 
delivery processes includes the identification and sat-
isfaction of all success criteria.  Such criteria need to 
be established following the involvement of client 
organisations and other project stakeholders.  It there-
fore follows that construction project managers need 
to adopt effective strategies to manage project stake-
holders as well as other project processes related to 
time, cost, quality, sustainability and safety in order 
to effect project success.  The established theoretical 
approaches to project stakeholder management are 
examined and they are placed in the context of actual 
stakeholder management practice in the UK construc-
tion industry so as to identify factors that need to be 
given particular emphasis.   

A review of literature related to stakeholder manage-
ment processes, project success criteria and the PFI 
procurement processes related to NHS healthcare 
projects is undertaken. This analysis allowed a con-
ceptual model to be developed that is able to guide 
the collection and analysis of data collected from the 
field. 

2. Research background 
Stakeholders can be defined as “individuals, or or-
ganisations, who are positively engaged in a project, 
or whose interests may be positively or negatively 
affected as a result of project execution or  

successful project completion”, (PMI, 1996).  Such 
broad definitions indicate that construction projects 
can be affected by or can affect a range of direct and 
indirect project participants and as a result project 

managers must devise strategies that will ensure that 
their projects are delivered as successfully as possi-
ble.  Winch (2002) sets out the key elements of such a 
strategy as being, stakeholder classification, stake-
holder identification, stakeholder mapping and analy-
sis. Mitchell et al (1997) suggested that project stake-
holders could be classified as primary or secondary, 
as owners or non-owners, as owners of capital or less 
tangible assets, as actors or those acted upon.   

Whereas Hobbs and Dawood (2000) offered a classi-
fication that used direct and indirect as the key terms 
for differing types of project participants.  Similarly 
Winch (2002) used terms such as internal and exter-
nal for classifying differing types of stakeholders. The 
literature is far from agreed on just what should be the 
optimum classification and identification system for 
construction project stakeholders and so an explora-
tory study with project stakeholders engaged with a 
PFI Healthcare project would provide an opportunity 
to explore the classification and identification system 
that is grounded in current practice.   

Newcombe (2003), and Winch (2002) both suggest 
that stakeholder mapping tools are useful for the sub-
sequent management of project stakeholders.  They 
assert that a matrix of power and interest and /or 
power/predictability provides a basis upon which the 
previously identified and classified stakeholders in 
any project scenario could be mapped, analysed and 
subsequently managed.  The suggested matrix con-
sists of two dimensions, namely, (i) the power of the 
stakeholders to influence the project and (ii) the level 
of interest that the stakeholder has in that project 
situation.   
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3. Conceptual model development 
Mitchelle et al (1997) assert that stakeholder man-
agement approaches can be either ‘firm centred’ or 
‘system centred’.   This approach sees stakeholder 
management as a means of value creation and hence 
as a process by which an organisation could generate 
improved financial and other non-tangible assets 
which can then be used for competitive advantage. 
Cleland (1994) addressed the issue of stakeholder 
management and developed a management process 
that had at its core the key management aspects of 
planning, organising, motivating, directing, and con-
trolling the resources to cope with external project 
stakeholders competing demands. Actual practice on 
the ground needs to be explored to develop robust 
approaches that practitioners could use to enhance the 
potential of project stakeholders.  

 

4. Conclusions 
Conceptual models of stakeholder management had 
been considered in work reported by Freeman (1994).  
This work offered a framework based on empirical 
models of stakeholder management practice. This 
initial framework was refined by the work of Berman 
et al (1999) who made the case for a conceptual 
model of stakeholder management to be developed. 
This is a major difference between the conceptual 
models advanced in business focused industries 
which place emphasis on project related profits alone 
as it is posited that such an approach in a construction 
context would jeopardise the achievement of optimal 
project success levels.  It is further asserted that this 
approach is particularly necessary for construction 
related projects drawn from the public purse, such as 
projects related to healthcare facilities provided via a 
PPP procurement approach. 

The conceptual model is based on the need for project 
managers to delver projects for Healthcare facilities 
in the UK. The model reflects the differing phases of 
a project’s lifecycle and shows the need to continual 
inter-action in terms of reference to the needs of pro-
ject stakeholders and their impact on the already es-
tablished project success criteria across the differing 
phases of the project delivery lifecycle.  The literature 
reviewed above indicated that in terms of stakeholder 
management there were three main elements that 
needed to be taken into account, namely, the identifi-
cation, classification and mapping of all stakeholders 
especially those classified as belonging to the ‘key 
player’ category. The more significant parts of the 
conceptual model need to be confirmed and further 
refined following the administration of an effective 
research design. 
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Today, there are projects under construction in Japan wherein parties that are employed in a support role by the 
clients which are neither architects nor contractors. In a number of researches done on clients, including this study, 
we try to establish a new construction production system that is adapted to the changing attitudes of clients. In this 
study, we have organized the process of construction production from the clients’ point of view, and compared the 
process with the traditional “briefing-design-build” process which is regarded as general common practice. We 
analyze case examples using a method of mathematical sociology to organize the process of construction production 
from the clients’ point of view. As a result of this analysis, we have shown that the division points of the process from 
the clients’ point of view are different from those of the perspective usually adopted. 
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1. Introduction  
Today, more and more clients employ parties in a 
support role in construction project coordination in 
Japan. In the past, architects or contractors have per-
formed the tasks, in addition to basic services. Today, 
however, most of these tasks are now performed by 
the other parties. This is because of the increase in 
complaints arising from clients about usual construc-
tion project coordination, with the emphasis being on 
financial efficiency and their cut in personnel and 
aggressive outsourcing. However, there are many 
kinds of consulting services, and there is no scope or 
set of parameters for these services. In order to sys-
temize these consulting services and deal with the 
clients’ complaints effectively, the process of con-
struction production needs to be reconsidered from 
the clients’ point of view.  

In previous studies, the clients’ consciousness of the 
tasks performed by contractors are identified [1], the 
relationship between the change of the clients’ con-
sciousness and an increase in construction management 
is described [2], the original components of project 
management and construction management are ex-
plained [3], the components of the briefing and each 
role of a particular party within the process of the brief-
ing are described [4]. Thus, the various issues involved 
in the tasks of the clients are argued. However,  study 
on the structure of the clients’ tasks analyzed in detail 
through focusing on the clients’ tasks and processes 
involved in such tasks has not been done. 

This study focuses on the following aspects: 

• The tasks of the clients are organized, and the 
method for analyzing them is suggested. 

• Case examples are analyzed and the process of 
construction production from the clients’ point of 
view is adopted. 

• In the process of construction production from 
the clients’ perspective, the workflow of the cli-
ents and the division points of the process are 
identified. 

• The division points of the process from the cli-
ents’ point of view are compared with the divi-
sion points traditionally observed. 

2. Identification and structuring of the 
clients’ view 

The client’s tasks are identified in reference to the 
documents pertaining to project management [5]. Any 
tasks that are performed for a specific construction 
projects are added then compared with the 1206th 
ministerial announcement [6] and confirmed by the 
practitioner, finally, the 133 tasks are identified. The 
tasks are structured by ISM (Interpretive Structural 
Modeling) developed by Warfield [7]. Using this 
method, the processes of the tasks are identified. 

3. The division points in each building 
use 

In this study, the projects are categorized into “busi-
ness use” and “personal use” based on the buildings 
function. In the projects designed for personal use, 
the tasks relating to the decisions made, in terms of 
the direction of the projects, are identified as the divi-
sion points. In the projects designed for business use, 
early securement of feasibility of the business and the 
client’s authorization depending on the degree, are 
needed. 
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4. The division points in each  
character of the clients 

Projects are categorized into “Self-PM” and “PM-
outsourcing” based on the characteristics of the cli-
ents’ selected preferences. In projects which involve 
“PM-outsourcing”, there are fewer tasks for the cli-
ents to perform, but these tasks indicate the phases 
which make it difficult to complete the purpose of a 
project without the clients, or they have to take re-
sponsibility pertaining to decision-making. 

5. The process from the clients’ point 
of view 

5.1 Phase (1): Planning of the business 
scheme 

In this phase, clients confirm the purpose and concept 
of the business, and plan a general business scheme.  
Through this phase, the clients focus on their consen-
sus building of the project in-house. On the one hand, 
the contractors focus on arranging given conditions 
for basic designing.  

5.2 Phase (2): Confirmation of the business 
scheme 

In this phase, the clients adjust accordingly to realize 
the business scheme, and confirm the business plan 
with the other participants. They focus on their deci-
sion to implement the project in-house. Conversely, 
the contractors focus on confirming given conditions 
for basic designing. 

5.3 Phase (3): Documentation of the business 
scheme 

In this phase, the confirmed business scheme is or-
ganized with the conditions of design taken from a 
technical perspective, and is presented to the archi-
tects. The division points of this phase change de-
pending on the focus of their confirmation, reconsid-
erations, or decisions. On the one hand, the contrac-
tors focus their attention on the creation of drawings 
and specifications. 

5.4 Phase (4): Convert to cost information of 
the business scheme 

In this phase, the documented business scheme is 
converted to cost information such as construction 
cost, business cost, and business revenue. It is impor-
tant for the clients that the specifications detailed and 
the quality of the drawings and specifications stay 
within the budget parameters, including operation and 
maintenance costs. On the one hand, the contactors 
are primarily responsible for the preparation before 
starting construction after the execution drawings and 
specifications are created.  

6. Conclusions 
In this study, the clients’ tasks are organized and 
identified as a total of 133 tasks, and the method of 
structuring them by ISM is suggested. Next, by this 
method, the division points of the process of con-
struction production from the clients’ perspective are 
identified. Finally, the phases caused by the division 
points are compared with those traditionally ob-
served, and the process of construction production is 
reconsidered from the clients’ point of view. 

The future goals of this study are as follows: 

• The clients’ tasks have to be organized in the 
new business scheme, including the securitiza-
tion of the business regarding development types 
or PFI business. 

• The processes of construction stage and mainte-
nance stage have to be analyzed. 

• Reconsideration of the tasks done by contractors, 
and organization of the services utilized in sup-
port of the clients are needed. 
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In this paper we present a decision model to address risks in real estate development in a simple and efficient man-
ner. The decision model can be seen as a first step in the decision-making process to assess risks and to structure the 
use of more sophisticated, quantitative risk analysis techniques. The novelty of the decision model is based on the 
use of generic knowledge of the real estate development process that is translated into a set of decision moments, 
decision items, decision rules, decision criteria, and decision hierarchy. These basic ingredients of the model can be 
made specific for each organization based on their specific risk attitude, risk capacity and risk strategies. A case-
based example illustrates the working of the decision model and its implications and limitations. 

Keywords: risk management, decision model, real estate development, case study. 

In the field of real estate development the need for risk 
management is widely acknowledged, but the applica-
tion of existing risk analysis techniques is limited. The 
arguments given against the application of risk man-
agement are, inter alia, a lack of expertise, inadequate 
knowledge of risk analysis techniques, lack of time and 
a lack of understanding of potential benefits [1]. This 
paper presents a risk decision model from a construc-
tive approach that elevates some of the limitations of 
the traditional, engineering techniques.  

1. Risk management  
Two basic assumptions with regard to risk manage-
ment are made. In the first place, risk is considered to 
be a subjectively measurable concept and therefore a 
‘constructively simple’ approach to estimating is sug-
gested. Such an approach implies that decision-
making is an iterative process, ‘starting out with a 
perspective that is transparent and simple, but which 
goes into more detail in later passes to the extent that 
this is useful’ [2]. Moreover, risk is considered to be a 
social construct, which implies that risk is a conse-
quence of a decision [3]. In other words, a risk is in-
separable from a risk-taker or decision-maker and the 
magnitude of the perceived risk is related to the risk 
capacity of an organization and the risk attitude of a 
decision maker.  

2. Real estate development  
Regarding the real estate development process, the 
decisions that are to be made are to a large extent 
generic. The decision moments correspond with the 
gates between the phases in a development process. 
Phases divide the development process in sequentially 
following time periods during which functional proc-
esses are carried out simultaneously. A functional 
process is a group of activities aimed at accomplish-
ing a certain necessary aspect of a real estate devel-
opment, such as land acquisition, planning applica-

tion, design and construction, marketing and sales, 
and financing. These processes are generally known 
from experience and the repetitive character of the 
development process. As the risks of a real estate de-
velopment relate either to the autonomous activities 
or to the interdependency of the functional processes, 
the risks are also to a large extent generic. At the 
gates it is important to evaluate each of the activities 
as well as to tune the interdependent processes in or-
der to control the risks. 

3. Risk decision model  
Following the idea that a risk is a consequence of a 
decision and the generality of the decision problems 
and the risks in real estate development, it is possible 
to determine the level of risk that is acceptable in ad-
vance of a decision. This so-called preliminary risk 
response can be defined as decision criteria in terms 
of preliminary results. This line of thinking is oppo-
site to the traditional approach in which first a risk 
analysis is made and subsequently is decided on the 
risk response. The risk decision model is based on the 
idea that the generic tacit knowledge on real estate 
development can be made explicit in a framework of 
decision moments, decision items or risks, and deci-
sion criteria. The model is completed with a set of 
decision rules, similar to a traffic light procedure, and 
a decision hierarchy, which should guide the deci-
sion-maker in the decision-making process. The func-
tions of the ingredients are: 

(a) Decision moments: a decision moment, or gate, is 
defined as a ‘project review point’ [4]. The deci-
sion moments are an essential part of the decision 
model as the decision items and the decision crite-
ria depend on the decision moment. The amount 
of decision moments depends on the risk strategy 
of an organization. A large number of decision 
moments means that a project is frequently evalu-
ated implying a high level of control. 
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(b) Decision items: a decision item is a key risk in the 
development process. A key risk is a risk of which 
is known by experience that it might have either a 
high probability or major consequences. A deci-
sion maker must reckon with these risks and de-
termine whether in a particular project it is a high 
risk and to what extent it can be controlled. To de-
termine the acceptability of a risk, the decision 
criteria and decision rules are used. In the meta-
phor of the traffic light process a decision item or 
risk is a traffic light. However, at a certain deci-
sion moment multiple traffic lights are encoun-
tered and have to be weighed simultaneously us-
ing the decision rules. The amount of decision 
items depends on the risk strategy of the organiza-
tion. 

(c) Decision criteria: for each decision item decision 
criteria are defined in terms of preliminary results 
with regard to the decision moment. For each de-
cision item three criteria are determined: a green 
light, a yellow light and a red light.  

(d) Decision rules: the decision rules for the decision 
model can be divided in two. Decision rules for a 
single decision item and decision rules for the 
evaluation of all decision items together. The rules 
for a single decision item are: if a project meets 
the green light criteria a risk is acceptable, if it 
meets the yellow light criteria a risk needs further 
analysis, and if a project only meets the red light 
criteria a risk needs to be avoided. The rules for 
the overall evaluation are: one single red item im-
plies a ‘no go’, only green items imply an indis-
putable ‘go’, and no single red and one or more 
yellow items means that further analysis is neces-
sary and/or the decision problem is to be submit-
ted to a higher level in the decision hierarchy.  

(e) Decision hierarchy: for each decision level in an 
organization decision criteria must be determined 
with regard to its decision authority. The number 
and amount of specification of decision criteria 
decreases according to the increase in decision au-
thority. The board of directors has more margin to 
decide on taking risks than at the project man-
agement level. This means that when a project 
manager meets a red light, at this decision level a 
‘no go’ for the project is given and subsequently 
that the decision problem must be submitted to the 
next decision level. Because of the extra margin in 
decision criteria it is possible that at a higher deci-
sion level the problem meets a yellow light and 
based on supplementary risk analyses the decision 
can be turned into a ‘go’. 

 

4. Conclusions  
The presented risk decision model is still in the early 
stages of development. However, the model is based 
on an extensive interview survey on the Dutch real 
estate development sector and is applied on six cases 
concerning the development of housing estates and a 
retail project by two development companies. These 
cases show promising results as the model proves to 
be suitable to describe several decision problems. 
Especially with regard to each separate decision item 
the decision rules are clear and may lead to a pre-
scribed decision, like ‘go’ or ‘no go’. However, as 
multiple decision items need to be weighed simulta-
neously, the decision rules do not prescribe a final 
decision. At this point the decision criteria in the 
model need to be treated as rules of thumb. The inte-
gral consideration of the decision items is left to  the 
cognitive abilities and entrepreneurial characteristics 
of the decision-maker. At this moment not only the 
risks need to be taken into consideration, but the op-
portunities as well. To support this elaborate consid-
eration further risk analyses might be useful of which 
we consider a scenario analysis as the most suitable 
technique. Thus, the model needs to be seen as a first 
step in the decision-making process and be comple-
mented by addressing the other steps in this process. 
Finally the definitive model needs to be tested in sev-
eral other organizational contexts and by experts in 
the field of real estate development to evaluate 
whether the model corresponds to their realm of 
thought. 
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The new production and service roles, especially detectable in significant tranches of the Italian building firms, and 
typical of late-industrial scenarios, offer interesting evolutionary potentialities. They also poses, however, still open 
issues. This contribution discusses such questions, updating and contextualizing into the Italian case the results of 
previous studies, researches, etc. 
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1. New production and service roles 
of the building firms in Italy 

The strategic role of the service and product service 
supplies is largely demonstrated in the diversified 
contexts of mature industrial realities. These supplies, 
denoting markets where additional complexities due 
to innovative products converge and requiring mana-
gerial contributions in the typical phenomenology of 
the contemporary economies, etc., are decisive for the 
qualification of the performances provided [1], and 
pose interesting development perspectives. They also 
put in evidence, however, recurring emphases that 
often risk marginalizing the production factors: it can 
be easily recognised that such risks may result in non 
positive effects for the markets concerned with basic 
supplies of production type (construction, fittings, 
etc.), and for the same companies therein involved 
(defeats of consolidated backgrounds, etc.). 

Even in the field of constructions, the higher com-
plexity of the innovative products (where it is possible 
to recognise performance increments and/or diversifi-
cations, declared tendencies towards environmental 
impact minimisations, etc.) increasingly require suit-
able instruction for use, maintenance procedures, etc. 
In more general terms, the present needs for strictly 
managerial contributions in the deployment of the 
building processes, while pursuing objectives of effi-
ciency and efficacy of the activities and expected re-
sults (artefacts, infrastructures, etc.), entail the re-
quirement for new roles and service supplies whom 
often concur, among the other operators, companies 
already committed in building performances. In Italy, 
especially in the most advances realities of the build-
ing sector, it can be more and more recognised the 
integrated supply of production and management of 
the maintenance cycles, monitoring, etc., or even con-
tributions in the project-financing frameworks, global 
service activities, social-cultural initiatives such as 
district laboratories, etc.; mainly associable to the 

models of the Italian impresa-rete [2], tendencies 
towards production and service supplies therefore 
delineate new roles and entrepreneurial functions in 
this country: they develop indeed the traditional per-
formances of direction of the production activities by 
the general firms, evolving into policies of supply 
diversification that can be carried out in this way, 
precisely, also through different service contributions. 

Therefore, the new roles of production and services 
of the building firm offer the possibility of relevant 
evolutionary developments. They also pose, however, 
still unsolved issues. The results of previous studies, 
researches, etc., concerning the sector of construc-
tions in Italy and in some European countries ([2], 
etc.), put in evidence among other things issues con-
nected to a certain extent to the present discussion; 
analogously according to what previously mentioned, 
they assume and modernise the most significant im-
plications for the Italian context. 

2. Problems and perspectives 
Already since the second half of the Eighties, the ac-
tivities of the building companies in Italy appear as 
something less and less compressible inside “…the 
sole construction yard... The realization process of the 
buildings is expanding until requesting the company 
promotional and design capacities, financial and 
managerial services, warranties of a correct execution 
of the work... Takes... form a possible new strategy of 
the supply... The firm has… to face new market 
spaces, being able with its own ability to plan to or-
ganise and promote the demand... We are therefore 
facing a technological jump that can not be dealt with 
in the construction yard, but must increasingly push 
the entrepreneurs in the analysis of the external world 
for the implications that its behaviour do have for the 
firm... It is established... a model of open firm where 
the marketing assumes the role of integrating the new 
company functions to satisfy and stimulate in the pro-
jects the expressed and unexpressed needs of the cli-
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ent-market” (Tangerini, cited in [2]). Interesting per-
spectives emerge about the possible development of 
the capacity of anticipating and satisfying future 
needs, for those companies that operate with supply 
diversifications (products, services) and by means of 
suitable management (in their own productive and 
functional organization, in a renewed culture of mar-
keting, etc.) able to identify and support expressed 
and unexpressed needs of the client-market; valid 
preambles are posed indeed for evolutions of signifi-
cant tranches of the building firms in Italy: from op-
erators that used to be receptors of market inputs (ac-
cording to meanings that are traditionally adaptative 
of the company flexibility), to subjects propulsive of 
modification and development. Coherent innovation 
strategies moreover, aimed at identifying and satisfy-
ing new and actual needs (both explicit and implicit), 
cover analogue evolution possibilities for the markets 
[2]. 

At the same time, however, still open issues arise. 
Against a management specifically oriented to service 
supplies, that covers the present orientations of the 
most advances Italian building companies, there is no 
correspondence with significant mainly technical-
executive optimisations, and notwithstanding even in 
this country (where traditional savoir faire anyway 
persist) it can be detected a certain spreding of inno-
vative products and technologies: composite, struc-
tural glass, etc. It is known, however, that the same 
evolutionary models of the impresa-rete rather in-
clude strategies of production outsourcing towards the 
subcontractors, reserving to the general firm the 
maximization of management roles, and precisely, of 
services: therefore, the tendential rarefaction of ex-
ecutive performances in the general firms results, for 
the companies themselves, in “...weakening of their 
own models of productive organization …” [2], and 
therefore in the risk of deficit in the activities of pro-
duction management and product services, defeating 
of technical-construction backgrounds (against ser-
vice supplies that are  tendentially substituting these 
latter ones), etc. In more general terms, moreover, 
superabundance of service performances (when not 
appreciably integrated with production supplies 
and/or tendentially marginalizing these latter ones), 
and involving also already active companies espe-
cially with production contributions in the Italian 
building market and its important tranches (re-
qualification, restoration, etc.), though not rarely with 
commixtures of sub-contractor roles, brings the risk 
of impoverishment of technical-executive compe-
tences, and reduced competitiveness, potential or not, 
for such operators (small size structures, artisan firms, 
etc.). 

Although decisive for the qualification of supplies, 
and the innovation on the markets, the role of services 
can not be therefore defined aside from production 
optimisations, and can not be considered substitutive 
for sure. The new roles of the Italian building firms 
therefore delineate real advances (in terms of new 
intervention opportunities, qualification of the sup-
plies, competitiveness, etc.), and effective innovations 
in the markets, provided service performances are 
guaranteed that do not marginalize the productive 
contributions, and that are compatible with plausible 
development scenarios and dynamics in the field 
(demand, requirement modifications, etc.): condi-
tions, these latter ones, formally shared but not rarely 
disregarded, on the contrary, in the current practices. 
We therefore confirm their relevance, as general in-
spiration lines for processes of virtuous tertiarization 
of the building firm (urban maintenance firms, devel-
opment of product services such as monitoring, etc.); 
these can be charged however the number of different 
correction measues (tendential maximisation of the 
integration product-service, limitation to the supera-
bundance of the second ones, etc.), in relation among 
others to those critical nodes that are briefly recalled. 

Especially the compatibility of the production and 
service supplies with the plausible scenarios and evo-
lutions of the Italian market, that therefore may guar-
antee processes of actual qualification of the per-
formances provided, requires a aware governance  of 
the changes in course: removing, or at least reducing 
unacceptable modifications in the development of the 
demand (induced needs, etc.), that are often comple-
mentary to the immediate, although ephemeral, objec-
tives of market success of the new offers. It emerges 
the need for a technical policy that is renewed in its 
contents, and ensure a virtuous development of the 
service supplies within an evolutionary function for 
the field of construction and the operators involved. 
Decisive, although in opposite trend with the current 
opinion, is the public role of governance of this sector 
[3]. 
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An international comparative study considering site  
production for sustainable construction 

 
Norman R.Gilkinson, The University of Salford, n.r.gilkinson@salford.ac.uk 

Mats Persson, Kirti Ruikar, Hans Bagge, Stephen Burke 

This informative paper considers the sustainability of the construction production process at site level sequence to a 
recent comparative study carried out between the U.K. and Swedish construction sectors of industry.  Works carried 
out on modern house construction sites should be executed to suit end-user and Client requirements as well as regu-
latory measures and the sustainable development agenda. To avoid non conformance at site production level, in-
structions communicated via the industry supply chain must be clear, unequivocal and sent without delay.  However, 
in reality this is not the case where a percentage of rework as well as delays on site occur during the construction 
phase of the project. It is perceived that reasons for such non conformance may include poor communications, indi-
vidual’s attitudes and a lack of resources. The paper considers these and makes informed recommendations for more 
efficient processes whilst improving the quality of the end product, providing better sustainable values for the con-
struction stakeholders.  In order to capture this information a series of site interviews took place based upon a semi 
structured questionnaire. This allowed understanding of the dynamic house construction project describing individ-
ual’s attitudes and vision providing some very interesting discoveries. 
 
Key Words: Communication, efficiency, production, requirements, sustainability 

1. Introduction  
This paper is the follow up spawned from a specula-
tive paper delivered to the international academic 
community at the Salford Centre for Research & In-
novation (SCRI) Symposium [1].  The original piece 
of work considered works executed at site level for 
residential housing and the inefficiencies at site pro-
duction level leading to non conformance that oc-
curred during the construction phase of the project.  It 
was found that such non conformance did not reflect 
the clients brief or contract specification.  It was un-
derstood that such causes included not only the frag-
mentation of industrial stakeholders within the sector 
but the disorganization and misunderstanding of hu-
man resources within the internal construction or-
ganization.  This informative study focused on under-
standing the coactions between such stakeholder 
members that could lead to the inefficient execution 
of works at site level concentrating on site managers 
and trade and groundwork operatives involved in the 
frontline of the construction project.   

The paper reports on the behaviour, trust, loyalty, 
experience and reliability of communication between 
site operatives and site supervisors at site level and 
proposes changes in strategy and process for improv-
ing sustainability values on the U.K. and Swedish 
construction sites.  

2. Methodology 
The studies main focus was on the relationship be-
tween the site manager and his/her operatives during 

the construction phase of the construction project.  In 
order to achieve this, researchers in both the UK and 
Sweden carried out interviews with site personnel. A 
semi-structured interview format was used to ensure 
consistency in the topics discussed [2].  Once access 
was granted both the construction managers and op-
eratives were very helpful.  The manager would ask 
trade and other site operatives who were on a break or 
waiting to execute works if they were prepared to 
take part in an international research study.  The ini-
tial interest allowed for researchers to take advantage 
of the site operatives genuine interest.     

In the UK, thirteen site interviews took place with 4 
interviews in Sweden.  Each interview lasted between 
30 minutes to 45 minutes.  Through these, informa-
tion was gathered and knowledge captured in both the 
U.K. and Sweden.   

Once established it was possible to carry out two 
comparative analysis.  The first developed to under-
stand the difference in accomplishing sustainable val-
ues at site production level due to the implications of 
organisational size.  Here consideration as to whether 
an sme would be able to control site production better 
then large enterprises and visa versa was established.  
The latter was an international comparative analysis 
in construction practice aligning similarities and es-
tablishing differences that have an effect upon pro-
duction at site level.  In addition due to the fuzzyness 
of the questions posed during the interviews, discus-
sions occurred that brought about understanding of 
how different construction stakeholders considered 
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members of the supply chain.  For instance trade op-
eratives have a general view on the competence of 
those members of the supply chain dealing with the 
front end where the concept of the building project is 
conceived and the design of it achieved.  Furthermore 
it was found in both the U.K. and Sweden delays oc-
curred due to unclear and impractical specification as 
outlined in the contract drawings established at this 
high level.  Though in contradiction at site level and 
generic in both countries operatives have hidden 
codes of practice where faults occur that do not cause 
major disruption to the contract they are not reported 
to the higher management.  This is perfectly accept-
able at site level but frowned upon at Managerial 
level. 

The questions were divided into three categories; the 
first dealt with personal details including size of en-
terprise, job description and areas of expertise.  The 
second dealt with issues relating to delays on site 
such as those mentioned above.  The third section was 
developed to capture information relevant to the site 
operative’s knowledge of Sustainable Development 
and sustainable values that could be gained at site 
level.  There were other aspects that arose during the 
interviews which are outlined below. 

3. Delays on site 
It was found that there were several delays on site,  
mostly generic in both the U.K. and Sweden.  First 
and foremost the concern centred on the various 
stakeholders working on site and whether they de-
layed each other during the construction phase of the 
construction process.  In the U.K. an obvious delay 
was the inclement weather which as a bricklayer their 
task is impossible to achieve on a housing project.  
This differs on industrial buildings where the frame 
consists of steelwork; in this instance once the corru-
gated roof is in place then the wall construction can 
be achieved under shelter.   

It was established that on site one of the major delays 
was waiting for materials.  This in the U.K. can be 
more damaging when brickwork is delayed because 
the bricklayers tend to be subcontractors rather then 
direct labour.  In Sweden when the bricklayers are 
delayed the site manager can usually find them some-
thing else to do so the economic loss is reduced. Gen-
erally however this process is inefficient and needs to 
be rethought in order to be sustainable.   

Another popular fault is on the technical side where 
the site manager may recognise that some detail out-
lined in the contract drawings will not work in prac-
tice.  For the architect to be informed of such a fault 
is a laborious process and by the time the altered 
drawings to make better the technical aspect reach 

site several weeks may have elapsed.  It was found in 
one case that where the manager believed the drawing 
to be wrong he made alteration himself and gave the 
go ahead for construction.  His superiors trusted his 
judgement and gave him such authority.  This is a 
good example of integration of the supply for the 
good of the project.  This did however usually lead to 
delay as the contract drawings were altered to accom-
plish solution to the new found problem. This was the 
main cause for disruption of Swedish projects includ-
ing the poor communication of drawings through the 
supply chain to site.  This causes the ‘ripple effect’ 
leading to social frustration and economic loss.   

Other work related delays unless considered to be 
significant were not reported to higher management 
but dealt with secretly.  It was found however that the 
micro company did not suffer from some of the de-
lays and had simple strategy to make good arising 
problems.  The small company had only themselves 
to answer to and were more involved because it was 
their money that was being used to construct.   
Therefore if delays or technical problems occurred 
they would inevitably pay the bill.   

4. Relevant issues 
The paper considers the site operatives knowledge of 
the Sustainable Development agenda and sustainable 
practices on site.  It also looks at waste on site and 
mechanisms for recycling and waste reduction.  
Again the micro company appeared to waste nothing 
recycling bits of wire and plasterboard for other tasks. 
Here a section considers the sustainability of prod-
ucts.   

5. Conclusion 
During the field research carried out there were split 
interpretations of whether a site production check list 
was necessary and would improve the standard of the 
construction end product.  Though some perceive that 
the knowledge and information gained through the 
use of such a checklist could improve sustainability 
values on site as operatives consider the Sustainable 
Development agenda and the Triple Bottom Line in 
their daily tasks.  In addition it was established that 
there is a need for better social interaction and inte-
gration of the supply chain to produce more efficient 
sustainable end products. 
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All enterprises in the construction sector, particularly construction companies, face very high economical risks. This 
paper presents the risk load dimensions as the first part of the holistic, probabilistic enterprise risk management 
model to control the risk load, the risk coverage resources and the risk resistance of project oriented companies.  
The holistic company risk model (RMP-M) was created at the ETH Zurich, enacted by and in collaboration with the 
Swiss Association of General Contractors. 

Keywords: Holistic risk model, risk load, value-at-risk 
 

1. Introduction 
The holistic, probabilistic overall enterprise process 
model (RMP-M) consists of three dimensions. In 
these model dimensions, the Cash flow Model / Asset 
risk model and the risk load resistance theorem will 
create the core of the RMP-M with the following 
structure (Fig. 1):  
- Risk load dimension – bottom-up approach 
- Risk resistance capacity dimension – top-down 

approach 
- Risk load-resistance theorem – integrative ap-

proach 

 
 

 

 

 

 

 

 

 

 

 

Fig. 1: Structure of the holistic, probabilistic Risk 
Management Process Model (RMP-M) for project-
oriented enterprises 

2. Risk load dimensions 
The risk load dimensions differentiate risk loads at 
various levels of a company and are based on the fol-
lowing three concepts: 
- Risk aggregation theorem 
- Cash flow risk model (CRM) and Asset risk 

model (ARM) 
- Risk load scenario model and risk load theorem 

The levels of a company as outlined in Fig. 1 com-
prise e.g. (from bottom to top) the project level, the 
branch office level, the level of strategic business 
units (SBUs) and the level of the company overall. 
With the help of the risk aggregation concept, the risk 
costs of all projects of a branch office, of a strategic 
business unit and the total project risk of the company 
can be determined. 

The cash flow and asset superposition concept is used 
to calculate the distribution functions of the operative 
probabilistic cash flows / assets at the various corpo-
rate levels. The resulting risk load is determined using 
the value-at-risk approach for various load levels 
(load scenarios). 

After signing the construction contract every com-
pany has accepted particular risks (Fig. 2).  
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Fig. 2: Probability density distribution functions of 
impact cost of risk in project j 

Risk aggregation theorem 

With reference to the central limit theorem of the sto-
chastics and the Monte Carlo Simulation [1] the prob-
ability density function and cumulative distribution 
function of the risk cost in project j can be determined 
by the value of the expected risk cost 

kjprojectER ,,
and 

the variance 2
,kjprojectσ of risk cost. The probability 

density function in this case is quasi normally distrib-
uted independent of the density function of each risk 
if the number of risk is high enough (e.g. ≤ 10).  

According to the central limit theorem of the stochas-
tics the aggregated total risk cost and the variance of 
risk cost of the enterprise level can, according to [1], 
be expressed as follows: 
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Fig. 3: Probability total risk cost density function and 
cumulative total risk cost distribution function of en-
terprise 

CR- and AR-model 

To design the CR- and AR-model for cash flow and 
profit impacted by risk, the reference point must be 
set at the start of the residual risk for the company. 
For this reason the CRM and ARM will be designed 
by transforming the cumulative total project risk dis-
tribution function into a cash flow risk function and a 
profit risk function by  

1. creating a mirror image at the f(R total)-axis of the 
total risk cost density function of the enterprise 

2. transforming the coordination zero point of the 
mirror imaged total risk cost density function at 
the magnitude of  

totalkalktotalkalk
CF
Trans CFRRR ,,min ++=  

 
totalkalktotalkalk

G
Trans GRRR ,,min ++=  

The new functions will be called (Fig. 4) 
• CRM : F(CFproject total) – cash flow risk function 
• ARM : F(Gproject total) – profit risk function 

Risk load scenario model 

To protect the enterprises from excessive dangerous 
economical risk, the following generic risk load limits 
will be created which must be below the economical 
risk resistance capacity of a company (Fig. 4): 

- Normal risk load limit 
 The “normal risk load limit” represents a statisti-

cal acceptance limit of αN = 60 % and will only be 
exceeded in (1-α) = 40 % of all cases.  

- Stress risk load limit 
 The “stress risk load limit” represents a statistical 

acceptance limit of αS = 90 % and will only be ex-
ceeded in (1-α) = 10 % of all cases.  

- Crash risk load limit 
 The “crash risk load limit” represents a statistical 

acceptance limit of αC = 99 % and will only be 
exceeded in (1-α) = 1 % of all cases.  
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Fig. 4: Cash flow risk function of CRM - Risk load 
scenario model 

Risk load theorem (Fig. 4) 

According to Markowitz’ portfolio theory, the risk 
load which endangers the anticipated cash flow or 
profit is called “value at risk”. 

Risk load at project j: 
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3. Conclusion 
The holistic probabilistic RMP-M offers a process 
instrument for companies to take risk consciously into 
account, and this in relation to the risk coverage, to 
maximize the profit. This paper represented the risk 
load dimension of the model. The risk resistance ca-
pacity dimension and risk-load-resistance theorem of 
the RMP-M will be presented by different papers. 
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How much labor in construction? 
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By using OECD input/output tables, this paper addresses the key issue of measuring construction related employ-
ment in developed countries. This matter is analysed according to a non standard index, such as vertically integrated 
sectors (VIS). VIS shows the labor incorporated to deliver, directly and indirectly, to the corresponding final demand  
of a given commodity and it can be a better measure of labour incorporated in the construction sector. 
 
Keywords: Construction technologies, input/output,  vertically integrated sectors, employement. 
 
 

1. Introduction 
In construction, labor usage is one of the key issues in 
most developing countries and this paper assesses  the 
role of construction in enhancing this primary input 
growth. While it is widely acknowledged that con-
struction can push an economy significantly in its first 
stages of development, its measurement criteria are 
still debated. This paper addresses another measure-
ment index, the so-called vertically integrated sector 
or subsystem, that is, the linking of the input- output 
approach to labor utilization.  
 

2. Data and stylized facts 
In this paper the OECD input/output database devel-
oped by the Economics Analysis and Statistics Divi-
sion of the OECD is used. The analysis is based on 
the ‘90s tables for the following countries: Australia, 
Canada, Denmark, France, Germany, Japan, United 
Kingdom and United States.  All the figures refer to 
1990 prices, with the exception of Australia, whose 
table concerns 1989. The analysis is supplemented by 
data on the sectoral labor usage provided by OECD.  
 

3. A subsystem approach 
Some authors [1] [2] define a subsystem or vertically 
integrated sector (VIS) as a gross output vector 
needed to supply a single commodity to final demand. 
Thus the Leontief model can be modified by consid-
ering a final demand diagonal matrix, say ŷ , and 
derive the corresponding VIS matrix: 

yBX ˆ =        (1) 

The matrix is used to assess changes within the same 
economic system, but it is not very useful for inter-
country comparisons. Hence, a different tool is 
needed, namely the so-called S-operator developed by 
Momigliano and Siniscalco [3].  

This is obtained  by dividing the matrix X row by row 
by the correspond-ing total output xi: 

( ) yAIxS ˆ ˆ 11 −− −=                                               (2)     

The S operator cannot indicate which subsystem con-
tributes mostly to construction output since it is im-
possible to figure out the column sum in matrix S, as 
the values are not homogenous. To overcome this 
problem, the matrix must be pre-multiplied by an 
appropriate diagonal matrix, whose positive entries 
can be either value added or labor coefficients. Let 
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In each column the L matrix shows the labor in-
corporated to deliver, directly and indirectly, the 
corresponding final demand of a given sector and, 
in each row, the contribution by each VIS to sec-
toral employment [2]. Thus, the rows show em-
ployment, which can be added up row-by-row to 
total labor in its respective sector. Table 3 shows 
the L matrix in Germany. All the figures are ex-
pressed in the same unit (i.e., thousands of work-
ers).The sums displayed in the last column show 
the standard labor usage by each sector. This kind 
of data has often been used to assess the role of 
construction in an economy. The L matrix pro-
vides other interesting pieces of information. For 
example, it shows how much labor is required to 
fulfill final demand.  The contribution of final 
demand of construction is quite relevant because it 
generates more than 60% of employment. 
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 Agric. Mining Manuf. Electr. Trade Transp Serv Govn. Constr Total 
Agric. 274 0 564 3 31 8 44 29 36 990 
Mining 1 20 93 44 11 3 6 5 7 190 
Manuf. 30 5 7666 36 210 81 140 228 444 8841 
Electr. 2 1 94 104 21 5 12 7 8 254 
Trade 13 2 948 15 3271 65 91 75 157 4636 
Transp 8 1 375 12 90 957 52 55 71 1620 
Serv. 8 2 642 22 222 57 1192 96 135 2375 
Govn. 9 1 345 13 97 29 182 6498 61 7235 
Constr. 2 2 105 11 25 12 79 12 1600 1847 
Total  346 33 10831 261 3978 1216 1797 7006 2519 27988 

Table 3 – L matrix for Germany 1990 (in thousands).

As implied by the S operator too, the final demand of 
manufacturing and private services is important to 
induce labor usage in construction.  As shown in Ta-
ble 3, in Germany the final demand of construction 
has a large impact in terms of generated job positions. 
This final demand, by activating labor requirements 
in other sectors, creates 9% of the entire country’s 
employment, while, instead, the construction sector 
itself accounts for only 6.6% of German employment. 

Table 5 shows a comparison of the considered coun-
tries in the OECD data set.  The final demand of con-
struction generates from 8% (in Denmark) to 17.7% 
(in Japan) of total employment. The data of the table 
raises another important issue,  that construction is 
mainly sustained by its own final demand, and this 
demand, in addition, creates further employment in 
other sectors. Manufacturing and trade benefit sig-
nificantly from the final demand of construction. 
  

 Aus Can Den Fra Ger Jap UK Usa 
Agric 2.7% 2.5% 3.1% 1.4% 1.4% 4.4% 0.8% 1.8% 
Mining 0.7% 0.7% 0.1% 1.5% 0.3% 0.2% 0.2% 0.5% 
Manuf. 16.1% 13.4% 13.5% 9.6% 17.6% 19.4% 13.0% 16.2% 
Electr. 0.7% 0.5% 0.2% 0.3% 0.3% 0.3% 0.9% 0.4% 
Trade 10.1% 10.7% 5.9% 5.6% 6.2% 11.6% 6.2% 11.4% 
Transp. 4.3% 2.5% 4.3% 4.9% 2.8% 4.3% 2.5% 3.1% 
Serv. 5.0% 9.0% 9.4% 10.2% 5.4% 5.0% 9.5% 5.8% 
Govn. 3.0% 11.6% 4.4% 2.1% 2.4% 4.9% 1.8% 2.6% 
Constr 57.3% 49.1% 59.3% 64.3% 63.5% 49.9% 65.0% 58.2% 
Share 13.0% 11.3% 8.1% 10.9% 9.0% 17.7% 11.3% 8.7% 

          
Table 5 – Construction employment share in L matrices for selected countries  
 

4. Conclusion 
These notes have shown how to complement labor 
market data with the standard Input Output framework. 
The use of the Labour matrix shows how much em-
ployment is due to any entry in the final demand vec-
tor. This approach allows us to deduce how many job 
positions are created by construction final demand. The 
study also shows that in several countries construction 
generates further opportunities by fostering labor de-
mand mainly in manufacturing and private services. 
Finally the authors argue that standard analyses, focus-
ing on labor usage only, can be misleading, as the labor 
created by the final demand of construction is larger 
than that engaged in the sector itself. 
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Europe will be characterized by regions of growth and regions of shrinkage (economically and by demography). 
Growth and shrinkage can be located closely next to each other not only on regional level but also within cities. 
There will be areas with demand for new housing next to areas with a high vacancy ratio in the existing housing 
stock. The result is, that land use increases while in the long run fewer and fewer people will occupy existing resi-
dential areas. Both trends are about to reduce the overall efficiency of the settlement structure, - efficiency in eco-
nomic terms and efficiency related to resource consumption.   
The presentation will focus on the housing segment in municipalities with population decline, their future develop-
ment paths and possible environmental effects. The findings from three case study cities in East Germany (in which 
the entire housing stock was analyzed) will be presented  [1]. 

Keywords: Urban Structural Type, thermal envelope, brown field, CO2 emissions, infrastructure costs 
.

1. Introduction 
The investigation was carried out as in-depth case 
study of three East-German-Cities. Focus of the inves-
tigation is the residential building stock and the techni-
cal infrastructure relevant for the accessibility within 
the residential area. Main roads for transit or non resi-
dential purpose are excluded. The research was carried 
out, using the urban structural type (UST) approach. 
An UST is a built up area of physically homogeneous 
character along which the urban area can be differenti-
ated and most physical aspects (material flow, land 
take, ecological indicators) can be described. The UST 
approach is used to model future developments. The 
scenario settings were discussed with experts and ap-
proved by the town planning departments. During re-
search a simulation tool was set up to model the hous-
ing stock 2020 and analyze it ex ante. The research will 
be presented via a fictitious city of 250.000 inhabitants 
and an expected decrease in population of 15 % until 
2020 because involved cities asked for anonymization. 

2. Method and scenario-model  
The Leibniz Institute of Ecological and Regional de-
velopment (IOER) developed a simulation tool to 
model the housing stock and associated technical in-
frastructure until 2020 and analyze effects of possible 
development paths ex ante. The model allows to cal-
culate building material, land take and surface of the 
residential building stock as well as the associated 
energy and emission characteristic values. This can be 
done for the status quo and for possible future devel-
opments. The calculation model uses excel [2].   
The scenario settings are in general discussed with 
experts and agreed by representatives of town plan-
ning departments.  

For the “fictitious” city housing demand, residential 
areas (UST), building types and age groups were in-
vestigated ex post from 1995 to 2001 and then pro-
jected for 2020. As starting position it had to be con-
sidered that 25 % of the dwellings were vacant 
(2001). Due to population loss of 15 % until 2020 the 
housing demand will inevitable decrease.  

A trend and a regeneration scenario were defined in 
cooperation with the town planning experts in order 
to illustrate the change of stock. For new construction 
the trend scenario it is assumed that 20 % will be built 
on “brown fields”, 30 % on empty plots and 50 % on 
new land (“green field"). The demolition activity 
amounts to approx. 1 % of the residential building 
stock 2001 per year. Till 2020 the vacancies will be 
reduced by 5 % to a level of then 20 %. 

In the regeneration scenario the decrease in vacancies 
is clearly stronger. It will sink until 2020 by around 
12 % to then 13 %. The demolition rate amounts to 
1.3 % per year of the residential building stock in 
2001. The assumption for new buildings were defined 
with 50 % use of brown field and 30 % urban “infill”.   

3. Results: demolition waste  
The quantity of demolition waste depends on the “de-
sired” demolition ratio. The quantities of demolition 
were calculated for different building types within 
urban structural types (specific area, material and 
energy values). In the result the quantity and the kind 
of the demolition waste can be projected. In the re-
generation scenario 980 tons of demolition waste per 
day must transported out of the city. In the trend sce-
nario it will be 700 tons per day (fig. 1). 
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Figure 1. Material in- and output flow (tons  per day) 
average over 20 years 

In comparison the material consumption for new 
building is far lower. In both scenarios the material 
flow out of the city is 3 times bigger than the material 
inflow. The stock is not anymore growing by accu-
mulating materials but demolition activities will make 
the city a net material “supplier”, e.g. for the produc-
tion of recycling construction minerals. 

4. Results: land use by new building  
Beside producing waste materials (secondary re-
sources) the demolition of buildings produces waste 
and also new “brown fields”. In the case of the trend 
scenario about 20 hectares per year will be “set free”. 
In the regeneration scenario there are even 30.6 hec-
tares per year, because the demolition activity is 
higher.  Despite population decline new building con-
struction will continue on low level mostly for quality 
reasons. Where this new construction takes place 
(brown fields, empty plots, new land), is decisive for 
the development of the city surface and especially the 
infrastructure.  

In the regeneration scenario there is more building 
activity on brown fields and therefore the new gross 
land area take is 5 % less. The reason is the higher 
building density inside the city as opposed to devel-
opments at the fringe. Looking at the issue of new 
land take there is a high reduction in comparison to 
the trend scenario of 65 % (fig. 3).  
 

 
 
 
 
 
 
 
 
 
 

Figure 2. Urban land use (new construction and 
demolition) – comparison in different land use cate-
gories by scenarios (source: IOER) 

In contrast in the regeneration scenario more brown 
fields are used for new building activities. Neverthe-
less there will be a permanent output of flow of 
brown field due to the demolition of building. This 
vacant land can only be used partially for new build-
ing. Both scenarios show therefore similar develop-
ments. 

In both scenarios the land “output” by demolition is 
higher than the demand calculated for new building. 
In the trend scenario the difference amounts to 6.8 
hectares per year, which means a permanent growth 
of brown field. In 2020 it will add up to 130 hectares 
of brown field. In the regeneration scenario this dif-
ference is even higher. The difference amounts to 7.9 
hectares per year and will deliver until 2020 150 hec-
tares for the fictitious East German city.  

The C02 emissions per inhabitant won’t decrease. The 
energy performance of building stock might be im-
proved and savings of 11 % in heating demand are 
anticipated until 2020, but floor-space-consumption 
per household will increase by 8 % and there is a con-
tinuous move from apartment block to single family 
homes with high area/volume ratio. Therefore house-
holds will out weight the energy savings by consum-
ing more floor space. Additionally, vacancies in the 
housing stock makes the thermal envelope of build-
ings grow in relation to the inhabited floor area. 
When the thermal envelope looks like “Swiss cheese” 
there will be an additional heating demand to “pas-
sivly” temper the vacant dwellings As a result the 
CO2-emission per inhabitant won’t decrease [3]. 
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Site managers – Is training necessary? 
Stephen Gruneberg, University of Reading, UK (email: s.l.gruneberg@reading.ac.uk) 

 
Because of the diverse nature of the work of site managers a flexible training programme is required to reflect the 
different levels of experience and qualifications of potential trainees. Although not all site managers need to be for-
mally trained, site management training aids the management of change and innovation in the construction industry 
and would have a direct impact on the performance of the sector in terms of productivity, efficiency, and quality of 
output.  Trained site managers could be instrumental in improving labour relations and conditions of employment in 
the construction industry. 
 
Keywords: training, site managers
  
1. The lack of formal training for the 

complex role of site manager 
 In terms of developing human and physical resources 
investment in human capital in the UK construction 
sector has generally lagged behind training in other 
industries.  As a result the majority of site workers in 
the construction industry learn on the job rather than 
in college or on structured apprentice training 
schemes.  Although training courses are available 
throughout the UK, (some in dedicated training cen-
tres), and the Construction Industry Training Board – 
Construction Skills operates a grant-levy system for 
training, formal skills training penetration of the 
building workforce has remained a low percentage of 
the workforce in many skill areas.   

One example of a group of construction workers with 
a low percentage of formally trained individuals is 
site managers, who are at the centre of the construc-
tion process. They manage day to day production and 
are given responsibilities for site safety, security, 
quality of output, co-ordination of specialist contrac-
tors and are expected to deliver their projects accord-
ing to a predetermined time schedule.  To do this they 
need to have a number of skills and a wide knowledge 
of construction technology.  Nevertheless many con-
struction managers undertake the role without specific 
site management training or qualifications.   

Consequently the industry has a poor reputation for 
timely delivery, quality and safety.  In view of this 
image of the industry, a survey was conducted to 
identify the requirements of a modern site manage-
ment training course.  The Chartered Institute of 
Building currently organise a Site Management Edu-
cation and Training Scheme in the UK to meet this 
need, but this paper reports on a survey relating to a 
course that had been run by the CITB – Construction 
Skills until the end of the last century.  This was un-
dertaken as part of a review and updating of site man-
agement training. Although only a relatively few in-
terviews were conducted a pattern in the responses 

emerged though of course this is not a statistically 
significant sample.  The survey shows there is support 
for formal training in site management, based on the 
need to professionalize the image of the construction 
industry to attract and retain labour. 

 

2. The site management training  
priorities 

The survey covers priorities of training providers and 
those working in the industry from site to board room 
level.  These priorities relate to the functions of site 
managers and the study shows broad agreement be-
tween training providers and those from the industry 
and indicates the emphasis site management training 
courses might be expected to provide. 

The most important areas of site management were 
found to be co-ordinating and managing subcontrac-
tors and site labour, leading and motivating team 
members and dealing with emergencies on site.  Of 
the key functions, understanding the technical re-
quirements, specifying and controlling budgets, and 
giving specialist guidance and advice were seen as 
less important.    

One suggestion to emerge from discussions concern-
ing site management training involves improvement 
and change management. Training of site managers 
should encourage site managers to question continu-
ally the way operations are carried out on site with a 
view to continuous improvement and innovation. 

 

3. The obstacles to training 
However, one of the obstacles to site manager train-
ing is the opportunity cost of time spent on a course 
away from work. As regular attendance cannot be 
guaranteed, trainees in employment tend to partici-
pate at best on a sporadic basis or fail to complete a 
course. 
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Because firms may not be willing to lose a member of 
the site management team for a week, an alternative 
form of course delivery could be based on trainers 
visiting firms so that site management courses could 
then be held in-house. 

Computer and on-line learning techniques were not 
seen as necessary on this course by most of the re-
spondents but could be considered in future develop-
ments of the course.  Nevertheless a dedicated web-
site with knowledge and information would be useful. 

Although there is an emphasis on gaining formal 
qualifications for site management, it is not necessary 
for all site managers to be formally trained.  It was 
argued that site managers with a craft background 
often have the necessary experience to become suc-
cessful and effective site managers. 

 

4. Conclusions 
Because of the complexity of their role there is a need 
for site managers to be flexible and this should be 
reflected in their training.  Courses need to cater for 
different levels of experience of trainees and the large 
variety of projects. 

Nevertheless, there appeared to be a common consen-
sus that a new site management course should aid the 
management of change and innovation in the con-
struction industry.  It could improve the performance 
of the sector in terms of productivity, efficiency, and 
quality of output and in terms of the workforce. 
Trained site managers could then be equipped to im-
prove labour relations and conditions of employment 
in the construction industry. 
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Management of execution phases in a building process 
using information technologies (IT) 
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The analysis in the actual research deals with the management of the execution phases in a building process: start-
ing from the research of new solutions useful to the process actors in controlling the site. The site, connected both to 
the new building actions or retrieval actions, is, nowadays, a continuous information source, whose flow is influ-
enced by all the actions put into effect by the different actors in an execution phase of the process. The site system is 
poly – structured as a consequence of various skills in action, of the huge volume of data to be checked and of the 
legal complexity; so the actors should have a very specific management skill useful to solve problems. For this rea-
son the research aims to find a management structure able to use IT (Information Technologies) in order to offer 
management means.  

Keywords: management; maintenance; quality; control; building site.
  

1. Introduction 
It is extremely important that the building industry, 
on an international level, should reorganize the pro-
ductive process and the relationship among the differ-
ent phases and various actors in order to improve time 
and costs control, the results testing skills in the name 
of quality and safety.  The building area tends to emu-
late more and more the other building manufacturing 
areas, acknowledging the process representation sys-
tems and process management, considering that these 
systems often use IT. In the building system it is nec-
essary to be present in all the phases of the building 
process, but above all in its middle phase, that is to 
say the executive one, that nowadays uses less man-
agement systems on information platforms. The use 
of IT should deal with the integration of the informa-
tion process and data over all the cycle of the product 
and communication management among the different 
actors” [1]. The research addressed itself towards a 
possible integration with the building yard in order to 
help to increase the profitability of the building area 
and to obtain an efficient system” [2]. This work is a 
proposal of a platform for controlling yards, called 
Site Control System, which consists of a data base 
useful to gather and manage the obtained information 
and concerning the site; this system has been tested 
on some sample sites. The proposed solution wants to 
help the control activity on information coming from 
the executive phase in the building process with an 
open approach to further developments. 

2. The information flow and the  
relationship among process actors  

The representation of the information flow inside a 
building process, as regards this research, has been 
described using a circular structure going directly in 

the building management phase. This kind of repre-
sentation shows how an eventual difference, as re-
gards the information between the two routes, causes 
real problems into the final product management. 
During the building executive phase lots of informa-
tion can be produced; and if this is not listed and 
managed exactly, we could have as a consequence a 
lower quality of the building. In fact in some links 
among the process actors, the information flow occurs 
in a not codified way and we cannot find fixed link 
platforms. We thought it was necessary to make the 
data transmission system standard: that is to say to 
create a virtual place where it is possible to exchange 
process information and to gather data. In this re-
search we considered necessary to centralize the data 
related to the whole process into a unit, through a new 
representation of the whole process, called “informa-
tion system” which gathers the data related to the 
whole living process of the handmade product. The 
proposed schematisation reduces the channel of the 
information flow, getting in this way the data coming 
from the functional areas joined into the data base 
(archives) which shows the building and gathers all 
the alterations and changes under the works. Such a 
defined scheme is necessary in order to make the in-
formation flows fixed, apart from addressing the ap-
plying of information and particularly the data base 
shaped information. We tried, therefore, to approach a 
possible description of the building process to a 
scheme closer to the functionality of the IT and Data 
Base systems.  In the executive phase and the site one 
the information coming from the planning phase is 
“interpreted” by different actors; it is therefore neces-
sary that the information and the data arrive correctly, 
so that the quality of the process and of the final 
product is certain” [3].  The proposed model used to 
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describe the site and its information flow is character-
ized by the site informative system as the centre; so 
that it becomes the place where information is sorted 
out; the site in the new representation is considered as 
the virtual informative system useful to coordinate its 
related data flows and concerning the work to be 
built. We worked in order to define the site not only 
as a receiver of information and data coming from the 
planning, but also as a generator of new information, 
brought back modified by the other process operators. 
The passage of information, in this case, like the 
check and test functions, does not occur between two 
single figures, but between every single actor of the 
process and the informative system, by allowing, 
therefore, the data diffusion as wide as possible in 
addition to the fast increases of the mistake and alert 
messages. 

3.  The site control system    
The research aims to consider again the site process 
according to lights and attitudes typical of informa-
tive procedures in order to change this area by im-
proving quality and profitability[4]. We think that a 
building made according to the digital process 
schemes should be a digital building, where the envi-
ronment check and management functions and their 
maintenance will be made digital; the same approach 
followed in the building execution will be useful as 
basis of its management. The research pointed out 
some items to be processed: the need of linking cor-
rectly the planning phase with the work execution 
one; the chance of updating the data of the system and 
the will of suggesting readable systems and easy to be 
used . The study gained a first operative result, that is 
to say the definition of requirements an informative 
system should have: To absorb the information com-
ing from the planning phase; to show the developing 
operative phases; to identify electronically the objects 
and the used materials; to compare the works process 
with what planned in the project; to have the func-
tions of an open integrated data base; to give repre-
sentations CAD of the whole building ( Building in-
formation model); to allow the operators to commu-
nicate; to supply the next management phase with 
information in order to implement the planning in-
formation with that coming from operation. Such a 
planned system bases itself on a data base whose in-
terface is a schedule for input data; the data base is set 
like a digital representation of the same site; in fact as 
the site receives and produces information from the 
different process characters, in the same way the data 
base manages the input and output information. The 
filling in the schedule gathering data foresees the in-
put of the taking date and the identifying site data: all 

those are connected by the system to the other infor-
mation managed by the software, so that it can be 
considered as the main Data Base key. One of the 
greatly innovative developed aspects is the structure 
thought for managing the photographical archives 
perfectly integrated with the other data; in fact the 
system allows to link the visual work representation 
(photos) with the technical information (graphical 
works). And bringing innovation into the site man-
agement causes the activation of positive mechanisms 
in order to change all the building system. We ended 
the research, turned to the planning and the making of 
a system for monitoring the building sites using IT, 
with a testing phase of the system.  

4. Conclusions  
This actual research brought the location of a 

gap inside the management of process information: 
the site. Then an information instrument was made in 
order to manage the different phases of the site. This 
instrument allows the different actors to monitor con-
tinuously the working phases. Particularly the system 
works by increasing the information coming from 
planning using data as result of the site workings and 
by giving to the same information a photographical 
representation of the working state. All the data are 
realized into the archives, which can be considered as 
an informative instrument linked to the building and 
thought as support of building maintenance and man-
agement plans. 
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INCLUSIVITY: The changing role of women in the  
construction workforce 

Sonia Immaculate Gurjao 
University of Reading, Reading, UK (email: s.i.gurjao@reading.ac.uk) 

 
The under-utilisation of human resources dependent based on gender patterns is of economic and social concern 
especially for an economy with an ageing workforce. The paper will look at the bigger picture, grounding the 
changes within the construction sector over the years to where it stands today, in order to develop a deep under-
standing of the changing role and need for women in the industry. This research will be an important advancement 
in the subject of inclusivity and assess the real barriers women face today.  

Keywords: Inclusivity, gender, recruitment, training and retention. 
  

The UK’s construction industry is facing a skills 
shortage that is a threat to the long-term health of the 
industry. It is suffering recruitment problems with its 
traditional source of labour - young men aged 16-19. 
Efforts are being made to recruit women into the 
workforce, but with limited success. In the short term, 
the industry is filling the skills gap using workers 
from low wage economies. What is needed is a 
skilled workforce that sees its long term future in the 
UK construction industry. To meet the challenge of 
the skills gap the recruitment of women is no longer 
simply a nice thing to do; it has become a necessity.  

Women in the UK construction industry currently 
account for under ten per cent of the workforce, re-
flecting their under representation in an industry that 
fails to attract and retain women. 

Career sexism is an important issue for government, 
industry, employers and individuals. Occupational seg-
regation is damaging the UK’s competitiveness by 
contributing to the gender pay gap and preventing it 
from benefiting from the talents of a balanced work-
force. The under-utilisation of human resources de-
pendent on gender patterns is of economic and social 
concern especially for an economy with an ageing 
workforce. 

Whilst recruitment remains important, there is a 
knowledge gap in translating qualifications into em-
ployment, and employment into retention. This is 
described by the ‘leaky pipeline’ concept.’ Attraction 
by itself is not the key to increasing women in the 
construction workforce. Recruitment must be fol-
lowed by induction of the new employee in order to 
improve retention levels. Job satisfaction as a result 
of opportunities and promotion is more likely to re-
tain staff – see figure 1. 

For women of older age groups/mature women, part-
time and flexible working, the real barrier is the balanc-
ing of work and family life, just like other industries 

 
Women occupy junior and supporting positions 
within high status professions [1]. The “glass ceil-
ing”, the situation where women can see, but not 
reach higher level jobs and are prevented from pro-
gressing in their careers, still exists in many occupa-
tions and industries, including design and construc-
tion. There are very few female Chairpersons or 
CEOs of architectural, design engineering, or major 
construction companies in the UK. 

For a number of years women have been moving into 
professional work such as law, accountancy and 
medicine, all of which require high-level qualifica-
tions and are considered attractive because of the per-
ceived high level of social status. Today, numbers of 
women and men are almost equal in these sectors. But 
occupational sectors, such as engineering and con-
struction, have not seen a corresponding change in the 
makeup of the workforce [2]. 

 

Figure 1 The complete recruitment and retention 
process
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The paper is divided into six sections. The first sec-
tion gives an introduction to the topic, an overview of 
the construction industry, basic statistical data and the 
need to incorporate more women in the industry. The 
second section gives statistical data of women in the 
UK with regards to population, economic activity and 
education. Section three describes the current position 
of women in the labour market and the construction 
industry. 

Section four takes a look at the changes in construc-
tion industry particularly in process and technology. 
Section five reviews perceived challenges to women 
and the complexities of the issues of women in the 
construction workforce. The final section explores the 
myths and realities about the industry. 

The research method undertaken is a secondary 
analysis of the literature review and existing studies. 
The research review is multidisciplinary examining 
social and psychological factors influencing the cul-
ture and environment of the construction industry. 
Extensive use has been made of work undertaken by 
Equal Opportunities Commission (EOC), Construc-
tion Industry Training Board (CITB), Department for 
Education and Skills (DfES) and relevant organisa-
tions, involving secondary analysis of census data, 
especially demography, economic activity, employ-
ment, educational choices and segregation and seg-
mentation. 

This research is important because it raises the debate 
about the advancement in the subject of inclusivity, 
assessing the real barriers faced by women today and 
discussing means of redressing the balance to im-
prove the inclusivity of the industry. Expanding in-
clusivity, which includes attracting and retaining 
more women in the construction sector, is a key prior-
ity for the UK and many overseas construction sec-
tors. In countries facing skill and labour shortages, 
increasing the number of women in the workforce 
would go some way to solving the problem. 

The myth is that the construction industry is all about 
the site and the head office; in reality it is highly 
fragmented with a long and complicated supply chain 
in offsite prefabrication and manufacturing sectors. 
The difficulty in mapping the jobs that the construc-
tion sector entails makes the statistical figures of 
women in the industry unreliable. The tendency is to 
look at a small picture of the industry, those like the 
architectural, engineering, and surveying professions 
and the constructions trades like electrical and plumb-
ing or in areas of management, where the low per-
centage of women is apparent. 

Construction employers will have to implement crea-
tive solutions, such as retraining to update skills, 
flexitime, part-time working, working from home, 
and job sharing in order to recruit and keep much-
needed female employees across all levels of con-
struction work and improve inclusivity. 

The Women and Work Commission [3] recommends 
that the Department of Trade and Industry (DTI) and 
HM Treasury examine the case for fiscal incentives 
targeted at these SMEs. In response to this, the 2006 
Budget [4] announced a package of measures to en-
hance lifelong learning opportunities for women in 
training and work. Funding is for doubling the num-
ber of existing Skills Coaching pilots to 16 Jobcentre 
Plus and the number of pilots delivering level 3 skills, 
with an additional pilot focused on helping women 
return to work; and helping Sector Skills Councils in 
industries with skills shortages to test new recruit-
ment, training and career pathways for over 10,000 
low-skilled women. The construction sector espe-
cially SMEs that form a major part of the construction 
industry, disadvantaged by additional costs involved 
in setting up flexible or part time employment should 
take the opportunity and funding to get more women 
into construction. 

In summary, the important issues are: 
 • Attracting more women to the industry by not only 
focusing on young entrants but also returnees to work 
following a career break, and those who seek a career 
change 

• Retention of women in the workforce 

• Understanding the extent of women employed in the 
whole industry, including the supply chain. 
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The role of users and the significance of different contexts of use is an often overlooked aspect of studies of innova-
tion and diffusion. Focusing on a piece of 3D CAD software – BSLink –  four small case studies are used to examine 
the processes of its implementation in different contexts and the tailoring done by users to embed the software into 
working practices. This not only results in different practices of use at different locations, but also transforms BSLink 
itself into a proliferation of BSLinks-in-use. The debates ensuing during an open day for BSLink users hosted by the 
software’s developers further reveal the gaps between different users’ expectations and ways of using the software, 
and between different BSLinks-in-use, and the often contradictory demands this places on its further development. In 
these cases, there is no clear cut distinction between activities of innovating and of diffusing. 

Keywords: Innovation, diffusion, CAD, users, context. 

1. Introduction 
It is often assumed that innovation and diffusion are 
discrete activities, with innovation being the devel-
opment of a new idea or technology, and diffusion its 
spread from the developer’s studio into the real 
world. However, this suggests that users, and the con-
texts in which they are situated, have little effect on 
the innovation itself. Although this might accurately 
describe some cases, in others this distinction is much 
less clear cut. Especially in software, development 
can be an on-going process, in which users can play a 
part, for instance as beta testers or as first or ‘lead’ 
users.  

But what kinds of effects can users have on a particu-
lar innovation, and how significant might these be? In 
order to begin to address these questions, the empiri-
cal focus here is on the implementation of a piece of 
software – BSLink – in four different organisations to 
examine the ways in which it is being diffused and 
used. BSLink is a 3D building services modelling and 
drafting add-on for the ubiquitous AutoCAD. The 
software allows users to model interconnected sys-
tems such as pipe or ductwork runs in three dimen-
sions, either through modelling from first principles 
or by using an expandable library of standardised 
components or blocks. Using the expandable library 
of objects, complex systems such as air conditioning 
or water heating and distribution can be modelled 
using accurate representations of real components, 
precisely situated in 3D space. This model can be 
added on to or integrated with other architectural and 
structural models in AutoCAD formats to facilitate 
spatial coordination and used to show contractors the 
layout of complex areas in 3D.  

The advantages offered by modelling in 3D are that 
the various components of the overall design can be 
put together as a ‘virtual building’ and through a 
process of ‘clash detection’ any dimensional incon-

sistencies between different elements can be spotted 
and rectified before fabrication or on-site construc-
tion. This technique of electronic coordination of the 
construction design process has the potential to re-
duce or even eliminate coordination errors, which, if 
only discovered on-site, can have significant time and 
cost implications. 

2. The users 
Four case studies were conducted in the CAD de-
partments of large construction organisations. The 
organisations were a large design firm (OrgA), a spe-
cialist M&E contractor (OrgB), a specialist pharma-
ceutical facility designer (OrgC) and a large contrac-
tor (Org D). In each case, BSLink was being utilized 
in different ways and to solve different problems. In 
addition, the consequences and challenges of imple-
mentation were different. Where OrgA could use in-
house designers to generate the necessary information 
to build a 3D model, they had little influence over its 
use on-site. OrgD experienced the opposite; as a con-
tractor it had more influence over implementing 3D 
models on site, but struggled to get the necessary in-
formation from upstream design firms. OrgB could 
produce 3D M&E models, but getting 3D models 
from other disciplines to coordinate these services 
with was a problem. OrgC have developed BSLink as 
part of a suite of client-oriented visualization tools; a 
very different use as compared with the other firms, 
but which largely bypasses problems over getting 
required information from others, and dispenses with 
the need for 3D models to be utilized on site. 

One of the most striking aspects of the cases is their 
diversity. BSLink has been adopted to overcome a 
variety of different challenges, has been integrated 
into different strategies or approaches to doing con-
struction work, and is located in different spaces 
within the overall construction process. Different 
problems of implementation and use are also being 
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experienced. But also, crucially, different sorts of 
activities are springing up within these organisations 
to try and make BSLink fit into that specific location.. 
In OrgA and OrgB BSLink is a solution to a problem 
of complexity of designs, and part of a new way to 
coordinate design information within projects and 
between firms. In OrgD it is a central part of a strat-
egy to increase profitability and efficiency. In OrgC it 
is a much more bounded tool with limited impact on 
the construction coordination process as a whole. 

3. Four contexts, four BSLinks-in-use 
In each case, BSLink is seen as a solution to a prob-
lem of how to improve the way that construction de-
sign information is coordinated, communicated and 
distributed. But rather than providing such a solution 
these implementations of BSLink in fact reveal and 
even exacerbate a number of problems with the way 
that construction design information is produced, 
represented, combined and transferred. By requiring 
information from engineers and designers earlier on 
than is usual or expected in the process, problems of 
getting this information outside of the implementer’s 
own organisation, either vertically (i.e. between 
building services and structures design) or horizon-
tally (i.e. contractors getting information upstream 
from designers) were exposed. By requiring that the 
eventual models are unwaveringly reproduced on site, 
the activity of interpreting 2D schematics and con-
verting these into 3D is shifted from the on-site 
workers to the CAD drafters. On-site work then be-
comes the exact replication of (3D and virtual) mod-
els, rather than the use of workers’ skill and judge-
ment to convert a 2D outline into a real, 3D building.  

4. Clashes in development 
The multiple and divergent consequences of each 
case begs the question of what happens when other-
wise discrete organisational contexts come together? 
The collaborative nature and project basis of con-
struction work requires inter-organisational coopera-
tion. In other words, firms have to work together on 
specific projects. It is precisely this requirement of 
collaboration, coupled with the limited spheres of 
influence of individual organisations which can be 
seen as a main contributory factor in the problems 
experienced by the four firms in implementing 
BSLink, and 3D CAD based coordination strategies 
more generally. So what happens when these differ-
ent contexts interact? How are these distinct 
BSLinks-in-use reconciled? 

Six months after the initial case studies were con-
ducted, BSLink’s developer held a ‘focus group’ day 

for its users. The event was designed to provide a 
forum where users could provide feedback about 
problems with the software, and discuss potential 
future upgrades, extra functionality and areas for im-
provement. 

When discussing future development some funda-
mental disagreements between different users were 
exposed. Some wanted BSLink to incorporate the 
ability to directly drive fabrication machines, but oth-
ers were uninterested in this, and positioned BSLink 
as a design and drafting tool only. Some argued for a 
fuller and more detailed library of specific blocks 
from suppliers catalogues; others argued that a library 
of generic and less detailed blocks was more desir-
able. Another contest was over the additional data 
that could be included with each block, for instance 
manufacturers part codes and costs, which would 
allow the automated production of materials orders, 
but again this was resisted by some as it moved 
BSLink away from being purely a tool for representa-
tion of design information. Ultimately, the developer 
was unable to distill these debates into a coherent 
plan for further development. Unnecessary or divert-
ing new features for some users were essential addi-
tions for others. How specific users were positioned 
within the debates was derived, at least in part, from 
the contexts in which they worked, and grounded in 
their interpretations of what BSLink should be, and 
what it should do. 

5. Conclusions 
In the cases described, users and contexts of use play 
highly significant roles not only in implementing or 
diffusing BSLink but also in innovating - in develop-
ing the software’s functionality and utility. This 
means that what and where the boundary is between 
activities of innovating and diffusing becomes hazy 
and unclear. But it is clear that users are innovators, 
not just the subjects of a process of diffusion of a 
fixed and finalised artefact. They provide ideas for 
the developer for further functions or applications 
and, perhaps more significantly, in appropriating and 
tailoring the software to their own ends based on their 
own expectations and ways of working situated in 
their particular contexts, they transform the software 
itself into a range of unique BSLinks-in-use. 
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In the wake of quality assurance, benchmarking and key performance indicators have been emphasised as an effec-
tive strategy to improve productivity and stimulate innovation. During the last decade much work has been done to 
establish key performance indicators for the performance of both buildings and companies within the construction 
and real estate cluster. However, focus has been put on finding the “right” indicators whereas the institutional and 
organisational setting of the benchmarking schemes has been largely ignored. The objective of this paper is to exam-
ine a number of benchmarking schemes in use in Denmark in order to provide a generalised typology of benchmark-
ing schemes within construction and real estate. This typology will not only be of academic interest but also of inter-
est to authorities and other actors who wants to introduce or reshape benchmarking schemes. 
 
Keywords: Benchmarking, key performance indicators, politics, markets. 
 
 

1. Introduction 
Three trends can be identified in relation to bench-
marking within the construction and real estate clus-
ter: 

• First, individual studies have been conducted 
within a wide range of subjects. 

• Second, various models for benchmarking have 
been developed.  

• Third, a number of benchmarking schemes have 
been implemented around the world.  

As pointed out by Garnell & Pickrell [1], we need to 
reflect on some of the fundamentals or institutional 
settings in which benchmarking schemes operate. 
Hence, in this paper we will develop a typology of 
benchmarking schemes that reflects the institutional 
settings of the benchmarking scheme. 

2. Methodology 
An extensive literature survey and case studies of four 
existing Danish benchmark systems have been used 
as methods in the present study. 

3. Benchmarking between politics 
and markets 

Benchmarking as defined by e.g. Camp [2] tends to 
treat benchmarking as a market-based activity closely 
linked to the individual company. However, when we 
look at the development of various benchmarking 
schemes around the globe (see Bakens et al. [3] for an 
overview) it becomes clear that benchmarking 
schemes operate in many different ways in various 
contexts. In some countries like Denmark, at least 
some of these benchmarking schemes are directly 
instigated by governments as a regulatory or coordi-

nating mechanism designed to deal with market defi-
ciencies. Thus, developing a typology of benchmark-
ing must take into account how benchmarking is 
linked to the interplay between politics and markets. 

Analytically, we can distinguish between public and 
private modes of organisation, and between profit and 
non-profit modes of organisation [4]. With these two 
analytical distinctions in mind, four separate ideal 
typical modes of organisation come to the fore. 

 

 Private Public 

Profit 
Mode I: 
Privately owned 
companies 

Mode II:  
Publicly owned com-
panies 

Non-
profit 

Mode IV:  
Private organisations  

Mode III:  
Public service and 
authorities 

Source: Adapted after [4]. 

Figure 1. Four modes of organization. 

 

4. Four examples of benchmarking 
systems 

In Table 1 we will use these four modes of organisa-
tion to characterise four different types of benchmark-
ing schemes. Although the examples given below are 
primarily Danish, we are confident that they represent 
examples also available in other regions of the world. 
It should be emphasised that none of the examples 
can be considered to be pure examples of the four 
modes of organisation since each example to a vary-
ing degree include elements from other modes of or-
ganisation. 
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Table 1. Examples of benchmarking systems. 

  Business model Association model Service model Government model 

Example Xerox Corporation (Camp 
1989) 

Danish Facility Manage-
ment - key 

The Benchmark Centre 
for the Danish Construc-
tion Sector 

BOSSINF  

Mode of organisation Mode I Mode IV Mode II Mode III 

Affiliation Private Semi-private Semi-public Public 

Profit orientation Profit (Non-)profit (Non-)profit Non-profit 

Purpose Search for industry best 
practices that lead to supe-
rior performance 

Collect, process and pub-
lish KPI's * within facil-
ity management 

Improve quality and effi-
ciency within the con-
struction sector 

Monitoring of building 
cost and public expendi-
tures 

Coverage The business areas of the 
company 

All types of building, but 
administrative facilities 
mostly 

All types of building 
projects 

Social housing projects 

Target group All levels in the company Facility managers Contractors (and gov-
ernment clients) 

Government and social 
housing companies 

Access to data Company (and partners) Members only Restricted Public 

Financing Internal  Subscription Service charge (differen-
tiated) 

Free 

Incentive Improve company's competi-
tiveness 

Knowledge sharing Marketing and access to 
governmental projects 

Mandatory 

• KPI: Key performance indicator. 
 

   

5. Conclusions 
In conclusion, benchmarking schemes can be grouped 
in four ideal types depending on their relative position 
on a scale from fully market controlled to fully gov-
ernment controlled schemes: 

• The business model is a private and profit-
oriented mode of organisation, where a company 
has established a benchmarking scheme fully con-
trolled by the company itself. Access to data is 
usually very restricted since they are considered 
to be a competitive advantage. 

• The association model is a semi-private and (non-
)profit mode of organisation, where a group of 
companies and/or persons have formed an asso-
ciation to run a benchmarking scheme. The 
scheme may be open to all interested actors but 
access to data etc. is only granted through mem-
bership. 

• The service model is a semi-public and (non-) 
profit mode of organisation, where the 
benchmarking scheme is strongly dependent on 
public regulation. In principle the use of the 
benchmarking scheme may be voluntarily, but 
non-compliance or non-use of the benchmarking 
scheme may invoke different kinds of sanctions. 

• The government model is a public and non-profit 
mode of organisation, where the use of the 
benchmarking scheme is mandatory due to public 
regulation. Although the government could be 
running the benchmarking scheme itself, a private 
operator may also be running the scheme. 
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In recent years, there has been a repeated call for the client as a driver for change of the construction industry. How 
the client is to become a driver for change has, however, only been dealt with in the broadest terms. Using single-
family housing as case, this paper will explore the role of clients in shaping the concepts and innovative strategies of 
companies and vice versa. Based on the preliminary analysis, this paper proposes three hypotheses to be explored in 
the work to follow: First, users may be considered to be multi-centred users. Second, three different concepts of sin-
gle-family houses may be identified: Branded products, ad-ho-products, and competition products. Third, companies 
within single-family housing are innovative when it comes to products, processes and services. 

Keywords: Innovation, drivers for change, industrialised housing, users, single-family house 
 
 
 

1. Introduction  
In recent years, the policy and research efforts in both 
Denmark and abroad e.g. the Danish policy on gov-
ernment building projects, the proactive strategy of 
CIB on revaluing construction and the establishment 
of an International Construction Clients Forum 
(ICCF) has emphasised the role of the client as a 
driver for change in construction. However, little ef-
fort has been put into understanding how clients have 
in fact been a valuable contributor to reforms in con-
struction. In the following we outline our theoretical 
departure and our preliminary empirical observations. 

2. Three perspectives on users  
The study has identified three main strains of theo-
retical perspectives on users, which contribute to a 
better understanding of the user as a driver for 
change. 

Innovation management, which emphasises the user 
as a source of innovation. Within the demand-pull 
model, von Hippel has been highly influential in 
showing the importance of lead users in the develop-
ment of new technologies [1].  

Science and technology studies (STS), which empha-
sise the mutual shaping of users and technologies. 
The point of departure is that technical objects and 
social relations are bounded together and that actors 
and technology are co-constructed [2], [3]. 

Everyday life studies, which emphasise how users are 
dealing with technologies. Focus is on the users' do-
mestication of technologies: the users' purchase of 
technologies, the development of practice in connec-
tion with the products and the symbolic integration and 
adaptation of the product in daily life [4].  

2.1 Three types of concepts 
Looking at the various types of single-family houses 
available in Denmark, three broad categories of con-
cepts tend to stand out in our preliminary analysis.  

The first category of concepts is the branded prod-
ucts. These are familiar and well-recognised single-
family houses with rather fixed designs and floor lay-
outs leaving only some rooms for the end-users to 
influence the design e.g. by choosing kitchen ele-
ments etc. The house builders will usually include the 
whole value chain (development, marketing, produc-
tion etc.) in the company or have entered into long-
term strategic partnerships with their suppliers. 

The second category of concepts is the ad-hoc prod-
ucts. In this category we find a number of companies 
that operate with rather open-ended solutions. The 
companies are more likely to operate as developers or 
construction managers being able to manage the 
building process for the user rather than delivering a 
pre-fixed product. Thus, it may be fair to consider 
producers of ad-hoc products as more process-
oriented than product-oriented. 

The third category of concepts is the competition 
products. In some situations, a municipality or client 
will call for a competition in order to have new ideas 
developed for single-family houses. Competitions and 
demonstration projects are likely to be considered  
especially by architectural firms as a way of promot-
ing them rather than necessarily bringing the ideas 
into actual use.  

2.2 Multi-centred users 
Within single-family housing, the client will typically 
be a non-professional one-time client with hardly any 
previous experience of building. However, from a 
functional point of view the one and same actor now 
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has to deal with at least three different roles in one: 
As a client, owner and customer.  

First, as a client the user has to deal with not only the 
erection of the building but also continuous mainte-
nance, repair work and re-building – some of which is 
even done as do-it-yourself (DIY) activities.  

Second, as an owner (or owner in the making) the 
user will have to consider issues related to financing 
often through mortgage loans, taxation schemes, and 
the potential sale of the building sometime in the fu-
ture. Clearly, the issue of financing is also a very im-
portant precondition for users to become users at all. 
If the mortgage institution is not willing to lend you 
the necessary money, you will become a non-user.  

Third, as a customer the user will address issues of 
identity, security, neighbourliness etc. Studies have 
demonstrated how residential neighbourhoods are 
associated with different symbolic values and how 
these values influence the choice of home [5]. 

3. Innovative companies 
Although the branded products differ in level of de-
tails, design options etc., the design and production of 
branded products has much in common with mass-
customised production. The mutual shaping of 
branded products by companies and clients have re-
sulted in product innovations like flexible modular-
ised concepts, process innovations like “co-builder” 
schemes, and service innovations like new schemes of 
guarantees. Thus, a toolkit approach to users appears 
to be prominent but strongly overlaid with scripts by 
the house builders of the intended use and users.  

In relation to ad-hoc products, the design and product 
development process has a close resemblance with 
the building process generally. The major difference 
to common building projects seems to be linked to the 
initial land acquisition and close strategic relationship 
to investors whereas the relation to the designer may 
be weaker. The end-users are seldom directly in-
volved in the design and product development but 
various schemes for supplementary choices of the 
individual user will usually be offered by the devel-
oper. Instead, the end-users are indirectly represented 
in the process – may that be through the perspectives 
or scripts attributed by the investor, developer or de-
signer. Thus, a spokesperson or script approach seems 
to be dominant in relation to the development of ad-
hoc products. 

In relation to competition products, the situation is a 
bit different since a number of the developed products 
don't get built. Others may be built but only in small 
quantities. In many cases, the target of the competi-
tion products is not necessarily the end-users but in-

stead the jury of the competition. Consequently, the 
end-users are seldom directly involved in developing 
the competition product. Instead, the end-users may 
be indirectly represented. 

4. Conclusions 
We would like to draw three preliminary conclusions 
on the mutual shaping of clients, concepts and com-
panies: 

Concepts: The mutual shaping of single-family 
houses by companies and clients have resulted in 
product innovations like the branded products, the ad-
hoc products and the competition products 

Companies: The producers vary between house 
builders, developers and architects. They all innovate, 
but they follow different innovation strategies. 

Clients: Users related to single-family house building 
may be considered as multi-centred users. That is, 
users of single-family houses hold multiple perspec-
tives or focal points that are time-dependent in two 
ways since they are coupled to the life-cycle of the 
building as well as the life-cycle of the actor. 
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The inability of some production management methods to deal with contemporaneous production management is-
sues, such as material flows, value generation, pull system techniques, human aspects, etc, are responsible by cata-
lyzing failures in construction projects. As a result of this paper we will be delivering a critical and historical litera-
ture review of the production management methods and the requirements and expectations that construction manag-
ers should have from these methods in their future projects. Production management theories and two case studies 
are used to support the findings. 

Keywords: Evolution, methods, production management, theory. 
 

1. Construction industry background  
Many studies presented in the literature pinpoint that 
the construction industry suffers from a lack of effi-
ciency if compared with other industries; e.g. manu-
facturing. High levels of waste and unpredictable 
projects in terms of delivery, time, budget, profit-
ability and standards of quality are expected to give 
the construction industry one of the worst public 
images among the industrial sectors. While the in-
troduction of power tools and new materials has led 
to some improvements, no significant changes in 
productivity in construction have been observed 
over the last several decades. Koskela [1] further-
more argues that ‘the managerial principles in use 
in the construction industry in general lead to bad 
control and unfavourable design, leading in turn to 
waste and value loss … management efforts in con-
struction are centered on task management and 
based on principles of the transformation concept, 
and principles related to the flow and value genera-
tion concepts are largely neglected’, explaining con-
struction performance problems. 

This paper objective is to do a chronological literature 
review of the main production management methods 
in construction. It is also used the production man-
agement theories and two case studies carried out in 
UK companies to support a critical analysis.  

2. The history of production  
management methods  

The most usual production management method in 
construction is the Critical Path Method (CPM). The 
CPM is a network technique that had its origins from 
1956 to 1958 in two different problems of planning 
and control in projects in the United States. In one 
case, the US Navy was concerned with the control of 
contracts for its Polaris Missile programme. Whilst 

the contracts comprised research, development and 
the manufacture of component parts never before 
made, they could not accurately estimate cost and 
time of the contracts. Because of this uncertainty, 
contracts had to be based upon probability. Contrac-
tors were asked to estimate their operational time re-
quirements on three bases: optimistic, pessimistic, 
and most likely dates. These estimates were then 
mathematically analyzed to determine the probable 
completion date for each contract, and this procedure 
was referred to as ‘Programme Evaluate & Review 
Technique’ (PERT). The PERT techniques allowed 
reducing the Polaris project length by over two years.  
In a second parallel programme, the CPM was devel-
oped as a result of a joint effort by the DuPont Com-
pany and Remington Rand Univac in 1957. The 
group had a Univac I computer at its disposal and 
decided to evaluate the potential of computers in 
scheduling construction work. Mathematicians 
worked out a general approach, believing that if the 
computer was fed information on the sequence of 
work and the length of each activity, it could generate 
a schedule of work. This original conceptual work 
was revised and the resulting routines became the 
basic CPM [2]. In the following year (1958) the CPM 
approach was tested in two projects and was hailed as 
a success. These projects required that both time and 
cost be estimated and thus became a more definitive 
approach than that used by the US Navy (PERT). One 
reason for the massive acceptance of CPM in con-
struction is because the software for CPM is also 
widely diffused and sophisticated. A criticism about 
CPM is that its emphasis on managing and controlling 
activities neglects the issues of material flow man-
agement and the creation and delivery of value.  

Another, less widely diffused method used in con-
struction is the Line of Balance (LOB). LOB is a lin-
ear technique originally developed by the Goodyear 
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Company in the early 1940’s; it was further devel-
oped by the U.S. Navy Department in 1942. LOB was 
first applied to industrial manufacturing and produc-
tion control, where the objective was to attain or 
evaluate a production line flow rate of finished prod-
ucts [3]. It was later developed by the National Build-
ing Agency (UK) for repetitive housing projects, 
where a resource-oriented scheduling tool – that con-
sidered resources as the starting point – was believed 
to be more appropriate and realistic than one that was 
more activity-dominated. The Line of Balance 
method proposes that activities should be planned 
within their production rhythms; in other words, the 
number of units that a crew can produce in a deter-
mined time unit. These rhythms are represented in a 
graphical format which shows clearly the production 
rates of the various activities against time. LOB has 
been successfully used as the principal scheduling 
tool in construction companies in Finland, Brazil, 
Australia, etc, where it has been used to improve the 
production flow in the projects involved. On the other 
hand, some authors indicated that this technique was 
designed to model simple repetitive production proc-
esses and, therefore, does not transplant readily into a 
complex and unpredictable construction environment.  

Network and linear scheduling techniques are deter-
ministic approaches, what becomes difficult to be 
used because of uncertainties inherent in the construc-
tion processes. In the last decade novel production 
management methodologies have been developed to 
enhance planning, control, and improvement of con-
struction projects, such as Critical Chain, Last Plan-
ner System, combined CPM/LOB, etc. These quite 
new methodologies have been applied successfully by 
some companies and should be the focus of attention 
by the construction industry as a whole. 

3. Theory of production management 
According to the present understanding of production 
management, it is divided into two main theories: 
theory of production and theory of management. The 
theory of production supports that there are three 
views to production, each providing for a number of 
principles for the production system: transformation, 
flow and value generation – TFV [1]. On the other 
hand, the theory of management consists of particular 
theories for planning, executing, and control. Al-
though some advances are noticed in this theoretical 
field, only small progress is observed in production 
management methods that should be compatible with 
these theories. 

4. Expectations 
Traditional production management in construction 
focuses mainly on setting and meeting the targets.  

Here, management at the operations level is seen to 
consist of the creation, revision and implementation 
of plans. A criticism about this type of management is 
that the plans ‘push’ tasks to execution without taking 
the status of the production system into account. It 
leaves the tasks of management essentially uncoupled 
from everyday activity. The reality is that the existing 
production methods are not able to satisfy all the re-
quirements of production management. What could 
be noticed in the case studies is that the construction 
industry is using bygone production management 
methods, or is using them in a wrong context. This 
generates great amounts of waste as the methods are 
not always the most appropriate to treat the particular 
production situation. Others difficulties related to 
updating a logical sequence of activities and visual 
management were also observed in the methods used. 
This underlines that the methods are responsible for 
management failures in construction. Although newly 
introduced lean construction based methods, such as 
the Last Planner System, have been applied success-
fully in the construction industry, the majority of con-
struction companies are still using inadequate meth-
ods to manage. 

A theory-based production management method 
should be targeted in research and development. The 
development of a method that covers all the theory of 
production concepts is needed; i.e. transformation, 
flow, and value. For this to become possible, an un-
derstanding is required of how each one of these theo-
retical concepts behaves as such and how they inter-
act mutually on-site.  
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This paper presents a study on the process of providing premises and its result with regard to meeting the clients´ 
expectations. A small number of Swedish public real estate companies have been transformed into service organiza-
tions. A discussion whether to use a real estate organizational form or a service organization is rooted in the in-
creased demands of achieving efficient and usable buildings satisfying the users’ needs. Two main questions were set 
up in this pilot study: i) In which way does the organization form or structures impact the process of providing prem-
ises? and ii) How does the way of organization impact the individuals’ possibilities to act in the process of providing 
premises? The purpose of the study presented is thus to analyse the role of the organizational form and the individu-
als possibilities to act in the process of providing premises in terms of how they achieve fulfilment of expectations 
regarding usability for the health care core business. The results from this study indicates that a successful project, 
by means of meeting the clients´ expectations, do not depend on the organizational form or structure in the providing 
organization. The study is based on interviews and the result shows that all of the interviewed actors mean that the 
form of the organization has little direct impact on the result of the process of providing premises; it is how the actor 
views their work tasks that make the difference for the result. On the other hand, these views depend on the funda-
mental values in the organization. 

Keywords: health care facilities, process of providing premises, actors, continuous briefing and usability. 

1. Introduction 
The issues raised in this paper are important and rele-
vant to better understand how to provide facilities 
within the health care sector. As the health care sector 
is continuously adopting their buildings and facilities 
to their activities, these processes and the organiza-
tions carrying these out need to be efficient. The pur-
pose of the study presented is thus to analyse the role 
of the actors in the process in terms of how they 
achieve fulfilment of expectations regarding usability 
for core business. 

1.1 Background 

A previous study [1] showed that one of the reasons 
why projects sometimes do not meet expectations is 
the lack of; continuous planning, briefing and partici-
pation, by the actors from the core business through-
out the traditional phases of the construction process. 

According to the results from the previous study, this 
study was created aiming to find out what factors can 
remedy these shortcomings. An early assumption for 
this study was that the ability to meet the client’s ex-
pectations was depending on how the organization 
providing premises was organised. An initial question 
in this investigation was therefore whether it is more 

likely to manage to continuous plan for future project 
together with the core business, if organised as a ser-
vice organization, than it would be in a deliver orien-
tated real estate organization. A following question 
was what impact changes in organizational form have 
on the companies providing facilities concerning the 
ways of how they view the clients and the users’ 
needs. Is the change from a deliver orientated real 
estate organization to a service organization merely a 
play with words, or does it leads to a profound change 
of views on processes, clients and users? 

2. The case study 
Västfastigheter is a real estate company in the western 
region of Sweden own by the county that provides 
premises to the health care in the region. The western 
region is divided in four geographical districts. The 
district of Gothenburg, the largest one of them, con-
tains primarily three large hospitals. An ongoing 
study focuses one of the hospitals, Sahlgrenska Uni-
versity Hospital. 

As the aim of the study is to find out what the actors 
in the process of providing premises consider to be 
the determining factors for meeting the expectations 
of the healthcare clients’, a qualitative and practice 
grounded method is used. The study is based on in-
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terviews, studies of documentation and results from 
case studies of planning processes for hospitals [1]. 

This paper, and the study presented, concerns FM 
issues. In the field of research concerning provision 
of facilities the literature on Facilities Management, 
FM, forms a substantial part of documented processes 
and methods [3, 7, 9]. 

3. Findings 

In this study two main questions were set up. The first 
question was: i) In which way does the organization 
form or structures impact the process of providing 
premises? The results from the study show that all of 
the interviewed actors mean that the form of the or-
ganization has little direct impact on the result of the 
process of providing premises. The way the process 
of providing premises is organized is not the most 
important factor for the result; it is how the actor 
views their work tasks that make the difference for 
the result. On the other hand, these views depend on 
the fundamental values in the organization. 

The second question of this study was: ii) How does 
the way of organization impact the individuals’ pos-
sibilities to act in the process of providing premises? 
The results from the study on this aspect, is that not 
only the competence of the actor but also the compe-
tence in the management of the organization are cru-
cial factors for the actors possibilities to make an ef-
fective and thorough performance. Some of the inter-
viewers also pointed out the importance of the actor’s 
behaviour, not only the competence. It is mainly a 
question of relations between the organization and the 
actors, between the single actors and between the 
actors and the clients/users. 

4. Conclusions 
Based on the findings and discussion above, the re-
sults are indicating that a successful project, by means 
of meeting the clients´ expectations, do not depend on 
the organizational form or structure in the providing 
organization. In further research it is therefore rele-
vant to study the relationship between the actors’ dif-
ferent roles in the process of providing premises. 

As the results from question ii) shows, the role of 
providing premises is developing, buy means that 
actors now introduced in the organizations have a 
higher level of competence, in terms of higher educa-
tion and an improved way of handling the working 
tasks in the process of provide premises. The man-
agement has though more or less still a traditional 
view of how to handle the process, diverse from the 
improved way of working some of the actors’ uses on 
an operative level. This unbalance in competence 

level could be one reason why the actors experience a 
lack of distinct goals and management. 

Another tentative conclusion from this study is that 
the management relies on the actors and their individ-
ual competence. This can serve as a functional sys-
tem, if the actors work in an organization character-
ized by teambuilding. If there is not a supporting or-
ganizational system, however, this is a weak system. 
If there is also a lack of common guidelines and poli-
cies on how to provide premises, as in most organiza-
tions in Sweden, there is a risk to end up in a situation 
where knowledge and competence is impoverished 
regarding provision of facilities [12]. 

In the interviews it was indicated that the result of the 
process of providing premises is depending on how 
well the actors are able to interact with each other. The 
actors interaction on the other hand, seems to depend 
on the individuals’ skills and how the management in 
an organization can support the individuals.  
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A residential building business performance metrics system is under development in the European Commission 
funded four year project ManuBuild. The ManuBuild project is targeting to create enablers for a new European wide 
building construction market. In the final ideal situation enterprises of various sizes would have real chances for 
joining and contributing to construction business outside their own countries. This is also the main challenge of the 
proposed business model and relating performance metrics system. Besides to this business vision, the additional 
main viewpoints forming the basis for the metrics system are community, main stakeholders and customer in particu-
lar. It is considered that this can result in the performance metrics solution that can measure the overall added value 
of building business in an improved way compared with a somewhat more traditional production centered ap-
proached. The overall solution is gradually developed by proposing, testing, approving and dropping performance 
indicators. 

Keywords: construction management, international construction business, performance metrics. 

1. Introduction  
The significance of building construction is widely ac-
knowledged as a major source for the well-being of all 
people and societies. This kind of very broad definition 
of the building construction requires a new improved 
understanding of the performance of building construc-
tion and various factors affecting on it.  

The European Construction Technology Platform 
(ECTP) vision is taken as a framework for the 
ManuBuild key performance indicators. That vision 
describes Europe’s built environment in 2030 being 
designed, built and maintained by a successful 
knowledge- and demand-driven sector, well known 
for its ability to satisfy all the needs of its clients and 
society, providing a high quality of life and demon-
strating its long-term responsibility to mankind’s en-
vironment.  

There’s still a way to go to fulfill that vision looking 
from today’s practice. To meet that desired future 
state the two fundamental development aspects must 
be addressed: meeting client/user requirements and 
becoming sustainable. Besides these two major objec-
tives a fundamental and necessary evolution of the 
construction process itself must be underpinned to 
diffuse the knowledge on the whole value chain. 

2. ManuBuild performance metrics 
ManuBuild project develops sustainable value driven 
business processes. They are addressed for imple-
menting the open manufactured building systems, 
organizational concepts and models to support and 
reflect the new processes, and new services covering 

the whole life cycle of buildings from initiation to 
demolition, recycling and waste disposal. 

Based on the state of the art study, see e.g references 
[1 and 2] 53 applicable performance indicators are 
proposed that can be used in residential housing pro-
jects to measure the performance of buildings, proc-
esses and organizations that are involved in delivering 
and maintaining them.  

The performance metrics serve for validating the con-
formity of delivered products to the expectations of 
their users over life span, and for measuring the per-
formance and sustainability of products, processes 
and organizations (Figure). The ManuBuild indicators 
act also as valuable input data for Business Intelli-
gence (BI) systems to be used in the integrated 
ManuBuild business model. 

The next step is to select a smaller number of them, 
e.g. 10 - 12 key performance indicators focusing the 
value creation to the customer. This performance met-
rics, or a relevant sub set of it, can then be used to-
gether with company’s other (production oriented) 
indicators to deliver ManuBuild buildings with suc-
cess in the future. 

3. Discussion 
The traditional building process has been criticized 
being too much driven by production factors (invest-
ment cost and delivery time). The future building 
process, as described by the wide industrial consor-
tium (ECTP) in their vision 2030 emphasizes meeting 
customer requirements and becoming sustainable by 
using a new business model.  
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Figure. The main categories of ManuBuild performance metrics 

 

ManuBuild key performance indicators, to be devel-
oped from the set of indicators as described here, 
focus on sustainable value creation to the customers 
and to the community. 

An interesting aspect is the value creation oriented 
delivery delighting the customer with a positive sur-
prise by achieving more than they expected. This is 
not a statement towards over quality, but rather meet-
ing the unexpressed, sub-conscious needs or expecta-
tions together with other project requirements in a 
cost efficient and productive way. This seems to be a 
kind of performance worth noticing when new busi-
ness models are developed. 

One interesting challenge in meeting client require-
ments is to study which is the level of individually 
defined requirements that can be met by industrial 
supply.  

4. Conclusions 
The selected rather holistic development approach is 
considered to be of importance for reaching sustainable 
value driven business processes. This approach com-
prises process, product and organizational viewpoints. 
The main target is to meet client/user requirements and 
become sustainable. Providing positive surprises to 
customers should lead to customer loyalty and form the 
foundations to form a profound business brand. 

The next step in our research is to select a smaller 
number (e.g. between 10 and 20) of key performance 
indicators, develop the suitable measuring methods 
for each indicator and test those in live building pro-
duction. 
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A theoretical platform of 52 concepts published in English between the years 1990-2005 is introduced for advancing 
global and local business management (BM) practices and new enabling BM concepts. The 52 concepts belong to 
the eight schools of thought on BM as follows: 13 organization-based, 11 Porterian, 10 knowledge-based, 10 dynam-
ism-based, 4 process-based, 3 competence-based, 1 resource-based, and 0 evolutionary concept. For the review, 25 
journals, 9 book publishers, and 22 international conference proceedings have been relied upon. Overall, no applied 
research tradition in BM exists as part of construction-related management research in the OECD countries.  

Keywords: Business management, construction, global markets, literature review 
 

1. Introduction  
The conduct of this qualitative literature review is 
reported in detail in [1]. Herein, the purpose is to in-
troduce a theoretical platform consisting of 52 con-
struction-related business management (BM) con-
cepts published between the years 1990-2005. Con-
struction involves design, implementation, servicing, 
and life-cycle aspects of investments in natural re-
sources usage, energy supply, telecommu-nications, 
transportation, infrastructure, manufactur-ing, and 
general building concerns. Dynamism includes a 
spectrum of static, dynamic, even chaotic, global and 
local markets and businesses. Hart’s [2] literature-
review guidelines have been relied upon. The coher-
ent nature of managing a business has been main-
tained by focusing on the research on firms based in 
one of the OECD countries. The exception is to in-
clude the concepts originating from Singapore or 
Hong Kong; due to these authors’ British Common-
wealth heritage and global interests. Over the 16-year 
period, three publication channels have been relied 
upon: 25 journals and 9 publishers com-plemented 
with 22 conference proceedings. Notably, the new 
concepts that the 9 publishers may have published as 
part of their books during the years 2003-2005 are not 
yet taken into account. Three theo-retical questions 
are addressed in this summary as follows.  

2. Theoretical platform 
The platform consists of 52 construction-related BM 
concepts published within 48 references between the 
years 1990-2005. The authorship consists of 42 (indi-
vidual, pairs or teams of) authors. There are 72 indi-
vidual authors. 27 (52 %) concepts have been pub-
lished via journals, 14 (27 %) concepts as part of the 
edited books with many authors, and 11 (21 %) con-
cepts within the books by one author(ship). Question 
1. What are the frequencies of publishing the 52 con-

cepts across the four fields of construction-related 
management research? 30 (58 %) concepts are related 
to construction economics and management, 9 (17 %) 
concepts to project management, 8 (15 %) concepts to 
real estate development, and 5 (10 %) concepts to 
industrial management. 

Question 2. What is the relatedness of 52 concepts to 
one of eight schools of thought on business manage-
ment? Each concept is assigned to one of eight 
schools of thought (Table 1). The combined share of 
the organization-based, Porterian, knowledge-based, 
and dynamism-based schools is 84 %. Overall, none 
of eight schools of thought has triggered a coherent 
flow of construction-related BM concepts.   

Table 1. Relatedness of 52 construction-related BM 
concepts to the eight schools thought on BM. 

School of thought on BM     No.       (%) 
1 Porterian school     11   (21 %)     
2 Resource-based school       1     (2 %) 
3 Competence-based school       3     (6 %) 
4 Knowledge-based school     10   (19 %) 
5 Organization-based school     13   (25 %) 
6 Process-based school       4     (8 %) 
7 Dynamism-based school     10   (19 %) 
8 Evolutionary school       0     (0 %) 
Sum             52 (100 %) 
 

3. Targeted business-management 
problems 

Question 3. What theoretical management problems 
have the authors targeted by their concepts by school 
of thought?             

Among 13 (25 %) organization-based BM concepts: 
For project-oriented and PM firms, an organizational 
model is offered by Artto, capability building is 
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enabled by Davies and Brady, a project-based 
organization is matched with products by Hobday, 
one-size-fits-all approach is opposed by Turner and 
Keegan, PM-centred organizations are advocated by 
Sauer et al., PM offices are supported by Kendall, and 
a virtual CM firm is designed by Kiiras and 
Huovinen. For contractors, a successful contractor is 
envisioned by Flanagan, partnering pillars are 
designed by Bennett, partnering is customized by 
Cheng and Li, and a business system is designed by 
Huovinen. For building products suppliers, a 
collaborative model is made by Huovinen and Hawk. 
For real estate firms, a systems-change strategy is 
designed by Leinberger. The theoretical advancement 
of 13 concepts seems to be fairly modest. Instead, the 
practical relevance is fairly high. Better concepts can 
be integrated with the BM systems in given contexts.   

Among 11 (21 %) Porterian BM concepts: Strategic 
planning is supported by Betts and Ofori. A model for 
architectural practices is designed by Winch and 
Schneider. A/E firm strategies are applied by Ve-
shosky. Strategies for QS practices are re-defined by 
Jennings and Betts. Value chains for real estate ser-
vices are applied by Roulac. A customer-based pro-
ject-success metrics is designed by Pinto et al. Five 
arenas are chained by Huovinen. Product differ-
entiation is addressed by Langford and Male. Low 
cost, differentiation, and speedy response are linked 
by Rapp. All Porterian modes are recommended by 
Kale and Arditi. The applicability of the 11 concepts 
varies a lot. In part, the authors may not have been 
allowed to address the applicability via the scientific 
channels. Porter’s chain of causality can be adopted 
for predicting why a firm’s cross-sectional strategy 
will be (non-)successful at a future point in time?”  

Among 10 (19 %) knowledge-based BM concepts: 
Learning organizations are advocated by Hawk, Love 
et al., Davies and Brady. Knowledge-based concepts 
are emphasized by Langford and Male, Robinson et 
al., Borner, Huovinen, and Walker. Alliances are 
enhanced by Love et al. Project-portfolio manage-
ment is enabled by Anell. The theoretical advance-
ment and the applicability vary a lot. Better concepts 
can be advanced through systemic approaches. 
Among 10 (19 %) dynamism-based BM concepts: 
Project BM is advanced by Meklin et al. and Lampel. 
Corporate real estate, workplaces, and FM services 
are linked with BM by Barrett, Mitchell-Ketzes, and 
Osgood. Dynamic construction BM is enhanced by 
Chinowsky with Meredith, Langford and Male, de 
Haan et al., and Huovinen. Some of 10 concepts are 
more theoretically advanced while the others are 
more pragmatic. It is envisioned that many 
dynamism-based concepts will be among the most 
profitable ones by the year 2010. Better concepts can 

be dynamized to foresee high variance differences 
inherent in interactions between key actors and 
markets. New value-based ways can be added to 
manage a dynamic business successfully.       

Among 4 (8 %) process-based BM concepts: World-
class or high FM services processes are designed by 
Kaya et al. and Rogers. Project-based approaches are 
linked with businesses by Anderson and Merna as 
well as Morris and Jamieson. The concepts diverge a 
lot in terms of the theoretical advancement and the 
applicability. Better FM services and project-based 
concepts can be designed to exploit direct causal 
relations with primary BM. 

Among 3 (6 %) competence-based BM concepts: 
Managerial and organizational competences are the 
primary elements in Huovinen’s concept and Lang-
ford and Male’s approach. Capability assessment is 
enabled by Trejo et al. The concepts diverge in terms 
of the theoretical advancement and the applicability 
as well. More applicable concepts can be designed to 
enable competence leveraging more effectively.  

Within 1 (2 %) resource-based BM concept, four 
resource categories are differentiated by Lowendahl. 
The categories seem to be highly applicable to 
design-business contexts. Sustained success can be 
achieved through developing the new idiosyncratic 
ways of managing that are very difficult-to-copy. 

5. Conclusions 
No applied research tradition in BM exists as part of 
construction-related management research in the 
OECD countries. The authors of 52 concepts have 
added neither very high theoretical contribution nor 
deep practical value onto the original generic BM 
concepts. A real 16-year platform may consist of 65-
70 BM concepts. In part, the missing 10-15 BM con-
cepts will be identified from among the books pub-
lished between the years 2003-2005 by the key pub-
lishers. Nevertheless, this identified 52-concept plat-
form is promoted toward business managers and in-
terested scholars alike.  
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The aim of this paper is to advance the conduct of reviews of conceptual research on the targeted area of managing 
construction-related firms, their businesses, operations, and alike. The main areas of construction-related manage-
ment include corporate, business, and operative management, strategic planning as well as management tools and 
techniques. Conceptual research takes place in four primary disciplines of construction economics and management, 
real estate development, project management, and industrial management. Conceptual study processes are posited 
as the units of review. Neutralism guides reviewers to protect their reviews against biases and threats. Future re-
viewers are encouraged to design their rationales as a set of 10 principles.  

Keywords: Conceptual research, construction, literature review, management, unit of analysis 
 

1. Introduction  
In general, literature reviews are relied upon as the 
secondary research method as part of the primary 
empirical studies. Only a few handbooks have their 
focus (and scope) on advanced literature reviews as 
scientific methods in their own right. The aim of this 
paper is to advance the conduct of the reviews of pub-
lished conceptual research on the targeted area of 
construction-related management in firms so that such 
reviews are conducted as the independent pieces of 
scientific research. The paper is based on the pioneer-
ing concept-review process that the author carried out 
during the years 1999-2003 [1]. The author has relied 
upon the same principles for reviewing the additional 
concepts published between the years 2003-2005 [2].     

2. Construction-related management  
Construction markets deal broadly with design, im-
plementation, services, and life-cycle aspects of in-
vestments in the utilization of natural resources, en-
ergy supply, telecommunications, transportation, 
other infrastructure, manufacturing, general building, 
and real estate concerns. In turn, construction-related 
management covers the vast scope of managing all 
kinds of firms, businesses, processes, functions, inter-
actions, projects, deliveries, and alike in evolving 
global, international, national, regional, and local 
markets. The five main areas of construction-related 
management include corporate, business, and opera-
tive management, strategic planning as well as man-
agement tools and techniques. Management and lead-
ership are seen as two overlapping spheres such as 
‘the two sides of a coin’. Herein, the emphasis is on 
the management side, i.e. managing entities, actions, 
factors, and topics (that are linked with human re-
sources in one way or another).                                

3. Reviews of construction-related 
management research 

Concepts are abstractions representing objects, prop-
erties of objects, or certain phenomena, e.g. a firm 
managing its operations in global and/or local con-
struction markets. Concepts are the building blocks of 
any theory or model in construction-related manage-
ment research. Construction-related management re-
search takes place within four academic fields: con-
struction economics and management, real estate de-
velopment, project management, and industrial man-
agement. In turn, conceptual research reviews are the 
independent pieces of scientific research that investi-
gate the published concepts of the targeted area of 
construction-related management. It is argued that 
without the identification and the critical reading of 
the accumulated research it would be difficult for 
anyone to see how research on construction-related 
management could produce a new highly advanced 
concept or make a new highly relevant application of 
the current one. Hart’s [3] handbook includes the ba-
sic guidelines for conducting a conceptual research 
review. 

4. Limitations of originality of  
conceptual reviews 

A reviewer can impose the limitations of the potential 
originality for her or his review of conceptual construc-
tion-related management research in terms of setting 
the basic criteria for eligible concepts and defining the 
unit of review. First, a reviewer is obliged to ensure 
that the potential area(s) meet four basic criteria for 
eligible concepts: the minimal size of the targeted con-
cept population, the economic and societal context, the 
language(s), and the period (years) of publication. Sec-
ond, a conceptual research reviewer may address the 
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conceptual study processes of primary authors as a unit 
of review. A total conceptual study process consists of 
10 concurrent, iterative elements (or stages). A particu-
lar reviewer may focus on only some, half, or all of 
them such as: (i) primary authors’ reliance of different 
paradigms of methodology (e.g. naturalism, interpreta-
vism, deconstructionism, participant inquiry, and criti-
cal theory) and ontological, epistemological, and meth-
odological assumptions; aligning with Griseri [4], truth 
is hardly accessible in construction-related manage-
ment research. (ii)  authors’ initial reviews of prior 
assumptions, concept-design processes, and their out-
comes, i.e. existing concepts, and (iii) primary authors’ 
current (i.e. most recent) assumptions, concept, and its 
validity.    

5. Aspects of neutralism 
Reviewers are entitled to adopt the key aspects of 
neutralism to protect the validity of reviews from 
likely biases such as preferring only (a) one of 
paradigms of methodology, (b) one of research 
traditions, (c) one of business or market contexts, (d) 
one way of defining the concept’s advancement, and 
(e) one way of analyzing the concept’s applicability. 
Hart [3] guides reviewers not to judge paradigms of 
methodologies, but rather to learn from each. It would 
not take a reviewer far if (s)he attempts to analyze 
concepts across (inter)national research traditions in 
terms of each traditions’ assumptions, propositions, 
and evidence. Such one-tradition-reviews result in 
enhancing only themselves as the biased truth of the 
matter. If any review-generated evidence reveals 
differences in achieving success vis-à-vis the targeted 
concept population, then this reviewer can infer only 
an association between the higher success and the 
particular concept(s). Reviewers should let the 
conceptual data speak and include all eligible studies 
at the outset. The only circumstance in which the 
exclusion of studies may be appropriate is when the 
criteria for excluding studies are defined, ex ante [5]. 

6. Rationale as ten principles 
Future reviewers may design their rationales for con-
ducting a rigorous review of conceptual construction-
related management research based on 10 interrelated 
research-review principles (Table 1). For a review at 
hand, a reviewer can phase the adoption of these prin-
ciples according the five logical stages of a literature-
review process that serve the functions similar to the 
ones they serve in primary research: (i) problem for-
mulation, (ii) literature search, (iii) the reading of 
literature and the evaluation of the data for the inclu-
sion, (iv) the analysis of the targeted references, and 
(v) report design and writing [3]. In addition, a re-
viewer may consider the notions of preunderstanding 
and dualistic approach. 

Table 1. Review rationale as ten principles.     

(1) Choice of an independent conceptual review   

(2) Choice of the targeted area of management  

(3) Setting the aims and the limitations of originality 

(4) Search for eligible published concepts  

(5) Inclusion (retrieval) and exclusion of concepts 

(6) Coding, exposure, and analysis of concepts 

(7) Assessment of validity of the review process  

(8) Discussion of the findings 

(9) Suggestions for advancing conceptual knowledge 

(10) Suggestions for practicing managers 

7. Conclusions 
The role of future reviewers of conceptual construc-
tion-related management research is seen important. 
They may gain an inspiration by the idea of becoming 
a knowledge builder who needs a construction man-
ual to accompany his blueprints and bricks. Finally, 
this author is aware of the fact that his original design 
for a house of conceptual research review will remain 
idiosyncratic to this paper until some other generic or 
construction-related reviewers adopt, apply, and test 
the credibility of this house.            
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Logic of Competition in a construction market is defined as eight competitive arenas. Logic of Construction Market-
ing is defined as 19 routes coupling these arenas into a value adding chain. For construction marketers, it is sug-
gested that they can set more advanced goals and also attain them by learning these new logics, identifying incum-
bents and their routes, anticipating changes, deducing non-existing marketing routes and/or inventing the new ones, 
and (re)designing their strategies accordingly. For scholars, a new unit of analysis is put forth, i.e. a combination of 
two or more arenas connected via the marketing routes. Collaborative research is called for. 

Keywords: Competitive arenas, construction markets, marketing, Porter Michael E. 
 

1. Introduction  
The following research problem is addressed: “How 
can one best capture and understand the logic(s) un-
derlying dynamic (or even chaotic) competition and 
marketing in evolving global and local construction 
markets?” The aim is to advance core thinking in 
construction marketing by defining a new logic of 
chained competition coupled with a new logic of 
marketing. The four sub-aims are as follows: (1) To 
introduce a new unit of analysis, i.e. a chain of two or 
more competitive arenas with marketing routes in the 
focal context, (2) to define Logic of Competition in 
Construction as the eight competitive arenas, (3) to 
define Logic of Construction Marketing as a set of 19 
marketing routes that couple these arenas in duos or 
trios, and (4) to discuss a need to overcome many 
weaknesses in construction and some implications 
both for marketers and scholars.  

2. Competitive redefinition of a  
construction market  

Porter’s [1] five competitive forces are redefined to 
drive competition within several causally interrelated, 
upstream and downstream arenas inside a market: (1) 
incumbents in the base arena, (2) bargaining power of 
clients in the next upstream arena, (3) bargaining 
power of subcontractors, sub-designers, and suppliers 
in a set of downstream arenas, (4) threats of substitute 
offerings and (5) threats of new entrants. Each con-
struction market is divided into causally-interrelated 
parts or arenas where interactions take place. It is 
axiomatic that each procurement method, which each 
client (procurer) chooses, determines the rules of 
competition and the nature of marketing downstream 
in the next arena. Each incumbent occupies the two 
principal roles of a marketer and a procurer in its base 
arena. As a marketer it interacts via marketing routes 

with targeted clients in the upstream arena(s). As a 
procurer it acquires inputs via procurement routes 
from inside the same arena and from the downstream 
arena(s). The collective strength of these extended 
forces determines the ultimate total profit potential 
and how it is being divided between the market-
ers/procurers in the connected arenas in terms of long 
run return on invested capital.  

3. Logic of competition in a  
construction market 

Logic of Competition in a construction market is de-
fined as eight interrelated competitive arenas:  Arena 
1 of uses of building and infrastructure stocks, Arena 
2 of ownership and trading, Arena 3 of life-cycle ser-
vices, Arena 4 of capital investing, Arena 5 of 
wholes, Arena 6 of parts, Arena 7 of building prod-
ucts supply, and Arena 8 of construction materials 
supply [2]. New substitute offerings may emerge re-
lated to any of arenas, even in the short term, based 
on better designs, more effective ways of construction 
and installment, better products or materials, or more 
advanced services. Global and local entrants start 
competing in each arena annually. In principle, even 
globally leading incumbents have latitude to rethink 
and influence the internal structure and boundaries of 
the focal arenas and to position themselves relative to 
other actors [1]. In addition, the various financiers 
may become direct parties in contracts inside the 
eight arenas. 

4. Logic of construction marketing 
Logic of Construction Marketing is defined in terms 
of identifying altogether 19 marketing routes, i.e. 13 
routes that couple the eight arenas and six routes that 
enable a marketer to win deals also inside its base 
arena. It is axiomatic that each marketing route, 
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which each client in the chain prefers or accepts, de-
termines the rules of competition in the connected 
base arenas. By definition, focal marketers have one 
or more routes connecting their base arena to one or 
more targeted upstream arenas or enabling their mar-
keting inside the base arena. Next, each of 19 routes 
is defined briefly as follows: 

• Route 1 allows owners and traders of the base 
Arena 2 to market, rent, and/or arrange access to 
their objects/stocks to user types in Arena 1. 

• Route 2 involves two or more owners and their 
linked marketing/procuring interactions which re-
sult in changes in the ownership of the ob-
jects/stocks inside the base Arena 2. 

• Route 3 involves providers of the base Arena 3 who 
are marketing their life-cycle services to owners 
over the contract periods related to objects in Arena 
2. 

• Route 4 involves providers marketing life-cycle 
services to users in Arena 1. 

• Route 5 involves focal providers marketing certain 
life-cycle services to others within the same base 
Arena 3. 

• Route 6 involves capital investors and traders of the 
base Arena 4 who are marketing their objects to 
owners in Arena 2. 

• Route 7 includes investors and traders marketing 
their objects to potential users in Arena 1. 

• Route 8 involves focal investors and traders mar-
keting certain objects to others within the same 
base Arena 4. 

• Route 9 includes contractors and CM consultants of 
the base Arena 5 who are marketing their overall 
solutions to investors in Arena 4 for the realization 
of an object through a single contract. 

• Route 10 involves designers and sub-contractors of 
the base Arena 6 who are marketing sub-solu-tions, 
designs, and services as the parts of objects to con-
tractors and CM consultants in Arena 5. 

• Route 11 involves designers and subcontractors 
marketing parts directly to investors in Arena 4. 

• Route 12 involves focal designers and sub-
contractors marketing certain services to others 
within the same base Arena 6. 

• Route 13 involves product suppliers and traders of 
the base Arena 7 who are marketing their building 
products, components, construction machinery, and 
tools to subcontractors in Arena 6. 

• Route 14 involves product suppliers and traders 
marketing their products directly to contractors and 
CM consultants in Arena 5. 

• Route 15 involves focal suppliers and traders mar-
keting certain product types and components to 
others within the same base Arena 7. 

• Route 16 involves materials suppliers and traders of 
the base Arena 8 who are marketing their materials 
to product suppliers/traders in Arena 7. 

• Route 17 involves suppliers and traders marketing 
their materials directly to subcon-tractors in Arena 
6. 

• Route 18 involves suppliers and traders marketing 
their materials directly to contractors and CM con-
sultants in Arena 5. 

• Route 19 involves focal suppliers and traders mar-
keting certain materials to others within the same 
base Arena 8. 

Multi-arena firms are crafting integrative marketing 
strategies and managing routes across several arenas. 
Naturally, all the 19 routes allow and enable collabo-
ration between global and local actors. 

5. Conclusions 
(Inter)national collaborative organizations can incorp-
orate the two new logics into their industry-
development programs (e.g. CIB’s theme “Revaluing 
Construction”) to overcome weaknesses in compet-
ition. Ideally, the highest gains are achieved by those 
firms who assume and integrate best a dual role of 
marketing and procuring [2]. It is proposed that the 
new unit of analysis, i.e. a combination of two or 
more arenas connected via the marketing routes ad-
dresses the underlying fundamentals of competition 
and marketing that are not dependent on the specifics 
of a given base arena and the routes that a global or 
local marketer uses within the targeted market. Inter-
ested researchers may validate this proposition.   
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Project planning is a very crucial factor in project success as project failure can otherwise be regarded as failure in 
project planning. Since project planning has such a significant impact, it is expected that clients will show great 
concern about it. Based on this premise, this paper examines the influence of clients on project planning in the Nige-
rian Construction Industry.  
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1. Introduction 

Researchers opine that project-planning efforts usu-
ally fail to achieve their objectives [1] [2] and when 
this happens, project goals are jeopardized. Since pro-
ject planning has considerable effect on project suc-
cess, high concern about it is expected from clients. 
This background necessitates evaluating the influence 
of clients on project planning in the Nigerian con-
struction industry. 

 

1.1 Purpose of the study 

The objectives of the study are to determine the level 
of use and the priority accorded project planning by 
clients and the relationship between clients and pro-
ject planning. The aim is to establish whether or not 
clients have any influence on project planning.  

 

1.2 Variables of the study 

Project planning is classified into two variable cate-
gories namely: project plans and programming tech-
niques. 14 major project plans and 4 programming 
techniques are selected for this study. For the purpose 
of clients, 3 factors namely: clients’ type that is public 
and private, clients’ business motive namely: com-
mercial, quasi-commercial and social and the clients’ 
priority for projects namely: low, moderate and top 
are selected.  

 

1.3 Conceptual framework for the study 
The above variables are classified into independent 
variables namely client type, client business motive 
and project priority and dependent variables namely: 
project plans and programming techniques. A frame-
work is developed to express the relationships be-
tween the two variable groups.  

1.4 Previous studies 
Researches on project planning are focused on project 
planning methods and process [1] [3] [4] [5], the influ-
ence of construction firms on project planning [6], the 
stage of planning before commencement of work [7] 
and matching project planning with project perform-
ance [3].  Little attention is given to clients in previous 
researches on project planning. This paper is thus di-
rected towards bringing the features of clients into fo-
cus in researches and practices of project planning. 

 

2. Research methodology 
To achieve the objectives of this study, a survey in-
volving a sample of 21 construction projects selected 
randomly from the population of completed projects 
in Nigeria was conducted. Data were collected on the 
number of projects procured by clients, the frequency 
of preparation of project plans and the level of use of 
programming techniques. The frequency of preparing 
project plans and the level of use of programming 
techniques were measured using 5-point Likert scale 
namely: never, rarely, sometimes, usually and always.  
Structured questionnaires were used to collect data, 
which were analyzed to determine the level of use of 
project planning by clients and the relationships be-
tween project planning and clients using mean item 
score, t and chi-square tests.  
 

3. Results 
The study reveals that pre-contract plans that is project 
drawings rank higher than post-contract plans in level 
of preparation among clients. Architectural and struc-
tural drawings rank highest in pre-contract plans while 
programme of work ranks highest in post-contract 
plans. Lifecycle chart, cash flow chart, method state-
ment and organisation chart rank least in pre-contract 
plans while health and safety plan and plant schedule 
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rank least in post-contract plans. The study further re-
veals that the level of use of all programming tech-
niques is higher in public sector projects than private 
sector projects. List of activity ranks highest in level of 
use among clients while bar chart; network analysis 
and line of balance rank next in ascending order. 

The study also reveals that there is association in the 
ranking of the level of preparation of project plans 
between the variables of client type, client business 
type and client project priority. Also, there is associa-
tion in the ranking of level of use of programming 
techniques between the variables of client type, com-
mercial and quasi-commercial clients; social and 
quasi-commercial clients. However, there is no asso-
ciation between the variables of clients’ project prior-
ity and commercial and quasi-commercial clients. 

The study also reveals that there is relationship be-
tween client type and electrical drawing; lifecycle 
chart, cash flow chart and bar chart; between clients’ 
business motive and lifecycle chart, material sched-
ule, health and safety plan, bar chart, network analy-
sis and line of balance and between clients’ priority 
on projects and architectural drawing, mechanical 
drawing and network analysis. However, there is no 
relationship between client characteristics and the 
remaining variables of project planning 

 
4. Discussion of findings 

The finding that architectural and structural drawings 
rank highest in level of use among clients shows that 
the two plans are the most important plans to clients. 
The study discovers that life cycle chart is the least 
important document to clients generally. Since this 
document is used in managing project delivery time, 
the result implies that clients in the Nigerian construc-
tion industry show least interest in the management of 
project delivery time. 

The finding that list of activity technique ranks high-
est in level of use is an indication of poor project 
planning. The finding that there is association in the 
ranking of the level of preparation of project plans 
among clients indicates that the priority accorded 
project plans by clients is the same. The finding on 
the test of relationship in project planning between 
the variables in client characteristics indicates that the 
level of preparation of majority of project plans dif-
fers among them. The use of bar chart is the same 
between public and private sectors clients but those of 
list of activity; network analysis and line of balance 
differ among them. The use of bar chart, network 
analysis and line of balance is the same among social, 

quasi-commercial and commercial clients but that of 
list of activity differs among them.  

5. Conclusion 
This study confirms that clients generally regard ar-
chitectural and structural drawings as most important 
and life cycle chart as least important. It also confirms 
that the level of projec programming is low. The 
study also shows that the priority accorded project 
planning by clients is the same but the level of use of 
project plans differs among the sub-variables of client 
characteristics. Based on these findings, the paper 
concludes that project planning in the Nigerian con-
struction industry is inadequate and that clients’ inter-
est in the planning of project life cycle is low. To 
guarantee the success of projects, there is need for the 
industry to adopt better programming techniques and 
to improve its level of use of project plans. The situa-
tion calls for more concern in project planning by 
clients. This can be achieved by incorporating pro-
ject-planning conditions or clauses in pre-
qualification, tendering and contract agreements. 
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Researchers claim that direct labour which is a prominent procurement system in Nigeria involves high staff 
strength and overhead expenditure and that this feature erodes the economy it has over contract systems. This paper 
attempts to confirm this claim by evaluating the influence of clients on direct labour (DL) system in the Nigerian 
construction industry.  
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1. Introduction 
Researchers regard direct labour (DL) as a prominent 
procurement system in the Nigerian construction in-
dustry [1]. Government and its agencies in Nigeria in 
the recent past opted to promote DL system because 
of the realization that contract construction cost was 
higher in Nigeria than in other countries [2] [3]. Con-
sequently, organized structures in the form of DL 
units and agencies were set up at both federal and 
state government levels. Critics of the development 
maintain that the system is wasteful because it in-
volves high staff strength and overhead expenditure 
and that it is mainly used for government construc-
tion. Favorites of the development however, claim 
that the system has economy [3]. In the light of this 
argument, this paper evaluates the influence of clients 
on DL system in the Nigerian construction industry. 

 
1.1 Aim and objectives of the paper 

The objectives of this paper are to determine the level 
of use of DL system among clients in the Nigerian 
construction industry and whether or not the system 
requires high staff strength as claimed. The aim is to 
establish the use and economy of the system. 
 

1.2 The Variables of the Study 
The variables used for the study are classified into 
two categories namely: client characteristics and level 
of use of DL system. Client characteristics consist of 
client type defined as public and private, client goal 
defined as profit and non-profit, client development 
motive defined as speculative and non-speculative, 
client junior, senior and management staff strengths 
measured in five ranks of 1-20, 21-50, 51-99, 100- 
999 and ≥ 1000, client project unit staff strength 
measured in three ranks of 1-10, 11-600 and >600 
based on the classification of small, medium and 
large contracting firms, and client project unit organi-

zation structure defined as project, matrix and func-
tional structures. The use of DL system is defined by 
two variables namely: client policy on the use of DL 
system measured in four ranks of never, rarely, some-
times and always and the number of DL projects pro-
cured by clients measured using four ranks of ≤ 1, 2-
3, 4-5 and >5. 

 
1.3 Previous Studies 

Researchers confirm that DL is a prominent 
procurement system in Nigeria and other countries [1] 
[4]. On the use of the procurement system by clients, 
the focus of researchers is on public clients [1] [3] 
[4].  Little or nothing is reported on the use of DL 
system in the organized private sector in Nigeria. On 
the economy of the system, researchers maintain the 
system has greater economy over other procurement 
systems [1] [5]. However, critics of the system 
caution clients on its use. 

 
2. Methodology of the study 

To achieve its objectives, this paper adopts a data 
based approach, which relies on primary data. For this 
purpose, a field survey is conducted using structured 
questionnaires. A sample of 120 clients selected ran-
domly from the population of clients in the Nigerian 
construction industry is used for this study.The data 
collected consist of the clients policy on the use of 
DL system which is measured on a 4-point Likert 
scale of never, rarely, sometimes and always and the 
number of projects procured by clients using DL sys-
tem which is also measured on a 4-point Likert scale 
of ≤ 1, 2-3, 4-5 and > 5. The data are analyzed to de-
termine the ranking of the level of use of DL system 
among clients using mean item score and for the test 
of difference in the level of use among the sub-
variables of client characteristics using t and F tests. 
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3. Results 
The results of the analysis are presented as follow: 

i. Public clients favour DL system more than private 
clients in the two parameters that define level of use. 
ii. Non-profit oriented clients favour DL system more 
than profit-oriented clients in the two parameters of 
level of use. 
iii. Non-speculative clients favour the system more 
than speculative clients.  
iv. The policy of clients with the lowest junior staff 
strength favours the system most whereas clients with 
the highest junior staff strength use the system most 
v. Clients with the least senior staff strength favour 
the system most in the two parameters of level of use.  
vi. Clients with 100-999 senior staff strength favour 
the system most while clients with senior staff 
strength greater than 1000 least favour the system. 
vii. The policy of clients whose project units operate 
project structure favours the system most whereas 
clients whose project units adopt functional structure 
use the system most. Clients whose project units op-
erate project structure least use it.  
viii. Clients with medium project unit favour the sys-
tem most whereas clients with large project unit least 
favour the system. 
ix. The test of hypothesis of no significant difference 
in the level of use of DL system reveals that the pol-
icy of and the number of projects procured by public 
clients are significantly higher than those of private 
clients. The result also confirms that public clients 
favour DL system more than private clients.  
x. The test of hypothesis reveals that the level of use 
of DL system by non-profit oriented clients is signifi-
cantly higher than that of profit oriented clients both 
in organization policy and the number of projects 
procured.  
xi. The test of hypothesis also reveals that there is no 
significant difference in the level of use of the system 
between speculative and non-speculative clients. 
xii. The test of hypothesis reveals that there is no dif-
ference in the number of DL projects procured by the 
sub-variables of client junior, senior and management 
staff strengths. 
xiii. The study also reveals that the level of use of DL 
system by the sub variables of client project unit staff 
strength and organization structure is the same 
 

4. Discussion of findings 
DL system is mainly promoted in Nigeria by public 
clients therefore increased public investment in con-
struction will translate into increased level of use of 
DL system and the reverses will reduce the level of 

use of the system. It is important to state that public 
clients are non profit oriented in their goal and non-
speculative in development.  The finding is that cli-
ents and client project units with high staff strength 
do not use the system more than those with low staff 
strength therefore the use of DL system does not nec-
essarily call for high staff strength and by implication 
high overhead expenditure. This finding agrees with 
some research works and disagrees with others. The 
use of the system is not based on the organization 
structure adopted. The adoption of project inclined 
organization structure does not translate into in-
creased level of use of the system. 
 

5. Conclusion 
The paper concludes that the use of DL system to a 
great extent depends upon government investment in 
construction. A reduction in government expenditure 
in construction is likely to reduce the use of the sys-
tem and vice-versa. Another conclusion is that the use 
of DL system does not translate into high staff 
strength for client and his supporting project unit and 
high overhead expenditure. It is further concluded 
that the staff strength and overhead expenditure aris-
ing from the use of DL system does not remove the 
gains (from contractor’s profit and overheads) that 
accrue to clients when the system is used. In agree-
ment with some researchers [5], this paper concludes 
that DL system has greater economy over contract 
systems in the Nigerian construction industry. 
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Intranets are becoming more and more widespread in use as mechanisms for knowledge capturing, sharing, use and 
transfer. This paper discusses how the Intranet technology could enhance knowledge sharing and capturing within 
construction alliances. A short case study on the use of Intranets within a multinational construction alliance is pre-
sented and the paper details the results and compared with the theoretical findings.  
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1. Introduction 
Alliances are commonly defined as voluntarily initi-
ated cooperative agreements between firms [1]. The 
main purpose of an alliance within the construction 
industry context is to share resources and capabilities 
of the participants so that the necessary and appropri-
ate critical mass is gathered as a means of mitigating 
commercial risks of construction projects. Alliances 
in the construction industry have increased both in the 
UK and internationally due to the volume of large 
scale construction projects.  

Due to the very high emphasis on achievement of the 
various commercially driven project objectives, the 
sharing of resources and capabilities between alliance 
participants is short term orientated in the construc-
tion industry. The short term orientation allows lim-
ited opportunities for the alliance participants to ex-
ploit the collaborative advantage within alliances. The 
paper contextualises this phenomenon and address 
how Intranet technologies enable the realisation of 
long term benefits for construction alliances.  

2. Intranets for knowledge sharing 
and capture  

The concept of the Intranet emerged as a result of the 
need to popularise relevant company details such as 
performance, policies, the mission, vision etc., to its 
employees. However, its functionalities have evolved 
to such an extent that the role performed by an Intra-
net varies between the passive publicising of up to 
date company information among its employees to 
dynamic exploitation of some of its capabilities to 
integrate with social networks.  

To gain an advantage out of the Intranet as a tool for 
knowledge sharing and capturing, it is essential that it 
is populated with more dynamic content rather than 
static company information. As Guenther and Braun 

[2] suggest, the popularity of the Intranet is a function 
of its rich content being related to the tasks carried 
out by people in the organisation. This enhances fur-
ther participation by the community to enrich its con-
tent. Therefore this process energises and is energised 
by the people who regularly benefit from its knowl-
edge rich central repository. Stodart [3] points out 
that this process works effectively when the climate 
within which the Intranet operates is appropriate and 
promotes the population of the Intranet.  

The Intranet technology therefore addresses the needs 
of construction alliances to extend their short term 
collaboration to gain longer term benefits. However, 
the successful uptake of the technology within con-
struction alliances is a function of how it reacts to the 
specific construction industry challenges that were 
discussed before. The research issue that is investi-
gated is ‘the degree of appropriateness of Intranets to 
the specific challenges imposed by construction alli-
ances in their path towards assimilating the technol-
ogy’. In this paper we focus on whether construction 
alliances present the climate to achieve the benefits 
and recommend solutions by conducting a short case 
study in the construction industry.  

3. Methodology 
Case study approach is adopted based on the explora-
tory type and nature of the research issue that is in-
vestigated [4]. The unit of analysis for this study is 
taken as the collaborative links at different levels be-
tween the alliance participants. Face-to-face inter-
views were held with senior managers (SMs) and 
project managers (PMs) in the case study alliance. 
Triangulation was achieved between data sources 
(two different levels in the managerial hierarchy), 
data collection methods (utilising two different forms 
of interview guidelines) and data analysis methods 
(utilising two different forms of data analysis meth-
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ods). Interviews lasting for more than one hour were 
conducted with senior managers (SMs) and project 
managers (PMs). 

4. Case study details 
XY alliance is a strategic partnering alliance. The 
contractual agreement between X and Y company is 
structured in a mutual beneficial way. X company 
guaranties a continuous workload for Y company 
over a stated number of years, for which the Y com-
pany is set a target of 30% savings over 5 years 
against benchmarks for construction and maintenance 
of petrol stations. The structuring of the contract to 
achieve the targets is driven to employee level by the 
alliance through setting of individual targets for em-
ployees. Due to the nature of the goals set and how 
they impact on the overall workforce of the alliance, 
they were perceived by the employees as the short 
term commercial objectives.  

This paper details the use of the Intranet for sharing, 
capturing and use of knowledge within the UK based 
team amidst the focus on the achievement of short 
term orientated goals. 

The Intranet was launched in September 2002, which 
is accessible from any office belonging to the XY 
Alliance. Use of a web platform for the Intranet facili-
tates more effective collaborations and knowledge 
sharing by making available a lot of information for 
the global team. One of the important services that the 
Intranet attempts to develop is a web based health and 
safety management program.  

 

5. Results and discussion 
SEs perceived that the level of Intranet usage was 
significantly low. This has resulted from its lack of 
information content specific to the tasks performed by 
the team. Issues of quality of the information stored 
within the alliance portal were also raised by the SMs. 
Further, these two issues contribute to making up of 
alliance participants’ level of personal propensities to 
share information as pointed out by Jarvenpaa and 
Staples [5]. Therefore the inadequacy of content and 
lack of quality create a barrier for developing and 
sustaining of the Intranet use. The reduction in the 
number of cycles that the Intranet is populated im-
pacts its richness and its utility as a knowledge shar-
ing and capturing tool. 

PMs also agreed that the Intranet content was not 
related to the tasks that they perform and the contents 
were mostly of static nature.  

 

6. Conclusion 
The results of this short case study reveal the poten-
tial for Intranets to impact knowledge sharing, captur-
ing and use within construction alliances.  The case 
study results provide the necessary support to the 
theoretical justification that alliance tasks and activi-
ties are overly short term orientated and that there is 
inadequate emphasis on the use of Intranets to gain 
long term collaborative advantage. It was also found 
that the tasks and activities of the people conducted 
on a routine day-to-day basis do not adequately har-
monise with the use of the Intranet, and they per-
ceived that it was an additional task requiring more 
resources.  

As the longer term benefits of Intranets in construc-
tion alliances are achieved when their usage is effec-
tively spread among all levels of workers, the activi-
ties connected with the Intranet usage should receive 
the strategic consideration of the alliance manage-
ment. Further, the senior managers are best positioned 
to address this need and to ensure that this balance 
spread is maintained among all levels of workers.  
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Earthwork is one of the most important items defining human settlement costs. Besides its importance in terms of 
cost, the earthwork volume is strongly related to environmental impacts.  In this context, this paper proposes indica-
tors to estimate this volume to support design analysis and to take decisions related to costs of human settlements 
with horizontal houses. Bibliographic review, interviews with professionals that deal with this subject, visits to occu-
pied human settlement projects and data analysis provide the basis to develop a model to estimate earthwork de-
mand based just on the intended use of the land. The paper presents the developed model and shows it can forecast 
earthwork volumes and costs easily and more accurately than the current approaches. 

Keywords: Earthwork; human settlements; costs; environmental impacts; design analysis; indicators 

1. Introduction 
In order to create better human settlements, low cost 
house production processes has been looked for. Reduc-
ing costs involves both the house production itself and 
the urbanization implementation. Some researchers and 
professionals, under the induction of organizations such 
as United Nations, are nowadays comparing the avail-
able alternatives for settlements conception and produc-
tion; describing supposed best practices; and evaluating 
real cases in order to define parameters to help decision-
making about the subject [1]. 
In this context, the authors are going through a research 
that intends to propose indicators to help estimating 
urbanization costs. In this paper, earthwork is dis-
cussed; the proposed indicators can help cost estima-
tion in the earlier phases of the project, helping design 
decisions in order to keep costs in a lower level.  
 
2. Earthwork for human settlements 

implementation 
One of the most important factors related to cost and 
environment impacts of human settlements implementa-
tion is the volume of necessary earthwork. In spite of 
this, in accordance to Luiz Eduardo de Oliveira 
Camargo (the president of Associação das Empresas 
Loteadoras do Estado de São Paulo – AELO, wich is an 
organized association that gathers together and 
represents enterprises and professionals dealing with 
land subdivision and urban development), “in Brazil, 
nowadays preliminary estimating of earthwork volume 
is based on a technical visit to the terrain and it depends 
on the experience or sensibility of the professional who 
estimates if earthwork will be simple or complex”.  
Based on the professional impression, it is possible to 
use the indexes published by technical magazines to 
forecast earthwork demand. Table 1 shows indexes 
for earthwork that are published by such a type of 
magazine in Brazil. 

Table 1.  Urbanization costs indexes [2] 
Urbanization Cost – earthwork item 
Earthwork demand Cost/(US$*/1000 m2 of useful 

land) 
Small earthwork  286,18 
Medium earthwork 992,16 
Big earthwork 2757,19 
 
This model probably leads to big errors on the earthwork 
cost estimating as it will be demonstrated later. 
So, considering the impacts on landscape, on the 
environmental conditions and on the housing costs, 
the authors considered to be necessary to have a more 
accurate model to forecast earthwork demand. 
 
3. Understanding earthwork and the 

influencing factors 
The following factors were described in the paper as 
important in defining earthwork demands: the slope 
rate of the land surface; the lots frontages, their 
depths and if they are positioned parallel, orthogonal 
or oblique to the highest slope of the land surface. 
The dependent variable (or the “result” of the process, as 
described before in this paper) was measures by the fol-
lowing indicator: Earthwork/Land Area= (amount of fill 
material + amount of cut material)/Land Area. 
In order to evaluate the influence of the factor on the 
earthwork demand, the authors used a sample of case 
studies consisting on 53 Brazilian human settlements 
with horizontal houses, which were promoted by 
CDHU (a public company in Brazil).  
Figure 4 in the paper allows a first analysis about the 
relationship between land slope rate and earthwork vol-
ume per area. The increase of the slope rates makes 
earthwork volume higher. But terrains with slope rates 
smaller than 2.5% presented more expressive earthwork 
than those with these rates in between 2.5 and 15%. The 
results are in accordance with the literature. 
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In order to search for an estimation approach, the 
earthwork volume (the independent variable) was 
considered in relation to the lots and the roads areas, 
by means of the following indicators: 
• Lots Earthwork/Lots Area = (amount of fill material 

on lots+ amount of cut material on lots)/Lots Area. 
• Lots Earthwork/Roads Area = (amount of fill material 

on roads+ amount of cut material on roads)/Roads 
Area. 

The other previously described factors (lots frontage, 
depth and position) were also considered in the 
model, as showed by Table 2. Notice that the values 
8m and 20 m are considered to be representative lim-
its between two different conditions for low income 
houses in Brazil. Table 2 and Table 3 define groups 
of conditions the authors believe induces different 
earthwork demands; the cells were filled with data 
coming from the case studies. 
 

Table 2. Earthwork volume estimation (human set-
tlement name = m3 of earthwork/ m2 of lots) and in-
ducing factors 

Position of lots  is predominantly 
Orthogonal 
to the high-

est slope 

Parallel to 
highest the 

slope 
Lot Depth Lot Frontage

Terrain 
Slope 

≤ 
20m 

> 
20m 

≤ 
8m > 8m 

Oblique 
to high-
est slope 

< 2,5% 0.82 0.31 1.17 
2,5%≤i<5% 1.28 0.19 0.41 
5%≤i≤10% ---- 0.92 0.60 0.37 0.75 
10%<i≤15% 1.10 1.60 --- 1.08 1.36 
>15% 2.81 1.50 --- --- 2.75 
 

Table 3. Earthwork volume estimation (human set-
tlement name = m3 of earthwork/ m2 of roads) and 
inducing factors 

Position of roads is predominantly 
Terrain 
Slope Parallel to 

highest 
slopes 

Orthogonal 
to highest 

slopes 

Oblique to 
highest 
slopes 

< 2,5% --- 0.73 --- 
2,5%≤i< 5% --- 0.41  0.57 
5%≤i≤10 --- 0.35  0.76  
10%<i≤15% --- 1.58  1.49  
>15% --- 1.95 1.83  
 
In order to compare the estimation provided by the 
proposed model (Table 2 and Table 3) and the present 
Brazilian approach, the authors calculated earthwork 

cost, for a housing settlement that was not used to 
develop the proposed model, using both approaches. 
The Brazilian human settlement for low-income peo-
ple used for the comparison has the following charac-
teristics: 75 isolated houses; Lot Frontage is 10 m; 
Lot Depth is 20.68 m; Land area is 26819.45 m2; 
Lots area is 15506.30 m2; Roads area is 6792.42; 
terrain slope is 3%; lots and roads areas predomi-
nantly oblique. 
According to Table 2 and Table 3 the earthwork de-
mand for lots, in this case, is 0.41 m3/m2, and for 
roads is 0.57m3/m2. Conforming model the total cut- 
and-fill is 10229.26m3. 
Based on a survey realized on earthwork services 
prices, the cost of cut-and-fill forecasted by the pro-
posed model is about: US$16367. This value has to 
be added to the cost of terrain levelness and clearing 
of vegetative. Then the total cost is US$43991.Using 
the same unit costs to real values, the total cost would 
be US$40924.00 (7% different of the model cost). 
Considering the indexes of Table 1 in the paper, the 
total cost of earthwork for this example would be 
US$15385 (62% different of the real cost). 
The model proposed by the authors seems to be very 
easy to use and, in this first comparison, provided an 
estimated figure very more close to the real value 
than the traditional approach adopted in Brazil.  

4. Final comments 
The presented model will be submitted to specialists 
to get their opinion on it and to support further im-
provements. The authors believe the model can be 
useful not only to forecast cost before the design 
completion but also to help design directives defini-
tions. 
Other urbanizations tasks are being evaluated using a 
similar approach and the authors believe the final mod-
els will help designers and managers to take better de-
cisions in order to get to housing solutions that gather 
together both higher quality and lower costs. 
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Activity suited buildings:  
Decision-Making-Model for flexibility 
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Activity-suited buildings create effective processes in a business. An adaptation has a limited time perspective, and 
premises need to change over time in order to keep up with processes in buildings. In an ideal situation, owner, cli-
ents and users, based on a demand for quick adaptability, would be able to transform the building when needed. This 
places high demand on adaptability in a building, ie flexibility. There are factors that can be pointed out which con-
trol the flexibility of a building. The study is both to provide a categorisation of the “Flexibility Factors” and to pro-
vide a tool for decision-makers to deal with adaptability in buildings. 

Keywords: Flexibility, Adaptability, Decision-Making, Flexibility Factors. 
 

1. Flexibility 
The word “flexible” is defined in dictionaries as: pli-
able, adaptable, supple, easily moved, capable of 
change, changeable. A flexible building is a building 
that can easily be adapted to future activities, with 
flexibility defined as the possibility of changing and 
adapting a building to changes in its activity through 
the physical and administrative environment [1].  

The object was to develop a decision model and illus-
trate the effect of the various factors on flexibility in 
buildings. A survey was used to indicate which fac-
tors respondents thought most important in this con-
text. A literature study was carried out to collect in-
formation on the subject and to add depth to con-
clusions and statements. 

2. The need for flexibility 
Buildings are produced chiefly to cover a need for 
localisation of activities. It is usual for buildings to 
change over time, but unusual for these changes to be 
planned, and so overall strategies for simplifying 
changes are needed [2]. The conditions that exist to 
take well-grounded decisions for the future have been 
studied through literature searches and questionnaires. 

Each year, a smaller part of the total property stock is 
complemented through new building [3]. A similar 
amount of area is also estimated to be made newly 
available by being rebuilt and adapted to new activi-
ties. For this part, it is of major financial significance 
that sites can be adapted to new requirements without 
extensive, technically complicated, and expensive 
measures. The question of flexibility has been 
brought into focus because an increasing number of 
schools are rebuilt to changed needs. Some existing 
investment has not been suitable for these new re-
quirements. Another example can be found in mu-
nicipal sites where the need is changed from pre-
school to group accommodation for those suffering 

from senile dementia over time. Costs can be avoided 
if sites are suitable for adaptation without extensive 
technical measures. From a municipal and socio-
economic viewpoint, there are advantages in more 
flexible sites, to build and administer sites over the 
total building life. An increasingly flexible viewpoint 
should increase the possibilities of using the nation’s 
property more effectively [4]. 

3. Factors that affect flexibility 
From the literature studies, a number of factors which 
may be regarded as affecting flexibility have been 
identified. The factors have been ranked on the basis 
of the replies to the survey that was carried out, and a 
model of how decision-makers should take account of 
flexibility has been developed. They indicated that the 
factors that affect flexibility, “flexibility factors”, are 
decisions that involve: 

1) production,  
2) material standards,  
3) installations,  
4) finance,  
5) awareness,  
6) planning for the future 

4. Survey result 
The study was based on literature surveys and a ques-
tionnaire sent to the largest property-owners in south-
ern Sweden. The survey asked various questions on 
and around the subject of flexibility. The result of the 
survey seemed to be a normal distribution. 
The response frequency for property owners was 
48%, and 2% of respondents replied that they did not 
wish to take part. The whole survey was prepared 
digitally and answered via an e-mail link and send out 
to a total of 52 property owners. In fact, the selection 
of possible participants in the survey could not be 
higher and at the same time retain local orientation. 
Digital questionnaires carried out by e-mail often 
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have a lower response frequency than ordinary ques-
tionnaires, so the response frequency in this particular 
survey can under the circumstances be regarded as 
satisfactory. 
 
Although a high response frequency guaranteed that 
property owners actually answered as the result of the 
study showed, this was done by analysing the results 
using factor analysis. The analysis showed by factor 
analysis the same result as previously presented, ie 
that the results of the survey reflected the total results 
of the study. The relevance of the statistics and the 
result can after these tests be regarded as confirmed. 
 

5. Decision model 
A building planned for future changes should be suf-
ficiently flexible to provide the conditions for easier 
reconstruction [5]. The required level of flexibility 
depends on what sort of activities might occur in the 
building over its service life. The decision model is 
thus based on an understanding of the factors that 
affect flexibility. The level of flexibility, ie the level 
of flexibility that the building has at a particular point 
in time, need not be high if the building will not be 
changed over its service life. Where a building is re-
constructed in the future, there should be a higher 
level of flexibility, on a par with the magnitude of the 
changes, to provide simpler possibilities for recon-
struction. 
 
Decision-makers should therefore through their in-
creased understanding more easily get hold of what 
may happen to a building in the future and thus not 
cut off the building from a particular activity, but 
should strive after perfect flexibility for the building 
(ideal flexibility). It is however possible that ideal 
flexibility may prove to be no flexibility at all, if the 
building is not to change over time. But an increased 
possibility for change may stimulate change and then 
ideal flexibility does not mean an inflexible building. 

6. Conclusions 
Flexibility in buildings must be provided only when 
there is a need for flexibility. The level of flexibility 
required is unique to each individual building, ie, it is 
high in certain buildings and non-existent in others, 
depending on future requirements and initial con-
ditions. According to the study, awareness aspects, 
financial aspects, and installations are the factors that 
most affect flexibility, while planning for the future, 
production, and material standards have least effect. 
But the fact is that all aspects affect flexibility to a 
great extent, and there is a small difference between 
the effects of the various factors. 
 

Figure 1. Respondents’ rating of how various factors 
affect flexibility of a building according to the survey. 
 
The intention of the study was to give decision-
makers an increased understanding of the factors that 
affect flexibility in buildings. A decision model has 
been created that indicates the factors and the extent 
to which they affect flexibility. By understanding 
these factors, a more effective use of buildings can be 
promoted. Increased flexibility in buildings gives 
added value, and the ability to provide for fluct-
uations in the use of buildings is good for the national 
economy. 
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Construction is characterised by a high percentage of informal employment. In developing countries, it can account 
for as much as 80% of employment [1]. As a percentage of a country’s GDP it is significant - 40% in developing 
countries and 18% in the OECD high-income countries [2]. Many researchers criticise the validity of measuring 
informal employment because of its lack of economic theory and unreliability of data collection [3] [4]. Informal 
employment is an important and complex issue, understanding its impact on construction is the main focus of this 
paper.  
 
Keywords: informal employment, construction 
 
 

1. What is informal employment? 
Informal employment (IE) is not well understood and 
very little research work has been undertaken on it in 
the construction sector. The many adjectives used to 
describe IE tend to precede the nouns “economy” or 
“sector” but this is misleading as the phenomenon 
does not exist on its own. It is better understood as 
part of an employment continuum from informal to 
formal [3]. It changes over time according to eco-
nomic, social and political pressures with many peo-
ple working both formally and informally throughout 
their working life. It is all employment that is not 
formal and can be split into several different catego-
ries ranging from illegal activities to work for which 
there is no formal arrangement such as childcare.  

2. Measuring IE 
IE can be measured directly or indirectly. Many re-
searchers believe that it is growing, particularly in the 
developing world, but there are huge problems in the 
methods of measurement, particularly for construc-
tion. This is because of 1) the unreliability of the data; 
2) the perspective of the measurement, and; 3) con-
struction being treated as one sector. IE is seen as a 
problem for all EU Member States, who are commit-
ted to taking preventative action to eliminate the phe-
nomenon and see a real need to measure the extent of 
the problem. 
Unreliability of the data: Data collection is inherently 
difficult as those working informally are unlikely to 
want to ‘own up’ to their activities as many of them 
are avoiding taxes, costly bureaucracy and regula-
tions, or are fraudulently claiming state benefit. There 
are two forms of measurement: direct and indirect. 
The direct approach is through micro surveys or vol-
untary replies to tax audits. The main drawback is that 
any respondents that are unregistered or unregulated 
will not reveal all of their sources of income. 

Indirect measurements include the discrepancy 
method where input and output are compared, for 
example, income and expenditure, or labour accounts. 
Eurostat considers this indirect method to be useful in 
reconciling national accounts but states that it has a 
number of disadvantages when assessing the volume 
of IE in terms of labour units. Two more indirect 
methods are the demand deposit ratio method and the 
transaction approach. There are several problems with 
these approaches particularly that not all IE is paid for 
in cash [5]. A widely adopted approach is the use of 
very small enterprises (VSE) as an alternative non-
monetary proxy. 
Models are a more comprehensive measurement of 
IE, recognising the different variables such as: real 
and perceived tax burden, the burden of regulation, 
tax immorality, the rate of unemployment, and per 
capita disposable income, male participation rate, 
hours worked and growth of real GNP. Although 
modelling is more comprehensive than the other 
forms of measurement, its use of a large number of 
variables can lead to a high degree of uncertainty and 
unreliability in the results. 
Perspectives of measurement: There are many differ-
ent perspectives from which IE is measured. For ex-
ample, a survey commissioned by a tax authority will 
set out to identify the level of tax income lost through 
informality. Labour organisations such as the Interna-
tional Labour Organisation (ILO) are concerned with 
human rights and worker welfare. Any analysis of the 
different forms of measurement needs to take into 
account the ‘lens’ through which the data is seen and 
understood. 
Construction features highly in national and interna-
tional surveys of IE as it constitutes a large part 
(46%) of all informal work according to Pederson’s 
[5] study of the UK. However, many statistics treat 
the construction sector as a homogeneous entity, 
whereas, in reality, it is made up of a number of sub-
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sectors for example, design and engineering consult-
ants, construction enterprises, manufacturers and sup-
pliers and general service providers. In capital-
intensive parts of the sector, such as civil engineering, 
there is little opportunity for IE. However, house-
building gives ample opportunity as it is labour inten-
sive. There are many other examples of informality 
across the supply chain.  

3. IE and construction 
IE in construction means different things to different 
people. Therefore it is useful to have a framework to 
understand it in construction. An economic-social-
political (ESP) framework is used in this paper.  
Economic:  Much of the research into IE is based on 
economic factors. There is an economic bias in many 
of the methods of measurement yet some researchers 
challenge their validity as they have no basis in eco-
nomic theory. Many economists see IE as having a 
negative impact on the economy, yet over 60% of the 
money earned informally is spent in the formal econ-
omy, representing positive economic activity. In 
times of booming construction activity, formal em-
ployers rely on sub-contracting/informal workers to 
meet increased need for labour. It is estimated that the 
2012 London Olympics will create 33,500 extra con-
struction jobs; many of these will use IE. 
Social:  A job is more about what a person is than 
what a person does. The social aspect is very impor-
tant in the networks formed by those in IE. Contacts 
made in the process of formal employment often pro-
vide opportunities for informal work. Once estab-
lished, people or small organisations work informally 
and rely heavily on personal contacts/networks. The 
ILO considers IE as unrecognised, insecure and un-
protected and so people working informally are more 
at risk because of a lack of adherence to health and 
safety regulations and lack of education and training. 
Yet, construction employers agree that IE is important 
in providing short-term cover, meeting peaks in de-
mand and resourcing one-off tasks. 

4. Political factors 
Many government policies are based upon the na-
tional statistics, however, if the measurement of IE 
cannot be relied upon, this distorts the construction 
(or any) output figures. Without accurate figures the 
government will have little guidance for its policy 
making. The loss of tax income and benefit fraud are 
major concerns of governments around the world, 
particularly in developed countries; in a developing 
country, it is a thriving informal economy that stifles 
the growth of a structured tax and social security sys-
tem, yet it does not stunt economic growth.  

5. Putting informal employment into 
context 

The dominant government policy in most countries is 
to deter IE through prevention (regulations and regis-
tration) and detection systems. Many of the deterrent 
measures used are aimed at work in the repair and 
maintenance of residential property. For example, 
France, Italy, Denmark, Finland, the Netherlands, 
Italy, Luxembourg, Sweden and France have used 
targeted tax initiatives. There are also a wide range of 
supply-side solutions that attempt to move people 
from informal to formal employment, such as reduc-
ing bureaucracy and encouraging voluntary disclo-
sures. 

6. Conclusions 
The construction sector has traditionally used non-
standard forms of employment such as self-
employment and sub-contracting, and, with work 
practices changing, there is an increase in sub-
contracting and so more opportunities for informal 
working. On one hand this causes concern for the 
government in terms of lost tax revenue, and the in-
dustry in terms of health and safety and training. On 
the other hand, the industry relies heavily upon sub-
contractors and self employed people, many of whom 
work informally.  
IE is commonplace in the construction sector, it is 
complex and is difficult to measure. It involves more 
than just economic factors; it embraces people’s need 
to have a place in the “socially ordered division of 
labour”. Therefore, understanding the complexities 
and effects of IE is vital for a sector that relies so 
heavily on it. With that understanding will come new 
ways of dealing with what many see as a ‘problem’. 
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Tools for measuring excellence have been used for long time in many industries. The American Malcolm Baldridge 
Award initiated an international development of numbers of tools to support and strengthen improvements within indi-
vidual companies (permanent organizations) and to stimulate improvements on national level. As a parallel, the British 
Constructing Excellence initiated the developments of tools focused on performances within construction projects 
(temporary organizations), but also with dual aims: to support construction projects with data for improvements and to 
stimulate general improvements on national level. This paper presents a number of challenges met in the development 
of such a tool within Swedish construction. The Swedish tool is currently under development and is planned to be im-
plemented in 2007.  
 
Keywords: Performance measurement, construction projects, benchmarking, Sweden 
 
 

1. Introduction 
Based on a number of governmental initiated investi-
gations and the debate within the sector, a group of 
organizations including Swedish Council for Con-
structing Excellence (BQR), Chalmers University of 
Technology and Swedish Institute for Quality (SIQ), 
develop a tool aimed for measuring construction per-
formance from a client perspective. The purpose of 
this paper is to describe challenges met during this 
development process. As the tool is under develop-
ment the paper is limited to some challenges. 

2. Learnings from self- assessment 
models 

Methods for measuring excellence based on self-
assessment methods have its origin in the Business 
Excellence (TQM) theories and practical implementa-
tions. The more modern applications started with the 
American Malcolm Baldrige National Quality Award 
(MBNQA) initiated in 1987. It has then been spread 
to at least 75 countries. One aspect in this diffusion 
process has been how valid the model is in different 
contexts.   
The main reason for the popularity was the improve-
ment results reported considering the financial per-
formance, the customer satisfaction and the employee 
satisfaction. The toughest problem has probably been 
the time it consumes to go through all the criteria as it 
is a complex process. Five years ago, SIQ and its in-
ternational sister organizations saw a declining inter-
est in the models. One reason was related to the re-
cession and an intensive focus on short time deci-

sions. Another reason was that many organizations 
had become more mature in the TQM area.   

3. Learnings from tools for measuring 
construction excellence 

We now realize similar aims and similar interest in 
tools for measuring performance in construction, for 
example in Brazil, Chile, Denmark, UK and US. 
Costa et al [1] summarizes the aims of these initia-
tives to (a) offer guidance for performance measure-
ment, (b) provide benchmarks that could be used by 
individual companies, and (c) identify and dissemi-
nate best practice. Beatham et al [2] have identified 
five fundamental problems in the UK KPI initiative: 
The focus on post-event lagging KPIs, the KPIs are 
not aligned to the strategy or business objectives of 
construction companies, it has been used more as a 
marketing tool than an improvement tool, the KPIs do 
not provide a holistic, company-wide representation 
of the business, and the KPIs are not incorporated into 
project management systems, which include review 
and action. Other reflections from the various tools 
are that few indicators measure organization, leader-
ship and motivation, there seems to be more focus on 
collecting data rather than on how to use the data in 
relevant improvement processes, there seems to be 
copies from other tools that not fully consider the 
cultural differences and other differences, there is 
often a focus on contractors’ activities and not on the 
whole project organization, including clients’ and 
suppliers’ activities.  

168 Section I



 42 

4. Challenges met in the Swedish 
case 

The development of the tool started with initial scan-
ning of various aspects, for example the clients’ situa-
tion in general, the clients situation in early project 
phases, project success factors, theoretical perspec-
tives on performance measurement, existing systems 
for performance measurement in Sweden, and what 
the client, design and contractor companies measure. 
Various methods for data collection were used. Dur-
ing these studies we realized a number of challenges.  
Defining the aim. Introductory meetings with the ref-
erence group, a group of ten experts, mainly clients, 
showed that the expectations on the tool were huge, 
but the visions varied to a great extent among the 
members. From their individual visions and further 
discussion resulted in four aims, (a) continuous im-
provements, especially in the on-going project, but 
also in the firms management system, (b) increasing 
efficiency, reducing time and costs, (c) making sure 
that all individuals are motivated and (d) controlling 
the process in order to increase the probability for 
fulfilling the project goals.  
Exploring the various groups of clients. The Swedish 
Association for Construction Clients has a clear view 
on what different roles the client can have, but it is 
not as clear how the clients view and describe them-
selves. Interviews with 23 experienced clients rev-
eiled that there are not only private and public clients 
but also various purposes with construction, e.g. build 
to lodge its own organization, build to own and let, 
and build to sell, aiming for maximised profit. 
Deciding the prioritized characteristics. The tool for 
measuring performance should according to the 23 
clients be simple and reliable, but also be action ori-
ented and give fast feedback. To form a simple tool, 
which fulfill the expectations is never-ending chal-
lenge.  
Identifying the relevant key factors. There have been 
numerous studies of what characterize successful 
construction projects (e.g. Chan and Chan, 2004). The 
problem is that most such studies don’t consider from 
whose perspective, when, and for what period. In 
order to identify relevant key factors we summarized 
the findings from the initial scanning process and 
picked the eight factors, which were found in most 
reviews, and identified how they are related to each 
other. Lagging factors are customer satisfaction and 
productivity. Process factors are time, cost and pro-
ject goals. Leading factors are organization, leader-
ship and motivation., In order to put attention on posi-
tive developments, we added a ninth factor, which we 
call learning and development. 
Designing the process of measuring in order to get a 
simple and reliable tool is a great challenge. The data 

collection is defined to be at three points, before, un-
der and after each subproject, i.e. design, production 
etc. In order to improve the current project data is 
aimed to be reported as early as possible. For exam-
ple, the organization’s competence could be evaluated 
before start, leadership and motivation could be 
measured halfway. The manager for each subproject 
is suggested to be responsible for reporting data, ex-
cept for the leading factors.  

5. Conclusions 
This paper considers challenges in developing tools 
for measuring performance within construction, espe-
cially in situations where dual aims exists. Five such 
challenges are briefly discussed but there are, how-
ever, many more challenges. The major one - how to 
perform sustainable improvements - is, for example, 
not really discussed here. Neither are the challenge to 
fit different products and different cultures, as well as 
the challenge to cover as much as possible of the cost 
mass, for example the suppliers’ activities, discussed. 
Nor are the challenges to fit the tool to the compa-
nies’ individual tools for measuring performance dis-
cussed. Most major client, design and contractor 
companies have tools for measuring cost, time, cus-
tomer satisfaction and employee satisfaction. 
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The concept of dynamic capabilities focuses on the extent to which firms are able to re-configure their resources and 
re-modify routines in order to remain competitive in changing environments. A firm’s dynamic capabilities are seen 
to be rooted inside its managerial processes and asset positions. They are also patterned and conditioned by the 
firm’s historical path development. Furthermore, a firm’s competitiveness depends upon the ease with which distinc-
tive capabilities can be replicated internally by the firm itself or imitated externally by competitors. The dynamic 
capabilities perspective is developed as an analytical device for understanding how competitiveness is operational-
ised within construction firms.   

Keywords: dynamic capabilities, firm competitiveness, UK construction firms  

1. Changes in the UK construction 
industry  

When attempting to understand how construction 
firms become and remain competitive, it is important 
to understand the changing context with which they 
operate. The UK construction industry has been influ-
enced by a number of issues, such as ‘economic and 
industrial factors, government policy, social and tech-
nological changes, external influences and changes 
which are brought about by the industry itself’ [1]. In 
brief, construction firms need to evolve in conjunc-
tion with the broader changing environment if they 
are to remain competitive.  

2. Current perspectives on the notion 
of firm competitiveness  

The dynamic capabilities perspective was proposed 
by Teece et al. [2] as a broader view in comparison to 
three perspectives on the competitive strategy of 
firms. First, the competitive forces framework sees a 
firm’s competitiveness as determined by a number of 
driving forces within the industry. Second, the strate-
gic conflict approach regards a firm’s competitive 
strategy as formed by certain expectations about how 
its rivals will behave. The third one is the resource-
based view that emphasises firm-specific resources as 
the fundamental determinant of competitiveness.  

3. The dynamic capabilities 
perspective: overview 

The term ‘dynamic capabilities’ has two key empha-
ses that were not prevalent in the previous literature 
[2]. First, the term ‘dynamic’ refers to ‘the shifting 
character of the environment’. Second, the term ‘ca-
pabilities’ is defined as ‘adapting, integrating, and 

reconfiguring internal and external organisational 
skills, resources, and functional competences toward 
changing environment’. In order to have a clear un-
derstanding of dynamic capabilities, it is necessary to 
clarify the meanings of various key terms: ‘re-
sources’, ‘routines’, and ‘competences’   

3.1 Resources, routines and competences 

The term ‘resources’ is defined as ‘firm-specific as-
sets’. These assets are difficult to imitate and transfer 
among firms. In contrast to the static conception of 
resources, a firm’s capabilities are considered to be 
ways of assembling and organising resources to per-
form some task or activity. For further detail, ‘rou-
tines’ are the process of assembling and integrating 
firm-specific assets with a repetitive character. ‘Com-
petences’ are related to the distinctive capabilities that 
enable a firm to conduct its core business.      

3.2 Key features of dynamic capabilities 

In an attempt to clarify the different between the dy-
namic capabilities perspective and the resource-based 
view, the value of the dynamic capabilities perspec-
tive lies in the emphasis on the process of resource re-
configuration [3]. In contrast to ordinary capabilities, 
dynamic capabilities focus on the repetitious process 
of re-modifying operational routines in dealing with 
change [4]. In brief, these two processes are consid-
ered as key features of dynamic capabilities.   
 
3.3 Dynamic capabilities and sustained com-

petitiveness 
A firm’s competitiveness is sustained if its dynamic 
capabilities are easy to replicate by the firm itself, and 
also difficult to imitate by its competitors. ‘Replica-
bility’ and ‘imitability’ are two parameters for assess-

170 Section I



 44 

ing a firm’s dynamic capabilities [2]. Two types of 
strategic value can be developed from replication. 
One is the ability to support geographic and product 
line expansion; another is the ability to replicate indi-
cates that the firm has the foundations for learning 
and improvement. On the other hand, the imitation 
performed by competitors is constrained by two fac-
tors: the easy of replication and the efficiency of in-
tellectual property rights.   

4. A dynamic capabilities framework 
Building upon the three components of dynamic ca-
pabilities proposed by Teece et al. [2], an analytical 
framework for understanding the competitiveness of 
UK construction firms is suggested below:  

4.1 Managerial and organisational Processes  

Managerial and organisational processes refer to the 
way things are done through a firm’s routines of cur-
rent practice and learning. These processes include: 
Coordination and Integration (e.g. the coordination 
between delivery teams on site and off-site manage-
ment teams, and the integration with other firms by 
strategic alliance); Learning (e.g. learning new build-
ing technologies, project delivery improvements, and 
market changes); Reconfiguration and Transforma-
tion (e.g. the responses to a client’s new procurement 
method, the government’s new policies, or emergent 
markets).     

4.2 Asset positions 

Asset positions refer to the possession of specific as-
sets that determine a firm’s competitive advantage. 
Examples would be: Technological Assets (e.g. the 
utilisation of specialised construction technologies 
provided by sub-contractors or manufacturers); Com-
plementary Assets (e.g. the investment in computer 
equipment and trainings for the development of be-
spoke project management software); Reputational 
Assets (e.g. a good track record, a leading market 
position, an award for excellent performance, or a 
kitemark for achieving certain standards); Financial 
Assets (e.g. owning properties and raising cash from 
external markets); Structural Assets (e.g. a flexible 
organisational structure and a vertical integration with 
sub-contractors and suppliers); Institutional Assets 
(e.g. the pre-qualification systems or procurement 
rules); Market Assets (e.g. special types of construc-
tion works or contracting services).       

4.3 Path dependencies 

A construction firm’s competitiveness is conditioned 
by its historical path development. The recognition 
and development of market opportunities (e.g. new 
types of contracts or works) reply on a firm’s previ-

ous investments on its capacities and routines (e.g. 
specialised skill trades and production processes). 

5. Conclusions 
The dynamic capabilities perspective is a firm-
specific analysis. It focuses on the extent to which 
firms are able to re-configure their resources and re-
modify routines in order to remain competitive in 
changing environments. Its framework consisting of 
three key elements – managerial processes, asset posi-
tions, and path dependencies – provides an intrinsic 
view of how competitiveness is operationalised and 
sustained inside firms. In summary, it is argued that 
the competitiveness of construction firms relies on 
two key qualities. First, the capacity to understand 
and identify the competitive forces in play and how 
they change over time; second, the capabilities to re-
configure resources and re-modify routines to interact 
with their changing business environment.   
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The choice of suitable construction techniques and methods must be made prior to construction commencing. Since a 
sub-optimal construction method ultimately results in sub-optimal construction processes and, in consequence, in 
increased costs, the choice of method should not depend on subjective criteria. Existing methods pay too little atten-
tion to uncertainties and bandwidths of the selection results and mostly do not verify the sensitivity of these results at 
all. In order to reduce complexity the existing methods restrict themselves on partial processes. As a consequence it 
is impossible to gain a holistic point of view. To overcome these limitations of the selection process an internation-
ally-active formwork manufacturer and a big Swiss construction company interacted with the Institute for Construc-
tion Engineering and Management at ETH Zurich to develop a cybernetic, process-based and system-oriented deci-
sion model for the selection of formwork. To identify the initial position as well as the practical demands on the an-
ticipated decision model an empirical study was conducted. This paper presents the results of the empirical study 
and the deficits associated with the state of the art of formwork selection.  

Keywords: choice of formwork, integrated, project-specific, process-based. 
 

1. Introduction 
Due to the basic conditions of the Swiss construction 
market construction companies are forced more than 
ever to execute their projects as economically and 
efficiently as possible in order to strengthen their 
competitiveness and assure their survival in the mar-
ket economy [1]. This is only possible if they strive 
for operational excellence respectively best-practice 
in the individual processes, for which systematic se-
lection processes for the construction methods are 
required. Since formwork costs form an important 
part of costs of reinforced concrete works, the pro-
ject-specific optimal formwork system has a signifi-
cant relevance on the overall project result. 

Since no company can afford sub-optimal construc-
tion methods, a research project was initiated by the 
Institute for Construction Management and Econom-
ics at ETH Zurich to develop a cybernetic, process-
based and system-oriented decision model for the 
selection of formwork that incorporates interactive 
and interface-relevant influences caused by parallel 
processes. To identify the initial position as well as 
the practical demands on the model, an empirical 
study was conducted in regard to the selection criteria 
for the decision making model. 

2. Research methodology 
To analyze the state of practice, a combination of 
epistemological methods will be applied to obtain 
research results using qualitative social research and 
quantitative investigations [2, 3]. Therefore an re-
search plan including general epistemological ques-
tions and an interview guideline was constructed. The 
hermeneutical spiral for this research project com-
bined systematic literature research to achieve basic 

knowledge about selection criteria and interviews 
focusing on the building construction sector in Ger-
man-speaking countries. The qualitative research was 
conducted by semi-structured and problem-oriented 
interviews. In the context of the quantitative research 
the interview partner were asked to weight the differ-
ent selection criteria that were determined during the 
qualitative as well as the literature research. To secure 
the generalizability of the research results, the inter-
view partners were chosen by strictly adopting the 
rules of qualitative sampling [4]. 

3. Findings from the study 
The investigation needed to take into account the fact 
that the interviews were conducted both with a form-
work manufacturer as supplier and construction com-
panies as its customers. These players pursue differing 
economic goals – customers want to minimize overall 
costs, suppliers want to maximize sales – which is why 
they had to be evaluated separately. In addition, the 
study revealed the extent to which the supplier recog-
nizes the customers’ goals and can generate maximum 
customer benefit in order to increase market shares and 
maximize profits. Based on a controlled methodically 
analysis four categories could be identified: 

3.1 Systematics 

Neither the interviewees of the supplier nor the ones 
of the customers adopt a cross-corporate standard 
systematic approach to selecting formwork systems. 
In addition to that only about 40% of the overall 
interviewees were able to describe a clear structure of 
the individual work steps and their sequence. 
Therefore it can be stated that not even the decision-
finding processes of the individual engineers are 
based on a clear structure. 
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3.2 Subjectivity 
It was found that all interviewees – both on side of 
the supplier as well as on side of the customers – base 
their decision-making process on personal experience 
and personal preferences. However only one third of 
them is aware that their intuitive handling prevents 
them from examining other, possibly better solutions. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison of selection criteria and their 
importance with indication of the mean values (stan-
dard deviation)  

The prioritization of the selection criteria varies from 
one agent to the next as can be read off the large stan-
dard deviation of the single criteria (Fig. 1). As such, 
the reproducibility of decisions is not given.  

The high correlation of the mean values for supplier 
and customers shows, that the various criteria are 
weighted similarly by both sides, apart from a few 
exceptions like staff management and quality (Fig. 1). 
Therefore it can be stated, that the supplier recognizes 
the customers’ goals and incorporates them already in 
his decision-making process.  

In a second analysis the collected data was analysed 
regarding the various functional levels separately for 
supplier and customers. The weighting of the differ-
ent selection criteria turned out to be more or less 
independent of the functional level on the part of the 
supplier, whereas the findings revealed marked dif-
ferences in the weighting on the part of the customers.  

Further selection criteria were listed and classified as 
relevant by the interview partners during the 
collection of qualitative data; on customer side, it 
were the flexibility of the formwork system and the 
foreman’s preferences, the interview partners on 
supplier side listed the material availability, personal 
contacts and a basis of trust. 

 

3.3 Inclusion of interfaces 
Nearly 80% of the interviewees admitted to taking no 
or scarcely any internal (e.g. concrete works) and 
external (e.g. concrete versus finishing works) inter-
faces in account when selecting a formwork system. 
Since these interfaces often cause non value adding 
activities they reduce the project profitability and will 
therefore be considered in the anticipated decision 
model for the selection of formwork.  

3.4 Inclusion of uncertainties 
In practice there are generally two ways of dealing 
with uncertainties: The aspect of uncertainties is to-
tally ignored or unrelated buffer times and defensive 
performance assumptions are used. Neither of the two 
alternatives seems to be ideal for guaranteeing eco-
nomical and low-friction construction works.  

4. Conclusion 
Based on the evaluation of the qualitative and quanti-
tative data collected, the study was able to prove that, 
generally speaking, neither theoretically existing 
knowledge nor a (standard) systematic approach are 
applied, nor are the internal and external interfaces 
taken into account when it comes to choosing sys-
tems. The study further revealed that any investiga-
tion of economic efficiency to date has been restricted 
to an analysis of the requisite stock volumes and the 
costs immediately associated with the formwork. 
Since no signs of a holistic approach were found in 
practice, the next steps will be to incorporate the as-
sociated internal and external interfaces and to inte-
grate the technical and economic impacts of form-
work system decisions on the overall process into the 
decision making process.  
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Factor-specific approach to customer satisfaction with 
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Customer satisfaction and performance measurement have gained considerable attention amongst both academics 
and practitioners in the last few years. In fact, customer satisfaction has become an essential part of KPIs (key per-
formance indicators) in the construction industry. This paper examines customer satisfaction through factor analy-
sis. The purpose of this paper is to explore empirically contractor’s performance as perceived by customers. The 
survey data were gathered from 831 respondents. Factor analysis was used to categorize different variables into 
reasonable groups. More specifically, the following research questions will be explored: In which groups different 
variables could be classified? How do customer perceptions of the contractors’ performance differ between the 
branches of construction industry? The result of the analysis indicates that significant differences are apparent in the 
performance between the branches of the industry. Factor analysis shows that customer satisfaction indicators could 
be divided into different subgroups of variables with consistent real life interpretation.  

Keywords: Performance measurement, customer satisfaction, construction, factor analysis, analysis of variance 

 

1. Customer satisfaction with the 
construction 

Customer satisfaction has become an essential part of 
performance criteria in construction [1]. Tradition-
ally, success in construction is measured through the 
iron triangle: budget, quality and costs. Increasingly, 
construction companies have adopted a TQM phi-
losophy in their quality improvement efforts. In con-
struction, poor quality leads to rework, which has 
considerable implications on cost and schedule. In 
addition, the complex nature of the construction proc-
ess, changes in project organisation, and the unique-
ness of each project make it difficult to exploit past 
experiences and customer feedback in the future. It is 
stated that construction companies do not actively 
collect customer feedback as they can seldom expect 
to receive honest and sincere input For that reason, 
contractors tend to focus on their own business within 
the terms of the contract [2]. It has been found that in 
the construction, TQM has to be applied to the whole 
supply chain since the overall performance is a func-
tion of the performance of each participant. There-
fore, the key participants need to assess each others’ 
performance on a regular basis in order to continu-
ously seek improvements in their own performance 
for the benefit of the overall project [3]. However, the 
performance of a contractor has significant implica-
tions on the quality perceived by the customer. It has 
been widely stated in construction that the customers’ 
satisfaction will be affected by both the quality of 
service delivery and quality of constructed facility. 
Customer satisfaction in construction could be deter-
mined by the extent to which the completed facility 
meets or exceeds the customer’s expectations. The 

customer’s expectations of construction are a function 
of several factors: the customer’s past or direct ex-
periences with the contractor and similar contractors, 
word of mouth about the contractor, and the cus-
tomer’s personal needs. If customers are fully satis-
fied, they are willing to engage the same contractor to 
conduct afterwards works. Therefore, satisfaction 
reflects customers’ experiences of and confidence in 
the contractors’ abilities and co-operation. A dissatis-
fied customer will not work with that contractor in the 
future but a satisfied customer would not necessarily 
guarantee future projects to the contractor. Therefore, 
the main benefit of high customer satisfaction for a 
contractor is the opportunity to remain the customer’s 
potential partner in the future. 

2. The study 
The data for this study were generated as a function 
of the Construction Quality Association (RALA). In 
practice, the customer (owner or, in case of subcon-
tracts, general contractor) fills in a form at the time of 
conclusion of a project and delivers it to RALA im-
mediately following the completion of the project. 
Feedback from the projects was collected using a 22-
item. The respondents gave their responses regarding 
their level of satisfaction on a five-point interval scale 
from 1 (indicating very high dissatisfaction) to 5 (in-
dicating very high satisfaction) for all the items.  

3. Essential factors in CS 
Every observed variable in data can be interesting. 
However, the variables in data are often correlated. 
This means that observed variables measure at least to 
some degree same thing(s). We tried to find out what 
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these common factors are and study how to measure 
these factors. One of the most easily interpretable 
solution is presented in Table 2. Maximum likelihood 
was used in estimation and component loss criterion 
in rotation [4].  

Table 1. Result of ANOVA for the hypothesis that all 
variable means are the same 

Variable  Size Mean Variance 
A1 831 3.63 0.774 
A3 831 3.38 0.889 

A6 831 3.92 0.926 

A14 831 3.39 0.772 

A18 831 3.46 0.983 
 Anova table  
Source DF SS F-value 
Treatment 4 170.95 49.133 
Error 4150 3609.86  

Total 4154 3780.82  
Classical F-Test;  
p-value under the equal variance assumption: 0 
Generalized F-Test; 
p-value without the equal variance assumption: 0 

 

Next, a one-way analysis of variance (ANOVA) is 
used to compare the manner in which five main mani-
fest variables (the largest loadings on the five factors) 
differ from each other in an average level. The test 
results for the hypothesis that the variable means do 
not differ between any variables are presented in Ta-
ble 1. We found that there exist differences in means 
of the most essential indicator variables. Finally, we 
examined the differences in the project type and pro-
ject nature according to the constructed factors. The 
result was that there are differences. 

 

4. Conclusions 
The factor structure described is simple and rather 
easy to interpret. This can suggest changes to theory 
of customer satisfaction. 

The test results for the hypothesis that variable means 
do not differ between any variables were rejected 

Capacity of supplier’s personnel for co-operation has 
larger a mean than any other variable. Correspond-
ingly, variables Management and implementation of 
agreed quality assurance procedures and Management 
of environmental issues and related know-how on site 
were at the lowest level by means. Industrial project 
seems to have the largest means by all factors, and 
residential renovation had the lowest level of differ-
ences when examining by project type and project. 

Table 2. Rotated factor matrix 

 Variables 
Factor 
loading 

F1 Skill of supplier’s workers 1.007 

F1 Commitment of supplier’s employees to 
set goals 0.505 

F2 Management and implementation of 
agreed quality assurance procedures 0.483 

F2 Conformity of supplier’s subcontracting to 
contract 0.425 

F2 Quality of assignment material and main-
tenance manual 0.393 

F3 Capacity of supplier’s personnel for co-
operation 0.838 

F3 Agreement on changes 0.646 
F3 Access of supplier’s employees 0.622 
F3 Quality of overall service level 0.611 
F3 Information flow on site 0.526 
F3 Skill of supplier’s work supervisors 0.447 
F3 Tending to notices of defects 0.426 
F3 Tending to site supervision duties 0.403 

F4 Management of environmental issues 
and related know-how on site 0.765 

F4 Management of work safety on site 0.704 
F4 Cleanliness and order on site 0.547 
F4 Tending to official obligations 0.278 

F4 Degree of completion at handover in-
spection 1.010 

F5 Repair of defects and deficiencies noticed 
during handover inspection 0.512 

 
F5

Workability of handover material and 
maintenance manual 0.480 

F5 Adherence to schedule in accordance 
with common agreements 0.474 

F5 Contracted work quality 0.312 
 
Factors rotated according to CLC   
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Managers run companies and projects with the purpose of achieving maximum business results through the direct 
control of labour performance and the flow of considerable financial resources. Thus educating civil engineers to 
manage companies and projects successfully is an extremely important task for the development of not only con-
struction industry but country’s economy as well. Management for engineers is a form of additional education, be-
cause it provides knowledge and skills that enable engineers to master business processes more easily, and to adapt 
to globalisation processes more quickly and painlessly. Analysing management curricula from best universities and 
schools and comparing the “knowledge offer“ with professionals “knowledge needs“ in companies, using question-
naires and field research tools, we have produced an MBA in Construction program at the University of Zagreb. The 
content, the programme and some dilemmas are presented in this paper. 

Keywords: civil engineering, education, MBA. 
 

1. Introduction 
MBA started its life as an “elite” business qualifica-
tion for potential leaders and senior managers. The 
title “Master of Business Administration” stems from 
times when senior management practice was con-
cerned with administration. It started out as an 
American, then Anglo-American, qualification and in 
the 1960s it was adopted in Europe. MBA pro-
grammes and curricula have developed along “capi-
talist” market principles and represent a Western in-
terpretation of management and leadership. All MBA 
courses, according to Kempner (as cited in Kretovics 
[1]), have the same objectives: “to develop managers 
who will run efficient, profitable enterprises in a 
competitive world for the creation of wealth in soci-
ety”. One may wonder if there is any sense in starting 
another MBA at the University that, in spite of its 
history of university education since 1669, is not a 
“prestigious” business school from the UK or the 
USA.  To paraphrase Kathawala et al. [2], “should we 
have a dilemma? Are we really doing students a dis-
service by even offering them an MBA? Is MBA a 
global qualification? Does one size fit all?” But for us 
there were no dilemmas at all. The aims of MBA pro-
grammes are very clear - to prepare their graduates 
for managerial roles, help them gain a better under-
standing of the industrial and business world and its 
needs, enrich their skills and provide them with com-
petences relevant to their careers.  

 2. MBA? yes or no? 
Today MBA is allegedly a global qualification, taught 
all around the world and also delivered by e-learning, 
so it is globally accessible. MBA courses and their 
methods of delivery now differ enormously. There are 

one-year and two-year degrees, full-time and part-
time degrees, campus-based versus distance learning 
MBAs, “consortium MBAs” with foundation compa-
nies, single company programmes and others, includ-
ing action learning approaches [3]. Birchall and Smith 
[4] view the MBA market as having considerable 
potential for a diverse range of business school offer-
ings. Should MBA be offered with specialisations, for 
example, to address certain niche markets (e.g. an 
MBA in Health Sector Management, or an MBA in 
Marketing), or should it remain focussed on a gener-
alised, all-round curriculum supposedly applicable to 
everyone? At the moment, none of the answers to 
these questions are clear as conflicting views are held 
both within and between institutions, and for and 
against the MBAs Specialisation in MBA is today 
probably the most highly respected qualification in 
business in new – former Eastern European countries, 
as it is perceived as a form of additional high educa-
tion in management. To understand such an attitude 
one has to know that former political and economic 
systems where based on centralised economy, mean-
ing that all major business decisions were politically 
and not economically grounded. Thus the need for 
“western style” business education is so huge and 
MBAs are expanding. 

3. Why MBA in construction 
When it comes to the construction industry, the MBA 
programmes offering “general managerial training” 
have to be modified, as they are not entirely appropri-
ate for the needs of construction managers. Construc-
tion differs fundamentally from all other industries, 
because in a “normal” industry the product changes 
its place and the production factors (people and ma-
chinery) are static. In construction it is the opposite – 
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the product (the site, the building under construction) 
is static and does not change its place. When the 
“production process” is finished “the product” stays 
where it was made, while the production factors 
(people and machinery) move on to the next location 
– to the “next product”. The demand for multidisci-
plinary and interdisciplinary programmes is progres-
sively increasing. International “MBA in Construc-
tion” given at the University of Zagreb is a pro-
gramme that focuses on construction with the purpose 
of providing present and future construction managers 
with knowledge in various fields necessary for under-
standing and mastering complex management proc-
esses. Educating civil engineers to manage success-
fully, as proposed in our International “MBA in Con-
struction” programme, is probably a crucial and ex-
tremely important task not only for Croatia’s eco-
nomic development, but for the region as well. 

4. The program 
In his recent critique of MBAs, Mintzberg (as cited in 
Beech [5]) argues that there are four aspects in which 
an MBA programme can be international: the stu-
dents; the staff; the location and locus of control; and 
the context, philosophy and culture. He goes on to say 
that on the basis of using these aspects of internation-
alism as criteria, he knows of no international MBA 
programmes. Although we are aware that MBA in 
Construction delivered by the University of Zagreb 
and its partners is not meeting these requirements 
entirely, it was a kind of a challenge for us to evaluate 
our program according to Mintzberg. The results are 
presented in the paper. 

5. What should we do to improve 
 further? 

Bearing in mind the very rapid changes in research 
and the need to fundamentally change the approach to 
lifelong education and upgrading, especially in inter-
disciplinary and multidisciplinary fields, the use of 
the new e-learning technologies for knowledge trans-
fer by trained highly-qualified professional teachers is 
becoming a possible solution for the quality lifelong 
education of constructors, in harmony with European 
and world trends. Comparing e-learning MBAs and 
traditional MBAs with regard to their global potential, 
the strengths are that it can be disseminated to large 
numbers globally, affording local delivery where stu-
dents cannot attend class, and allowing people to re-
ceive high education without having to be out of work 
for a long time. Thus we are working on introducing 
e-learning methods to our next International “MBA in 
Construction” generation of students.   

6. Conclusions 
Many countries in our part of the world require great 
investments in construction and modernisation of the 
infrastructure and other facilities to advance the po-
tentials necessary for economic and political stability 
and development. This can only be achieved with 
well-trained managers who are experienced in con-
struction. Therefore, the “MBA in Construction” is 
designed to appeal to managers within all construc-
tion disciplines.  The need for a different and more 
flexible approach to learning is especially shown after 
the completion of regular education. Technologies 
and knowledge change very quickly, and the world is 
becoming a “global village” where information is 
exchanged in real time. This is especially so in engi-
neering professions such as construction. Croatia has 
become part of the European market and there is a 
need for the additional education of civil engineers, 
especially in business management, which also in-
cludes project management. If Croatia is to enter the 
global knowledge society we must educate the best 
engineers and provide them with new knowledge, 
competencies and skills.  
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The EURASIA project is an international collaborative research project which aims to enhance the capacity of the 
partner institutions for training, teaching and research activities required for the creation and long-term management 
of public and commercial facilities and infrastructure. Through this paper the academic rigor of this research project is 
expected to be improved through opening the concept to a rich discussion and to a peer review process. Based on that 
intention the rationale behind the project, its aims and objectives and expected benefits are presented.  

Keywords: Capacity Building, Post Tsunami Rehabilitation, Facilities and Infrastructure Management, Curriculum 
Development
  

1. The EURASIA project  
The post tsunami rehabilitation in Sri Lanka demands 
creation and long-term management of infrastructure 
and facilities of both public and commercial sectors. If 
this demand is to be addressed, it primarily requires 
appropriate teaching, training and research activities to 
be established within the areas affected. However, it 
has been identified that higher education institutes 
within Sri Lanka do not have the required capacity to 
cater for this teaching, training and research demand 
specifically at the postgraduate and industry level. It 
has also identified that the required capacity is cultur-
ally sensitive and location and economy dependent, 
making it inappropriate to employ direct foreign 
knowledge on this matter. Thus the European and 
Asian Infrastructure Advantage (EURASIA) research 
project is initiated to locally build the required capacity 
for the above purpose by means of collaborating be-
tween European and Asian partner institutes. At the 
same time it is anticipated that this mutual collabora-
tion will enhance the European partner capacities in 
terms of their teaching, training and research activities 
perspectives within the built and human environment 
concerns. This is planned to be achieved through shar-
ing good practices beyond the cultural and economical 
barriers, where both the Asian and European partners 
will be benefited equally.       

2. Project aims and objectives 
Governed by the issues and the requirements high-
lighted above, this project aims to enhance the capac-
ity of the partner institutions for training, teaching 
and research activities required for the creation and 
long-term management of public and commercial 
facilities and infrastructure. It will target (direct) 

postgraduate students, and junior and senior faculty 
members from the EU and Sri Lankan partner institu-
tions and (indirect) researchers, other public sector 
organisations, consultancies and industry. The project 
objectives are of two folds; the overall objectives and 
the specific objectives.   

The overall objective of the project is to  foster coop-
eration in Higher Education institutions in both 
Europe and Asia,  improve reciprocal understanding 
of cultures, exchange best practice and strengthen 
mutual awareness of study programmes.  The project 
will achieve this through management of public and 
commercial facilities and elements of infrastructure 
(this is referred as FM in this project). The specific 
objective of the project is to   enhance the capacity of 
the partner institutions for training, teaching and re-
search activities required for the creation and long-
term management of public and commercial facilities 
and elements of infrastructure associated with post-
Tsunami activities in Sri Lanka.  It will target post-
graduate students, and junior and senior faculty mem-
bers from the EU and Sri Lankan partner institutions. 
It will target postgraduate students, and junior and 
senior faculty members from the EU and Sri Lankan 
partner institutions, emphasising Asia link pro-
gramme’s objective to provide a framework for ac-
tivities aimed towards promoting mutual awareness 
and understanding, exchanges and economics co-
operation between the two regions using uses HE 
sector to promote EU-Asia relations. 

3. Methodology 
The methodology of this project is based on seven 
work packages (WP). The objectives of each work 
package can be highlighted as follows; 
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WP1 – Project Management and Evaluation - man-
ages partner roles, coordinates the delivery of project 
outcomes and, develops and manages infrastructure 
to: Establish working procedures and reporting struc-
tures, Provide management time, administration, co-
ordination functions, organise the Steering Commit-
tee, progress reports and maintain all records of ex-
penditure, Manage work package activities and deliv-
erables against agreed milestones, and Submit a final 
report to the funding body and relevant agencies 

WP 2 – Curriculum Assessment, Systems and Proce-
dures - manages the development of a joint curricu-
lum at postgraduate level, and joint institutional sys-
tems and procedures, for the provision and monitor-
ing of training, teaching and research activities, asso-
ciated with the creation and long term management of 
public and commercial facilities and elements of in-
frastructure 

WP 3 - Module Development - manages the devel-
opment of a structured database of world-class teach-
ing materials in support of a curriculum on the crea-
tion and long term management of public and com-
mercial facilities and elements of infrastructure 

WP 4 - Split Site PhD Coordination - manages a split-
site PhD programme to develop long term human 
resource capacity in the two Sri Lankan Higher Edu-
cation Institutes to carry forward the joint curriculum 
and to provide career development opportunities for 
Sri Lankan Higher Education junior faculty members 
to follow postgraduate level study in partner Institutes 

WP 5 - Training Programme - manages the develop-
ment and delivery of a training programme on the 
creation and long term management of public and 
commercial facilities and elements of infrastructure to 
develop capacity in the Sri Lankan and EU Higher 
Education Institutes to carry forward the joint curricu-
lum and to enhance the skills of educators involved in 
the delivery of the joint curriculum 

WP 6 - Staff Exchange Coordination - manages aca-
demic staff exchanges to provide external perspective 
in developing a joint curriculum into the creation and 
long term management of public and commercial 
facilities and elements of infrastructure and improve 
the mobility of teaching and research staff at partner 
Institutions etc.  

WP 7 – Dissemination  - manages the dissemination 
of findings to communicate the results of the project, 
including the joint curriculum, research findings, ex-
emplar strategies and practices. 

4. Expected benefits 
The benefits of the project can be identified with re-
lated to the target groups. Those are; Policy makers 
and the governments: Specifically this project will 
help the Sri Lankan government towards the post tsu-
nami rehabilitation through enhancing the capacities 
of policy making and other related organisations. 
Teaching and administrative staff: Staff will benefit 
from exposure to cross cultural teaching activities 
through the engagement in the exchange of experi-
ence and expertise to conduct teaching and training.  
Postgraduate students: PG students will benefit 
through enhancing the knowledge and skills of post-
graduate students in facilities and infrastructure man-
agement by means of combining and sharing re-
sources in a network of five strategically chosen uni-
versities within EU and Asia (Sri Lanka). Research-
ers: an estimated 160 researchers across the partner 
network will gain access to facilities and infrastruc-
ture management principles and its latest develop-
ments particularly within an Asian context via the 
partners. HE institutions: project will allow EU insti-
tutions to improve human capacity development asso-
ciated with the current status of FM knowledge bases 
with updates relating to the elements relating to Asia, 
business continuity management in particular. 
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Process improvement has been identified as a mechanism of achieving the much needed performance improvements 
within the construction industry. Despite the concerns of being an industry with unique characteristics, construction 
has borrowed some process improvement principles from other industries such as software. However, while ICT has 
been treated as an important asset for process improvements in other industries, construction has demonstrated a 
slow ICT uptake. This slow ICT uptake initiated the discussion about the position of the ICT within the process im-
provement initiatives as an enabler or a driver. This paper investigates this phenomenon through a comprehensive 
literature review and four pilot interviews with ICT exterpts in the construction industry and academia.  

Keywords: Construction process improvement, ICT in Construction, Process – IT co-maturation  

 

1. UK construction and process 
improvement 

Process improvement has been identified as a mecha-
nism of achieving the desired process improvements 
within the construction industry.   While a complete 
evolutionary  approach doesn’t cater for the dramatic 
improvement needs of construction as highlighted by 
Latham [1], the direct application of revolutionary 
approaches such as Business Process Re engineering 
(BPR) within the industry has also been criticised by 
the researchers due to unique characteristics of con-
struction.  Taking this fact in to consideration, Sarshar 
et al [2] have initiated a capability maturity model 
(CMM) based approach in construction process im-
provement. CMM is based on a five levelled struc-
ture. Within this, organisations are ranged from level 
1 to level 5 based on their maturity. Within this 
framework, a maturity level has been defined as “a 
well defined evolutionary plateau towards achieving 
mature processes. Level 1 organisations are the least 
matured organisations where as level 5 organisations 
are the most matured organisations. Sarshar et al [2] 
have attempted to apply the principles of this model 
within the construction industry under the name 
SPICE. This research was carried out in stages, and 
currently, the dynamics up to the level 3 of the CMM 
were explored and customised to the UK construction 
industry. Up to date research status of the SPICE pro-
ject shows clear gaps in identification of the charac-
teristics of higher maturity levels. Addressing the 
identified gap Keraminiyage et at [3] have presented a 

conceptual framework for the construction higher 
capability maturity level dynamics. Within this con-
ceptual framework, five key process areas (KPAs) 
have been identified as key steps towards achieving 
higher capability maturity. Those are; 1. Quantitative 
process management in construction 2. Construction 
product quality management 3. Quantitative Defect 
Management in Construction 4. Construction Defect 
Prevention 5. Construction Process Change Manage-
ment. More details and the rationale behind this 
KPAs can be found in [3]. 

2. Role of ICT in construction process 
improvement 

Despite the fact the ICT plays a major role in process 
improvement initiatives, the construction industry has 
been criticised for its slow ICT adoptability. Further 
more; the industry has become frustrated with the 
falling of ICT as many companies have invested in 
the wrong technologies without addressing the busi-
ness needs. This suggests that, proper processes have 
to be in place in order to harness the actual benefits of 
the ICT capabilities within construction organisations 
making ICT an enabler. On the other hand, ICT has 
created a significant impact on some of the work pat-
terns and processes within organisations As an exam-
ple, with the introduction of computer based drafting 
tools such as AutoCAD the traditional drawing 
boards are becoming redundant rapidly. This exem-
plifies the fact that, irrespective of processes in place, 
ICT has influenced organisations to change their 
work patters and processes acting as a driver for the 
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construction process improvements. Above discus-
sion highlights the fact that ICT applications and 
process change within the construction industry are 
co-dependent. To investigate this phenomenon furher, 
the authors have conducted a series of pilot interviews 
(four) to identify the actual stand of the ICT usage in 
construction and the required level of ICT uptake 
towards process improvements. For the purpose of 
these interviews, the higher capability maturity dy-
namics of construction process improvement [3] have 
been taken as the basis and the level of ICT uptake is 
discussed within a scale of being an enabler to a 
driver.    

3. Pilot interview outcomes 
Current stand of ICT within the construction industry: 
The current level of ICT uptake within the construc-
tion industry is largely limited to the automation of 
existing processes, and very little attempts have been 
made, if any, to use ICT at strategic level to improve 
processes. it is also visible that, in general the current 
ICT uptake within the construction industry appears 
to be a driver for process changes, but not necessarily 
those changes reflect improvements. ICT for Quanti-
tative Process management in Construction: All the 
interviewees felt that ICT can / should be a driver for 
this KPA as there are generic ICT tools available such 
as Microsoft Project or Primavera which has the po-
tential to achieve what is expected from this key 
process area. However, if ICT could have been a 
driver for this, mere availability of such tools would 
have driven the industry towards improving or intro-
ducing their processes, where as there is no clear evi-
dence to that effect. Construction product quality 
management: Within this context, the ICT has been 
identified as an indirect driver for change within the 
construction industry. More specifically, the avail-
ability of software tools to measure the parameters 
such as energy efficiency have enabled the introduc-
tion of new building regulations, and intern these 
regulations acted as drivers for macro level construc-
tion process improvements. Quantitative Defect Man-
agement in Construction: Thinking outside the frame 
of construction, there are some readily available soft-
ware tools to track defects under different scenarios. 
As an example, one interviewee has mentioned about 
“Bugzila”; a software tools which is being used in the 
software industry to track software bugs, as having 
the potential to cater for quantitative defect manage-
ment in construction. Moreover, stating from simple 
spreadsheet packages to more complicated statistical 
analysis packages can be used as potential ICT tools 
when addressing Quantitative Defect Management 
requirements in construction. This clearly shows that 
the current ICT has the capability act as an enabler 
within the construction industry to achieve quantita-

tive defect management. Construction Defect Preven-
tion:  All the interviewees felt that this area is still 
under research within the ICT domain as the ICT to 
help this sort of activities can fall under the categori-
sation of “Intelligent computing”. As such it is hard to 
define the effect of such tools within the scale from 
an enabler to a driver. However, one of the interview-
ees has also mentioned that “it is beyond the capabili-
ties of the construction industry within a foreseeable 
future considering the current ICT uptake”. Construc-
tion Process Change Management: The role of ICT 
within this aspect has been identified by most of the 
interviewees as an enabler. Specifically, most of the 
interviewees addressed the need of modelling the 
existing processes as a prerequisite to this KPA and 
highlighted the fact that there are number of options 
available to perform that task using modern ICT 
tools.  

4. Conclusion and the way forward 
 From the above it is visible that even though that the 
current ICT usage within the construction is more of a 
driver for process changes, considering the higher 
capability maturity level KPAs, it is noticeable that 
the actual role of ICT should be of the nature of an 
enabler. Further, when it comes to higher capability 
maturity levels, it may well be the case that the mod-
ern ICT may not fully capable of providing the ex-
pected level of support for construction process im-
provements either as an enabler or a driver. This is a 
part of an ongoing PhD, it is intended to validate this 
initial understanding about the higher capability ma-
turity dynamics and the process – IT co maturation 
through a case study approach. Further, this model is 
intended to go through several refinement cycles to 
ensure that it captures the actual industry characteris-
tics and requirements.  
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In production management, there are at least three commonly used, but mostly implicit theories of production: trans-
formation theory of production, flow theory of production and value generation theory of production. Comparison 
reveals that the economical theory of production broadly equates to the transformation theory of production, as used 
in production management. In production management, the transformation theory of production has been the under-
pinning of the mainstream thinking in the major part of the 20th century. It is only in the last decades of that century 
that the two other theories have started to challenge the transformation theory. However, today, the transformation 
theory is in many production management circles rejected as the sole theory of production. This is causing a theo-
retical rift between economics and production management. It is suggested that also economics should critically 
assess its prevailing theory of production, and adopt more valid theories. 
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1. Introduction  
All built environment (as well as all the artifacts we 
are daily using in the framework of it) exists because 
it has been produced. It is the ability to produce that 
distinguishes between the rich and the poor nation. It 
is the ability to produce in a sustainable way that 
seems to determine the fate of mankind. Without de-
bate, production is of central significance for human 
societies. However, this invites the question: What do 
we know about production? Given that sciences tend 
to present their most fundamental knowledge in the 
form of theories: Which is our theory of production? 

Production has been especially focused on by two 
disciplines: economics and production/operations 
management, both of which contain a sub-discipline 
for considering those situations occurring in the con-
text of construction: construction economics and con-
struction management. These two sub-disciplines are 
closely allied, and thus also the compatibility of their 
theories of production seems, at first sight, of impor-
tance. However, taking into account that these two 
sub-disciplines practically viewed inherit their theo-
ries from their mother disciplines, the focus here is 
mostly on the latter, i.e. economics and operations 
management. 

2. Production theory in economics 
There is hardly a better starting point for investigation 
of the doctrine of economics than the well known text 
book by Samuelson and Nordhaus [1]. According to 
it, “The theory of production” is about the maximum 
amount of output that can be produced with a given 
amount of factor inputs. The technical law relating 
inputs to outputs is called production function. In fact, 

the theory of production is not treated in the textbook 
of Samuelson due to the intrinsic interest of produc-
tion, but rather “as a prelude to our general discussion 
of distribution of income”.  This is not a different 
position given to the theory of production in compari-
son to a classical economist who contributed to the 
establishment of the production theory, Walras [2]. 

Frisch [3] clarifies the economic angle to production 
in a useful way: “By production in the economic 
sense we mean the attempt to create a product which 
is more highly valued than the original input ele-
ments.” An initiative towards an alternative produc-
tion theory is provided by Georgescu-Roegen [4]. He 
contends that the momentary view on production is 
wrong at the outset, and proposes a new form of pro-
duction function that describes production over its 
duration. 

3. Production theory in  
production/operations management 

During the last century, production has mostly been 
conceptualized as a transformation of inputs to out-
puts.  There are a number of principles, by means of 
which production is managed.  These principles sug-
gest, for example, decomposing the total transforma-
tion hierarchically into smaller transformations, or 
tasks, and minimizing the cost of each task independ-
ently. 

However, this foundation of production is an ideali-
zation, and in complex production settings the associ-
ated idealization error becomes unacceptably large.  
There are two main deficiencies: it is not recognized 
that there are also other phenomena in production 
besides transformations (called waste in operations 
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management), and it is not recognized that it is not 
the transformation itself that makes the output valu-
able, but that the output conforms to the customer’s 
requirements. 

There has existed, since the 1920s, another concept of 
production, namely the view of production as flow.  
Currently, the flow view is embodied in lean produc-
tion.  This concept views production as a flow, 
where, in addition to transformation, there are wait-
ing, inspection and moving stages.  Queueing theory, 
which applies to such flows, teaches that variability is 
the crucial determinant of the behavior of flows.  
Production management equates to minimizing the 
share of non-transformation stages of the production 
flow, especially by reducing variability.  

Yet a third view on production has existed since the 
1930s. In the value generation view, the basic thrust 
is to reach the best possible value from the point of 
view of the customer. Especially the quality move-
ment has endeavored to translate this view into meth-
ods and practices useful in the industry. Principles 
related to rigorous requirement analysis and systema-
tized flowdown of requirements, for example, are put 
forward. 

Thus, there are three major theories of production in 
operations management, and each of them has pro-
duced practical methods, tools and production tem-
plates [5]. 

4. Discussion 
It is easy to note that the idea of production as trans-
formation is shared by economics and operations 
management. In both cases, the transformation is 
characterized through its inputs and outputs. How-
ever, the use of this conceptualization is slightly dif-
ferent. In economics, the main interest is towards 
finding the optimal set of inputs, whereas in opera-
tions management, the goal is much wider, to dis-
cover what must be done and which inputs are 
needed. Surely, the economic aspect is included in 
the operations management concept of transforma-
tions. 

Thus, superficially, we have a cozy co-existence of 
two disciplines, sharing a fundamental conceptualiza-
tion that seemingly provides a bridge between these 
disciplines. However, the transformation theory is 
only one of the three theories of production used in 
operations management. Let us recall that the main 
benefit of the flow theory is related to the explanation 
of the formation of costs, while the value generation 
theory contributes to the explanation of how value is 
formed. In the logic of operations management, the 

transformation theory is not capable of adequately 
explaining cost or value. 

Now, the serious and troublesome question arises: Is 
the economic theory of production capable of ex-
plaining the formation cost and value in the produc-
tion process? After all, according to Frisch, the eco-
nomic viewpoint to production is how to achieve a 
product which is more highly valued than the original 
input elements, and thus the explanation of both costs 
(of the input elements) and value (of the product) is a 
central task for economics. 

Careful consideration reveals the inevitable answer: 
no. The production theory, supported by the idea of 
input-output-transformation is fundamentally limited 
by its conceptualization, and does not catch the major 
phenomena that play a role in the formation of costs 
and value. 

5. Conclusions 
It is suggested that economics should critically assess 
its prevailing theory of production, and adopt more 
valid theories. 
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The paper tries to characterize the work carried out in the framework of the International Group for Lean Construc-
tion by focusing on the interface of theory and practice in the research and development of production control for 
construction. The origin, evolution, diffusion and impacts of the Last Planner system of production control are re-
viewed. Then, the theoretical underpinnings of both conventional production control and the Last Planner are pre-
sented and mutually contrasted. It is argued that theories can be used for explaining the shortcomings of the conven-
tional way of production control, as well as for stimulating or explaining new methods and tools. It is contended that 
lean construction is a scientific-industrial movement, inspired by the Toyota Production System, aiming at renewing 
the fundamentals of production management in construction. 
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1. Introduction  

The paper tries to characterize the work carried out in 
the framework of the International Group for Lean 
Construction (IGLC). Instead of an extensive ap-
proach, trying to widely cover theoretical, empirical 
and methodical gains, this paper adopts an intensive 
approach, where a salient topic is deeply sounded in 
the hope of generalizable insights. Thus, we focus on 
the interface of theory and practice in the research and 
development of production control for construction. 
This topic was the foremost at the time of the estab-
lishment of IGLC, and even if the spectrum of topics 
has considerably widened, still remains a core issue 
for this research community.   

2. Practice of lean production control: 
Last planner 

The impetus for development of the Last Planner [1] 
was a discovery, in the early 90’s, that weekly work 
plans of both engineering teams and construction 
crews routinely had less than 60% of planned tasks 
completed at week’s end. The researchers came to see 
a daily or weekly work plan as a prediction of a future 
state of the project. Their first concern was with the 
impact on the productivity of the engineering team or 
construction crew itself of poor predictability. 

The Last Planner system was developed piecemeal, in 
response to the discovery of additional functions 
needed in order to manage this problem of work flow 
variability. Quality criteria for assignments were first 
developed, driven by the hypothesis that assignments 
with those characteristics were most likely to be com-
pleted as planned. The criteria are definition, sound-
ness, sequence, and size. 

The next component developed was the identification 
and tracking of reasons for not completing planned 

tasks. This was driven by the realization that perfect 
planning is impossible in conditions of high uncer-
tainty and complexity, which were thought to be 
characteristics of at least most construction projects. 
However, we can aspire to avoid repeating the same 
mistakes. In order to do that, reasons must be ana-
lyzed to root causes and action taken to eliminate 
them. 

At some point, it was realized that the practice of 
making only quality assignments and learning from 
plan failures would improve labor productivity to 
some extent, but would not assure that the right 
amount of work of the right type was being done in 
the right sequence to achieve project schedules or to 
best match load and capacity, the base condition for 
good productivity. Consequently, lookahead planning 
was introduced. Lookahead plans are drop downs 
from a higher level schedule, looking into the future 
typically 3 to 6 weeks, dropping the past week and 
adding a new 6th week each week. 

The last component of Last Planner was added in 
order to link production control to the project sched-
ule. The researchers’ experience was that many pro-
ject schedules required extensive rework once they 
entered the lookahead window. Further, it was real-
ized that the handoffs or release of work from one 
specialist to the next was the critical focal point of 
control, and that project schedules rarely made those 
handoffs explicit. Consequently, the practice of phase 
scheduling (now usually referred to as ‘reverse phase 
scheduling’) was introduced. 

From the early developmental period, benefits of us-
ing the Last Planner system began to be evident. On a 
large industrial piping project, data analysis revealed 
an average difference in performance against budget 
of 30% between crews with PPC <50% and those 
with PPC >50%. After this, there have been numerous 
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reports on the positive productivity impacts of the 
Last Planner. In addition to these benefits, and argua-
bly even more important, were the observed effects 
on culture and teamwork. 

3. Towards theory of lean production 
control 

Three domains of theorizing for lean construction 
have emerged: theory of production [2], theory of 
management [3] and metaphysical underpinnings [4]. 
Theory of management can be divided into theories of 
planning, execution and control. In the following, 
Last Planner, along with the conventional production 
management method, is analyzed based on this work. 

Regarding theories of planning, Last Planner sub-
scribes to the view of human action as situated - a 
foundational assumption of managing-as-organizing, 
while also acknowledging the significance of plans 
for action - as advocated by managing-as-planning. 
Conventional production management subscribes 
only to management-as-planning, and is thus inher-
ently incapable of responding to changing situations. 

Regarding the execution phase, Last Planner is simi-
lar to the language/action perspective model in that 
communication is a two-way process, and commit-
ment is created for the realization of the tasks by let-
ting the crews influence the weekly plan, by explic-
itly requesting whether a promise can be made, and 
through the obligation to report on the completion of 
the task. In conventional project management, execu-
tion just consists of task authorization.  Theoretically, 
execution is thus reduced to one-way communication, 
as covered by the classical communication theory. 

In conventional project management, main control 
consists of comparing progress with the performance 
baseline, expressed in money or hours. This thermostat 
model is the cybernetic model of management control. 
In Last Planner, control consists of measurement of the 
realization rate of assignments, investigation of causes 
for non-realization and elimination of those causes.  
Theoretically interpreting, Last Planner is using the 
scientific experimentation model of control. 

Conventional production management is heavily 
based on the concept of tasks, which is based on the 
transformation theory of production. This can be 
shown to directly lead to practical problems [2], as 
this foundation of production is an idealization, and 
in complex production settings the associated ideali-
zation error becomes unacceptably large. Tasks are 
the central unit of analysis also in Last Planner. How-
ever, remarkably, the principles used in Last Planner 
contribute to the generic principles of flow manage-
ment. The flow theory of production is thus utilized. 
It can also be claimed that Last Planner is using the 

suppression of the waste of making-do as a driver 
towards reducing variability and improving the whole 
production system. 

The traditional conception of production as transfor-
mation (of one set of things to another set of things) 
is implicitly based on thing metaphysics. Last Planner 
falls into the group of correctives based on process 
metaphysics.  

4. Conclusions 
Last Planner is based on a different or wider theoreti-
cal foundation when compared to conventional pro-
duction management. In all major aspects, conven-
tional production control falls theoretically short in 
comparison to Last Planner. Thus, the problems re-
lated to conventional production management are 
theory-driven.  

What is then Lean Construction – 2006? At one level 
the answer is invariant: As since its origin, lean con-
struction is a scientific-industrial movement, inspired 
by the Toyota Production System, aiming at renewing 
the fundamentals of production management in con-
struction. However, at another level, the answer is 
dynamically changing, as understanding and practice 
evolve. This paper has given a snapshot for the situa-
tion in 2006 regarding production management in 
construction. 
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Alternative contractual delivery systems, collaborative partnerships, new management initiatives, and evolving 
product markets require American students to have a broader awareness of construction issues in a global context.  
Therefore, the department of Building Science (BSCI) at Auburn University created a 5-week, 6-city, faculty-led, 
European Study Abroad class for the summer of 2000.  The success of the 2000 class was repeated in 2002, 2004, 
2005 and the next class will be conducted during the summer semester of 2006.  This paper describes the design, 
development, and evolution of the study abroad classes, along with the course objectives, structure, and outcomes. 
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1. Introduction 
The design and construction industry makes up 8 – 
10% of the United States’ GDP (Gross Domestic 
Product) and an even larger percentage of some de-
veloping countries’ GDP.  Issues concerning the use 
of public and private funds for the built environment 
touch every individual one way or the other.  Fur-
thermore, local and regional construction firms are 
becoming increasingly more international and the role 
of the construction professional now includes many 
front-end services that require an increase in the skill 
set of new university graduates.  Alternative contrac-
tual delivery systems, collaborative partnerships, new 
management initiatives, and evolving product markets 
require American students to have a broader aware-
ness of construction issues in a global context.  Many 
academic disciplines outside of construction educa-
tion (i.e. foreign languages, art, music, architecture, 
etc.) have successfully used study abroad programs as 
an effective means of broadening university students’ 
academic, personal, and professional views of the 
world.  Therefore, the department of Building Science 
at Auburn University created a 5-week, 6-city, fac-
ulty-led, European Study Abroad class for the sum-
mer of 2000.  The success of the 2000 class was re-
peated in 2002, 2004, 2005 and the next class will be 
conducted during the summer semester of 2006. 

2. Summer 2000 Class 
Based on the success of Auburn University’s School 
of Architecture’s 30-year history of traveling with 
students throughout Europe during the spring term, 
the department of Building Science proposed a simi-
lar faculty-led traveling study abroad class.  However, 
the Building Science class would take place during 
the summer semester of 2000 rather than in the 
spring.  This initial class actually consisted of two 
separate 3-credit courses, a preparation (prep) class 

and a special topics (elective) class.  The class make-
up consisted of the instructor, 4 Building Science 
graduate students, and 1 graduate student/instructor-
in-training Scott Kramer.  The itinerary included 
spending 1 week each in 6 European cities and 2 
weeks of free travel.  The itinerary was as follows: 
Paris, London, Barcelona, Copenhagen, Rome, and 
Berlin.  Each student kept a travel journal during the 
class, which was graded by the instructor while eve-
ryone was in Europe.  Also, each student completed a 
written assessment of each class visit or event at-
tended during the summer.  This assessment was part 
of the grant requirements set forth by the College and 
would provide valuable feedback for: (1) evaluating 
the class, (2) consideration of continuing the study 
abroad program, and (3) future class itineraries, struc-
ture, region chosen, and type of visits.  Based on posi-
tive assessment from the 2000 class, the department 
of Building Science decided to continue the study 
abroad class and offer it every other summer if stu-
dents showed interest. 

3. Summer 2002 Class 
Again, the 2002 study abroad class actually consisted 
of two separate required Building Science classes.  
One was an alternative senior capstone class and the 
other was the Contracting Business class.  By offering 
these two courses together, the senior students could 
graduate 1 semester early and complete their required 
senior capstone project during the 10-week summer 
semester, rather than the following fall semester as 
the curriculum dictated.  Six students participated in 
the 2002 class, five seniors and 1 junior, plus Associ-
ate Professor Scott Kramer.  The junior student only 
participated in the Contracting Business class for 
course credit and completed the regular senior cap-
stone class the following summer term. 
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The overall goal of the 2002 class was to expose stu-
dents to construction-specific companies, projects, 
practices, and project management professionals that 
they would never be exposed to otherwise.  There 
were three construction-related visits per city (e.g. 
construction projects, material suppliers, construction 
firms, equipment manufacturers, etc.).  Students vis-
ited with construction professionals and collected data 
from 5 of the top 10 international construction firms 
[1].  Some of the other visits included: marble quar-
ries in Carrara, concrete pump manufacturers in 
southern Germany, renovation of the U.S. embassy in 
Rome, renovation of the War Cabinet Rooms in Lon-
don, and the construction of a new development in 
Copenhagen.  Also, there was one cultural event per 
city (e.g. ballet, opera, concert, musical, etc.).  The 
students collected original source documents (e.g. 
transcribed interviews with key executives, photos, 
company brochures, company training material, vid-
eos of visits, etc.) during the 5-week traveling half of 
the 10-week summer semester.  After returning from 
Europe, the second 5 weeks of the semester was dedi-
cated to developing and completing the written cap-
stone projects. 

3.1 Outcomes and Assessment 
Students were required to write an original research 
paper and create a 30-minute PowerPoint presentation 
that would be presented and defended to a jury of 
Building Science faculty.  The student’s grade was 
based 75% on the written paper and 25% on the 
PowerPoint presentation.  All five students completed 
their senior capstone projects by the end of the sum-
mer semester 2002.  All of the students that partici-
pated in the study abroad class are very enthusiastic 
about the continuation of the program and are actively 
marketing the study abroad program to students cur-
rently in the Building Science program. 

4. Summer 2004 Class 
Due to the U.S. terrorist attacks on 9-11-2001 and the 
later cooling of attitudes and relations between the 
U.S. and Europe, family members and friends were 
concerned about staying in touch and tracking the 
groups’ travel abroad during the 2004 summer semes-
ter. While email is an important way of staying in 
touch, it does not offer a shared discussion environ-
ment that would serve as a travel log desirable for this 
group trip. After exploring the popular communica-
tion options of web blogs, travel blogs, newsgroups 
and Wikis, a WebCT™ [2] site was developed in-
stead.  Perhaps the most meaningful use of the course 
software was the virtual travel log created using the 
discussion forum in WebCT™.  At the start of the 
trip, the Building Science department supplied five 
notebook computers, each shared by two students. 

These computers were used for storage of digital im-
ages, for composing reflection statements, and for 
recording travel and contact information.  Publicizing 
and marketing future Building Science Study Abroad 
classes will be made easier with the self-documenting 
features of the WebCT™ Travelogue. Prospective 
students and their parents can see photos, threaded 
discussions, and the itinerary of the 2004 class by 
viewing it as a link from the main Building Science 
web page at www.bsci.auburn.edu. 

5. Conclusions 
The overall goal of each class is to expose students to 
companies, projects, practices, and construction man-
agement professionals that they would never be ex-
posed to otherwise.  Another major goal of each class 
is to expand the students’ academic, professional, and 
personal views of the world from regional to global.  
Additional course learning objectives include: 

• exposure to different construction methods, ma-
terials and equipment 

• professional project management practices in 
international construction  

• the unique aspects of historic preservation and 
restoration projects  

• understanding project delivery methods used in 
global projects 

• view world-class performing arts and fine arts 

• view monumental and historical architecture 

• experience different cultures, currencies, trans-
portation systems and languages 

Studying abroad is an invaluable experience – for 
many students, a once-in-a-lifetime opportunity to 
live in a foreign country, to experience its customs 
and culture, and to adapt to new surroundings [3]. 
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Utilisation of Performance Measurement (PM) systems within construction Research and Development (R&D) 
would generate maximum benefits by evaluating their successfulness, improved communication, and coordination, 
identifying future improvement areas. This paper critically analyses and evaluates the design parameters, factors 
that influence the selection of the design parameters in both the general and R&D specific PM literature. 
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1. Introduction  

One of the main reasons behind the under performance 
of the construction industry is recognised as insufficient 
research and development (R&D) activities and innova-
tions [1]. Macmillan [2] and Fairclough [3] argue that 
research and innovation in the construction industry 
have a significant role to play in performance improve-
ment while providing benefits to the industry as well as 
to its stakeholders. R&D activities require many re-
sources ranging from human to technical which require 
proper utilisation. A growing interest can be identified in 
managing, controlling, and monitoring these resources 
and R&D activities [4]. In this context, the use of per-
formance measurement (PM) benefits the R&D activi-
ties by evaluating their successfulness. In terms of the 
UK construction research base in particularly to the aca-
demic research, lack of evaluation criteria to assess the 
research output against the research goals is evident [5]. 
The non existence of such validation/feedback and 
evaluation mechanisms within the academic research 
has been identified as a “fundamental missing link” for 
researchers, research users, and funders [5]. This paper 
reviews the design parameters and factors that influence 
the selection of the design parameters when designing a 
R&D PM system.  

2. Characteristics of good performance 
measurement systems 

To overcome the associated problems with the tradi-
tional performance measure, number of PM systems has 
been developed over the past years by integrating multi-
ple performance measure. Further, the need of linking 
the strategy of the organisation with the performance 
measures has been well highlighted. In addition to the 
above, performance measures should be simple in un-
derstanding, should have a visual impact, focus on im-
provement of the organisation rather than on variance, 
visible to all, provide timely and accurate feed back, and 
have a specific purpose. 

 
3. Design parameters of research and 

development 
PM system has to characteristic with certain elements 
which are called as design parameters. Kerssens-van 
Drondelen and Cook [6] define Design Parameters as 
the “topics that need to be addressed when developing a 
measurement system”. They identify the main parame-
ters of R&D PM as performance measures, measure-
ment system structure, standards or norms that the per-
formance will be evaluated, measurement techniques, 
frequency and timing of measurement, and reporting 
format. By reviewing the general literature and through a 
survey, Neely et al [7] develop a “performance measure 
record sheet” which identifies the topics that has to be 
addressed in PM. This record sheet also includes the 
performance parameters identified by Kerssens-van 
Drondelen and Cook [6] such as title (performance 
measure), target (standards), formula (technique), fre-
quency of measurement and reporting format. In addi-
tion to that, Neely et al [7] goes on to identify specific 
factors that are built around the above parameters. They 
are who measures the performance, sources of data that 
should be used, who owns the measure, who act on the 
data. These parameters tend to identify the ownership for 
measurement procedure and for final data. By doing so, 
the successful implementation of PM, prompt and ap-
propriate follow up actions based on the results are en-
sured.     

4. Factors that has to be considered 
when selecting design parameters 

Various studies have shown that the factors such as na-
ture of competitiveness [8], innovation, and project strat-
egy of the organisation [9], size of the organisation, type 
of R&D activities carried out within the organisation 
influences selection of design parameters of R&D PM 
[10]. The organisation level at which the R&D PM takes 
place (subject of measurement) has a significant influ-
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ence on the selection of the design parameters [6]. They 
argue that the design parameters such as frequency of 
measurement, norm setting, and measurement technique 
are influenced by whether the PM is done at individual, 
departmental, or organisational level. In addition to that, 
purpose of measurement (whether it is to motivate the 
people, to evaluate the successfulness of the activities), 
and objectives formulated for the subject of measure-
ment are some other factors which have to be considered 
when selecting design parameters. Further more, sim-
plicity of understanding, operating and interpreting the 
data [11], availability of data [11], [10] nature of data 
(whether it is quantitative or qualitative) required by the 
PM system, cost of implementation in terms of monetary 
value and time consumption [11] are identified as some 
other important aspects that influence the selection of 
design parameters. Further Poh et al [11] state the risk 
and uncertainty of R&D activities and ability of the 
method to incorporate experience and knowledge of 
different people within the R&D setting are also influ-
ence the selection design parameters.  

5. Discussion 
The inadequacy of financial measures as the sole criteria 
of PM has been criticised over the past decades leading 
the path to develop comprehensive PM systems by tak-
ing into account financial, non financial, external, and 
internal factors. The developments identified within the 
general PM literature have been experienced even within 
the R&D settings. The design parameters identified from 
the literature review will ensure that a PM system will 
consist with all the important elements. Consecutively 
this will provide comprehensive information on which 
the management can evaluate the success or failure of 
the organisational activities. Further, some of the design 
parameters assign ownership of activities to employees, 
which will ensure the continuous evaluation without any 
interruption. The selection of these design parameters is 
influenced by number of factors. From the literature 
review authors categorise them into three main groups. 
Firstly there are organisational specific factors which 
have to be considered when selecting an appropriate 
design parameter. They include innovation and organisa-
tional strategy, size of the organisation, type of R&D the 
organisation engaged in, type of industry, and risk and 
uncertainty of the R&D work. Secondly, there are fac-
tors which influence the selection of performance pa-
rameters depending on the main requirements or the 
priorities of the organisation. For example purpose of 
measurement, the stage of R&D which PM system is 
implemented and the level at which the performance is 
measured can be taken. These influential factors will be 
decided in such a way that the key organisational activi-
ties are prioritised and ultimately achieve its aims, objec-
tives, and strategies. The third group show the extent 
which the organisation would like to commit themselves 

when selecting design parameters. These factors show 
the amount of effort and resources that the organisation 
would willing to allocate for PM system. They include 
how far the organisation is prepared to use the experi-
ence and knowledge of the employees, time and cost 
commitments in designing the system. As the conclud-
ing remarks, it can be said that the appropriate selection 
of design parameters blend with good characteristics of 
PM systems would generate satisfactory results for the 
organisation. Such a PM system would generate timely 
and accurate information about the current success and 
future improvement areas where the organisation can 
rely and act upon.  
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The Finnish infra sector has launched a development programme to improve the efficiency of transport infrastruc-
ture management. This paper introduces a road map that identifies the development efforts required to reach the 
goal. It consists of co-ordinated theme-based sub-road maps of a) product model and data transfer, b) operational 
modes and project processes, and c) eco-efficiency and life-cycle know-how.  
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The Finnish infra sector, including major public own-
ers and the construction industry, has launched a joint 
development programme to improve the efficiency of 
transport infrastructure management involving the 
procurement and implementation of design, construc-
tion and maintenance, especially of major roads and 
railways.  The programme is called Infra 2010 [1]. 

This paper introduces the results of the programming 
phase intended to identify the development efforts 
required to reach the goal. The guidelines for the pro-
gramming were produced by a feasibility study [2] 
which defined the themes and objectives of the pro-
gramme as presented in Table 1. 

The results consist of three co-ordinated theme-based 
sub-road maps each defining ten or more interrelated 
key development activities (Figs. 1–3). The examina-
tion focuses on unexploited possibilities, actual de-

velopment activities, and to some extent on their in-
terrelations. Thus, the emerging general Road Map 
(with textual portions) should form a relatively coher-
ent entity describing the appropriate path(s) to follow 
in the current Finnish situation. Yet, it is only a pre-
liminary stage framework proposal and binds no one 
as a guideline plan. 

[1] INFRA 2010. Kehitysohjelmalla lisää tuottavuut-
ta. [INFRA 2010. Improved productivity through a 
development programme] (2006) (in Finnish) Web 
document available at:  
http://www.asuntotieto.com/INFRA2010/ 

[2] INFRA 2010 -ohjelman esiselvitys [Feasability 
study for INFRA 2010 programme] (2004). The Fin-
nish Confederation of Construction Industries, etc. 47 
p. (in Finnish) 

 

Table 1. Aims of programme's main themes [2]. 

Aim   Main results/impacts 
A. Product model and data transfer 
The aim is to develop, prepare and test a future 
product model-based design and building process, 
life-cycle management and the required definition, 
organising, storage and transfer of product data. 

• quicker and more effective design 
• improved quality and productivity 
• more effective life-cycle management 
• better customer service 

B. Operational models and project processes 
The aim is to develop sector operational models 
and project processes to support development of 
new and more integrated services and effective 
introduction of product model. 

• procurement methods promoting innovativeness 
• evaluation of product and service performance 
• wider use of development as part of production 
• risk optimisation and allocation models 

C Eco-efficiency and life-cycle know-how 
The aim is to develop life-cycle know-how com-
prehensively to be able to design and produce in-
frastructures that meet the requirements of owners, 
users and society during the entire life cycle in a 
controlled and optimised manner. 

• procurement methods that consider life cycle 
• life-cycle cost evaluation methods 
• service-life and degradation models 
• eco-efficiency indicators (ecoindicators) 
• product approval procedure for new products 
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Figure 1. Development 
tasks and paths of 
'product model and 
data transfer' part  
(part A). 
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Figure 2. Development 
tasks and paths of 'op-
erational models and 
project processes' part 
(part B). 
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Figure 3. Development 
tasks and paths of 
'eco-efficiency and 
life-cycle know-how' 
part (part C). 
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The lean organisation principle has been widely applied to production in building construction during the past dec-
ade. The application of lean organisation to other fields in the value chain at a wider scale intends to strengthen 
integration which in turn is expected to result in considerably improved productivity. This is particularly expected in 
terms of reduced costs through diminished waiting time, fewer failures in production, and reduced need for correc-
tions of drawings and plans, etc. The prime intention of the present study was to evaluate whether the integration of 
lean design management and lean construction produced the expected benefits or uncovered new problems. 

Keywords: Lean construction, institutional barriers, path dependency. 
 

1. Introduction 
The organisation of activities in building construction 
is characterised by complexity, many actors, time 
constraints, often difficult site conditions, and large 
amounts of production components. At the same time 
this complex product system [1], [2] with many inter-
faces between and in-between planning and opera-
tional units seems particularly vulnerable to waste, 
process errors, and defects in the final products. To 
overcome the traditional deficiencies of the construc-
tion process many management and quality process 
initiatives have been introduced over the years. 
Among the most recent is the lean construction model 
which is the principle of lean manufacturing origi-
nally known from car manufacturing in Japan [3].  

A basic assumption of lean manufacturing is that lean 
"has a clear set of objectives for the delivery process, 
is aimed at maximizing performance at the project 
level, designs concurrently products and process, and 
applies production control throughout the life of the 
project" [4]. The basic foundation is the pursuit of 
perfection in the sense that failure to meet the unique 
requirements of the customer is defined as waste.  

2. The lean principle in the  
construction industry  

Today the principles of lean construction are used in 
many construction firms. It is directly inspired by 
the lean production concept or lean manufacturing in 
Japanese car manufacturing, earlier also known as 
just-in-time organisation. Researchers at Stanford 
University [5] suggested this new production phi-
losophy should be applied to construction and espe-
cially in the past decade the methods have been im-
plemented and have continually been further devel-
oped and improved in many construction projects.   

The construction project that is analysed in this paper 
was realised by one of the largest building contractors 
in Denmark. In addition to the textbook prescription, 
the company has supplemented its implementation 
model with other features. Overall, the model applied 
by the contractor features the following components: 

• Dynamic planning with weekly work plans and 5-
week look-ahead plans at weekly meetings.. 

• Weekly evaluations (Percent Planned Completed) 
and schemes summarising reasons for delays. 

• A colour code is used to indicate the status of spe-
cific work items to ensure that the activities re-
leased by the look-ahead plan to the last planner 
are “sound”.  

• Material Logistics, including planning of large 
deliveries and a site plan. (This is only dealt with 
in the construction phase).  

• A planning system developed by the contractor to 
support lean planning and pull-logistics.  

• The process manager acts as the coach of the 
building site [6]. 

3. Path dependency and  
organisational change 

The introduction of lean construction principles will 
in most cases represent a process innovation to the 
particular firm that introduces this new production 
management philosophy. When management intro-
duces lean in construction firms, it is with the explicit 
aim to make the workflow continuous and reliable, 
reduce waste, and increase the value delivered to the 
customer, in other words to put an end to previous 
practices that result in waste, delays, and defects and 
instead make the organisation move in a new direc-
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tion. What determines the organisation's ability to 
change its course is the context of its sense-making 
pattern [7] and the way it constructs meaning, in other 
words the organisation's cognitive path [8]. This 
makes the application of lean something of a paradox 
as the intention of its application is to change organ-
isational sense-making while the success of its initia-
tion depends not on being in conflict with the organi-
sation's existing sense-making. 

While knowledge management, lean construction and 
other strategic tools apply methods that enhance 
transparency and well documented procedures, the 
contributions of individuals that make up the core of 
the organisation's sense-making may often be ne-
glected. Therefore, the role of management becomes 
core, to ensure the success of a new path creation 
through for example the appliance of lean construc-
tion principles and methodologies. 

4. Methodology and data 
Data were assembled by means of a longitudinal case 
study running over a period of 24 months. Thus, the 
study covers all phases of the construction project 
from the earliest design work to the completion of the 
buildings. 

There were three main collaborators, a main contrac-
tor, an architect and a technical design company (con-
sulting engineer) and moreover a variety of suppliers 
and subcontractors. The building project was both 
designed and implemented in a lean construction pro-
duction model. 

Data collection has encompassed a variety of methods 
including  

• Review of specific lean planning tools 

• Observation at the construction site 

• Questionnaires followed by focus group inter-
views  

• A survey of data collected at a number of con-
struction sites  

5. Findings and analysis 
The design phase was successful with respect to the 
lean principles set out by the managing partner (the 
contractor). The process was characterised by un-
complicated team sprit where crises were dealt with 
professionally and hence, potential conflicts were 
prevented. The work plan (last planner) applied as 
one of the core tools for lean design management was 
especially popular. Also the project meetings were 
highlighted as actual working meetings with a better 
outcome than traditional project meetings. 

The investigation also showed that four out of five 
respondents experienced being subject to delays 
caused by others. The delays appeared to be a result 
of several factors, and hence it proved that some ele-
ments in the process could be improved. The most 
important ones were: 

• Low quality of project material and project plans 

• The specific work site was not cleared at the 
agreed time 

• The accessibility of the site was difficult due to 
the type of building or general lack of clearing the 
site / removal of material 
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Previous research into construction sector competitiveness is replete with different ontological, epistemological and 
methodology positions. When combined with the problem of defining what ‘competitiveness’ means, this methodo-
logical diversity has created an impasse in the field.  Previous attempts to understand competitiveness have focussed 
upon either the structural or cultural aspects of the sector. Researchers have further been preoccupied with separat-
ing industry, firm and actor levels of understanding, viewing them as separate and unrelated rather than intercon-
nected. An alternative perspective is developed based on the tradition of critical realism, ontologically embedded in 
the agency structure paradigm, avoiding polarized perspectives that frequently conceal more than they reveal. This 
offers a fresh perspective from which to understand the dynamics of competitiveness avoiding polarized traditions. 
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1. Introduction 
Previous researchers have adopted different ontological 
and epistemological positions when researching com-
petitiveness. Traditionally construction management 
(CM) approached the subject of competitiveness by 
looking at the structural aspects of the industry [1]. Such 
studies tend to accord with the ‘structure’ dimension [2].  
More recently the relevance of actors has generated 
interest within construction management [3]. This sits 
more closely with ‘agency’ dimension [2]. 

2. Structure 
The traditional approach to understanding competi-
tiveness focuses upon the structural elements of the 
social system, taking an exogenous position. This 
tends to view reality in an objective way, where ac-
tors play a largely passive role. CM literature em-
braced much of Porter’s (1995) thinking, with much 
research adapting and building upon that framework.   

3. Agency 
The agency approach places more emphasis upon 
how individuals interpret their surroundings and what 
things mean to them.  Such a focus often leads to 
qualitative data.  This approach has made significant 
gains during recent years in construction management 
literature. 

4. Middle ground 
Critics often initially seek to combine quantitative and 
qualitative data, whilst others claim that the ‘problem of 
structure and agency has rightly come to be seen as the 

basic issue in modern social theory’ [4]. Researches 
avoiding polarized views are rare in CM, although they 
are slowly beginning to emerge. 

5. Critical realism 
Critical realism (CR) is an umbrella term for a number of 
positions arguing that there exists an objectively know-
able, mind-independent reality, whilst acknowledging 
the role of interpretation by actors. CR is ontologically 
embedded in the agency-structure perspective of social 
theory and thus is seen as one of a number of integrative 
approaches. The following section outlines the themes 
upon which CR is built.  Interpretations of reality - 
Unlike the approaches described, CR breaks down un-
derstanding into key themes, materially, ideally, artefac-
turally, and socially real.  Restrictions mean an explana-
tion of this is not possible here, however, these allow 
reality to be viewed in different forms or layers. Causal 
powers - Based upon the modes of reality above; the 
central epistemological issue for critical realists is the 
search for causal mechanisms.  It is these causal mecha-
nisms which are of greatest interest, and their powers to 
permit or impede something occurring.  Open systems - 
It is argued that social phenomena occur in open, un-
constrained systems [7]. The closed, controlled systems 
adopted by the objective perspective are unavailable. 
Stratified understanding - This builds upon the notion of 
an open systems perspective.  
These considerations cause critical realists to argue that 
reality is stratified [7].  This means that the emergent 
powers cannot be broken down into their parts in order 
to gain an understanding of them.  They must be consid-
ered together, as a whole. Social reality, through the ac-
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cumulation of causal powers, is greater than the sum of 
its parts.  This empathizes with competitiveness being 
viewed as a discourse, whereby it is an ever changing 
manifestation depending upon its context, with a number 
of interconnected attributes each with causal powers. 
Striving for truth - Critical realists search for a true ac-
count of reality and that reality exists independently of 
our minds, our theories, observations.  This is an accep-
tance that researchers will never truly find what they are 
looking for as no method is infallible.  The notions of 
interconnectivity and complexity are central and high-
light that critical realists view social phenomena occur-
ring without constraints.  
 

         6. Conclusions 
This paper has highlighted a weakness in the approaches 
used to study competitiveness.  The literature review 
demonstrated the polarized perspectives adopted conceal 
more than they reveals.  Whilst research within the field 
has not adopted such a perspective from which to view 
competitiveness, ongoing research will develop a meth-
odology to do so. This will establish a grounded under-
standing of the suitability of the perspective directly re-
lated to sustained competitiveness. This will have poten-
tial implications for other areas within this complex so-
cial setting. 
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During the last 10 years one of the discussions in the Swedish construction industry has been the feasibility of 
Weather Protection Systems (WPS). Some actors in the building industry advocate that it secures the quality of the 
building and improves the productivity while others claim that the costs for the WPS are far too high.Three different 
construction projects with WPS during the production were evaluated in order to estimate benefits and costs from 
the WPS. The results showed that the WPS did function well; effects such as shorter time schedules, more precise 
delivery times and use of different production methods were shown. Comparisons with other similar projects show 
that the rental cost of a roof sheltering system is roughly 2-5% of the production cost and that WPS give more effects 
than just an improved work environment and increased quality of the finished product.  

Keywords: Industrialized building, weather protection system, productivity, cost/benefit-model 
 
  

1. Introduction 
Industrialised building could be defined as a way for 
the whole building industry to build houses at a lower 
price and with an improved quality. An industrialised 
building process would resemble and be more similar 
to the stationary industry. One way to industrialise the 
building process is to shelter the construction work 
and protect it from precipitation, wind and tempera-
ture. Three construction projects with exposited WPS 
were followed and evaluated in order to find and 
structure all costs and benefits.   

2. The three projects 
 The “Gothenburg-project” was a reconstruction pro-
ject of a University building that took place during 
2005 in the Swedish city of Gothenburg. The recon-
struction lasted for twelve months and was weather 
protected during a period of six months. The recon-
struction mainly consisted of building an additional 
storey onto an existing building. The WPS was de-
signed by PERI, and specially adapted for this project. 
The system stretched over an area of 35x48m and 
raised 10.5m over the top storey. It rested on two rails 
making it to a mobile system that could be opened. 

A total reconstruction of a building within the Uni-
versity of Karlstad took place during 2003. The re-
construction consisted of a remodeling of two storey 
and adding two new staircases and a completely new 
prefabricated top storey. The new top storey would 
also contain two new fan-rooms. In total, the recon-
struction consisted of 10 000m2. The chosen WPS 
was a Hakitec 750-system mounted on rails which 
allowed the system to be opened. The system was 
120m long, 34m wide and raised 10m over the top 

storey. The maximum opening was 12m, which made 
it possible to transport material through the WPS to 
the building site. In the city of Sundsvall the produc-
tion of five new solid-wood multi storey houses 
started in the middle of 2004 and they were finished 
during 2005. Due to the moist sensitivity of the 
wooden framework, the solid-wood houses had to be 
produced under a climbing WPS, a Gibson Tower 
system. The WPS itself was built up by five meters 
wide alumina-sections. The sections were resting on 
towers which were supplied with motors which would 
allow the climbing.  

3. Cost/Benefit model 
Rental costs for WPS can vary greatly depending of 
the required span, type of production and the shape of 
the building. 

Figure 1. A four-field model showing costs and bene-
fits from the use of WPS 

The work environment 
was radically improved. 
Some of the WPS had 
minor technical prob-
lems. 

A better image for all 
involved parties is 
anticipated. 

 

The estimated benefits 
were about equal to the 
estimated costs. 

Use of WPS will on long 
tern reduce the mainte-
nance costs as very little 
moisture will come in 
contact with the building 
material. 

soft 
factors

hard 
factors

short-term
factors 

long-term 
factors 
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Normally, the cost for mounting, renting and main-
taining a WPS represents 2-5% of the production 
cost. However, it is relatively easy to estimate those 
“hard” costs and benefits which are related to the pro-
ject budget, but it is much more difficult to estimate 
the long and short term soft factors of the WPS. The 
model in figure 1 [3] is used to compare WPS bene-
fits and costs in the three projects. 

3.1 Short-term and hard factors 

One factor that will influence a cost-estimation it the 
decreased duration of the production 20-30% com-
pared to a production without WPS. The second one 
shows that the efficiency of the craftsmen is lowered 
when the production is under the influence of rain, 
snow, low temperatures or wind. A relatively small 
weather impact will reduce the efficiency of the 
craftsmen of 40% [4].  

A large profit besides the ones earlier mentioned is 
the amount of hours connected to the lead time. Pro-
tecting the site for instance tarpaulin in mornings, 
evenings and breaks adds an additional two work 
hours every day. In some cases a WPS will provide 
with the opportunity to use more effective production 
methods, which normally not are used outdoors. Ex-
periences also show that the amount of construction 
errors will be reduced. 

3.2 Short-term and soft factors 
The projects showed that there were some technical 
problems with the WPS e.g. the complicated opening 
and closing of the some of the systems. A more diffi-
cult problem was the logistics as e.g. the mounting of 
prefabricated slabs which required large openings of 
the WPS. On the other hand, the efficiency of the 
logistic was increased since the demand on a more 
precise planning becomes more important because of 
the need for accurate material deliveries.  

In all the three evaluated projects there is one aspect 
that is re-occurring – the improved work environ-
ment. Interviewed craftsmen were convinced that a 
WPS provides a healthy work environment and it was 
obvious that the absence of illness was reduced.  

3.3 Long-term hard and soft factors 
In the long-term the usage of WPS will affect the fu-
ture in two ways. Firstly, the probability that the 
buildings are built with a higher quality will rise since 
the risks connected to moisture damages are reduced. 
This will lead to a reduction of the operation and 
maintenance costs. Secondly, buildings with higher 
quality will in the long run provide the building sector 
with an improved image. 

  

4. Conclusions 
In the research project by Larsson and Söderlind [2] 
2006 three WPS of different fabrication were used. 
The conclusion from the report [2] along with infor-
mation from additionally nine projects [1] clearly 
show that the systems are technical feasible but tech-
nical development is needed. It is profitable to use a 
WPS especially as the soft factors e.g. work environ-
ment was radically improved. However, the decision 
to use a WPS is commonly taken very late in the 
building process. The full potential of the benefits 
from the WPS is therefore not gained. 

To gaining all of the benefits, it was apparent that the 
client must take the initiative. In the report [2] it was 
stated that it is in most cases an advantage if the client 
takes the decision to use a WPS early in a planned 
building project. If so, it becomes possible to design 
the house, the process and the building site and opti-
mise the positive effect from the WPS.  

It is difficult to think that in the future a construction 
project under an open sky will be categorised as “in-
dustrial building”. This problem could be solved in 
many ways, one is weather protection systems (WPS) 
could be an optimal solution for many future building 
projects. 
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The objectives of this paper are to provide an overview of the current construction skills shortage in New Zealand 
and its relationship to the wider economy; to analyse the reasons for the shortage; and explore potential solutions. 
The paper is based on recent research during which information and opinions were gathered through email surveys, 
interviews with key industry employers and a literature review.  
A number of factors that combine to cause fluctuations in the relative number of skilled workers available to meet the 
demands of the sector are highlighted. These factors include erratic promotion of apprenticeship schemes, the poor 
public image of the industry and an emphasis on the intellectual knowledge society to the detriment of industry train-
ing.  A number of possible solutions to the skills shortage are analysed. The paper concludes that industry and gov-
ernment need to be proactive and decouple the training of a skilled workforce from industry boom and bust cycles.  
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Introduction 

A skills shortage in New Zealand’s building and con-
struction industry first emerged in the late 1990s as 
the New Zealand economy flourished and the indus-
try was stretched beyond capacity. Construction sec-
tor activity has traditionally followed a cycle closely 
related to the strength of the local economy, which in 
turn mirrors global economic trends. In the current 
upturn in construction activity half of all construction 
companies are reporting difficulties in finding skilled 
labour and one in three businesses say staff shortage 
is a severe constraint on further expansion – a thirty 
year high. The shortages are increasing building 
prices and threatening to seriously undermine the 
economic growth of the country. The increasingly 
mobile and rapidly ageing population will make the 
situation more difficult to control in future. The poor 
public image of the building industry has the potential 
to aggravate any shortage that occurs by making re-
cruitment of new employees difficult. 

It is not a fleeting trend that will disappear as the in-
dustry becomes more successful or trains more peo-
ple. The past reasons for the situation must be clearly 
defined and noted to avoid similar errors in the future, 
and to guide the conception of a solution to the pre-
sent crisis. 

Industry Overview 

The New Zealand Building and Construction Industry 
is dominated by small to medium enterprises. Most 
structures are constructed by self-employed builders 
and specialist sub-contractors who work in small 
businesses. Individual houses are the main residential 

buildings constructed, but there are also increasing 
numbers of medium to large residential buildings 
such as apartment blocks and townhouses. The build-
ing and construction industry employed 115 000 peo-
ple at the end of April 2004 – representing 7% of all 
people employed in New Zealand. The industry also 
indirectly employs thousands of people in support 
jobs related to manufacturing, material supplies and 
transport services. The skill shortages are reported to 
be universal across the industry, affecting all levels of 
the supply chain. 

When viewed from a short-term perspective, the in-
dustry appears to be very attractive. The economy is 
booming, jobs are in abundance and the skills short-
age means clients are willing to pay well in order to 
secure the services of contractors. In the long term the 
demand for labour may remain at its current boom 
level, since, with the ageing population and declining 
workforce, the size of the building and construction 
labour sector will also decrease, yet have to complete 
the same amount of work. However, this assumes that 
work levels will remain high and a more likely sce-
nario, if the industry continues to remain reliant on 
the economy, is that the amount of work will inevita-
bly decrease and poor job prospects will return. 

 

Causes of the skills shortage 
Most respondents to a survey perceived the image of 
the industry to be poor, aggravating the skills short-
age by making recruiting difficult. Reasons given for 
the poor public image were low job security, danger-
ous work (an average of 13 fatalities per year is one 
of the highest of any industry), low levels of pay, and 
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the myth that the occupation needs little unintelli-
gence. 

A strong link between the success of the economy, 
capital works and apprenticeship training numbers 
demonstrates a reactive approach of industry training 
to the economy, which appears logical in the short-
term, but can result in long-term difficulties. The 
training delay in the system ultimately creates sur-
pluses and shortages with associated consequences. 

Improving the image is essentially about increasing 
the value the industry has for its people. This is di-
rectly related to the value that society as a whole has 
for the profession and the workers that maintain it. 
The reality is that skilled labourers are not expendable 
and to retain them in the industry or country, a high 
level of job security, health and safety practices and 
incentives need to be nurtured. Common myths, such 
as a career in the industry being hard, manual labour 
requiring little intellectual ability, must be dispelled if 
a trades career is to be held in high regard by society. 
A job in the industry is also not especially attractive 
to certain groups, such as females, which will become 
an essential area of improvement with the ageing 
population of future years. Overall, a more active and 
concentrated approach must be taken by industry to 
promote the benefits of a building career and raise the 
esteem in which it is held by the public.  

Potential solutions to the skills  
shortage 

A number of possible solutions to the skills shortage 
in New Zealand are available, including immigration, 
attracting underrepresented groups, continual learn-
ing, multi-skilling, increasing automation and lessen-
ing the ‘boom and bust’ nature of the industry. No 
definite conclusion can be proposed as to the best 
solution but the main message is that no one alterna-
tive should be relied upon. The situation is complex, 
and hence the solution will require a combination of 
all options. 

Immigration - offers access to talent and skills that are 
not available in New Zealand and hence has the poten-
tial to lessen the negative impacts in times of skills 
shortage. There are two ways in which immigration 
can be used to lessen the severity of the shortage. 

Allowing more people into the country in response to 
a skills shortage (‘reactive’ approach) 

Pre-empting a rise in the economy based on past 
trends and allowing more people into the country to 
avoid a skills shortage (‘proactive’ approach) 

Attracting underrepresented groups - in response to 
the current skills shortage across all areas government 

is encouraging employers to take on workers they 
may have previously overlooked. This involves 
searching beyond traditional sources of talent and 
encouraging diversity in the workplace. It highlights 
such ideas as gender and ethnic variety and hiring 
people with disabilities. 

Continual learning - has potential to reduce the skills 
shortages of the future through enhancing the skills of 
each individual in the industry. Continual learning 
encourages every person to work to his or her full 
potential, developing the skill base without increasing 
the working population.  

Break economic link - apprenticeships should aim to 
become more independent from the oscillating econ-
omy – involving proactive rather than reactive think-
ing. This could entail a training mechanism that en-
ables a constant level of training regardless of eco-
nomic conditions and ensures there are enough people 
in the workforce at any one time.  

 

Conclusions 
The current skills shortage in the New Zealand Build-
ing and Construction Industry threatens to seriously 
undermine the potential economic and innovative 
growth of the profession. To prevent this, the industry 
needs to actively invest in finding a solution. Instead 
of deciding whether the government or industry is to 
blame and who should provide funding and how 
much, the focus should turn to solving the issue in an 
equitable and strategic way. This no-blame culture in 
which all sections of the industry and relevant gov-
ernment departments have responsibility for the out-
come will ultimately create a more productive and 
effective range of solutions to the crisis. The three 
key concepts that have emerged from this study to 
remember in developing these solutions are collabora-
tion, value for people and  proactive-thinking. 

W065/W055 Committees 199



 

Products and services: Is there a case for integrated  
solutions in construction?

Roine Leiringer, University of Reading, (r.leiringer@reading.ac.uk) 
Stuart D. Green, University of Reading, (s.d.green @reading.ac.uk) 

 
Leading firms throughout the construction sector are increasingly emphasising the satisfaction of clients’ needs 
through service provision. This follows developments in other sectors, such as aerospace, defence, healthcare and 
mechanical engineering where firms are frequently required to compete on the basis of complex bundles of products 
and associated through-life support services. This paper reports on an ongoing research project initiated to investi-
gate the cross-sectoral shift from product delivery to service provision in the UK. Of particular interest is the extent 
to which theories derived from the manufacturing sectors are applicable in construction. Integrated solutions that 
combine built facilities with aspects of service provision have a long history in the construction sector. The extent to 
which the currently espoused shift to services represents a radically new business model can therefore be contested. 
Nevertheless, the narrative of integrated solutions goes some way towards providing a legitimising discourse for 
construction firms involved in PPP/PFI. But in practice, the opportunities for integrated solutions are dissipated by 
the fragmented nature of the contractual arrangement whereby different operating companies continue to pursue 
bounded interests. 

Key words: Integrated solutions, service provision, transition, PFI 
 

Introduction 
The provision of additional services to accompany the 
sale of products is becoming increasingly central to 
the emerging business strategies of manufacturing 
companies. The purpose of this paper is to ascertain 
the extent to which the trend towards extended ser-
vice offerings applies to the construction sector. To 
this end, the arguments in support of product-service 
business models in the mainstream literature are re-
viewed and critiqued. This is followed by an evalua-
tion of the concept of ‘integrated solutions’ in terms 
of its underlying assumptions. An historical perspec-
tive is then adopted to establish whether or not the 
integrated solutions are new in construction. In this 
respect, consideration is given to a range of estab-
lished procurement approaches. Particular interest is 
given to the implications of a change in emphasis in 
procurement arrangements, especially the Private 
Finance Initiative (PFI), which has grown into a sig-
nificant market in the UK. The paper finishes by 
comparing emerging findings from a construction 
firm case study with the business strategy literature.  

Integration of products and services 
There are seemingly compelling arguments for prod-
uct providers to diversify into services. As stated by 
Oliva and Kallenberg [1] the “‘management litera-
ture’ is almost unanimous in suggesting to product 
manufacturers to integrate services into their core 
product offerings”. The literature frequently talks in 
terms of a ‘shift’, thus implying a dichotomy between 
the old mode of working and the new one. Others 

refer to a transition along a continuum spanning be-
tween two extremes. In its simplest and cleanest form 
such a continuum would have pure product manufac-
turers at the one extreme and specialist service pro-
viders on the other.  However, the reality is much 
more complex. Practicing managers are understanda-
bly attracted to the possibility of benchmarking them-
selves against other firms in terms of where in the 
‘transition’ they are.  However, such aspirations in-
variably flounder on the fact that firms frequently 
comprise multiple business units, each of which have 
very different orientations towards products and ser-
vices. The extent to which any business unit is orien-
tated towards services will invariably be contested 
internally. Strategic aspirations and operational reali-
ties are frequently conflated to such an extent that 
benchmarking exercises against ‘objective’ continua 
become highly politicised as interest groups compete 
for power and resources.  

Unravelling the arguments for 
integrated solutions  

For product-focused organisations to develop an inte-
grated solutions strategy is by no means a trivial task 
and is likely to have profound implications. Foote et 
al. [2] recognise that different business units have 
vested interests in existing ways of working, and any 
change initiative will inevitably upsets the status quo. 
Product-focused business units frequently lose status 
and resources to the newly formed customer-facing 
units. Such comments evoke political models of or-
ganisation whereby different interest groups compete 
for power and resources. Indeed, rather than seeing 
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intra-organisational politics as a ‘barrier’ that has to 
be overcome, it is possible to see the ‘shift to inte-
grated solutions’ as a discursive resource that is mobi-
lised as part of ongoing process through which man-
agement ideas are continuously contested. In this re-
spect, the storyline in favour of ‘integrated solutions’ 
follows the broad script of previous management 
fashions such as TQM, BPR and lean production. 
This is not to say that such ideas do not shape the 
reality of organisations, but rather to focus attention 
on the processes through such ideas are advocated 
and interpreted within the context of complex plural-
istic organisations. The argument promoted in support 
of integrated solutions echoes those made in support 
of previous ‘radical’ business solutions. It also ac-
cords with the universal applicability model of how 
new ideas are absorbed into organisations, i.e. the 
argument is that the shift to integrated solutions is an 
economic imperative and that firms therefore have 
little choice. But the broader literature on the diffu-
sion of management ideas discredits this ‘adopt or 
die’ storyline and emphasises the way in which new 
management ideas are subject to localised appropria-
tion. Any notion of a ‘radical reorientation’ in operat-
ing practices are considered infeasible given the con-
straints within which managers operate. Change proc-
esses are much more incremental and uncertain and 
frequently involve a certain degree of lip-service be-
ing given to ideas such as ‘integrated solutions’ whilst 
continuing with established practices. Of further im-
portance is the recognition that any espoused transi-
tion would comprise both rhetorical and substantive 
components. Indeed, in many cases the former may 
well be more prevalent than the latter.  

Relating the business strategy 
literature to the construction context 

It must be recognised that construction has always 
shared an important characteristic with the service 
sector, namely that construction work takes place at 
the point of purchase. This is in contrast to the tradi-
tional practice within manufacturing firms whereby 
goods are fabricated before being moved to a sales 
location and then sold to the customer. ‘Customer 
pull’ whereby goods are only manufactured in re-
sponse to customer orders is undoubtedly a growing 
trend with the manufacturing sector, but this can 
hardly be constituted as new for those working in 
construction.  The notion of a shift from ‘product de-
livery’ to ‘service provision’ rather assumes that con-
struction is primarily a product-producing industry. 
The fact that construction invariably takes place at the 
point of delivery explains why the sector is frequently 
referred to as a provider of ‘construction services’. 

Therefore, in the case of construction, the distinction 
between product delivery and service provision is 
even more unclear than it is in manufacturing More 
pertinent within the construction sector are changing 
procurement arrangements that seek to combine re-
sponsibility for the provision of buildings with as-
pects of facilities management over extended life cy-
cles. Of prime importance in this respect has been the 
advent of the Private Finance Initiative (PFI). 

Conclusions 
There are many reasons why a firm would want to 
undertake a transition from product delivery to also 
providing additional services. Such a change could be 
mobilised as a means of securing future business, or it 
could be initiated by a change in public procurement 
strategy. In the construction sector, the development 
of the PFI market has had a significant impact on how 
many companies win work. However, the extent to 
which construction operating companies have become 
more service-oriented is debatable. It is further neces-
sary to distinguish between rhetorical and substan-
tives shifts towards service provision. Given that the 
shift towards service provision is at least in part a 
management fashion it can be expected that some 
firms give lip-service to the idea with little re-
orientation in how they operate. But there are contin-
ued difficulties in conceptualising ‘firms’ as single 
entities. PFI projects are not delivered by single ‘inte-
grated’ firms, but by temporary alliances between 
different organisations. Even when two companies 
are part of the same group, there is little reason to 
assume that they share a unitary set of interests. Per-
haps of greater significance is the shift in how risks 
are perceived and shared between the parties. Risk 
management has always been central to the construc-
tion sector’s industry recipe, and PFI contracts require 
firms to invest in the development of new capabilities 
to deal with these added risks. In the final analysis, 
issues of risk are paramount.  
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Over time there have been changing attitudes towards state ownership of the means of production.  For the past two 
to three decades the trend has been towards privatisation.  This paper explores the reasons for this and uses the ex-
periences of Trinidad and Tobago to illustrated the situation.  The changes in ownership affect the construction in-
dustry because they reflect the changes in the principal clients of the industry. 
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Introduction 
Up until the late-1970s most countries operated with a 
significant degree of state ownership of business.  
Governments wanted to plan national development 
and be able to control its implementation.   
The Government of Trinidad & Tobago (GoTT) was 
typical of Small Island Developing States (SIDS) that 
saw state participation in industry as key to economic 
development.  In 1969 the GoTT set out its strategy 
for state participation in the economy, reserving the 
right to enter into any productive activity that it felt 
was in the public interest. By the early 1980s the gov-
ernment was involved in some 65 State Owned En-
terprises (SOEs). 
A ‘structural adjustment’ to the economy in the late 
1980s resulted in a reduction in the scale of the public 
sector, which included the divestment of thirteen 
SOEs into private ownership.  Poor performance of 
SOEs was largely due to the lack of management in-
centives and motivation [1], and also  politically mo-
tivated intervention in their decision making, and hir-
ing practices.  

Scale of privatisation 
Between 1990 and 1999, there was a spate of privati-
sations especially in the non-OECD countries, with 
‘tens of thousands of enterprises sold and roughly 
$250 billion in revenues raised’ [2].  During this pe-
riod, private finance focused on infrastructure devel-
opments – such as electricity, water, transportation, 
and telecommunication facilities in the developing 
world [1] - that became attractive in the absence of 
better investment prospects elsewhere. 

By region, Latin America and the Caribbean 
accounted for almost 70 percent of the proceeds of 
privatisation and merger and acquisition deals with 
the largest contributions coming from the sale of in-
frastructure and energy firms in Argentina, Mexico, 
and Brazil.  Up until the 1990s, Trinidad & Tobago 
(T&T) had a large proportion of its economy owned 
and operated by the public sector including all of the 

basic utilities; electricity generation and distribution, 
telecommunications, water and sewerage, the trans-
portation infrastructure, including airports and har-
bours, the oil and gas industries, the postal service, 
the national quarries, teak forestry, the iron and steel 
plant and numerous other incongruities like a paper 
and packaging company.  Over the two decades to the 
present, most of these have been either wholly or 
partially privatised.   

Objectives of privatisation 
The primary objective of privatisation is usually to 
improve economic efficiency – which includes an 
expectation that waste will be reduced, that quality 
will be improved.  Governments also often seek to 
promote their social objectives through privatisation, 
such as improving the delivery of services to remote 
and unprofitable customers, and raising employment 
levels and public finances.  
Privatisation can be achieved in a number of different 
ways from sale through public offering or to selected 
individuals or institutions, through to encouragement 
of competition or ‘vertical separation’ of an enterprise 
into two distinct parts –one of which can be supplied 
competitively (e.g. electricity generation), while the 
other is supplied monopolistically (e.g. electricity 
distribution).   

Competition or ownership? 

Iron and Steel 
The Iron and Steel Company of T&T (ISCOTT) was 
completed as an integrated mini-mill in 1981.  It was 
a core industry in the government’s strategy of devel-
oping a heavy industry base around which it was 
hoped a downstream industry would develop.  The 
company ran at a loss under state ownership until  
Caribbean Ispat Ltd. took a lease in 1989 with the 
option to purchase, which it did in 1994.  The facility, 
under private ownership, is now a large earner of for-
eign exchange.   
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Telecomminications 
The telephone network in Trinidad and Tobago was 
developed privately from the mid-1930's until 1960 
when the Government purchased the company.  In 
1968, the Government went into an equal partnership 
with a private firm until 1973 when it took complete 
control again.   In 1991 the GoTT again went into a 
partnership (this time with Cable and Wireless) with 
the GoTT as majority shareholder in the new com-
pany - Telecommunications Services of T&T (TSTT).  
 

Electricity 
In 1886 the first power station in T&T was builr pri-
vately to cater for a new tram service. This changed 
hands a few times before the Government national-
ised the company in 1933 as the Trinidad and Tobago 
Electricity Commission (T&TEC).  In 1994, the com-
pany was split into its distribution side and the Power 
Generation Company of Trinidad and Tobago (Pow-
erGen). T&TEC has the kept majority holding in 
PowerGen (51%).  
 

Oil & Gas 
Oil production was historically controlled by large 
foreign companies, such as Shell, British Petroleum, 
Texaco, and Amoco. By the late 1980s, however, the 
government had purchased all foreign operations ex-
cept Amoco.  Even so, Amoco still produced over 50 
percent of the country's oil, possessed most of the 
newer and more productive oil fields, and controlled 
over 70 percent of the natural gas reserves.  In the late 
1980s, the government again allowed foreign oil 
companies to become involved with the exploration 
and production of oil and gas with firms like British 
Gas and BHP Billiton now involved. 
 

Other State Owned Enterprises (SOEs) 
In a number of instances SOEs had been so badly run 
that they had ceased operations altogether and laid off 
their workforce before they were privatised.  This 
meant that the new company was an entirely new 
enterprise with a ‘clean sheet’ as far as responsibili-
ties towards previous employees were concerned.   In 
these instances single companies took over the opera-
tions of the erstwhile SOEs.  In other cases, private 
and institutional investors took over the enterprises 
through the purchase of shares, and in two special 
cases the government sought out a significant strate-
gic investor to take over a significant share of a fail-
ing SOE.   

The Utilities 
In Developing Countries like Trinidad & Tobago a 
large proportion of state spending is channeled 
through the utilites, especially capital investment for 
the extension of coverage of their networks.    

T&T has, for example:  
-Brought in firms to access their managerial expertise 
in an attempt to improve delivery.  Severn Trent and 
New Zealand Post have both found it difficult to meet 
their targets. [3]   
-The partial privatisation of the enterprise.  The Elec-
tricity Commission has privatised the  generation side 
of the business, while the distribution side remains in 
state ownership.  
-The deregulation and restriction of state-provided 
services to encourage private participation – the pub-
lic transport service and the ports  
 

Construction 
The ownership of enterprises is significant to the con-
struction industry because this determines who the 
principal client will be.  Extended public ownership 
in countries like Trinidad & Tobago, means that the 
construction industry is dependent on government as 
the main source of work. This makes it important to 
maintain political favour otherwise it could be diffi-
cult to obtain work.  The changing times have meant 
the privatisation of many enterprises and the tendency 
to contract out work that would previously have been 
done by force account.  More recently, there have 
been further dramatic changes. Together with the high 
private sector work load, there is now also a very rap-
idly increasing public sector workload again.  The 
GoTT has established new SOEs to undertake this 
work, which avoid the transparency that other public 
sector organisations are obliged to display in their 
operations.  There is serious concern over these com-
panies because they do not follow the prescribed pro-
cedures of other public scetor agencies, and because 
they are not accountable to anyone except cabinet. 
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The European Commission (EC) has initiated a number of Economic Partnership Agreements (EPAs) within which it 
wants to include trade in services under terms that are fair to both sides.  The countries of Cariforum have joined 
together for the purpose of negotiations, and an early focus has been placed on the construction market.  The focus 
is on the competitiveness of the sector in Cariforum to try to establish  what would enable it to be better able to com-
pete internationally and strengthen the domestic economies.  The industry was found to be very variable across the 
contries involved but to generally be competitive for medium to smaller scale projects.  . 
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Introduction 
The fifteen countries that make up the Caribbean Fo-
rum of ACP States (Cariforum) are faced with two 
major trade concerns currently, the first being their 
desire to form a free trade association amongst them-
selves and the second being involvement in a free 
trade area of the Americas.  One of the key issues in 
both is the need for an effective competition policy.  
This is very relevant to the construction sector be-
cause of the desire of the Developed Countries to gain 
access to new markets like those in the Caribbean.   

It is the larger projects that are the focus because of 
the greater potential they offer. The majority of these 
projects, however, have little technical complexity, 
but they have high financial and human resource de-
mands.  There are few local firms that are large 
enough to deal with such projects, which has meant 
that they either have  to get into joint ventures with 
foreign firms or miss out.  It also means that local 
firms are unlikely to be able to compete on projects 
abroad, for both scale and resource reasons. As a re-
sult, the local construction industry stands to gain 
very little from ‘free trade’.   

The largest firms in the English-speaking Caribbean 
are from Trinidad & Tobago (T&T), Barbados and 
Jamaica, but they are relatively small by international 
standards.  For largely cultural reasons they rarely 
compete directly in one another’s countries, nor do 
they seek work in Spanish or French speaking coun-
tries of the Caribbean.   

Although there is plenty of work in the region cur-
rently, local firms complain [1] that, when they are in 
need of work, they are often excluded from even bid-
ding on local projects by excessive prequalification 

requirements.  They are also inhibited by the diffi-
culty and expense incurred in accessing finance for 
working capital, bonding, performance guarantees, 
insurance and legal services for offshore projects.  
The lack of Export Credit Guarantees for local con-
tractors working abroad is also a source of discontent.  

Problems of the industry 
The local industry believes that clients and funding 
agencies prefer foreign firms and express and imple-
ment that preference through exclusionary prequalifi-
cation terms.  Such terms may include the firm’s re-
cent history on similar large jobs, or a record of high 
dollar values of turnover, for example.  Given the 
scale and fragility of most of the economies of the 
Caribbean, it is virtually impossible for local firms to 
score highly on such terms.  

There seems little reason why large projects are made 
so big. A highway extension project, for example, 
may be too large for a local firm.  The main problem 
is size rather than technical deficiencies.  A single 
project may be more convenient in administrative 
terms, and have less ‘interfacing’ problems, but care-
ful ‘packaging’ could easily overcome such issues. 

The issue of the size has a number of parameters such 
as finance,  risk, and resource availability.  Finance is 
a problem, both in terms of the scale of the working 
capital required, and the high local interest rates  Risk 
is an issue because of the scale of the ‘exposure’ and 
of bonding requirements [2] in relation to the size of 
the firm.  The availability of sufficient skilled and 
experienced staff is a major resource constraint.  
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Significant changes 
There have been recent changes to procurement in the 
construction industry in the region, particularly the 
use of fixed price contracts with incomplete designs 
and unreliable Bills of Quantities.  This increases the 
risk faced by the contractor and the risk premium for 
the client. 

In addition, a new standard form of contract docu-
ment is being being used, with a modified form of 
FIDIC replacing the previous standards. 

The construction projects have also tended to become 
more confrontational, because the client’s aspirations 
for a fixed, minimum price contract conflicts with the 
contractor’s need to find ways of winning work, deal-
ing with risk, and 'squeezing a profit' out of the job.   

Another concern is the high cost of bidding with eight 
tenders often required on major projects.  This is am-
plified by the belief that some overseas contractors 
bid at or below cost in order to gain market entry.  
This is a form of ‘dumping’ and is illegal  

Discussion and conclusions 
It is becoming apparent that it is not really realistic to 
treat with a ‘Caribbean construction sector’, because 
the dissimilarities are so much more profound than 
any similarities that can be identified.  Nevertheless, 
the region is attempting to formalise its market link-
ages through trade liberalisation, and in the EPA ne-
gotiations wishes to deal with industrial sectors on a 
CARIFORUM-wide basis, so it is impossible to avoid 
some degree of generalisation.    

That having been said, it is unlikely that construction 
firms from the region have much to benefit from freer 
trade, as the non-tariff barriers that exist on entry into 
US or European markets will effectively prevent even 
those few firms that might be able to bid for work 
there, from doing so.  Thus, ‘global’ competitiveness 
is meaningless to the typical construction firm in the 
region. 

Competition policy, however, almost certainly has an 
important role to play, especially with regard to pub-
lic sector expenditures, and the privatisation of public 
utilities.  In addition, the government should use ‘set-
asides’ –  projects up to a certain cost limit that are 
reserved for local construction firms.   

Finally it must be accepted that the competitiveness 
of the construction sector in the Caribbean can be 
improved particularly by an increased focus on qual-
ity, which itself will require improved education and 
training and  higher skill levels throughout the indus-
try. [3][4] 
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Slimbouwen, a strategy for efficient and sustainable  
building innovation 

 
Jos Lichtenberg,  Technische Universiteit Eindhoven, Eindhoven, Netherlands (email: J.Lichtenberg@bwk.tue.nl) 
 
Slimbouwen® (SLIM in Dutch stands for both smart and lean) starts from the appointment that the traditional way of 
building does not fit the today’s requirements anymore. Building does substantially affect the environment in many ways 
and the building process has become quite complex. In the last century step by step services were added to the already 
known building structure, without re-evaluating the building tradition. Slimbouwen is based on a skeleton structure and 
the separation of services from the building structure.The separation of services facilitates a simplification of the proc-
ess. Slimbouwen is a new building approach but also a source for research in the frame of ‘product development’. 
 
Keywords: strategy, sustainability, efficiency, innovation, product development. 
 
 

1. Innovation by addition 
 

The traditional building process is also nowadays 
strongly based on ancient lines. Stacking, timber 
frame and even pouring concrete was already applied 
in the Romen era and to some extend even before. 
Surely there was innovation. Especially in the past 
century the quality level increased substantially. 
Sound insulation and fire protection were improved, 
energy consumption for heating houses was reduced, 
communication techniques and domotics were intro-
duced, etc. Only all this innovation has not caused a 
fundamental other building approach. We maintained 
the existing building technique and we only added lots 
of technology on a component level. That is what is 
meant by ‘Innovation by addition’. Adding to the ex-
isting creates inefficiency at the end and that is ex-
actly what happened in the construction industry.  
The inefficiency is caused by adding especially instal-
lations and services during the last century. In 1900 
the installation technique was limited to a sewerage 
system, water supply and a chimney. Now, 100 years 
later, the installation technique is about 30-40% of the 
total building budget. For vertical transport shafts 
were added to the building. For the horizontal trans-
port (piping and wiring) there was hardly any solution 
but to hung it under the floor.Electrical services and 
water supply were fixed on walls.  
In the second half of the 20e century, services in sight 
were not accepted any longer. Nowadays we use to 
hide them in walls in milled chases, being covered 
afterwards or we hide them into poured concrete con-
structions. We still hang them under floors covering it 
with suspended ceilings. In this case therefore even 
addition on addition.Through this way of stacked in-
novation the interweaving of services with the build-
ing parts has become very high. 
This is an important conclusion since it has caused an 
inefficient building process. For one thing, the conse-
quence is that the finishing process has become very 

complicated and is carried out by many disciplines with 
a high rate of mutual interdependency.  
All in all it is remarkable that the building method as a 
whole never was rethought.  
 

2. Eye openers 
 

A number of eye-openers show that the traditional 
way of building in the contemporary context is no 
longer tenable. The statements are based on the Dutch 
situation, however the effect is quite similar in other 
Western and industrialized countries. Some examples: 
1. For the realization of 1 m2 net floor surface 1,000 

up to 1,500 kg of building material is applied. A 
mobile home weighs 80-100 kg per m2; 

2. The building industry is responsible for 35% of the 
total waste production.  

3. 25% of all road transport of goods is building re-
lated; 

4. The production of building materials represent 8-
10% of the total energy consumption. The energy 
used in buildings represents about 33% of the na-
tional consumption; 

5. 25% of a building volume is packaging. Customers 
rent or buy gross volume of which about 25% is 
taken in by building structures or hollow cores.  

6. The price of houses is compared to consumer goods 
considerably risen.  

7. Buildings are built with a technical life span of 100 
years or more, but often they are demolished al-
ready within 35 years.  

8. The traditional building process requires a lot of 
building site personnel and expertise that is not suf-
ficiently available. 

9.  In the building industry (contractors) average cost 
of failure are approx. 10% of the turn over. Profits 
are in the range of only 1-2%. 

The eye-openers can be considered as symptoms that 
support the theorem that rethinking the building in-
dustry is unavoidable.  

206 Section I



 80 

3. Slimbouwen 
 

Slimbouwen [1] is to be considered as a strategy that 
reacts to the problems as described. Slimbouwen will 
result in concepts and products that facilitate its reali-
zation and in fact it already has generated some new 
products. In itself Slimbouwen is certainly not a build-
ing system. It is more like a shareware platform.  
Slimbouwen in this function offers also a basis for 
development strategy for the industry and by this to 
provide for an infrastructure and coherence to the 
fragmented development efforts.  
One of the main objectives is to rearrange the building 
process from an on site parallel process into a serial 
process existing of only a few main steps with a 
minimum of interdependency.  
A sequential process containing limited number of 
major sub activities, can only be obtained by a separa-
tion of services from the rest of the process. In the 
traditional process the services are interwoven with 
almost all building parts and in a new approach this 
has to be avoided. Only than it will be possible to di-
vide the building process into a limited number of sub 
processes with a low interdependency rate.  
Each main participant is responsible for preparation, 
production, mounting, guaranties, etc. for the total sub 
system. This is similar to other industrial branches.  
As a breakthrough development a team of A+ created 
the so called Infra+ concept (fig 1). Infra+ is a hollow 
core floor system suitable for horizontal distribution 
and access of services in the structural zone (no addi-
tional space upon or beneath the floor required). After 
positioning the services the floor is covered on the up-
per side. Meanwhile this product has found already 
many application and is by the success already fol-
lowed by various interpretations by other producers. 
Infra+ is an example of product development that was 
initiated by the Slimbouwen strategy. 
 

 
Figure 1: The infra+ floor concept 
 
The natural solution for the sequential building proc-
ess (fig 2) is a division in:  
• Foundation, skeleton and floors; 
• Skin (Outer walls + roof); 

• Services (vertical through shafts, horizontally 
through hollow floors); 

• Infill (top floor and partition walls) 
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Figure 2: Sequential building process) 
 
The above strongly emphasized on the process aspects 
of the Slimbouwen concept. Efficiency brings of 
course mayor economical advantages. 
A second value of the concept is the flexibility which 
enables owners to adapt buildings to users and market 
developments. The division of services is a basis for 
obtaining flexibility and adaptability.  
A third aim in relation to Slimbouwen is the reduction 
of materials, volume and of the environmental burdon, 
a.o. energy,  transport, emissions and waste.  
 

4. Bridging science and practice 
 

One of the important aspects of  Slimbouwen is also 
that it acts as a language between practice and sci-
ence. And by that to a better focussing of research 
subjects. The research in the frame of Slimbouwen in 
the future will focus on the consequences and possi-
bilities for both new product and market development.  
As a result of the communication between market and 
university concrete research topics have been identi-
fied. 
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The balance and synchronisation of exploration and exploitative innovation is fundamental to the competitive suc-
cess of firms in dynamic environments. While the importance of pursuing both types of innovation has often been 
highlighted in the general management literature, what is less clear is that the role of structure capital in exploita-
tive innovation in a construction professional service firm context. The aim of this paper is to explore the develop-
ment and implementation of an exploitative innovation - a document management intranet system - within a large, 
multi-disciplinery professional service firm in a construction context. The interim research findings reveal that struc-
ture capital was particularly pertinent for exploitative innovation success within a large professional service firm as 
it was seen as the principal means by which outcomes of best practice can be captured, amplified and shared across 
the organisation and across different projects.   

Keywords: Professional service firms, exploitative innovation, explorative innovation. 
 

1. Introduction 
Successful innovation has been described as being the 
principal means to bring about improvement in the 
UK construction industry performance. Exploration 
and exploitation [1] is a useful construct to differenti-
ate the loci of innovation activity. March [1] argues 
that ‘exploitative capabilities’ are those resources 
utilised to improve organisational efficiency to gener-
ate short term competitive advantage; whilst ‘explor-
ative capabilities’ create and use new resources and 
capabilities to improve organisational effectiveness to 
generate sustainable competitive advantage. Lu and 
Sexton [2], in a construction context, have found that 
the key distinctive feature of exploitative innovation 
(compared to explorative innovation) is structure 
capital. The aim of this paper is to use Lu and Sex-
ton’s [2] framework of ‘knowledge-based innovation 
model’ to consider the role of structure capital in ex-
ploitative innovation within a large construction pro-
fessional service firm (PSF). 

2. Key issues from the literature 
It has been recognised that the challenge for organisa-
tions to create sustainable competitive advantage in 
rapidly changing and competitive environments is for 
resources to be integrated, co-ordinated and deployed 
as ‘distinctive capabilities’ [3]. This constant devel-
opment of ‘distinctive capabilities’ in a dynamic envi-
ronment is labelled as ‘dynamic capability’ [3]. The 
work of March [1] provides theoretical guidance on 
this challenge through the distinction between ex-
ploitative and explorative capabilities. The notion of 
balance between exploration and exploitation has 
emerged as an underlying theme in innovation re-

search. Benner and Tushman [4], for example, argue 
that ‘exploratory innovations’ are designed to meet 
the needs of emerging customers or markets; whilst 
‘exploitative innovations’ are designed to meet the 
needs of existing customer. Further, various litera-
tures have agreed that balancing and synchronising 
exploration and exploitative innovation is fundamen-
tal to the competitive success of firms in dynamic 
environments [5]. This view is very much an exten-
sion of similar discussions focusing on the appropri-
ate balance between explorative and exploitative in-
novation in large PSFs [5] and small construction 
PSFs [2].     

The need for an appropriate balance between explor-
ative and exploitative innovation has been developed 
in a construction context by Lu and Sexton [2] in their 
conceptualisation of a successful innovating firm. 
They argue that temporal considerations are essential 
to the development and maintenance of an appropri-
ate, dynamic balance. According to Lu and Sexton [2] 
the firm’s short-term success is driven to a significant 
degree by ‘explorative’ innovation and long-term 
success by ‘exploitative’ innovation. More specifi-
cally, they observe that the key distinctive feature of 
exploitative innovation (compared to explorative in-
novation) is that new phenomena, systems or struc-
tures are embedded in organisational structures (la-
belled as structure capital in this research, see Section 
4) of the firm. The many studies into the relationship 
between structure capital (SC) and innovation, how-
ever, have produced inconsistent findings. On the one 
hand, innovation and SC are argued to be comple-
mentary to each other. Zollo and Winter [6], for ex-
ample, observe that written rules and procedures 
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might help units to facilitate the replication and diffu-
sion of an exploratory innovation. On the other hand, 
opposite arguments have also been suggested that 
organic system appear in a more suitable organisa-
tional context for innovation than mechanistic sys-
tems. Arias-Aramda et al. [7], for example, argue that 
“service standardisation clearly affects in a negative 
way the degree of innovation.” The central argument 
being made here is that while the importance of pur-
suing both types of innovation has often been high-
lighted, what is less clear is that the role of structure 
capital in innovation research.    

3. Research methodology 
The empirical data for this paper is coming from an 
ongoing single case study which is using action re-
search to bring about a successful innovation within 
the company setting. The case study firm is one of the 
UK’s leading multi-disciplinary property firms.   The 
business unit, labelled hereafter as Unit A for confi-
dentiality reasons, is a broad-based building construc-
tion service provider having 12 offices in various cit-
ies in the UK. The action research intervention has 
focused around the development and implementation 
of a standard document management intranet system, 
in accordance with ISO 9001:2000 requirements, into 
Unit A.  

4. Interim conclusions 
A number of tentative interim conclusions can be 
drawn. First, the research results reveal that the 
document management framework (work standardisa-
tion, formalisation) provided the basis of accumulat-
ing best practices in the organisation. It was found 
that the ‘the lesson learned’ or ‘best practice’ in Unit 
A did not have sufficient demonstrable benefit or 
momentum to become embedded in SC; rather, the 
experiential learning stayed with the individual in a 
tacit form. By embedding knowledge and experience 
in routines, the knowledge will remain with the com-
pany when a professional leaves the company. Sec-
ond, the research findings confirm that this system 
provides a critical roadmap of services which sup-
ported purposeful knowledge interaction activities. 
The identification of key contacts for each service, for 
example, provided an access to valuable source of 
information. Finally, the research results identify that 
the intranet system is a key mechanism to effectively 
encourage and support Unit A staff across different 
levels and different regional offices to share their 
knowledge and experience. When documents in an 
electronic form and on-line, it ensures that individuals 
receive the most recent version of documents, but do 
not waste time looking for them. Unit A staff, for 
example, was reviewing this system through the com-
pany intranet. In summary, the research findings con-

firm that SC plays a significant and positive role in 
the development of exploitative innovation activities. 
SC was seen as the principal means by which out-
comes of best practice can be captured, amplified and 
shared across the organisation and across different 
projects.    

This ongoing action research project is currently in 
the action taking phase – testing document manage-
ment intranet system. Further research will focus on 
how exploitative innovation influences organisational 
performance; in particular, the use and renewal of the 
content of the document management intranet system 
over time.    
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While construction companies seek for new possibilities of differentiation, institutional clients demand the paradigm 
shift towards a focus on the costs of a complete life-cycle and away from a focus on the initial investment costs. 
Within the scope of the development of a new cooperative business model for life-cycle service provisions (LCSP), 
market success factors for such LCSPs have been deduced, using the hypothetico-deductive research method. The 
hypothetico-deductively determined market success factors are: information, competence, sustainability, trust, inte-
gration and standardization. This paper introduces the methodic approach and discusses the identified market suc-
cess factors. 

Keywords: lifecycle service provision, co-operation, business model, conflict of interest, success factor. 
 
  

1. Paradigm shift in the construction 
industry 

With the basic conditions of the Swiss construction 
market, the tender price becomes the decisive factor 
for success or failure of a construction bid. A possible 
way out of the price-competition for construction 
companies is the differentiation strategy [1] that al-
lows for customer-oriented service provisions [2] that 
creates added value and that cannot be adopted easily 
by competitors. 

Institutional clients expect the possibility to flexibly 
change the use of a building with reasonable efforts 
and low costs of operation and maintenance along 
with working and living conditions in compliance 
with social norms (optimal cost-benefit ratio). For se-
veral years now, the construction industry according-
ly claims the paradigm shift to consider life-cycle 
costs during the tender phase for construction services 
rather than merely the initial investment costs. 

2. Business model for life-cycle  
service provisions  

The research at the Institute for Construction Engi-
neering and Management (ICEM) of the ETH Zurich 
aims at developing a cooperative business model 
(fig. 1) for a strategic cooperation network in order to 
establish a life-cycle service provision (LCSP) for 
building construction. For the construction companies 
involved, the business model offers the possibility to 
lastingly disengage from the predominant pure price 
competition through a differentiation strategy. Clients 
obtain a custom-made building that is optimized to 
life-cycle costs and satisfies all important aspects of 
sustainability. Thus, the LCSP constitutes a win-win 
situation for all participants [3]. 

focal management 
organisation

TSC

business field I business field II business field III

facade

client

plants,
installations

planning of technical 
building plant

subcontractor subcontractor

market developement
architect
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business field
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Note:
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project and client specifically 
into the team from an external 
network pool

architect

 

Figure 1. Cooperative business model for life-cycle 
service offering 

 

3. Research methology 
For the research necessary to produce this paper, the 
hypothetico-deductive method [4] has been applied to 
determine market success factors for LCSPs. During 
the subsequent research process, the scientific theo-
retical results have to be reliabilitated by empirical 
studies (workshops, expert interviews) [5]. With the 
hypothetico-deductive method, market success factors 
for life-cycle services have been determined follow-
ing these steps (fig.2): 

1) Basic evaluation of empirical data by review of 
literature; 

2) Derivation of potential market success factors for 
energy-contracting services by means of deduc-
tion; 

3) Structural analogy of energy-contracting services 
and LCSPs; 

4) Transfer of market success factors for LCSPs by 
means of deduction. 
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Figure 2. Hypothetico-deductive methodology to  
deduce market success factors for LCSPs 

4. Strategic guiding principles 
As a starting point for the further hypothetico-deduc-
tive research process, the following strategic guiding 
principles were extracted from the analyzed empirical 
studies: 

1. A clear, trust-building message must be communi-
cated. 
2. A developing market demands the concentration of 
market forces. 
3. There is a need for an expedient interaction in the 
market for energy contracting services between co-
operation and competition based on division of labor. 
4. Strategic alliances have to be entered. 

5. Structural analogy of energy con-
tracting and life-cycle services 

The implementation strategy of the business model 
consisting of three levels of cooperation development 
which was developed in workshops including experts, 
was a first evidence for the analogy of both business 
segments, energy contracting services and life-cycle 
services. By considering the following parameters 
significant for the object of research, the structural 
analogy has been demonstrated: 

• The targeted customer segment of both energy 
contracting and LCSPs are identically. 

• The pursued market strategy and the competitive 
strategy of both business segments are extensive-
ly analogue. 

• With energy contracting as well as with the in-
tended life-cycle services, the particular service 
provider ought to be integrated responsibly in the 
life-cycle phases following the construction 
phase: utilization, operation, maintenance, 
change of usage and demolition. 

• The life-cycle costs of the works of both business 
segments are a substantive component of the 
competition for construction services. 

• The objects of the service provision with both 
forms of project delivery include all essential as-
pects of sustainability (environmental compatibi-
lity, profitability and social components). 

 

6. Results - Market success factors 
for LCSPs 

From the perspective of the strategic cooperation net-
work (fig. 1), it is primarily the so called instrumental 
success factors that are of interest ([6], [7]). Instru-
mental success factors are configurable by the compa-
ny and decisively affect the success of the company 
(achievement of objectives).  

By applying the hypothetico-deductive research me-
thod, the existence of market success factors (infor-
mation, competence, sustainability, trust, integration 
and standardization) for the LCSP to be developed 
was demonstrated. These market success factors are 
the basis of the further development of the LCSP and 
the necessary cooperative business model. 

At the next stage of the research process, the hypothe-
tico-deductive results of the presented research work 
ought to be reliabilitated by empirical examinations 
(expert interviews and workshops). 
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At present, environmental legislation and consumers are becoming more and more restrictive and demanding in re-
gards to the adequate treatment given to industrial wastes. Within this context, the application of reverse logistics 
concept to the Construction and Demolition Wastes (CDW) chain, which represenst a significant portion of solid 
urban wastes, has been seen like an organizational tool which can help companies to mitigate the environmental 
impacts of their activities, to increase the potential of economical and social gains and driving to the creation of new 
business opportunities in the productive chain of Civil Construction. Backed by a bibliographical review and per-
sonal interviews, intervening factors and benefits resulting from the application of this concept have been analyzed 
to contribute to for the sustainable development of the built environment. 

Key-words: reverse logistics, supply chain, civil construction, constructions and demolition wastes (CDW), sustain-
ability. 
 

1. Introduction 
Reverse logistics is a relatively new concept still 
evolving. Nowadays, in according to Stock [6], at-
tributes such as “product quality, competitive prices, 
consistent order cycles times, on-time deliveries and 
low damage rates, although very important, have been 
seen like a standard offerings to clients”. When a firm 
achieves acceptable standards on these attributes, 
other factors become differentiator in the customer’s 
purchase decision. One of these factors is reverse 
logistics. It is, therefore, believed that the demand for 
new logistical requisites, among them the reverse 
logistics systems, arising from part of the clients, 
whether they be final consumers or businesses, will 
eventually affect the entire productive chain, Civil 
Construction included, also in developing countries. 
Therefore, this article intends to analyze the possibili-
ties of such applications within the industry, and also 
to define the utility of the existing tools within the 
productive chain of Civil Construction while taking 
into account the specific characteristics of the sector. 

2. What is the purpose of studying 
the application of reverse logistics in 

civil construction? 
Beginning with definitions proposed by different au-
thors [1] [2] [4] [5] [6], this work considers reverse 
logistics as : the process of planning, implementing 
and controlling the efficient, cost effective flow of 
raw materials, in-process inventory, finished goods 
and related information from the point of application 
back to the point of origin or to any other point of 
reutilization which shows itself to be more viable; the 
purpose of which is to regain or create value, or still, 

to produce an adequate disposition for that, while 
taking into consideration the technical, social and 
economical requisites, without necessarily expressing 
the transference of responsibility for the flows. The 
study of reverse logistics, in Civil Construction sec-
tor, justifies itself and becomes effectively important 
due to the following principal factors [5]:  
• industrial processes within the productive chain 

of Civil Construction generate large quantities 
of several industrial wastes which have caused 
environmental impacts; 

• it is observed the launching velocity of certain, 
less durable, finished products and the decreas-
ing of service life due design aspects; 

• existing reverse logistics activities in the sub-
chains of the sector were implemented by indi-
vidual initiatives and are lacking sufficient or-
ganizational quality to be reproduced and ex-
panded; 

• sustained development of the built environment 
is a primary condition for planet sustainability; 

• the Civil Construction industry causes environ-
mental impacts, which has led to more restric-
tive legislation; 

• the increasing concern of companies with cor-
porate image. 

 
3. Feasible aspects of reverse supply 

chains 
Many factors can influence the economical, environ-
mental and social feasibility of reverse supply chains. 
Although environmental and social feasibility involve 
aspects which are difficult to measure, it is essential 
that the more dominant aspects be taken into consid-
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eration during analysis even though such analysis 
may not be expressed in absolute numbers. Among 
the intangible aspects to be considered during feasi-
bility analysis, it is listed some which are common in 
different chains and countries [5]:  
• the inexistent, inefficient or economically un-

feasible technology of recycling; 
• the reduced availability of product/wastes; 
• insufficient or non-developed market for prod-

uct originated in the reverse cycle; 
• the existence of oligarchies;  
• the absence of constant quantity and scale;  
• the uncertainty of demand: quantity, quality and 

delivery time;  
• the uncertainty regarding the offer: existence, 

quantity, quality and delivery time; 
• the necessity of having stocks to guarantee pro-

duction; 
• the necessity of “gatekeeping” and return poli-

cies; 
• the decision to do a vertical structure or out-

sourcing activities (to make or buy); 
• the analysis of cost factors to a certain feasibil-

ity; 
The study by Begum [7] produced a cost-benefit 
model of analysis which was adapted for Brazilian 
reality, and used to analyze the feasibility of the re-
verse chain in Civil Construction. First, the reverse 
chain, itself, should be analyzed for economic feasi-
bility, comparing the costs vs. benefits in creating a 
reverse chain. Second, analyze the feasibility of im-
plementing a reverse chain, that is, analyze changing 
the present destination of post-use products to verify 
if creating a reverse chain is feasible or not. It must 
be pointed out, that sometimes, even when not eco-
nomically feasible, legislation can require establish-
ing the reverse flow chain. In this case, it should opt 
for the solution that is least burdensome for whoever 
is responsible for the goods/wastes. In the remaining 
cases, the strongest argument in favor of establish-
ing a reverse flow chain is believed to be verifica-
tion of a specific chain’s economic feasibility. Even 
though the manufacturer might not be interested in 
this new economic activity due to it not being part of 
the company’s core business, he should facilitate the 
founding of a reverse flow chain for his company’s 
product waste. Still yet, the company could offer 
this business to outsourcers. 

4. Final considerations 
It is known that construction materials possess an 
extensive service life. However in Civil Construction 
there is a recent tendency to recycle (for example, the 
retrofit tool) which attests to an increasing concern 
with reducing waste production by demolition and 

preserving natural sources which, if this were not the 
case, would certainly be used to produce new con-
struction materials. Products not having an adequate 
solution for their disposal, in the not too distant fu-
ture, will become uncompetitive as, disposing of the 
product’s waste will become an ever increasing prob-
lem for consumers. Based on the given evidence, it is 
believed that, the development of reverse logistics has 
more chances of success when the driving role is as-
sumed by supply companies of materials, components 
and systems, which function as an industry and are 
less exposed to variables and unforeseen surprises 
than construction companies. The consolidation of 
reverse logistics has also been found to be an interde-
pendent and on-going process between supply com-
panies and construction companies. One-sided or 
scattered efforts to consolidate reverse logistics tend 
to produce mediocre results and consequently do little 
to further the propagation of this concept. The supply 
industries to construction should stimulate the imple-
mentation of reverse logistics systems and incentivise 
the creation/identification of adequate locales which 
can be used for the development of these alterna-
tive/complementary reverse chains to such an extent 
as to form a productive cluster. 
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Private Public Partnership (PPP) is a new type of procurement route for public buildings in Croatia. The inadequate 
condition of public buildings in Croatia suggests that the traditional procurement route for public and other build-
ings might be challenged with a new, purely contractual PPP type of procurement. This paper identifies the risk con-
siderations for Croatian construction companies considering their involvement in Croatian PPP projects. The re-
search was conducted through a questionnaire survey amongst Croatian private sector participants exploring 
whether they have an interest in PPP as well as their perception of added value that PPP projects could offer. This 
paper also presents preliminary results of research about the private sector perception of risks and allocation of 
risks on PPP building projects in Croatia.  

Keywords: Public Private Partnership, Risk considerations, Allocation, Added values. 
 
 

1. Introduction 
A general review of the literature suggests that gov-
ernments in many countries around the world are look-
ing at ways of extending, renewing, maintaining and 
improving the social and economic infrastructure 
within their respective countries. In their role as the 
principal provider of social services they are coming 
under increasing pressure. At the same time, govern-
ments are also attempting to make better use of the 
available public sector funds without seeking to sup-
plement them by increased taxation [1]. The Croatian 
government is encouraging, the participation of the 
private sector in the financing and management of in-
frastructure assets. This is not a new phenomenon or 
one that is limited to Croatia [2]. A number of gov-
ernments around the world are giving the private sector 
a greater role in providing infrastructure services. 

2. Research survey 
The main goal of every PPP/PFI project is to bring 
added value for money and in achieving that goal the 
allocation of the risks is crucial [3]. In making the 
decision whether to procure a project traditionally or 
by PPP/PFI emphasis is placed on the Public Sector 
Comparator (PSC) as a tool that helps to show pre-
liminary results on which procurement route, tradi-
tional or PPP, brings better value for money [4]. The 
parts of the PSC that will in most cases prove to be of 
greatest significance are the allocation of risks and the 
quantification of their magnitude.  
Allocation of risks between the private and public 
sectors in PPP/PFI projects is the principal concern of 
the project partners. Risks can be identified using a num-
ber of “empirical” techniques such as brain storming, Del-
phic surveys, and checklists.  Identified risks are entered 

into a risk register matrix and ranked according to their 
consequences and probability of occurrence [5]. Tech-
niques for identifying risks are highly subjective and 
depend on the experience and knowledge of the esti-
mator. Since every project is unique, so are its risks. 
Nevertheless, risks can generally be categorised in 
ways which facilitate their evaluation. 

2.1. Survey description 
a) The research was conducted through a question-

naire survey amongst Croatian private sector 
companies exploring whether they have an inter-
est in PPP as well as their perception of the added 
value that PPP projects might offer.  

b) Since in Croatia there is little or no understand-
ing of PPP/PFI in general and since no projects 
have been procured in the building industry using 
this approach, the survey will reveal the percep-
tions of the private sector as well as their will-
ingness to accept the new and different distribu-
tion of risks involved in PPP/PFI projects. 

Questionnaires were distributed directly to the 
PPP/PFI team bid managers identified by the private 
sector companies and team managers who will be in 
charge of preparing the bids for the first PPP/PFI pro-
ject in Croatia. Since this is a first PPP/PFI pilot 
Building project in Croatia it is very important to see 
how the private sector identifies, allocates and values 
the risks involved in PPP/PFI projects. For this sur-
vey, 11 questionnaires were sent to the biggest pri-
vate sector building companies that have shown in-
terest in participating in the first pilot project. Four 
companies responded making a response rate of 36%. 
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It should be noted that this survey is a part of an on-
going research project and a number of question-
naires have been sent to companies that have shown 
interest in participating in the new PPP/PFI pilot pro-
gram initiated by the public sector. This paper pre-
sents the preliminary results of research that deals 
with risk issues in PPP/PFI projects in Croatia. 

2.2 Presentation of survey 
result and discussion 

The questionnaire was constructed in such way that 
all the participants were given a risk register. For each 
risk identified in the register, participants needed to 
rank the probability of occurrence on a scale of 1 to 5. 
A scale of 1 to 5 was also used to rank the impact that 
a risk event might have on the project goals. Finally, 
participants were asked to allocate the risk to the 
party who had most influence on the risk event, that 
is, to the party most suitable to carry and manage that 
risk, or to register that risk as shared between the pri-
vate and public sectors. The risk register consisted of 
44 risks that were identified through a literature re-
view. Risks were ranked by multiplying the probabil-
ity by the consequence of each risk. This way of rank-
ing results was chosen because of its simplicity and 
practicality. These are preliminary results and it 
should be recognised that they represent the percep-
tion of risks in PPP/PFI projects in Croatia based on 
the views of only a small number of companies.  
The lack of private sector experience in PPP/PFI pro-
jects is perceived to be the greatest of all the risks 
identified in the risk register. Surprisingly the private 
sector companies allocated that specific risk to the 
public sector (50%). This shows that the private sec-
tor feels that most of the responsibility for educating 
the private sector about PPP/PFI projects lies with the 
public sector. Although this risk allocation may seem 
to be illogical, there is a reasonable concern in the 
private sector about this issue. PPP/PFI is a new and 
unfamiliar way of procuring public buildings in Croa-
tia. The first PPP/PFI pilot project in Croatia is at the 
stage of Best and Final Offers (BAFO). Since there is 
no history of PPP/PFI projects in the building indus-
try in Croatia, the private building sector has no ex-
perience and no real knowledge of the expectations of 
the public sector. The lack of comprehensive, relevant 
legislation and regulatory systems for PPP/PFI in 
Croatia leads to considerable uncertainty. 
 

3. Conclusions 
The paper presented preliminary results of a survey 
ranking the identified risks and their allocation. Re-
sults demonstrate the immaturity of the PPP/PFI mar-
ket in Croatia and of the level of understanding of 
PPP/PFI projects as a whole. The ranking and alloca-

tion of risks presented in this paper express the need 
for stronger involvement of the public sector in creat-
ing a more secure environment for the development 
of PPP/PFI projects. The results of a lack of compre-
hensive legislation or regulatory systems in Croatia 
are evident in the perception of risk consequences and 
probability. The biggest risk issue in PPP/PFI projects 
in Croatia is the lack of understanding about what the 
risks are and which party is in the best position to 
manage and therefore accept responsibility for them. 
Since added value for money is the main objective of 
PPP/PFI projects and since risk allocation is one of 
the key elements in bringing added-value for money 
in those projects, there is a great need to educate all 
the participants on risk issues. This paper shows the 
need for a holistic approach to PFI risk allocation in 
Croatia as well as the need to educate both public and 
private sectors in the basic principles of partnerships 
and the responsibilities that partnership brings.  
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The process of engineering design has today undergone radical changes or is indeed in crisis. Although still conceptually valid, 
engineering design has been affected by the development of an enormous amount of tools. This increasingly common situation 
requires a new, very specific class of designer and not merely improvised inventors of ideas. This study examines novel construc-
tions to assess their qualitative improvements and their innovation vis-à-vis consolidated building forms. 
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1. Introduction 
Construction design is closely linked to all the opera-
tions that come afterwards. Classical schema, from 
the well known process defined by Asimov [1] to the 
more recent one by Lawson [2], consider the creative 
process as the transformation of a problem into a so-
lution. Developments in design have engendered the 
need for an additional engineering stage. The goal 
(the solution) becomes the beginning (the problem). 
Today, transforming a proposal into a feasible project 
requires a new step. However, if we consider these 
two stages as separate and independent, i.e. the latter 
can lead to a final plan regardless of the former, this 
questions the role of design, above all when it’s very 
complicated to build the eccentricities of many pro-
jects. 

Industry is very much aware of this turning point in 
time and has more or less explicitly asked architec-
tural and town-planning design to come up with 
something new; it realises that this is one way to 
achieve better quality buildings. There’s been a shift 
from the passive acceptance of the “expressive” crea-
tivity of architects to a market that demands “artistic” 
design deliver previously unthinkable qualitative im-
provements. 

2. A comparison between two training 
courses for architects 

Given these changes and recent experiments in design 
and construction, the schools of architecture began to 
establish new teaching models, in particular in Italy. 
While the responsibilities of city and land architects 
are rapidly changing, the faculties of architecture are 
becoming complicated machines to attract students 
and rapidly turn them into professional architects. In 
an attempt to make this new educational system work, 
unlikely combinations of traditional professional 
knowledge and architectural culture are either 
adopted or rejected. The debate focuses on how to 
combine specialised knowledge and art, applied sci-

ence and artistic skills, in order to promote practical 
education. At the same time, in Europe, the different 
educational courses followed by Erasmus students 
oblige us to reflect on these educational choices. So 
we thought it would be useful to compare two very 
different approaches based on personal participation 
in the teaching and research programmes of the 
School of Architecture of the Architectural Associa-
tion in London and the Faculty of Architecture in 
Rome University Rome Tre. The unit system used by 
the famous English school from the seventies was 
studied and used as a yardstick for the more recent 
experimental teaching method implemented by the 
Roma Tre faculty, based on the use of workshops as a 
way to encourage and develop ideas. The comments 
and graphics reported illustrate the limits and poten-
tial of both models based on these two personal ex-
periences. 

3. Development of a model to teach 
technological skills during training 

courses for architects 
In his essay, La Mosca nella Bottiglia, [The Fly in the 
Bottle] the writer Raffaele La Capria uses the same 
metaphor of the title to explain the situation. The ar-
chitect/fly is clearly aware of these new problems, for 
example, energy-saving in buildings, only after hav-
ing studied technical physics in an exam/bottle. How-
ever, he’s very far from understanding it and using it 
in a design. So it would be much more logical and 
feasible to study the pros and cons of an experimental 
building experiment and analyse them using incon-
trovertible data. This is what’s missing! It seems as if 
everything that is experimented is fine, without say-
ing how fine, without comparing it to time-honoured 
and consolidated traditional solutions. To achieve 
technological know-how, these are the guidelines 
needed to train an architect and the entire educational 
chain must take responsibility for this. 
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This type of work/project - based on the study of ar-
chitectures considered innovative either because of 
their style or the inventions they use - runs the risk of 
being considered an “anthological” project, calling 
into question how to effectively replace academic 
education. 

Given the above, the research we are proposing is 
based on the analysis of built architectures and other 
tests that have already been conducted. The most re-
cent one seems to be the most effective vis-à-vis the 
problems we have highlighted the possibility: 

- to study technology using examples and not theo-
retical conceptualisations; 

- to present the examples as alternative building 
methods – emphasising the huge number of solu-
tions available – using a scientific observation 
type of presentation to avoid repeating traditional 
methodologies to present technologies as mythi-
cal pseudo-cultural styles; 

- to consider the non-consolidated alternative 
building forms as part of a study to find positive 
experimental projects and turn them into consoli-
dated forms; 

- to simplify the selection of alternatives by identi-
fying comparative elements and present them in a 
manageable, comprehensible form. 

To achieve this goal, we found it useful to use graph-
ics (drawings, graphics, three-dimensional models) 
normally used by professionals, turning them into 
“concept maps” that link the examples to well-known 
classifications (technological systems, performance 
data, etc.). Each example has three headings: why (the 
reasons why a technology is chosen, reasons that stem 
from the classification of the characteristics of a 
building element); what (the description of the chosen 
element according to technological classifications); 
how (description of the materials and methods used). 
In the diagram, each topic is shown to be related to all 
the others. A short sentence links the type of building 
method to the overall design choices.  

By examining more than one example, the latter be-
come case studies that contribute to improving 
knowledge about a certain technique or building ele-
ment. Multiple case studies of architectures made 
with innovative casings, for instance, contribute to a 
wider debate on the comprehension of that particular 
building element.  

To achieve this goal, next to the “detailed technical 
sheets” drafted for each example- we have placed 
“concept maps” [3] for each element of the architec-
ture, highlighting the similarities between important 
concepts behind the specific technological data. The 

detailed technical sheets (case histories) can be used 
to change or update the structure of the concept map: 
it is a “work in progress” tool. By applying a rigid 
reference table to the characteristics of the illustrated 
example and analysed detail, we believe it’s possible 
to identify a method that is useful to understand tech-
nology and the tools that have become an integral part 
of the training of an architect, over and above their 
own creativity. 

4. Conclusions 
The experiments carried out so far have shown: 

- it’s necessary to study technology using exam-
ples and not theoretical conceptualisations; 

- the study should make people aware that many 
alternative building methods exist, based on a 
scientific and not mythical approach towards 
technology;  

- the alternatives include both consolidated build-
ing methods and satisfactory experimental meth-
ods that can be consolidated;  

- choosing between the alternatives requires thor-
ough comparative studies that are easy to manage 
and understand;  

- an easy, comprehensible way to analyse alterna-
tive technologies is based on the need to formally 
insert examples into concept maps. 

The apparent return to conceptualisation, after having 
rejected it as a principle, is not a dog biting its tail, 
because the study - the core of this discussion – is the 
study of the examples to be used to train creative ar-
chitects making it scientifically beneficial for the 
wide range of specialists working in the field of con-
struction [4]. 

References 
[1] Asimow M. (2006) Principi di progettazione, 
Marsilio, Bologna. 

[2] Lawson B. (2006) How designers think, Architec-
tural Press, Oxford. 

[3] Novak, J.K. and Gowin, D.B. (1984), Learning 
how to Learn. New York, Cambridge University 
Press. 

[4] Morabito G. (2004) Scienza e arte dell’innova-
zione in architettura. Utet  Torino. 

 

 

 

W065/W055 Committees 217



 124 

Applied ontologies in the knowledge management of 
construction processes 

Marco Masera, Università degli Studi di Firenze, Firenze, Italy (email: marco.masera@unifi.it) 
Chiara Cirinnà, Università degli Studi di Firenze, Firenze, Italy (email: chiara.cirinnà@taed.unifi.it) 

Saverio Mecca, Università degli Studi di Firenze, Firenze, Italy (email: saverio.mecca@unifi.it) 
Valeriano Sandrucci, Università degli Studi di Firenze, Firenze, Italy (email: vsand74@hotmail.com) 

Enrico Vicario, Università degli Studi di Firenze, Firenze, Italy (email: vicario@dsi.unifi.it) 
 
Technical knowledge integration is time consuming, requires intensive negotiatiosn and process flows aiming at to 
achieve the design and planning performance in construction projects. Traditional taxonomic approach of project 
management through the task decomposition could be usefully extended through an ontological approach to the task 
description. The ontological analysis allows to produce and experiment knowledge bases to support the communica-
tion and the management processes. The research objective is the development of knowledge bases supported by 
ontologies to analyse domain knowledge, to make domain assumptions explicit of tacit or informal knowledge, to 
enable reuse of domain knowledge. The expected result will provide an integrated approach to support the knowl-
edge bases elicitation in the construction management oriented to the development and the implementation of a co-
operative system of knowledge management 

Keywords: Ontology, Knowledge Base, Construction Management 

1. Ontologies in KM 
Traditionally intended as a philosophical discipline, 
the term Ontology is used in the fields of knowledge 
management and of information technologies to de-
scribe a theoretical or a computational artefacts [1 and 
2]. T. R. Gruber defined the ontology as a “specifica-
tion of a conceptualisation” [3]. The ontology is 
specified and formalised through specific artefacts 
representing the meaning assumed in the terms of 
nature and structure of the related entities. In different 
terms an ontology represents the attempt to elaborate 
a conceptual schema that could be exhaustive and 
rigorous in a specific domain. Generally an ontology 
is expressed through a hierarchical structure of data 
containing all the entities that are relevant, their ex-
plicit relations, the rules, the axioms, and the con-
straints specific for the domain [4]. In general and in 
the field of the ontological study of a technological 
domain a development of ontologies either foundation 
either computational is required. 

2. Application research field 
The ontologies are commonly applied to the computer 
science field for representing and sharing knowledge. 
The computer programs apply the ontologies to a 
wide range of objectives, e.g. the inductive reasoning, 
the classification, the techniques of problem solving, 
to facilitate the communication and the information 
exchange between the systems. 

A foundation ontology, not related to a specific appli-
cative domain and attempting to describe more gen-
eral entities, is also defined a constitutive ontology or 

upper ontology. The constitutive ontologies are con-
sidered to usefully develop, supported by constitutive 
concepts, and axiomatic structures, specialised on-
tologies maintaining a coherent and integrated struc-
ture. Nevertheless the actual studies on the upper on-
tologies are fundamentally theoretical neither de facto 
a standard has been until now recognised. That means 
at the state of the art a crucial part for the ontology 
usability is not available. Domain ontologies were 
developed in numerous domains [5]. The domain on-
tologies can be applied to support the modelling of: 

- the physical object and the relative features, e.g. 
topological, morphological, cinematic, and func-
tional; 

- the information and the informative processes 
through ontologies of semiotic relations, studies on 
the ontological nature of data, documents, files and 
so on; 

- the ontological fundaments of the classification of 
subjects or relative to social interactions, ontologies 
of planning and control, transactional ontologies, 
linguistic acts ontologies, and ontologies of relation 
in cooperation processes and so on 

- the ontological fundaments relative to the organisa-
tions, legal or financial entities, laws and contracts 
and so on. 

3. Objectives for the KB development 
One of the factors of the recent rediscovered interests 
about the ontologies is principally related to the 
knowledge sharing or the cooperative production of 
knowledge. This objective requires several premises 

218 Section I



 

as a set of requirements that are to be achieved, e.g. to 
explicit the domain knowledge, to analyse and com-
pare different vision/comprehension, and to facilitate 
the process of the knowledge sharing through the rei-
fied, shared structure of the information. First of all 
the ontologies permit to make clear and explicit as-
sumptions, and to reuse the domain knowledge. Fur-
ther as a secondary effect on the methodological level 
of the distinction between taxonomy and ontology we 
can identify a separation of declarative knowledge of 
the domain from operational and procedural knowl-
edge. 

4. Methodology 
Aiming at a rapid prototyping of the system, an on-
tology editor permits to separate the task of the onto-
logical study, under the responsibility of the domain 
experts, from the study on the reasoning engine and 
on the semantic web under the responsibility of the 
knowledge engineer. The model of a substantial con-
current engineering of the research requires to hybrid 
some competences and to analyse the interaction be-
tween the research actors. 

On the domain analysis field the main issues relative 
to the ontologies development is the definition the 
different level of ontologies implied in a specific 
knowledge base: 

• frame knowledge; that in terms of knowledge 
management we can classify as repository; 

• knowledge functional to a problem solving ap-
proach; 

• procedural knowledge workflow and others ap-
plicable to test, data catalogues, and systematic 
observation. 

5. Results 
The relevance of the development of ontologies al-
lowing a basic support for an heterogeneous commu-
nity of practice is discussed. Sharing common under-
standing of the structure of information among people 
or software agents is one of the more common goals 
in developing ontologies. To reduce uncertainty of the 
management process the knowledge-acquisition pro-
ceeds in well-defined stages and that knowledge ac-
quired in one stage could be used to generate and cus-
tomize knowledge-acquisition tools for subsequent 
stages. In Protégé was defined as an application that 
takes advantage of this structured information to sim-
plify the knowledge-acquisition process 

The objective of knowledge sharing in the knowledge 
management is a challenging task, dependent from 
social process of knowledge production. Ontologies 
of the specific domains can play a powerful role as 

paratextual tool representing the author’s conceptuali-
sation on a specific topic. Customisation and gener-
alisation of ontologies are part of a knowledge man-
agement approach to the semantic web. 

Nevertheless the profiles of user and contributor are 
functionally separated the specific knowledge domain 
is addressed to an actor profile that is in the same 
time contributor and user. This requirement outlines a 
specific approach of research development in order to 
coordinate the ontological analysis on the domain and 
the development of the semantic web application 

The Knowledge bases production and maintenance 
requires a well structured organisational approach 
able to design the workflow, the knowledge tasks and 
the competences interfaces. Through a concurrent 
engineering approach implemented in the system ar-
chitecture is possible to activate positive feedbacks 
between the actors of the knowledge base. 

Guidelines and prototype models are developed to 
implement knowledge bases in the community of 
practice. Ontologies production could be supported 
by a design pattern approach able to identify the basic 
elements of  the ontologies representation. The ap-
proach is oriented to support the interoperability of 
competences conjugated with the software interop-
erability. 
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Sustainability in design and construction of personal dwellings, as well as commercial structures, has become a 
global issue.  Through best practice guidelines, design and construct goals set by municipalities, socially responsible 
self imposed programs, and other strategies, we can see that there is a wide spread support for taking some type of 
corrective action as we plan for the future.  However, as we encourage altering our design and construction proc-
esses to strive for this goal of more responsible building, we must also be cognizant of occupant comfort, health and 
safety.  One specific perspective that needs to be carefully considered is the provision of acceptable indoor air qual-
ity in these spaces.  This paper describes specific strategies that are implemented in the LEED (Leadership in Energy 
and Environmental Design) system in the United States of America that pertain to indoor air quality.   
 
Keywords: Sustainability, Indoor Air Quality, Occupant Comfort, Health and Safety. 
 

1. Introduction 
Many countries have functioning programs to in-
crease awareness and effectiveness of guidelines to 
facilitate society’s response to sustainable building 
concerns.  In America, the leading program is known 
as LEED.   
 
LEED certification is based on a point system that is 
achieved as a result of highly responsible design and 
construction practices.  Each classification level - Cer-
tified, Silver, Gold, and Platinum - requires a minimum 
number of points, and brings with it a different level of 
respect regarding ability to attain sustainability goals.  
In the LEED system, there are prerequisites that were 
established to prevent the development of indoor air 
quality problems in buildings and to prevent building 
occupants from exposure to environmental tobacco 
smoke.  While points are not awarded without first 
meeting these prerequisites, some points may be rec-
ognized as synergies.  While all indoor air “pollutant 
sources” cannot be completely removed from build-
ings, this paper discusses these LEED related strategies 
for minimizing exposure to pollutant sources and/or 
occurrence rates therein.  In addition, this paper as-
sesses the effectiveness of the current LEED indoor air 
quality requirements.   

2. Causes and impacts of poor Indoor 
Air Quality 

“Poor IAQ is a result of poor construction techniques 
and project delivery, as well as substandard mainte-
nance procedures.” [1]  Studies performed by the 
EPA suggest that building related illnesses in the 
USA account for between $60-$400 billion of lost 
productivity annually.  [2]  Legionnaires Disease, 
Mold, and Sick Building Syndrome are also caused 

by poor IAQ.   IAQ expert, Dr. Vyt Garnys, cited 
negative impacts of poor IAQ as “lowered mental 
alertness, eye or throat irritation, and a general feeling 
of unwellness” – all of which “lead to stress.”  He 
also noted that it is “likely that sensitivity to poor 
environmental conditions is heightened when build-
ing occupants are stressed due to their work environ-
ment.”  [1]  The World Health Organization has ex-
tensively studied the effects of poor IAQ and identify 
cancer, allergies, asthma, lung disease as additional 
concerns.  [3]  Hal Levin, research architect (Levin & 
Associates) identifies the major sources of indoor 
pollutants as “the outdoors, the building itself, the 
occupants, building equipment, appliances, and con-
sumer products.”  [4]  Knowing that essentially eve-
rything (including the occupants) is a source of con-
tamination to the environment and air quality, we 
must seriously consider the approach to mitigating the 
adverse effects. 

3. LEED, the point system,  
& practices 

During the ten years since LEED was established, ap-
proximately 3,700 projects have been registered and 
483 projects have been certified.  These statistics are 
double that which was reported 12 months ago.  Glob-
ally, Australia, Canada, China, France, Hong Kong, 
India, Cote d’Ivoire, Japan, Spain, Mexico, Italy, 
Guam, and Guatemala, have all expressed interest in 
LEED.  [2]  LEED has multiple tracks for various 
types of projects:  LEED-NC for new construction, 
LEED-EB for existing buildings, LEED-CS for core & 
shell projects, LEED-CI for commercial interiors, 
LEED-H for homes, and LEED-ND for neighborhood 
developments.  [2]  The most prominent track, LEED-
NC will be the focus of this paper.  As of January 
2006, for the projects previously listed as registered 
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and certified, approximately 3,100-3,200 of those reg-
istrations were for LEED-NC projects and 382 LEED-
NC projects have been certified at some level. 

4. Products 
EQ Credit 4 is primarily restricted by products that 
meet the emissions requirements associated with 
VOCs.  These products are tested and certified by 
Greenguard, a non-profit organization.   

5. Results 
The United States Green Building Council has noted 
many positive impacts of pursuing IAQ LEED Points, 
including healthier and safer indoor environments, 
thereby increasing productivity, reducing absentee-
ism, and improving morale.  Prince Street Technolo-
gies (production plant) noted a significant reduction 
in worker accidents once they opened their new daylit 
facility. [2]  Psychological studies show that indi-
viduals tend to accept a wider range of tempera-
ture/humidity if they have control over their own per-
sonal space.  [7]  Studies also show that students who 
are exposed to daylighting score significantly higher 
on tests than students who are not exposed to day-
lighting.  [8]  Because the American College of Al-
lergy, Asthma and Immunology estimates that 
Americans spend 80-90% of their time indoors, IAQ 
is a significant issue to be considered during design 
and construction.  To date, the effectiveness of the 
IAQ strategies that have been implemented have been 
qualitatively analyzed via employee satisfaction sur-
veys, which have been overwhelmingly positive.  Dr. 
Vyt Garnys suggests that the occupant and related 
costs account for 90% of the total operating costs in 
most built environments.  [1]  According to Hal 
Levin, Research Architect, “Public opinion in the 
United States (and around the world) indicates that 
people are supportive of environmental protection 
even if they must pay a modest additional economic 
cost.” [4]  However, based on studies by leading re-
searchers, such as Greg Kats, the economic analysis 
of the return on investment for the additional costs 
associated with the LEED requirements is not entirely 
paid back by energy costs, as some may imagine; but 
rather by the human factors related to indoor air qual-
ity and its impacts.  [10] 

6. Conclusions 
Indoor Air Quality is a global concern.  Over the past 
ten years, LEED has become the most renowned 
practice towards improving the built environment in 
the United States of America.  Although LEED is 
only a requirement in a few cities and government 
agencies in the USA, many private owners are volun-
tarily becoming proactive and striving to build better 

buildings.  The wide variety of possibilities to achieve 
points in the LEED system allows owners, designers, 
and contractors to customize the IAQ plan depending 
on the level of concern and building use.  As the trend 
continues for owners to require more of designers and 
contractors to ensure the highest levels of indoor air 
quality, the approaches that have been outlined in 
LEED’s EQ credits are proving to be effective meth-
ods of action for sustainability with respect to IAQ 
practices, regardless of whether or not a project is 
pursuing LEED certification. 
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The goal of the research project is to establish an advanced integrated approach to conservation of Earthen Archi-
tecture Heritage (EAH) that support main design and planning of conservation actions, reducing the technical risk 
through suitable and compatible measures. The conservation of the Earthen Architectural Heritage (EAH) is a chal-
lenging domain of competence resulting from the intersection of scientific, empirical and practical knowledge, either 
tacit either implicit. The research aims at developing an ontological perspective. The relevance of the development 
of ontologies allowing a basic support for an heterogeneous community of practice is discussed. A cooperative sys-
tem of knowledge bases allows to support the workprocess that requires to recognize and to manage the inputs that 
are partial determined or undetermined (e.g. as external conditions, interdependence relations). The approach is 
expected to make advance in knowledge management field applying some specific concepts explicating and repre-
senting dynamic knowledge for action. 
 
Keywords: Knowledge management, ontology, semantic web. 
 
 

1. Introduction 
The core goal of the “EAH conservation KM system” 
project is to establish and test an advanced Knowledge 
Management approach to conservation of Vernacular 
Architectural Heritage oriented to support and improve 
main and more critical design and planning actions. 
The local applications, cumulating thousands of years 
of practical and local experiences, of rich and effective 
tacit knowledge, as well as the modern contemporary 
applications make the earth architecture not only rich 
for its variability, but also for its capability to adapt to 
very different environments.  

The results of the systematic scientific work devel-
oped in the last decades on EAH are collected in 
manuals and have generated technical codes from all 
over the world: this important scientific work have 
generated an a-systematic set of knowledge not re-
lated to local and traditonal tacit and implicit knowl-
edge. The Knowledge Management approach for 
EAH conservation is oriented to propose a web based 
collaborative space to support as an effective interac-
tion and cooperation between the partners as the tech-
nical and local communities operating onearthen ar-
chitectural heritage.  

The expected result will provide a web based Knowl-
edge Management tool for supporting the main con-
servation design actions of Earthen Architecture, 
flexible to the different building cultures and adapted 
to the different operative conditions, for more effec-
tive, suitable and compatible conservation design 
measures. 

2. An ontology for the EAH  
conservation 

The core of methodology is an ontological analysis to 
produce and experiment knowledge bases to support 
the communication and the conservation design proc-
esses in the specific field of earthen architecture. The 
identified strategic objective is the development of 
knowledge bases supported by ontologies to analyse 
domain knowledge, to make domain assumptions 
explicit of tacit or informal knowledge, to enable re-
use of domain knowledge that is one of the core ob-
jectives to which ontology research is addressed. [1] 
[2] The scenario of ontology-editing environments 
offers a range of achievable general purpose tools, 
such as Protégé-2000 (Protege 2000) [3], Ontolingua 
(Ontolingua, 1997) [4], and Chimaera (Chimaera 
2000). We have selected Protégé-2000 as the ontol-
ogy editor for generating the KM prototype. 

The Protégé applications are a set of tools that have 
been evolving for over a decade, from a simple pro-
gram which helped construct specialized knowledge-
bases to a set of general purpose knowledge-base crea-
tion and maintenance tools. An ontology defines a 
common vocabulary for researchers who need to share 
information in a domain. It includes machine-
interpretable definitions of basic concepts in the do-
main and relations among them. The key performances 
expected from an EAH ontology are focussed on: 

• to analyse domain knowledge: that means to repre-
sent and to design and to manage the decision proc-
esses through the whole conservation process (de-
sign, diagnosis, testing) based on a workflow para-
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digm and integrated by cause effect diagrams, 
check list, specific risk assessment forms, etc., ef-
fectiveness, compatibility, sustainability assessment 
tools, protocols supporting the technical diagnostic;  

• to share common understanding of the structure of 
information among people or software agents: a col-
laborative space to support the cooperation between 
the partners. The workflow approach is directed to 
structure the core of a net for the cooperative and con-
current knowledge sharing through an adequate meth-
odological and instrumental base;to make domain as-
sumptions of explicit and tacit knowledge related to 
selected conservation processes; 

• to separate domain knowledge from the operational 
knowledge; 

• to enable reuse of domain knowledge 

3. An environment for a collaborative 
work 

Sharing common understanding of the structure of 
information among people or software agents is one 
of the more common goals in developing ontologies. 
For example in order to the EAH preservation it is 
reasonable to achieve an affordable set of approaches, 
testing methods and procedures for field testing as a 
technical and scientific support for the earthen archi-
tecture conservation decision processes to be under-
taken, and a virtual place in which all the actors in-
volved in the conservation process can participate in 
the most cooperative way to conservation design 
processes. Suppose several different documents or 
projects (cases) contain diagnostic information or 
provide planning and prevention protocols. If these 
documents share and publish the same underlying 
ontology of the terms they all use, then computer 
agents can extract and aggregate information from 
these different sites. The agents can use this aggre-
gated information to answer user queries or as input 
data to other applications. 

A shared base of ontologies, i.e. a web based groupware 
system, permits to satisfy the basic knowledge require-
ments of designers and others coming from different 
nations, with common rooted cultural and educational 
backgrounds and involves the review of contents con-
sidering quality, quantity, and structure. Expository, 
technical data, and fluid or tacit knowledge, cases and 
story telling of main conservation design actions and 
prevention measures for the maintenance of EAH, as 
well as a catalogue of standards and recommendations, 
bad and best practice, are the elements that can be im-
plemented in a base of ontologies. [5] 

A flexible access to a shared workspace system pro-
vided either through internet with shared access 
means, or through dedicated supports to the on field 

campaign, is able to support the operators towards a 
collaborative data exchange for the development of 
specific design/planning solutions and for enhancing 
the project robustness according to the knowledge 
and the technical material used. 

Enabling reuse of domain knowledge is one of the 
core objectives to which ontology research is ad-
dressed. For example the earthen architecture is char-
acterized by a high level of technical variability and 
integration in geographical and cultural environments 
and together with its traditional good performances 
this constitutes a relevant part of its. Models for many 
different domains need to represent local/tacit techni-
cal knowledge with the scientific knowledge, to sup-
port designers for the more critical design actions and 
to orient and support the diagnostic and testing proc-
esses, although leaving to the designer the responsi-
bility of analysing, evaluating and reducing the failure 
risks through the appropriate preventive actions (and 
tests shall be included in the main preventive actions). 
If one group of researchers develops such an ontology 
in detail, others can simply reuse it for their domains.  

4. Expected results 
The expected result is an experimental tool able to 
support the operators towards a collaborative data 
exchange for the development of specific de-
sign/planning solutions and for enhancing the project 
robustness according to the knowledge and the tech-
nical material used. It also aims at integrating all the 
extensive potential of data and therefore all the differ-
ent sections will be linked through an indexing sys-
tem that will allow the access to the implemented 
earthen architecture knowledge base. 
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1. Introduction 
Currently, the construction industry accounts for ap-
proximately one third of the world’s total energy con-
sumption, and 40% of its consumption of materials. 
New buildings and their infrastructures, the quarries 
and mines that produce the materials they use, the 
plants where these materials are processed, and the 
landfills where construction and demolition waste are 
disposed of all eat up larger and larger swaths of land. 
Though from the standpoint of globalization, it may 
be cheaper – and more conducive to market competi-
tiveness – to quarry raw materials far from the con-
struction site, have production and manufacturing 
operations carried out elsewhere, and produce on an 
industrial scale, from the standpoint of sustainability 
the costs of shipping, production, demolition and dis-
posal will be enormous, because all these activities 
consume large amounts of energy and environmental 
resources. At the same time, this process of globaliza-
tion gradually saps the cultural, social and economic 
life of local communities. Though it would take a 
political economist to give an exhaustive answer to 
this question, we can nevertheless observe that certain 
areas of Italy have been moving in the opposite direc-
tion in recent years.  
Wherever highly specialized building traditions have 
strong roots, perhaps because certain particular ma-
terials are locally available, small construction com-
panies have flourished. Not uncommonly, small and 
medium enterprises have banded together to form 
highly specialized consortia that supply products 
and services of outstanding quality. This is the case 
of several construction companies operating in re-
gional settings such as Piedmont’s Valle Bormida 
and Valle Belbo, where Langa stone, a building ma-
terial that has been used and worked by the local 
population for centuries has encouraged the survival 
and growth of many businesses, most of which are 
family-run operations. 

2. The socioeconomic and regional 
context [1] 

In the mountain communities of the Belbo, Bormida 
and Uzzone valleys, a number of small firms have 
revived the area’s traditional stone masonry and char-
acteristic roof slabs, taking age-old skills and adapt-
ing them to modern construction techniques. This 
reassessment of a material and the preindustrial local 
economy that centered on it was initiated by local 
administrations, and that of the Langa delle Valli 
mountain community [2] in particular, who intro-
duced polices designed to promote the area’s growth 
by leveraging its unique history and culture. 

These policies were put to work in a setting that has 
seen more than its share of environmental tribulations. 
The Langa delle Valli mountain community was estab-
lished after 1987, the year that the Italian Ministry of 
the Environment designated the zone as an “area at 
high risk of environmental crisis” because of the pollu-
tion caused by the former ACNA chemical plant in 
Cengio.  

From the time of the conference organized in 1988 by 
the Associazione Rinascita della Valle Bormida in Cor-
temilia,  the local administrations’ primary goal – 
alongside combating pollution – was to develop a 
model for regional growth firmly rooted in the valley’s 
environmental heritage, landscape and traditional hu-
man assets. The multi-year socioeconomic develop-
ment plan presented by the mountain community was 
thus premised on making the best and fullest use of the 
resources offered by the area’s heritage. Without 
doubt, these resources include Langa stone and the 
techniques used in working it.  

Today, anyone who travels the roads leading towards 
Liguria, winding through the Langa hills, is certain to 
be struck by the area’s beauty, with its broadly terraced 
slopes crowned by gray dry-stone walls. 
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3. Craftmens in stone 
One of the objectives of this study was to update the 
rather scanty data published by the mountain commu-
nity’s administration regarding the businesses who 
currently work with Langa stone. These companies 
were asked to complete a questionnaire designed to 
provide information about the following aspects: gen-
eral information regarding the type of company or-
ganization, dealings with designers (draftsmen, engi-
neers and architects), type and cost of completed pro-
jects, stone procurement methods, and the company’s 
past, present and future. 

The responses to the questionnaire indicated that most 
of the businesses working with Langa stone, or 
around 70% of the total, are very small enterprises. 
Only 27% are incorporated for tax purposes, while 
the remaining 3% are one-man businesses, mostly 
farmers who work as building contractors on the side. 
As for the type of work carried out, around 76% are 
building contractors who do both conver-
sion/restoration work and new construction, 15% 
process or install Langa stone (i.e., the company mar-
kets Langa stone blocks, slabs or other dimension 
stone products for use in construction, and also builds 
stone walls and installs outdoor paving), around 2% 
produce stone slabs and other dimension stone prod-
ucts but do no installation work, and the remaining 
2% are small handicraft businesses that product art 
objects and the like. In terms of size, 75% of the total 
have fewer than three salaried employees, and are 
thus for the most part family businesses. As regards 
age, an interesting fact emerges from the question-
naires which testifies to the sector’s growth and ex-
pansion: 53 % of the workers are between 31 and 45 
years old, and 17 % are between 15 and 30. All in all, 
a full 70 % of the people who work in the sector are 
under 45 years old. The (relatively) recent origins of 
the area’s economic resurgence is also indicated by 
the dates on which the businesses were founded: 
around 50%, in fact, were set up after 1990.  

As can be seen, the sector is in good health on the 
whole, and enjoys good prospects for future growth. 
In order to respond more effectively to the challenges 
of a globalized world, however, it is essential that the 
businesses in the sector move quickly to achieve 
greater economies of scale, not so much by increasing 
their size, as by changing their mentality. As we have 
seen, most of these operations are very small, family-
run operations whose horizons stop short with finish-
ing the job. As for small and medium enterprises in 
other sectors of the Italian economy, there is thus lit-
tle or no incentive towards innovation and improve-
ment in product quality.  From this standpoint, it is 

significant that only 26% of these businesses plan to 
hire additional personnel in the next few years. Yet 
another revealing point that emerges from the survey 
concerns the workers’ lack of knowledge about the 
main chemical, physical and petrographic properties 
of the stone they use. Thus, it has become common 
practice in recent years to make extensive use of ce-
ment mortar in Langa stone constructions. Not only 
was this unknown in traditional construction work, 
which chiefly employed dry wall techniques or lime 
mortar, but it can also trigger potentially dangerous 
changes in the material and detract significantly from 
the building’s image and appearance. In a scenario as 
full of contrasts as this, where bright lights are offset 
by deep shadows, it is crucial that local government 
be capable of promoting and regulating growth. 

4. Survey results 
This investigation has shown that it is now possible, 
and will be even more so in the near future, to com-
pete successfully on a globalized market and ensure 
sustainable development by leveraging the qualities 
that set a particular area apart, and promoting a wider 
knowledge of them.  

Where the global market aims for uniformity, turning 
out standardized products at low cost – and low qual-
ity – a local economy can only be competitive by put-
ting its own distinctive features to effective use, with 
a full awareness of its own cultural and environmental 
heritage and the value of doing high-quality work. 
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Sustainable wooden house production 
Lars-Åke Mikaelsson, Mid Sweden University, Sweden (email: Lars-Ake.Mikaelsson@miun.se) 

 
Sustainable wooden houses is a frame for two projects that have been carried through by Mid Sweden University. 
The projects "Optimization of wooden constructions " and "Healthy Wooden Houses" are parts of a  major research 
programme at Mid Sweden University entitled "The forest as a resource" financed by EU structural funds. The re-
sults from the projects so far indicate that optimization of wooden constructions makes a contribution to the econo-
mizing of natural resources and that wooden houses are comparably healthy regarding the formulated criteria. 
 
Keywords: Sustainable building, building production, wooden houses, timber houses, indoor environment 
 

1. Introduction 
The projects "Optimization of wooden constructions " 
and "Healthy Wooden Houses" are parts of a major 
research programme at Mid Sweden University enti-
tled "The forest as a resource" financed by EU struc-
tural funds. The aims of the projects are to develop 
sustainable wood building in the region and to find 
guidelines for creating healthy houses with wood as 
the primary building material. The final report of the 
project was ready in February 2006.The criteria for 
sustainable building are good environment regarding 
indoor, outdoor and work environment factors. Other 
important aspects are aesthetics, quality and eco-
nomical factors.  

The most important risk factors in office environ-
ments appear to be ventilation, moisture problems, 
cleaning and the occurrence of strong pollution 
sources such as photocopiers and air humidifiers 
(Sundell 1994; Sundell and Kjellman 1994) [1]. 
Building materials have not been shown to be signifi-
cant in this context other than when they have an in-
correct moisture content (self-levelling compound, 
chipboard etc.). Occupation of newly-painted prem-
ises can also play a certain negative role. 

Wood as a natural material has good potential for 
providing a basis for healthy building. It is, however, 
very important that it is treated in the correct way. If 
used incorrectly, wood can also give rise to a poor 
indoor environment. This applies to all stages of the 
building process, from production through to opera-
tion and maintenance. 

Architect Ingrid Svetoft in her licenciate thesis made 
a study of the users’/clients’ demands for a good in-
door and work environment. A case study was made 
on the rebuilding of the university campus in Öster-
sund (Svetoft, 2005) [2][3]. 
The project includes case studies on sustainable 
wooden house production based on the criterias above 
with focus on what is already known from good and 
bad examples.The project is linked to a certain extent 

to earlier projects with employee contribution con-
ducted by Mikaelsson (1989 and 1992) [4] [5] and 
Söderberg (1989) [6].  

2. Purpose 
The purpose of the subprojects "Optimering av träk-
onstruktioner" ("Optimization of wooden construc-
tions") and “Sunda trähus” (translated as “Healthy 
wooden houses”; see translator’s note) [7] were to 
increase knowledge about wood as a construction 
material and its competitive strength in comparison to 
other materials, and to clarify criteria for decision-
making necessary in the building process to create 
healthy timber buildings and other buildings con-
structed mainly from wood.  

3. Implementation, methods and results 
The aim of the subproject "Healthy wooden houses" 
was to find guidelines for the sustainable building of 
wooden houses. The first step was to clarify the crite-
ria in the building process of importance to the crea-
tion of healthy houses with wood as the main building 
material. In the beginning of the project six criteria 
for healthy building were formulated based on previ-
ous research. These were the consideration of the 
outdoor environment, indoor environment, work envi-
ronment, economy, quality and aesthetics. 
 
In the formulation of the criteria economical aspects 
should also be considered. In her doctoral thesis Gun-
nel Bångman studied how tenant-owners value a good 
indoor environment (Bångman, 2004 and 2006) [8] .  
 
One of the aims of the subproject "Healthy wooden 
houses" was to find guidelines for how combined natu-
ral and mechanical ventilation should be constructed to 
fulfil the needs and demands of a wooden house. That 
means how to achieve enough air flow in all rooms 
under different circumstances. In his licenciate thesis 
The air distribution in buildings with combined natural 
and mechanical ventilation Gunnar Åhlander (2004) 
made a study of the area [9] [10] [11] . 
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4. Conclusions 
In short the results from the projects so far indicate 
the following conclusions: 
Optimization of wooden constructions makes a con-
tribution to economizing of natural resources. 
Wooden houses are comparably healthy regarding the 
formulated criterias. 
The wood building process requires an increasing 
cooperation between building companies and wood 
house manufactories in order to improve the logistics 
with optimized solutions between site and factory 
constructions. There is great potential for improve-
ment in this field. 
The wood building concept has a positive impact on 
the work environment on the building site especially 
concerning climate, noise and physiological working 
conditions. 
Wood house building might catalyze the industrializa-
tion of the building process with improvements in 
working environment, more effective production 
planning, work organisation and leadership. 
The projects have been evaluated by professor Bengt 
Hansson at Lund University as external examiner. In 
the report it is stated that the projects have been suc-
cessful and have given good contributions to increase 
the knowledge in the field [12]. 
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The recovery of the landscape: the quarries as resource 
for the contemporary city. The case of Apulia region 
Calogero Montalbano, Polytechnic in Bari – ICAR Department, Italy (e-mail: c.montalbano@poliba.it) 

In a territory strongly humanized as that Italian, a particularly delicate theme is that of the quarrying activities and 
the finding of raw materials as the construction stones. These quarry areas are nowadays places of the landscape in 
which is evident, more than in other parts, the problem of the restructuring of the form of the territory. This essay 
wants to show as the quarries can return in a virtuous circuit able to produce a new concept of 'sustainable con-
struction' applicable not only to a single building but to a whole cycle that holds in consideration whole portions of 
territory. The quarries may become architectural forms that find their last meaning in the contemporary city. The 
methodology adopted to describe this process is based on the description of a Model-study applied at the analysis of 
case-study focused on the extractive areas of Apulia region (Italy). 

Keywords: Transformation landscape; Sustainable construction of the territory; Building materials (history, produc-
tion and use); Building techniques in response to their environments. 
 

1. The quarries as resource for the 
contemporary city 

In a landscape like the Mediterranean one, where the 
vegetation made extremely difficult the survival of 
living communities devoted to agriculture, since the 
first human settlements, the subsoil has always consti-
tuted an irreplaceable source for the survival of a 
whole community. The Mediterranean basin is geo-
logically very young. The special homogeneity of the 
subsoil (predominantly calcareous), the lack of wood 
for the building and the rapid accessibility to the 
stony resources, easily extractable, particularly almost 
spread out in the whole territory and easily to be 
worked, brought the process of building only in that 
direction.  

2. A cultural model:  
the Mediterranean landscape and the 

culture of the excavation 
The Mediterranean man has always had a strong ac-
tion of transformation in relation to the landscape and 
the soil. The Mediterranean soil is a shaped one, edu-
cated, built by the man according to his needs. The 
water, too, is not easy to find in the Mediterranean 
soil; the limestone has the capacity to take this pre-
cious liquid for short period of time. Man has learned 
to exploit this quality of the soil, canalising the rainy 
water and the few superficial sources, gathering them 
in tanks, wells, excavation spaces around which he 
has organized his own settlement. The historical set-
tlements had learned that the calcareous soil could 
keep the water and it could also be offered as a very 
good stuff for the building and its surface could be 
transformed into a fertile territory, even though it was 
partly bare and arid. During the whole Mediterranean 
basin, the excavation and the building characterized 

as different phases of the same building process, pro-
ducing two different types of urban space, character-
ized each by specific functions, shapes and articula-
tions. The urban superficial space and the subterra-
nean one are made by the same stuff, the first one in 
positive and the second one in negative and the town 
shows all this in an extraordinary stratification, along 
its streets. 

3. An interpretative model: the land-
scape of Puglia and the different 
shapes of the excavation space 

In Puglia the whole region is characterized by the 
succession of three different geological steps which, 
starting from the coast and coming to the inner land, 
are distinguished into a space of recent alluvial warp, 
one of tuffaceous rocks and one of calcareous rocks. 
Reaching the inner part of the region, the different 
compactness of the subsoil is in relation to a different 
way of shaping the buildings, the town and the land-
scape. 

The tender lime stone can be easily worked. The ex-
tremely workability of this stuff allows the production 
of great excavation spaces of an extreme geometrical 
precision, so that they can assume an absolute conti-
nuity with the built spaces. The compact lime stones 
(marble) is strong, resistant, difficult to be worked. 
The excavation shapes become, in this way, very few 
and assume a minor formal control and are strongly 
different from the remaining part of the structure. 

In Puglia, is particularly evident the process which 
corresponds the variation of the shapes of the towns 
and its architecture, according to the variation of the 
compactness and the characteristics of the subsoil. In 
a space like this, the quarry is continually present in 
the landscape. It was easy to dispose the settlement in 
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relation to some areas where the man could directly 
reach the resources of the subsoil.  

So the relationship between quarry and urban system 
produced a “great economies” cycle and a limited 
aggression of the landscape based on: 

a) to find the raw materials in loco 
b) to produce a direct relation between the ex-

cavation and the construction 
c) to allow great economies in the research of 

the material, in its transport and activation 
d) to allow a great economy in the time of 

building and in the workforce necessary for 
the productive cycle 

e) to produce, with the excavation, a space in 
negative, once it was united to the building, 
which allowed an evident increment of the 
utile volume permitting to reduce at the 
minimum the surface really erected 

 

With the industrialization, the process of production, 
transformation and consume of the landscape upsets. 
The increasing necessity of raw materials brought the 
quarries to assume always bigger dimensions. The 
growth of the quarry did not follow the growth of the 
towns. The quarries went gradually away from the 
living settlements. Apart this, the quarries had never 
constituted a so strong economy to survive without 
the presence of the towns. So, the quarries, even they 
were pulled away from the towns, did never removed 
a lot from them, and they especially placed them-
selves along the railways and routes of the region. 

4. A Planning project: the excavation, 
the quarry and the new dimension of 

the human landscape 
These spaces can now assume an important role in the 
organization of the landscape of Puglia: these shapes 
distributed on the territory in zones of an extreme 
importance for the development of the urban systems 
and of the arranging logics of the territory. At the 
actual situation, from a lecture of the territory of Pug-
lia, we can observe the presence of two different 
types of extractive settlements: the first ones, estab-
lished along the extra-urban roads, near one or more 
urban systems; the second ones, more recent, strongly 
industrialized and greater than the previous ones, 
placed near the main roads and the railways of the 
national and international market. Paradoxically, 
along those road internal axis, develop nowadays new 
urban tensions. 

Following this principle, it is possible to adopt, for 
the territory of Puglia, a planning model imposing a 
transformation of the spaces occupied by huge quarry 

craters in new places of the human landscape, able to 
host activities accepted by the modern town with an 
extreme difficulty to its inner land and little settle-
ments alleviate the excessive demographic pressure of 
the main urban areas. 

5. Survey results 
The shapes of the quarry become areas where one can 
concentrate new urban poles, able to diminish the 
demographic pressure, but also spaces for service 
activities (cultural, commercial, services and recrea-
tional ones), investing always more the traditional 
town, making it collapse under the weight of the in-
frastructures, the traffic and the pollution.The refer-
ence scales of the contemporary architectural reflec-
tion have certainly extended, imposing the study and 
the control not only of the urban shapes but also of 
the landscape hosting them. The contemporary land-
scape now asks for an updating of the relationship 
between town and territory, soil and subsoil, architec-
ture and landscape. 
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Understanding the effects of building life on asset  
maintenance management 

 
Peter M Mukalula 

Copperbelt University, Kitwe, Zambia (musomuko@yahoo.com) 
 
The maintenance of building assets is all about restoring the buildings to acceptable standards of both health and 
safety.  Rectification of building life entails the understanding of the complexities of such ‘life’ especially in an age 
where buildings are a conglomerate of components.  The survey study looks at missing characteristics of this build-
ing life concern in the management of public infrastructure.  The paper proposes the need for a pervading ‘philoso-
phy of building life’ to be the springboard of any maintenance action. 
 
Key Words: Building Life, Performance, Investment 
 
 

1. Perceptions of building life 
Richardson [3] concretely asserts that perceptions of 
building life are time related – mainly the time indi-
viduals or organizations would hold interest in the 
building asset.  There is relative agreement over the 
fact that a buildings’ life can stretch over 60 years. 
Flanagan [4] sees this ‘time relation’ in the sense of a 
‘birth’, ‘life’ and ‘death’ of a building (that spans the 
60 years) that he characterizes as having a physical, 
legal, economic, social, functional and technological 
life.  The importance of any building investment is in 
the fact that such investment are for long-term pros-
pects than for short-term gains.   

So crucial is this all-embracing concept of investment 
that the consequent building life holds by the objec-
tives underlying it.  Building life, therefore, involves 
sustaining the performance of a buildings’ envisaged 
life (over the investment period). Longevity of life has 
been at the root of the quest for the preservation of 
assets.  Even Egypt’s long-standing pyramids undergo 
renovation.  Recognized in the life of a building is the 
fact that it is dynamic, as age and deterioration, are 
both dynamic.   

 
2. Performance of an asset 

Performance embraces the ability of a building and its 
parts to function properly.  Implied in efficient func-
tioning is the durability factor.   

The new type of building systems that contemporary 
architecture has introduced combines numerous sub-
systems, whose materials undergo several pressures 
that increase their deterioration.   

Performance in buildings is synonymous to the word 
‘life expectancy’ owing to the fact that it holds the 
very tenets of long-term projection.  

3. The use of notional lives  
of components 

As far as building life is concerned, the use of no-
tional lives has great advantages for the management 
of asset portfolios.  These are: 
 

1. Notional lives would assist in the setting of 
criteria for the technical assessment of the 
portfolio condition. 

2. Notional lives assist in the setting of policies 
that would streamline the level of mainte-
nance needed for the envisaged life.  Top 
priorities identified and dealt with as a result. 

3. Notional lives would assist in the setting up 
of organisation of maintenance as far as 
work force planning is concerned to be able 
to handle ‘predicted’ problems. 

4. Using notional lives provides a formidable 
basis of attaching cost to building life rectifi-
cation. 

 
4. Survey results 

The survey reveals the need to instill building life 
philosophy if public property maintenance manage-
ment must see the light of day by: 
 

1. Proper choice of building materials that will 
have the period of investment in view.  Du-
rable materials, using their notional lives, 
ensure that planned preventive maintenance 
programmes are set in place. 

 
2. Proper methods and quality of construction 

ensure that buildings will have longer lives 
and hence influenced by this philosophy 
through the employment of skilled artisans. 
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3. Environmental effects bearing on the build-
ing need properly trained, knowledgeable 
professionals to manage property well. 

 
4. Use of building must focus on the function 

for any choice of materials. 
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Camaraderie and the ‘craic’: exposing blue-collar  
relationships in the UK construction industry 

 
Mike D. Murray, University of Strathclyde, Glasgow (m.d.murray@strath.ac.uk) 
David Langford, Glasgow Caledonian University  (david.langford@gcal.ac.uk) 

 
Anecdotal evidence suggests that the construction industry workforce have a propensity to experience ‘camaraderie’ 
during their working day. However, despite this well founded claim, there is a paucity of empirical research on this 
issue. This paper explores some of the variables that may be attributable to camaraderie and makes suggestions for 
the direction of future inquiry into this issue. 
 
Keywords: Camaraderie, blue collar, construction workers 
 
 

1. Introduction 
The culture of the construction industry can be exem-
plified by projects and the behaviour of teams that are 
assembled to design and build them. Demonstrations 
of camaraderie can be considered as a symbolic rep-
resentation of team behaviour that is embraced by 
some or all members of a project. Indeed, it may be 
that subcultures within projects organize themselves 
so as to seek negative outcomes and an act / episode 
of camaraderie is equally powerful in uniting this 
group. Common thinking suggest that camaraderie is 
always linked to positive outcomes through ‘bonding’ 
or ‘gluing’ a ‘cohesive’ team and this is conceptual-
ized though discourse that emphasizes ‘mateship’  
and ‘solidarity.’ 
 
 

2. Research methodology 
The original intention of this paper was to report on a 
small pilot study investigating the views that blue-
collar construction workers have on camaraderie. 
However, given the paucity of empirical research on 
camaraderie within the construction industry, this 
paper provides a literature review which creates a 
framework for future empirical studies.  

The intention hear is to provide a foundation of 
knowledge and provide a bridge between the anecdo-
tal evidence and empirical research from other disci-
plines with discourse from the construction industry. 
This can be regarded as conceptually integrating 
available literature. It seeks to identify relationships 
between the various constructs and develop a firm 
understanding that would provide a roadmap (as op-
posed to a hypothesis) for use during the empirical 
research phase. As such, given the novelty of this 
research topic in construction, the proposed research 
will be investigative and theory building.  

 

3. Builders camaraderie:  
Myth or reality? 

 
It appears a widely held believe that ‘builders’ and 
thus by implicit association, all those employed 
within the construction have / engage in ‘camarade-
rie’. Particular to UK social culture, the ‘cheeky  
builder’ with ‘his’ builders bum (euphemism for male 
building workers with low slung jeans exposing top 
flank of bare buttocks!) continue to display disregard 
for the political correctness emphasized by supporters 
of professionalizing the blue-collar workforce. The 
image is particularly well exemplified by a television 
serial- Auf Widersehen Pet that followed the exploits 
of a seven-man gang of builders abroad. Indeed, the 
BBC [1] note that camaraderie between the gang was 
‘brilliantly captured’ by its writers. Further evidence 
of the portrayal of camaraderie in construction can be 
seen in a 1990 film- ‘Riff- Raff’. The director cast 
actors who had actually worked in construction to 
complement the realism of the writers experience 
within the industry. 
  

4. Discussion 

The review thus far touches on evidence of camarade-
rie within the construction trades and this permits ten-
tative synthesis that provides insights and questions for 
future empirical work. Perhaps most importantly, can 
we prove the existence of interpersonal blue-collar 
camaraderie within the construction industry?  
The following questions are therefore provisional and 
open to revision in light of the descriptive research 
that will constitute the next phase of this project. 

• Can camaraderie be ‘measured’ and classified to 
the extent that a pilot study would provide valid 
findings that would allow for repeatability or is 
this a synergistic concept that is contingent on 
environmental and personal constructs.  
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• What is the relationship between camaraderie 
and positive work aspects such as increased pro-
ductivity, better health through reduced occupa-
tional stress etc and negative aspects such as de-
viant behaviour and how do we determine cause 
and effect? Is camaraderie the ‘chicken’ or ‘egg’? 

 
• What impact does age and gender have on cama-

raderie? Does a 17 year old women apprentice 
decorator  have a different frame of reference to 
that of a 64 year old male retiring stonemason 
and what impact does this have on what consti-
tutes camaraderie/ 

 
• What is the propensity for ‘within’ trade / work-

group camaraderie compared to inter-trade? Spe-
cifically, do some occupations (i.e. steel fixers, 
carpenters, plumbers) have different experiences 
of camaraderie?  

 
• What impact will the routine activities under-

taken by individual trades have on camaraderie? 
It could be that ground workers (concreters, steel 
fixers) may find working conditions and welfare 
facilities less amenable than finishing trades and 
this may encourage  an ‘esprit de corps’ ? 

 
• Does the employment structure of the industry 

impact on camaraderie i.e. what impact does self 
employment or direct labour has? 

 
• Will the type of project (domestic, house build-

ing, commercial, civil engineering) have an im-
pact on camaraderie due to their inherent site 
specific environmental differences? In a recent 
study Dainty et al [2] found that operatives work-
ing on a new cancer research project exhibited af-
finity to towards the project outcomes. It could 
be argued that this affinity would also be appar-
ent within interpersonal relations amongst the 
operatives and may engender camaraderie? 

 
• What impact does supervision (project manager, 

foreman, clerk of works) have on camaraderie or 
is craft autonomy responsible for promoting 
these feelings? 

 
5. Conclusions 

Despite a paucity of empirical research into camara-
derie within the construction industry we see that it is 
an issue commonly associated with this sector and 
cited by insiders and outsiders alike. However, the 
topic requires exploration so as to lay a firm founda-

tion for future work. There is a need to uncover the 
variables before plotting them on a chart that will 
give assistance in steering the research through the 
four phases noted by Greenberg and Tomlinson [3]. 
Furthermore, we have chosen not to examine camara-
derie within the professional occupations in construc-
tion, although Ogunlana et al’s [4] paper did provide 
contrasting evidence of blue and white-collar con-
struction workers perception to humour on site.   
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Utilising classification of innovations to stimulate 
innovations in construction 

Lim Jay Na, National University of Singapore, g0203427@nus.edu.sg 
George Ofori, National University of Singapore, bdgofori@nus.edu.sg 

 
Innovations in construction may be classified in several different ways. To provide encouragement to construction 
firms in Singapore to innovate, this study had the aim of providing a practical approach to the classifications of in-
novation that is able to guide construction firms in their development of innovation strategies. From interviews with 
21 construction practitioners, this study found the profit maximisation goals of construction firms to be a major driv-
ing force of innovation. It was concluded that the classification of construction innovations should be in accordance 
with the types of benefits and returns that emerge from them, which makes the investments of money and effort in 
innovation worthwhile and effective. In addition, a co-operative partnership between clients and contractors is use-
ful for contractors to strategise their strategic direction and types of innovation. 

Keywords: Innovation, construction cost, profit maximisation 

 

1. The Role of national institutions  
in construction 

1.1 Overview 

Innovation is a useful tool for the development of an 
individual’s or enterprise’s competitive advantage. 
However, construction firms can afford not to inno-
vate because of the protection afforded by transport 
cost in site based projects [1]. In addition, as every 
construction project is at a new and different site and 
most often for a different owner, every project can be 
considered a prototype. Construction practitioners 
often interpret conventional construction practices 
and methods in new situations as innovative behav-
iour. However, there is no evidence of continuous 
improvements in the industry that such “routine inno-
vations” should have brought about. 

This study argues that the lack of a planned procedure 
in construction, which retains the know how for fu-
ture reapplication, does not allow the deliberation and 
investigation process to be defined as R&D and for 
the “invention” to be called an “innovation”. This 
study thus defines innovation as “the purposeful 
search for new knowledge and the systematic applica-
tion of this knowledge in production”, where system-
atic R&D processes should be a precedent of innova-
tion. This study thus intends to investigate a suitable 
classification of innovation that guides contractors in 
their innovation approach.   

1.2 Methodology 

To understand contractors’ views on innovations, in-
depth, semi-structured interviews were undertaken in 
this study. Three groups of actors were selected for 
the purpose of interviews: main contractors, national 

institutions and construction clients. Interviewees 
were selected through convenience sampling. The 
groups and stratums of interviewees are shown in 
Table 1. A total of 21 construction practitioners were 
interviewed.  

Table 1. Number of interviewees for each actor 

Group Stratum  Minimum number of inter-
viewees 

Small  3  
Medium 3  
Large 3  

Local Con-
tractors 

Total number of interviewees for 
“Local Contractors” 

9 

Foreign 
Contractors 

Total number of interviewees for 
“Foreign Contractors” 

3 

Clients Public 3  
 Private 3  
 Total number of interviewees for 

“Clients” 
6 

National 
Institutions 

Total number of interviewees for 
“National Institutions” 

3 

 Grand Total of Minimum number 
of Interviewees 

21 

 
2. Construction innovation by 

contractors 
Regarding innovation, firms are essentially seeking 
rents through either introducing a new product or ap-
plying a new production process [2]. Hence, the root 
problem of poor growth in any industry may be due to 
the repeated failure to capitalize on the power of 
profit incentives to induce productive efforts, invest-
ments and innovations [3].  
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Although profit is a possible driver of construction 
innovation by contractors, there are “costs” in acquir-
ing innovation. In general business theories, these 
“costs” are usually imposed on firms undertaking 
innovations. For business investments in innovation 
to increase, there must be adequate incentives to in-
vest [3]. Nonetheless, “cost” of innovation is often 
regarded as high for business in general and construc-
tion in particular. Therefore to provide a practical 
classification of innovation for the purposes of con-
tractors, the focus of this study’s interviews lies on 
the impacts of costs and profits on contractor’s deci-
sion to innovate. 

3. Results and discussions 
From the interviewees’ responses, the key finding of 
this study is that the responsibility of the finance of 
innovation is placed largely on the contractors. This 
issue proposes two further considerations. 

First, since the funding of innovations is largely based 
on the financial capacity of contractors, their percep-
tion of innovation risks plays a fundamental role in 
their decisions to innovate. Nevertheless, innovations 
provide potential profit and intangible returns, which 
make such risks practicable. 

Second, since the consumer’s willingness to pay for 
an innovation may reduce the financial burden of in-
novating contractors, the categorization of innova-
tions, in accordance with consumer’s willingness to 
pay for an innovation, plays a fundamental role in the 
innovation strategy of contractors. 

4. Recommended classification of 
construction innovation 

From the results of this study’s interviews, it is ob-
served that innovation in construction may be classi-
fied into three main categories: 

(i) Type 1 Innovations: Innovations which con-
sumers are willing to pay for.  

(ii) Type 2 Innovations: Innovations that reduce 
contractors’ construction costs.  

(iii) Type 3 Innovations: Innovations, which en-
compass intangible benefits such as a good 
reputation and high credibility, that provides 
contractors with sustainable competitive ad-
vantage.  

The difference between Types 1, 2 and 3 Innovations 
is that the first two are demand oriented while Type 3 
is supply focused. Hence, Types 1 and 2 form the 
basis of a reactive strategy while Type 3 supports a 
proactive and forward-looking strategy based on the 
needs of consumers. 

For contractors to maintain a sustainable turnover for 
Type 1 Innovations, there has to be a continuous re-
examination of the desires of consumers in order to 
derive the right signals of their level of satisfaction. 
Since clients are at the forefront of engaging with 
consumers, it may be useful for contractors to coop-
erate with clients to understand the demands and 
tastes of consumers to successfully strategise their 
innovations’ type and direction. 

5. Conclusions 
The results concluded that a key driver of innovation 
in construction is the profit maximisation goal of con-
struction firms. However, as innovation is a cost ex-
pense, the classification of the construction innova-
tion should be in accordance to the types of innova-
tion benefits and the returns from innovation that 
make the cost investments in innovation practical. 

From this study’s classification of innovations, it was 
also suggested that a co-operative relationship be-
tween clients and contractors is important in facilitat-
ing successful innovation strategies for contractors.  
Therefore, the findings from this study need to be 
augmented with further research aimed at the devel-
oping cooperative partnerships between contractors 
and clients. 
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This research is based on a MSc dissertation which sought to identify the formation of construction project managers 
in the UK construction industry. A number of factors were extracted from the literature review and were assessed by 
47 project managers via structured postal questionnaire. Results of the survey indicated that today’s PM generally 
holds an academic degree in engineering and practical qualifications such as HND and HNC. Result also shows that 
today’s PM is less prepared for the managerial demands. The most important skills/knowledge for CPM are: deci-
sion making, leadership, negotiation, chairing meetings, delegation, correspondence, team working and planning 
and scheduling. 
 
Keywords: project manager, education and training, experience, skill 
 
 

1. Introduction 

In the 1980s there was considerable growth in the 
provision of management education and training in 
the academic sector. Handy [2] states “the sense has 
now changed radically; no longer do British assume 
that anyone with any sense can manage anything” and 
Woodward [3] remarks that “more and more organi-
zations are recognizing the truth of the phase ‘Capa-
ble People: the heart of every project’, and this has 
been the moving force behind the steady expansion in 
the number of appointments of project managers, and 
the emergence of relevant education and training”. 

 
The discipline of project management continues to 
evolve over time. Today, the recognition of project 
management as a profession has spread across all 
business sectors, from construction to IT, from time 
based to performance and quality based, from discrete 
operations to management by projects. 

2. The changing role of construction 
project manager 

Since the Second World War, the construction indus-
try has been constantly changing to play a vital role in 
the UK. It is in the midst of great change – change in 
its customers, change in its competitors, change in the 
way that projects are produced and change in the 
technology that it uses [4].  

Within such a changing industry climate, project 
managers increasingly find themselves accountable 
not just for the technical content of the project as ex-
pressed by the engineering and construction accuracy, 
reliability of the facility, and within-cost perform-
ance, but also their managerial capabilities that are 
beyond their traditional responsibilities.  

After glancing through the construction project man-
ager’s role and responsibilities and establishing their 
changing role and how increasingly they are required 
to perform roles outside the traditional scope of pro-
ject management, it can be hypothesized that there is 
a strong need for a broad background in order for the 
project manager to fulfill his/her role. 

3. Methodology 
In order to achieve the research aim, this investigation 
took the form of three stages. The first stage included 
the collection of comprehensive review of the rele-
vant literature on the subject of the formation of con-
struction project managers, in particular, looking at 
the past work in this field. The literature review sets 
the foundation of the research work. It has provided 
the background required to carry out most of the work 
through out this dissertation. The second stage con-
tains survey of construction project managers. The 
third stage analyzed the data using the descriptive 
method of analysis.  

4. Analysis of the results 
This research showed that today’s project managers 
generally hold an academic degree in engineering and 
practical qualifications such as the Higher National 
Diploma (HND) and the Higher National Certificate 
(HNC). Their academic course contents are techni-
cally based with very little space for other highly 
needed subjects.  

With regards to further educational / professional 
qualifications, the data obtained in the survey indi-
cates that after their initial and predominantly techno-
logical jobs the career of engineers may progress to-
wards construction project management requiring an 
identifiable set of further knowledge and skills. 
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In accordance with the satisfaction of today’s project 
managers with the training opportunities available to 
them, the survey revealed a satisfactory response. 
Though a considerable proportion of the respondents 
had difficulties in getting time off the job to attend 
such courses.  
The survey established that project managers in con-
struction generally have to accumulate at least 5 years 
working-experience to attain the position of project 
manager. Over this 5-year period they would gener-
ally have passed through between 1-5 different posts. 
In addition, project managers acquire the requisite 
background experience on up to 10 projects before 
attaining this status.  
 
This research aimed to identify the most important 
skills/ knowledge for construction project managers. 
Analysis of the results, showed the following ranking: 
1. decision making, 2. leadership, 3. negotiation, 4. 
chairing meetings, 5. delegation, 6. correspondence, 
7. team working and 8. planning and scheduling. This 
finding indicates that the common ingredient in the 
range of skills necessary for effectiveness is the pro-
ject manager’s ability to communicate with others.  
 
In most cases the contribution of academic pro-
grammes to the development of project managers is 
rated lower than that of formal training they achieved 
while on the job. This is due to the fact that partici-
pant project managers have generally acquired some 
years of working experience. Accordingly, this makes 
their academic background far-off to their instantane-
ous positions and so they are unlikely to consider this 
background as having a direct impact on their forma-
tion and development. Similarly, the respondents’ 
emphasis on formal training was out-ranked by that of 
experience on the job. However this finding suggests 
that the formal training also have contributed to the 
formation of our construction project managers. 
Therefore this finding confirms that employers need 
to pay more attention and recognize the importance of 
such training courses.   
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This paper proposes and presents a methodology for the development of probabilistic designing tools, which are 
thought for application during the rough sizing phase of sustainable buildings, allowing designers to perform a trial 
or error approach. This procedure is then applied to develop a particular probabilistic model for the design of roof-
ponds for passive air conditioning of buildings. The whole model is made up of 16 interrelated Object Oriented 
Bayesian Networks (OOBNs), optimized through the use of sensitivity analysis and validated through numerical and 
experimental data. A designer can analyze, criticize and improve its preliminary project through the use of this 
multi-criteria probabilistic model, because he/she is aware of the causal relations among the involved variables. 
Through opportune validation the model is shown to constitute a valid procedure for complex system modeling.  

Keywords: Bayesian networks, sustainable design, artificial intelligence, roofponds.  
 

1. Introduction  
According to the standard attitude towards sustain-
ability, most of the times designers are provided with 
fixed typological solutions that impose upon them a 
lot of constraints in the stage of building drawing and 
few experts are available to assist them; therefore 
architects prefer to adopt traditional construction 
technologies instead of trying systems with a high 
risk of failure. That problem can be solved through 
the development of Object Oriented Bayesian Net-
works (OOBNs) [1], in the form of an intelligent sup-
port tool. This paper aims at explaining the potentials 
of such an approach through the construction of a 
probabilistic Bayesian tool applied for the modeling 
of roofpond technology.    

2. Probabilistic tools for roofpond 
modeling 

The probabilistic model is developed using the tool of 
Bayesian Networks. They consist of two parts: a 
graphical model and an underlying conditional prob-
ability distribution [1]. The graphical model is repre-
sented by a directed acyclic graph (DAG), whose 
nodes represent random variables, which are linked 
by arcs, corresponding to causal relationships among 
the previous ones and whose strength is quantified by 
conditional probabilities. The Bayesian explicit 
graphical representation provides a clear understand-
ing of the qualitative relationships among variables, 
allowing the user to reason about their causal correla-
tions. In addition, every node of a Bayesian Network 
can be conditioned upon new information, through 
the belief updating process deriving from the applica-
tion of the Bayes Theorem. It is supported towards 
any direction of reasoning:  

 

 

from causes to consequences (“predictive” reasoning) 
or from consequences to causes (“diagnostic” reason-
ing). Finally, Bayesian Networks own the precious 
property of updating upon new evidence: it can be 
formulated by substituting the prior probability distri-
bution with the probability distribution of the first 
event conditioned upon a set of old evidence and ap-
plying the Bayes theorem as in the previous case. In 
this paper we have chosen to build the probabilistic 
framework through the help of expert aids and then 
the parameters relative to conditional probabilities are 
estimated using the “sequential updating” method [2], 
that is a procedure to modify network’s parameters 
over time in order to improve its performances, and 
that allow the integration between two different kinds 
of information: the first deriving from approximated  
deterministic laws and the second from empirical or 
numerically generated data. In this paper an original 
procedure based on sensitivity analysis and case-
based reasoning is suggested, to find out the optimum 
ratio between the numerousness of the two sets of 
data to be integrated.    

Such an approach is applied for the modeling of the 
behavior of glazed roofpond sustainable technique. 
Roofponds are a form of high-mass construction sys-
tem basically for one-story buildings. A branch of 
research is  concerned with experiments on 
SkyTherm™ glazed roofponds, which are specifically 
designed for cooler climates and that are considered 
for the work in this paper: that system consists of a 
“ceiling pond” under a pitched roof (to resist snow-
falls), conventionally insulated on the north side, and 
with clear insulated glass on the south slope to collect 
solar energy. Glazed roofponds were successfully 
tested in Muncie, Indiana, to show that they are able 
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to make average internal temperatures closer to the 
comfort range than other sustainable techniques, in-
creasing them during the winter and decreasing them 
during the summer [3]. 

3.The model 
Once that all the conditional independences  stating 
among variables are explicated and the graphical 
structure is built, an iterative procedure to quantify 
the corresponding conditional probabilities was set:  

• a preliminary learning through the use of simpli-
fied deterministic relation was performed; 

• one first preliminary updating of the previous 
conditional probabilities with data collected 
through numerical simulations was carried out; 

• sensitivity analyses and case-based validations 
were applied for a first evaluation of the quality 
of the network; 

• an iterative refinement of parameters was exe-
cuted, adding further empirical information to the 
one already implemented on the second item, and 
evaluating it through sensitivity analysis and 
case-based reasoning, until a flat point was 
reached (no further improvements are allowed). 

The final whole network is made up of sixteen ele-
mentary networks connected one another using the 
tool of Object Oriented Bayesian Networks 
(OOBNs), each of them simulating a particular physi-
cal process. They were split into three main levels: 
the first include all the Bayesian networks relative to 
the computation of internal solar heat gains and sky 
temperature, acting as inputs for the second level; the 
second level is aimed at computing internal air tem-
peratures (means and swings) both for roof pond and 
reference buildings, working in heating and cooling 
modes respectively; the third level is made up of one 
huge model solving the decision problem of choosing 
the best combination of decision variables to optimize 
the project, through the adoption of an objective func-
tion. The refinement was used to prevent unreliability 
of the model, that could rise from quantification of 
conditional probabilities through the application of 
just an approximate numerical model. Sensitivity was 
evaluated for several probability updates (learning), 
computing the entropy values relative to several 
probability quantifications: the closer it is to zero the 
more sensitive is the network, thanks to the adding of 
empirical information. Once the model had been 
built, it was successfully validated comparing its re-
sults with the ones supplied by transient finite differ-
ence simulations. The authors have individuated three 
practical applications of the Bayesian reasoning 
within the architectural design profession:  

• support in the process of discerning the best 
choice among several likely building configura-
tions, each of them with its own constraints from 
an architectural point of view; 

• bottom-up reasoning, that is to say, querying the 
objective function for deriving the proper values 
that yield the highest utility for the particular is-
sue being considered, in order to reach optimal 
sizing of building parameters; 

• approximate sizing under conditions of uncer-
tainty: making inference also in the case of un-
certain distributions over several values. 

4. Conclusions 
In this contribution Bayesian Networks are shown to 
be a feasible support tool for rough sizing of roofpond 
buildings. It is possible to build those probabilistic 
models without renouncing to a friendly graphic in-
terface, being capable of quantifying conditional in-
dependences among variables and coping with very 
complex systems, thanks to the possibility to break 
down the whole process into simpler sub-processes. 
All the queries that could reasonably rise at the pre-
liminary stage of the project can be answered through 
the application of such a support tool. Thanks to the 
possibility to integrate knowledge of different kinds 
and to the possibility to handle rough data, this in-
strument can be considered as a great enhancement 
for the design of roofpond buildings and sustainable 
technologies. An iterative procedure, aimed at opti-
mizing the probability learning procedure through the 
application of sensitivity and case-based techniques is 
outlined, until the network reaches its flat point, that 
means a level of accuracy that cannot be further im-
proved through the use of the data at disposal. 
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In highly inhabited urban areas buildings are often located near big infrastructures or noisy systems that make re-
spect of the recently enacted European Directive 89/106/CEE a very ambitious task. The weak link in protecting the 
interior from exterior noise is represented by glazed surfaces, whose performances cannot be improved by the use of 
passive technologies, which are ineffective at low frequencies, where traffic, railway and airplane disturbances have 
the highest magnitude. This paper develops the ASAC approach, based on the reduction of structural vibrations and 
radiated sound. Through the use of an experimentally validated numerical model, several configurations for this 
control system were analyzed, showing how it is able to sensibly increase sound transmission loss of windows and 
analyzing the way they couple with interior acoustic fields.  
 

Keywords: sound transmission loss, ASAC, glazed facades, piezoceramic actuators, active control. 
 

1. Introduction 
The 89/106/CEE European Directive, has made pro-
tection against noise a compulsory requirement for 
buildings. As a consequence building envelopes  must 
provide the required acoustic comfort. In fact, glazed 
facades are the preferred path followed by disturbing 
noise from the exterior to the interior and are often 
not able to respect the strict limits imposed by stan-
dards and regulations, in spite of the adoption of very 
expensive passive means, which are laminated glass 
technology and double glazing [1]. Both of them can 
be useful for reducing noise transmission at high fre-
quencies, while determining no improvements at 
lower frequencies. It could be shown, through the 
application of those calculation methods regulated by 
the European standard series EN 12354:2000, that 
when a glazed element having a sound reduction in-
dex sensibly lower than opaque walls is installed on a 
building façade, it acts as such a preferred path for the 
sound from the exterior to the interior that improving 
the opaque envelope’s sound reduction index does not 
improve the overall STL of the wall, which in that 
case depends uniquely on the window’s perform-
ances. In this paper, the adoption of an active control 
system is suggested to prevent the drop of acoustic 
performances of glass panels at low frequencies, 
showing how it is capable of controlling the vibra-
tions of glazed panels and reducing the sound radiated 
as a consequence.  

2. Active control for glass panels  
Presently two main approaches are known for active 
control of sound [2]: Active Noise Control (ANC), 
where secondary waves interfere destructively with 
the disturbing noise, and Active Structural Acoustic 
Control (ASAC), when the source of noise is actively 

controlled through the reduction or modification of its 
vibration field, which is applied for the purpose of this 
paper, because it can be easily integrated in buildings, 
as it does not require the use of loudspeakers or error 
microphones in the receiving environment; instead 
ANC system needs an external microphone for distur-
bance monitoring, and internal error sensors and loud-
speakers for control purposes. Therefore the ASAC 
system is preferred by the authors, because both refer-
ence sensors and actuators may be placed on the 
glazed panels as source of interior noise, which would 
interfere less dramatically with visibility and it does 
not require the use of loudspeakers or error micro-
phones in the receiving environment. However there 
are not tested applications on glazed facades, and most 
of the experiments were carried out in the automotive 
and aeronautic fields of research [3, 4].  

Feedback ASAC systems are made up of the following 
components: sensors to detect vibrations; electronic 
filters to analyze signals from sensors in order to check 
the vibration field induced by disturbance; an elec-
tronic controller to manipulate signals from the sensors 
and compute the most efficient control configuration at 
the actuators level; charge amplifiers to drive the sec-
ondary actuators on glazed panels according to the 
outputs sent by the controller; actuators to control the 
vibration field of glazed panels. Opportune algorithms 
are implemented in the controller to optimize the actua-
tor actions. As far as concerns the choice of actuators, 
from a literature survey it was found out that two main 
typologies of PZT actuators are presently available on 
the market: piezoelectric patches and piezoelectric 
stack actuators. As the first is a rectangular shaped 
patch, it may interfere with visibility, instead the sec-
ond one is very small but the need a stiffener to work 
properly and is preferred by authors.  
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3. Experimental results 
A proper finite element model was developed in AN-
SYSTM environment for static analyses on stiffness 
computations (the magnitude of force necessary to 
produce a unitary displacement) for a simply sup-
ported stiffener. The extreme joints of the stiffener 
are supposed to be hinged to the window’s frame. In 
general, we can state that every time the reaction pro-
file stiffness is comparable with the one of the actua-
tors and much higher than the controlled system’s 
one, it gives back opportune reaction forces. The so-
lution successfully experimented is a rectangular 
cross sectional shaped steel profile, that supplies 
strong forces to the glass also for voltages under 50 
V, which do not constitute danger for people. Previ-
ous to the numerical analyses, it is necessary to set a 
proper finite element model. As test case a rectangu-
lar (1.4x1.0) m glass plate, 0.006 m thick, simply 
supported along its edges was chosen for numerical 
and experimental analyses. A numerical modal analy-
sis was carried out, and used to set the parameters of 
the finite element model through a comparison with 
the corresponding experimental results, where meas-
urements were carried out through a Laser-Doppler 
vibrometer. Then, it was assumed that the aforemen-
tioned rectangular simply supported window is 
stroked by a harmonic wave at 140 Hz, whose noise 
level is reasonably the one that could be generated by 
a lorry traveling at low distance and at a speed of 70 
km/h equals to 85 dB, and the  mode (1,3) is  the most 
excited. It was shown that applying three actuators 
along the minor axis, vibrating out of phase with re-
spect to the disturbance, the final vibration field am-
plitudes are strongly reduced. However the release 
produced from an acoustic point of view may be es-
timated only analyzing the effects inside a test room. 
For that reason the previously tested window was 
supposed to be installed on one wall of a test room 
having the following characteristics: plastered walls 
and ceilings and back stalls on moquette floor. As-
suming the same harmonic disturbing wave of 82 dB 
level and propagating at 140 Hz, like in the previous 
study, the resulting acoustic harmonic disturbance 
inside the room will have an average level of 66 dB, 
the minimum of 34 dB and the maximum of 78 dB. In 
case the window is controlled by the three stack ac-
tuators along the minor axis, with a consequent dec-
rement of vibrations, a strong decrement of acoustic 
pressure level is obtained: the maximum peaks drop 
from 78 to 63 dB, thanks to the reduction of vibration 
amplitudes generated by the actuators, with a final 
drop of 15 dB. The average and minimum values drop 
respectively to 53 and 32 dB. 

 

4. Conclusions 
Thanks to the application of an active structural 
acoustic control system, it is possible to strongly im-
prove the STL of window panels in the low frequency 
range: the presence of actuators drops dramatically 
the noise transmitted from the exterior to the interior, 
even if the disturbing wave is near its resonance ef-
fect. Coupling this system with laminated technology, 
that are effective at high frequencies, would allow to 
obtain good insulation properties all over the range of 
audible acoustic frequencies, determining an incre-
ment of transmission loss performances for the whole 
facade were such active controlled windows are in-
serted. In the particular case considered in this paper, 
where a relatively complex mode was excited, it was 
possible to obtain a sound reduction of the highest 
value up to 15 dB inside the chosen test room. More-
over it was shown that several technologic solutions 
are available for its installation on windows and that 
its functioning require the use of very low voltages, 
that cannot be considered dangerous for users. At this 
stage it is possible to conclude that the ASAC system 
is a feasible and effective solution for the improve-
ment of acoustic comfort inside buildings, therefore 
further research will be conducted to produce a first 
prototype of that active controlled window.  
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Systems for real time construction site management 
 

Berardo Naticchia, Alberto Giretti, Paola Giretti, Università Politecnica delle Marche, Ancona, Italy 
email: b.naticchia@univpm.it; a.giretti@univpm.it;  

 
This paper analyzes the scenario of automated building construction site management, pointing out the areas where 
new technologies like Radio Frequency Identification (RFID), Global Positioning System (GPS) and wireless net-
works could have significant impact. It introduces a general model of a building construction site that is suitable for 
automation purposes, and discusses its application to management, safety control and inspection support. The ad-
vantages and the limits of applicability of RFID, GPS and wireless networks technologies are then identified. Some 
implementation details in real construction sites will be also provided. 
 
Keywords: Building Construction, Construction Management, Safety, Mechatronic, RFID, GPS.

1. Towards the automated building 
construction facility 

Building construction sites are designed for making 
unique, large and often very complex products. The 
construction facilities are therefore nomadic and are 
custom designed. The management of a building con-
struction site is a very complex task, it requires a 
large number of controllers, that daily inspect the site, 
collecting information, so that the managers can be 
informed about the progress of the construction.  Re-
cently, a bounce of new low cost and highly standard-
ized technologies, like Global Positioning Systems 
(GPS), Wireless Networks and Radio Frequency 
Identification (RFID), and some research achieve-
ments in mechatronics provided the technological 
background for the development of innovative man-
agement scenarios for highly automated nomadic 
construction facilities. 

1.1 Information management 
The interoperability between building design and 
construction can be greatly improved by providing 
on-site access to technical documentation and by col-
lecting in real-time the data of construction progress.  
On-site exchange of technical documentation can be 
based on a client-server system that provides location 
and task-aware (adaptive) mobile computing (based 
on position tracking and wireless distributed commu-
nication) that allows:  

- retrieving and storing graphical and textual in-
formation related to the position and the orienta-
tion of the operator and to his current activity; 

- assistance for paths and objects findings; 
- assistance for communication with other opera-

tors and with a remote experts. 

This technological framework supports on-site in-
spections by providing technical drawings, bill of 
quantities, expected finishing time of works, and any 

other technical information contained in the central 
product data and work flow management system. It 
also supports tracking construction operation by al-
lowing field workers to automatically store progress 
information (e.g. reports, photos, videos, etc.) neces-
sary for later inspection/monitoring tasks and, even-
tually, for coordinating the following works on the 
same place. In this case, the system ergonomic should 
be carefully designed in order to minimize the distur-
bance of the workers’ activities (e.g. user interface 
that is customized for the task and the environment in 
which it is used, data input by “pointing and clicking” 
or speech recognition, visual and acoustical checks of 
user input, etc.).  

This technology enhances the effectiveness of man-
agement by providing efficient and reliable data col-
lection, facilitates the construction of “as-built” reli-
able document base that eliminates paperwork and 
errors, enables electronic processing of data and cre-
ates meaningful evaluations of the construction pro-
gress more efficiently. 

1.2 Safety 
One of the big challenges of an automated building 
construction site is the minimization of the risk of 
accidents traditionally related to construction. Statis-
tics show two main kinds of risks of accident in 
workplace: 

- risk related to environmental conditions: involv-
ing both machinery (e.g. possible erroneous set-
up, bad conditions of the components, etc.) and 
environments (e.g. terrain falling, etc.). 

- risk related to operational conditions: bad inter-
action among humans and objects/machinery 
(collision with mobile and fixed objects, workers 
trapped between objects, injuries caused by in-
correct use,  etc.), movement in complex, high 
rise paths (e.g. falling from falseworks, falling 
from rooftop, etc.).  
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Automation can significantly lower the risk of acci-
dent by means of three technologies: position track-
ing, of both workers and machinery, real-time com-
munication and on-site transportation of materials. 
Position tracking is used to trigger dangerous condi-
tions and to rise alarms that will be communicated to 
involved operators in real-time through point-to-point 
communication channels. On-site transportation of 
materials is aimed at minimizing workers’ moving 
across high raised risky paths. In general the topology 
of a construction site terrain is so complex and un-
structured, for example in comparison with the 
groundwork of an industrial production facility, that a 
complete automated supply chain of materials and 
tools is in general unfeasible. Nevertheless, move-
ments on falsework are one of the main cause of fal-
lings. Movements are mostly caused by tools and 
light material supply, since they are not usually pro-
vided by high load cranes. Furthermore falseworks 
are well structured working space. Therefore auto-
mated falseworks, able to move light materials and 
tools among its working levels are conceivable. 

3. Implementation issues 
Any implementations of automation policy for the 
construction site share some fundamental issues: 

- Identification: any automation systems is neces-
sarily based on the automatic identification its 
components. An automated building construction 
facility requires the possibility of automatically 
identifying workers, materials and tools. RFID 
technologies allow unique codes to be stored in 
electronic tags and red at distance. 

- Position and orientation tracking: in nomadic 
building production facilities the spatial ar-
rangement of works is rather sparse. Therefore 
tracking workers, tools and materials is a funda-
mental condition. In particular workers tracking 
requires both the identification of position and of 
head orientation. GPS can provides reliable data 
(5m of tolerance). 

- Distributed communication: in distributed pro-
duction lines fixed point-to-point communication 
is unfeasible. A communication system that is 
accessible from every point of the production fa-
cility and that can be dynamically routed to every 
other point is required. Wireless networks can 
suit the task. 

- Movements of materials and tools: perhaps the 
most challenging issue is automating the supply 
chain of materials and tools. Usually building 
construction cranes are few and applied to 

movement of large quantities of materials and of 
heavy loads. Light tools and small quantities of 
materials are mostly moved by hand. The un-
structured and dynamically changing ground 
walking paths of a building construction facility 
makes the automated supply of light materials 
and tools a challenging issue. In some places 
(e.g. falseworks)the structure of the working 
place is adequate and robots with specialized er-
gonomic can be designed to suit the specific task.  

The real time management framework requires a cen-
tralized server that is able to collect and share infor-
mation and to coordinate the management activities. 
Figure 1 show a client-server system where: object 
identification is based on the RFID technology using 
passive 13.4MHz tags; position tracking is based on 
GPS, and can be used either for workers and machin-
ery; orientation is determined by means of an elec-
tronic compass; the distributed communication sys-
tem is implemented by means of an high bandwidth 
wireless networks. 
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General contracting versus PCM: the Italian way 
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Ernesto Antonini, University of Bologna, School of Architecture, Cesena, Italy (email: ernesto.antonini@unibo.it) 
 
This paper intends to explain how Italy has interpreted, since 2001, the third type of European tender procedure 
introducing (through law 443 known as “legge obiettivo”) the role of “contraente generale”, improperly translated 
as general contractor. And how it has applied it to some 15 major contracts which have been let out so far without 
yet proper monitoring.  The objective is to demonstrate that the Italian way, compared with other European exam-
ples, lacks a clear transfer of risks and allocation of tasks.  
Methodology: Comparison between the Italian frame of reference and the content of the best specialised literature 
available abroad. 
Results: Recommendations on how to improve the Italian approach (adapting it to the new European directives) in 
order to better fit within the ppp framework including the adoption of pcm services to strengthen the skills of owners 
in  governing the construction process. 
 
Keywords: Building procurement, Project management, Construction management, General contractor, Turnkey 
method. 
 

1. Introduction 
The so-called “legge quadro” (law no. 109/1994) 
governs the award and execution of public works 
contracts in Italy.  

In addition, a recent new piece of legislation has sim-
plified the procedure for the award of strategic infra-
structure and industrial projects identified by the 
Government on an annual basis (law no. 443/2001, 
called “legge obiettivo”). 

A few months after the enactment of this law, the 
Italian Government has also passed the legislative 
decree no. 190/2002, which provides for a sort of 
“fast track” regulation for the aforementioned strate-
gic projects. 

This decree complements the “legge obiettivo”, intro-
ducing  and disciplining the “contraente generale”, a 
new player which has been modelled upon the Euro-
pean directive 93/37, interpreting the “third type” of 
tendering procedure: i.e. a figure which will be re-
sponsible for “the realisation, by whatever means, of 
a work corresponding to the requirements specified 
by the contracting authority”.  

“General contractor” is the usual and more common 
translation suggested by a large majority of authors 
for the Italian word “contraente generale”, but this 
apparently obvious correspondence does not help to 
draw a useful profile of it. 

Which kind of procurement process applies to the 
new player defined by law no. 443/2001 and legisla-
tive decree no.190/2002? A brief review of just few 
(and mostly positive) comments on this innovation 
offers a large array of opinions, lacking however any 
clear or univocal definition. the portrait of the “con-

traente generale” drawn from these different points of 
view does not yet emerge for the following reasons: 

- it is other than a “construction and management 
concessionaire” [5], despite the fact that: 

- its activity can easily bring this figure to the ppp 
definition, as adopted in the Commission paper 
Com (2004) 327 final (especially considering 
that the “contraente generale” must partially 
“pre-finance” a public work), although void of 
exploitation risk [6], and although: 

- it appears to be similar to a fixed-price turnkey 
contract with the awarding authority, according 
to a design, build, finance and transfer (dbft) 
scheme [3], even if: 

- it refers to an epc (engineering procurement and 
construction) scheme of contract with certain 
features ot its own [4]. 

 

2. Building procurement systems 
classification 

Following the classification established by Master-
mann and Perry for the purpose of assisting the clients 
in the selection of the most suitable building procure-
ment system, the possible options are the following: 

- Separated procurement systems or conventional 
systems 

- Integrated procurement systems 
- Management-orientated procurement systems, 

like management contracting, construction man-
agement and design and manage 

- Discretionary systems 
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3. Applying the classification to the 
“contraente generale” 

Two procedures seems to meet the “contraente gener-
ale” model closer than other procurement variants: 
the “Design & Build” scheme (especially in its vari-
ant know as “Fixed-price turnkey contract”) and the 
“Design and Manage” scheme. A deeper analysis 
allows to demonstrate than for different reasons, both 
these schemes -as usually adopted in international 
building procurement- do not meet the profile drawn 
by the Italian ad-hoc legislation of 2001/02.  

Then, in the italian “contraente generale” scheme 
remains ambiguous how the legislator has intended to 
reinforce the client position against the contractor, a 
goal which is generally achieved establishing means 
and measures of control during and after the construc-
tion phase. Thus resorting to services internationally 
known as pcm (project/construction management). 

4. Conclusions 
In Italy the application of the “legge obiettivo” has so 
far concerned the award of 15 large public work con-
tracts (including the eventual construction of the 
bridge across the Messina Strait) for a total amount 
close to 13 billion euros. But no evidence is yet avail-
able as to improvements which might derive to the 
procurement/management/construction process. Wait-
ing for such “feedback”, in the light of the recent 
change of Government and of the serious strains to 
the State budget, a pause in the experimentation of 
this new scheme seems advisable.  

If specific suggestions can be made, the first is the 
need to recognise that whenever a public client re-
quires “prefinancing” from a prospective contractor, 
it is an obvious case of ppp scheme in which  the pub-
lic private partnership should also extend to the phase 
immediately following construction: i.e. operation of 
the built facility. This seems essential not only to as-
sure that quality is delivered and checked trough time 
but also that the contractor has a larger (and longer) 
payment on which to rely in order to make advance 
payments to the client reasonally “bankable”. This is 
especially advisable if Italy wants to favour the 
growth of few general contractors large (and strong) 
enough to compete with counterparts from other 
European countries which, at the moment, by far 
outweigh them. In this aim it is essential that Italian 
public clients improve their management skills: to 
achieve this goal in the short term contracting authori-
ties should resort to the services of professional pro-
ject/construction managers (pcm) to help them gov-
ern the whole process and make sure that the works 
are delivered in time, at cost and with quality ade-
quate to the stated performance requirements. 
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The naivety of partnering assessments 
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Construction managerial literature often argues that gains are to be made by using partnering, in terms of reduced 
cost, reduced delays and/or increased quality. Voices have been raised to approach partnering in a more critical 
perspective i.e. to look at both advantages and disadvantages when investigating the phenomenon of partnering. This 
paper is an attempt to go in that direction. In order to assess the effects of partnering in valid way, the evaluation 
needs to (i) be based on project facts and not personal perceptions, (ii) make a comparative analysis including both 
partnering and non-partnering projects and (iii) control for other variables that affect cost and quality in order to 
extract the unique effect of partnering. The existing partnering evaluations, divided into surveys, case studies and 
comparative studies with many observations, does not fulfil all three conditions. Instead partnering should be evalu-
ated by a quasi-experiment or with a regression analysis and focus on quality and cost, the two variables that cre-
ates value.  

Keywords: Evaluation, Partnering, project success, quasi-experimental methods, regression analysis. 
  
 

1. Introduction 
The overwhelming part of the partnering literature is 
of optimistic nature. This can to a large extent be ex-
plained by the extensive amount of consultant litera-
ture with the purpose of selling the concept. More 
scientific work has also provided theoretical argu-
ments in favour of partnering accompanied by em-
pirical papers most often showing positive results. 
Voices have been raised to approach partnering in a 
more critical perspective [1,2] i.e. to look at both ad-
vantages and disadvantages when investigating the 
phenomenon of partnering. This paper is an attempt 
to go in that direction and sets out to review partner-
ing evaluations in construction managerial journals. It 
goes on providing principle suggestion for how these 
assessments can be improved. 

2. How should partnering be  
assessed 

In order to say something well founded about the ef-
fects of partnering in a construction project, three con-
ditions needs to be satisfied. First, it should be based 
on project facts. Project facts are as objective as possi-
ble and do not include subjective declaration of about 
the effects of partnering. Second, the evaluation must 
include a comparative analysis. To draw conclusions 
about the effects of partnering, these effects have to be 
compared to non-partnering projects in order to analyse 
if partnering has improved the outcome. Last, other 
affecting variables must be controlled for. Since con-
struction is a complex area with many variables that 
affect the outcome of a project, it is hard to extract the 
unique effect of partnering. In order to do so other 
variables have to be controlled for, i.e. ceteris paribus 
analysis. This can be done in different ways e.g. by 
statistical methods or by pair analysis.  

3. What has been said and done  
The existing empirical evaluations of partnering can 
be divided into surveys, case studies and comparative 
studies with many observations. None of the catego-
ries fulfils all the above conditions for good evalua-
tions. The surveys are based on questionnaires about 
people’s views and do not include a comparative 
analysis nor a control for other affecting variables. 
Case studies have a better chance of fulfilling the 
project fact condition as in-depth interviews are used. 
However none of the studies makes any comparative 
analysis nor has the ability to control for other affect-
ing variables. The comparative studies with many 
observations obviously make a comparative analysis 
but lack in project facts since they are based on ques-
tionnaires and does not control for other affecting 
variables.  

4. Improved assessment methods  
Two methods have the potential of fulfilling the con-
ditions. The classical experiment takes a random 
sample of people/objects and then randomly divides 
them into two groups. One of the groups get some 
kind of treatment (treatment group) but the other does 
not (control group) and conclusions can be drawn 
whether the treatment caused an effect. Often when 
wanting to evaluate some social programme or policy 
the evaluator does not have the privilege of getting to 
draw randomized samples to compare. Instead the 
treatment group is given, it appears “naturally” in 
society. Under such circumstances it has been sug-
gested that the quasi-experiment can be suitable for 
evaluation. The problem is then to find a match as 
good as possible to the predetermined treatment 
group concerning all relevant independent variables 
except the one you want to study. If matching is done 
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in a satisfactory way the study fulfils the condition of 
controlling for other affecting variables.  

Another way of satisfying the above conditions when 
studying the effects of partnering is to apply a more 
statistical approach. Instead of finding a “completely” 
matching control group, differences are accepted and 
the strategy is to control for the effects of the other 
factors by using statistical techniques. In its simplest 
form, a linear regression model that fulfils the CLM-
assumptions (classical linear model) allows frequen-
tist statistical inference to be drawn. In other words, a 
model can be constructed with variables explaining 
e.g. cost overruns in construction projects. Including a 
dummy variable for partnering generates an estimate 
for the unique effect of partnering on cost, holding all 
other variables constant. Just as in all empirical 
analysis, the regression analysis requires good data in 
order to draw conclusions and since the sample is 
randomly drawn, the method also satisfies the condi-
tion for a comparative study.  

5. What should be measured –  
a revision of project success 

Two methods that improve partnering evaluations 
have been presented but the question remains on what 
should be measured.  This is usually answered by the 
definition of project success, which in most cases 
includes time, cost and quality. Here an argument is 
made that time is only important if affecting the net 
present value of an e.g. infrastructure investment. The 
NPV is based on cost and quality. If for example one 
sub-contractor is five weeks ahead of schedule but his 
colleague, working on an independent assignment, is 
three weeks late the first contractors good work is 
unimportant as it does not affect the duration of the 
project. 

5.1 Defining cost, quality and time 
Cost and quality is defined as conforming to the pro-
cured price and quality level i.e. cost growth and con-
formance to requirements. Problem can arise when 
prices are inefficient, i.e. dumped or the contracted 
level of quality is too high/low. A way of handling 
this problem is to analyze the procurement situation. 
Given that time is measured by meeting schedule it 
will always affect the net present value. 

5.2 Measuring cost, quality and time  

A formal follow-up concerning the outcome of cost, 
quality and time in comparison to budget, contracting 
documents and schedule can be considered direct 
measurements of a project. In order to check that the 
initial level of the measurements is efficient a further 
analysis must be added. When direct measurements of 
cost and quality are not available, indicators of these 

are suggested to be the next best thing. The indicators 
should be seen as areas to study in order to form an 
opinion on their effect on cost or quality. It is sug-
gested that contract flexibility, additional work and 
disputes have an effect on cost and quality.  

6. Conclusions 
This paper has exposed flaws in the bulk of current 
partnering evaluations and provided improved meth-
ods. The regression analysis and the quasi-
experimental approaches are suggested as well-
founded methods to evaluate partnering, as they han-
dle the problems of comparativeness and other affect-
ing variables when measuring the effect on cost and 
quality. These two measurements are the most impor-
tant since they create value, while time should be in-
cluded if it affects the net present value. Indicators of 
the measurements are required in order to control for 
efficiency and since data sometimes are hard to find. 
This analysis should focus on contract flexibility, 
additional work and disputes should work. It should 
also be acknowledged that partnering in a longer per-
spective might have some effects besides cost and 
quality. These effects are intangible and aim at mak-
ing the industry more attractive and appealing to 
young people. How to conduct such a study has not 
been addressed in this paper. 
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The Singapore brand name in international construction 
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The construction industry in Singapore has secured large volumes of work in countries in South-East Asia, and in 
China, India, the Middle East and Central Asia. This is often attributed to “the Singapore brand name” which gives 
the firms a competitive edge. This “brand name” must be identified and properly defined to enable  firms to take 
greater advantage of it. This paper reports on a study which investigated the root of “the Singapore brand name” 
with reference to international construction. It is based on  interviews of senior practitioners. It is found that the 
brand name is real. Action  is required to develop the brand name further, and to shape it to respond to changes in 
the overseas markets of Singapore construction firms.  
 

Keywords: branding, export performance, country factors, firm factors, further development 
 
 

1. The research question 
 

This study sought to find out whether: (a) engineering 
and construction (E&C) firms derive special competi-
tive strengths from features of their countries of ori-
gin; (b) E&C firms are distinguished by identifiable 
factors relating to their home countries; and (c) there 
is “a brand name” for Singapore E&C firms from 
which they derive competitive strengths and advan-
tages. The objectives of the paper are to: (1) explore 
factors which have contributed to the strengths of 
Singapore firms overseas; (2) determine the weak-
nesses of the E&C firms; and (3) establish whether 
there is a Singapore brand name for E&C firms, and if 
there is one, suggest measures for developing the 
brand name and building upon it.  
 

The 22 interviewees were Chief Executive Officers or 
Senior Managers of building firms, design firms, 
quantity surveying firms and financial institutions. 
Also interviewed were the Presidents of three profes-
sional institutions and trade associations, and Senior 
Managers of statutory boards promoting construction 
exports. 
 

2. Singapore brand name 
 

Cuervo and Low [1] urge Singapore transnational 
construction companies to guarantee “the quality of 
works to foreign clients to maintain and enhance fur-
ther the reputation of the firm and contribute posi-
tively to the Singapore brand name”. What is the Sin-
gapore brand name with respect to engineering and 
construction? What are its sources? How can firms 
utilize it most beneficially? How can it be developed 
further? 
 

Various national leaders have referred to “the Singa-
pore brand name”. The Minister for Trade and Indus-
try, noted: “We should build on our good reputation 
in the world for reliability, integrity and competence. 
The Singapore brand name is a major asset we own in 

common” [2]. Deputy Prime Minister Dr Tony Tan 
said: Singapore should not waste the opportunity to 
“build on the very good brand name” it already has in 
Turkey [3]. President S.R. Nathan of Singapore con-
sidered “values based on the foundations of integrity, 
excellence and meritocracy” to be “well-associated 
with the Singapore brand name” [4]. A Minister of 
State noted [5]: 
 …one of our undoubted competitive advantages is 
our trustworthiness – it is a vital part of our Singapore 
brand ... When I met officials in Hyderabad, India, 
they were very keen for our Singapore companies to 
develop townships there. They told me that with Sin-
gapore, they know they will get what they contract for 
– not just the physical buildings but value and no 
elastic extension of completion time…Our Singapore 
name is held in such high regard, that it is becoming a 
trusted reference used by many other countries and 
companies...We should thus guard this… brand name 
jealously as it is a competitive attribute that cannot be 
easily commodotised like widgets or copied like tax 
incentives.  
 

3. Conclusions, recommendations  
 

The study showed there is a Singapore brand name 
which contributes significantly to the competitiveness 
of its E&C firms. The sources of this brand name are: 
(i) the overall reputation of the nation in terms of its 
government and people; (ii) the national policy and 
regulatory regime which influences the practices and 
procedures of the firms; (iii) the volume, types and 
quality of the national stock of buildings and infra-
structure; (iv) the track record of the E&C firms at 
home; (v) special niches the E&C  firms have devel-
oped which are peculiar to the country; (vi) the firms’ 
performance at home; and (vii) the firms’ perform-
ance and reputation on projects they have undertaken 
abroad. From this study and the relevant literature, it 
may be concluded, at the broad level, that “the coun-
try makes the construction firm”.  
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The study also identified several weaknesses in Sin-
gapore E&C firms. For example, there are collective 
weaknesses from the national E&C brand name, con-
sidering the same features which constitute the brand, 
as well as gaps in the development of the domestic 
industry and market. A collective (national) brand 
name is not the only source of competitive strength 
for the individual E&C firm as it operates abroad. 
Moreover, each firm must take its own internal meas-
ures to benefit from the national brand name. Fourth, 
the brand name should be further developed to extend 
and to deepen it. 
 

The Singapore E&C firms should contribute to the 
enhancement of the Singapore brand name through 
better firm performance on each project they under-
take at home and abroad. The professional institutions 
and trade associations should also take concerted col-
laborative initiatives towards the continuous devel-
opment and improvement of the brand name at the 
industry level. The government and the E&C industry 
should also identify and address the weaknesses 
which the Singapore firms face owing to the brand 
name.   
 

Some contributions to the literature may be drawn 
from the findings. First, the ‘total’ strengths and 
weaknesses of the models of international business 
competitiveness such as Porter’s [6] diamond frame-
work are important. The elements in the models 
which are often highlighted, should be integrated to 
form one set of national characteristics, group of 
products, systems, expertise, and total solutions dis-
tinguishing the firms from a particular nation. The 
study shows that the reverse of the “spearhead strat-
egy” proposed by Huovinen and Kiiras [7] is also 
true; factors which make a host country’s E&C mar-
ket difficult for foreign firms to penetrate may also 
provide the home firms with features which enhance 
their competitiveness overseas; these may combine to 
form a national brand name.  
 

Further research is required. A framework for identi-
fying the features of the brand name of a country’s 
E&C industry is required. It would enable firms from 
the country to identify and build on their sources of 
strength, and firms from other countries to identify 
suitable business partners and allies. If similar studies 
are undertaken in other countries, the building blocks 
of a concept of international competitiveness of E&C 
firms based on a brand name can be developed. Stud-
ies on how a nation can brand itself from the E&C 
view may also be undertaken.  
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The growth of China construction industry is amazing. The globalization forces trigger the inevitability of openness 
of construction market of China with the commitment of APEC (Asian and Pacific Economic Cooperation) and WTO 
(World Trade Organization). This study attempts to investigate the progress of the market openness by examining the 
new regulations on administration of international AEC firms and the tender awarding practice. The results reveal 
that the current hindrances of international AEC firms to access China’s construction market from the legal and 
practical aspect still exist but the globalization implication urges the progress of the construction market openness 
both in legal and practical aspect. 
 
Keywords: Globalization implication, Openness of China’s construction industry, Legal environment, 
Tender awarding mechanism. 

 
1. China’s construction industry and 

its globalization tendency 
In new millennium, China intends to create an in-
vestment environment with openness, fairness, trans-
parency to attract international Architecture Engineer-
ing and Construction (AEC) firms as well as to direct 
indigenous AEC firms to venture in international 
markets. However, currently Chinese construction 
industry is partially open to foreigners. Under the 
globalization tendency, China’s Construction market 
will open sooner or later.  This study attempts to in-
vestigate the progress of the market openness by ex-
amining the new regulations and the tender awarding 
practice (Regulations on Administration of Foreign–
Invested Construction Enterprises (Decree No. 113), 
Regulations on Administration of Foreign-Invested 
Construction and Engineering Design Enterprises 
(Decree No. 114), Regulations on the Management of 
Foreign-funded Urban Planning Service Enterprises 
(Decree No. 116).  

China’s construction industry is the world’s second 
largest after the U.S, with total output value of RMB 
1.3 trillion (US$151 billion) in 2000 [1]. China con-
struction industry’s growth is amazing. The annual 
output growth of the building construction segment 
was 11.64% in 1998-2001 and it is more than the an-
nual GDP growth, 6.98%. If the Chinese construction 
industry continues to grow at 10-12% per annum in 
the years ahead,  China’s construction output is ex-
pected to increase to about RMB 5.8 trillion (US$700 
billion) by 2015, overtaking the US construction mar-
ket to become the world’s largest construction market 
[2]. The booming construction industry calls for the 

global co-operations because that it is very unlikely 
for one country to excel or even be self-sufficient in 
the various construction components of finance, tech-
nology, management, material, and labour. With the 
commitment to WTO and APEC, the China’s con-
struction market would open sooner or later.  

2. Current characteristics of access-
ing China’s construction industry for 
international AEC firm, legal aspect 

Ministry of Construction and Ministry of Foreign 
Trade and Economic Cooperation jointly issued 
Regulations on Administration of Foreign–Invested 
Construction Enterprises (Decree No. 113), Regula-
tions on Administration of Foreign-Invested Con-
struction and Engineering Design Enterprises (Decree 
No. 114) Regulations on the Management of Foreign-
funded Urban Planning Service Enterprises (Decree 
No. 116) in last few years. These latest regulations 
depict the relevant legal entry hindrance as well as 
new enablers for international AEC firms.  

For international AEC firms, Decree 113, 114, 115 
contain the relevant articles for the requirements of 
certificates but with non-recognition of foreign pro-
fessional qualifications. Article 12 of Decree 113, 
Article 14 of Decree 114 stipulate the total capital 
contribution of the Chinese party to a Sin-foreign 
equity construction/construction and engineering de-
sign joint venture or a Sino-foreign cooperatively 
construction/construction and engineering design 
joint venture shall not be less than 25% of the regis-
tered capital. Although the foreign parties are allowed 
to remain the majority ownership, the ownership per-
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centage of Chinese party is still under dominated mi-
nority. Article 12 of Decree 113, Article 14 of Decree 
114 stipulate the total capital contribution of the Chi-
nese party to a Sin-foreign equity construc-
tion/construction and engineering design joint venture 
or a Sino-foreign cooperatively construc-
tion/construction and engineering design joint venture 
shall not be less than 25% of the registered capital. 
Although the foreign parties are allowed to remain the 
majority ownership, the ownership percentage of 
Chinese party still has some limitations for ensure its 
dominated minority.  

3. Current characteristics of accessing 
China’s construction industry for inter-

national AEC firm, practice aspect 
The most common method of China’s competitive 
bids practice is the multiple criteria tender assessment 
methods (according to “Law of Bidding and Tender-
ing” (National People’s Congress,2000) and “Regula-
tion on the committee and methods for evaluating 
bids”(National Development and Reform Commis-
sion, State Economic & Trade Commission, Ministry 
of Construction, Ministry of Railway, Ministry of 
Communications, Ministry of Information Industry, 
Ministry of Water Resource, 2001))  This is because 
the evolution of construction cost system is in the line 
with China’s transforming from the purely planned 
economy to a market-oriented system within a social-
ist context. 

The multiple criteria bid evaluation method includes 
the tender price as one of the criteria [3]. In summary, 
with the considerations of the contracting scope limi-
tations for various entry modes, there is the different 
practice in China for awarding construction contracts: 
lowest tender awarding for wholly ownership foreign 
contractor, multiple criteria subjective contractor se-
lection system for domestic contractor. The multiple 
criteria tender evaluation method reflects the China’s 
characteristic, partial competition instead of full com-
petition of China’s construction industry. The lowest 
tender price could be invalid if the difference between 
the benchmark tender price and the bid price is more 
than 5%. As many small or medium size state-owned 
construction companies have no competition strength, 
therefore, removing some competitive tender prices is 
protecting for local construction companies. Excep-
tion is some projects funded by international organi-
zations. For example, the Lubuge hydraulic power 
station project sponsored by the World Bank attracted 
five international contractors including two Chinese 
contractors to tender. Ultimately, Japanese contractor, 
Taisei Construction Cooperation won the project be-
cause of the lowest price [7]. 

4. The movement to the inevitability 
of the openness of China’s construc-
tion market under the globalization 

tendency 
The commitments to the WTO and APEC to open the 
China’s construction market have some legal and 
practical reflections in this tendency. In the line with 
nation treatment of WTO, new regulations (Decree 
113,114,115) removed the old limitations of “enter-
prises which foreign equity retain majority ownership 
shall undertake the same percentage foreign contract-
ing business” in the old regulation. As part of its 
WTO commitments, China agreed to permit wholly 
foreign-owned enterprises to expand the working 
scope by December 2006. The international practice, 
in recent years, the evaluation of tenders has trans-
ferred from being based solely on price to the inclu-
sion of other factors. The current revolution of the 
China’s multi-criteria subjective evaluation system to 
minimize the bias and select the most suitable but not 
the lowest tender price candidates are on the line with 
this tendency. 

5. Conclusions 
The discussion results of the legal and practical per-
spective of the openness of China’s construction mar-
ket under the globalization tendency appear to reveal: 

• The current hindrances of international AEC 
firms to access China’s construction market from 
the legal and practical aspect still exist.  

• The globalization implication urges the progress 
of the construction market openness both in legal 
and practical aspect. 
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Construction is an important part of global economy affected by and affecting all parts of the globe. However, little is 
known about the specific characteristics of the construction industry’s culture and how it differs between countries. This 
paper reports part of the study performed within a major research project which has been carried out in collaboration 
with CIB TG-23 “Culture in Construction”. One of the aims of this exploratory study is to measure the organizational 
cultures of contracting firms within the context of the Turkish Construction Industry. In the study, Cameron and 
Quinn’s Organizational Culture Assessment Instrument (OCAI) was used to diagnose organizational culture of the con-
tracting firms. A total of 723 professional from 107 firms rated their own organization’s culture. The results provide 
empirical evidence of organizational culture of the contracting firms in Turkish Construction Industry.   

Keywords: organizational culture, OCAI, Turkey, contracting firm 
 

1. Introduction 
The number of research studies focusing on the or-
ganizational culture in the Construction Management 
(CM) field is increasing steadily, however, Ankrah 
and Langford [1] mentions that the concept of organ-
izational culture is only now beginning to attract in-
terest. Despite the substantial amount of research 
demonstrating the importance of cultural issues in the 
construction industry [1],this young and relatively 
immature literature, where the level of theoretical 
abstraction is yet very low [2], is far from addressing 
all dimensions of the issue. 
This paper reports part of the study performed within a 
major research project which has been carried out in 
collaboration with CIB TG-23 “Culture in Construc-
tion”. The main stimulus of this exploratory study is to 
measure the organizational cultures of contracting 
firms within the context of the Turkish Construction 
Industry. 

2. Nature of organizational culture 
The concept of culture, originated in the field of an-
thropology with more than 160 different definitions 
[3], is one of the most elusive terms in the organiza-
tional studies [4].  

Focusing on the relationship between the organiza-
tional culture and performance, Barney [5] defines the 
term as “a complex set of values, beliefs, assump-
tions, and symbols that define the way in which a 
firm conducts its business”.  

A number of researchers investigated the relationship 
between culture and various organizational aspects; 
however, there still is a need for more empirical research 
for a complete understanding of organizational culture; 
which constitutes the main purpose of this study. 

3. Research design 
Measurement of culture represents difficulties, par-
ticularly in respect of the identification of cultural 
groups and boundaries. This is further complicated by 
the nature of the construction industry in which pro-
jects are temporary and participants are subject to the 
values and beliefs of their employing organization, 
professional groups and project organizations.  

In order to be compatible with the studies conducted 
in other countries participating in the CIB TG23 re-
search, Cameron and Quinn’s [6] “Competing Values 
Framework” (CVF) as well as their measurement tool 
named “Organizational Culture Assessment Instru-
ment” (OCAI) are adopted as the conceptual para-
digm for analysis in this study. 

3.1. The competing values framework 

The CVF is based on two major dimensions and four 
main clusters. The first dimension emphasizes the 
organizational focus (internal versus external), while 
the second one distinguishes between the stability and 
control and the flexibility and discretion. Cameron 
and Quinn [6], identifies four quadrants, each repre-
senting a different set of organizational culture orien-
tation: (i) clan, (ii) adhocracy, (iii) market, and (iv) 
hierarchy.  Theoretically these all four cultural types 
exist simultaneously in all organizations; therefore 
archetypes may be used to describe the pattern of the 
organizational culture [7]. In order to diagnose the 
dominant orientation of an organization, Cameron 
and Quinn [6] developed an instrument known as 
OCAI, which consists of six different questions which 
are relevant to the key dimensions of organizational 
culture: (i) dominant characteristics, (ii) organiza-
tional leadership, (iii) management of employees, (iv) 
organizational glue, (v) strategic emphases, and (vi) 
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criteria for success. Each question has four alterna-
tives representing different cultural orientations mak-
ing a total of 24 questions [6].  

3.2. Sampling and data collection  
Unit of analysis for this study is the contracting firms 
in the Turkish Construction Industry. A number of 
265 firms were contacted, and only 107 of them- in-
cluding the 12 largest contracting companies in the 
industry- participated in the study, giving a response 
rate of 40.38. A total of 723 individuals from 107 
firms involved in the study representing different 
managerial and non-managerial levels. 

Data were collected through a questionnaire survey 
divided into two main groups. Section A consisted of 
questions identifying ecological factors such as firm 
age, firm size, client type, etc. This part of the ques-
tionnaire was directed only to the executive managers 
of the firms participated in the study. Based on the 
OCAI, section B focused on the organizational cul-
ture of the firms. In this section, all respondents were 
asked to rate their organizations’ culture on a 5 point-
Likert scale. Overall culture of each organization is 
calculated by finding the average score of all respon-
dents from the organization.  

4. Analysis of the results  
The results show that “hierarchy” is the most frequent 
(43 %) culture type in the sample, while the other 
internally-focused culture type in the framework, clan 
culture, is the second (35,5%) appearing one. The 
least emerging culture type is the “adhocracy culture” 
(7,5%). 

Focusing on the strength of the dominant culture type 
in the sampled organizations, which is related to the 
number of points assigned to each culture type; it is 
found that clan (3,62) and hierarchy cultures (3,66) 
have almost same scores, in other words have the 
same strength. Findings revealed that no significant 
differences existed among the scores of different age, 
size, market or client groups.  

Except for dominant characteristics, which empha-
sized the market culture, all dimensions of organiza-
tional culture seem to be in line with the overall or-
ganizational culture profile of the sampled organiza-
tions, dominated by clan or hierarchy cultures. This 
finding indicates the existence of cultural congruence 
in the sample, which is supposed to be positively re-
lated to the organizational performance [6]. 

The findings presented here indicate that the compa-
nies in the Turkish Construction Industry; (i) are result 
oriented, where people are very competitive, (ii) have a 

leadership style that exemplifies coordinating, organiz-
ing and smooth-running efficiency, (iii) have a man-
agement style which is characterized by team work and 
participation, (iv) are organizations where commitment 
and mutual  trust is high, (v) emphasize permanence 
and stability, and (vi) define success on the basis of 
efficiency, where dependable delivery, smooth sched-
uling and low-cost production are critical.  
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Economically, very significant phase in the life of each construction project is its execution. This is why a need arises 
for knowledge of cost allocation during the construction phase. The paper will analyse several dozen executed con-
struction projects, distinguished by the type of facility; the database consists of executed buildings, tunnels and mo-
torway sections. Statistical processing of the database will show a certain pattern in respect of cost allocation over 
time, depending on the type of the executed facility. Based on regression analysis and the pattern observed, a cost 
allocation forecasting model has been defined for each of the three facility types from the database. The research 
results are displayed in the form of regressive mathematical expressions and the accompanying graphics.  
 
Keywords: construction project, time, cost distribution 
 
 

1. Introduction 
Research of cost allocation over time in construction 
projects represents a current topic in which a part of 
the research is focused on analysing the pattern of 
relations between these variables during the early 
stages of the project, i.e. examining the possibilities 
of applying the S-curve in the area of certain activi-
ties and problems.  

Insight to the practices and review of the existing 
research shows that there is no methodology in Croa-
tia suitable for modelling of variant forms of relations 
between costs and time in construction projects or the 
associated adequate approach to management of the 
risks contributing to significant exceeding of the 
originally planned costs and deadlines.  
 

2. Current status 
Construction project management includes planning 
(determining the goal) and control (comparing the 
works actually performed in relation to the plan). 
Various methods are used for planning and control, 
which should often be applied because the conditions 
of a construction project vary constantly, and a spe-
cial role should be assigned to management of the 
finance because it represents one of the most impor-
tant management functions. Cash flow management 
based on forecasting, control and updating is very 
important at both the company level and the project 
level, because the cash flow at the company level is 
actually the aggregate of cash flows of individual 
projects, while the financial estimates should be made 
in all phases during the project. When details such as 
the dynamic plan, materials declaration and cost 
schedule are available (containing the prices and 
quantities), the cash flow should be planned. 

3. Database display 
For better comparison and analysis, research was lim-
ited to collection of data, which could be classified 
into one of the three predetermined categories. The 
first category contains data on projects involving con-
struction of buildings (ground floor + four floors). 
The second category comprises data on tunnel con-
struction projects, while the third category contains 
data on civil engineering projects - construction of 
motorway sections (just the alignment, without the 
facilities).  The projects covered by the research were 
performed in the period between 1991 and 2004. 

The data on construction projects were collected via 
questionnaires and by interviewing the participants in 
construction – the contractors, supervising engineers 
and investors. The key elements in data collection 
pertained to:  

• the agreed price of construction 
• the agreed time of construction 
• the actual price of construction 
• the actual time of construction 
• causes of exceeding the price of construction 
• causes of exceeding the time of construction 
• monthly collection of payments for the 

works performed 

The data were collected via questionnaires completed 
by the investors, contractors or supervising engineers 
separately for each project. 

Data for a total of 63 facilities were collected in 3 
different categories:  

• High-rise buildings, 
• Tunnels, motorway sections, 
• Alignment without the facilities 
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4.  Assessment of database results 
for the buildings constructed 

In this chapter, statistical database indicators for high-
rise buildings, tunnels and motorway sections are 
described and presented. 

Mathematical expressions for forecasting the s-curve 
on the basis of data collections are also defined. The 
time-cost relationship is defined for the actual situa-
tion and not the planned one, including or excluding 
the influence of risks, which is why two s-curves 
must be defined: s-curve Y' which includes the risks 
and s-curve Y which does not. In order to modify the 
Y' to form the Y s-curve, the data concerning the av-
erage modification of cost (∆v) and time (∆t) are 
used. 

The polynomial curve of the displayed form proved 
best in this cases: 
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5. Conclusion 
Data on 63 construction projects were collected. In 
respect of the type of facility, the projects are classi-
fied into three categories. 

In addition to the basic data about the facilities – type 
of facility, time of construction, agreed and actual 
costs of construction, agreed and actual time of con-
struction.  Data was also collected about the monthly 
(allocated) costs of execution, based on which data 
was obtained for production of a time-cost curve for 
each of the executed projects. 

Furthermore, data was collected about the risk factors 
and their impact on the final price of execution and 
the overall duration of construction. The results were 
obtained by interviewing various participants in the 
construction process (supervising engineers, inves-
tors, designers and contractors), who defined the type 
and intensity of risk impact during execution of con-
struction projects.  
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Establishing international joint ventures (IJVs) have become one of the most widely used strategies for construction 
companies to exploit business opportunities and expand their activities abroad. Despite their dramatic growth, 
achieving high levels of IJV performance is difficult in the construction industry. Although, motives, partner selec-
tion strategies, structure, benefits, risks and critical success factors for IJVs are extensively discussed in the litera-
ture, there is no agreed way of measuring performance. The aim of this paper is to critically review the findings of 
previous research on performance indicators. For this purpose, previous work is categorized according to the type 
of identified performance measure(s). Only an adequate combination of criteria may allow assessing the multidimen-
sionality of performance, which requires an understanding of the links between performance at the project, IJV and 
each partner company levels. In order to bring together these different dimensions, a multi-dimensional performance 
indicator has been defined.   

Keywords: International joint ventures, performance assessment, performance indicators. 

 
1. Introduction 

Joint ventures (JVs) offer a unique opportunity of 
combining the distinctive competences and the com-
plementary resources of participating firms. Such 
combinations provide a wide range of benefits that 
neither participant might be able to attain on their 
own [1]. Through the formation of international joint 
ventures (IJVs), companies are able to exploit busi-
ness opportunities and enter new markets abroad. 
However, the benefits associated with IJVs are coun-
terbalanced by a wide range of problems. The failure 
rate of IJVs, in general, is high [2]. Since IJVs consist 
of three entities, such as two parents and the JV or-
ganization itself, these entities may have different 
goals, management practices and organizational cul-
tures and it becomes difficult to manage these organi-
zations and achieve critical success criteria. Yet, there 
is no consensus on how to define and measure per-
formance in IJVs. In this paper, current state of 
knowledge on performance indicators will be dis-
cussed and a multi-dimensional performance indica-
tor will be proposed. 

 

2. International joint ventures 
JVs have received a great deal of attention from re-
searchers over the last few decades primarily because 
of their importance as a strategic alternative in global 
competition [3]. Although there is considerable 
amount of research in this area, assessment of JV per-
formance has been problematic and efforts to identify 
variables associated with IJV performance have been 

constrained by disagreements regarding the compara-
bility and reliability of alternative performance meas-
ures and methods [4]. A major difficulty in evaluating 
the success is due to the inability to define common 
performance measures which are valid for all IJVs. 

2.1. Assessing the performance of IJVs 

Measuring JV performance has always created diffi-
culty for researchers because performance is a com-
plex and multi-dimensional phenomenon. There are 
two main difficulties in evaluating the success of 
IJVs; first one is about deciding on whose perform-
ance should be assessed, namely the parent firms, JV 
itself or the operation/project and second one is about 
deciding on which measures to use as performance 
indicators.  

2.2. Performance indicators 

In their summary of prior empirical research, Ger-
inger and Hebert [4] categorized extant studies into 
three groups depending on a variety of criteria used to 
assess IJV performance: financial indicators, objec-
tive measures and subjective assessment of satisfac-
tion. Financial measures include various measures of 
profitability, growth and cost position. Frequently 
used objective measures include contract stability and 
longevity of the strategic alliance. Due to potential 
limitations and difficulties associated with the ability 
of financial and objective measures to reflect the real 
performance of IJVs, several researchers turned their 
attention away from objectivemeasures towards sub-
jective measures of parent managers’ satisfaction with 
IJV performance [3, 5, 6]. 
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3. Performance measurement model 
for international construction joint 

ventures 
In this research, an ICJV is defined as a new organi-
zation, which is formed between two or more con-
struction companies from different countries to real-
ize some common objectives through a construction 
project. Since construction industry has a unique na-
ture among other industries, it is more difficult to 
define and measure performance in construction pro-
jects.  

Within the context of this study, a performance 
measurement framework and a 3-dimesional con-
struct are proposed to measure ICJV performance. 
These 3 indicators measure different aspects of an 
ICJV. “Partner performance” defines the organiza-
tional success of the partners; “project performance” 
describes the success of the project; and “overall 
satisfaction” indicates the level of perceptions of the 
partners about the JV. 

Partner performance, which points out the organiza-
tional success, measures the extent the preset organ-
izational objectives are realized at the end of an ICJV. 
Project performance is defined as the extent the pre-
defined project objectives are realized. Overall satis-
faction is the last indicator of an ICJV performance, 
which defines the degree of satisfaction of the parents 
with the JV and which is believed to provide a gen-
eral idea about the success of the partnership beyond 
all financial and objective criteria.  

The proposed multidimensional performance con-
struct is supposed to reflect all the aspects of an ICJV, 
including the company objectives, project targets and 
degree of satisfaction, all of which may be considered 
as success indicators that measure the performance of 
an ICJV in each stage of the JV organization such as 
pre-formation, operation and termination. 

 

4. Conclusions 
Due to their increasing strategic importance in global 
competition, JVs have been receiving considerable 
attention from the researchers. Despite their synergis-
tic effects, such international collaborative arrange-
ments are very complex to manage successfully as far 
as the different and sometimes conflicting objectives, 
cultures and organizational structures of parent com-
panies are concerned. So, it is not surprising that the 
failure rate of IJVs, in general, is high.  

Evaluating the success of an IJV is difficult due to the 
disagreements on the definition and the measurement 
of performance. It is certain that to obtain a complete 

understanding of performance, researchers should use 
multidimensional constructs as performance meas-
ures. Performance of parent firms as well as the op-
erational success should be measured. Similarly, 
long-term objectives should be considered in addition 
to the short-term objectives.  

Within the context of this study, considering the 
unique nature of the construction industry, a concep-
tual performance measurement model is proposed and 
a multidimensional performance indicator has been 
defined. Three dimensions of performance indicator 
are the “partner performance”, “project performance” 
and “overall satisfaction”. However, the validity of 
the model and the performance indicator have not 
been proved yet, as the data collection process is still 
on-going and statistical analysis has not yet been 
completed.  
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Many companies are still reluctant to undertake knowledge management initiatives because of the difficulty in estab-
lishing a sound business case. In an effort to overcome this issue, this paper aims to provide some insights on devel-
oping a business case to manage knowledge in construction organisations. The paper aims to address this necessity 
by providing some insights on developing a business case to manage tacit knowledge in construction organisations. 
Understanding the need to manage tacit knowledge and awareness of benefits and value creation due to initiatives 
are considered to be important facets of a business case.  

Keywords: Business case, Construction industry, Tacit knowledge. 

 
1. Introduction 

It is increasingly being acknowledged that Knowledge 
Management (KM) can bring about the much needed 
innovation and improved performance the construction 
organisations require[1]. As a labour intensive indus-
try, the construction worker and their tacit knowledge 
has become more relevant to sustaining business per-
formance than traditional physical capital. In the cur-
rent business climate, there is a growing need for a 
clear business case for construction organisations to 
manage their knowledge. Although there is much said 
and written about the benefits of KM, not as much is 
written about making a business case for KM in con-
struction organisations. The paper aims to address this 
necessity by providing some insights on developing a 
business case to manage tacit knowledge in construc-
tion organisations.  

2. Knowledge management  
in construction  

The term ‘Knowledge Management’ is relatively new 
to construction organisations, nevertheless, a growing 
number of organisations within construction industry 
[1] perceive KM as an integral part of their competi-
tive strategy for providing long term benefits for the 
organisation. However, despite the interest and the 
effort put into KM by many leading companies, the 
discipline is still in its infancy in the construction 
industry and is at an embryonic stage in UK construc-
tion [2]. 
Different knowledge based solutions have been pro-
posed in construction. As the construction industry is 
much centred on tacit knowledge and experience of 
construction workers, the industry is biased towards 
the process-view of knowledge. Hence, the process-
based solutions enhancing personalisation strategies 
and interactions between construction workers, to 

generate and share construction knowledge, would be 
much more relevant to overcome KM problems in 
construction. The limited number of studies that have 
been conducted in construction focused heavily or 
solely on explicit knowledge [3] and on the role of 
information technologies [2]. Therefore, too often 
KM is limited to the appropriation and exploitation of 
explicit knowledge i.e. on codification strategies. 
Tacit knowledge or personalised strategy is either 
ignored or given less importance. 

3. Knowledge worker in construction  
What people do with their knowledge is the real 
driver for competitive advantage in the knowledge 
economy. Construction companies frequently claim 
that ‘people as their greatest asset’. The increased 
awareness of the importance of employees’ knowl-
edge coincided also with a popularisation of the idea 
of the ‘knowledge worker’. The importance of the 
construction worker is highlighted by the fact that 
industry relies on skill and on the capacity to bring 
different skills together effectively, thereby the con-
cept of the knowledge worker has long been impor-
tant to construction organisations. The fact that a 
great deal of the know-how required, for example, in 
an engineering project, is tied to knowledge that is not 
written in documents but realised through expertise 
and understanding of the project personnel, is not 
taken into consideration as a whole. Skills, experience 
and talent of construction workers, which account for 
tacit knowledge, are considered to be very valuable 
towards organisational performance due to intrinsic 
characteristics of the industry.  

4. Developing a business case 
A business case is essential if reassurance is to be 
provided to senior management, to motivate employ-
ees and to maximise participation and commitment to 
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KM. A business case is a structured argument put 
forward to senior decision makers to persuade them it 
is worth putting effort into developing KM. The de-
tails may vary from company to company, but they 
typically include a description of current challenges 
and the benefits of managing tacit knowledge, 
weighted against likely costs. From KM perspective, 
a business case is often seen as a document that pre-
sents a comprehensive view of the knowledge initia-
tive(s) or project(s) and provides the financial justifi-
cation for implementation [4]. The difficulty in estab-
lishing a business case for tacit knowledge manage-
ment programmes is really an issue of cause and ef-
fect, and often stems from the fact that, since tacit 
knowledge is intangible, there is no direct link from a 
KM process to a demonstrable business outcome [5]. 
The clear connection between the KM and meeting 
business objectives is a prime requirement for a suc-
cessful business case [6].  

4.1 Understanding the need to mange tacit 
knowledge 

There is much said and written on knowledge and its 
management, but tacit knowledge still considered to 
be relatively unexplored [3] and not fully understood 
as explicit knowledge. Hence, an understanding of 
what constitute ‘tacit knowledge’ is central to its ef-
fective management due to lack of understanding, 
specially within the construction industry. Yet, within 
the business context what matters is the understand-
ing of how tacit knowledge is generated and utilised. 
There needs to be an accounting of the current status 
of any knowledge practices already occurring and in 
existence within the organisation. A knowledge audit 
identifies the expertise in the organisation, where it 
can be found, and how this expertise is accessed. It 
identifies what knowledge is needed to make deci-
sions and what knowledge assets are needed in the 
future. Thereby, this could highlight the gap within 
the organisation in terms of tacit knowledge require-
ments. What is important for a business case is the 
necessity to manage tacit knowledge, whether it’s a 
large or a small organisation. 

4.2 Awareness of benefits and value 

Justifying the benefits of KM initiatives constitutes as 
important part of any business case, however not 
easy. Justification becomes much more difficult for 
the management of tacit knowledge due to its intangi-
ble nature. Some of the benefits of KM will likely to 
accrue to the whole company, whereas others will 
accrue only to particular business units. The value of 
knowledge can be considered in two different ways 
i.e. micro viewpoint and macro viewpoint. It is re-
quired to first identify and separate the benefits of a 
given initiative, then determine its value to the firm, 

before proceeding to infer an associated cost and ex-
pected return for undertaking the effort. Clearly de-
lineating the expected hard and soft benefits of each 
aspect of the initiative will greatly aid in effectively 
justifying its need. 

5. Way forward   
Although for many senior managers the logic for in-
vesting in KM is unquestionable and significant, it is 
important to develop a sound business cases to con-
vince their sceptical management. As most of the 
construction organisations are still at the stage of 
building their awareness or understanding on tacit 
knowledge management, this will provide a valid 
basis and a systematic approach for organisations to 
follow, when developing a business case, and to move 
forward along the stages of the maturity model. 
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Although knowledge management concept has grown noticeably during last few years, management of facilities 
knowledge has been little studied. The research addresses the importance of managing facilities knowledge for or-
ganisational effectiveness from the intellectual capital perspective. Several existing gaps in terms of managing facili-
ties knowledge were identified; the knowledge worker concept; evolving role and demanding skills of facilities man-
ager; specific workplace related performance knowledge; recognition of feedback process; knowledge on customer 
requirements, and incorporated within different elements of the intellectual capital framework. 

Keywords: Knowledge Management, Facilities Management, Intellectual Capital. 
 

1. Introduction 
The attraction of Facilities Management (FM) is be-
coming increasingly common, as forward-looking 
organisations are beginning to realise FM as a func-
tion with clearly defined objectives, and as a strategic 
and commercially orientated discipline. Yet, Knowl-
edge Management (KM) has been little studied in the 
context of FM despite a theoretical proposition that it 
is one future [1], or perhaps the future of the disci-
pline. As such, research has emphasised that there is a 
clear need to critically manage FM knowledge within 
workers, which would integrate both the business and 
facilities domains. The paper aims to highlight the 
importance and the relevance of managing FM 
knowledge for organisational effectiveness from the 
intellectual capital perspective.  

2. Overview and underline trends of FM  
FM, as one of the fastest growing professional disci-
plines, continues to expand and develop in terms of 
volume and diversity of commercial activity and ap-
pears to be gaining greater recognition and accep-
tance as a significant influence upon organisational 
success and goal achievement. FM is the process by 
which an organisation ensures that its buildings, sys-
tems and services support core operations and proc-
esses as well as contributing to achieve its strategic 
objectives in changing conditions [2]. Primarily FM 
was managed as an isolated activity and considered as 
an overhead like any other cost in the budgeting proc-
ess. Yet, presently FM is managed as an integrated 
activity, integrated with the commercial, manufactur-
ing and marketing function of the enterprise. The 
growing focus in FM definitions is to view it as man-
agement of non-core company assets and activities to 
support and increase the efficiency of the core busi-
ness of the organisation. As identified by Nutt [2] 

there is a growing importance of managing facilities 
knowledge as a strategic resource in future.  

3. KM application in FM context 
The view that knowledge is a valuable organisational 
resource has become widely recognised and accepted 
in the business community. Discussions on knowl-
edge emphasise two perspectives as identified by 
Empson [3]: ‘knowledge as an asset’ and ‘knowing as 
a process.’ On the ‘knowledge as an asset’ perspec-
tive, knowledge is often viewed as an objectively 
definable commodity, which can be managed and 
controlled by certain mechanisms. For ‘knowing as a 
process’ viewers, knowledge is a social construct, 
developed, transmitted and maintained in social situa-
tions. Whatever the perspective it takes, the manage-
ment of facilities knowledge may be the most under-
utilised tool in KM [4] and such a knowledge per-
spective may supply the conceptual framework with 
which facilities users can understand and measure the 
business benefits they derive from such services. 
Thus, with the realisation of the strategic importance 
of people factor within FM organisations, there has 
been an increasing interest in the tacit dimension of 
knowledge, which is often embedded within human 
beings. Hence, people and knowledge trails have be-
come the future opportunity within the strategic direc-
tion of FM. Thereby, it is synthesise that the applica-
tion of KM within FM context needs to be focused on 
people aspects, and the intellectual capital framework 
is considered as an appropriate basis to manage such 
knowledge within FM organisations.  

4. Intellectual capital framework 
As McLennan [5] argues, the specific FM knowledge 
that has strategic value is the understanding of the 
relationship between the performance of the physical 
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resources and their impact on the customer being 
served by these resources. Hence, this type of knowl-
edge can be difficult to access since it is often tacit 
and experimental in nature. However, the intellectual 
capital framework provides an opportunity to deal 
with this area of knowledge.  

4.1 Human capital 
Different and frequently changing demands on the 
business requires the necessity for the employees to 
have the ability to adapt and apply their knowledge to 
solve new and challenging problems. Although much 
concern is devoted in corporate knowledge perspec-
tive, yet individual knowledge perspective is in the 
embryonic stage in FM. This has been highlighted by 
Nutt & McLennan [4] who contend that “initiatives 
for innovation in the individual’s FM knowledge sys-
tems are hard to find.” Facilities managers needs to 
value their entrepreneurial skills and knowledge of 
the core organisation, with the ability to pre-empt and 
translate the organisation’s need for change into fa-
cilities strategies which underpin operational objec-
tives to yield competitive advantage. The commit-
ment from the people factor involved in FM organisa-
tions has a major role to play. For instance, evaluation 
of the efficiency and effectiveness of the existing 
building in terms of user satisfaction, identifying new 
improvements to buildings etc. are major roles of 
facilities managers. This stresses the importance and 
the necessity to recognise the concept of knowledge 
worker within FM organisations, which has gain in-
creased concerns in other disciplines. 

4.2 Structural capital 
Corporate culture, company structure and business 
processes are those elements of structural capital 
that are difficult for others to duplicate. The proc-
esses that a company employs to conduct its busi-
ness are usually specific and value to that organisa-
tion. One of the building blocks of KM is concerned 
with the identification of processes to help an or-
ganisation learn from its mistakes and to share best 
practices. One obvious benefit of KM processes is 
that it enables employees to quickly find an answer 
to a problem that has already been solved in another 
area of the organisation. In the commercial office 
sector, both the in-house and outsourced facility 
manager is poorly placed to exploit their tacit 
knowledge, due to lack of proper processes [5]. 
Knowledge is largely held by individuals and is only 
available to an organisation to the extent that effec-
tive processes are put in place to develop and share 
that knowledge and freedom and space is given to 

individuals to use their judgment and interpretation 
to apply that knowledge appropriately.  

4.3 Customer capital 

Understanding customers, managing their expecta-
tions and having a thorough understanding of the rea-
sons why they brought to you, or have moved to a 
competitor, is worth measuring and tracking. KM 
initiatives can have a direct effect on customer capital 
returns. Organisations require the effective manage-
ment of customers, assets and level of service- three 
related aspects of facilities operations. Managing cus-
tomer expectations and meeting their requirements 
implies a total quality approach to developing and 
operating buildings and delivering support services to 
contribute to achieving business objectives. Recent 
experience in the management of non-core business 
processes consistently highlights a strong demand 
from customers for a more proactive approach to fa-
cilities strategy. This could be achieved with appro-
priate attitudes, improved processes and effective 
teamwork, all geared towards the customer. 

5. Conclusion 
The paper addressed the importance of managing 
facilities knowledge for the organisational effective-
ness by considering the intellectual capital framework 
as the basis of identifying and recognising constituent 
variables of facilities knowledge. This provides a 
valid basis to empirically test the suitability of the 
intellectual capital framework in identifying and or-
ganising the facilities knowledge variables for organ-
isational effectiveness.  
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This study aims to examine whether the project success of local and international AEC firms are different in China. 
Through literature review identifies 25 determinants of project success, namely, Critical Project Success Factors 
(CPFs) and  indicators measurement of project success (KPIs). Six completed construction projects that involved 
three organizational forms (wholly owned entities (A1), local contractor (A11) and local designer (B11)) were se-
lected to assess the international and local AEC firms’ project success. MANOVA is adopted to model the relation-
ships between categorical CPFs and metric KPIs for the measurement and evaluation purposes of this study. The 
findings reveal that international AEC firms have higher KPI value than the local AEC firms have. 
 
Keywords: CPFs (Critical Project Performance Factors), KPIs (Key Performance Indicators), Entry modes, 
MAVOVA. 
  
1. China’s new construction market in 

millennium 
The openness of China’s construction market to for-
eign will allow both domestic and overseas AEC 
firms to compete under the same market conditions. 
Chinese government concerns whether the influx of 
the foreign AEC firms ameliorate current construction 
industry project success of China and how to learn 
from foreign AEC firms and nurture local AEC firms 
per se competitive advantages. This study aim to in-
vestigate whether the Project Success of various or-
ganizations of international AEC firms and local AEC 
firms are different in China; and what are the factors 
differentiate the Project Success of various organiza-
tions of international AEC firms and Project Success 
of local AEC firms in China. 

2. Literature review 
Prior researches have no consensus on the appropriate 
definition and measurement of the AEC firm’s per-
formances. This is because organizational perform-
ance is a controversial term. Researchers have been 
unable to resolve these issues theoretically, and little 
research has addressed organizational effectiveness 
empirically. The objective measurements in the litera-
ture evaluate the individual organization performance 
separately like using financial measurement in terms 
of financial profitability in the scale profitable(1), 
breakeven(0), or a loss(-1) [1]. Other subjective 
measurements like management satisfaction have this 
problem also. The longitude comparative study of the 
various organization performances is flawed if these 
individual and inconsistent indicators were adopted. 

In the project-driven construction industry, the KPI 
Working Group (2000) [2] proposed to use Key Pro-
ject Indicators as the consistent benchmark to meas-
ure the various organizational performances through-
out construction industry. In the literature, the project 
success measurement evolved from traditional iron 
triangle to multiple dimension, three stages, micro, 
macro point of view, and subjective and objective 
measurement. For the purpose of organizational 
evaluation, this study uses ten KPIs to compare the 
project success of international and local AEC firms. 
They are Construction time (K1), Speed of construc-
tion (K2), Time variation (K3), Construction Cost 
(K4), Unit cost (K5), Cost Variation (K6), Quality 
(K7), Functionality (K8), Client overall satisfaction 
rate for project success (K9). 

Chan A.P.C. 2004 [3] conduced a through literature 
review for seven major journals in construction field 
for determinants of construction Project Success. He 
presented that the term Critical Success Factor (CSF) 
to Project Success in the context of management of 
project was first used by Rockart in 1982 and is de-
fined as those factors predicting success on projects 
[4]. This study classified the determinants of Project 
Success into eight groups from C1 to C25. 

3. Research method 
The analysis tool is Multivariate ANOVA was used to 
test the hypothesis because the independent variables 
are non-metric and the dependent variables are metric 
scale. MANOVA is divided into three steps: the first 
step is to avoid violation of assumptions of 
MANOVA; the second step is to test hypothesis; the 
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third step is to check the validity of the model, the last 
step is to provide recommends for further study.  

This study employed three tests which are comple-
mentary to each other to avoid the violation of as-
sumptions. Box's M tests, Levene's tests. and the 
spread vs. level plot for dependent variables for visual 
confirmation.  

Simple contrasts using one level of organizational 
forms as the reference category (you may specify it as 
the first level) to compare the KPI values of second 
level with the first one to test the hypothesis that pro-
ject successes of local and international AEC firms 
are different. If the significance value for one of the 
KPIs is less than 0.05, you can conclude this differ-
ence is not due to chance. If the significance value for 
one of the KPIs is greater than 0.10, so this difference 
may be entirely due to chance variation. The descrip-
tive statistics part displays the each combination of 
factors in the model and shows the mean KPI values 
of the three organizational forms. It also gives out the 
effect of CPFs factors and the interaction effects of 
organization form and CPFs. Four commonly used 
test statistics for multivariate analysis of variance are 
displayed. 

The estimated marginal means table displays the 
model-estimated marginal means and standard errors 
of KPI value at the factor combinations of organiza-
tion form and C1-C25. This table is useful for explor-
ing the possible interaction effect between these two 
factors. The profile plot is a visual representation of 
the estimated marginal means table. 

Select Lack of fit to check if the relationship between 
the dependent variable and the independent variables 
can be adequately described by the model. In other 
word, it is for the purpose of check the model valid-
ity. Pillai's trace is a positive-valued statistic. Increas-
ing values of the statistic indicate effects that contrib-
ute more to the model. Wilks' Lambda is a positive-
valued statistic that ranges from 0 to 1. Decreasing 
values of the statistic indicate effects that contribute 
more to the model. Hotelling's trace is the sum of the 
eigenvalues of the test matrix. It is a positive-valued 
statistic for which increasing values indicate effects 
that contribute more to the model. Hotelling's trace is 
always larger than Pillai's trace, but when the eigen-
values of the test matrix are small, these two statistics 
will be nearly equal. This indicates that the effect 
probably does not contribute much to the model. 

4. Results 
The data results appear to confirm the original hy-
potheses. 

The Project Success of  international AEC firms and 
local AEC firms are different in China; Client experi-
ence (C2) (K2, K4, K5),  Designer’s times of and 
significant change orders variations (C7)(K5, K7),  
Contractor’s working status (C11)(K2,K3,K8,K9), 
Building types (C13) (K1,K3,K4,K5,K7),  Building 
work types (C14)( K9), Project size(C15)( K1, K2, 
K3,K4,K5,K7),  Project complexity (C16)(K9), Pro-
ject priority change and rework rate (C17)(K2,K4), 
Contract clause for claim due to the change orders 
(C19) (K2,K3,K4,K5,K7), Contract clause for pay-
ment (C20)(K7), Contract clause for pro-
gramme(C21)(K2,K4,K5), Submissions for authority 
approval (C23) (K2,K3,K4,K5,K7), Inclement 
weather (C25) (K1,K2,K4,K5,K7) are significant 
factors that differentiate the project performance of 
international AEC firms and local firms. There are no 
CPFs have the interaction effect with the organiza-
tional forms. Chinese AEC firms may improve them-
selves in some aspects to achieve project success. The 
consulting and design construction firms may reduce 
the times of significant change order variations. The 
construction firms may enhance their construction 
capacity to avoid the defect error, problem and poor 
planning, especially poor project definition, perfec-
tionism. When the AEC firms are drafting the con-
tract clause for claim due to the change orders, the 
procedure should be comparatively simple. Contract 
clause for payment should be progress based and con-
tract clause should  have specific programme. 
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The digital design for constructing architectural envelope 
elements 
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The new potential introduced in architecture by Digital Design has caused a substantial evolution in the relationship 
between representation and planning. These innovations have had the strongest impact on the architectural enve-
lope, which has become the vehicle for new forms of expressions, formally being a new way for designing a trans-
formation, and for creating prototypes and generating the complex shapes of the envelopes, and in so doing architec-
ture more and more frequently resorts to the software and procedures typical of other industrial sectors (i.e. automo-
tive, aeronautic, and mechanical industries). The paper presents an experience aimed at assessing the possibility to 
produce non-standard architectural envelope covering shapes by means of the Incremental Forming (IF), an innova-
tive system that is currently used in the automotive industry to make car parts. 

 
Keywords: Incremental Forming, Digital Design, CAM, Architectural Envelope. 
 
 

1. Communication and complexity  
With regard to work organization, the new digital 
systems are a revolutionary event, since they allow us 
to put together all different phases of a project in a 
single process as far as the execution of the project, 
thus entrusting the architect/engineer with the real 
control of the works. In order to interpret and cor-
rectly use the contemporary technologies, a new ap-
proach is needed: these should not be considered as 
techniques available on the “standardization” market; 
instead, they should be taken as “customizable” tech-
niques, thanks to the “mass-customization”. In other 
words, the production of a special component at the 
same price as a standard piece. This has become pos-
sible thanks to the evolution of CNC machines, which 
are able to exploit data processed by software modify-
ing their settings based on the components to be 
made. As for metal covering, state-of-the-art methods 
are now available, which can assure almost total 
flexibility.  

2. Incremental forming 
“Free-form” architecture has become more and more 
common in recent years, so as to almost form a new 
language. This architecture resorts to envelopes often 
made of metallic cladding panels, whose curvature 
reminds of cars’ bodies. They often imitate the auto-
mobile industry. 

The horse-head-shaped conference room of the DG 
Bank Building in Berlin by F. O. Gehry is covered 
with stainless steel plates. The composite curves of 
the horse head were built like a car body: A complex 
process was developed in order to produce in many 

different places moulds, formworks, stainless steel 
cladding panels, modeled according to final compos-
ite shape [1]. 

Obviously, this is a very expensive and time-
consuming procedure, due to the several phases 
needed for the production. Instead, with the Incre-
mental Forming (IF) the cladding panels can be made 
through a single phase, guided by a digital model, 
without resorting to moulds or frameworks. IF proc-
esses are carried out through a small and geometri-
cally simple tool that moves according to an estab-
lished trajectory, progressively deforming the semi-
finished product, thus shaping it in compliance with 
the desired form [2]. 

The above considerations highlight the typical advan-
tages and disadvantages of IF processes. First of all, 
these processes are by far more flexible than tradi-
tional forging: a wide range of totally different shapes 
can be obtained with the same tool, by modifying its 
relative motion. On the contrary, with traditional 
forging, a new mould must be produced if a different 
shape needs to be made. Obviously, this increases 
costs. In addition, due to the action exerted locally by 
the tool, the force necessary to obtain the deformation 
of the semi-finished product with IF is much lower 
than with traditional methods, which implies a much 
lower energy consumption, and less powerful-hence 
less expensive- equipment.  
The so called Single Point Incremental Forming 
(SPIF) [3] certainly is the simplest and cheapest 
method, since no partial or total fixed punches are 
needed, as deformation is only induced by the tool 
that locally deforms the metal - which is firmly held 

264 Section I



 

along its perimeter - through a specific trajectory. 
Another fundamental feature is that the securing sys-
tem is fixed, and contact between the metal and the 
tool occurs in the concave area of the component. 

3. Testing 
The above described SPIF process was the object of 
the tests we carried out at the “Fontana Pietro S.p.A.” 
research lab located at the Dipartimento di Tecnolo-
gie Meccaniche, Produczione e Ingegneria Gestion-
ale of the University of Palermo. 

 
Figure 1. “Zang Tumb Tumb”, H.S. Railway Station 
in Florence, project by Arata Isozaki. 

A panel to scale was made reproducing a cladding 
panel of the envelope of the structure supporting the 
roof of the project “Zang Tumb Tumb” by Arata Iso-
zaki (Figure 1) that was awarded second place in the 
contest for the projects concerning the High Speed 
Railway Station in Florence.  

We used a numerical control EMCO PCMILL 300 
milling machine with three controlled axles and the 
“Levels on Z” mode. With such mode, the tool moves 
along paths on planes parallel and orthogonal to the Z 
axle: hence, it works at constant Z level, and the tra-
jectories on each plane represent the trace of the sec-
tion of the piece with that plane. We started with 1.2 
mm thick A6181 T4 aluminum sheets, and a C40 
non-tempered steel, 5 mm radius, spherical bit tool. In 
consideration of the negative results we achieved in 
the first attempts, which resulted in the breakage of 
the semi-final sheet, we re-configured the model to be 
sent to the CAM. In order to diminish the sinking of 
the bit that provoked the stretching and thinning and 
subsequent breakage, we placed the panel onto some 
auxiliary walls. As the following images will show, 
the result was positive. 

 
Figure 2. Final result, the panel (red boundary) is 
placed onto some auxiliary walls. We have used 1.2 
mm thick A6181 T4 aluminum sheets, and a C40 non-
tempered steel, 5 mm radius, spherical bit tool. 

Another test was performed on a 1 mm thick stainless 
steel AISI 316 sheet. The test was negative: due to the 
friction, abrasion occurred between the tool and the 
metal. This was probably caused by the AISI 316 
stainless steel tool, whereas a harder tool should have 
been used, which might have prevented such a sig-
nificant abrasion.  

Even if these results were obtained on a prototype, 
we demonstrated that a SPIF process can be a valid 
alternative to traditional forging techniques, also for 
complex shape components. The most relevant prob-
lems concern dimensional accuracy and the develop-
ment of software for the realization of tool paths spe-
cific in architecture. Furthermore, contrary to what 
happens in the automotive industry, the materials 
used have mechanical features that significantly dif-
fer among one another: steel, aluminum, copper, tita-
nium. For this reason, testing should be performed 
with these materials in order to obtain the information 
regarding the settings to be used for IF methods to be 
applied to the materials and thicknesses most com-
monly used in architecture.  
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Next generation manufacturing technologies have the potential to drive the shift needed to achieve the changes the 
construction industry is being pushed towards. One class of these technologies, known as rapid manufacturing (RM) 
or additive manufacturing techniques (AMT), has the potential to impact on construction methods and may lead to 
radical change. 
 
Keywords: Construction manufacturing; freeform construction, digital fabrication, rapid manufacturing, automation. 
 
 

1. Future for construction 
A major body of work at Loughborough University 
has explored available and proposed next generation 
Rapid Manufacturing (RM) and associated technolo-
gies from manufacturing industry, looking for solu-
tions that could drive the way for innovation and de-
liver an alternative future for the construction indus-
try (Buswell et al. 2005). Following on from this, the 
ArchiFORM research project was set the task of fo-
cusing on the more immediate solutions of applying 
RM processes and data capturing techniques to con-
struction practices where ‘cross–over’ can be readily 
applied. Currently, architectural design makes wide 
use of computer aided 3D solid modelling 
(CAD/CAM) which provides digital visualisation and 
simulation. In addition to CAD there are two potential 
methods of capturing data digitally that can be used 
for reverse engineering (RE) construction elements: 
photogrammetry and 3D laser scanning. 

2. Conventional technologies 
In general conventional manufacturing technologies 
involve one, or a combination, of three basic ap-
proaches: additive, formative and subtractive. Con-
struction also use these three approaches for varying 
aspects of the building works although overall the 
construction process are defined by Burns as additive 
(Burns 1998) 

1) Additive – describes the process of adding mate-
rial to build up the product, in construction this 
would be laying bricks, installing partitions, ap-
plying finishes etc. 

2) Formative – describes the process of forming the 
product through the use of moulds. One example 
in construction is in-situ concrete work. 

3) Subtractive – describes the process of forming 
the product by removing material through cut-
ting, milling or grinding - an example might be 
cutting to size and shape stone, timber or sheet 
metals.  

3. RE\AMT technologies 
RE\AMT gives a fully automated process which uses 
computers for the design, the control of systems and 
machines and the construction or manufacture of 
parts  

 
Figure 1: Digital process 

3D laser scanners were used for the reverse engineer-
ing applications, either: 

• A mobile arm device suitable for non-contact 
measurement applications either on site or at a 
studio or 

• A static 3D plane and rotary static scanning de-
vice that scans as many as six different planes to 
capture side cuts and cavities 

Software is able to take a polygon solid and automati-
cally convert it to a NURBS file that can then be ex-
ported as an IGES file to industry standard MCAD 
Software. 

Rapid Prototyping processes work by adding layers of 
material to build up three-dimensional objects, hence 
the term additive. It is the belief of many people that 
this Rapid Prototyping will eventually move into the 
heart of the manufacturing process and end use parts 
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will be made directly by these techniques (Hopkin-
son, Hague, & Dickens 2005). This area has become 
known as Rapid Manufacturing or Additive Manufac-
turing Technologies. 

To differentiate, the process is called Rapid Manufac-
turing if the product is put to direct end use, Rapid 
Prototyping if the product is used for conceptualisa-
tion, testing, analysis but not as an end product. Rapid 
Tooling is when the product is used for tools and 
moulds or as a pattern from which a tool can be 
formed around. 

There are many AMT which exist and are emerging 
but these are commonly classified into six basic tech-
niques available for making the part or prototype 
(Noorani 2006), these are: 

1) Stereolithography (SL or SLA) – uses photosen-
sitive resin cured by laser 

2) Laser Sintering/Fusion (LS or SLS) – applying 
an IR laser to melt or sinter a powder based ma-
terial  

3) Fused Deposition Modelling (FDM) – generates 
3D models using extrusion 

4) Laminate Manufacture (LM or LOM) – Trims or 
cuts sheet material to correct size which are 
stacked and bonded into a solid block 

5) Jetting (MJM) – Inkjet printer arrays apply 
polymeric materials where required 

6) 3D Printing (3DP) – uses dual ink jet printing 
heads to deposit binders onto powders to build up 
the part 

4. ArchiFORM research 
Loughborough University is combining the expertise 
from Construction Management and Rapid Manufac-
turing within the Innovative Manufacturing and Con-
struction Research Centre (IMCRC) at Loughborough 
and has given rise to the Freeform Construction 
Group (Freeform 2005) which is exploring the feasi-
bility of using Rapid Prototyping systems within the 
construction industry now and in the future in what it 
calls “freeform construction”. 

The current ArchiFORM research project is investi-
gating direct market applications such as the repair 
and replication of elaborate features that are no longer 
in production. Architectural plasterwork parts were 
directly produced for Troika Architectural Mouldings,  
without the need for moulds. For larger quantities, 
moulds can be produced using Rapid Tooling tech-
nology omitting the need for time consuming and 
expensive hand moulding and/or sculpting. An alter-
native use for this technology has been identified and 
tested for Cradley Special Bricks  who manufacture a 
range of architectural feature bricks and have a sub-

stantial market in replacing worn and decayed feature 
bricks. 

The traditional production method requires moulds to 
be made by hand from the existing bricks which then 
need to be scaled up in size to allow for shrinkage of 
the clay during firing. The use of reverse engineering 
to produce the moulds again removes many time con-
suming activities and allows the CAD and Rapid 
Tooling process to eliminate errors in the detailing 
and scaling of end product. Future outputs from this 
project include an evaluation of applicable ready to 
market processes for construction manufacturing, cost 
models and anticipated future developments. 

5. Conclusion 
Rapid Manufacturing technology has the potential to 
create a new type of construction industry, it can be 
seen that the change will be radical when it arrives 
and instead of being used to make models for visuali-
sation, it could be used to create full scale buildings. 
Current applications are being found in small part 
manufacture particularly those from the ArchiFORM 
project and those that require low-volume, high-value 
items such as heritage and fine art. In the future Free-
form Construction might allow us to ‘print’ buildings, 
as if you were printing this page. To combine the 
whole design, construction and maintenance process 
into a seamless operation and to produce structures 
and components which meet the challenges of our 
changing world.  
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Hydroelectrical power projects pose particular difficulties compared to other infrastructure projects due to their 
capital intensive nature, high construction and hydrological risk, and associated environmental concerns. Combined 
with specific issues related to BOT model, the implementation of such projects become more complex for the parties 
involved. This paper aims to introduce Birecik Dam and Hydroelectric Power Plant which is the first major hydroe-
lectric power plant realised on a BOT basis in Turkey. The challenges related to the implementation of BOT model, 
the way these problems are dealt by participants, principles of evaluation, total investment cost and project schedule, 
social and environmental sensitivities, relationships between unpredictable quantity of output and offtake agreement, 
public - private risk allocation, and  financial structures will be analysed and strategies to overcome  the obstacles 
will be recommended. 

Keywords: BOT, hydroelectric power plants, case reports, Turkey 
 

1. Introduction 
Hydroelectric power projects are capital intensive in-
vestments that require high initial investment costs and 
long construction periods. They are characterized by 
high risks related to dam construction, variable output 
dependent on river flows, environmental concerns and 
social impacts.  On the other hand, advantages such as 
long lifetime, lower negative environmental impacts 
compared to other energy resources, low operating and 
maintenance costs as well as renewable, local and reli-
able nature of hydropower projects makes them strategi-
cally important worldwide [1],[2]. Birecik Dam and 
Hydroelectric Power Plant is the first major hydropower 
project to be financed on a BOT basis in Turkey. The 
aim of Birecik project is to use the waters of Euphrates 
river for power generation and irrigation. Birecik Com-
pany was granted an exclusive mandate in April 1989 by 
the Ministry of Energy and Natural Resources (MENR) 
to develop and operate the project under a BOT model. 
The implementation contract  was signed in March 1993 
and provided that the project is built and operated 15 
years after completion by Birecik Company. At the end 
of this period the facility is to be transferred to MENR at 
no cost. The project was completed in October 2001. 
Special purpose company, Birecik A.S. comprises an 
international group of shareholders who in total hold 
70% shareholding of Birecik Company. The state utility 
TEAS holds the remaining 30% of shares. According to 
the Energy Sales Agreement, Birecik Company sells 
electricity to TEAS for 15 years of operating period un-
der a take-or-pay contract.  

2. Financial structure 
Total project cost  is 2,262 million DM (app. 1,114 
million Euro). Debt to equity ratio is 85/15. 44 banks 
from 10 countries agreed to underwrite the loan. 

237.7 million euro of debt equivalent to 21 % of total 
project cost  is commercial debt  and remaining 709.5 
million euro of debt equivalent to % 64 of total pro-
ject cost is provided by the Export Credit Agencies 
(ECA). In a typical hydroelectrical power plant pro-
ject, the portion of civil engineering work is relatively 
high, bringing about more possibility to use local fi-
nance[1]. Despite high civil work in Birecik, most of 
the debt is provided by ECA loans. By lowering asso-
ciated project risks, ECA loans can increase the at-
tractiveness of the project to commercial lenders as 
well as having advantages such as longer maturity 
periods compared to commercial debt. 

3. Design, total investment cost and 
project timetable 

The project was initially designed by a state owned 
organisation EIE (Electric Affairs Survey Administra-
tion). After the concession agreement between Bire-
cik Company and the State had been signed, the final 
and detailed design were prepared by a shareholder in 
Birecik Company, Verbundplan. Construction consor-
tium comprises of 3 groups; designer, civil works 
joint venture and hydroelectrical and mechanical con-
sortium. All of the contractors in construction consor-
tium are equity holders in Project Company. As an 
unusual application, in Birecik, significant amount of 
completion risk is born by Turkish Government. The 
project was completed on time and total investment 
cost was reduced from 2,262 to 1,925 million DM on 
behalf of MENR. Evidence to date suggest that such 
schedule and cost performance is not common in dam 
construction. Cost, time and output predictions have 
in general been under or over estimated.  According 
to a survey of World Commission on Dams [3], over 
81 large dam projects, almost three-quarters of the 
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dams have resulted in capital cost overruns with an 
average overrun of 56% over predicted costs. Another 
survey on schedule performance points out that out of 
99 dam construction projects almost half were behind 
schedule[3].  

4. Evaluation of project 
For economic analysis of the Project cost benefit ra-
tio, internal rate of return (IRR), profitability index 
and employment-investment ratio are evaluated. In 
the feasibility report, socio-economic development 
benefits and costs of dam construction in the region 
were mentioned without taking place in calculations. 
The difficulty in translating social and environmental 
costs and benefits in monetary terms has been a major 
obstacle in decision making process as well as being 
the major source of conflicts. Traditional methods 
such as NPV, IRR, sensitivity analysis fall short in 
reflecting social and environmental impacts of pro-
jects.  Therefore, until today decision making criteria 
has been to approve projects that were judged to have 
more gains than losses. 

5. Risks and security 
In Birecik project an important amount of risks are 
assumed by the public sector. Risk management en-
visage that risks should be allocated to those who are 
best able to manage them. In a hydropower BOT pro-
ject the complexity of technical, economical, and fi-
nancial issues favour such high risk sharing by the 
public sector. However, at the same time it creates a 
paradox for utilisation of BOT model:  while shifting 
risks such as construction and exploitation to the con-
cessionaire lies at the heart of BOT contracts, hydro-
power projects favour assumption of those risks by 
public sector as the case in Birecik.   

6. Concluding remarks 
• Overall performance of the project. Birecik Project 

was a success in schedule and technical perform-
ances. Unlike the hydropower plant construction 
experience to date, the project was completed with 
a cost underrun and without any schedule delays. 
Although total  investment cost may be considered 
high compared to other hydropower plants with 
similar capacity, it should be noted that every hydro 
project is unique with different characteristics of 
commercial, financial, technical and country needs 
and risks.  

• Project evaluation. A detailed feasibility study has 
been undertaken by the public sector taking into ac-
count the overall costs and benefits of the project. 
However, the difficulty in translating social and en-
vironmental costs and benefits in monetary terms 
remains as the major obstacle in evaluation studies 

not only for Birecik but for many other projects 
worldwide. This difficulty appears to be the main 
source of oppositions and disputes about dam and 
hydropower plant construction. For future projects 
there is a need for a more accurate decision making 
process in order to prevent the controversy and de-
bate surrounding these projects. 

• Offtake agreement. In hydropower projects, con-
struction costs are subject to hydro-specific risks 
(e.g. geological conditions, flooding) and future 
revenue stream depends on uncertain water flow. 
Without a long term offtake agreement, the lender 
can choose to lend to a corporation  rather than to a 
project with uncertain future income stream. Not-
withstanding this, if the lender decides to provide 
debt for this project, then he will obviously reflect 
the high risk in the interest rates charged. There-
fore, under a BOT model, it was crucial for Birecik 
Project to have a long term offtake agreement.  

• Finance. Hydropower plant construction has higher 
initial capital needs compared to other forms of 
power generation combined with high transaction 
costs, relatively expensive EPC contracts and high 
contingencies. Raising finance is difficult for such a 
large-scale hydropower project. Notwithstanding 
this, if the necessary debt is provided, there will 
still be issues related to tenor of loans and interests. 
Despite the difficulties, it is crucial for parties in-
volved in a hydropower BOT project to find new 
ways of raising longer-term finance that match with 
the long plant life in order to prevent high tariff 
price in the early years.  

• Risk allocation. In Birecik Project, substantial 
amount of risks are born by public sector. Although 
support and risk assumption by the government is 
important for technical and financial viability of the 
project, it contrasts with the risk-sharing concept of 
BOT finance. (ie. Completion risks are born by 
public sector for Birecik Project). There is a need to 
optimize risk sharing mechanisms so that the utili-
sation of BOT model is favorable over other financ-
ing models that are being used in the Country.  
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One of important problems in construction is poor and inadequate dealing with risks in construction, so most of 
practitioners were usually surprised by the risks. Many project managers are suffering from absence of adequate 
information, even they passed trough similar challenges and situations in the past projects.  Therefore we proposed 
development of simple and easy for use risk register which can facilitate process of risk management in construction 
projects. Risk register can be applied as a supportive tool while developing strategy and dealing with risks in con-
struction project. The paper describes main ideas about structure and use of the proposed risk register. 

Keywords: risk management, risk register, structure design, tools, construction. 
 

 
1. Introduction  

The purpose of investment project is to increase 
value, whose uncertainty is directly related to uncer-
tainty of events effecting final result. The fact that 
unmanaged and unmitigated risks are one of primary 
causes of project failure makes risk management very 
important part of project management. 

Today, risk management in construction is acknowl-
edged as a very important part of project management 
and a very interesting subject to write about as well. It 
is frequently discussed, but the practice is still at an 
inadequate level. Reasons vary from case to case, 
from the lack of knowledge to implementation of risk 
management, or the lack of resources. However, the 
reasons are mostly related to a poor knowledge of 
risks per se. One of important findings of the research 
was poor and inadequate dealing with risks in con-
struction, so most of practitioners were usually sur-
prised by the risks. In the study conducted we found 
that many project managers are suffering from ab-
sence of adequate information, even they passed 
trough similar challenges and situations in the past 
projects. Therefore, our recent work aimed to come 
up with directions for a risk register structure design 
to be used in construction companies and risk man-
agement development through its implementation.  

2. Risk register system 
The model of the Risk Register System (RRS) con-
sists of two parts, Project Risk Register (PRR) and 
Central Risk Register (CRR) (Figure 1). Project Risk 
Register enables recording and saving risk data 
throughout the whole risk management process in 
order to collect data for each construction project. 
This part has the role of a platform and tool for pro-
ject risk management and communication. Providing 
continuous risk tracking it can become a medium for 
communication between project stakeholders.  

 
Figure 1 Model of Risk Register System 

 
Risk data from all projects are stored in the Central 
Risk Register. This part of RRS has a function of "re-
pository of knowledge". During long term utilisation 
it becomes a source for quantitative and qualitative 
risk data. It is especially valuable as risk identifica-
tion tool and as a source of data on risk response, 
tracking and controlling, it enables particular re-
sponse efficiency evaluation as well as undertaking a 
consequence-based action. For the CRR to fulfil all 
its functions it is necessary that the planned and ac-
tual data are compared and summarized in relation to 
risk "behaviour and reaction".  The more data on 
changes causing modification of a risk component or 
characteristic exist, more reliable information and 
conclusion on sources and drivers can be obtained.  A 
comparison of initial response plans and actual ac-
tions and consequences will enable risk management 
quality assessment and improvement. 
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Data and structure of PRR arise from the model of 
RRS and risk management process; therefore, they 
need to involve all risk components and characteristics 
through all the stages of risk management process.  

3. Risk management with risk register 
Many practitioners are substituting entire risk man-
agement process only with risk identification or risk 
analysis omitting other stages of systematic risk man-
agement process. PRR as part of RRS was designed 
to be a platform for all risk management stages pro-
viding the guidelines for systematic risk management, 
even in its lowest application level. Together with 
CRR designed as database, it comprises and quickly 
provides authentic data for the most important risk 
management tools such as: checklists, risk documen-
tation form, risk classification, risk ranking, graphic 
representation of risk information, cost-benefit as-
sessment, cause and effect analysis, risk mitigation 
plan, periodic risk reporting, risk time frame assess-
ment, etc [5]. Only few of them will be presented 
later in the paper. 

For the basic application of PRR it is necessary for 
each identified risk event to identify main risk com-
ponents and characteristics – risk event, source, 
driver(s), consequence, character and time of impact, 
along with initial response actions and responsible 
person. With these information is possible to get ba-
sic documents for project risk communication. Even 
with these basic information is possible to perform 
cause and effect scenario analysis. Not all identified 
project risks are treated the same. Therefore, risk 
analysis and evaluation is done for each risk in which 
is calculated or estimated probability of risk occur-
rence and value of impact on the project. Combining 
these two values PRR calculates risk impact and ac-
ceptability. Based on risk impact value project risks 
can be ranked to provide valuable information which 
top 5-10 risk will be treated and risk acceptability 
will give the guideline for risk response selection. 

Advanced application of PRR facilitates risk response 
cost-benefit analysis based on comparison of initial 
impact cost with response cost and cost from residual 
impact. Risks can also be ranked according to resid-
ual risk impact after applied response. 

Saving these data in CRR it becomes a well struc-
tured source of information for risk management. 
CRR can provide information on key risk scenarios 
which cause negative consequences for specified type 
of projects. Searching for risks from similar projects, 
custom made checklists can be made for each project 
with the same characteristics. It is especially impor-
tant for development of effective mitigation strate-
gies. Based on actual (final) data on risk response 

from past projects it can provide information for se-
lection of risk management strategy. 

4. Conclusions 
Proposed Risk Register System has major advantage 
because of its flexible structure which enables its 
application regardless of risk management level. It 
can be used in firms with advanced as well as in those 
with lower risk management practice and knowledge, 
supporting and directing progress in risk management 
practice towards complete application. An extension 
of application to CRR will result in creating a data-
base of good and bad practice which will definitely 
contribute to the improvement of project management 
practice in construction. Successful risk management, 
therefore project management, depends on successful 
decision-making which is done based on information 
provided which have to be authentic and on time. 
Risk Register System is designed for systematically 
data saving and providing information for risk man-
agement to ensure successful decision-making. 
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Organizations use narratives as a means of influencing. However, alternative narratives seldom gain sufficient reso-
nance to compete against dominant accounts. In this paper we argue that structured dialogue empowers alternative 
voices to merge. Through a structured dialogical methodology (the dialogue seminar) officials in a municipal urban-
planning organization were enabled to articulate and share their experiences. The resulting collective stories gener-
ated strength to collectively voice demands for organizational change. 

Keywords: Dialogue, narratives, resource pooling, learning, organizational change. 
 
  

1. Introduction 
Organisations use narratives as a means of influenc-
ing organisational activities and discourses. These 
narratives echo the voices of those in power, making 
them very difficult to contest or resist. Although al-
ternative narratives exist, they seldom gain sufficient 
resonance to be heard above dominant accounts. Fur-
thermore, alternative narratives remain transient since 
they are seldom documented. They travel by word-of-
mouth nurtured by organisational subcultures. 

To gain access to these alternative narratives, a vari-
ety of more or less structured tools have been devel-
oped. Most of these tools concentrate on the modality 
of speech and the stories told reconstruct events in 
retrospect [1][2][3][4][5][6]. To capture the dyna-
mism of organizational meaning making as it is being 
made, it is essential that several modalities come into 
play in order for alternative voices to be engaged [7]. 

In this paper we examine how a collective alternative 
organizational narrative emerges and gains currency 
in an organization. It is the story of a bottom-up en-
deavor to elicit managerial change using a multi-
modal and dialogic approach, the dialogue seminar. 

2. The Dialogue seminar 
The structured dialogical methodology used in this 
study is based on close reading, reflecting, personaliz-
ing, writing, discussing and sharing [7]. The strength 
of the method lies in its use of several modalities and 
genres as mediating tools in the knowledge-creation 
cycle. Through these modalities, the four categories 
of knowledge – explicit and tacit, and individual and 
group knowledge – are fostered and given a chance to 
cross fertilize. 

The seminar is led by a facilitator, who chooses a set 
of texts to base the seminar conversations on. These 

texts may serve as a stimulus for tapping into per-
sonal experience and generating new insights. Apart 
from the seminar facilitator, there is a recorder whose 
task it is to document the conversations.  

A dialogue seminar cycle is composed of three 
phases: preparations, seminar and follow-up. The 
preparatory part entails reading the assigned texts and 
annotating whatever associations come to mind. 
These notes should then be related to one’s own ex-
perience and developed into individual essays. In the 
seminar, each individual narrative is read out loud by 
the author while the rest of the participants listen and 
relate what they hear to their own experience. In this 
way, each reading generates reflection and dialogue.  

In the follow-up part, the recorder’s notes of the dia-
logues are reviewed by the seminar participants. The 
revised records as well as all the personal narratives 
are then “published” in a booklet and distributed.  

3. The UP case 
UP is the urban planning authority of a larger Swed-
ish municipality. Formally the municipal council – 
the planning and building committee – commission 
work to UP. Typical assignments are establishing 
prerequisites for the planning of housing, infrastruc-
ture, industry, and city areas. Urban planning, both on 
a comprehensive and on a detailed level, involves a 
number of municipal authorities as well as politicians 
in the local government. 

In connection with an in-house program at UP, we 
used the dialogue seminar to create a structured dia-
logic and inter-subjective forum for the sharing of 
experience. In their mission to “shape the city archi-
tecture” UP actors perceived that they were unable to 
make their voices heard. Their narratives tended to be 
muted, by those in power. The seminar was an at-
tempt to create a collective alternative story. 
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4. Conclusions 
The paper suggests that by pooling resources and us-
ing a structured dialogical methodology incorporating 
both oral and written modalities, alternative voices 
may merge into an instrument of change in the or-
ganization. The strength of the method lies in its use 
of several modalities and genres as mediating tools in 
the knowledge-creation cycle.  
The UP case showed that it is extremely difficult to 
change the governing organizational practice and 
story from the shop-floor. The result was that the two 
different stories clashed, the governing story and the 
emergent alternative story. The governing story was 
that of problematic politicians and the domination of 
other municipal authorities. The new story of the 
course participants emerged through the dialogue 
between individuals who shared similar concerns. 
Through their dialogue they gained strength as indi-
viduals and as a group, but were unable to break the 
locks of the governing story.  

The question that needs to be posed is to what extent 
the dialogue workshop may serve as a lever for the 
group to bring about organizational change. Does 
pooling of individual experiential narratives enhance 
organizational learning? Another important question 
is how an alternative narrative can be strengthened so 
that it may reverberate through the governing wall. 

What did the organization learn? The management 
did read the essays and did in the end meet with the 
group which showed an incipient shift in attitude. 
Unfortunately, they at this stage had not reached suf-
ficient maturity to take in and act upon the informa-
tion they were given. Therefore the confrontation did 
not result in direct changes for the organization. At 
the same time the organization was in the process of 
recruiting a cohort of novices. We can only hope that 
the circumstances surrounding these recruits were 
improved. 

What did the group learn? We think that the most im-
portant lesson the group learnt was to listen. Listening 
is one of the most difficult activities of our modern 
society. By listening to each others’ stories the group 
also learnt that they were a group; that they shared 
similar experiences; that they shared a common lan-
guage. The seminar provided them with a space for 
orchestrating their voices and making collective sense 
of their situation and that of the organization.  
During the seven or eight months of different course 
activities and self-initiated meetings, the group had 
developed confidence and a strong team-spirit. How-
ever, in approaching management neither their voices 
nor their collective narrative gained sufficient reso-
nance. Management was unwilling to enter into a 
dialogue with them. This evidently infused courage in 

several of the participants to change their situation on 
their own and leave the company. Those who re-
mained felt that the experience had restored their 
sense of professional pride and we can only hope that 
this will enable them to stand up to future adversities. 
Those who left the company informed us that they 
were taking a valuable new tool for collective reflec-
tion with them. 
What did we learn? As researchers (and in our roles 
as teachers) we were enriched by the stories both per-
sonally and professionally. These stories become part 
of our own repositories of discerning and pragmatic 
narratives, allowing us to tap into others’ ‘know 
what’ and ‘know how’. Also, with the blessings of 
their authors, these stories have been used in other 
dialogue seminars to trigger memories and awaken 
imaginations. To conclude, the most interesting les-
son we learn, over and over again, is how well people 
can write about their personal experiences, and how 
extremely enjoyable these stories are to read. 
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This paper will present a case study of Melbourne’s $700M (AUD) Southern Cross Station Redevelopment (formerly 
known as Spencer Street Station), which is one of the largest PPP’s in Australia to date. Intended for completion in 
time for Melbourne’s Commonwealth games in 2006 the station is notable for the architectural design of its geomet-
rically complex and innovative wave-like roof. Using this project, the paper’s objective is to make evident the con-
junctions of local and global issues inherent in the PPP model. To achieve this, the paper examines the linkages be-
tween the station’s architectural design, construction innovation, project finance and the interrelationship of these in 
the context of the PPP lifecycle.  
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Melbourne’s Spencer Street Station development—
renamed as Southern Cross Station—is to date one of 
the largest PPP projects undertaken in Australia. An 
examination of this project is timely because social 
infrastructure projects are beginning to constitute a 
significant amount of the transaction flow in the Aus-
tralian PPP market. These projects may include 
courts, hospitals, prisons and even schools and per-
haps even social housing. In July 2002 the Civic 
Nexus Consortium was awarded the contract for the 
station. The consortium, owned by ABN AMRO Aus-
tralia, includes Leighton Contractors, Honeywell and 
Delaware North Australia a retail and hospitality 
group. The deal for the station’s procurement is gov-
erned by a PPP whereby Civic Nexus will operate the 
station for 30 years after which the station will revert 
back to public ownership. In global construction mar-
kets Public Private Partnerships (PPP) have become a 
popular procurement model for the delivery of large-
scale infrastructure projects, such as Southern Cross 
station. However, general criticisms of PPP’s have 
included cost overruns, delays, issues of design flaws, 
write-downs, legal disputes and minimal service de-
livery over the long term. Despite their use by gov-
ernments as a means to deliver projects, only a small 
amount of empirical research, alongside some theo-
retical debate, has examined the efficiency of PPP’s 
as a means to deliver large-scale public infrastructure 
projects.  
In this paper, Southern Cross Station is positioned in 
relation to global PPP markets as well as recent theo-
retical and empirical research surrounding PPP’s. To 
do this the paper outlines the project’s global financ-
ing and ownership structure. Following this, the iden-
tification, analysis, subsequent responses and moni-
toring of risks as they emerged during the construc-
tion process are described. The paper traces how the 
Station’s innovative roof design impacted on con-

struction risk and costs leading to significant financial 
write-downs by the contractor. The paper highlights 
the risk elements related to the project’s design and 
examines these across the PPP lifecycle. This discus-
sion reinforces the links between local PPP policies, 
global financial markets, iconic architectural design 
and on-site construction innovation. In August 2002 
the Victorian government finalised its agreement with 
Civic Nexus consortium in order to redevelop 
Spencer Street Station. At the time the station was 
valued at $350 million dollars and it was agreed that 
Civic Nexus would also build $350 million worth of 
adjoining developments, including a shopping mall 
and three office-residential towers. During this time 
the state government will pay Civic Nexus an annual 
fee of $AUD 34M. It was calculated that these fees 
would amount to the government paying $AUD 
1762M, including inflation to the Civic Nexus over 
the 30 year concession period. During this time Civic 
Nexus was to be responsible for maintaining the facil-
ity. After this period of time ownership of the station 
would pass back to the Victorian government.  

As Peter Fitzgerald noted in his report on the Victo-
rian government’s Partnerships Victoria PPP policy 
‘This payment stream was equivalent to a net present 
cost of $AUD 309M (discounted at 8.65%, nominal 
pre-tax) and involved a saving against the risk ad-
justed cost of the Public Service Comparator at 5 per 
cent.’ At this point in time one critic argued that Civic 
Nexus would make a profit of $AUD 150M for an 
outlay of $AUD 390M. The annual fees, to be paid 
quarterly are contingent on the station being main-
tained to a certain standard.  

Alongside the financial innovation inherent in the 
project the other innovative aspect of the stations is 
its extensive roof designed to cover the railway plat-
forms. The initial rationale for the architectural con-
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cept for the station was deceptively simple. The ge-
ometry of the ‘wave-like’ roof was designed in order 
to facilitate the extraction of the diesel fumes expelled 
from the interstate and regional trains without re-
course to mechanical ventilation. The primary issues 
which impacted on the design of the stations roof was 
the fact that the station had to operate as the roof was 
being constructed above it. This limited the construc-
tion methods available and consequently the roof 
structure had to be designed as a prefabricated entity 
with structurally stable components during erection 
which would be clear of the tracks and associated 
infrastructure including overhead  electrified wires. 

By May 2004 Leightons indicated that the project 
would seriously impact on company profits. At this 
point in time Leightons cited the confined working 
environment, site access issues, the ‘demands of the 
franchisee train operators’  and ‘complex design 
variations’ as the primary causes of their problems. 
On the 6th of May 2002 Leightons issued a statement 
to the ASX  indicating that these issues were resulting 
in time delays on the project and consequently Leigh-
tons downgraded its profit forecasts. 

In PPP’s such as Southern Cross Station it is clear 
that a project’s financing template, is designed to 
manage generic financial risks. This template is often 
determined prior to the selection of a particular urban 
or architectural design. Built into this financial tem-
plate are the project specifications which describe the 
parameters of function and performance outcomes 
required to make the project successful. Rarely do 
these parameters include issues surrounding the pro-
jects design except in the most ambiguous terms. In 
order to manage the risks on the project and to miti-
gate the severe site constrains facing the project the 
building contractors decided to co-ordinate together 
the architects, structural engineers and most signifi-
cantly the steel detailers into a team designed to real-
ise the roof. The involvement of the steel detailer 
from an early stage enable the architects vision to be 
realised and allowed the expert development and co-
ordination of the roofs geometry and dimensions. As 
an example of a PPP project Southern Cross station 
appears to exhibit a two tier approach in the way risk 
is managed. In this approach risks are clearly allo-
cated to parties and then partitioned off. This two tier 
approach means that architectural design issues are 
not quantified in a PPP projects generic risk frame-
work and  are often regarded as being secondary to 
financial considerations. An alternative would be to 
build into the template more nuanced notions of risk 
sharing and governance. In the first tier of risk man-
agement generic financial risks are managed via the 
projects PPP template, which is formed by the legal 
instruments and special purpose vehicle set up to 

handle the project. This generic template allows the 
projects financiers to raise capital from debt and then 
in turn equity holders for the project regardless of the 
projects specific architectural or urban design. The 
biggest risk for the financier is obviously being un-
able to raise the necessary capital for the project or to 
being unable to onsell the project to investors.  

In the second tier of risk management the generic 
template ensures that specific projects risks are allo-
cated to various parties within the project. In this case 
these risks were passed to the contractor whose 
shareholders bore the brunt of losses incurred as a 
result of site access issues. AT Southern Cross vari-
ous risks manifested themselves in the PPP lifecycle 
at an early stage, were then allocated to the winning 
consortium, passed onto the contractor and then miti-
gated in the design development, documentation and 
construction stages of the project. These risks were 
primarily mitigated via the alliance between, the ar-
chitects, structural engineer, and steel fabricator. An 
important aspect of this alliance was the use of mod-
elling and design software to integrate and manage 
complex construction processes.  

Of concern in regards to this two tier approach, as 
Fitzgerald notes, are issues of transparency in relation 
to the subsequent ownership of public assets under 
the PPP model. Whilst the debt and equity mecha-
nisms of financing the station were innovative the 
financial complexity of these transactions are not suf-
ficiently transparent to show the stations current own-
ership structure. Moreover, this approach means that 
architectural or urban design issues are not quantified 
in a PPP project’s generic risk framework and these 
are often regarded as being secondary to financial 
considerations.  
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Sustainable guidelines for design and construction of new buildings have been around for many years now and they 
have demonstrated value to owners.  However, for developers, builders and others in the construction and property 
management fields, these sustainable guidelines have not been quickly adopted.  This paper will demonstrate the 
many benefits to be gained by construction, development and property management organizations through the use of 
sustainable guidelines.  These benefits can translate to direct impacts to an organization’s ability to compete in the 
marketplace.   
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1. Introduction 
A number of recent studies have been undertaken on 
the use of sustainable practices, most significantly the 
recent Royal Institute of Chartered Surveyors (RICS) 
survey on GreenValue.  The report from the survey 
found that more and more developers, investors, fi-
nanciers, as well as tenants are becoming knowledge-
able about sustainable benefits.  The marketplace is 
beginning to shift toward sustainable options over 
older, traditional methods.   

In the United States, the U.S. Green Building Council 
is a “voluntary organization representing the entire 
industry on environmental building matters. The 
unique perspective and collective power provides 
members with enormous opportunity to effect change 
in the way buildings are designed, built and main-
tained.”1 The ability to use guidelines to develop, 
construct and operate buildings and then translate the 
multiple benefits into meaningful metrics will enable 
organizations to bring competitive value.  However, 
without these metrics, the benefits of sustainability 
can become meaningless, especially to those who 
must approve financing and pro-forma budgets. The 
explanation of value and other financial metrics will 
be explained in portions of this paper.   

2. Sustainable guideline development  
The history of sustainable guidelines varies through-
out the world.  But a common theme has been the 
rapid development and deployment of guidelines for 
more sustainable design, construction and operations 
since the start of the 21st Century.  While many guide-
lines exist, there are several major guides that are 
beginning to be utilized worldwide. 

In 1993 the U.S. Green Building Council (USGBC) 
organized to develop and disseminate sustainability 

guidelines for the built environment industry in the 
United States. Expansion of LEED certification out-
side of the U.S. has increased over the last two years 
and currently there are more than 40 LEED certified 
buildings outside the U.S. with many more in the ap-
plication process.    

In the United Kingdom the Building Research Estab-
lishment’s Environmental Assessment Model 
(BREEAM) was developed in the mid 1990’s “to 
assess the environmental performance of both new 
and existing buildings. It is regarded by the UK's con-
struction and property sectors as the measure of best 
practice in environmental design and management.”2  
With seven categories of buildings, one being a ge-
neric category to include all miscellaneous types, the 
BREEAM guidelines are structured to cover any type 
of new or existing facility.   

Another voluntary North American initiative from the 
Green Building Initiative (GBI) organization is the 
Green Globes system.  Originally brought to Canada 
from the BREEAM model in 1996, Green Globes was 
published by the Canadian Standards Association, 
and in 2002 was expanded to the U.K, and in 2004 to 
the U.S. “In 2005, GBI became the first green build-
ing organization to be accredited as a standards de-
veloper by the American National Standards Institute 
(ANSI), and began the process of establishing Green 
Globes as an official ANSI standard.”3 

Numerous other sustainable guidelines exist in vari-
ous countries.  The CIB set up working group 100 – 
Environmental Assessment of Buildings, along with 
the International Initiative for a Sustainable Built 
Environment (iiSBE) Commission, a private re-
search group interested in sustainable building col-
laboration. 
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3. Benefits – direct and indirect 
The first adopters of sustainable guidelines were the 
owner-occupiers of buildings.  They could demonstrate 
immediate benefits from energy savings, water cost 
savings, other material cost savings and the most im-
portant, increases in workforce productivity.  While the 
energy, water and material cost savings could be sig-
nificant, the productivity increases were most dramatic.  
Because workers salaries make up approximately 80 
percent of organizations’ expenses, any improvement 
to productivity will multiply into huge savings and 
revenue increases for the organization.  Developing 
countries stand to gain substantially, as their increases 
in productivity can improve dramatically with new 
focus on sustainable guidelines.  

Other stakeholders in the building industry have not 
been as quick to accept sustainable guidelines.  De-
velopers, investors and financiers have been slower to 
see the long term impacts and benefits.  But private 
developers of commercial facilities can find potential 
advantages in sustainable guidelines.  Advantages 
include cost neutral or reduced development costs; 
rapid absorption; reduced vacancy; higher rents re-
sulting in improved net operating income; and a 
higher appraised value of the building.4  

The most effective methods to reduce the cost of in-
cluding sustainable guidelines in a building project 
are to develop early design intent goals and use inte-
grated technologies that allow maximization of per-
formance as well as planning that incorporates engi-
neering to reduce capital as well as operating costs.   

Constructors also may benefit from similar advan-
tages if their focus shifts to a more sustainable view.  
Reduced materials costs are often available if sourc-
ing is focused on local providers.  This saves trans-
portation costs and reduces negative impacts to the 
environment, while often assuring faster delivery 
times.   
Financiers and lenders are beginning to appreciate the 
green building support for reduced vacancies, longer 
lease terms and overall higher net operating incomes 
for the properties they fund.  The risks are reduced for 
these stakeholders and sustainable buildings have a 
positive impact on all these factors. 

As organizations are becoming more responsible not 
only to owners and stockholders, but to their commu-
nities and the world, they are beginning to take the 
longer view.  Organizations now seek more transpar-
ency and openness and in doing so they are embrac-
ing sustainable guidelines in their facilities. 

For the developer, builder, financier, owner and oc-
cupier, value has a specific and varied meaning.  Each 

entity has it own investment, risks, and potential re-
wards. 

The owner or investor has a substantially longer range 
view of returns.  Sustainably built facilities can lower 
operating costs, increase tenant retention and return 
higher revenues.  This increases the value for the 
owner/investor.  Capital costs can be amortized over a 
longer period than a developer who sells the building 
after completion, hence, providing the time to reap 
benefits into the future.  

The most appropriate way to justify inclusion of sus-
tainable guidelines is through the use of life cycle 
costing (LCC).  Rather than focusing solely on the 
initial costs of a building, LCC looks at the initial 
costs including design and construction and then adds 
the operations, maintenance, repairs, replacements 
and disposal costs over the entire life of the building 
to come up with LCC.   

4. Conclusions 
The long term impacts of sustainable guidelines are 
just beginning to be fully understood.  For building 
industry stakeholders other than the user of space, these 
green benefits are beginning to be understood in finan-
cial terms that are acceptable and welcome, rather than 
previous perceptions of green buildings simply being 
more expensive to design and construct.  When new 
financial metrics are provided for increased comfort, 
satisfaction and productivity, these green buildings 
become very profitable ventures that any stakeholder 
would agree brings benefits and profits. 
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Current approaches to technology adoption in construction are mainly 'reactive' and lack long-term vision or strat-
egy.  Such 'reactive' approaches can have negative implications; if they are not backed by a long-term vision that 
takes into account emerging and future business needs to ensure sustained competitiveness. There is therefore a need 
to develop and implement effective technology strategies that address the current, emerging and future needs of 
businesses to ensure a productive and beneficial implementation of the technologies. This constitutes the primary 
focus of the research. This research does not advocate technology as the only means of improving business; instead 
it proposes to highlight the importance of well-defined technology strategies that consider aspects (besides technol-
ogy) such as processes, people and management for sustained competitiveness. 

Keywords: strategies, construction competitiveness, technology implementation 
 
  

1. Introduction 
Strong Information Technology (IT) capabilities have 
been a competitive necessity in nearly every industry 
sector. The post- Egan [1] and Latham [2] era saw 
many construction firms investing in IT tools in order 
to improve business performance. This led to an in-
crease in IT investments in construction firms in re-
cent years. However, many firms fail to recognise that 
simply investing in IT does not guarantee successful 
implementation. Adoption of any technology for 
achieving business targets requires major changes in 
an organisation, its current practices, systems, proc-
esses and culture (people). They need to be coupled 
with correct management practices and strategies. 
Recent studies have shown that “good management is 
good business” and firms are more likely to yield 
business benefits by marrying good management 
practices with IT investments [3], than by simply in-
creasing their IT spending. 

2. Technology adoption within UK 
construction 

Previous research studies have indicated that in the 
UK industry, approaches to technology adoption have 
been mainly 'reactive', lacking a long-term vision or 
strategy [4]. Such 'reactive' approaches can have 
negative implications; if they are not backed by a 
long-term vision that takes into account emerging and 
future business needs to ensure sustained competi-
tiveness. There is therefore a need to develop and 
implement effective technology strategies that ad-
dress the current, emerging and future needs of busi-
nesses to ensure a productive and beneficial imple-
mentation of the technologies. This constitutes the 
primary focus of this research. 

3. Some issues with technology 
adoption 

According to Brown and Hagel [5] IT is a sore sub-
ject for company managements to investigate the 
strategy advantages of different technologies and 
technology architectures as sometimes the inflexible 
nature of IT constructs are the biggest road-blocks 
companies’ face when making strategic moves. This 
is especially true within the construction sector. 
Company strategies today are based on the ideas of 
radical incrementalism that emphasis the rapid waves 
of near-term operational and organisational initiatives 
bought into focus by a shared view of a company’s’ 
much longer-term strategic direction. Such incre-
mental changes are cumulative and radical and help 
companies stay competitive as they are difficult to 
replicate. Such radical incrementalism is difficult to 
achieve in practice as organisational and operational 
inertia hinders companies from making near-term 
innovation in business practices and processes. 
Hence, if technology is embedded within the organ-
isational structure it further hinders the organisational 
ability to adapt and change.  

4. Using IT for better strategy 
The implementation of any new technology for 
achieving business targets requires major changes in 
an organisation, its current practices, systems, human 
resources, processes and workflows [6]. Taking this 
into account, construction companies that are cur-
rently using and those who have yet to use IT tools 
need to take measures to successfully adopt and use 
technologies. The right strategies and implementation 
plans need to be developed, communicated, imple-
mented and monitored. This is not easy, thus issues 
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such as 'buy in', defining a strategy, selecting a sys-
tem, developing a training programme, defining oper-
ating procedures, modifying organisational structures, 
and reviewing and extending use need to be thor-
oughly researched [6]. While there has been sufficient 
research in the areas of assessing the 'readiness' of 
organisations to adopt IT tools [7-15] there is very 
little evidence to suggest that construction companies 
develop long-term technology strategies to address 
their emerging business needs.  

This research will focus on how construction organi-
sations can benefit from technology by formulating 
and implementing technology strategies. This can be 
achieved through three key elements, including an 
organisation's strategy-development structure, evalua-
tion process and the potential technologies them-
selves. This research aims to engage industry in the 
formulation and implementation of integrated tech-
nology strategies for sustained innovation-based 
competitiveness. The research will consider questions 
that fall into three interactive domains of vision, real-
ity and reflection where,  

• Vision will focus on the future aspirations of 
the organisation for competitiveness (in 
terms of market positioning, differentiation, 
core competencies and capabilities); 

• Reality will focus on what already exists 
(processes, people, and technologies), and  

• Reflection which aims to bridge the gap be-
tween reality and the vision! 
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The public sector comparator: uses and abuses 
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Governments on a world-wide basis are exploring alternative modes of procurement for major infrastructure pro-
jects.  One category of procurement models that has gained prominence is that of Public-Private Partnerships (P3).  
In deciding upon the most suitable procurement mode for a capital project, government seeks an answer to the ques-
tion: which procurement mode offers the best value for money (VFM)?  To help answer this question, the notion of a 
risk adjusted public sector comparator (PSC) has been utilized.  While in theory appropriate uses of the PSC are 
clear, the authors have observed in practice a lack of clarity as to the uses to which a PSC can be put, and in terms 
of the agendas of both advocates and opponents of P3s, a number of abuses.  This paper explores both, with empha-
sis on two different philosophies on how best to use the PSC in the search for best VFM.  
Keywords: public sector comparator, public-private partnerships, decision making 

 

1. Introduction 
Governments at all levels are highly motivated to 
explore alternate procurement methods for public 
infrastructure.  As a result, the concept of public-
private partnerships (P3) has gained prominence.  
Given a project context, government needs a method-
ology to assist it in assessing how best to procure the 
project using a procurement tool kit that ranges from 
traditional, government led project delivery through 
to complete private sector delivery, with government 
being limited to a regulatory oversight role.  The no-
tion of a risk-adjusted public sector comparator (PSC) 
has been touted as the means for helping government 
make procurement decisions and assessing value for 
money (VFM).  In theory, quantitative evidence to 
support judgment that VFM has been achieved is pro-
vided through the use of a comparator [1], [2].   

We examine two different philosophies associated 
with a PSC as part of the procurement mode decision 
making process, the pros and cons of each, issues 
associated with making adjustments to the PSC dur-
ing the procurement process, and finally, the validity, 
if any in a post mortem analysis, of comparing hypo-
thetical numbers associated with the PSC with the 
actual outcome. 

2. Background project scenario 
Use is made of a simplified yet realistic scenario 
which provides a useful backdrop to the discussion.  
Our perspective is that of government doing the data 
collection and analysis as of time now (i.e. all esti-
mates are projections of future events) for purposes of 
making decisions as to the best procurement mode 
and allocation of risks.  The type of project selected 
involves a revenue function that has both a user pay 
component, as well as a direct subsidy from govern-
ment.   

3. Uses / abuses of the PSC 
A graphical representation of the procurement mode 
decision making process is provided, along with the 
growth in information from both the public and pri-
vate sector perspectives. Attention is directed at an 
important juncture in the decision process as to the 
role of the PSC in selecting the preferred procure-
ment mode.  Two different approaches for choosing 
this mode are discussed, along with the pros and cons 
of each. 

The first alternative involves 3-parts for selecting the 
preferred procurement mode. It compares the PSC 
using ‘traditional’ procurement to the cost / revenue 
to government using P3 procurement – i.e. the PSC 
plays a central role in deciding upon the preferred 
procurement option.  We note that Partnerships Vic-
toria [3] is not in favour of this approach, while it 
forms the backbone of the approach used in the Prov-
inces of British Columbia, Alberta and Ontario, Can-
ada.  The three parts are: 

(i) The first part involves establishing the bench-
mark to beat, called PSCT herein.  This involves 
pricing out a government led project delivery 
using information developed to date.  It is as-
sumed that efforts are made to optimize the 
choice of traditional delivery mode, all potential 
costs are included, and operation and mainte-
nance costs are priced to reflect the same qual-
ity of service demanded of P3 delivery.  Ideally, 
output from this part of the analysis is a cumu-
lative distribution function (CDF) for PSCT.  

(ii) The second part of the approach involves pre-
paring a shadow bid that reflects the viewpoint 
of a concessionaire competing for the project 
under a P3 procurement mode, with an assumed 
level of risk transfer / risk sharing.  Challenges 
for government in preparing a shadow bid de-
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rive from the need to assess the synergies that 
might be achieved from bundling all services 
required into one concession agreement, the 
need to assess and price innovation potential, 
and the need to adopt a private sector perspec-
tive as to the project’s risk profile, how best to 
manage it, and aversion to risk.  Based on the 
risks assigned to the private sector and its atti-
tude toward risk, the shadow bid is used to pro-
vide an estimate of price certain of the payment 
stream required from or to government. 

(iii) The third part of the first approach involves 
taking price certain from (ii) and combining it 
with all remaining expenditures and risks re-
tained by government.  The net present worth of 
the corresponding cash flow, PSCP3 is then 
computed, and compared with the value PSCT 
computed in the first part.  Then answers can be 
sought to questions such as:  What is the prob-
ability that PSCT is less than PSCP3?  Then de-
pending on the government’s risk tolerance 
level, a choice can be made between ‘tradi-
tional’ and P3 procurement.   

Several pros and cons accompany the 3-part outlined 
above.  Selected advantages include: 
• Use of a PSC forces government to examine 

critically its traditional procurement options and 
optimize them to the extent possible; 

• The need to formulate a PSC forces government 
to examine the true cost of ‘traditional’ pro-
curement; 

• Proper formulation of a PSC requires the formal 
treatment of risk; 

• Use of a PSC forces greater accountability and 
transparency in decision making; and,  

• Formulation of a shadow bid allows relatively 
easy termination of the process if it becomes 
clear that the difference in VFM offered by the 
two approaches is minimal or a distinct advan-
tage exists for traditional delivery.  

Disadvantages of the approach, some of which can 
lead to abuses include: 
• A bias toward one procurement mode being 

preferred to the other can lead to manipulation 
of the PSC and / or the shadow bid;   

• It is difficult for the public sector to adopt or 
possess a private sector mindset in formulating 
a shadow bid; and, 

• For both approaches is an abuse by opponents to 
P3, who try and use the PSC and results of the 
shadow bid to discredit the use of P3 based on 
the results of negotiations post the RFP step, by 
comparing estimates of a future outcome frozen 
at a point in time with the actual outcome which 
is based on much more information. 

For the second approach, only part (i) of the first ap-
plies, with the decision about VFM and other metrics 
being made independent of the formulation of a PSC, 
and seemingly in some cases on philosophical or 
ideological grounds.  There is some sharing of advan-
tages with the first approach, but with the loss of 
some of the advantages cited for the shadow bid 
process.  However, an advantage of the second ap-
proach is that it avoids the need to quantify efficiency 
and innovation potential and the pricing of risks on 
the part of the private sector, thereby sidestepping 
two thorny issues and providing potentially less am-
munition to opponents of P3.  However, having de-
cided to proceed down the path of P3, the enormous 
amount of momentum that is developed makes it dif-
ficult to abort the process if P3 does not demonstrate 
VFM when bids are received, with the government’s 
concomitant loss of face and credibility in the eyes of 
the private sector.   

4. Conclusions 
In this paper, the authors have explored two ap-
proaches to the use of a public sector comparator 
(PSC) in making a decision about preferred procure-
ment mode, and pros and cons with each.  The first 
approach involves developing a benchmark, the PSC, 
and then comparing it with the results of a shadow bid 
prepared to reflect the viewpoint of the private sector, 
assuming P3 procurement.  The approach offers sev-
eral advantages, with the main one being that the P3 
choice can be eliminated early on if it does not show 
VFM compared to traditional procurement.  Selection 
of the preferred procurement mode without use of a 
shadow bid has the advantage of not having to make a 
large number of assumptions as to how the private 
sector is likely to price a P3 proposal.  But it comes 
with a significant risk that the private sector will have 
expended significant resources on a project best 
suited to traditional procurement.   
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Described in this paper is a planning and scheduling approach that unifies traditional CPM, Line of Balance (LOB), 
Linear Scheduling Method (LSM) and Linear Planning (LP), and which also treats true hierarchical scheduling.  
Central to the approach is a rich set of planning structures and generalized precedence relationships that treat both 
the time and spatial separation of work.  Features of both are illustrated, an overview of the scheduling algorithm is 
given, selected aspects of the computer implementation in a system called REPCON are shown and discussed, and 
potential enhancements identified.  
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1. Introduction 

Described in this paper are a planning and scheduling 
approach and accompanying tool that unifies, in a 
definitive manner, traditional CPM, Line of Balance 
(LOB), Linear Scheduling Method (LSM) and Linear 
Planning (LP).  The approach is equally applicable to 
representing projects with no repetition of activities to 
ones dominated by significant repetition, allowing a 
single tool to meet the totality of planning and sched-
uling needs of a firm, negating the need for specialist 
tools.  The topic of modeling projects which involve 
significant repetition of components and activities has 
attracted the interest of many researchers.  Stradal and 
Cacha [1] in their seminal paper on time-space plan-
ning delineated many of the features desired of an 
implementation of the methodology, and noted that a 
general mathematical formulation capable of being 
implemented in a computer environment had yet to be 
developed.  Over the ensuing years, many authors 
have tackled aspects of the problem [2], [3], as have 
the authors of this paper – e,g. [4], [5], [6], [7]. 

The paper is arranged around four main themes: rep-
resentation / modeling of projects, algorithmic and 
implementation issues, schedule visualization and 
user interface issues, and value-added features.   

2. Representation & modeling issues 
The realistic modeling of a project’s plan and sched-
ule deals with how to articulate observations of actual 
construction practices and findings from the literature 
in a flexible and general manner that can be captured 
in representation structures which have rich expres-
sive powers.  Our view is that a general approach 
must reflect the union of all features of traditional 
CPM plus the strengths offered by LOB, LSM, LP 
minus any unnecessary assumptions, be mathemati-
cally based, and to the extent possible, adhere to the 

terminology of CPM.  This means the ability to sup-
port a full set of logic relationships including spatial 
offsets or space buffers with positive and negative 
time lag and spatial buffer values, accommodation of 
date and float constraints, treatment of intermediate 
logic relationships and cyclic work relationships, 
treatment of multiple calendars both for activities and 
logic relationships and variable time units, work con-
tinuity where appropriate, work interruptions in re-
petitive work, the ability to crew up and crew down, 
variable production rates and work scope at different 
locations, different work location sequences for dif-
ferent activities, no requirement that all activities be 
present at all work locations, and flexible resource 
usage modeling.  The concept of work locations 
should be thought of in general terms, embracing off-
site processes as well as on-site physical locations.  In 
addition, to handle large scale projects, the use of true 
hierarchical scheduling should be incorporated.  All 
of the foregoing issues have been addressed in the 
approach described. A basic concept behind the suite 
of planning structures developed to date is that a sin-
gle activity or planning structure can appear at multi-
ple locations, rather than having to define a separate 
activity for each location instance.  A family of plan-
ning structures has been created, with activity mem-
bers being named ordered, continuous, shadow, 
hammock, start and finish milestones and derived.  
Accompanying these planning structures, generalized 
precedence (logic) relationships have been defined. 
Rather than manipulating individual activities, as is 
done in traditional network analysis, the user first 
defines a planning structure that describes the loca-
tions worked and the sequence in which they are to be 
worked, requirements for work continuity, production 
rates, and crewing strategy, and then connects this 
structure to others using the generalized precedence 
relationships.  These capabilities have been incorpo-
rated into a true hierarchical scheduling paradigm.   
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3. Algorithmic & implementation issues 
A challenge successfully addressed was generation of 
an internal network representation of the project and 
determination of activity structure sequence step 
numbers which reflect all properties of the planning 
structures, their hierarchical and logic relationships, 
and other constraints such as work continuity, date 
and float constraints, activity interrupt requirements, 
and the use of multiple calendars. An overview of the 
scheduling algorithm developed and implemented in a 
system called REPCON is presented in figure 1.   
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Figure 1. Overview of scheduling algorithm 
 

4. Schedule visualization and user  
interface issues 

Visualization of the project plan and schedule is key 
to developing insights on the workability of the con-
struction strategy being pursued, the quality of the 
plan specified, and on determining the most sensible 
corrective action strategies once work is underway.  
Bar chart, network diagram and time-space or linear 
planning graphics are supported, with an example of 
the latter shown in figure 2.Regarding user interface 
issues, extensive support is provided in terms of the 
ability to formulate finely tuned select/sort activity 
profiles, scroll both the time and space dimensions, 
zoom in both the time and space dimensions, use dif-
ferent colours to differentiate amongst project partici-
pants, and tile the same or different schedule repre-
sentations at identical or different granularities. 

5. Value-added features 
2 and 3-D resource representations can be generated, 
with the latter being very useful to determine the dis-
tribution of resources in time and space, thus helping 
with the assignment of supervisory personnel to en-
sure effective spans of control. It is also possible to 
examine the potential for congestion and develop 
productivity profiles 

Figure 2. Linear planning chart 
6. Conclusions and future work 

Features of a unified, mathematical formulation of 
CPM plus the strengths offered by LOB, LSM, LP 
minus any unnecessary assumptions, within a hierar-
chical framework, have been described.  Future work 
seeks greater computational efficiency and more 
flexibility in the time-space graphics. 
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Enhancement of the briefing process by assessing  
building performance 
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One comprehensive trend across the world is a trend towards performance-based briefing/programming, design and 
management of facilities. Construction professionals and facility managers are taking a more systematic approach to 
designing and monitoring building performance, aiming to keep down costs, reduce energy usage and making the 
best of building systems. However, one off the less well exploited opportunities for improving performance, reducing 
costs and abortive design time lie in the developments of the construction client's evaluation process. This paper 
reports findings from a questionnaire study of the evaluation of the building performance. Aspects that help clients to 
formulate evaluation procedures are discussed. It is concluded that there is a significant value in the assessing of 
building performance also for development of the clients’ briefing process.  

Keywords: evaluation, briefing/programming, construction client, questionnaire  

 

1. Clients’ evaluations 
The outcome of documenting and assessing activities, 
projects and processes is often pointed out, but why is 
it so important and how is it done? Without an 
evaluation or follow up of what has been done it is 
impossible to comment on potential effects or even 
know anything about what was carried out. Sharing 
experiences with others is also important. At the same 
time it should be pointed out that evaluations as such 
are part of an ongoing learning and growth process. 
Naturally the results of the evaluation must also lead 
somewhere. This executive summary compiles find-
ings from a questionnaire study of the evaluation of 
the building performance with the purpose of finding 
aspects that help clients’ to formulate evaluation pro-
cedures.  

1.1 Purpose and background 

The R&D project as a whole will analyse why clients’ 
rarely evaluate whether the end products of the build-
ing process meet the business requirements. The over 
all purpose is to highlight and tie together the need to 
formulate relevant requirements during the early 
phase with feedback from later phases of the building 
process. The intention is to develop a method for as-
sessing construction and management projects, as a 
tool for the client to use when following up on the 
require 
ment and goal definition process. Feedback from 
completed projects increases the construction client 
organisation's ability to formulate relevant and verifi-
able operations-related functional requirements in 
upcoming projects. 

Evaluations help us to learn about and improve upon 
the characteristics of premises. Evaluations can also 
serve as a means for reassessment and to report on 

accountability. Facilities that are appropriate for their 
purpose are an important production resource within 
organisations. Facilities are also more than just that. 
They often represent a significant portion of assets in 
the balance sheet. Unfortunately, risks are associated 
with fixed assets, depending on the condition and 
location of the premises, the length of the lease, and 
other factors. Uncertainty about the type of premises 
needed in the future also involves taking risks.  

Other reasons for evaluating premises include: 

• Obtaining a basis for decisions about whether a 
completed facility refurbishment should continue 
to be used in its current form, be improved, sold, 
or demolished. (summative evaluation) 

• Helping and supporting the operation’s current 
use of the facilities (formative evaluation) 

• Predicting the success of a facilities planning 
project (prognostic evaluation) 

• Assessing whether premises have been modified 
according to plan (evaluation of implementation). 

• Cost cutting measures / refinement of value (cus-
tomer benefit, efficiency and returns, value 
growth)  

• Providing incentive for more effective utilisation 
of premises  

2. Evaluation, assessment and follow 
up – What’s the difference? 

One difference between construction projects and 
political interventions or public administration – areas 
in which evaluation theory is well developed [1] – is 
that construction projects are divided into distinct 
phases that all have completely different results. In 
the initial planning phase we decide on the facilities’ 
properties, resulting in a brief and a model, mainly in 
the form of descriptions and drawings. The second 
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phase, construction, results in the material artefact. 
Thereafter the use phase begins, in which the results 
are used and managed. All three phases can be evalu-
ated individually or taken together. For example, in 
architectural contests the results are evaluated during 
the planning phase. Surprisingly, the built environ-
ment in the later phase is seldom evaluated. 

According to Vedung [1] concepts like evaluation, 
assessment and follow up interchangeably are often 
used. However, there are differences. Evaluation and 
assessment can be used synonymously. An evaluation 
means some form of review and analysis of whether a 
project or activity has succeeded in achieving its es-
tablished goals. The review is based on systematically 
gathered information anchored in defined purposes 
and issues and with relevant methodology. Evalua-
tions answer questions such as: has the change in the 
facilities had any effect, what has worked and what 
has not worked, what can be improved? A follow-up 
is somewhat less obligatory. In a few words, it entails 
describing what has been done and is based on regu-
lar and continuous gathering of information that 
makes it possible to see long-term changes. A follow-
up does not contain the same requirements for analy-
sis and quality assessment as an evaluation of how 
facilities are used. 

Evaluation means: systematic retrospective appraisal 
of processes, accomplishments and outcomes. Sys-
tematic means that data collection for an assessment 
must be done systematically. Retrospective means 
that it is something you do ex post, afterwards. But an 
assessment can also be done ex ante, such as prior to 
a programme for refurbishing premises or a prelimi-
nary study. 

As early as the beginning of the 1960s, procedures 
were developed in the US to systematically evaluate 
buildings – Environmental Design Eval 
uation or Building Diagnostics. The adopted term is 
Post Occupancy Evaluation (POE); which assumes 
that the user’s assessment will constitute part of the 
evaluation and that the evaluation is carried out after 
the building has been taken into use. Post Occupancy 
Evaluation is used today as an international collective 
term for all types of evaluation methods aimed at 
providing feedback – from buildings and premises 
that are finished, delivered and taken into use – based 
on the perspective of the operation [2]. Other equiva-
lent international concepts are Building Performance 
Evaluation, Post Project Performance or Customer 
Satisfaction. 

3. Results from the questionnaire 
The questionnaires were distributed to 96 selected 
prospective participants. Participation was anony-

mous and voluntary (response rate 58%). General 
observations from the questionnaire study include:  
• Evaluation is most necessary in two categories: 

Safety and User Satisfaction.  
• A Customer Satisfaction Index is seldom used, 

even though customer satisfaction is important. 
• The construction project manager and client or-

ganisation should carry out the evaluation. 
• Lack of time and planning are key factors for not 

carrying out evaluations.  

4. Conclusions 
This research project will encouraging the improved 
use of feedback particularly for clients with con-
tinuous building programmes that will facilitate the 
prescription of tried and tested solutions yet allow and 
encourage value-adding innovation in a controlled 
manner. Thus, following seven fundamental questions 
can be asked prior to each evaluation of the opera-
tion's and end-users use of premises: 

1. Purpose – (Why evaluate and how should the 
evaluation be used?) 
2. Object – (What should be evaluated? How do you 
make suitable limitations?) 
3. Organisation – (Where and who should be evalu-
ated? Based on whose perspective should the evalua-
tion be carried out? Who ordered/purchased the 
evaluation?) 
4. Criteria – (What criteria should be used and how is 
their value assigned?) 
5. Methods – (Which evaluation methods should be 
used?) 
6. Distribution – (How and to whom should the re-
sults be distributed?) 
7. Use – (What effects can be expected? How will 
people handle the results?)The purpose of the evalua-
tion is to understand which strengths and problems 
the use of the facilities generates in the users' daily 
activities. Hence, applying systematic feedback to 
improve the briefing process. The improvement of the 
client briefing and evaluation process by systematis-
ing the gathering and application of feedback from 
completed projects to improve the construction indus-
try productivity, building performance and user satis-
faction. 
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This paper report from a study aimed to develop and suggest methods that will enable innovative and effective col-
laboration between clients and construction project management. It builds on research within the field of briefing, 
construction project management and is based on interviews and workshops. The purpose of the workshops was to 
exchange expertise between different client organisations. Increased need for professional clients and the aim of 
construction project management professionals to engage in a wider range of tasks and activities is the main outset. 
The focus is on project management and how it succeeds to convert the construction client’s corporate strategy and 
business into property investment or corporate real estate decisions. Such knowledge should make it possible to cre-
ate innovative methods for facilitating construction briefing and project management. It will also support the provi-
sion of facilities and provide understanding of the consequences of strategies or methods for the improvement of the 
performance of the client organisation’s business objectives in construction projects. The development of such 
knowledge is of particular interest for client representatives, project managers, development managers, facilities 
managers and design managers in the construction sector. 

Keywords: briefing, usability, process, professional logics, stakeholders. 
 
 
 

1. Roles and processes 
The client’s goal of raising quality and implement 
end-user focus and at the same time outsource the 
management process of the finalizing of facilities, 
denominates a fundamental gap between two different 
logics, the one of the client and the one of the con-
struction management professional. This is illustrated 
by the fact that there is a discussion on the need for 
facilitators in interpreting the requirements of the 
client, rather than a discussion on the role of construc-
tion project managers. This questions the role of con-
struction project managers and the relationship to and 
integration of clients’ objectives. When there is an 
increased need for professional clients and the aim of 
construction project management professionals is to 
engage in a wider range of tasks and activities, there 
is a need for an innovative approach that develop 
roles and relationships that satisfy the clients objec-
tives in construction projects [1, 2, 3].One trend is an 
increased customer focus, and focus on core activi-
ties. Today the client is being given more formal re-
sponsibility for the management of building projects 
due to regulation. The pace of change within the or-
ganisations has also increased, with more frequent 
moving and shorter planning horizons for both pro-
duction and facilities [3].  

2. Stakeholders 
Construction clients have a key role as the initiators 
of projects and often also represent different interests 
in terms of required services, functions, designs and 

interpretation aspects. As a rule, construction clients 
also finance the projects and are responsible for en-
suring that needs and preferences of the end user are 
met. In much of the recent debate on the construction 
industry, clients are pointed out as the major steering 
force the construction processes.  

Today construction project managers act on behalf of 
the client in the design and/or production phase of a 
construction project. The client focuses on core ac-
tivities and has outsourced the responsibility of the 
process of providing facilities to the construction 
manager. The client might even have changed the 
organization to such an extent that there is very lim-
ited competence concerning construction in the client 
organization. The construction project manager then 
carries the responsibility to deliver what has been 
defined in an agreement/contract.According to results 
from research there is an increasing interest among 
construction clients towards a more value based and 
operational-oriented management process. It is rea-
sonable to believe that this has led to a need for ex-
perts who understand the differences between strate-
gic/external and operative/internal management proc-
esses without focusing too much on building-related 
solutions. This implies a possibility for project man-
agement professionals in construction to develop and 
provide expanded services to clients. Alternatively, 
new actors among other professionals in the construc-
tion sector may appear. The need for specialists (fa-
cilitators) to bridge the gap between corporate strat-
egy and the development of building projects have 
been identified [4]. 
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3. Client/User requirements 
The workshops indicated an urge for revaluing the 
briefing process in order to meet client/user require-
ments. During the last decades, however, the need for 
better briefing with the focus on end-users is increas-
ingly recognised in professionalizing the demand in 
building and construction among clients, industry and 
researchers all over the world. Emphasis is put on a 
desire to manage the brief with a more strategic focus 
on end-results, facilitating the user’s business process 
rather than focusing on the technology of building 
parts and components.  

The workshops also pointed to difficulties for con-
struction projects to deliver what the user-clients 
need. It was found that user demands were hard to 
define and measure on the construction project level 
and thus difficult to validate during the construction 
(production) process. The functions defined in the 
brief were described as cumbersome to communicate 
and translate to production activities. The workshop 
participants considered there to be a lack of systems 
or methods to sufficiently and satisfactory keep track 
of user client demands. Furthermore, a trend of in-
creased interest for process-oriented briefing was in-
dicated as well as the need for more research for 
about collaborative working. Also communication 
and interaction capabilities are considered vital. 

4. Discussion 
Reflecting on current research and developments we 
can see that there are two different logics governing 
the users and the construction companies. This differ-
ence we conclude is not addressed to a large extent, if 
at all. The differences lay in the views of several as-
pects of projects and user activities. First and fore-
most is the difference of project scope. For the user 
the scope is continuous and permanent, for the con-
struction company it is project by project. So, who 
should govern the construction process?  

The client needs to be skilled in choosing the right 
experts or consultants for both demanding what shall 
be supplied, the briefing, and how it should be 
achieved, the construction. If the client isn’t as pro-
fessional as required the logics of the consultants pre-
vail rather than the clients. It can be argued that the 
users can not focus on complex construction issues 
instead of their professional core business. That is 
correct, but the construction project management 
must improve skills in communication and interaction 
with core business. Construction must be delivered by 
the logic of user’s permanent organisation rather than 
the project by project approach utilised by the con-
struction sector. 

5. Why innovation is needed 
The developments and discussion above challenges 
the traditional role of several actors. The clients need 
to be more knowledgeable either by developing their 
own organisations or by using appropriate support, 
such as project managers, facilitators or similar pro-
fessional roles. There is a need of choosing logic – 
this does however not diminish the need for method-
ologies for capturing, processing and verifying re-
quirements in the process of provision of facilities to 
a user. Thus, elaborating the client perspective em-
powers a demand driven attitude that will lead to an 
integrated approach and stimulate a reformed man-
agement of construction projects. This is a field that 
will require studies and research in order to develop a 
client/user driven construction process that is more 
than just new statements.  

References 
[1] ECTP, European Construction Technology Plat-
form (2006), Strategic Research Agenda.  

[2] Ryd, N. (2003), Exploring Construction Briefing – 
From Document to Process, Chalmers University of 
Technology, Gothenburg.  

[3] Lindahl, G. and Ryd, N. (2006), Performance, 
report R&D project no:11, Swedish Council for Con-
structing Excellence (BQR), Evaluation tool for pro-
ject follow-up, Chalmers University of Technology, 
Gothenburg, Sweden. 

[4] Ryd, N. (2004), “Facilitating Construction Brief-
ing - From The Clients Points of View”, Nordic Jour-
nal of Surveying and Real Estate Research, Vol 
1:2004, pp. 86-101. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

W065/W055 Committees 287



 

International comparative study on “Kouji-Kanri  
(construction supervision)” as construction conformation 

Takashi Saito, Japan Post, Tokyo, Japan (email: t-saito@wmail.plala.or.jp) 
Shuzo Furusaka, Kyoto University, Kyoto, Japan (email: furusaka@archi.kyoto-u.ac.jp) 

 
The purpose of this paper examines  that the role of construction supervisor in Japan is changing to the management 
field and construction conformation field, based on the analysis of the WBS (Work Break Structure) by the interna-
tional comparison among Korea, China, the UK, the US, and Japan. The Choice of better procurement is essential to 
the success of construction projects. This paper also explains that characteristics of quality control system of Asian 
countries and makes some suggestions to improve quality of construction projects. 
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1. Introduction  
In addition to Design Build or Design-bid-Build, sup-
ply system of Japan is being diversified by the intro-
duction of new procurement such as Construction 
Management etc. Various construction supervision -- 
many specialists, such as a construction supervisor 
from designer side and builder side as a third person, 
a construction manager, or a project manager, etc., 
has been introduced. Construction supervision busi-
ness of Japan is legally defined with design docu-
ments. The main activity of construction supervisor is 
formal conformance check between product and de-
sign documents. On the other hand, the management 
function itself is not legally defined. In the US & UK 
construction project, management systems, such as 
CM system, were introduced and both quality reser-
vation and client’s demand are already realized. The 
purpose of this research is to clarify the feature of the 
present construction supervisor. Furthermore, interna-
tional comparison of the U.S., UK, China, South Ko-
rea, and Japan is performed about the relation be-
tween construction supervision and construction 
management. 

2. International comparison of  
construction supervisor’s activities  

This paper examines international comparative study 
among five countries, Japan, USA, UK, China, and 
Korea by activities during construction phase. There 
are some characteristics among other countries as 
follows: 

a) All countries defined architect’s role for passing 
along design intent. 

b) The activity of conformation of construction and 
design defined Clerk of work’s role in the UK. Under 
AIA contracts in the US, architect has similar role to 
Construction Manager as conformation activity. 

c) Inspection & Advise of Execution scheme are 
mainly supervisor’s activity, but conformation of de-
sign and shop drawings are different country by coun-
try. China and Korea defined construction supervi-
sor’s activity; on the other hand, UK and US defined 
architect’s activity. 

3. Main body of construction  
supervisor’s activities 

The real chief mourner object of the construction su-
pervision business in each country also changes with 
countries. 

a) USA 

In the U.S., inspection by the builder and inspection 
by the government organization are distinguished, 
and it is in contrast with Japan. Quality inspection in 
Japan depends on designer. The quality inspection by 
the administration in the U.S. is defined as inspector 
system of state level. 

b) UK 

In RIBA (Royal Institute of British Architects) Con-
ditions of Engagement (1966 version), the difference 
between a designer and Clerk of Works is shown as 
follows; 

   Supervision: Resident Architect 

   Inspection: Clerk of Works 

"Clerk of Works" mainly has five business, Anticipa-
tion, Interpretation, Recording, Inspection, and Re-
porting. In this meaning, it can be said that “Clerk of 
Works” is carrying out broader quality control busi-
ness with the designer. 

d) KOREA 

Existence of the construction supervisor, who per-
forms construction supervision business according to 
the construction value and belongs to private con-
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struction sector’s supervision special company, is 
characteristic in South Korea. Although public offi-
cials who belong to the organization perform con-
struction supervision business as a superintendent in 
public works, in addition to the superintendent be-
longing to client organization, if the total cost of con-
struction projects are over 10 billion won or more, the 
supervision member which belongs to the supervision 
special company of the field construction performs 
"responsibility supervision" business (construction 
technical law article 27) must be hired.  

e) JAPAN 

In Japan, the design office which took charge of the 
design takes charge also construction supervision 
business in many cases. However, adopting third per-
son supervision positively in the latest public building 
construction etc. also has many examples which 
choose a construction supervisor who is not designer. 

4. Survey results 
• Conventional Japanese construction supervision 

is defined not only conformance check between 
product as quality control function and design 
documents, but also management in construction 
process whose definition is broadly excess the 
legal function of the construction supervisor set 
by the Japanese architectural law article 2. 

• When the diversity of a project is taken into con-
sideration from now on, the subject which carries 
out construction supervision is also various. 

• Moreover, although only the conformance check 
business is prescribed about the construction su-
pervision business defined as the present notifica-
tion No. 1206, it is required to clarify the people 
who the conformance check with client demand 
and management business used as the basis of a 
construction project. 

• For that purpose, classifying into "conformance 
check business" and "management business" 
clearly, and deciding the operating, responsibility 
person is very important to develop construction 
industry. From now on, conventional construc-
tion supervision business which defined more 
broadly should been transformed to new con-
struction supervision business which redefine as 
quality control business during construction 
phase by conformance check between product 
and design documents, moreover, the definition 
of new construction supervision business should 
be able to make a choice of supervision activities 
according to the characteristics of construction 
projects and characteristics of client demands like 
UK & US experience. 
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This paper presents the initial methodological considerations for doctoral research aimed at developing measure-
ment criteria for construction productivity in Italy. The characteristics of the local construction market and the need 
for measuring productivity are introduced in the first part of the paper. This type of study has never been performed 
in Italy. In the second part the findings of several past productivity-related studies are discussed, as a basis for de-
veloping meaningful measurement criteria. The central part of the paper addresses most of the factors that influence 
productivity. They are grouped into three areas: site conditions, management and personnel motivation. Measurable 
and non-measurable productivity factors are identified. In the last part the methodology for developing the study is 
outlined. Regression analysis could be used to develop a productivity function. In this regard an example is used to 
show the possible outcome of this approach. 

Keywords: Construction management, Productivity, Measurement criteria. 
 
 

Introduction 
The issue of productivity in construction has been the 
subject of many international studies, but it has re-
ceived very little attention in Italy. 

This paper presents the initial considerations for a 
measurement study of the productivity of Italian con-
struction sites. The paper addresses the reasons for 
this undertaking, summarizes some of the findings of 
past productivity studies and outlines a logical road-
map for further research. The completed study is ex-
pected to show improvement opportunities for the 
capabilities of Italian construction firms.  

1. Research motivation 
Labor productivity is of central importance to the 
economic health of the Italian economy. Due to the 
size of the construction industry, any productivity 
change has significant direct effects on the overall 
productivity and well-being of the nation.  

The research topic of construction productivity was 
induced by the fact that many studies have been carried 
out internationally in this regard, but very little atten-
tion has been paid in Italy to date. The opportunities for 
productivity improvement in Italy are many, because 
the productive time of an average Italian construction 
worker is 30-40% of his 8-hour working day.  

2.  State of the art 
In many industrial sectors, productivity is generally 
measured in the same way.  

It is given by the following ratio:  

)  ( 
)( 

productsofunitsoutput
resourcesinputtyproductivi =     (1) 

 
The value of the ratio varies, depending on the criteria 
according to which its numerator and denominators 
are quantified. In production terms, standard produc-
tivity usually relates output to the quantity of labour 
used, measured in work-hours. Sometimes the ratio 
relates output to capital input. 

In the construction industry, it is very difficult to 
quantify output, generally expressed in physical units. 
This difficulty results from the nature of construction 
output. Buildings, in fact, differ from each other in 
terms of quality and technologies, differently from the 
standard products of manufacturing. A possibility is 
represented by considering output in terms of mone-
tary or functional units.  

New construction management theories suggest that 
productivity depends on the reliability of some flows 
at the construction site. Main flows to be considered 
are materials, information, equipment and labour. The 
efficiency of these flows offers the possibility of 
achieving good performance [1].  

In construction, labor reaches up to 60% of the cost of 
a construction project, while material represents only 
25-30%, so most of the opportunities for efficiency 
improvement should be found in the area of labor. 
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3. Factors influencing productivity 
The central part of this study focuses on those aspects 
that influence productivity and shows all the factors, 
grouped in homogeneous categories, which can 
change productivity performance. 
The factors are organized into three broad categories: 
site conditions, management and personnel motiva-
tion. Each category may have a significant impact on 
the performance of construction activities, although in 
a different way. 
The first category, site conditions, encompasses all 
the aspects that depend directly on a specific job ,and 
it is divided into four subcategories: job complexity, 
climatic aspects, site space conditions, and type of 
project delivery system. 
The second category concerns the contractor man-
agement system and consists of three sub-categories: 
site management, technologies and personnel supervi-
sion. 
Personnel motivation, the third category, is character-
ized by measurable and non-measurable dimensions. 
Their impact, however, cannot be quantified easily, 
given the intangible and varying nature of the social 
and personal situation of construction workers. 

4. Research methodology 
Activity sampling is one of the best ways for obtain-
ing detailed knowledge of the performance of any 
production process. This method can be used for 
comparing the performance of a set of construction 
sites. For the practicality of the study to be under-
taken, only one type of construction activity should 
be considered. Therefore the investigation will be 
limited to a set of concrete structures of residential or 
office buildings. In Italy, this category of work repre-
sents approximately 30% of construction costs and 
has a significant impact on the total duration of a con-
struction project. In addition, concrete activities can 
be easily analysed, measured and compared from site 
to site. 
A cost analysis will be undertaken for every observed 
site to define the factors that influence productivity. A 
regression analysis will be used to develop a produc-
tivity function. The objective is to understand which 
aspects have a stronger impact on construction pro-
ductivity. Measurable and non-measurable factors are 
to be noted. In order to clarify what influences pro-
ductivity, the following equation is used: 
 

P = F (x1, x2,... xi,… xn)  (2) 
 
where xi are the previously introduced sub-categories 
influencing productivity. We cannot say what kind of 

function relates productivity to sub-categories. A pos-
sible solution is to collect data from a large set of 
different sites and develop  a statistical model. Each 
of the parameters of equation (2), in addition, is to be 
weighted and its cumulative impact considered. In 
practice, each xi will have two components: ai and bi. 
The first one refers to the assigned weight, depending 
on a given project; while the second one considers its 
cumulative impact. From these considerations, equa-
tion (2) can be further developed into: 
 

P = F (a1b1x1, a2b2x2,...,aibixi,,…,anbnxn)  (3) 
 
This hypothetical equation should be validated with a 
mathematical model developed on the basis of a large 
number of observations. It is important to underline 
that, while equation (2) may be valid, equation (3) 
needs to be verified, because it is only a starting hy-
pothesis based on intuition. In this regard, a test is to 
be developed to verify the likely results of the pro-
posed methodology. The test should focus on the 
variability of at least two factors depending on site to 
site and eventually indicate the way how a meaning-
ful and valid mathematical model should be devel-
oped, in order to show the relationship between a 
given factor and productivity outcome. 

Conclusion 
This paper has outlined the preliminary methodologi-
cal considerations for undertaking an in-depth study 
of construction productivity in Italy. For practical 
reasons the study will be limited to concrete struc-
tures only. Future investigation efforts should focus 
on quantifying the impact that some of the above-
listed factors (related to site conditions, management 
and personnel motivation) have on final productivity. 
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One of the most prioritised activities in order to improve construction should be to eliminate waste. This paper summa-
rizes experiences from an empirical study of waste in Swedish construction projects. A number of studies have been 
performed to collect data: direct observations, interviews, group discussions, studies of project data and studies of 
other relevant data. The waste, which is found to be at least 1/3 of the total cost of projects, is of practical reasons pre-
sented in four main groups: defects and inspections, use of resources, safety and health, structures and systems. Four 
general obstacles are presented. 
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1. Introduction 
Most actors in construction see that there is a possi-
bility to lower the production costs, i.e. the total cost 
for the project. However, there is a disagreement on 
which cost elements and what reasons lay behind the 
present production costs. Trade organisations claim 
that the burden of taxation on new houses should be 
lowered. Other groups of actors point at problems 
with governmental control, time aspects, complex 
project organisations, inefficient production, low 
competence, high material prices, etc. One way of 
getting a better overview of the cost structure and the 
possibilities to reduce costs is to identify waste affect-
ing the client in building projects.  
The aim of this paper is to present wastes in construc-
tion affecting any part of the production cost of a build-
ing project. Waste is seen as “all activities which ab-
sorb resources without adding value to the customer. 
We see the client of a building project as the customer.  

2. Method 
The study was carried out in two stages: first to iden-
tify sources of waste and then to quantify them. The 
study was guided to a certain extent by the fact that 
the major part of the data was collected in four hous-
ing projects. 
We first made a study of the literature and held eleven 
group discussions with practitioners in order to iden-
tify as many examples of waste as possible. When we 
had described the purpose of the study, we asked each 
participant to write down as many examples of waste 
as possible. These meetings generated a total of 750 
examples of waste – or at least what some individual 
considered to be waste. 
The quantification of waste was connected as closely 
as possible to four building projects. These areas were 
divided so that we researchers made special literature  

searches in the areas that had already been studied 
while the four participating companies took the re-
sponsbility for collecting information in other areas. 
The way the different inventories were carried out 
depended on the particular type of waste to be stud-
ied. A questionnaire on all the areas that had been 
given the lowest priority was created in parallel. Key 
persons in the projects were identified, and the re-
searchers then made interviews with these 43 persons 
in the four projects.  

3.  Four groups of studied waste 
Our classification of wastes is divided into four main 
groups: defects and inspections; non-productive use of 
resources; injuries and other ill-health problems; and 
waste due to systems and structures in the industry. 

Defects and inspections. An obvious group of waste 
is defects and their consequences, i.e. defect costs. 
The hidden defect costs, i.e. costs due to defects that 
cannot be seen at site, are greater than the visible cost. 
Because defects exist, organisations create inspec-
tions in order to discover them in time and insure 
themselves in order to spread the risk in the case they 
occur. Theft and destruction of property are “defects” 
carried out by unauthorised persons and are thus in-
cluded in this group. Our study shows that waste in 
this group represents more than 10% of a project’s 
production cost. 

Non-productive use of resources. The second group 
of waste has to do with how the three resources of 
work time, machinery and building materials are 
used. The inventories show a surprisingly large por-
tion of waste in the form of wait times, machinery 
that is not in use and material wastage. This waste 
corresponds to more than 10% of a project’s produc-
tion cost. 
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Injuries and other ill-health problems. Waste associ-
ated with work-related injuries and illnesses is so 
large that we have chosen to report it as a separate 
group. The companies in a project have direct costs 
for health and safety. The largest cost is, however, for 
rehabilitation and early retirements and this burdens 
projects indirectly via taxes. Waste in this group 
represents about 12% of a project’s production cost. 
Waste due to systems and structures. The fourth 
group is waste in management systems among federal 
authorities, companies and projects and in organisa-
tional structures, e.g. in the industry, in companies 
and in projects. The types of waste reported in this 
group correspond together to about 5% of a project’s 
production cost. However, we believe that this group 
of waste is the one most underestimated in our study. 

4. Four general obstacles 
The building sector has a great potential for im-
provement and cost reduction. To utilise this potential 
the sector must tear down a number of obstacles. We 
discuss four obstacles here. 
There is a broad opinion that each building project is 
unique, that the building sector is different from all 
other sectors and that the building sector is conserva-
tive. These ideas come up constantly in debates and 
seminars, and sometimes in trade newspapers and the 
scientific literature as well. The first obstacle to de-
velopment is that the building sector convinces itself 
that it is not possible to work smarter. 
Most companies in the building sector claim that they 
are customer oriented and that they focus on the cus-
tomer. This may be true for how companies take con-
sideration to and translate the customer’s needs into 
qualities in the product. But it is hardly true for how 
companies use the money they receive from the cus-
tomer. The problem is to get those who are active in 
the building sector – primarily in projects, but also in 
companies and interest organisations – to realise that 
the expenditures for their work in fact burden the cus-
tomer’s budget. This weakness in customer focus is 
the second obstacle to utilising the entire potential for 
improvement. 
The improvement work that individuals, groups, 
companies and industries initiate and conduct is well 
meant and its purpose is in different ways to produce 
better buildings at a lower cost. However, a review of 
different forms of improvement work shows that they 
often lead to a greater amount of administration and 
higher costs. New documents and activities are added 
to the process, but few old documents and activities 
are taken away. The third obstacle to utilising the 
improvement potential is that improvement work – in 
spite of good intentions – often works against its own 
purpose by increasing administration.  

In carrying out this study we have seen how the build-
ing sector’s structure with many actors splits up the 
process and contributes to creating administration 
whose usefulness to the end customer is unclear. Let 
us look at two principal development scenarios: hori-
zontal and vertical development. In horizontal devel-
opment, groups of actors, e.g. trade organisations, and 
labour union organisations, strengthen their respective 
roles. These groups act to introduce new kinds of 
training, new systems, new models, new plans, new 
documents, new roles etc. for the purpose of improv-
ing the situation for their members. The effect of this 
is partly that waste grows and partly that it contrib-
utes to conceal the main process of the building pro-
ject. The second scenario, vertical development, 
means that actors together try to strengthen the value-
adding main process and make it more effective. 
Partnership is a recent example of vertical develop-
ment, often between the client and the building con-
tractor. Our understanding is that there are many good 
examples of vertical development according to the 
second scenario. However, in our judgement, hori-
zontal development according to the first scenario has 
been strongest in the past decades. This development 
thus contributes to successively increasing the amount 
of waste and consequently represents our fourth ob-
stacle to sound development. 

5. Conclusions 
The study shows that there is a sweeping amount of 
waste – at least in the order of 30 – 35% of a project’s 
production cost, although with a certain variation be-
tween projects. The greatest proportion of the waste is 
hidden to the majority of actors. It is thus important to 
make as much of this waste as possible visible. 
One learning is that it is important to consider the 
entire production cost which the client has to pay for 
and not only the costs appearing at site. By having a 
client perspective and studying the entire production 
costs, and not only the costs appearing at site, means 
that several previously often overlooked wastes are 
revealed.  
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Competitive advantages for contractor by implementing 
new materials? 
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Nowadays, price competition plays a dominant role in the construction industry in the competition to acquire orders. 
This leads to companies extensively striving for cost leadership in their competitive strategy. Therefore contractors 
almost simultaneously attempt to implement various cost effective optimizations of their processes. In this paper we 
would like to address the question whether contractors can gain a competitive advantage by using innovative mate-
rials or not. We will show if innovations of suppliers result in differentiation potential or cost advantages to obtain 
contractors’ competitive advantages using the example of the materials fiber-reinforced, self-compacting and high-
strength concrete. Furthermore we will analyze and assess in depth the impact of the contrary strategic objectives of 
supplier and contractor to obtain competitive advantages.  

Keywords: price war, corporate strategy, material innovations, competitive capacity, competitive strategy. 
 
 

1. Introduction  
Apart from the market structure of the construction 
industry, the conflict of objectives between contrac-
tors and the suppliers also turns out to be a fundamen-
tal problem in the differentiation of the individual 
contractors in order to obtain competitive advantages 
through material innovation. While contractors try to 
act as the only supplier of an innovative technique in 
order to differ from the mass of competitors, suppliers 
attempt to sell great quantities and, by this means, to 
realize great profits. 

If we want to analyze options of increasing the com-
petitive ability of construction companies in order to 
obtain competitive advantages from supplier innova-
tions, we need to study the following aspects in more 
detail: 

• What development potential does the construction 
market offer, if any? 

• What strategic options are available to construction 
companies to develop competitive advantages? 

• What influence do suppliers' service and product 
innovations generally have on the competitive abil-
ity of construction companies? 

In order to fundamentally understand the impacts of 
supplier innovations on the competitive ability of 
construction companies, it is necessary to analyze the 
corporate objectives of both supplier and construction 
companies, their interaction, and the benefit for the 
client. An examination of the technological, construc-
tion management and economic impacts is conducted 
in this paper using three innovative materials - fiber-
reinforced, self-compacting and high-strength con-
crete – as examples. 

2. Strategy options for contractors  
Each construction company has different strategies as 
to how it wants to evolve with the probable potential 
in the local or international construction marketplace. 
The company's mission statement and values play an 
important role when it comes to selecting a company-
specific strategy. But other factors, such as proprie-
tary resources or the development of the overall mar-
ket also need to be taken into consideration.  

Plinke [3] indicates three basic types of strategic deci-
sions, "Strategy cementation", "Growth strategy" and 
"Strategic restructuring". These three basic types are 
enhanced by "Strategic downsizing" as this can offer 
a sensible alternative in certain market situations.  

A company uses a market strategy to define how it 
wants to position itself in the marketplace. A distinc-
tion must be made between market strategies that are 
chosen for the company as a whole, and those chosen 
for individual strategic business units (SBU). The 
company should aim to use its market strategy to 
generate a growth path in order to sustain its value. 
The dimensions of services / products and market as 
defined by Ansoff [1] are suitable for business units. 

Based on this market strategy, the competitive strat-
egy developed by Porter [4] illustrates the various 
ways in which a company can use its own efforts to 
create competitive advantages and differentiation 
potential from the client's perspective in the industry 
environment. Both the behavior vis-à-vis the competi-
tion and the resulting impact on the client need to be 
taken into account. 
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3. Impacts of innovative products on 
the players in the value creation 

chain 
Although each new material represents a product in-
novation for its suppler (in this case the concrete in-
dustry), its impact on the other players in the value 
creation chain - companies and clients – depends on 
the type of change it effects to the downstream value 
creation phases [2] (Fig. 1). 

 

 
Fig. 1: Innovative products and their impact on the 
players in the value creation chain 

For a construction entrepreneur, fiber-reinforced con-
crete only represents a process innovation if it elimi-
nates the need for mat reinforcement during the per-
formance process, since the process of producing the 
reinforcement mat then becomes superfluous.  

Clients are only interested in results, and not in proc-
esses. If an industrial floor is being produced, the 
client's only interest is that the floor does not crack or 
sag and its durability are ensured. He does not care 
whether this was achieved by reinforcement mats of 
fibers in the concrete and will therefore not see it as 
an innovation.  

If, in contrast, the use of plastic fibers substantially 
improves the fire-resistant properties of tunnel shells, 
this would represent a product innovation for clients, 
since the tunnel shell becomes safer for the users. 

Certain measures need to be implemented when using 
SCC. The formwork has to be stronger, the workers 
have to be trained, and there is no longer any need for 
compression using mixers during the actual concret-
ing process. As such, SCC represents a process inno-
vation for construction entrepreneurs. 

The new and improved effects of products manufac-
tured using these innovative materials are not appar-
ent to clients. Although they benefit from the possibly 
improved quality, they do not recognize these benefits 
at first glance, and as such these products are not 
genuine innovations for them.  

The same applies to the use of high-strength concrete. 
The suppliers' product innovations do not have a tan-
gible impact on the manufacturing and processing 
processes. With the exception of a few special cir-
cumstances, clients will not notice that an innovative 
construction material has been used.  

4. Conclusion 
The market structure of the construction industry 
coupled with the conflicting goals of construction 
companies and the construction materials industry are 
proving to be a fundamental problem when differenti-
ating individual construction companies from their 
competitors on the basis of material innovations. The 
construction materials industry is characterized by an 
oligopolistic, nearly monopolistic supply structure, 
whereas construction companies with their atomistic 
supply structure and perfect competition among their 
peers having to deal with the forces of their clients 
and suppliers.  This conflict between companies and 
suppliers is also underlined by the differing objectives 
of the two parties. Construction companies are trying 
to position themselves in the market as sole supplier 
of an innovative technology in order to prove to cli-
ents their differentiation from the competition and to 
set themselves apart from the crowd of atomistic sup-
pliers, whereas suppliers try to generate large vol-
umes of sales, large revenues and large profits and, to 
do so, to supply as many construction companies as 
possible with the same product. Following the rela-
tively short launch phase of new materials, the com-
petitive advantages for the individual companies in 
the marketplace are more or less lost, and perfect 
competition is re-established. Most construction com-
panies will subsequently pursue a strategy of cost 
leadership. These relatively short cycles highlight the 
fact that the use of new and innovative materials can-
not be expected to result in any lasting improvement 
of the competitive situation, nor, in consequence, of 
the economic situation of a construction company. 

References 
[1] Ansoff, Igor: Corporate Strategy. Verlag moderne 
Industrie, München, 1966.  

[2] Girmscheid, Gerhard; Hartmann, Andreas: Inno-
vationsmanagement in Bauunternehmen. Bautechnik, 
Band 80, 2003. 

[3] Kleinaltenkamp, Michael; Plinke, Wulff: Strategi-
sches Business-to-Business Marketing. Springer-
Verlag, Berlin, 1999. 

[4] Porter, Michael E.: Competitive Advantage. Free 
Press, New York, 1985. 

Supplier Contractor Client

Players in the Value creation chain

 

In
no

va
tio

n 

Performance 
innovation 

Product 
innovation 

Process 
innovation 

-

No 
innovation 

SCC

Fiber-reinforced 
concrete z.B. Brandverhalten 

der Tunnelschale

High-strength
concrete 

 

e.g. fire-resistant properties 
Of tunnel lining

W065/W055 Committees 295



 

Scenario studies to define the future needs of the clients 
and to design adaptable buildings

 
Prof. Ir. F.J.M. (Frits) Scheublin, Eindhoven University of Technology, The Netherlands 

(f.j.m.scheublin@bwk.tue.nl) BAM construction, The Netherlands (fjm.scheublin@bamutiliteitsbouw.nl) 
 
Buildings are outdated before the end of their technical life. But we consider demolishment of buildings unaccept-
able in an environmental careful society. Therefore buildings must be designed for adaptation to unknown future 
needs.  Scenarios are a helpful instrument to predict the future. It is a systemized way to predict the future based on 
developments in the past. But it is more then just continuing the lines from the past into the future. Drivers should be 
identified and understood. Drivers that may be discontinued or accelerate.  
 
Keywords: future studies, scenario’s, construction, adaptability 
 
 

Introduction 
Most buildings must be adapted to new needs during 
their life-time. To survive in the XXI century con-
struction industry should develop a vision on the fu-
ture of housing and business. It should be able to 
build for a predictable future need. Scenarios are a 
helpful instrument to predict the future. It is a system-
ized way to predict the future based on developments 
in the past. But it is more then just continuing the 
lines from the pats into the future. Developments 
should be understood. Their drivers should be identi-
fied. Drivers may discontinued or accelerate.  

Scenario 1, Population growth 
One most important scenario is about the develop-
ment of the population. For some European nations 
the growth of the population came recently to an end. 
Others will soon reach that turning point. It is likely 
that in some decennia the building stock is more than 
required. The construction industry will by then only 
construct new buildings to replace outdated ones. 
After many years of turning green fields into brown, 
brown fields have to be turned into green fields again. 
For the Netherlands, my country, the population grew 
between 1900 and 1950 from 5 to 12 million. By the 
year 2000 we reached the 16 million milestone.  It is 
uncertain whether we will tip the 17 million mark, but 
after that we certainly will go down.[1] In 2050 the 
result may be a population of 10 to 20% below the 
top.  For city planers the consequences are important. 
If we build to house and service all people at the top 
occupation we will have a considerable number of 
useless buildings and over dimensioned infrastruc-
tural works after one generation. To prevent the con-
struction of buildings that serve only during a limited 
time we must well in time change the production to 
more temporary facilities and make a scenario for the 

planned deconstruction of areas. If we do not do so, 
most areas will once be an undesirable mix of occu-
pied and unoccupied buildings. 

Scenario 2, Employment 
A second scenario we need is about employment. The 
cost of personnel with permanent contracts is already 
considered to be high and gets usually higher and 
higher with every new or improved social law. As a 
consequence employers prefer temporary staff over 
permanent staff. On the other hand employees do not 
feel comfortable with ever increasing premiums to be 
paid for social security. These make many laborers 
reluctant to seek fixed employment contracts. We 
observe already a tendency to a growing number of 
self-employed people. Tele-workers are just like self 
employed workers seldom found at the companies 
head quarters. An employment scenario is important 
to enable real estate developers to make decisions 
about future needs for offices, factories and infra-
structure. Self-employed people are usually evading 
the rush hour. Tele-workers don’t travel at all for 
work. This may reduce the need for new roads and 
rail links. Self employed people and tele-workers live 
in houses with a small but professional office space. 
For the construction sector this will cause new mar-
kets. Meanwhile the demand for stand alone office 
space will decrease. [2] 

Scenario 3, Environmental policy 
The so called “Zero-energy-house” will once be the 
standard. The industry will develop equipment and 
systems to meet the higher standard. There is already 
an ongoing development in solar panels, photo-
voltaic cells, wind turbines and energy storage sys-
tems. These systems will be inevitable components in 
the buildings of the near future. Again the construc-
tion sector needs scenarios to foresee and prepare for 

296 Section I



 28 

the needs that come together with a new energy pol-
icy. Here not just the development in environmental 
awareness should be predicted. Even more important 
will be the development in the consumption of ex-
haustible resources like petrol and gas. But not only 
energy will be in short supply. The use of all other 
exhaustible resources will also be restricted. Demoli-
tion of buildings will be replaced by deconstruction. 
That is taking a building apart piece by piece. All the 
elements used in the construction process may be 
returned to the original suppliers for small scale sepa-
ration into components and basic materials. The con-
struction industry has to change the design process 
from design for eternity to design for deconstruction.  

Scenario 4, Technologies 
One more scenario should be written.  It is about fu-
ture technologies. Apart from the technologies men-
tioned under scenario 3, technologies that we know 
already or at least that we can imagine, other tech-
nologies may be developed. Technologies that go far 
beyond our most futuristic imagination. We should be 
aware that when in the nineteenth century our ances-
tors lit their houses with candles nobody could imag-
ine of a future with electric light. While the only 
communication was by courier, nobody could even 
dream of any other system. Though we cannot predict 
all new technologies, we can determine some drivers 
for change. Restrictions on the use of fresh water for 
flushing toilets may in future encourage the develop-
ment of a new technology for toilet cleaning. Recy-
cling of waste water is in that case the first alterna-
tive. But the sound frequency systems used in labora-
tories and hospitals to clean equipment could be the 
alternative technology to go for. Also laundering of 
clothes and dish washing could  use this sound based 
technology. [3] 

The future will be unlike the past 
One may presume that continuing the development 
from the past into the future is enough to write sce-
narios. A simple example can show how untrue this 
assumption is. In 1900 houses were building without 
any infrastructure for services. Toilets were build in 
the backyard. Sewage was collected in barrels. Light-
ing was provided by candles. Houses were heated by 
a fire. Cooking depended on fire as well. Communi-
cation was by writing and voice. So there was no 
need for any mechanical or electrical provisions in the 
house. This al changed dramatically. Houses are now 
filled with an ever increasing number of cables, ducts, 
and pipes. Drawing on this past experience we may 
decide that more shafts and empty ducts may be the 
way to meet future requirements. But just now the 
development turned the other way. Communication 
does not depend on cables any more. Computers, 

telephones, control devices and sound systems are 
now a days wireless systems. New wireless technolo-
gies are hindered by steel sheets and heavy reinforced 
concrete. Factors that was not relevant till recently. 
One day the zero-energy house will not need central 
power supply. Central supply may not be available 
any longer. Less likely but not to be excluded is dis-
continuation of central sewage disposal systems. [4] 

Effect on construction 
All future scenarios mentioned above will show de-
velopments with a great impact on the needs of the 
clients of the construction industry. The study de-
scribed here is based on a limited number of publicly 
available data. Further investigation is needed to write 
all inclusive scenarios. Without such scenarios the 
construction industry will continue to build for the 
past. Houses and offices suitable for the needs of the 
day and with some provisions for continued devel-
opments in the same direction as we went already. 
Performance specifications will once reflect the 
changes described above. Our problem is that we now 
a days design for future needs, assuming that existing 
trends will continue in the same direction as before. 
So we design for ever more cables and ducts, while 
some scenarios indicate a development for less ca-
bling and ducting. Fully new developments like the 
self employed society are not at all taken into consid-
eration by designers and professional clients.  

Conclusion 
The new century will confront us without doubt again 
with new technologies and new requirements. We 
should not again have to modify inflexible buildings. 
The construction industry must invest in scenario 
development and should design buildings that are 
able to accommodate the most likely future needs.  
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The use of marble and stone in cladding requires deep knowledge: some examples show problems due to their incor-
rect use and send a message of complexity and there is the need to know their behavior. The BIAN.CA. Project, con-
cluded in Massa Carrara by IMM, suggests a survey of the preservation of buildings realized with Apuan Alps’ white 
marbles, to create a data base with a schedule realized by the major local companies. It was difficult to create it, but 
however the result was an efficient tool of analysis, useful in the future to focus the problems and to face them. 
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1. Introduction 
The marbles and the stones are very traditional, pre-
cious and fascinating materials, they are deeply linked 
to our building traditions and perfectly adapted them-
selves to the processing and building technological 
evolution through the centuries. The stone materials’ 
most significant application in architecture is the use 
in external cladding, that requires deep knowledge of 
them and of the more advanced anchoring technolo-
gies too, in order to obtain correct results through a 
conscious design. There are, in fact, a lot of examples 
that show the problems due to the incorrect use of the 
stone materials, such the Finlandia Hall in Helsinki, 
the Amoco Building in Chicago and the Grand Arche 
in Paris. These projects send a message of failure, of 
excessive complexity, and of risk too, of the applica-
tion of stone materials in the façades and in the enve-
lope’s systems, but around the world there are a lot of 
examples of buildings built using marbles and stones 
that had no problems during decades and a lot of pro-
jects that have been recently realized in the correct 
way. There is, then, the need to know the real behav-
ior and resistance of marble and stone in such utiliza-
tion, to address the choice of the materials by the de-
signers and by the contractors, with the strategy to 
increase the value of the services offered by the com-
panies in this sector.  

2. The BIAN.CA. Project 
The BIAN.CA. Project, recently concluded in Tus-
cany Region in the province of Massa Carrara (that 
with the province of Lucca forms the stone Industrial 
District) is a Regional project: BIANCO DI 
CARRARA Environmental safeguard through correct 
use of external claddings. The programs that sup-
ported this project are the DoCUP Objective 2 2000-
2006 (Measure 1.7 “Transferring of the innovation to 
the PMI”) and PRAA 2000-2006 (Action D21 “Ac-
tions of system for research and innovation”), pro-
posed by IMM-Internazionale Marmi e Macchine 
Carrara S.p.A., that also organizes Carrara Marmotec, 

an important fair in the stone sector. The objective of 
the Project, entirely coordinated by IMM, is to pre-
vent the use of some types of Carrara marble that in 
external claddings loose their mechanical characteris-
tics and have to be removed and substituted with 
costs’ increases and problems of image. This objec-
tive was quite the same of the one of the projects 
MARA and TEAM promoted by European Commu-
nity, that didn’t achieve satisfactory results. The 
BIAN.CA. Project suggested to realize a schedule, to 
be publicized among all the actors of the building 
process, which defined the information to acquire to 
consider the parameters that influence the behavior of 
the cladding. Using this schedule the Project provided 
for a very detailed and deep action of survey of all the 
buildings realized in the last years with Apuan Alps’ 
white marbles, of their state of preservation and of the 
possible intervention of substitution of some slabs 
and panels. All the information collected in this way 
would be used to create a wide and flexible data base, 
useful for all the statistic and technical studies in nec-
essary in the future to define the problems and their 
causes. The objectives of the BIAN.CA. Project in 
detail were: 

1. Create the net of the partners and involve 
more companies; 

2. Coordinate the work; 
3. Implement the scheduled activities; 
4. Individuate the subjects to be involved in the 

next phases of the research; 
5. Realize an executive program for the next 

activities of research; 
6. Realize and actuate a plan of diffusion of the 

objectives (at the start) and of  the results (at 
the end); 

 
3. Organization 

The partners involved were coordinated by IMM as 
leader and they were chosen among the major local 
stone companies and, with the contribution of their 
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technical consultants (among them the author of this 
paper), had the task to analyze the problems of the 
use of marble in external claddings and to realize a 
complete and exhaustive schedule in order to run the 
survey. These companies were Adolfo Forti Marmi 
S.p.A., Barsimarmi S.a.S., Bertozzi Felice S.r.l., 
Co.ge.mar S.r.l., Corsi & Nicolai S.r.l., Euromarble 
S.r.l., Ezio Ronchieri S.p.A., Henraux S.p.A., La Fac-
ciata S.r.l., Marmi Carrara S.r.l. and Savema S.p.A.. 
The technical staff of IMM organized a series of 
meeting in order to proceed to the drafting of the 
schedule, considering all the different aspects of the 
problem, seen from different points of view. These 
meetings were very important especially for the ex-
change of experiences that were very different ac-
cording to the dimension of the company, of its man-
agement and of its technical office or consultants, to 
the specialization in the quarrying of particular mate-
rials or in the trade in specific markets, to the process-
ing techniques and to the existing job contacts with 
big and important architectural studies and societies 
of engineering around the world. 

4. Schedule 
The first part of the schedule deals with the site of the 
building and with its prevalent weather condition, in 
order to know if the possible problems come from an 
incorrect choice of the material according to them. 
Then are requested information about the building 
and the project, to exactly visualize the way the stone 
was used and to establish a direct link with the de-
signers, not straightly included among the partners. 
The second part of the schedule is about the general 
information about the material: it is very important to 
know the technical characters to focus the possible 
cause of the problem. Very significant are the petro-
graphic definition according to the norms (EN 
12440), in order to avoid confusion and to exactly 
define the type of the marble, and  the possible tests 
according to EN, UNI, ASTM or other norms. An 
important aspect is the possible material of support 
(honeycomb, alucobond, glass or carbon fibres, epoxy 
resins, steel). Very important are, then, the dimen-
sions (especially the thickness) of the slabs, the mod-
ules, the processing and the surface treatments. The 
third part of the schedule is about the type of the fa-
çade and of the structure of the building, the typology 
of system and of anchorage, the material and the 
model, if it is built in industrial way, the type of the 
connection to the structure and the position on the 
slabs. Very important is to know who made the as-
semblage because an incorrect one can nullify all the 
previous operations. These information about the an-
choring system are significant because in the past it 
was one of the weak points of the façades for the use 
of wrong materials and the not industrial production. 

In the last part of the schedule are described the prob-
lems and the action taken to try to solve them. The 
schedule is also completed by drawings of the build-
ings, schemes of the anchoring system and of details 
of the anchorage. 

5. Conclusions 
The BIAN.CA. Project started in February 2005 and 
ended in July 2005 and in the last phases the staff of 
the IMM and the partners of the Project couldn’t fill 
in a significant number of schedules because of the 
very low consideration given in the past to these as-
pects of the organization of the building process. The 
expected data base couldn’t be organized, but how-
ever the Project led to a very important result with the 
realization of this schedule which collects the experi-
ence and the professionalism of IMM and of impor-
tant companies in the Apuan area, known in the world 
as the centre of quarrying, processing and trading of 
stone materials. This schedule represents the vitality 
of the entire Apuan industrial area and its intention to 
react to the crisis of the sector: it is a very efficient 
tool of analysis, probably the first ever predisposed in 
this direction, and it has to be diffused, in prestigious 
occasions like this Symposium too, to create real 
competences among the designers and a new culture 
of the stone. Waiting for these future developments, 
the schedule it is very useful for the survey of new 
buildings, in order, in the next years, to create a real 
data base of the problems related to stone claddings, 
to focus and correctly face them.  
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Some of the key factors for a profitable performance of construction companies are a good understanding of clients’ 
needs and their satisfaction. In this sense, marketing plays an important role. However, the marketing concept is not 
widely applied today in the Chilean construction industry. An exploratory study about marketing practices in the 
Chilean construction industry was carried out recently. The main results of the study were an exploratory analysis of 
the current status of the marketing function in construction companies and the proposal of a methodology to help 
them to initiate or enhance the application of marketing. The main conclusion of this preliminary study is that there 
is a lack of understanding and knowledge about marketing in the Chilean construction industry. Because of this 
situation, many construction companies ignore this useful management area although many of them do apply mar-
keting practices in their activities without realizing what they are doing. 

Keywords: marketing, Chile, construction industry, management. 
 
 

1. Introduction 
Currently, an increasing level of competition is seen 
in the national construction industry due to the par-
ticipation of many foreign and new domestic con-
struction companies. Besides the competition, con-
struction companies are threatened by the dominance 
of the lowest price in the selection of a contractor and 
the low level of knowledge that owners have of the 
benefits of a good contractor’s selection. Then, one of 
the key factors for construction companies is the 
knowledge of clients and the achievement of their 
satisfaction with superior competitive offers.  Thus, 
marketing, as a function that deals with all the activi-
ties that are related to markets and clients, can greatly 
contribute to the competitiveness of a construction 
company. However, marketing is a discipline not well 
known in the domestic construction sector and there 
is the feeling that its application would not be very 
profitable for a construction company.  

2. Marketing in construction  
Marketing in construction consists in a set of activi-
ties: finding new markets; evaluating the potential of 
a job; establishing contacts with potential clients; 
obtaining information about market conditions, poten-
tial clients and projects; estimating projects’ cost; 
issuing proposals;  participating in contracts; negotiat-
ing changes and claims and the development of new 
technologies and contract schemes [1]. Thus, market-
ing is the process through which construction capaci-
ties are related with clients’ needs. This is why con-
struction companies spend a great proportion of their 
effort in marketing activities, even though many of 
the companies would not recognize this due to the 
fact that they do not understand the scope of the mar-

keting function. The construction industry has been 
quite slow in recognizing the advantages of marketing 
as a tool to improve the performance in terms of mar-
ket share, sale levels or profits. According to Hille-
brandt and Cannon [2] the reason of the above is 
based on the fact that for a long period of time, the 
work load in the industry rose gradually and for this 
reason construction companies never had over supply 
problems. Marketing and promotion are somewhat 
recent developments in the management of construc-
tion companies. Research efforts have found that 
there exists a substantial misunderstanding about 
what is marketing and how should it be applied. In 
construction companies, marketing not always pro-
vide the necessary support to the business manage-
ment and seems to be not integrated with the other 
business functions like production or human re-
sources management [3].  
The market will force changes in the construction in-
dustry. The winners will be those that are able to pro-
mote and embrace change. The idea is to attempt to 
change the image and the nature of what is provided at 
the eyes of the client. However, this will not be easy 
due to two main factors: the importance of price and 
the required investment in marketing and promotion. 

3. The Chilean construction sector 
The GDP of the construction industry has averaged 
8.4% of Chile’s PIB during the last ten years. Con-
struction GDP is strongly correlated with the coun-
try’s GDP as shown in figure 1. During the year 
2005, the construction product reached the amount of 
US$ 9,600 million. It is estimated that there are be-
tween 3.000 to 4.000 construction companies in the 
whole country.  
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Regarding competition in construction, there are 
some special conditions that negatively influence the 
domestic construction industry as follows: 

• Clients do not have reliable information about 
contractors’ performance and quality. In many 
cases they do not have the required competency 
to manage and control the design and construc-
tion stages.  Due to this fact, price is still the ma-
jor criterion for contractor’s selection. 

• Construction companies do not have a clear 
knowledge about their potential clients and fu-
ture market development. 

• Contracting relationships are prone to conflicts 
between parties due to the fact that there usually 
are many design deficiencies and a lack of man-
agement skills. 

4. The construction marketing study 
A qualitative research approach was used to find out 
about marketing activities in the construction sector 
[4]. This approach was selected due to the fact that it 
was intended to capture the visions and perceptions of 
top executives of construction companies. This was 
the first study on this topic and was of exploratory 
type. A semi-structured questionnaire was designed 
and applied during the information collection stage. A 
total of 21 construction companies were contacted but 
only 11 of them accepted to participate in the study.  
From the information obtained in this study it is pos-
sible to conclude that construction companies provide 
an almost total homogeneous service for every market 
segment. There is almost no differentiation within 
each segment and price is the only differentiation 
factor. Companies do not carry out specific actions to 
position them in each market.  

It calls the attention to see that market studies about 
clients do not exist. There is no information about 
companies’ market share in the different market seg-
ments.  

Another conclusion is that the majority of the compa-
nies believe that they do not apply marketing. How-
ever, all of them do realize activities that are part of 
marketing but they do it in an intuitive, unstructured 
way. Only half of the companies consider the possi-
bility of integrating marketing in their management 
functions in the future. From the study, the following 
weaknesses have been identified in Chilean construc-
tion companies regarding marketing:  

• Lack of strategic planning.  

• Clients are not included in the definition of com-
panies’ mission or vision. 

• Construction companies do not know the real 
meaning of marketing. 

• Marketing is not integrated into the organization 
philosophy. 

• Companies that work with more than one seg-
ment do not offer a service adapted to the clients 
of each segment. 

• Companies do not define a marketing mix for 
each target segment. 

• The potential of promotion is not fully exploited. 

• Companies are only concerned on competing by 
price.  

• Companies do not realize studies to know which 
characteristics of the company are the ones that 
actually attract their clients.  

• There is no differentiation in their offer. The 
provide service becomes a commodity. 

• Companies do not develop actions designed to 
create clients’ loyalty. 

• Companies do not obtain clients’ feedback sys-
tematically. 

• Companies are reactive in front of their competi-
tors and do not monitor them. 

• Companies do not have a strategy to position 
their brand and image. 
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The construction industry plays leading role in the development of developing countries. Being Turkey a 
developing country, in this paper the role of the Turkish construction industry in the development of Turkey was ana-
lyzed as a case study. Being labor intensive, construction industry plays an important role in solving high unem-
ployment rate problem in Turkey.  The construction industry has an important affect in the development of construc-
tion related industries because of its need for various inputs from other industries. The research was conducted 
based on the literature survey. 
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1. Introduction 
Turkey’s economical situation has changed since its 
establishment. From 1930s until 1980s, Turkey fol-
lowed import-substitution industrialization politics by 
means of public enterprises and development plan-
ning [1]. Turkey began to develop rapidly after 1980 
with the shift into liberal market economy. “…Real 
GNP growth was more than 6% in many years. How-
ever, this expansion was interrupted in 1994, 1999, 
and 2001. On the other hand, in 2004, GDP growth 
reached to 9%. Inflation fell to 7.7% in 2005 –a 30-
year low…” [2] In the early 1990s, the industry's 
share in the economy was aimed to be increased by 
promoting export [3]. The unemployment has been a 
problem in the Turkish economy throughout the 
years. 

  2. Construction sector 
The construction industry is one of the important and 
locomotive sectors in Turkey. “The construction sec-
tor is the third largest sector in Turkey after the food 
and textile sectors. Many Turkish construction com-
panies carry out both domestic and international pro-
jects.  
“The construction sector has 6 percent share in the 
country’s GDP. However, taking into account the 
sub-sectors which are in relation with construction, 
the share of construction in GDP is approximately 30 
percent. The market size of the sector was $11.4 bil-
lion towards the end of 2004. The sector shrank after 
2000, due to the economic crises. In the years be-
tween 2001 and 2003, the sector shrank 5.8, 6.3 and 
9.3 percent. In 2005 the growth rate of the construc-
tion sector surpassed the growth rate of Turkey’s 
GDP [4]. 

The growth in the construction sector in Turkey is 
affected by; like population growth, urbanization, 

renewal of houses not built in line with regulations, 
inflation and interest rates. [4].Based on Turin’s re-
search in 1973, there is positive relationship among 
the value added in construction sector and economic 
growth [5]. 

 
Resource: State Institute of Statistics [6]. 

Figure 1. Comparative Growth in Construction and 
GNP 

In 1980’s construction sector grew rapidly in Turkey. 
The trend of growth slowed down after 1988. There 
are two main reasons for this: the decrease in the in-
vestments in infrastructure slowed down towards late 
1980’s… High interest rates increased the cost of 
investment which caused decrease in the demand of 
construction and increase in the financial cost of the 
contractor. Construction investments of private sector 
were in decrease in the period of 1998-2003. In 1996 
the share of construction in GDP was 11%. In 1993-
2000 period the employment in the sector was 1.2/1.3 
billion. In case the population of a family is consid-
ered to be 5 people, this means that the sector pro-
vides employment for 7-8% of the population. The 
share of construction in GDP fell to 3.9% in 2003. 
The decrease in 2003 was especially caused in 1995, 
1999 and 2001. In these years, Turkish economy was 
in recession because of the earthquake and economic 
crises. The recession in construction is normal to be 
observed. However, even though Turkish economy 

302 Section I



 34 

started to grow, after the crises, the construction sec-
tor only continued to be in recession. Only after the 
earthquake in 1999, the sector could recover in 2000. 
The recession in the sector was also caused because 
of the decrease in demand in international market. 
One of the reasons of this recession was the decrease 
in the public sector investments. There is parallelism 
between public investments and the value added in 
construction. In Turkey, the share of construction 
investments in total investments fell from 60% to 
45%. In 1988-1998 period, the export increased with 
the residential and industrial construction production. 
In 1990’s the increase in budget deficits and in public 
debts resulted in the savings in public sector. [5]. 

In the third five year development plan (1973-1977) 
period the value added in construction sector was 
around 5.8. This ratio increased to 6.7.2 in 1978-1981 
period. Following 1980, the decrease in the value 
added of the sector was seen. In 1986, this ratio in-
creased. The share of the construction sector and the 
sectors providing input to the construction in the 
economy was approximately 40%. In 1980, the share 
of the construction in GNP was 6,3%. In 1986 it was 
5,6%. The growth rate of the construction was 4,2% 
in 1979, 0,8% in 1980; 0,5% in 1980; 0,5% in 1982; 
0,6% in 1983; 2% in 1984, 3% in 1985. 

3. Conclusion 
The construction sector and Turkish economy are 
closely related. Unemployment is one of the biggest 
problems in Turkish economy. Being construction 
sector labor intensive, it helps the employment of 
labor force. This in turn affects the well-fare of the 
families too. 

The development of construction sector in Turkey 
and the development of Turkish economy affect each 
other. Construction sector and the material industry 
are affected by the crises in the economy. 

The construction industry has an important role in the 
Turkish economy and in its development. “The con-
struction industry’s share in Turkey’s total GNP is 
5.8%. Construction investments cover the 60% of 
total fixed investments in Turkey. The share of public 
construction investments in this proportion is 30%. 

The construction industry provides employment to 
about 1.4 million people, representing 6% of the total 
employment in Turkey. The number of people em-
ployed in the industry increases when unregistered 
employees considered. 

Turkish contractors have a significant share in the 
total construction work in overseas markets. The 
share of Turkish contractors in the international mar-
ket reached 4% in 1998 with a total amount of US$39 

billion. The construction industry meets basic human 
needs by creating the necessary built environment and 
physical infrastructure in domestic and foreign mar-
kets. 

In conclusion, Turkish construction industry was af-
fected by the general economic fluctuations and de-
velopment trends of the country. However; the con-
struction sector meets the construction requirements 
of the country’s other sectors. It contributes the eco-
nomic development of the country. At the periods of 
growth, it helps reducing the unemployment rate as it 
is labor intensive industry. On the other hand, in the 
period of crises, the construction industry was nega-
tively affected. This in turn resulted in increase in the 
unemployment rate of country. 

The construction sector has the major importance for 
the country’s economy to create added value, and to 
maintain the sustainable employment rate for the 
benefit of the well fare of the people. With the lack 
of the construction sector, country’s sources might 
not be enough to meet the construction requirements 
in growth periods and the development of the coun-
try might have paused and even could not been 
achieved. It can be stated that the construction sector 
plays vital role in the development and well fare of 
Turkey. It helps maintaining development and eco-
nomic stability. 
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The leadership is defined as ‘the ability to influence – either directly or indirectly – the behaviour, thoughts, and 
actions of a significant number of individuals’. Organisations have paid attention to leadership styles of their people 
who occupy managerial positions, holding the belief that leadership is an important factor in achieving business 
success. In the construction industry, in particular, it is difficult to determine the most appropriate leadership style 
because of its unique characteristics. Although mainstream research on leadership generally continues to ignore 
gender relations, over recent years there has been major expansion of international research on gender relations in 
leadership, organizations and management. Previous studies have found differences in leadership styles in terms of 
gender and managerial hierarchy. In this context this paper examines the literature relating to the leadership styles 
in construction with particular emphasis on the role of the leadership of women. The paper also presents a compari-
son between the different leadership styles of managerial personnel in the construction industry emphasising on the 
similarities and differences in leadership styles of construction professionals in terms of gender with a focus on lead-
ership qualities of women and their suitability to construction industry. 

Keywords: Women, Leadership, Construction. 
 

1. Introduction  
The issue regarding the lack of women in construc-
tion has been a concern for many years, attracting 
government and industry wide attention. This issue 
has been made more prominent recently due to the 
potential skill shortage facing the industry. The UK 
construction industry is busier than it has ever been 
for a decade and is suffering from skill shortage in 
both craft and professional level [1]. The industry 
cannot totally rely on the traditional male workforce 
to meet these targets. Therefore the UK government 
is examining ways to encourage women into tradi-
tionally male-dominated jobs. Thus recruitment of 
women is imperative to achieving these objectives 
and prolonging the industry’s growth.  

Having interviewed the professionals who are at-
tached to construction industry the fact revealed was 
that we hardly get females in the recruitment panel of 
a construction organisation. Therefore, there is a high 
possibility of recruiting only male workforce to that 
organisation. Also lack of women role models in con-
struction is a great discouragement for the females to 
choose a career in construction. These flaws can be 
overcome by encouraging more women managers 
into construction industry. It is realised that encourag-

ing more construction women managers will in turn 
help to attract more women for other levels in con-
struction. In this context this paper mainly looks into 
the leadership characteristics of women in construc-
tion.  

2. Leadership in construction  
The construction industry is, in any country, a com-
plex of the economy, which involves a broad range of 
stakeholders and has wide ranging linkages with other 
areas of activity such as manufacturing and the use of 
materials, energy, finance, labour and equipment [2]. 
It is mainly project oriented where the project-based 
organization is disbanded upon the completion of the 
task. This-project based nature of construction indus-
try with its temporary multi-organizations, will al-
most certainly have an important influence on the 
managerial leadership styles of professionals working 
in the industry [3]. The construction professionals 
need different leadership styles in different phases of 
the project life cycle.  Naum [4] concludes that 
‘Leaders may thus have to switch from one style of 
leadership to another or combine elements of differ-
ent styles until the right balance between concerns for 
tasks and concern for people is reached’. A proper 
team work is also essential in order to make everyone 
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works towards a single goal. This could be achieved 
by appointing a good management with leadership 
qualities to control and influence the construction 
activities.  

As this study focuses on women at managerial posi-
tions, it is important to take the issue of leadership 
into consideration. Because organisations have paid 
attention to leadership styles of their people who oc-
cupy managerial positions, holding the belief that 
leadership is an important factor in achieving busi-
ness success [3]. In recent years, both mainstream 
management literature and organisational policy show 
evidence of a marked turn to leadership rather than 
management as the means to enhance organisational 
performance in contemporary organisations. This is 
matched by a growing trend in the UK to attribute 
ever-greater significance to leadership as a way of 
solving organisational problems not only within the 
private sector, but also within the public sector [5].  

3. Role of leadership qualities of 
women in construction 

Although mainstream research on leadership gener-
ally continues to ignore gender relations, over recent 
years there has been major expansion of international 
research on gender relations in leadership, organiza-
tions and management [6]. Previous studies have 
found differences in leadership styles in terms of gen-
der. In masculine cultures, there is a higher emphasis 
on assertiveness and the acquisition of money and 
other material things. Feminine cultures stress rela-
tionships among people, concern for others, and in-
terest in the quality of work environment [3]. Another 
researcher Marshall [7] has described “feminine” val-
ues as being characterized by qualities which include 
interdependence, co-operation, receptivity, merging, 
acceptance, and being aware of patterns, wholes and 
contexts.  

As women have become a more prominent presence 
as managers and executives in organisations, more 
attention has been devoted to the possible differences 
between the leadership styles of women and men. The 
growing number of women in managerial positions 
created interest in the role of women as leaders [8].  

The transformational, empowering and collaborative 
style of leadership associated with women is com-
pared with the more directive and authoritarian style 
traditionally associated with male leaders.  

Conclusion 
Due to many barriers such as image of construction, 
knowledge of construction, recruitment procedures, 
etc. the women are under-represented in the industry. 

It is realized that the ignorance of women will not 
help to fill the skills gaps pertaining in the industry.  

This paper mainly aimed to study the leadership char-
acteristics of women in order to find out the appropri-
ateness of the women into construction managerial 
positions where they are seriously under-represented. 
From the literature survey we can say that the trans-
formational leadership could be the preferred leader-
ship style used by women. But this statement still 
needs further research.  

Based on these ideas arisen through literature survey 
the way forward for this research is to find out how 
the specific female characteristics are expressed in 
construction organisations and also to find out the 
consequences of expressing or undertaking female 
leadership in construction.   
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Techniques and tools traditionally used in risk management include the application of checklists and brainstorming, 
which are often handled separately by the different parties on a project. The primary objective of this paper is to 
present the work process and gains from the use of VR models in risk management. A secondary objective is to pre-
sent some findings on the adoption of collaborative working through partnering and to comment on its connection 
with the use of VR models in the risk management process. 
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1. Risk management with use of VR 
models 

The aim of the paper is to report on the risk manage-
ment process as it has been applied to the MK3 pro-
ject, especially the use of VR modelling. The primary 
objective is to identify opportunities arising from VR 
modelling as a tool for use in the risk and uncertainty 
management process and highlight essential im-
provements. A secondary objective is to present find-
ings on the adoption of collaborative working through 
partnering and to comment on its connection with the 
use of VR modelling. This paper is one component of 
output from studies at LTU covering part of the MK3 
project, albeit the most complex part in terms of the 
number of installations to be accommodated in the 
facility. It is also the part that is most critical to the 
project’s success. The primary focus of attention in 
the study is the main contractor, NCC, and the client, 
LKAB. 

2. The MK3 project 
In 2004, the international minerals group LKAB de-
cided to invest €290 million in a new facility, MK3, 
for pellet production. Keeping to a tight schedule was 
a major challenge for the project management group. 
LKAB started the bidding process without finalised 
documentation for the design and construction, and 
worked out the details as the project proceeded. An-
other task for the project management group at LKAB 
was handling such a complex and large project with-
out jeopardising the functioning of the facility. 

With these prerequisites in mind, the project man-
agement group took an early decision to carry out the 
project on the basis of collaboration through partner-
ing and to use 3D technology to create a virtual real-
ity (VR) model. The partnering concept would ensure 
that the whole project organization had the same ob-
jectives for the project, namely function and time. 
The project has worked with open books regarding 
economy and there have been incentives related to the 
objectives, function and time. There was no time to 
be wasted on conflict arising from the contract once 
work started. The focus was on solving upcoming 
problems not to argue about whose responsible they 
might be. The VR model was intended to ensure that 
complicated installations would fit together before 
they were placed within the facility. The model was 
also seen as a way of supporting early decisions on 
layout and construction of both the process and the 
facility. The main objectives of function and time 
meant that there was no room for mistakes: risk man-
agement and uncertainty management would have to 
succeed. 

3. Risk management process 
In the project, risks and uncertainties have been han-
dled in many different ways. On a high organizational 
level, any changes in process or in layout are fol-
lowed by a risk analysis.  

During the planning phase, risks are closely coupled 
with the industrial process that is to be set up and the 
focus is on future production capacity. Given the im-
portance of these factors, any risk that could jeopard-
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ize the function of the plant is considered and dealt 
with accordingly.  

On the organizational level, risk management or 
rather uncertainty management has been a part of the 
planning regime, which has been a distinguishing 
feature of the project. The focus in planning meetings 
has been sorting out any uncertainty that could arise. 
The procedure has meant scanning through the VR 
model as drawings from the different consultants are 
released. Collisions and conflicts in the different areas 
gain visibility and can be sorted out before they mate-
rialise during construction. The number of conflicts 
discovered is very high, although not all are major. 
Nonetheless, they are still conflicts that, left unat-
tended, could jeopardise the tight time schedule and 
thus the overall success of the project.  

At the site level, close to the construction of the facil-
ity, risks are controlled by short term, detailed timeta-
bles and, to some extent, checklists. The compressed 
timetable and a concurrent construction process are 
critical for the project and represent the factors that 
set the scene for this complex project. 

4. Conclusions 
The context for this project has been collaborative 
working through partnering. It has been an important 
aspect of the risk and uncertainty management proc-
ess. The concept of working under a partnering ar-
rangement has enabled the different participants to be 
open about the uncertainties and risks found during 
the process.  

The other important factor in the successful approach 
taken on this project has been the use of VR model-
ling. It has been a useful tool in support of the risk 
and uncertainty management process at two levels: 
identification and response. The major risk factor, the 
project’s tight time schedule, set the boundaries for 
the project. The response in controlling this risk is 
having an advanced system to help; that has been the 
VR model. As one respondent put it, “instead of using 
200 overhead copies on top of each other we now 
start with the VR model and use that”. 

The use of the VR model has also led to improve-
ments in the working environment. Adjustments can 
be made at an early stage, using a VR virtual model, 
to ensure that the final process is as safe as possible 
for the people who are running it.  

An interesting observation in this study is the trans-
formation from risk management to uncertainty man-
agement. In the earlier stages of the project the han-
dling of risks was more formal. The risks manage-
ment process where well in line with suggested meth-
ods from theories in the field. An explanation for this 

is the organizational level where this work is taking 
place. At later stages in the project, closer to the 
worksite, the risk management can more be described 
as management of uncertainties. 

Integrating the schedules (time) with the 3D models 
(4D CAD) for a complex project such as MK3 would 
decrease the number of uncertainties even more. The 
possibility to plan the time and space required for 
each and every subcontractor would have decreased 
the workspace conflicts in the project [1]. Competi-
tion of work-space between different crews slows 
down the productivity as well as it increases the risks 
for accidents on the construction site.   
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In the last decade, there have been a range of futures studies published by individuals and organisations within the 
construction sector and wider afield. Despite this, little work has been done on synthesising and classifying the 
emerging issues and analysing the substantive content of these studies. A thorough search of futures study reports in 
construction has been conducted from which key reports were selected to be examined in detail. Content analysis 
yielded 337 emerging issues, both internal and external to the construction industry which were classified under six 
major themes, namely ‘technological’, ‘environmental’, ‘social’, ‘economic’, ‘governance’ and ‘construction indus-
try’. The key characteristics of the issues including the possible inter-connectivities among them are explained. The 
paper is concluded with a brief discourse on our future research work in this area and the possible associated meth-
odologies to be employed. 

Keywords: competitiveness, construction industry, future issues, futures study 
 

 
1. Introduction 

There is a significant body of literature on futures 
studies. Generally, they look ahead or envision what 
the future will look like. These studies do not neces-
sarily aim to predict what will happen, but aim to 
encourage thinking intelligently about the issues that 
will affect the future in order that they can be pre-
pared for. This paper reports on the initial stage of a 
large multidisciplinary collaborative research project 
aimed at developing possible future development sce-
narios for the UK construction industry covering the 
next 20 years in order to support the industry in deliv-
ering the future requirements of society and industry. 
The research reviewed a number of future studies and 
reports in construction and identified issues and/or 
drivers which may influence and be pertinent for the 
future of construction. The paper discusses the pre-
liminary findings as well as on-going and future 
work. 

2. Analysing future reports  
in construction 

These reports vary in aim, scope, areas of focus, 
stakeholder and time orientations. The research se-
lected 13 of the most significant reports, which con-
stitute a representative sample of many future con-
struction related reports. Two key reasons of inclu-
sion were firstly that the reports were published rela-
tively recently (with publication ranging from 1998 to 
2005), and secondly by their potential importance to 
the sector as assessed by members of the research 
team. Seven reports focussed on the UK ([1], [2], [3], 
[4], [5], [6], [7]), and two make global comparisons 

([8], [9]). A number of construction futures reports 
from other countries were also included such as those 
from Australia [10], the USA ([11], [12]) and Europe 
[13]. The texts within these reports were analysed 
using content analysis. The analysis captured the con-
tent of the reports mainly in terms of ideas and issues 
which were considered to be important in the future 
or which are influencing the current positioning of the 
sector and which will continue to do so in the future. 
In total, 337 issues have been identified. These were 
initially grouped into six broad themes, namely tech-
nological, environmental, human, economic, govern-
ance, and construction industry specific. Twenty 
seven sub-categories were derived from the process.  

3. Discussions and future work 
Thinking about and planning for the future is a com-
plex exercise. The reports reviewed in the research 
suggest that different people may envisage different 
pictures and indicate different factors/issues of impor-
tance. The issues collated in this research as reviewed 
in the paper display fragmented snapshots of the plau-
sible futures. The issues themselves have many facets 
and dimensions. Some refer to potential events (e.g. 
act of terrorism, London Olympic 2012) and trends 
(e.g. growth in services, decline in manufacturing and 
agriculture, smaller (i.e. single parent) households); 
specific artefacts or tools (e.g. 3D technology, robot 
use); processes or practices (e.g. recycling and reuse 
of building materials, knowledge management); prob-
lems (e.g. pollutions, rising sea levels); measures or 
facts (e.g. demography profile, traffic volumes); and 
ideal outcomes or goals (e.g. improved quality of life, 
environmentally efficient houses). The scope of is-
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sues varies from those at operational level (e.g. build-
ing regulations, planning control policies) to those at 
abstract/ higher level (e.g. sustainability, urbanisa-
tion). Some are specific to the UK (e.g. North and 
South divide, cheap housing initiative £60k), Europe 
(e.g. ageing population, European single market), and 
global (e.g. climate change, greater outsourcing to 
low cost economies).  
Although these reports identify and discuss a range of 
issues that might affect construction in the future, 
which is a useful exercise in its own right, they fail to 
address the complexities and uncertainties of both the 
present and the future, or to explore the connections 
between global, local, construction-specific and more 
wide-spread factors [14]. Furthermore, a ‘good’ or 
‘bad’ future is contingent upon the perspective of the 
stakeholders. For example, ‘global warming’ might 
lead to stricter regulations, but also more develop-
ment of infrastructures for introducing and exploiting 
alternative energy sources. It could also lead to a 
boom in the tourist industry and the emergence of 
wine industry in Britain. Inter-connectivities between 
these issues are crucial for generating a better under-
standing of the future and for building dynamic capa-
bilities to proactively respond to the challenges ahead. 
Future research in this project will develop maps of 
the complex interconnections between these issues.  
This would make possible a holistic view of potential 
chains of causal relationships which permit stake-
holders of the future to introduce well-informed poli-
cies and intervention strategies whilst also consider-
ing their potential knock-on effects. The aim is to 
develop a number of alternative multi-level future 
scenarios based on verified future issues and vali-
dated interconnections between them, using a series 
of multidisciplinary workshops across various stake-
holders concerned with the future of construction. 
The information produced through the research will 
be used to develop an interactive IT tool which can be 
used by industry stakeholders to simulate scenarios 
and enhance their abilities to think about longer time 
horizons. Rather than achieving a consensus, this will 
stimulate discussion, debate and raise questions 
amongst multiple construction stakeholders. This ex-
ercise could certainly bring positive benefits in terms 
of engaging the sector in processes to shape a better 
future for all. Ultimately, this could allow them to 
have better control over their own potential futures. 
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Venture capital financing of residential investments 
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Financial capital is one of the necessary resources required for residential investments. Yet growing equity require-
ments increase the likelihood that developers face financial constraints, which may prevent them from undertaking 
positive net present value projects. This paper investigates “free market” solutions to the problem of financing resi-
dential investments. The low housing production of new houses in Sweden constitutes the starting point of this paper. 
We find that specially designed real estate venture funds that will provide private equity and mezzanine debt financ-
ing, may be an important step in the right direction in order to increase the supply of risk capital in Sweden. Such 
funds may attract more risk capital to the real estate development business in a competitive environment, thus giving 
both developers as well as external debt and equity investors an increased number of financing and investment alter-
natives. We argue that inefficiencies in land acquisition, the planning process and the rental market must be reduced 
as much as possible in order to attract large amount of risk capital at reasonable terms. 

Keywords: Development finance, private equity, joint venture, mezzanine financing 
 
 
1. The need for an increased flow of 

risk capital into residential  
construction business 

The quest for the causes and possible solutions of the 
problems related to the Swedish housing market is 
manifested in the large number of reports written 
lately [1]. We argue that there is a shortage of risk 
capital earmarked for residential development pro-
jects in general, and in particular for development of 
more innovative niche housing products, and that it is 
necessary to overcome this shortage in order to in-
crease the supply of “standard” or “mainstream”, as 
well as more innovative housing units. In particular 
we discuss and analyze a few - from a Swedish resi-
dential development perspective - quite new and al-
ternative financing sources, that above all might be 
complementary to the traditional residential develop-
ment finance sources applied in Sweden. The quest 
for a larger inflow of risk capital in order to meet the 
housing demand has its roots in the 1992/1993 
changes in the Swedish housing policy, which among 
other things resulted in a substantial reduction in the 
public sector funding of housing construction. The 
implication of this policy shift is that the burden of 
responsibility for the financing and the risk-taking of 
residential investments have shifted from the public 
sector to the private sector [2]. In other words, there is 
an increased demand for risk capital from non-public 
institutions and private persons. Besides that the re-
maining government construction support vehicles 
are of much less magnitude than before 1992/1993, 
they are typically tied to specific conditions that limit 
the number of eligible construction projects. Such 
conditions might in particular seriously limit the room 
for smaller innovative developers [3]. Thus it is im-
portant for developers to be able to raise 100 percent 

of the necessary capital from sources that are inde-
pendent of any government support. Today commer-
cial banks usually keep away from lending more than 
75 percent of the estimated market value of the land, 
frequently less [4]. This large equity requirements 
imposed by the commercial banks has resulted in a 
situation in which above all smaller, but also medium 
sized developers, must postpone or even cancel con-
struction projects that otherwise are expected to be 
profitable. Yet another change that might negatively 
affect the availability for small- and medium sized 
developers to raise debt from banks is the implemen-
tation of the new capital accord Basel II in 2007.  

2. Improvements in risk capital  
provision, land acquisition, municipal 

planning, and rent regulation 
We argue that is above all the interplay between re-
forms and improvements in risk capital provision, 
land acquisition, municipal planning, and rent regula-
tion, that could increase the competitive situation in 
the residential construction sector, and in the end en-
hance the supply of both mainstream as well as more 
high-quality niche housing developments. 

3. Outside private equity and  
mezzanine financing 

A developer has basically two alternatives to raise the 
capital needed to fill the financing “gap” between the 
amount the commercial bank will provide and the 
amount of equity the developer is able and willing to 
invest: the first alternative is to raise outside equity 
capital; the second is to find a lender who is willing to 
grant some type of loan that carries a higher risk than 
the conventional construction loan. A joint venture 
partner may provide the first alternative, outside eq-
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uity capital. Miles et al [5] defines a joint venture 
partner as “any individual or institution that provides 
the developer with equity funding during the devel-
opment period in return for a share of development 
profits” (p. 48). Indeed, Lundström [2], Psilander [3] 
and Pitschke and Bone-Winkel [6] emphasize the 
important role private equity funds and venture capi-
talists should have in the future as providers of neces-
sary risk capital in order to foster and maintain a dy-
namic real estate development market. The second 
alternative a developer has in order to finance the 
funding gap is to raise more debt, which though typi-
cally is subordinated to the conventional construction 
loan in terms of collateral rights and income gener-
ated from the project. There exists a financial innova-
tion that can offer the lender both a stable cash flow 
in terms of interest and principal payments, and some 
kind of protection from declines in the value of the 
outstanding debt: mezzanine financing. In fact mez-
zanine debt is typically secured by some type of part-
nership interest, like ownership shares in the devel-
opment entity, in case the developer defaults on the 
mezzanine loan. Moreover mezzanine lenders may 
require some type of “participation interest” or “eq-
uity kicker”, like a share of the profits from the sale, 
and a share of the project’s net operating income (if 
any) until the project is sold [6]. Thus Mezzanine 
financing is usually considered to be a hybrid of debt 
and equity financing. Finally, since mezzanine debt is 
inherently more risky than senior debt, such loans 
typically carry significant higher interest rates but 
also higher loan fees than conventional construction 
loans. For instance the required rate of return on mez-
zanine debt, although higher than conventional loan, 
usually is substantially lower than the required return 
on equity, which is the most expansive form of capi-
tal. Further, some developers may prefer to depend 
upon an additional lending relationship than to rely on 
equity partnerships. Yet another important positive to 
using mezzanine debt instead of raising more outside 
equity is that debt does not necessarily decrease or 
dilute the developer’s position. Note also that a joint 
venture facing a funding gap may rely on a mezza-
nine lender in order to fill the gap. It is also a well-
known fact that many real estate developers (and real 
estate investors in general) consider debt financing 
advantageous since debt can magnify the return on 
the developer’s equity position through positive fi-
nancial leverage or gearing. In particular secondary 
financing (e.g. mezzanine debt) may result in positive 
financial leverage as long as the marginal after-tax 
cost of borrowing is less than the after-tax return on 
the development project. Psilander [4] also points out 
that when debt can take the place of equity, thus lim-
iting the equity demands of each project, in particular 
smaller developers will enhance their opportunity to 

engage in two or more projects simultaneously. This 
may not only increase the supply elasticity of new 
housing construction, but also increase a developer’s 
ability to diversify its equity capital into a number of 
projects with different features, thus decreasing the 
portion of risk that can be “diversified away”. 

4. Conclusions 
An important challenge for the real estate develop-
ment industry and the public authorities is to encour-
age the private equity actors in the financial market to 
create pools of capital that are willing to finance resi-
dential construction projects with both private equity 
placements and mezzanine investments. This includes 
enhancing business opportunities as well as reducing 
some important risks by carrying through changes in 
land acquisition, municipal planning and rent regula-
tion. 
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The aim of this paper is to delineate the contract design capabilities in construction-related businesses. Our hy-
pothesis is that contracting capabilities are a part of the legal astuteness of managerial teams which provides a 
source of competitive advantage. Contract design requires building a bridge between actors at all levels of organiza-
tions: from top management to the construction site. Legal astuteness implies that managers, engineers and lawyers 
develop a common language in order to convey knowledge in continuous dialogue. In our view the key aspects of 
dynamic contracting capabilities involve identifying the context, ability to organise the bidding process, the use of 
standard form contracts in appropriate cases, contract design, adjusting to new circumstances, and closing the rela-
tionship. The hypothesis was tested in one case which confirmed our assumptions in the parts applicable to the study. 

Keywords: Contract capabilities, dynamic capabilities, conveying knowledge 
 
 

1. Introduction 
It is widely agreed that successful project execution 
requires a proper contractual foundation. This is par-
ticularly true of large, complex construction projects 
which invariably involve multi-disciplinary teams and 
are therefore uncertain in many aspects. Risk in con-
struction contracting can seldom be eliminated en-
tirely but with ingenuous and skilful contracting the 
predictability of the outcome is improved. 

The objective of this paper is twofold. Firstly, the 
contract design capabilities in construction-related 
businesses are delineated.  Secondly, how these capa-
bilities or lack of them can effect in this specific case 
project. We seek to develop a framework for under-
standing contracting capabilities as potential contribu-
tors to the performance of a firm’s contractual rela-
tionships, and derive implications for the roles of 
managers, engineers and lawyers in the development 
of such capabilities. 

2. Corporate contracting capabilities 
 Gordon [1] defines contracting capability as ingenu-
ity in arranging co-operative agreements by commu-
nicating in implicit and explicit ways. It represents 
the capacity to establish presence in an incipient bar-
gaining flow, to forge with others the bonds of trust 
needed to make an initial agreement, and to exhibit 
creativity in designing the actual contract. In a multi-
ple time period, contracting capability also encom-
passes the ability to sustain co-operation by making 
sequential adjustments to the initial agreement and to 
win a reputation as a reliable contractor. It represents 
a valuable intangible asset, built up by long-term in-

vestment, that is important in determining future 
business possibilities and thus deters opportunism.  

2.1 Contracting context 
Context plays an important role in contracting. In this 
case it is the construction context that provides the 
background against which contracting capabilities 
have to be reviewed. In our approach we stress the 
importance of preventing risks. This requires first of 
all recognizing the risks and understanding their sig-
nificance and implications to the project. One of the 
critical elements in a construction contract is the 
terms of contract dealing with the legal aspects of 
construction work while the engineering documents 
such as plans and specifications take care of the tech-
nical side of the project. The engineering documents 
are nevertheless equally important with the so called 
legal terms and are an inherent part of the contract. 
Two preconditions are considered necessary for the 
successful, appropriate allocation of construction 
risks: the atmosphere of trust between the contracting 
parties and a clear, mutual appreciation of all relevant 
construction risks and their effects.  

2.2 Contracting capabilities 
Contracting capabilities have been studied, among 
others, by Argyres, Mayer and Weber. Contract de-
sign capabilities are related to the content of the con-
tract and, according to Argyres and Mayer, can de-
velop. Argyres and Mayer categorized these capabili-
ties into five dimensions. [2][3][4] This categoriza-
tion adds value by helping isolate who should be most 
heavily involved in different aspects of contract de-
sign. Weber and Mayer pointed out that one key as-
pect is the ability to assess when to use standard terms 

312 Section I



 44 

versus designing a contract from scratch, which terms 
to include, and who should negotiate the terms. The 
list of dimensions is augmented by this observation as 
the 6th dimension summarised in Figure 1 below. In 
our opinion these dimensions are applicable irrespec-
tive of the contract type. 

 

CONTEXT OF CONTRACTING 
 

Dimensions of Contracting Capabilities 
 

• negotiation and bargaining capabilities 
• capability to sustain co-operation 
• capabilities related to the content of  the 

contract: 
o assignment of roles and  

responsibilities to the parties 
o allocation of control and  
        decision rights to the parties 
o dispute resolution 
o contingency planning 
o communication process 
o use of standard form contracts 

• capability to end the relationship 
 

Figure 1. Contracting capabilities 

We find that Gordon’s definition complemented with 
Argyres, Mayer, and Weber’s work serves well for 
our purposes and understanding of contracting capa-
bilities for the present purposes. However, our aim is 
to enhance and specify our views through the empiri-
cal research in process. 

3. Data and methods 
For obtaining a holistic picture of contracting capa-
bilities, it was deemed appropriate to use both pri-
mary and secondary sources. We collected data by 
careful studying of the written documents gathered 
from the company itself and the different contracting 
phases. This review was then complemented by inter-
viewing the key actors in the construction project we 
studied. 

We found that from the client’s point of view some of 
the problem areas in contracting at first were a) top 
down model of management, b) high context depend-
ence, c) turnkey contract type did not provide sufficient 
formalization for making the essential elements of the 
contract predictable, d) not enough knowledge was 
exchanged between the different levels of the company 
involved in the construction project, the team was too 

small and expertise was lost in key professionals leav-
ing the company. The company however learned from 
this process and even if a number of the experts con-
tinue as part of the team, some of the positions where 
reshuffled, new professionals employed and a new 
contracting process is under way under new manage-
ment. The new management has shown dynamic in-
ventiveness which is one of the elements of contracting 
capabilities and legal astuteness. 

4. Conclusions 
In the studied case, the first contract phase showed 
insufficient contracting capabilities and thus lacking 
in legal astuteness. Legally astute managements have 
the ability to identify and pursue opportunities to use 
the law and the legal system to increase both the total 
value created and the share of that value captured by 
the firm [4]. Rather than viewing the law purely as a 
constraint something to comply with and react to, 
legally astute managerial team adopts an active role in 
managing the legal dimensions of business. The new 
project management has introduced reforms which 
are challenging as to competence and work load. Our 
research will later on focus on analyzing this new 
model of contracting and organizing the work. We 
will monitor how the contracting capabilities develop 
with the new model. The new model enables learning 
because experience can be disseminated from one to 
another of the many individual contracts. Our find-
ings support Mayer and Argyres’s [2][3] research 
conclusions that engineers and managers have a lot of 
substance knowledge relevant to contract design and 
that should be taken into account especially in com-
plex, long-term contracts. 
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Ideologies, norms and prejudices underpinning  
environmental argumentation 
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Environmental commitment has become a powerful discursive means of mobilizing actors and developing distinct 
organizational identity. However, the prevalent uncertainty in society today concerning the interpretation and opera-
tionalization of environmental issues opens up for conflicts of ideologies and interests within an organization, which 
may have serious implications for decision-making processes. Based on a comparative case study of three Swedish 
municipal housing companies, this paper critically explores how environmental issues are represented and given 
meaning.  

Key words: Community of practice and action, Environmental issues, Green building, Sensemaking 
  

1. Green ideas in the building sector 
Although environmental issues have been on the 
agendas of governments, businesses and scientists for 
at least three decades, there still remain conceptual 
difficulties concerning what ‘green’ or ‘environment’ 
actually encompass. The concepts are in constant 
flux, shifting as actors who represent different social 
relevant groups struggle to find support for their spe-
cific interests. Thus, the natural environment is a con-
tested terrain characterized by interpretative flexibil-
ity [1]. Depending on the context and the politico-
ideological stance of the actors, environmental issues 
can be framed and take on different meanings in the 
heteroglossic arena of environmental contentions. In a 
study of Swedish building trade magazines’ conveyed 
image of green building, it was found that uncritical 
and biased information was mediated to the practitio-
ners, which suggested that the trade magazines failed 
to provide their readers with a diversified image of 
green building [2]. The trade magazines reinforced 
established and dominant views of green building 
within the building sector. As a consequence of the 
bias towards technical measures and the lack of long-
term and creative problem definitions regarding envi-
ronmental impacts, practitioners may be locked into a 
technocratic logic. In extension, if trade magazines 
are decision-makers’ main source of professional en-
vironmental knowledge, decisions will be grounded 
on biased information, which may have serious nega-
tive long-term implications for the natural environ-
ment. This paper explores how environmental issues 
are represented and given meaning, that is, how they 
are framed and acted upon by individuals and organi-
zations in the Swedish building sector. The emphasis 
is on the ways in which ‘green ideas’ are constructed 
in the different discourses of various organizational 
members, and how divergent representations may 
influence strategic green decision-making in the com-
panies. Actors in the building sector seem to pre-

dominantly read trade magazines as their main source 
of professional environmental knowledge. Thus, at-
tention will be paid to the link between building trade 
magazines’ conveyed image of green building and the 
organizational members’ representations of environ-
mental issues in their professional context. 

2. Managing environmental issues  
inside the housing companies 

In the housing companies’ management of environ-
mental issues, three relevant groups stood out: Envi-
ronmental Key Actor(s) (also referred to as the Com-
munities of Practice (CoP) [3]), the Environmental 
Unit, and the Business Management [4]. In common 
for the two former groups was their lack of formal 
decision-making authority. Instead, all the business-
strategic decisions, including environmental issues 
were made by the Business Management.In two com-
panies, Alpha and Beta, two or three Environmental 
Unit members also sat in the Business Management. 
Because of their double roles, these influential actors 
had the possibility of controlling and acting on the 
strategic green decisions. They represented, what is 
referred to as the Community of Action (CoA) [5]. 
Notably, none of the environmental key actors were 
members of the Business Management, and the 
physical links between environmental key actors and 
the Business Management were limited. 

2.1 Making sense of environmental issues 
The study shows that among all green ideas that pre-
vail in today’s society, the housing companies made 
selective choices and only made sense of [6] ideas 
that fit their specific interests and context. Each com-
pany had developed their own distinct environmental 
profiles by appropriating some environmental areas as 
their key concerns; hazardous substances at Alpha, 
waste management at Beta, and indoor climate and 
gardening at Gamma. These environmental key con-
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cern(s) could often be traced to the key actors’ spe-
cific areas of responsibility. By linking the historical 
development of green building on a national level to 
current actions and interpretations on an organiza-
tional level [4], the links between the companies’ 
environmental areas of key concerns and the different 
environmental issues that had been prominent, e,g., in 
trade media [2], during the development of the Swed-
ish green building discourse, may be highlighted. 

2.2 Environmental issues as represented by 
CoA and CoP 

Distilling the representations of environmental issues 
to two groups, i.e., the CoA and the CoP gives a dif-
ferent picture than did the entire list of representa-
tions. In common for both groups was a frequent use 
of abstract terms, e.g., sustainable development, and 
living environment. More, few mentioned the envi-
ronmental key concerns of the companies. Instead, 
when giving their interpretations of ‘green,’ the CoP 
members, for example, related to what they consid-
ered to be the necessary conditions in the manage-
ment of environmental issues, e.g., having the knowl-
edge, motives and arguments in order to get the ade-
quate resources. Thus, consciously or not, the CoP 
members seem to have argued for their own ‘raison 
d’être’ in the companies. 

3. Discussion and conclusions 
As shown by the divergent representations of ‘green,’ 
no closure has yet been reached regarding a common 
view of environmental issues. Contesting views risk 
mobilizing counter-action or non-action, which may 
be destructive for the companies’ strategic environ-
mental work. On the contrary, interpretative flexibil-
ity may also have positive effects, functioning as a 
driver for change and development. 

Those who made strategic green decisions in the 
housing companies were not the same people as those 
who possessed environmental expertise. A conse-
quence of having different communities of practice 
and of action is that contradictions between talk and 
action in terms of environmental issues may, and will, 
arise. The CoA members often represented financial, 
marketing, and technical interests – something that 
found expression in their representations of ‘green’ 
(e.g., problems and costs). On the contrary, the CoP 
members represented different environmental inter-
ests – and accordingly they argued for the need of 
their expertise in the companies. Thus, the two com-
munities represent two disparate discourses, where 
the CoA was guided by short-term prerogatives (e.g., 
financial results) and the CoP was guided by more 
long-term prerogatives. Although the CoA members 
represented environmental interests in the Business 

Management, environmental issues were neither the 
main issue nor the expertise of these actors. Drawing 
on Gluch and Stenberg [2], if practitioners frequently 
use easily accessible environmental information 
channels, such as trade magazines as their main in-
formation channel, this may have implications for the 
decisions made by the Business Management. Al-
though the environmental key actor(s) provide the 
Business Management with decision-making informa-
tion, it is still a risk that Business Management mem-
bers are influenced by the unreflective and biased 
picture given by the Swedish building trade maga-
zines, or by their own agendas or organizational pro-
ductivity, when they make environmental decisions. 
Accordingly, for environmental issues to be enacted 
at all levels of an organization, the environmental key 
actor(s) would also need to be empowered with deci-
sion-making mandates. A concrete suggestion might 
be to admit the environmental key actor(s) into the 
Business Management which would add to an aggre-
gated knowledge in how to act upon environmental 
issues. 
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The role of the architect- interpreter of the clients and  
users’ needs 
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The architect could be the actor responsible for the communication and interpretation of the users’ needs, if the role 
is given. The education and the competence of the architect involved and above all the attitude towards the task, can 
be important for the result of the communication. What are the expectations on the role of being the interpreter of the 
clients’ and users’ needs and what could be the ideal role of the architect in the process? Is there a need of new 
competences and actors to understand the users’ requirements? 

Keywords: user’s requirements, the role of the architect, design process, full scale modelling 

 

 

1. Introduction 
The building process confers on all the actors’ in-
volved great economic and technical responsibilities. 
To achieve good results via such professional team-
work, those involved must communicate with users so 
as better to understand the requirements. User re-
quirements and demands must be understood by all, 
and in cultivating such understanding the architect 
can assume the roles of both the interpreter and guide. 
 

2. Background 
The cultural clash between the chaotic and complex 
design process and the restrained culture of manage-
ment can give rise to both opportunities and obstacles. 
Architectural education that fosters appropriate skills 
helps create architects able to handle the role to man-
age the process and guide the user. An ideal situation is 
to have the ability to combine these working methods 
into the process; ideally, however, the architect should 
combine both approaches in the building process. 
Combining usability, aesthetics and long-term eco-
nomic feasibility can certainly be a challenge for the 
architect, and attitudes to this challenge are often 
formed early on in architectural education. 
  

3. The aim of my paper 
Given my background as an architect, the research 
and case study in my licentiate thesis [1], allowed me 
to reflect on the roles and skills of all actors involved 
in the building process. Involving users in this proc-
ess requires the ability to support dialogue and com-
munication. Swedish architectural education seems to 
provide students with several tools with which to ex-
press and communicate their own ideas, but fewer 
tools for supporting dialogue with the users. 

4. Method 
Architectural programmes are offered at the Univer-
sity of Stockholm, at Chalmers University in Gothen-
burg and Lund University. The official descriptions of 
these education programmes reveal quite different 
formulations of their future role as an architect. A 
survey of third-year students at Lund University gave 
some ideas to their own perspectives on the future 
roles and abilities.  

5. Theory 
In 1996 the Swedish government asked the 
Byggkostnadsdelegationen [2] to consider how to 
decrease production and management costs in the 
building process. The universities are advised to de-
velop their curricula especially to incorporate better 
knowledge of economics and how to handle commu-
nication and information flow within the organisation 
of a building project.  

In her dissertation, Kristina Grange [3] describes the 
relationship between architects and other parties in 
the Swedish building market. Grange believes that 
architects in general have a pronounced desire for a 
stronger role; however, the rather conspicuous fact is 
that the architect is more or less invisible in the wider 
context of the building industry.  
Birgitta Ericson and Britt- Marie Johansson [4] argue 
that there seems to be a certain degree of conserva-
tism within the building sector and describes the con-
ditions in the architectural firms as extending from 
team work to lone individual efforts.  
Björn Linn [5] describes the design of built human 
environment as a very complex structure of problems. 
The role of architectural is to manage both good aes-
thetics and functionality connected with user re-
quirements.  
It is well recognised that the design quality of our 
built environment needs to be improved. According to 
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Stephen Emmitt [6] if creative design is to flourish, 
architectural management techniques and tools must 
be effectively applied. Design-orientated profession-
als must be better equipped to operate in shifting 
markets; they must have better business skills and 
better communication ability. 
Dik Spekking [7] describes Performance based design 
of buildings PBD as a design based process on set of 
dedicated performance requirements. It is a process in 
which performance requirements are translated and 
integrated into a building process. 
 

6. The role of the architect 
General description of the architects working situa-
tion: 
KTH: “KTH school of Architecture offers a pro-
gramme integrating art, technology and social sci-
ence. [8] 
CHALMERS: “. Architects must be able to oversee 
and respond to technical, economic, legal, social and 
aesthetic aspects, and they must be able to work to-
gether with others.” [9] 
LTH: “ the architect must have knowledge in many 
different areas, and be able to understand the relation-
ship between Man and the built environment.” [10] 
 
Questions to third-year architecture students in Lund: 
 
1. the role of the architect in the future, how they en-
visioned co-operation and what they wanted to 
achieve in their working role:- establish a trustful 
situation to the other actors and the possibility to be a 
part of the whole process. They want to be good ar-
chitects, but not in an idealistic way. 

2. what changes they thought needed in the architec-
tural education:- broaden the education to allow 
higher overall level of attainment. 

7. Conclusions 
Education and knowledge as well as ability to co-
operate and communicate seem to be important for a 
positive work outcome. Different methods can be 
used to match demand and supply. Official descrip-
tions of Swedish architectural curricula at three uni-
versities in Stockholm, Gothenburg and Lund indicate 
that they deal with giving tools with which to express 
their aesthetic ideas. 

8. Discussion 
The architects’ role as the interpreter of client and 
user needs ideally allows for life-long learning. Some 
of the architecture students at Lund University are 
eager to help create a better society and built envi-
ronment. By co-operating with the other involved 

actors they also want to be a part of the whole build-
ing process. The tools and knowledge needed if archi-
tects are to act as guides and interpreters for the users 
and clients do not seem to be provided in their educa-
tion. Students’ desires to help design a better built 
world are easy to sympathise with. Their education 
can support these desires by supplying the communi-
cative and co-operative tools to help architects per-
form their changeable creative role. Performing his or 
hers pedagog-ical and interpretative role can be a fu-
ture challenge for the architect.  
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Production efficiency has been elusive in the construction industry and it has been difficult to implement the new 
production methodologies which have been so successful in manufacturing industry. This paper argues that this is 
because of the emphasis on activity-based planning systems and poorly integrated documentation and cost systems 
which do not have production efficiency as their focus.  
An new methodology is proposed based on the Location as the unit of analysis and the Task as the unit of control. 
The paper presents the planning components of this methodology, which is part of the location-based management 
system (LBMS). The basic structure is introduced and a method provided for integrating linear scheduling tech-
niques with CPM methods using Layered Logic. 

Keywords: Flowline, Scheduling, Location-based Management, CPM, Layered logic. 
 
 

1. Rethinking the way we plan and 
manage construction  

It is time to rethink the way we plan, manage and 
control construction. 

The construction industry has developed a suite of ad-
hoc systems which either cannot integrate. The basic 
mechanisms by which we develop our cost models, 
measure our buildings and schedule our work, pro-
vide little help to manage the issues which are at the 
forefront of industry concerns these days - efficiency, 
speed and productivity. 

This paper proposes an alternative methodology 
based on a shift in the unit of measurement and the 
method of control. The unit of measurement should 
be the location. The method of control should be the 
work flowing through locations. Combined, these 
form a location-based methodology from which arises 
the Location-Based Management System. The focus 
is on improving the production system. 

2. Location-Based management 
The location-based management system (LBMS) is 
planned to be an integrated system of management 
system components from design through to comple-
tion. Unlike previous systems, it is not focused on 
documentation exchange, although that is important, 
it is focused on data modeling to support production 
efficiency. 

At the heart of location-based management is the lo-
cation as the unit of analysis. Concentrating on the 

location for data modeling allows work continuity to 
be planned for tasks. Tasks consist of the related work 
packages which flow through the locations sequen-
tially. 

In the LBMS, locations in a project are defined by a 
Location Breakdown Structure (LBS). It is possible 
for the project to be broken down in many different 
ways, however, locations must be hierarchical so that 
a higher level location logically includes all the lower 
level locations. 

Properties may be added to the BOQ items, such as 
standard production rates, cost data, (and anything 
that can be described in IFCs). The LBS provides the 
structure and the Location provides the container for 
all project data. 

The Task is the method of control in the LBMS plan-
ning system.The location-based planning system dif-
ferentiates between activities and tasks, where the 
definition of a task is that it contains work or activi-
ties which can be done by a single crew, or split 
among multiple crews. Location-based planning then 
uses CPM external logic to define the logic or con-
nection between different activities within locations 
wherever they occur. However, unlike CPM, the 
planning system also considers a task’s own internal 
logic, by allowing the planner to plan the location 
sequence and production rate to achieve continuous 
production. Thus CPM-logic applies between tasks 
within locations and flow-logic applies within tasks 
between locations. A location-based task contains 
multiple CPM activities, which correspond with 
physical locations. 
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Emphasis on the task enables a focus on production 
efficiency, as it is recognised that performance in a 
given location is not discrete and is highly likely to 
effect activities later in the task. If the crews are slow, 
they are likely to continue so. Furthermore, efficient 
use of resources requires that concentration is placed 
on minimising waste. This means reducing non-
productive activities such as delays, waiting, mobili-
sation and demobilisation, double handling, stockpil-
ing, moving and rework and defects. This is achieved 
by maximising the flow properties of the work (a 
Lean concept) and this in turn requires the task to be 
the unit of control, where contionuity can be planned 
and preserved through control. 

Properties may be added to the Task, such as re-
sources, learning attributes, risks, actual progress, etc. 

A task should default to continuous production in 
order to maximise productivity. 

The new theory of location-based scheduling involves 
far more than linking like activities in chains to derive 
resource optimisation. Rather, it involves several lay-
ers of interactive CPM logic which combine to form a 
powerful location-based logic, Layered Logic. 

CPM is a tried and tested method for calculating 
schedules based on durations and precedence rela-
tionships. 

Standard CPM has a single layer of logic, as it treats 
all activities independently and is unaware of loca-
tion. This is an overly simplistic model for construc-
tion, as the assumption of independence through loca-
tions does not hold true. A more powerful set of logi-
cal layers is required to correctly model the typical 
construction process.  

There are five logical relationships that arise when 
tasks are the unit of control rather than activities. 
These are: 

1) External logical relationships between activi-
ties within locations 

2) External higher-level logical relationships 
between activities driven by different levels 
of accuracy 

3) Internal logic between activities within tasks 

4) Phased hybrid logic between tasks in related 
locations 

5) Standard CPM links between any tasks and 
different locations 

This is a new system which will challenge our think-
ing about the planning, scheduling and control of 
construction work.  

 
Interpreting a flowline chart 
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The social and cultural construction of risk 
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Throughout the history of risk management three criteria have always been important to risk/project managers; they 
are cost, time and quality. However, the proven records in different industries show that time over-run, cost over-run 
and poor quality have always been the case. Furthermore, focusing on one of these three factors means sacrificing 
the others to some extent. Research shows that one of the most important influential factors on effective risk man-
agement is people who operate risk management tools and techniques and judge their results. It is also important to 
realise how people perceptions of risks are shaped and what the influential factors are. Hence, this paper seeks to 
identify the influential factors on risk perception based on pure literature review. The methodology that is utilised for 
the purpose of the study is to look at risk from two different angles; risk management literature and social-
psychology literature.  

Keywords: attitudes, perception, culture 
 

1. Aim of the current study 
This paper is the first part of a two-part study focus-
ing on risk perception between an Iranian and a 
Swedish tunnelling contractor. The first stage, the 
content of this paper, focuses on the way perceptions 
of risk are shaped and discusses the influential factors 
on risk perception based on a comprehensive litera-
ture survey. In order to satisfy the aim of the first part 
of the study literature survey is carried out not only in 
risk management literature but also in social-
psychology literature.  
The objective of the first part of the study is to: 1) 
understand the underlying factors in risk management 
process, 2) understand what is meant by attitude and 
perception, 3) explore and compare different risk per-
ception paradigms, 4) understand how cultural differ-
ences affect on risk perception and 5) highlight the 
influential factors on risk perception based on the 
chosen paradigm. 

2. The underlying factors in risk  
management process 

Looking at risk management process in different in-
dustries such as oil and gas, defence, insurance and 
aviation shows that they all follow more or less the 
same process in order to properly manage risk and 
communicate risk information. Research show that 
there are not much differences in the way different 
industries deal with risk, the tools and techniques they 
use and conclusions they draw. What makes differ-
ence in other industries compared to the construction 
industry is the way they manage ‘the people side’ of 
risk management. It is beyond the scope of this paper 
to look at different risk management tools and tech-
niques. What is brought to attention in the current 
paper is an overview over ‘a systematic risk manage-
ment process’, which consists of risk perception, risk 

identification, risk quantification, risk registration, 
risk prioritisation, risk analyses, risk allocation, risk 
feedback, risk revise and communication.  

3. Attitude and perception 
For the purpose of this study attitude is defined as 
[1:p28]:  ‘it [attitude] represents our major equipment 
for dealing with reality, reflects our style of opera-
tion, our way of coping with and dealing with prob-
lems. If we know something about an individual’s 
social attitudes, then not only do we have a brief 
summary of what has gone before in the individual’s 
experience that may affect his behaviour, but we may 
also be able to say something useful about his aspira-
tions, his motivations, his striving towards his goals 
and to know something about why, along the way, he 
deals as he does with a great variety of social objects 
and values’.  

4. Risk perception paradigms 
Risk can be looked at either objectively or subjec-
tively. The objective approach indicates that risks 
exist ‘out there’ and can be calculated mathemati-
cally. In this approach risk is simply defined as a 
product of probability and consequences. Subjectively 
is neglected in this approach. This approach is mainly 
in central attention of psychometric researchers.  

Two risk perception paradigms are mentioned: psy-
chometric paradigm and the Cultural Theory. For the 
purpose of this paper the Cultural Theory is used 
which fits more to the aims of the study. 

4.1 Cultural theory 

Cultural Theory indicates that the way people per-
ceive risk is influenced by social and cultural struc-
ture of the society they belong to. Based on Cultural 
Theory each society has its own risk portfolios. It 
further indicates that the different risk perceptions can 
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be explained in terms of four distinct world views 
known as cultural biases. They are hierarchy, egali-
tarianism, individualism and fatalism.  

Renn [2] puts the cultural biases into risk taking be-
haviours context and relates individualists to entre-
preneurs, egalitarians to egalitarians, hierarchists to 
bureaucrats and fatalists to atomized individuals.  

5. National cultural differences 
Jasanoff [3:p392] indicates that ‘cultural differences 
penetrate so deeply into risk assessment that it is dif-
ficult to isolate any phase of the assessment process 
as purely scientific or truly universal’.  
An extensive research carried out by Hofstede [4] 
over fifty different nations describes culture as the 
collective programming of the mind that distinguishes 
the members of one category of people from another. 
He then compares fifty different nations with each 
other and proposes ‘the national cultural dimensions’. 
They are power distance, uncertainty avoidance, indi-
vidualism and masculinity.  

6. The influential factors on  
risk perception 

Based on the extensive literature surveys on two   
different fields; namely risk management and social-
psychology, different influential factors on risk per-
ception are brought to attention. Some of the most 
important ones are as follows: 

Confidence in dealing with risk, attitude of individu-
als, groups and organisation that try to manage risk, 
the level of relevant skills, knowledge and expertise 
in confronting an uncertain situation, the perception 
of probability or frequency of occurrence,  the per-
ception of impact magnitude, and memorable or 
imaginable events such as recent disaster.  

Other factors are:  

Trust between parties involved in risk management 
process, the effect of social networking, the level of 
job commitment, the level of employment, historical 
condition, power and authority in dealing with risk, 
number of people exposed to risk, ethnic background, 
gender and motivation to take risk studies into con-
sideration. 

7. Summary 
This paper is the first of a two-part study; hence there 
is no conclusion at this stage but a summary. The 
centrality of people in risk management process is 
brought to attention. The underlying factors in a sys-
tematic risk management process are mentioned. Dif-
ferent risk perception paradigms are indicated and 
compared. It is concluded that the subjective ap-

proach toward understanding risk perception best fits 
to the aims of the study. The work of Hofstede in 
national cultural dimensions is believed to be influen-
tial on risk perception study, as perceptions of risks 
are determined by culture. Hence, they will vary sys-
tematically across different cultures.  

The second part of the study will seek to identify 1) 
how does cultural difference affect on the ways con-
tractors perceive risk? 2) how does cultural difference 
affect on the way contractors see the world around 
them and how does it affect on their risk taking be-
haviour? and 3) what are the influential factors on the 
way the Iranian tunnelling contractor perceive risk? 
What are the influential factors on the way the Swed-
ish tunnelling contractor perceive risk? 
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The intention of this research is to explore the relation between the individual and real estate, and vice versa, with 
the aim that a future investor, economist, architect, urban designer, and financial expert would know what kind of 
surroundings a particular person (dis)likes, what does (or does not) he/she wish, what is his/her (dis)inclination, 
what kind of influence some real estate element has on the individual, all seen through the focus of working effi-
ciency, the efficiency of the organization, social problems, health situation, and life style.  
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1. The value concept 
Real estate could be the object of interdisciplinary 
scientific research. In this research the relation of an 
individual with real estate was studied according to 
the technical, social, psychosocial, historical, cultural 
and economical influences. The real estate evaluation 
is placed in important relation with the perception of 
social climate and the manifestation of efficiency. 
Presented is the analysis of the relation between the 
real estate status of family and the social climate, self-
evaluation of the family members, and values, differ-
ent orientations, life style, identity and efficiency of 
the individual. 

2. The perception of the built  
environment 

The problem generally refers to the relationship be-
tween sociopsychological and real estate aspects. The 
interest was in: the structure of perceptions connected 
with different aspects of real estate in the living place 
and in its environment, the difference between the 
groups of participants regarding perception of envi-
ronment and real estate aspects; and into the structure 
of perceptions, how the characteristics of real estates, 
connected with the work – place influence the feeling 
and conditions at work. 

For the purpose of verification a research was carried 
out of different groups of participants with a wide set 
of different questionnaires, scales and differentials. 
Most of them were developed precisely for this re-
search, and their instrumentation showed measurable 
characteristics. Results were analyzed according to 
statistical programs. 

The research comprised four groups of participants:  
- students of psychology from the Ljubljana Uni-

versity, Slovenia (n=25, mean age=25.80, 
SD=5.8, 0,9 women, 0,10 men); 

- owners or employees of real estate agencies in 
Slovenia (n=31, mean age=43.55, SD=12.66, 0,4 
women, 0,6 men);  

- employees in the public sector and state institu-
tions from Slovenia (n=24, mean age=39.20, 
SD=14.00, 0,6 women, 0,4 men);  

- employees in the field of construction business in 
Maribor, Slovenia (n=28, mean age=37.36, 
SD=10.82, 0,6 women, 0,4 men). 

The following variables were identified in the frame-
work of the actual research:  

- particular demographic characteristics;  

- particular objective characteristics of living place 
and its environment;  

- subjective variables, connected with living place 
and its environment. All evaluations were ob-
tained as summative scores, using the semantic 
differential with seven point bipolar continuums. 

 

3. Results and discussion 
3.1 The difference between the groups of  

participants regarding perception of  
environment and real estate aspects 

Evaluations of proper living place, of leisure time 
place have the lowest discrimination, and evaluation 
of the people, together with some evaluations of envi-
ronment have the highest mentioned correlation.  

The evaluation of the offers s closely connected with 
evaluation of people, what means that investors, so-
cial experts and designers should consider aspects, 
which facilitate the satisfying of social-emotional 
needs, while accessing the investments in environ-
ment’s real estate.  
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3.2 The structure of perceptions connected 
with different aspects of real estate in the liv-

ing place and in its environment 
The results are centrally oriented, only some inde-
pendent characteristics are oriented from outside, for 
example: cultural characteristics of a place, dynamic 
characteristic of a place, focus on everyday life and a 
group of three characteristics: the perception if the 
place is tranquil or noisy, peaceful or violent and if 
the people there are calm or exciting.  

Dwelling problem and the lack of an efficient public 
transport system are one of the most serious problems 
in our country. Prices for the new apartments are very 
high, supporting the financial loan system is not attrac-
tive enough for young families, on the other hand there 
is not enough real estate for renting which causes very 
high rents. Conscious balancing of extreme trends and 
respect for multiple, not necessarily economical or 
natural conservation dimensions of sustainability, but 
also wider cultural ones in any physical scale, can help 
in establishing dynamic balance  

3.3 The structure of perceptions connected 
with different characteristics of real estates, 

connected with the workplace 
Three factors were extracted: 'functional accommoda-
tion', 'semiotics' and 'intelligence of the building'. The 
factor 'functional accommodation' correlates with the 
variables: age, material, transport, orientation, and 
floor. One of the major current impacts on urbaniza-
tion is the economical influence [5], it could be said 
that 'urbanization means the transformation of soci-
ety'. A successful design of urban systems has to take 
account of modern economical factors. ‘’The location 
of business is very important, taking account of the 
growing traffic and the trend of moving out and living 
in the outskirts of bigger cities [8], the flows of traffic 
and the access to parking places’’.  

The factor, 'semiotics' correlates with the following 
variables: arrangement of rooms, accessibility, and 
colors of the rooms. ‘’The organization of rooms and 
also their correct arrangement is one of the fundamen-
tal steps of architectural designing. Organization of 
rooms takes account of the internal functional logic 
and its dependence on external spaces’’ [7]. The fac-
tor, 'intelligence of the building', correlates with coef-
ficients with the variables: new technology and mod-
ern furniture. 

4. Conclusions 
The problem of this research was viewed on different 
levels, starting from the point that the real estate prob-
lems are inseparably connected with the problems 
with the physical and the social environment, law, 

infrastructure, health, urbanism, architecture and 
socio-psychological aspects, connected with different 
real estate characteristics.  

The use value of designed urban capacities fairly de-
pends on veneration of human preferences within the 
matter of urban, living or working place and in its 
environment. Therefore we can establish that such an 
analysis which is shown in the paper, suitably ex-
tended to all relevant questionnaire items, represents 
an important subjective input of basic programmed 
definitions in spatial disposition, building comprise, 
shape, type, purpose, and land use. 

It becomes obvious that whenever we strike on the 
lack of objective performances, generally accepted as 
standards and guidelines in urban development proc-
ess, we can always involve the subjective results of 
such an analysis. For the “use value” of residential 
build-up development is individually, regionally and 
chronologically dependent we see this checking proc-
ess permanent.  
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This paper explores the issue of growth in micro enterprises in the UK construction industry. The paper highlights 
the non-growth and high attrition phenomenon which is observed in micro enterprises in the UK construction indus-
try and tries to shed light on two key issues namely the reasons why micro enterprises should grow and inhibitors of 
growth. 

Keywords: Micro-enterprises, growth inhibitors, owner manager. 
 
1. What is a micro enterprise and why 

are they important to the UK con-
struction industry?  

Micro enterprises are quantitatively defined as enter-
prises which employ fewer than 10 persons and 
whose annual turnover or annual balance sheet total 
does not exceed 2 million euro [1]. Micro enterprises 
are vitally important for the UK construction industry 
as they make up 98 percent of all construction enter-
prises in UK; 60 percent of all the employees in the 
UK construction industry work in micro enterprises 
and they also contribute to 40 percent of total turn-
over of the UK construction industry [2].  

2. Why should micro enterprises look 
for growth? 

Over a 10 year period, the rate at which the number of 
micro enterprises in the construction industry that 
joined the VAT system has not significantly changed. 
In 2004 there around 21,865 registrations in the UK 
and there were 18,445 de-registrations with respect to 
micro enterprises in the UK construction industry, 
this equates to an 84% attrition rate of businesses; the 
average survival rates of micro enterprises in the UK 
construction after three years of registration decreases 
to about 70.4 percent as against 91.4 percent after one 
year which is rather dismal [3]. Considering the posi-
tion of micro enterprises in the construction industry, 
such a high failure rate and low survival rate would 
be disastrous for the whole UK construction industry, 
given that micro enterprises employ 60 percent of all 
employees in the construction industry.  Micro enter-
prises are responsible for training and employment of 
majority of the novices who join the construction in-
dustry as micro enterprises have minimal entry barri-
ers. Thus it would not be wrong to suggest that failure 
of micro enterprises would drastically affect the skill 
shortage which the UK construction industry is suf-
fering from. In a scenario where strong real term 
growth of 15% is anticipated for construction output 

between 2005 and 2010 in the UK construction indus-
try [4], the number of micro enterprises is not grow-
ing at the same rate. The UK construction industry 
finds itself in a rather grave situation as mature micro 
enterprises don’t grow and in case they do grow into 
small or medium sized firms there is no one to take 
their place; the situation is further exacerbated by 
decreasing number of entrants into the industry who 
could startup micro enterprises in the future. 

3. What are the conditions for growth 
in a micro enterprise? 

The conditions or pre-requisites which need to be in 
place for an enterprise to grow as suggested by Pen-
rose [5] are as follows; 1) Prevailing Environment; 2) 
Skill Base of the Enterprise; and 3) Perceptions of the 
Entrepreneur.  

Studies on the importance of external environment for 
growth in a micro-enterprise are limited in number 
and were found generally lacking in their effort to 
prove this point; there has a scope for further research 
in this field. Micro enterprises have no real control on 
the external environment; all they can do is to con-
stantly observe the external environment for opportu-
nities and threats and then act accordingly to take 
measures to counter the threats and make the best of 
the opportunities so as to gain a competitive advan-
tage.  

The ability of the entrepreneur to take advantage of 
what he sees in the environment is dependant on the 
types and amounts of productive services existing in 
the firm and what it is accustomed to operate [5], thus 
it would not be wrong to suggest that core compe-
tency of an enterprise has to do with the following: a) 
Productive services offered by the firm; and b) And 
what it is accustomed to do. Thus it would not be 
wrong to say that core competencies of an enterprise 
has to do with what services it specialises in and how 
adept it is at doing it. Micro-enterprises need to focus 
on enhancing their core competency in order to im-

324 Section I



 56 

prove their ability to achieve growth. Core competen-
cies are internal factors and hence micro-enterprises 
have complete control over them. 

Micro enterprise growth as has been proposed does 
not represent a self-evident phenomenon nor is it a 
matter of chance, but is a result of clear, positively 
motivated business intentions and actions on part of 
the owner manager, driven by the belief that the 
owner manger can produce the desired outcomes [6]. 

4. Views of the owner managers and 
employees? 

As part of the study conducted for this paper, face to 
face interviews were conducted with owner managers 
and employees of 60 micro enterprises employed 
within the UK construction industry so as to analyse 
their self perceived notions concerning the pre-
requisites for growth namely, the external environ-
ment, skill base and core competencies and their per-
ceptions. Some important results of this exercise have 
been highlighted below: 

 For 38 percent of the owner managers who had 
started their own businesses, independence was the  
motivation to start up; this shows that very few owner 
managers started off with an entrepreneurial seizure. 

 69 percent of the young apprentices working in mi-
cro enterprises were not interested in starting any sort 
of business as working in the construction industry 
was merely a stop gap arrangement.   

The majority of the owner managers had limited edu-
cational qualifications; only 10 percent had undergrad 
degrees. The interviewed owner managers were aware 
that, if they possessed better educational qualifica-
tions, they would have been able to manage their 
businesses better.  

Most of the micro enterprise owner managers be-
lieved that micro enterprises are at the base end of the 
construction industry supply chain and not very im-
portant to the UK construction industry; this shows 
their lack of self belief to some extent.  

They found the industry environment growth averse, 
nonetheless majority of the owner managers were 
satisfied with the current status of their businesses 
and were not looking to grow their businesses. This 
lack of desire to achieve growth in their businesses 
could stem from their lack of self belief and could 
also be traced back to their initial motivation for start-
ing their business which was independence.  

On being presented with the harrowing statistics con-
cerning the high attrition rate of micro enterprises, 

majority of the owner managers were not worried as 
according to them if they found themselves in such a 
situation they would be no too worried as they could 
always find a job given the high skill shortage in the 
UK construction industry. 

5. Conclusion  
This study has attempted to look at the variable com-
ponents which are integral for growth for a micro 
enterprise in the construction industry.  This is a sug-
gestive study and does not claim to have found the 
panacea for treating the high failure rate of micro 
enterprises instead has tried to address the issue and 
hints that there is definitely a way forward. It should 
be noted that growth of a micro enterprise is not 
within the complete volitional control of the owner 
manager instead, is defined to a great extent by the 
external environment. The main drivers of the con-
struction industry should investigate this issue in 
greater depth and should encourage mature micro 
enterprises to grow thus creating a vibrant environ-
ment within the micro enterprise sector which would 
be conducive for new entrants. 
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Since partnering is seen as changing behaviours and attitudes, cultural transformation cannot be forgotten in the 
process. Much of the literature tends to presume that cultural alignment is a prerequisite for partnering. This paper 
initially reviews the major cultural and behavioural challenges and their root causes in construction partnering pro-
jects. This research attempts to identify a substantial range of the elements through cultural web, which must be 
managed if a strategic and cultural change is to be successful. In this context, a model for the process of cultural 
change is proposed. 

Keywords: Partnering, Cultural transformation, Cultural web, Leadership. 
 

1. Concepts of partnering 
In recent years there has been a growing interest in 
the use of partnering in construction. Partnering and 
the related forms of collaboration have been seen as a 
way of dealing with the fragmentation and lack of 
integration that have bedevilled attempts to improve 
project performance over the years [1]. Many com-
mentators argue that partnering can have a substantial 
positive impact on project performance, not only with 
regard to time, cost and quality objectives, but also 
with regard to more general outcomes such as greater 
innovation and improved user satisfaction. 

Furthermore, mutual trust and understanding of each 
others’ commitments appears to be the prerequisites 
of changing traditional relationships to a shared cul-
ture in partnering [2]. Bresnen and Marshall [1] rein-
force the requirement for the change in attitudinal and 
behavioural characteristics to achieve mutual trust. 
Barlow et al. [3] succinctly argues that, to achieve 
mutual trust, organisations must ensure that individ-
ual goals are not placed ahead of the team alliance. 
He also supports the idea of ‘‘gain-sharing’’ which 
effectively relates improvements back to all the par-
ticipants. All these point out that, partnering is built 
upon the attitudinal and behavioural characteristics of 
participants which lead towards mutual trust to move 
away from traditional adversarial culture of construc-
tion industry. 

2. Partnering challenges and  
problematic issues 

The concept of partnering, overhauls the ethics of tradi-
tional contracting with the paradigm shift towards co-
operative and caring environments. According to 
Naoum [2] successful partnering could attain win - win 
solution and gain sharing. In general, with a cultural 

shift in attitudes project partnering can be successful 
and bring benefits to the stakeholders involved in the 
project partnering process. However, changing tradi-
tional relationships to shared culture requires mutual 
trust and dedication to common goals. An absence of 
mutual trust and scepticism within participants may 
result in various problematic issues. 

Much of the literature tends to presume that cultural 
alignment is a prerequisite for partnering. However, it 
is certainly not easy to bring about cultural change to 
adopt a new set of behaviours as a consistent way of 
working among the people. Atkinson [4] identified 
fear, perceived loss of control, difficulty in learning to 
do the things differently, uncertainty, addition in work 
and unwillingness to commit as the reasons for people 
to resist change. Conceptualisation of the relationship 
between partnering and culture [1], resistant to change 
from traditional, adversarial and exploitative ways, 
Lack of corporation based upon fundamental differ-
ences in interests between the parties to contract, prof-
itability and uncertainty issues, unwillingness to com-
mit fully to close, long term relationships together with 
the construction industry perception of mistrust can be 
considered as some of the reasons to resist cultural 
change towards collaborative relationships. 

Successive independent reviews of construction have 
emphasised the need to improve the culture, attitude 
and working practices of the industry. It is very im-
portant to understand the construction organisations 
and their underlying assumptions to make these atti-
tudinal and cultural improvements in the industry. 
However trying to understand culture is not straight 
forward. The day-to-day behaviours not only give 
clues about the ‘taken-for-granted assumptions’ but 
are also likely to reinforce these assumptions. The 
cultural web [5] is a useful tool to attain rich source 
of information about an organisation’s culture. 

326 Section I



 58 

3. Leadership of cultural change 
The concept of the ‘cultural web’ is a representation 
of the taken-for-granted assumptions, or paradigms of 
an organisation and the behavioural manifestations of 
organisational culture [5]. It arose from the belief that 
understanding and characterising both the culture and 
subcultures within an organisation could help to pre-
dict how easy or difficult it would be to adopt new 
strategies. This concept defines organisational culture 
as layers of values beliefs and taken-for-granted as-
sumptions. 

A detailed map produced by the cultural web would 
expose a rich source of information about an organ-
isational culture. This understanding of present taken-
for-granted assumptions can be used to identify areas 
to be modernised and transformed to facilitate behav-
ioural and cultural change in construction partnering 
projects. Comparison of cultural webs of ‘parties to 
partnering contract’ can also reveal the requirements 
to form cultural alignment between the parties. It is 
argued that cultural web not only helps to clarify 
main and subconscious cultural, structural and proce-
dural characteristics of an organisation but also to 
show which values, believes and artefacts need to 
adapt to a new strategic direction and which ones 
should be maintained and strengthened. Also it repre-
sents a substantial range of the elements which must 
be managed if a strategic and cultural change is to be 
successful. 

Together with the understanding of current state of 
culture, management has the most significant role to 
play in the transformation of attitudes. Two impera-
tives in the management of cultural change are the 
leadership’s ability to think culturally and to concep-
tualise, via a working model, the change process. 
Johnson et al. [5] propose three prolonged approach 
to change management: that is a focus on power and 
politics of acceptance, management of symbolic 
processes and the concurrent management of organ-
isational routines. 

In order to effect change powerful support is required 
from an individual or group combining both power 
and interest. Johnson et al. [5] propose manipulation 
of organisational resources, relationship with power-
ful stakeholders and elites and activity with regard to 
subsystems in the organisation as the mechanisms to 
build a power base and to achieve commitment to a 
course of action. Furthermore, it is argued that chang-
ing symbols can help reshape beliefs and expectations 
because meaning becomes apparent in the day-to-day 
experience people have of organisations [5]. Changes 
in physical aspects of work environment, rituals, or-
ganisational structure, control mechanisms, stories 
and especially changes in the behaviours and lan-

guage used by strategic leaders themselves are con-
sidered as powerful symbols of transformation. How-
ever, well established routines can be serious block-
ages to change. Routines are closely linked to the core 
values of the paradigm, so changing routines may 
have the effect of questioning and challenging deep 
rooted beliefs and assumptions of an organisation. 
This requires persistence and political acumen. 

4. Conclusion 
This cultural change mechanism seems very compli-
cated in the context of partnering since the cultural 
alignment requires to be extended to the parties of 
partnering charter. It is certainly not easy to bring 
about cultural change to adopt a new set of behav-
iours as a consistent way of working among the peo-
ple. Many commentators stress the importance of 
decentralised, flexible structures, where the team is 
expected to operate with considerable autonomy and 
discretion to convert formal partnering arrangements 
into real differences in behaviour at operational lev-
els. They insist on top management support, com-
mitment and enthusiasm in generating and sustaining 
changes in collaborative approaches. Cultural change 
is therefore a sensitive issue and it is very important 
to lead the whole process all the time. 
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In 1994, a new Italian law redesigned the rules according to which capital programs in the public sector are defined 
and funded, design proposals selected, and procurement processes organized. Central to the original spirit of the 
law was the clear separation of design and construction responsibilities as well as the organization of the design 
procurement process into sequential stages, each with its own explicit objectives and protocols. Just over ten years 
after the introduction of the legislation, and following three amendments to it, evaluations about its effectiveness and 
consistency differ. By using the recent development of the Athletes’ Village for the Winter Olympics in Turin, the 
paper examines the theoretical strengths and actual shortcomings of the ‘appalto integrato’ – an increasingly com-
mon procurement procedure introduced by the law – highlighting its internal contradictions as well as its intrinsic 
flaws in design coordination and quality assurance.     
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1. The Legge Merloni 
In 1994, the Minister of Public Works in the XI Leg-
islature Francesco Merloni signed the first version of 
the law 109/94 for public works. The law, gone 
through three revisions and amendments since, was 
meant to trigger a process of reform inside a sector 
such as public works that relied, for its general lines, 
on a normative framework dating back to 1895. The 
most innovative aspects of the law were oriented to-
wards ensuring quality, guaranteeing proper competi-
tion between enterprises, and towards respecting cost 
and time planning. Within this perspective, the Legge 
Merloni emphasized the centrality of design in the 
operations of the industry, attempted to clarify actors’ 
roles, and worked to expand the technical role of pub-
lic administration. Changes were brought about 
through a series of instruments, amongst which is the 
procedure of the appalto integrato, a form of design-
and-build that many consider to go against the princi-
ples enunciated by the very same piece of legislation. 
The paper draws attention to this method in order to 
tease out its possible motivations, discuss its effec-
tiveness, and capture the transformations of the law. 

2. The ‘appalto integrato’ 
The appalto integrato is an open procedure that as-
signs final construction design responsibilities in con-
junction with the execution of works. ‘For construc-
tion’ documents are developed by the successful bid-
der on the basis of a final design provided by the ad-
ministration. Initially, the law intended its application 
to be limited to works of archeological scope, or 
where a significant percentage of the contract value 

lay with mechanical systems. This way, the stated aim 
of the legislator was to improve the efficiency of the 
process, the constructability of the project, and its 
performance in use. More recently, with the extension 
of its applicability to a broader category of works, the 
practice of the appalto integrato has spread widely in 
the industry. Yet its increasing popularity raises ques-
tions about the safeguarding of the original intent of a 
law that had, in the separation between design and 
execution one of its pivotal points. To investigate this 
issue, a case-study was prepared that focused on the 
realization of the housing for the athletes competing 
in the 2006 Winter Olympics in Turin. 

3. The Olympic Athletes’ Village in 
Turin 

The village for 2,500 athletes had a very compressed 
program from the start. With the brief released in July 
2002, construction was scheduled to commence in 
June 2003 and to be completed by August 2005. The 
client chose to run a competition for the architectural 
design and to resort to appalto integrato for the pro-
curement of construction documents and the com-
pression of the schedule. Although site practical com-
pletion was awarded shortly before the Games started, 
this milestone was achieved six months after the date 
originally set. Moreover, since the construction 
documents phase reached completion eight months 
after the planned ground breaking date, the release of 
technical documentation for approval had to be or-
ganized in separate packages on a fast-track basis in 
order to regain time.  
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4. Design, building quality, and  
efficiency 

Although the Olympic Village was handed over to the 
Agency for Torino 2006 in time for the Games, its 
procurement process was far from successful as far as 
the issues the Legge Merloni is supposed to tackle are 
concerned.  

To start with, the project seems to have systematically 
lacked proper resolution of the design. Variations in 
briefing instructions also characterized it, and gener-
ated requirements often difficult to address that ren-
dered previous solutions obsolete and modified 
spending thresholds. Additional work and rework 
were not minimized through the monitoring activity 
and tools imagined by the law. Overall, a lack of suf-
ficient design coordination among the players could 
be detected at various scales. These concerned the 
links between architecture and technical designs but 
also the standards required for particular solutions. In 
this climate, the pressure of completing the work in 
time for the Games kept rising, ultimately forcing the 
adoption of fast-track documentation procedures that 
made overall design control difficult to ensure. Out-
sourcing construction documentation to external par-
ties compounded the problem. 

Today, the results of this process are before the pub-
lic’s eyes. The as-built project is very different from 
the initial proposal, even though the framework of the 
Legge Merloni is supposed to limit variations to the 
advantage of design resolution. Many of the residen-
tial typologies have been modified, ground floor cir-
culation and layout are different, and environmental 
design strategies have either been lost in the process 
or have seen their implementation components radi-
cally altered. The turbulence of the design process has 
affected the level of constructed quality, which hardly 
suggests the progressive refinement imagined in the 
text of the reform. 

In the end, the process was not efficient in terms of 
time or cost, neither for the client nor for the profes-
sionals involved; it created situations of conflict 
rather than collaboration; it did not help professional 
definition; and it was not instrumental to the injection 
of technical innovation into the design. 

5. Lessons from Turin 
The nature of the study conducted makes its findings 
relate closely to the project examined. In this case, the 
outcome recorded could be a function of the particu-
lar situation in place and the specific actors involved. 
Yet, the development of the Athletes’ Village also 
enables one to express more general concerns about 
the industrial appropriateness of the appalto integrato 

as a procurement method, particularly in light of its 
alleged advantages over traditional contracting and 
the Legge Merloni’s emphasis on the separation of 
design and construction. In fact, the data collected on 
the specific experience suggest the following: 

There appears to be a dislocation between the concep-
tual skeleton of the law and the practice of design in 
construction. The Legge Merloni optimistically imag-
ines a design progression internal to the building pro-
curement process that may not be real, and sit awk-
wardly with the actors formally identified. The time-
line of the Turin project, which reduced phase length 
as it moved forward, offers an indication of this pos-
sible ‘fallacy’. The initial project planning document 
nominally assigned 90 days for preliminary design, 
70 days for architectural design and 60 days for con-
struction documents. In reality, the first took 90 days, 
but the second 134, and the third 150. One of the 
things that emerged is that decision-making and coor-
dination became more (rather than less) collective and 
cumbersome as the project moved forward.  

This could have very well been because of the uncer-
tainties surrounding the post-Olympic use of the site, 
and the consequent modifications to the project in 
fieri, which delayed decisions and put pressure on the 
end of the process. If this was the case, then the con-
clusion would be that, in appalto integrato, absolute 
clarity of intent is needed from the outset.  

Yet the reversal of design stages time could also indi-
cate that, rather than reaping the advantages of design 
and construction integration, the appalto integrato 
can suffer from the separation forced onto the design 
process; not only because in construction it is difficult 
to stick to plans, but also because this separation ends 
up blurring roles, thus removing clear individual 
stakes from the project, allowing responsibility and 
blame to be passed on, and decreasing the incentive to 
perform well.   

Moreover, the various strategic alliances and out-
sourcing networks formed for the Turin project could 
indeed be a symptom of a structural difficulty in the 
Italian building sector, where there may be too few 
subjects capable of operating autonomously, either in 
providing advanced design services or design and 
construction services together. If the successful adop-
tion of appalto integrato can only take place through 
temporary associations of businesses, then strong 
vertical and horizontal coordination must be ensured 
in reality, above and beyond the current formal provi-
sions of the law.  
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Researchers are convinced that certain trigger events and experiences in the lives of individuals stimulate the lead-
ership schema which eventually results in the development of certain characteristics which are crucial for an organ-
izational leader. These antecedents have not been explored in an integrated manner in studies on organizational 
leadership. The paper introduces ‘Integrated Antecedental Model of Leadership Development’ (IAMLeaD). The 
model considers the leadership development process in a holistic manner and caters for many of the gaps present in 
earlier studies. The model provides comprehensive taxonomies of significant individuals and experiences (antece-
dents of leadership) which develop characteristics in an individual who demonstrates leadership behavior at later 
stages. Potential applications of the model in organizational context are also suggested. 

Keywords: IAMLeaD, Antecedents, Leadership, Development 

 
1. Introduction 

Despite widely researched, few people have been able 
to fully understand the concept of leadership. Re-
searchers are convinced that that leadership is a vital 
component of project collaboration and project man-
ager is one of the critical factors affecting project 
planning, scheduling and communication, particularly 
in large and international projects. Moreover, con-
temporary large and international projects pose 
unique challenges for organizational leaders and pro-
ject manages which range from leading cross cultural 
teams and stakeholders to complex financial, envi-
ronmental, legal, political, and social issues. Such 
situations demand for high quality leaders who can 
cope with these challenges. Despite its undeniable 
understanding and importance, leadership research in 
construction industry has made limited effort to un-
derstand the subject and genesis of leadership devel-
opment [6] [19].  
 
Some investigations [2] [5] which attempt to explore 
the leadership antecedents have either discussed few 
variables as predictors of leadership development or 
have focused on the prediction of a certain type of 
leadership behavior or style. Furthermore, most of the 
studies which correlate the leaders, leadership and 
leadership development with motives, triggers and 
antecedents have been conducted in the fields of po-
litical science and political psychology. There is scar-
city of such studies on leadership in project and busi-
ness organizations where leadership research mostly 
concentrates on skills, traits, attributes, styles, effec-
tiveness, and performance of leaders but ignores the 
biological, psychological, and social histories of indi-
viduals which actually generate the leadership charac-
teristics. Earlier research [29] also notices some flaws 

such as: (i) research examining the leadership devel-
opment has been conducted without a clear theoreti-
cal framework; and (ii) from an experimental perspec-
tive, research in leadership development has usually 
been retrospective in nature and presents several 
questionable findings.  
 
Briefly, research in mainstream leadership and par-
ticularly project leadership has yet to deal with a 
whole range of issues relating to leadership develop-
ment such as socio-cultural and economic antece-
dents; biological, psychological, and physiological 
motivations; contribution of social institutions such as 
family, educational institutions, and business organi-
zations; other leadership experiences, triggers, and 
episodes. In order to provide a larger and more com-
prehensive picture of such leadership precursors, this 
paper makes an attempt to integrate the whole range 
of possible leadership antecedents in form of a model. 

2. Antecedental model of leadership 
development 

The development of a comprehensive taxonomy of 
antecedents of leadership development is necessary to 
provide an understanding of the outcomes of leader-
ship behaviors. For this purpose, this is essential to 
study various antecedents together using different 
techniques to capture the life history and antecedents 
of leaders in more effective and efficient manner.  
Therefore, to study leadership development in a holis-
tic and integrated manner, the ‘Integrated Anteceden-
tal Model of Leadership Development’ or ‘IAM-
LeaD’ is presented here. This model primarily com-
prises three significant aspects of a leader’s life. 
These aspects are: Significant Individuals, Significant 
Experiences, and Significant Characteristics.  
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Significant individuals are classified into four catego-
ries: (1) Biological Significant Individuals — those 
who are inherently present in a person’s life without 
the person having any choice of them; (2) Accidental 
Significant Individuals — those whom the person 
comes across by chance; (3) Chosen Significant Indi-
viduals — those whom a person chooses to make sig-
nificant in the person’s life; and (4) Forced or Unnatu-
ral Significant Individuals — those who are forced to 
become a part of a person’s life. Significant experi-
ences are classified into: (1) Biological; (2) Physiologi-
cal (3) Economic; (4) Psychological; (5) Socio-
Cultural; (6) Educational; and (7) Occupational Ex-
periences.  
 
As discussed above, significant individuals and signifi-
cant experiences together result in the development of 
significant characteristics in individuals. These are 
categorized here into five categories: (1) Self/Identity; 
(2) Values/Emotions; (3) Traits/Attributes; (4) Motiva-
tions; (5) Behaviors/Styles; (6) and Leader Quotients 
(social, emotional, spiritual, ethical, decision, commu-
nication, resilience, innovation, and contextual quo-
tient). 
 
Briefly, the life of a leader comprises various epi-
sodes in which significant individuals play their roles 
in different capacities. These episodes can have both 
positive and negative influences on the personality of 
a leader, or leader-self. Outcomes of these episodes 
eventually profile the actual leader-self. This leader-
self characterizes the self-concept, self-knowledge, 
personal values and norms, personality, nature of so-
cial relationships, motives, leadership style, and vari-
ous other dimensions which are attributed to leaders 
and leadership.  

3. Summary and conclusions 
In this paper, the ‘Integrated Antecedental Model of 
Leadership Development’ or ‘IAMLeaD’ has been 
introduced. This model takes account of all possible 
individuals and experiences which an individual may 
encounter or face in life. These individuals and experi-
ences operate in concert to develop certain significant 
leadership characteristics in the individuals. Even a 
single significant individual or experience may have 
the capacity to transform an ordinary person into a 
leader but the totality of social context convinces the 
present authors that this is less likely to happen. Sev-
eral factors come together and contribute to the devel-
opment of a leader. Realization of these factors can 
enlighten the individual to improve and progress as a 
good leader in social and organizational settings. 
  

IAMLeaD is applicable to track leadership develop-
ment in all fields such as political leadership, reli-
gious leadership, business leadership, organizational 
leadership, and project leadership. It also suggests a 
general developmental perspective of humans as so-
cial beings. The model explains what factors lead to 
certain characteristics in leaders as members of a so-
cial setting. The model possesses the potential of 
wide application in leadership development and train-
ing programs in business and project organizations. 
Moreover, the model successfully explains the whole 
range of “leadership significants’ and their genesis. 
Employers and human resource specialists can widely 
benefit from IAMLeaD to by analyzing ‘leadership 
significants’ to explore leadership potential and its 
course of development in their current and prospec-
tive employees. The model also helps to identify 
weak areas where the leader requires improvement 
and strong sides leader which can be exploited for 
leadership purposes. The model can also be useful in 
selection and promotion of project leaders with better 
significant characteristics. If the project leaders lack 
in certain qualities, the origins of such deficiencies 
can be effectively tracked through the model and 
training programs can be adequately designed to hone 
the required traits in organizational leaders and pro-
ject managers.  
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Cross-cultural leadership studies have generally emphasized a strong connection between culture and leadership 
styles, but, not many have focused on the construction industry.  This paper proposes to determine leadership behav-
iors that are usually preferred and enacted in the Turkish Construction Industry. In the study, Hofstede’s Values 
Survey Module (VSM) was used. A total of 723 respondents from 107 contracting  firms evaluated their preferred 
and perceived leadership styles.  
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1. Introduction 
The intent in this paper is to examine leadership be-
haviors that are usually preferred and enacted in the 
Turkish Construction industry. The results presented 
in the paper are preliminary results of a major re-
search project which has been carried out in collabo-
ration with CIB TG-23 “Culture in Construction”.  

2. Culture and its implications for 
leadership 

To what extent are leadership behaviors culturally 
determined? A good way to approach this question is 
to use Hofstede’s model of ‘national culture’. Accord-
ing to Hofstede, countries can be categorized along 
four prominenet value dimensions: (1) individualism-
collectivism, (2) uncertainty avoidance, (3) power 
distance, and (4) masculinity. These four dimensions 
were validated by data from completely different 
sources [1].  

Rodrigues [2] has described possible relationships 
among Hofstede’s four dimensions and House and 
Mitchell’s [3] four situation-linked leadership styles, 
namely directive, supportive, achievement, and par-
ticipative.  

On the other hand, a distinction appears across devel-
oped and developing countries in leadership practices. 
In a study investigating influence behavior of leaders 
in Turkey, Fikret-Pasa [4] found that Turkish manag-
ers and leaders show paternalistic attributes. Paternal-
ism includes elements of both autocratic and nurtur-
ant behaviors where the leader acts like a father to the 
followers (Kabasakal & Bodur, 1998). 

3. Leadership in construction 
In considering leadership behavior in construction 
industry, the first thing that needs to be determined 
whether the construction industry is a special case. 
Firstly, the project-based nature of the construction 
industry will almost certainly have an influence on 
the managerial leadership behavior of professionals 
working in the industry. 

In the context of the construction industry, the leader-
ship behavior changes as the project progresses 
through its life cycle.  During the different phases of 
the design process, leader behavior may need to allow 
for more debates, fine-tuning and deliberation. Yet, 
during the construction phases, it may be more struc-
tured and dominant.   

Furthermore, the environment in which leadership is 
exercised is influential in shaping the leadership behav-
ior. For example, the level of unemployment, strongly 
influences behavior adopted by the management. In 
this case, employees have less bargaining power due to 
high unemployment, and may have to accept whatever 
leadership behavior management adopts.  

4. Research methodology 
In order to measure the pattern and frequency of pre-
ferred and perceived leadership behaviors in Turkish 
contracting firms, a questionnaire was developed 
based on the work of Hofstede. 

A total of 107 contracting firms were sampled in the 
study. The sample consisted of 723 respondents rang-
ing from managerial to non-managerial professionals. 
In the study, respondents were asked to evaluate the 
behaviors of leaders whom they are familiar with as 
well as their preferred leadership behaviors (auto-
cratic, paternalistic, consultative, participative).  
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5. Results and discussion 
In order to determine whether respondents’ positions 
had any influence on preferred and perceived leader-
ship behaviors, respondents were divided into two 
groups reflecting the managerial positions (middle 
and first-level management) and professional but non-
managerial positions (non-managerial professionals. 

Results showed that the most preferred leadership 
behavior was participative (48.5%), followed by con-
sultative (26.6%), paternalistic (19.0%), and auto-
cratic (5.9%) type.  This finding was inconsistent with 
Kabasakal and Bodur [5] who reported that the ideal 
leader in the Turkish society carries the behavioral 
characteristics of paternalistic and consultative lead-
ers. The finding is also inconsistent with the conten-
tions of others [6] that within the context of construc-
tion, authoritative leadership behavior is more fre-
quently preferred than all other behaviors.  

With regard to the perceived leadership behaviors of 
respondents, there are some differences between 
managerial and non-managerial positions. Results 
provided evidence that the most perceived leadership 
behaviors for managerial professionals were auto-
cratic (24.4%) and paternalistic (24.0 %), followed by 
consultative (23.1%), and participative (17.9).  For 
the non-managerial professionals, paternalistic was 
the most perceived leadership behavior (25.1%), fol-
lowed by autocratic (24.6%), then consultative 
(19.1%), and then participative (8.8%) behavior. It is 
possible to explain this finding in light of the high 
power distance characterizing the Turkish Culture. 
Paternalism that was the most frequent perceived 
leadership behavior among respondents includes ele-
ments of both autocratic and nurturant behaviors 
where the leader acts like a father to the followers [5]. 
Furthermore, participative behavior was reported to 
be the least prevalent in the context of construction. 
This finding is consistent with the early observations 
of the Turkish Society. As a part of a large cross-
cultural study, Kabasakal and Bodur [5] found that 
Turkish leaders are either predominantly autocratic / 
paternalistic, or consultative, but not democratic.  

6. Conclusion 
This study has examined the perceived and preferred 
leadership behaviors among contracting personnel 
within the Turkish construction industry. Effect of the 
position was also investigated. 

In the study, it was found that the perceived leader-
ship behaviors for managerial and non-managerial 
staff are predominantly autocratic and paternalistic. 
Participative leadership was reported to be the least 
prevalent within the industry. There appears to be an 
alignment between the most frequently observed 

leadership behavior of respondents and the high 
power distance characterizing the Turkish Society. 

The study also found that there is a similar pattern for 
preferred type of leadership among the levels of posi-
tions examined. Responses show that participative 
leadership is more frequently preferred than all other 
behaviors.  
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The public transportation industry has a mixed history of success in delivering projects within budget and on sched-
ule. Avoiding over budget and late projects whenever possible is highly desirable. Risk analysis is the systematic 
evaluation of uncertainty about the scope, cost, and duration of a project. This paper describes procedures for per-
forming risk analysis, which consists of two parts: Risk assessment, the identification and evaluation of risks in terms 
of their likelihood of occurrence and their probable consequences, and Risk management, which consists of taking 
cost-effective actions to reduce risks and to realize opportunities. The approach described has been used by the au-
thors successfully in major transit projects in the United States. The risk assessment and management is described in 
six distinct steps and the benefits of the process are discussed. 
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1. Introduction 
Public transportation projects have been wrought with 
cost and schedule overruns in the recent history. The 
public transportation agencies have been trying to 
avoid over budget and late projects whenever possi-
ble. A better understanding of what circumstances 
and events could lead to cost growth and schedule 
delays will help owners cope with these adverse con-
ditions. Then, proper allowances can be made for 
problems likely to arise prior to or during construc-
tion. One such management practice is project risk 
analysis. Risk analysis is the systematic evaluation of 
uncertainty about the scope, cost, and duration of a 
project [1&2]. This uncertainty is in the form of risks 
that a project could encounter during the course of its 
development. It can also be in the form of unknown 
opportunities for improving the cost and schedule 
prospects for a project. 

This paper describes procedures for performing risk 
analysis, which consists of two parts: 
Risk assessment — the identification and evaluation 
of risks in terms of their likelihood of occurrence and 
their probable consequences, and 
Risk management — taking cost-effective actions to 
reduce risks and to realize opportunities. 

2. Risk analysis process  
The risk assessment process can be implemented in 
six steps: (1) validation of project scope, base cost 
and base schedule, (2) identification and quantifica-
tion of risks and opportunities that affect project 
budget and schedule, (3) modeling of risk factors, (4) 
review and discussion of model results, (5) develop-
ment of risk mitigation plan (RMP), and (6) imple-
mentation and monitoring of the RMP. The first four 
steps are called risk assessment, while steps 5 and 6 
are called risk management. 

3. Risk assessment 
Risk assessment starts with validation of project 
scope, budget, and schedule. It ideally should be con-
ducted in early phases of design so that any problems 
can be dealt with. The validation involves reviewing 
project scope to ensure conformance with project 
objectives, and reviewing the cost and schedule (usu-
ally a CPM network) to identify areas of concern. 
This review should be performed in an objective 
manner and ideally should be performed by an inde-
pendent agency. In this paper we are concentrating on 
cost risk analysis although the approach is equally 
applicable to schedule risk analysis as well. The pro-
ject cost is divided into base cost (costs excluding 
contingencies and certain to occur) and risk cost 
(costs of unknowns that may impact the budget in 
either a positive or negative way). The risk costs will 
be calculated as a result of risk identification and 
quantification process. 

Risk identification is best accomplished by an inde-
pendent agency with the help of owner and the de-
signer. A long list of every conceivable scope, cost, or 
schedule risk to a project are identified by studying 
project documents, interviewing design team, poten-
tial contractors, and material suppliers. These risks 
are then quantified in terms of both their likelihood of 
occurrence and their likely impacts. The list of risks 
are later screened and refined so that the risk analysis 
team’s energy is focused on important risk factors. 
The final list comprises the project Risk Register 
which contains the list of all important risk factors 
along with their impact on project cost. The cost im-
pact of many of the risk factors can only be estimated 
using a range or a random variable because of the 
uncertainty surrounding them. This means that quan-
tifying their overall effect on project budget will re-
quire probabilistic modeling. Often, if the cost model 
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is even moderately complex, an analytical solution is 
hard to achieve; in such cases the most common ap-
proach is to use Monte Carlo simulation.    

In a Monte Carlo simulation, the modeler samples 
statistical distributions representing random variables 
(mainly cost in risk assessment) using a digital com-
puter (mostly a personal computer). Each time the 
distributions are sampled, a total cost is calculated 
deterministically. By repeating the process of sam-
pling the distributions and calculating the total cost a 
sufficient number of times (usually a few thousand 
times), a distribution for cost can be obtained. This 
distribution then provides all possible values for total 
project cost and identifies their probabilities. Several 
affordable software packages are available that allow 
Monte Carlo simulation using a spreadsheet. An im-
portant consideration when combining risk impacts to 
both project cost and duration is the potential for cor-
relations among risk events, which can significantly 
affect the results. If correlations are ignored, then the 
spread of the outcome distribution is generally under-
estimated [3]. Several commercially available soft-
ware packages allow correlation modeling. 
Using the cost distribution, the analyst can establish a 
budget for the project in such a way that probability 
of sufficiency of funds remains above a desired 
threshold. This approach is commonly used to estab-
lish contingency budgets in probabilistic risk analysis. 
Review and discussion of the risk assessment results 
will allow the management to highlight problem areas 
and refine the analysis. 
 

4. Risk management 
 
The last two steps in risk analysis process consist of 
risk mitigation planning, followed by implementation, 
and monitoring. Risk management begins with 
screening of risks to identify which warrant mitiga-
tion. Risk management does not end until construc-
tion is complete (and probably should continue into 
initial revenue operations as well). To mitigate risks 
cost-effectively, they need to be prioritized. Risks can 
be prioritized with respect to project cost separately 
from project schedule or they can be prioritized based 
upon the combined cost and schedule impacts. The 
relative importance of individual risks to a project’s 
cost and schedule, for example, can be determined by 
estimating how individual risk impacts change the 
total project cost and duration. Once risks have been 
prioritized (or ranked), the project owner must deter-
mine which high-cost and significant schedule delay-
ing risks to a project it can influence. Two types are 
likely candidates for mitigation: 

• Intolerable risks, such as events that could poten-
tially stall a project or make it financially infeasi-
ble or unsafe, and 

• High cost, high likelihood risks. 
 
Several courses of action are available for addressing 
identified risks: 
1. Eliminating the risk, for example through design 

changes or policy actions or by prohibiting the 
action causing the risk 

2. Reducing the potential severity of the risk by 
similar actions  

3. Transferring all or part of the risk to other parties, 
or 

4. Accepting the risk, possibly without further ac-
tion or perhaps with the purchase of insurance to 
offset the financial liability posed by the risk. 

 
The project owner should document and monitor the 
implementation process, including the actual costs 
and consequences of instituted mitigations. A risk 
management plan pulls together information from the 
risk assessment and mitigation planning processes. It 
also identifies the owner’s risk implementation and 
risk allocation strategies. 
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Many methods of decision-making are well known, but it is to deplore that often decision-making in construction 
management is just based on experience and intuition. In such cases that methods are implicated, sometimes an 
overload of methods can be criticized. To improve this situation we suggest a controlling with a strategic and future 
view on structures and methods.    
The ‘Decision oriented controlling-approach’ determines circumstances of decision-making, structures and methods 
to provide planning and decision-making procedures as subjects of the controlling. Controlling in this sense should 
enable the management to anticipate coming developments for taking influence on the developments. As essential 
instruments the ‘Concept for planning decision-making procedures’ and the ‘Method to evaluate planning and deci-
sion making’ are suggested. 

Keywords: Planning, decision-making, controlling, coordination, organization 

 

1. Introduction 
Decision-making in construction management often 
bases on intuition and experiences as well. Of course 
intuition and experiences are very important. Rec-
ommendable methods to support planning processes 
should also find application in the practice of con-
struction management. But often either a domination 
of intuition without application of methods or an 
overload with methods and information, i.e. elec-
tronic data-systems, as a burden to the staff members 
is to deplore [1], [2]. Considering these facts it is nec-
essary to find a solution of this discrepancy between 
too much intuition and experience based decision-
making on the one hand and the overload with meth-
ods and information on the other hand. 

The improvement of systems and structures providing 
planning and decision-making, conside-ring the rec-
ognized difficulties, is the essential aim of the ‘Deci-
sion oriented controlling-approach’.     

2. Complexity in construction  
management 

Construction projects are characterized by several 
aspects, that is why such projects are complicated. 
The practice of construction management has 
changed in many ways during the last decades. The 
larger con-struction firms as general contractors got 
more and more the functions of project management 
and coordination. Demands of the owner of the build-
ing contract, increasing number of participants, new 
forms of contracts are examples for developments 
making the tasks of project management and coordi-
nation more difficult.      

The theory of ‘complex systems’ [3] can help to de-
scribe and understand the kind of difficulties and it 
also can contribute to develop improvements.  

‘Complex systems’ are identified by two characteris-
tics: ‘variety’ and ‘dynamics’. ‘Variety’ makes a sys-
tem complicated and ‘dynamics’ evolves a system to 
a ‘relatively complex system’ and a ‘complicated 
system’ to an ‘extreme complex system’ as well [3].  

The ‘variety’ consists in the number of participants of 
a construction project, in the numerous technical 
methods to accomplish construction tasks and it con-
sists also in several kinds of building contracts and 
their variations. The ‘dynamics’ consists in change-
able circumstances of the economic, political and 
social environment of the construction firm and the 
project. Typical dynamic problems consist in changes 
of persons. Changes in the own organization and also 
changes in the organizations of the owner or the sub-
contractors can be difficult.  

To accomplish the challenges of the so called ‘struc-
tural complexity’ of the systems, like described be-
fore, ‘functional complexity’ is re-quired. That means 
instruments to accomplish the challenges of planning 
and decision-making are characterized by ‘functional 
complexity’: Organi-zation, structures and rules 
should be compiled able to react appropriately on the 
challenges.   

3. The ‘Decision oriented controlling- 
approach’ 

An instrument to improve planning and decision- 
making is the ‘controlling’ considered as a function to 
support the management. In differentiation to the 
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American ‘management accounting’ focusing on 
tasks of accountancy, the German ‘controlling’ [4] 
aims with a strategic attitude on coordination of the 
systems to plan and control and also ensure the provi-
sion with information. The ‘Decision oriented con-
trolling-approach’ bases on this theory.  

To improve planning and decision-making, structures 
and systems should serve to anticipate coming devel-
opments early. Therefore controlling has to deal more 
with the decisions and planning procedures than with 
its outputs. And also the controlling endeavors to im-
prove systems and structures of planning and deci-
sion-making.  

To accomplish these demands the following functions of 
controlling are defined: ‘Under-standing’, ‘transpar-
ency’, ‘communication’ and ‘documentation’. The func-
tions of controlling are characterized by coherences. The 
essential aim is to understand the circumstances of plan-
ning charac-terized by ‘structural complexity’. To obtain 
the understanding ‘transparency’, ‘communication’ and 
‘documentation’ are often helpful.  

Several instruments of controlling are possible and 
designable to accomplish the functions of controlling. 
To integrate the instruments of controlling the ‘Con-
cept for planning decision-making procedures’ is 
suggested. It consists of six elements:  

1 Clearness and coordination of aims,      
2 Identification of challenges of planning,  
3 Classification of the subjects of planning,  
4 Continual review to coordinate aims and planning, 
5 Information processing,  
6 Evaluation of planning and decision-making.  

Especially for the performance of the element 6  we 
have developed a special method: ‘Method to evalu-
ate planning and decision-making’.  

This method serves to evaluate the planning and deci-
sion-making procedures in order to six determined 
criterions:  

1 Orientation on targets,  
2 Accomplishment of complexity,  
3 Complete use of Know-how,  
4 Progress of planning,  
5 Documentation,  
6 Communication and information. 
We expect, that the dealing with these parameters by 
the involved staff members causes the improve-ment 
of planning and decision-making. The method makes 
the user to determine the aimed level of the six crite-
rions on the one hand. On the other hand the user has 
to review the degree of accomplish-ment of the sev-
eral criterions in practice. 

Conclusions 
A mix of intuitive decision-making and analytical 
decision-making as well is desirable, but either just 
intuition and experience are dominate or an overload-
ing with methods is to deplore. 

To improve this insufficient situation we suggest the 
so called ‘decision oriented-controlling’, dealing with 
the planning and decision-making procedures. As 
instruments of the controlling we suggest the ‘concept 
for planning decision-making procedures’ and also 
the ‘method to evaluate planning and decision-
making’.   

The application of the concept and the method causes 
transparency and communication between the partici-
pants of the planning and decision-making procedures 
to provide the understanding of the structural com-
plexity and also to support the functional complexity.  
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Logistics processes on construction sites are considered only as supporting services. Because of the secondary im-
portance of the logistics processes comparing to the construction processes essential improvements of logistics proc-
esses on construction site have not taken place for a long time. Only a few concepts providing the management of 
logistics processes on the site and coordinating the participants of logistics processes are to be recognized.   
The paper suggests several organizational concepts to realize logistics management on the construction site. One 
important benefit is the prevention of ‘bottleneck problems’ by coordination of processes and participants. Another 
essential benefit consists of favourable preconditions for implementation and using computer programs to provide 
planning and control of logistics processes. 

Keywords: Logistics management, coordination on the site, project organization  

 
1. Introduction 

Logistics processes represent an integrated part of the 
construction processes. But logistics processes are 
often not considered as separate procedures which 
include possibilities for improving the project realiza-
tion in order to obtain a better completion of several 
aims of the project management.  

There are in practice of construction management  
only a few single concepts of improving logistics on 
the site to recognize. Furthermore several computer-
based instruments have been quite suggested by re-
search works to provide planning and control logistics 
processes on the site [2], [3], [5]. Regarding imple-
mentation and using of such instruments favourable 
preconditions referring to management, organization 
and innovation have to be considered [2], [3].  

This paper focuses on organizational aspects of logis-
tics on the site. Several concepts of realization of lo-
gistics management will be represented.     

2. The significance of logistics  
processes 

Construction works are characterized by numerous 
logistics processes. In some cases logistics tasks can 
not be separated from the construction tasks, for ex-
ample earth works. Especially interior works of larger 
buildings are signified by several logistics processes, 
able to separate.  

Studies [1] have shown that the share of logistical 
activities referring to the overall time of interior 
works is up to 40 %. Reasons for loss of time are un-

available material, deficient building site facilities, 
insufficient orientation, detouring because of unfa-
vorably stored material. These aspects illustrate the 
necessity of coordination of the logistics processes 
especially for the phase of interior works.   

3. Possibilities of improvement 
For the phase of interior works several possibilities of 
improvement logistics on the construction site are to 
be recognized.  

The essential aspect is, that in the phase of interior 
works numerous subcontractors works on the construc-
tion site at the same time. Bottleneck problems are to 
expected because the subcontractors get delivery trans-
ports of material,  he needs time and place for unload-
ing of the material and he has to store the material on 
the site and to transport it to the working place. Fur-
thermore the waste material is to be disposed. 

The concept of logistics management of the German 
logistics-management firm ‘bauserve’ consists of 
several activities to provide the construction man-
agement on the site: Coordination by logistics man-
ager, registration of the amount of waste fair accord-
ing to the causer involved, check of cleanliness and 
orderliness, coordination of storage areas. With these 
activities of logistics managements several benefits 
are connected, for example: Cost saving by speciali-
zation, advantages in scheduling, reduction of con-
flicts, increase of work safety, improvement of accu-
racy in cost allocation.  

The central element of this concept is the logistics 
coordinator to submit the construction-management 
board of the general contractor.  
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4. Organizational concepts 

To realize logistics management on the site different 
organizational concepts are developed:  

Concept I.A (Logistics coordination by the general 
contractor): The general contractor installs a special 
logistics coordination entity as part of his project-
management board.  

Concept I.B (Logistics coordination by the general 
contractor): The general contractor engages a third 
party to transmit the task of logistics coordination to it.  

Concept II.A (Logistics coordination by the general 
contractor by order of the principal): In this case the 
logistics coordination can be performed like in con-
cept I.A as well as in concept I.B. The essential dif-
ference is that the logistics coordination takes place 
by order of the general contractor.  

Concept II.B (Logistics coordination by order of the 
principal of the project performed by a special logis-
tics-management firm): The principal engages a logis-
tics-management firm and binds all contractors by con-
tract to cooperate with this firm. In this case the princi-
pal can take more influence on the logistics-
management firm and on the conditions of the contract.  

Concept III (Project Management in logistics): A 
comprehensive concept of management focusing on 
the logistics organization. It enforces the planning of 
the logistics processes in an early stage of planning of 
the project. The questions of the logistics become a 
primarily importance.  

 
5. Conclusions 

Logistics processes can be considered as supporting 
processes for the construction processes and they are 
characterized by significant potentials of improvement.  

Improvements of logistics processes can result in a 
better work safety, reduction of conflicts and further 
benefits as explained in the paper.  

To realize logistics management on construction site 
several organizational concepts are suggested.  
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The diffusion of new technologies in the market is usually a complex and difficult process with a varying degree of 
success, not to say a high likelihood of failure. The SNM approach provides an evolutionary framework that is sup-
posed to give a better insight into the reasons why new technologies may fail to catch on, even though they promise 
superior performance compared to incumbent technologies. The leading question in this paper is whether and how a 
wider diffusion of new technologies in the construction industry can be achieved by using the Strategic Niche Man-
agement (SNM) tool. The 2 case studies -carried out in the construction industry by using the Innovation Theories 
and the SNM approach- show how socio-technical niches can be created and managed and how this could contribute 
to the wider diffusion of new technologies in the construction industry by building upon these niches.  

Keywords: Strategic Niche Management, Innovation, Diffusion, Construction Industry. 
 

1. Innovation, diffusion, technological 
regimes and strategic niche  

management 
The core concepts in the evolutionary theories are 
innovations and technological regimes within innova-
tion systems, the network of interrelated individuals, 
organizations and enterprises who share a common 
field of knowledge and interest regarding innova-
tions.[1] Technological regimes are seen as a pattern 
made of knowledge, rules, regulations conventions, 
consensual expectations, assumptions, or thinking 
shared by stakeholders in an innovation system, char-
acterizing the professional practices and guiding the 
design and further the development of innovations [2] 
Innovation theories point at technological regimes as 
key elements in diffusion of new technologies. The 
diffusion of an innovative technology is considered to 
be successful if it fits in the prevailing technological 
regime that characterizes the professional practice of 
actors in the innovation system. [3] The Strategic 
Niche Management (SNM) approach advocates the 
creation and management of niches, in which new 
technologies are given opportunities to incubate and 
mature through gradual experimentation and learning 
by actor networks of producers, researchers, users, 
governmental and other organisations.[4] Historical 
evidence learned that new technologies often received 
some kind of protection and support, usually in the 
form of stimulating a particular market demand and 
technology development programs, which created a 
niche for a fledging technology. The SNM approach 
can be seen as a network approach. It considers the 
technological environment as a sort of network 
among innovations equivalent to the innovation sys-
tem as the organizational environment in which inno-
vation takes place. Nodes of the network are innova-

tions. Technological niches are carried by networks 
actors (innovation system - the institutional frame-
work-) and by a set of assumptions, professional 
standards and principles (technological regime). Dif-
ferent actors in the innovation system may be the 
niche manager: policy makers, a regulatory agency, 
local authorities, a citizen group, private company, an 
industry organization, or a special interest group [4] 
The case studies. that are described in the following 
sections were carried out in the construction industry 
by using the Innovation Theories and the SNM ap-
proach to find out how socio-technical niches can be 
created and managed and how this could contribute to 
the wider diffusion of new technologies by building 
upon these niches. 
  

2. The case of an innovative  
construction technology for residential 

construction in Costa Rica 
 

The subject of this case study is an innovative prefab 
bamboo (PB) system: a modular system with indus-
trialized prefabricated panels for external and internal 
(partition) walls, floors and roof panels, etc. The ma-
jor construction systems that are traditionally used for 
dwelling construction in Costa Rica are concrete sys-
tems (> 90%): concrete blocks (CB) -the most applied 
system- and various prefab concrete panels (PCP). In 
1995 the prefab bamboo (PB) system had a minor 
market share (3%). The PB system appeared to score 
better than the traditional systems in technical, eco-
logical and economic sense. Social acceptance is rela-
tively low due to the prevailing technological regime. 
The PB system was developed in the framework of 
the non-profit National Bamboo Project in which a 
tight network –a sub-innovation system- of collabo-
rating actors closely worked together and motivated 
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to reach the targets. The PB system flourished in the 
protected and supporting environment of the NBP and 
its tight network, The NBP activities were taken over 
by Funbambu after 10 years. The PB system lost its 
preferential position and there was no great break-
through of it in the construction market. The failure to 
establish a further strong diffusion of the PB system 
can be attributed to (a) the disappearance of the tight 
network with supporting actors, financial measures 
and support; (b) a general lack of information about 
the new systems (c) the dependence of the activities 
on foreign and public financing; and (d) the politic-
economic considerations during a certain periods of 
administration. 

3. The case of an innovative  
construction technology for residential  

construction in Indonesia 
The subject of this case study is a foreign innovative 
construction technology that comprises lightweight 
foam concrete (FC) blocks and elements for external 
and internal (partition) walls, floors and roof tiles, 
etc.; either pre-cast or cast in situ. Most commonly 
used construction technologies for houses in Indone-
sia are Red Bricks (RB), Batako (Ba) and concrete 
blocks (CB) masonry. The innovative FC system 
showed to have some advantages compared to the 
traditionally preferred construction technologies. The 
FC system was developed and introduced in the Indo-
nesian construction industry by an Indo-Dutch com-
pany which successfully applied it in the health build-
ing sector. However there is not much experience in 
building such dwellings with the FC system among 
the actors in residential construction West- and Cen-
tral Java. The prevailing technological regime ap-
peared to hamper the take off of the diffusion of the 
innovative FC technology. Although the relations 
between the actors in the innovation system of the 
residential construction sector are generally mainly 
based on personal contacts and take place on ad hoc 
basis -unless a project is realized and a building team 
has weekly meetings with other actors- the relations 
of the FC system introducing company with other 
organizations and institutes were at the time of the 
case study not yet enough established, whilst this is 
highly needed for the dissemination of information 
and technologies.  

4. Conclusions 
The Innovation Theories and the Strategic Niche 
Management approach as applied in the case studies 
have resulted in valuable data. 
The case studies showed that the investigated innova-
tive technologies can be considered as a technological 
niche, since they exists -and are developed- alongside 

other technologies, whilst they serve a certain domain 
of application and offer additional advantages com-
pared to the traditional technologies. The prevailing 
technological regimes and professional practices in 
the residential construction sector in Costa Rica and 
Indonesia hamper the diffusion of the innovative 
technologies. A major bottleneck to tackle in both 
cases is the fact that the technical and social benefits 
are insufficiently valued in the market place. By 
means of SNM niche managers can stand up to inter-
vene in the hampered process of diffusion of the in-
novative technology to fully benefit from its technical 
and social advantages. Three mechanisms that are 
important to diffusion and implementation of innova-
tive technologies are identified in SNM work [4]: (a) 
formation of networks and strengthening of these; (b) 
voicing and shaping of expectations; (c) active learn-
ing processes among major actors about design and 
engineering specifications, user characteristics and 
their requirements, environmental issues, industrial 
development options, government policies, regulatory 
framework and governmental role concerning incen-
tives for diffusion and implementation. The first and 
most obvious path to be taken by the Niche Managers 
is to strengthen the relations between them and the 
other actors in the innovation system of the residential 
construction sector. However this is just a first step on 
a longer way to achieve a full recognition of an inno-
vative technology among the major actors in an inno-
vation system. Once the possible intervention mecha-
nisms have been determined, then the feasibility of 
these including the dynamics between the different 
mechanisms should be thoroughly assessed. 
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The construction supply chain and its organization and improvement has been a subject of interest for many years. 
Based on the industry peculiarities, construction supply chains tend to be is relatively fragmented, the production 
environment is relatively unstable, and the efficiency levels are relatively low. In this paper, supply chain integration 
is proposed as a solution to these issues, in terms of proposing repetitive business and production strategies, and 
strategic collaboration between parties in the construction supply chain. The solution proposed in this paper is pre-
sented through systems thinking and a constructivist approach to the organisation and configuration of the construc-
tion supply chain. ` 

Keywords: Construction, model building, organisation, supply chain integration, systems thinking 
.

1. Introduction 
Particularly in an industry that has been deemed to be 
very disintegrated, supply chain integration has been 
coined very often as a ‘solution to many problems’. 
Also the restrictions of supply chain integration have 
often been discussed, while constriction supply chains 
are often temporary, set up for one-off projects. In 
this paper, the idea of introducing systems engineer-
ing is proposed to promote the possibilities and levels 
of supply chain integration in construction. 

2. Supply chains as systems 
Supply chain can be viewed as a system [1]. A sys-
tems approach to the design of a supply chain can 
benefit the formation of the supply chain, and the 
achievement of its goals. As supply chains consist of 
networks of firms, Rouse [2] considers the nature of 
enterprises as systems, and supply chains as ‘systems 
of systems’. Systems approaches are not fully capable 
of capturing ‘soft factors’ such as power and trust, 
interdependency and human factors. 

3. Systems theory and engineering 
Systems theory views the world in terms of collec-
tions of resources and processes that exist to meet 
subordinate goals. Two aspects of systems theory are 
of particular importance for supply chains: synergy 
and entropy. A supply chain relates to the system tax-
onomy of a production line: functional (dynamic), 
purposive and mechanical. And in terms of systems 
typology, supply chains are designed systems, in con-
trast to natural systems. Besides supply chains are 
human activity systems and social systems, consisting 
of actions performed by individuals and groups of 
individuals, i.e. firms [3]. 

4. Construction supply chain   
The construction industry has been characterised by 
complexity. This has great impact on the organisation 
of production, and thus also on the configuration and 
coordination of construction supply chains [4]. Con-
struction involves a vast network of actors of different 
kinds around a project, i.e. the development and con-
struction of a built object. 
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Construction supply chains are converging make-to-
order supply chains, caused by the fact that most con-
struction projects are one-of-kind and built on site [5]. 
The end-customer is of the start and the end of the 
entire process, and therefore the customer and end-
users are of great importance. 
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5. Supply chain integration 
In construction, the demand and supply systems are 
often not well integrated. In essence this seems logi-
cal because integration of the systems would practi-
cally be rather complex and costly. And this is in-
creased because of the one-off approach and some-
times large projects. Paradoxically, on the other hand, 
there would actually be a need to integrate both sys-
tems more to align the large number of parties in-
volved, in order to gain effectiveness and efficiency 
benefits. Demand and supply system integration in 
construction implies higher levels of integration at 
both the demand and the supply side. This calls for 
two new central roles in the demand and supply sys-
tem: the demand system integrator and the supply 
system integrator. The client organisation responsible 
for the procurement could take up the demand inte-
grator role; the main or prime contractor could take 
up the supply integrator role [6]. 
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5.1 Client-driven supply chain integration 
In many cases the client is the representative of many 
clients, users, stakeholders etc. Here, the client is the 
demand system integrator who is taking care of the 
procurement of the built facility. The way in which 
procurement takes place influences the degree of sup-
ply chain integration, which again influences the sup-
ply chain performance and ultimately the value that is 
delivered to the client. 
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5.2 Supplier-driven supply chain integration 
At the supply side, independently from the demand, 
parties may evolve towards more integrated produc-
tion and business formats, through project-
independent collaboration with other parties in the 
supply chain as well as internalisation of neighbour-
ing activities or businesses. In both cases operational 
and competitive advantages, through higher levels of 
productivity and efficiency as well as delivering bet-
ter client value must be the drivers for this kind of 
supply chain integration. Normally this development 
is lead by one focal firm, the system integrator; this 
could be a main contractor, but also an architect or 
materials supplier 
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Value in building is a subject which in recent years has attracted increased focus. Value delivery towards the cus-
tomer has high priority in every building project, and concepts such as Value Management, Value Engineering, and 
Lean Construction are often focal points in practice as well as in research. To work goal oriented with value deliv-
ery methods requires however that the value concept should be worked and understood. This paper presents a con-
tribution to how the building industry could perceive the value concept. The presented work is based on a recently 
finished PhD thesis entitled “Value in Building” working with the value concept and how this value concept can be 
applied in management, e.g. Value Management, Value Engineering, and Value-Based Management. 

Keywords: Value, Concept, Product, Process. 
 

1. Introduction 
Building is basically a process which aims at deliver 
value, in terms of product, services, functions, etc., 
which fulfills the reasonable needs, requirements, and 
wishes of the client organization. Traditional value 
delivery methods are Value Management and Value 
Engineering. For a while it has been discussed what 
the differences between VM and VE are, and if there 
are differences at all [e.g. 1; 2]. However, what one 
quickly can recognize is that both management con-
cepts focus on value. But what is value? Value for 
whom? And how is value measured? This is some of 
the questions which immediate stand out. To answer 
these questions, the building industry needs to under-
stand the value concept. This has, nonetheless, not 
attained much attention neither in research communi-
ties nor in practice. Instead focus is on the application 
part of value delivery. This is quite understandable, 
but in this paper it is asserted that the full potential of 
Value Management will not occur before the under-
ling value concept is understood and incorporated in 
Value Management methods. This paper presents 
some of the outcome of a PhD research [3] on value 
in building which ended ultimo last year. 

2. Value and values 
There is initially a basic and important difference 
between value in singular and values in plural. Value 
relates to assessments about product and price and is 
traditionally of objective nature. Values, on the other 
hand, are the principles by which we live. They are 
the core beliefs, morals and ideals of individuals and 
are reflected in attitudes and behaviors in society. In 
other words, values are personal guidelines like “It is 
against my values to lie”, whereas value relates to a 
product and its assets, and it is often connected to 

monetary relations like “The new Skoda is of great 
value”. 

3. Value(s) in construction 
Value has always been used in building in one manner 
or another, but not consistently due to the lack of a 
definition of the term. In most building projects value 
(needs/goals/expectations) are developed and de-
scribed in the brief. The achievement of this value, 
determined by the client and sometimes the users, is 
always the primary objective of a building project. 
Value has been an object in building management for 
many years and is actively seen in management phi-
losophies such as Economical Value Added and Value 
Management. Furthermore, it is described as a job in 
traditional models of project management. In lean con-
struction value is a major topic, due to the focus on 
removing none-value adding activities, i.e. waste. 

Unfortunately, it can be concluded that values are not 
widely and consistently used in building – at least not 
explicitly. In continuation no real theory of how val-
ues in an operational manner can be beneficial ap-
plied exists. The purpose of introducing values in an 
organization is to increase performance in dynamic 
environments. Values are motivators of human ac-
tion. At an aggregate level, values constitute the cor-
porate culture, norms, expectations, and “ways of 
doing things” in an organization. Even though values 
are subtle phenomena, they nevertheless seem to have 
decisive effects on individual and organizational be-
havior and achievement. Partnering is a management 
idea which partly is working with values. The mantra 
of partnering is trust, openness and cooperation – all 
very personal elements. In a partnering environment, 
guidelines to good/right cooperation is set up, and 
these are (or should be) based on common values. A 
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successful cooperation is, therefore, a situation where 
there is a high degree of congruence between the in-
dividuals’ values. 

Values as a concept have received little attention in 
Lean Construction. When looking for the perception 
of values as human values most is found implicitly in 
the research, i.e. between the lines. 

4. Product value & process values 
A transformation of the value concept into the con-
text of building projects is not straight forward. Some 
suggest that the two types of values could be identi-
fied as product value and process values [4; 5]. 

• Product value relates to the physical con-
struction. It consists of elements such as util-
ity value, architectural value, cost and mar-
ket value (price). 

• Process values are related to the activities of 
the building process, and are hence con-
nected with human activity and behavior. 

5. Characteristics of the value concept 
In the nature of value lie some characteristics, which 
might not be clearly understandable. These character-
istics are both applicable for product and process val-
ues. 

• Subjective. To create value is not to create 
products, but products with certain character-
istics and qualities in relation to the user of 
the value. 

• Relative. This implies that value is essen-
tially comparative. Goods do not have value 
on their own. Goods only have value in 
comparison with other goods. 

• Context dependent. Value should always be 
evaluated in connection with the context it 
should be used. 

• Dynamic. Value(s) changes over time. Partly 
in relation to the building and its use and 
partly in relation to the building process. 

Another peculiarity of value is the difficulty in meas-
uring value. The measurement problem is grounded in 
at least two factors, the subjectivity of value, and the 
difficulty in making value statements explicit – you 
cannot measure something you do not know. In defi-
ance of the problems it is important to be able to 
measure value, if used in management. 

The importance of process and product values for 
different groups of partners in a building project dif-
fers. The work carried out on the construction site is a 
main part of the building process, and workers care 
mostly about the process values, e.g. good coopera-
tion, agreement discipline, communication, etc. and 

of course also their income. The end users are going 
to live or work in the constructed building, and they, 
therefore, care mostly about the product values, e.g. 
brick type, roof light, flexibility, etc. This hypothesis 
has been proven in one building project [3]. It is a 
paradox that the workers in general care mostly about 
process values, but at the same time they are the ones 
who add value to the final product. Thus, the workers 
do not neglect product values. Basically, workers are 
proud people and like to make good craftsmanship IF 
the conditions allow it. 

6. Conclusion 
The great potential of working goal oriented with 
value delivery will first occur when then concept of 
value(s) is fully understood. This paper presented a 
perception of the value concept as consisting of two 
different value paradigms, namely value related to the 
product and values related to the cooperation between 
the project participants - product value and process 
values respectively. Both perceptions of value is im-
portant to focus in a building project, it can however 
be argued that the main focus should be on product 
value delivered to the client. This is the real end goal 
of any project. The process values can however nurse 
and facilitate the cooperation between project partici-
pants, and hence improve the capturing, designing, 
and delivering of product value to the client organiza-
tion. 
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The existence of opportunistic behaviour by contractors or sub-contractors in the bidding process encouraged by the 
governance structure of construction companies as well as the kind of relationship that exist between contractors 
and clients is thought to have some bearing on the rising construction cost observed in some regions of Sweden. 
Three hypotheses that are intended to test the impact that long run relationship between contractors and developers, 
vertically integrated firms, and the increase of international competition could have on the construction cost in-
crease levels were tested on a predetermined number of projects from six cities in different regions. The semi-
structured survey produces inconclusive results. Long run and collaborative relationship was prevalent in small re-
gion though respondents in this region did not draw strong connection between construction cost increase levels and 
the kind of observed relationship. In Stockholm region short-term relationship was mostly prevalent. Vertical inte-
gration and foreign competition impacts on construction costs were not significant in either region. 

Keywords: Construction costs, vertical integration, long-term relationship, competition 

1. Introduction 
Swedish housing construction costs has risen more 
than the rate of inflation during the last decade. The 
effect of the construction costs escalation was not 
evenly felt in all regions and there was also an imbal-
ance of housing stocks in various regions [1]. Some 
regions of the country i.e. metropolitan regions 
(Stockholm, Gothenburg, and Malmo) experienced a 
soaring construction costs whilst small regions felt 
lower construction cost increases [2]. The supply of 
new residential apartments stagnated at the same time 
the constructions costs were high particularly in the 
metropolitan regions where the housing demands 
were stronger. In order to unearth the roots of escala-
tion construction costs disparities between large and 
small regions, one can put the lenses solely on the 
component of construction costs – direct and indirect 
costs and anticipate that unit price (labour, materials, 
and equipments) and overhead costs differences that 
exist between the regions will explain the observed 
divergences. Another alternative is to examine other 
factors such as supplier structure and client-contractor 
relationship as well as competition and expect that 
some overhead and transaction costs associated with 
them would explain the differences of cost escalation 
between the regions.  

2. Background 
The cyclicality of the construction industry especially 
the housing building sector plays big role in determin-
ing the longevity of the relationship that exist be-

tween contractors and clients or between contractors 
and their sub-contractors. Swedish vertically inte-
grated firms, which have strong financial muscles to 
undertake numerous large developments [3] may ten-
der higher price for a new rental or condominium 
projects. On one hand, winning that contract safe-
guards the prices of other similar properties own by 
the integrated firm. On the other hand, not winning 
the tendered contract will not exempt them develop-
ing rental units or condominiums of their own and 
still be competitive in the market. They can divert 
those resources e.g. machinery and equipment to 
other projects undertaken by the firm without incur-
ring too much loss of productivity. Their strong fi-
nancial position also allows them to survive even if 
they loose few customers by raising opportunistically 
the construction costs. Presence of foreign contractors 
and subcontractors may not only increase the compe-
tition and lessen the dependency of fewer actors in 
the deliverance of building projects but it also en-
hances the availability of construction workers as 
well as cost-effectively construction materials. The 
cost of construction materials, which constitute ap-
proximately one-third of total construction costs, have 
shown price increases over and above other industrial 
products, with price rises even during periods of low 
demand [4]. One of the reason is that construction 
trade is concentrated to a small number of large com-
panies i.e. one company accounts for more than 50% 
of total sales of cement, reinforcement steel, and plas-
terboard.  
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3. Methodology and project  
descriptions 

One of the approaches of comparing costs of build-
ings is functionally similar building approach [5] that 
seems to be suitable in our regional comparative 
study.  Other approaches seem to be theoretically 
possible but practically difficult to carry out due to 
the differences that exist in architecture, standards, 
availability of projects, etc. The third approach of 
typical, functionally similar buildings is suitable.  A 
semi-structured survey was carried out in Stockholm 
and five medium cities that are deemed to represent 
regions for both escalating and non-escalating costs. 
A total of 52 projects were included in the survey and 
33 of them responded the questionnaires. Projects that 
were built between 1998 and 2003 are considered in 
the survey since that period encompasses both high 
and low construction activities. Only projects that 
contain more than 20 units and equipped with eleva-
tor were chosen in order to have functionally similar 
buildings. 

4. Survey results 
In Stockholm, respondents believe that construction 
costs were higher in those years because of market 
conditions (high demand) that were in favour to con-
tractors. In other words, contractors have had the up-
per hand and selected only those projects that they 
could make extra profit and developers were compet-
ing for the few contractors that were offering their 
services. It has also been indicated that medium size 
construction companies with 50 or less employees are 
dominant in the residential construction market in 
non-metropolitan cities that makes competition 
among them highly noticeable. Most of the develop-
ers in big region agree that long run relationship 
(LRR) would decrease construction costs while the 
opinion of the developers from small region about 
LRR affects on construction costs is mixed. Only one 
third of them agree that long run relationships de-
creases construction costs while two thirds either be-
lieve that LRR has no implications on construction 
costs or simply do not have opinion.  
• With regard to the hypothesis that a long run re-

lation ship between contractor and client tends to 
a lower cost increase during the boom, Mann-
Whitney U test shows that we can reject the null 
hypothesis (10% significance level) that there are 
no differences in developers’ opinion of whether 
long run relationship between contractor and de-
velopers affects construction cost increases. The 
existence of long run relationship in the small re-
gions may have helped to prevent opportunistic 

behaviour between the parties though only one-
third of developers in the small region acknowl-
edged the benefits of this relationship 

• The null hypothesis that postulates vertically 
integrated contractors operating in both regions 
do not tender higher prices than non-integrated 
contractors was also rejected at 10 percent sig-
nificance level. Developers on the Stockholm re-
gion, where higher construction cost increases of 
the projects are observed and most of the projects 
are constructed by vertically integrated firms, 
have different perception than small region de-
velopers who believe that vertically integrated 
firms tend to tender higher prices. The responses 
of small region developers may have driven by 
concerns that the market power of a vertically in-
tegrated firm could lead to unfair pricing whilst 
the responses of Stockholm region developers 
could be motivated by the desire of having long 
run relationship in the face of high competition 
and high construction activity that encourages 
market driven attitudes 

• The final hypothesis that regards the foreign con-
tractor and subcontractor participation would de-
crease construction cost was statistically vali-
dated. The null hypothesis that there are no dif-
ferences in developers’ opinion about the impact 
of foreign supplier presence on construction costs 
was rejected at 10 percent significance level 
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Construction clients are often regarded as acting in the capacity of ‘change agent’ because they initiate and lead 
change projects through suitable procurement procedures and management processes. This paper presents an em-
pirical investigation into obstacles that Swedish construction clients face in order to achieve increased influence 
over the end result of the construction process. Attitudinal and industrial barriers are perceived as the most critical. 
Furthermore, clients using external project management and those who are active in national markets perceive these 
obstacles as even more critical. 
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1. Introduction 
Two major investigations of the Swedish construction 
industry highlight the role of the construction client as 
a ‘driver’ for change in the industry. Local clients are 
usually more personally involved in the construction 
process and have therefore more influence over the end 
result of the construction process [1]. The client does 
not carry out the construction process alone; a tempo-
rary project organisation is created in order to manage 
the process. Some parts of the client function, such as 
project management (PM), have during the past decade 
been transferred to external organisations. The purpose 
of this paper is to identify barriers to change, faced by 
clients, in order to achieve increased client influence 
over the end result of the construction process. Fur-
thermore, we investigate how the variables of size of 
clients’ market and extent of external PM influence 
perceptions of important barriers. 

2. Barriers for change in construction 
In change management literature, many types of barri-
ers can be identified. In this brief literature review po-
tential barriers are divided into three different levels: 
individual (attitudinal), organis-ational and industrial.   

2.1 Attitudinal barriers 

People and their attitudes constitute a barrier to 
change. In the construction industry there are many 
attitudinal aspects that can arise as critical barriers to 
change. Kululanga et al. [2] argue that the lack of a 
learning culture, where existing values and beliefs are 
not open for questioning, is characteristic for the in-
dustry, thereby constituting a general barrier to 
change. Construction is a project-based industry, re-
sulting in a narrow perspective both in time and 
scope. Attitudes are also dominated by short term 

financial considerations, reflected in uncooperative 
and suspicious relationships. 

2.2 Organisational barriers 

An organisational barrier is the traditional use of 
competitive tendering arrangements in construction 
procurement since it decreases commitment and 
flexibility [3]. Another barrier is the traditional or-
ganisation of the construction process. The highly 
specified work is divided into distinct packages that 
are allocated to different specialists to complete indi-
vidually. This situation is derived from clients’ com-
petitive tendering habits, which hamper integration of 
work tasks and actors [4].  

2.3 Industrial barriers 

Industrial barriers (e.g. competitive pressures, gov-
ernment regulations and industry practices) are de-
rived from the organisation’s industrial environment 
and may serve as serious barriers to change [5]. In 
most countries, public sector clients are very impor-
tant actors in the construction industry. These clients 
must follow laws regarding public procurement, 
which facilitate competition and non-biased procure-
ment decisions. A deep-rooted practice in the con-
struction industry is the heavy reliance on formal 
standard contracts. Such formal standards can be cost 
efficient, but hinder flexibility and change.  

2.4 The impact of PM 

A change process needs a ‘change agent’ and an envi-
ronment that is receptive. In the construction process, 
PM has a central role to play. The project manager 
attracts high demands from both his superiors and the 
client regarding time, budget and project mission, 
which can create a divergent picture of the situation 
between the project manager and the client. The pre-
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dicament over external commissioner (i.e. project 
manager) and external contributor (i.e. contractor, 
subcontractor and supplier) lies in the formulation of 
project mission and the internal efficiency of the pro-
ject [6]. This can be especially problematic since cli-
ent requirements are frequently tacit in nature and can 
only be understood through a prolonged process of 
socialisation [7]. 

3. Empirical results 
A questionnaire was sent to 104 construction clients 
who are members of the Swedish construction client 
organisation. 87 responses were received (an 84% 
response rate). The questionnaire asked for general 
information about the client organisation such as size 
of market and the use of external or internal project 
managers, together with specific questions regarding 
perceived barriers to change. A scale from 1 to 7 
measured the level of importance of each barrier with 
1 representing unimportant and 7 representing very 
important. 
Principal component and factor analysis (PCFA) 
grouped the individual items regarding barriers to 
change into three factors: attitudinal, industrial and 
institutional. The mean values of the three factors 
show that attitudinal and industrial barriers are the 
most critical. 
A comparison of means between those clients with 
mostly external PM and those using mostly internal 
PM shows that clients with external PM perceived 
attitudinal barriers as more critical than clients with 
internal PM. Another comparison of means, between 
local and national clients shows that national clients 
perceived both attitudinal and industrial barriers as 
more critical than did local clients. We also found that 
governmental and industrial clients mostly use exter-
nal PM and are more active at the national level than 
real estate and municipality clients. 

4. Conclusions 
The quantitative study shows that attitudinal and in-
dustrial barriers are the most critical to change in the 
construction industry towards increased client influ-
ence over the end result of the construction process. 
National clients and those who use external PM dur-
ing the construction process perceive the attitudinal 
and industrial barriers as more critical than local cli-
ents using internal PM. This supports theories arguing 
that external project managers have a focus on the 
project rather than on the product (e.g. to achieve the 
most sufficient product for the client). It also supports 
the discussion that the construction business is a very 
local affair, where local clients have a close connec-
tion with the actors in the market.  
Local clients with internal PM should have more in-
fluence on attitudinal barriers, but their efforts only 

affect local actors. The national client has a better 
chance to effect change on a larger scale, but depends 
more on external management to execute the con-
struction process. 
The abovementioned variables (PM and sphere of 
activities) vary with different types of client. The im-
pact of PM and sphere of activities can therefore af-
fect change in the construction industry (to overcome 
attitudinal barriers), where the clients act as ‘change 
agents’. Governmental and industrial clients are using 
external PM to a larger extent and have a more na-
tional sphere of activities. Since these two variables 
affect perceptions of barriers, these types of client 
should be aware and be prepared to take suitable ac-
tions if they want to act as change agents. 
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Across the industrialised world various initiatives on improving construction performance has been started over the last 
ten years. In Sweden an industry initiated development program (FIA) started in 2003. Its focus is on improving the 
civil engineering part of the construction sector. A pre-study has been conducted on how to analyse the performance 
and improvement of the civil engineering sector. From a literature review and in collaboration with FIA a first draft of 
the survey was formalised. A test survey was sent out to projects pre-decided by FIA, and the respondents were inter-
viewed about their project in relation to the survey. The result of the pre-study is a ready to use questionnaires and a 
tool for analysing them against key areas for improvement of the civil engineering sector as stated by FIA.  
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1. Introduction 
Different initiatives to improve the construction in-
dustries competitiveness have been introduced in a 
number of European countries, for example Con-
structing Excellence (the UK), PSI Bouw (Holland) 
and Utmärkt Samhällsbyggande in Sweden. A pro-
gram aimed at improving the competitiveness of the 
civil engineering part of construction, FIA (Renewal 
within the civil engineering sector), was launched in 
December 2003. The aim of FIA is that the year 2010 
their vision should be fulfilled, the vision states: 

The civil engineering part of construction is and is 
perceived as, an important and respected society pro-
vider, whom, together, in an innovative and learning 
process and in a cost efficient manner develops the 
road and rail infrastructure to fulfil the demands of 
society and end-customers. The industry has com-
pared with today’s situation substantially increased 
their efficiency and lowered the frequency of faults. 
(Free translation from Swedish)  

To achieve this five aims have been defined: 
•  Increased efficiency 
• Better teamwork and increased cooperation  
• Better incentives for R&D  
• More efficient dissemination of existing 

knowledge and competence  
• Recruitment of new personnel made easier 

by the more positive image of the industry.  

From this aims several different research and devel-
opment projects has been and will be initiated by FIA 
to achieve these aims. FIA saw a need to monitor how 
the civil engineering sector develops, in order to ef-
fectively plan and implement development projects. 

As a result the Division of Construction Management, 
Lund University was commissioned by FIA to con-
duct a pre-study. The purpose of the pre-study, which 
is presented in this paper, was to design a survey that 
can continuously be sent to civil engineering projects, 
in order to measure key indicators of change. 

2. Measuring the effects of  
operational change 

There is common saying “if you cannot measure it, 
you cannot change it”, emphasizing the need to moni-
tor the results of change to ensure that the expected 
results is achieved. There have been different efforts 
to measure change in construction, these have had 
different scope and subsequently different ap-
proaches. It is also possible to see overall changes in 
industry performance over time when comparing pro-
ject scores between different times. 

3. Development of the survey and 
questionnaire 

The construction of the survey was undertaken with 
two main requirements from FIA. Firstly, the survey 
was limited to just cover the internal aspects of civil 
engineering projects in the design and implementation 
phases. Secondly, the survey was required to be as 
easy as possible to answer by the respondents. One 
effect of this was that the number of question was to 
be as few as possible. The challenge was thus to find 
a balance between the numbers of questions required 
to sufficiently cover the aims and limitations of the 
study and at the same time have a limited number of 
questions to ensure a survey that was easy enough to 
answer.  
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4. Discussion 
This survey will not directly measure the effect that 
FIA has on the civil engineering sector. What is 
measured is the direction of change for the Swedish 
civil engineering sector during the years that FIA is 
active. This knowledge could indirectly be used by 
FIA to initiate additional studies concerning specific 
subjects that could guide the civil engineering sector 
in a desired direction concerning their five main aims.  

The survey design was constructed in close coopera-
tion with representatives of clients, contractors and 
designers active in the civil engineering sector in FIA. 
The main client organisations for civil engineering 
projects in Sweden are the National Road Administra-
tion and the National Railroad Administration, whom 
both are supporters and contributors to the activities 
of FIA. These organisations can by contractual means 
demand the actors in their projects to fill out the ques-
tionnaire, which will ensure a sample size large 
enough not to compromise the reliability of the vari-
ables.  

The downside of this close cooperation with the sec-
tor can be that the researcher will have to adopt the 
survey design to the requirements of the sector. In this 
case, although the representatives of the sector had 
requirements on the design of the survey they trusted 
the researchers to have the choice of decision when 
altering or removing questions. This trust is impera-
tive to ensure the scientific quality of an industry-
initiated survey. In addition it is important to test the 
survey before full-scale usage. The test survey and 
the interviews with the respondents did not show rea-
sons for any major changes of the survey. 
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Housing investments in 12 West-European countries  
between 1976 and 1999 

Rune Wigren (Uppsala University, Sweden) rune.wigren@ibf.uu.se 
Mats Wilhelmsson (Royal Institute of Technology, Sweden) matsw@infra.kth.se 

 
Housing investments has both a direct and an indirect effect on economic growth and, therefore, it is of great impor-
tance to understand the mechanism underlying the housing market. In the present paper, an error correction model 
is used to analyze the dynamics of the housing markets in 12 West-European countries over the period 1976 to 1999. 
The empirical results indicate that it is to some degree possible to consider the European housing market as one 
market. The relationships between housing stock and its macroeconomic determinants are robust across the coun-
tries. Furthermore, the result shows that price and cost elasticity on housing supply are low. Shocks on demand and 
supply have small effects on the housing stock (low speed of adjustment on quantity), but on the other hand a sub-
stantial effect on prices (high speed of adjustment on price). Supply side shocks has an instant effect on housing 
prices and demand side shocks takes on average four year before it is fully incorporated into the prices. 

Keywords: Housing market, stock and flow model, error correction model, housing supply, housing dynamics 

 
1. Introduction  

As housing investments is used as tool to promote 
economic growth it has become increasingly impor-
tant to understand the mechanism underlying the 
housing market. Explicit or implicit assumptions 
about the price elasticity of housing supply can have 
huge policy implications. For example, what is ex-
pected to happen on the housing market in a situation 
of demand or supply side shock? Is it more reason-
able to expect changes in quantity or changes in 
prices? In addition, how long can we expect the shock 
to persist, i.e., how long is the speed of adjustment to 
new market situation in the housing market? 

The objective with the present analysis is to:  

(1) Analyze what determine housing supply in 12 
European countries,  

(2) Estimate the long- and short-run dynamics includ-
ing the stock and price adjustment effect 

(3) Estimate the price elasticity for consumer housing 
price and construction cost on housing supply and the 
price/income elasticity on housing demand 

(4) Use a stock and flow model in the framework of 
an error correction model utilized on panel data. 

2. Literature review 
Estimation of the long run and short run relationship 
between housing supply and its determinants has been 
performed with two different approaches. First, esti-
mation of the housing stock in levels or housing in-
vestments on income, cost of capital and other cost 
shifting variables, and second (see e.g. Lee [1], the 
estimation of the reduced form, and especially the 
reduced price equation, on the change in income and 

the change in the cost shifting variables (e.g. 
Malpezzi and Maclennan, [2]). Recently, the two ap-
proaches have been modeled together in an error cor-
rection framework as in Riddel [3]. 

Riddel [4] defines the supply of housing to be a func-
tion of prices and cost-shifting factors and the de-
mand for housing to be a function of price, income, 
interest rates, and the price of houses in neighboring 
areas. To allow for stock and price adjustment, the 
change in supply and price is a function of the devia-
tion in stock and price from the equilibrium stock and 
price, respectively. The results indicate that demand 
for housing is negatively related to interest rate and 
positively related to wage and salary income. The 
demand for housing is mostly influenced by employ-
ment. In accordance with economic theory, construc-
tion wages and mortgage rate are inversely related to 
the stock together with vacancy rates. The estimated 
speed-of-adjustment parameter is negative; that is, if 
the actual housing stock is larger than the equilibrium 
housing stock, housing investment will decrease. The 
price adjustment dynamics are negative and of rea-
sonable magnitude. If the price level is higher than 
equilibrium price, prices are corrected by price depre-
ciation. However, as Riddel summarizes the results, 
developers seem to answer more correctly to distur-
bances on the supply side than on the demand side. 
Riddel’s explanation is that this is a result of informa-
tion asymmetries. 

An interesting article by Riddel [3] investigates hous-
ing markets prices and housing stock dynamics in the 
United States over the period 1967 to 1998. She does 
that by utilizing a disequilibrium framework to dis-
tinguish between supply side and demand side 
shocks. First, she separately estimates the long run 
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demand and supply equation. Second, the deviation 
from long run equilibriums is used in two flow equa-
tions, the demand and supply equation. The overall 
results indicate that housing construction is more ef-
fected by supply side disequilibrium and housing 
prices are more affected by demand side disequilib-
rium. The long run price elasticity of supply is esti-
mated to be between 0.0025 and 0.49, i.e., in the line 
of Mayer and Sommerville [5]. 

In a recent article by Harter-Dreiman [6], the price 
elasticity of the supply of housing is investigated by 
the use of panel data set consisting of 76 MSAs in 
U.S. from 1980 to 1998. The results from the vector 
error correction model suggest an elastic long run 
supply function and a slow speed of adjustment. The 
supply price elasticity is estimated to be in the range 
of 1.8 to 3.2. The estimated speed of adjustment is 
equal to -0.22, i.e., the adjustment from a disequilib-
rium situation is relatively slow. 

3. The methodology 
In the present paper is an error correction model 
(ECM) framework, following Banerjee et al [7], used 
to analyze the dynamics of the housing markets in 12 
European countries in the period 1976 to 1999. How-
ever, running regression with non-stationary data pro-
duces spurious results, which make it important to test 
the series concerning stationarity and co-integration. 

4. Results 
As expected, the error term from the long run housing 
supply and demand equation enters the stock adjust-
ment equation with a negative parameter estimate. 
The parameter is statistically different from zero, but 
low. The results indicate that it takes several years to 
the stock to adjust from supply and demand side 
shocks. Riddel [4] estimated the stock of adjustment 
to be approximately 5 year due to a chock in the sup-
ply. The result, in the present study, imply that the 
European housing market adjust much slower. On the 
other hand, the price adjustment model indicates that 
supply and demand side shock have an instantly ef-
fect on property prices. For supply side shocks, the 
estimated speed of adjustment is estimated to be one 
year and four years for demand side shocks. In sum-
mation: 

• Estimated price and cost elasticity’s are quite 
low, but comparable with others result. It is inter-
esting to not that the estimates are robust across 
the 12 European countries.  

• Shocks on demand and supply have moderate 
effects on the housing stock, but on the other 
hand a substantial effect on prices.  

• Supply side shocks has an instant effect on hous-
ing prices and demand side shocks takes on aver-
age four year before it is fully incorporated into 
the prices. Hence, housing developers respond 
slowly to changes in economic fundamentals.  

• In the short run, most of the effects will be 
picked up by adjustments in price. Therefore, 
subsidize housing constructions seems to have 
small effects on housing stock, but large effects 
on property prices. 
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The current practices of payment system in construction industry are many and varied, largely driven by the project 
nature and types of procurement. However, its successful implementation depends on the suitability and flexibility to 
accommodat client’s needs, project requirements and ease of use of the payment systems. The paper examines an 
alternative multi-criteria decision making (MCDM) framework that use Analytical Hierarchy Process (AHP) model 
to analyze the decision making in the selection of most appropriate payment system(s) (PS) with the best potential to 
deliver an accurate cash flow prediction in a given type of project and client characteristic. 

Keywords: AHP, Multi-criteria decision making, pair-wise comparison, alternative payment systems, cash flow 
simulator 
 
 
1. Current payment system practices 
In the UK construction industry, the normal practice of 
monthly payment for project participants (i.e. consult-
ants, contractor, and suppliers) used to be made in 30 
to 60 days using unit rates and quantities based on the 
actual work done. Where, typically, in order to avoid 
negative cash flow the project participants have to 
manage their working capital by means of overdraft or 
borrowing from financial institutions. Such arrange-
ment is of vital for financing on going construction 
operations before any payment received from their 
clients. However, poor cash management and cash 
flow forecast will lead to failure to convince finance 
lenders and creditors, or possible higher cost of bor-
rowings for financing their construction activities [1]. 
Although such practice has shifted to alternative ap-
proaches in recent years for example, the use of mobi-
lization advance payments, stage payments, direct 
payments and other innovative mechanisms for pay-
ments [2]. Nevertheless, according to the ‘Trust and 
Money’ [3] and ‘Accelerating the Change’ [4] reports, 
the industry has yet ready for these new adoptions. 
Where, in many cases, conflicting views and determi-
nations from project participants to defend their own 
commercial benefits making existing payment prac-
tices prevailed over the use of innovative payment sys-
tems. This scenario is already evident in the National 
Specialist Contractor Council survey [5]. The survey 
was found that average wait for payments to be made 
were: 63% for 30 to 60 days; 20% for 60 to 90 days; 
and only 7% for less than 30 days. In addition to this, 
retention abuse (70%) and ‘pay when paid’ (74%) are 
among the highest contractual abuse reported by the 
respondents. 

This research aims to investigate industry’s percep-
tion of payment and cash flow management with the 

aim to encourage the use of appropriate payment sys-
tems and promote these systems as performance ena-
bling mechanisms. The project i.e. Re-thinking Con-
struction using Payment Systems (ReCoUPS) is 
funded by the Engineering and Physical Sciences 
Research Council (EPSRC). This research reflects the 
Government’s efforts to improve payment practices 
across the construction industry i.e. ‘Trust and 
Money’ [3] and ‘Accelerating the Change’ [4]. 
Meanwhile, the Department of Trade and Industry 
(DTI) is working on the analysis of the consultation 
on proposals to amend the current Housing Grants, 
Construction and Regeneration Act 1996 (Construc-
tion Act) and Scheme for Construction Contracts 
Regulations 1988 (England and Wales) to improve 
future payment practices for the construction industry 
[6]. This paper proposes a framework using AHP 
analysis for MCDM decision-making when selecting 
an appropriate payment for a construction project 
with regard to a given type of project and client char-
acteristic. The model will then be incorporated into 
the ReCoUPS simulator for forecasting construction 
supply chain cash flow. The simulator consists of four 
major components i.e. “the process map”, “the supply 
chain”, “the pricing system” and “the payment sys-
tem” using Microsoft applications (VBA, Excel, 
MSProject, and Access) to develop. Within the simu-
lator, a full project program will be generated using a 
project management tool. It requires supply chain 
inputs and decision-making in payment systems to 
assist which pricing method and payment system to 
produce the necessary cash flow profile for the client, 
contractors, and all supply chain members. 

2. Research outputs  
The proposed MCDM framework aims to assist deci-
sion-making in payment system (PS) selection as well 
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as to predict accurate cash flow for construction sup-
ply chain, based on a given set of predefined variables 
when integrated with the cash flow simulator. It is 
designed to enhance the flexibility of the simulator 
and its ability to forecast project cash flow accurately 
to achieve the following objectives: 

• the identification of available and alternative 
payment systems in terms of their supply chain 
links, pricing mechanisms and payment mecha-
nisms. 

• the development of a model that links payment 
system selection and implementation processes to 
project requirements and characteristics. 

• the development and validation of a computer-
based simulator for modeling the outcomes of 
various payment systems. 

To summarize, the developed MCDM tool will ulti-
mately addresses the difficulties relating to payments 
for contractors and also examines issues affecting 
consultants, suppliers and other project participants 
within the construction industry and the effects of 
selecting an appropriate payment system for the con-
struction supply chain. 

3. Methodology 
The proposed MCDM tool for PS will be developed 
using data collected from the UK construction indus-
try practitioners. There will be a questionnaire survey 
and a series of workshops to investigate industry’s 
perception of payment systems and cash flow to find 
out the most significant project objectives (PO) (i.e. 
MCDM attributes) that give impact on the selection 
of most appropriate PS. This is followed by assigning 
a 9-points scale for each PO to obtain the respective 
relative priorities (i.e. eigenvector values) in a paired 
comparisons matrix. The relative priorities can be 
calculated using ExpertChoiceTM and SuperDecisions 
software to derive composite relative priorities of PS 
alternatives. However, to maximize the integration 
with the developed cash flow simulator. The above 
mathematical calculation can be achieved using a 
spreadsheet to perform paired comparisons. Subse-
quently, the proposed MCDM tool will be integrated 
with the developed simulator that used a combination 
of Microsoft Excel, Access and Visual Basic.  

In this paper, the proposed AHP model for MCDM 
framework consists of three main components: a ma-
trix structure of MCDM; paired comparisons analysis 
of the PO and PS alternatives; and synthesis of the PO 
and PS priorities into composite measures to yield the 
most optimal PS alternative. 
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To facilitate organizations, especially SMEs, to conduct KM, a simple yet robust approach called Knowledge-Event 
Management (KEM) has been developed. It uses audio diaries to capture the knowledge events and the debriefing 
technique to transform their tacit knowledge embedded in these events into explicit knowledge which can be dissemi-
nated within the organizations and the industry. The KEM approach has been successfully tested among 12 construc-
tion SMEs in the UK, in which 316 knowledge events have been collected. This paper categorizes these events and 
identifies the most common problems facing the construction industry. Solutions to these problems from the partici-
pants are then presented and discussed. 

Keywords: knowledge management, knowledge event, SME. 
 

1. Introduction  
KM has been studied and explored from different 
aspects and there are some good practices readily 
available, such as Knowledge Worker System (KWS) 
and Arup’s “Electronic People Finder” and “Commu-
nities of Practice”. However, those KM approaches 
may not be readily applied everywhere as they in-
volve a lot of investment in ICT and may need a 
dedicated Knowledge Manager, which not every or-
ganization can afford. Unsurprisingly, little effort has 
been directed to small and medium enterprises 
(SMEs), even less to construction-related organiza-
tions. But this does not mean that SMEs do not need 
or cannot conduct knowledge management. On the 
contrary, to some extent, SMEs need knowledge 
management even more as the intangible knowledge 
assets can provide them a leverage to survive in the 
fierce competitive market. New KM approaches are 
required to suit SMEs’ needs. 

 

2. Knowledge-event management  
approach 

Personal knowledge is very complex and is not gen-
erally available outside the person. However in prac-
tice, sometimes knowledge transformation and dis-
semination does take place through people telling 
stories about the events they have experienced. A new 
technique of KM, called Knowledge-Event Manage-
ment (KEM), has been developed which can not only 
access the abstract factual knowledge of an activity 
but also the process knowledge concerning how peo-
ple involved in the activity think and make judgments 
in practice [1]. It is based on both cognitive learning 
theory [2] and the theory of organizational behavior 
[3]. KEM focuses on “events” and stories about the 
events. It has three stages: event-collection, debrief-
ing-analysis, and dissemination.  

Tacit knowledge is communicated substantively using 
the spoken language which is rich in meaning because 
of nuances of delivery, body language and context. 
This often occurs through the telling of stories about 
practice. Therefore, KEM uses audio diaries to mini-
mize the disruption to the participants’ daily work. 
The main tool for audio diary entry was a Dictaphone 
which is a low cost and readily understood device.  

The story of the event is not sufficient to make ex-
plicit the tacit knowledge and judgment of practice. 
KEM uses debriefing to engage in this [1]. This ac-
knowledges the fact that the transfer of tacit knowl-
edge requires socialization [4] and so, this knowledge 
can only be brought out and developed in dialogue 
with others. Debriefing is a powerful tool, which can 
make explicit the tacit learning so that it can be trans-
ferred to a wider audience and ultimately to the 
knowledge base of the industry. The debriefing estab-
lishes the consequential issues which are what is ex-
perienced, the contributing issues which produce the 
event and the wider contributing issues which set the 
way that the organization does things generally or 
even the way that the industry operates. It is these 
wider issues which cause events to be repeated and 
where double loop learning can be created and where 
interventions can be made to prevent the event hap-
pening again. 

 

3. The knowledge events 
The development of KEM was funded by the De-
partment of Trade and Industry, UK and involved 
cooperation between 2 universities, 2 construction 
networks and 12 construction SMEs. The research 
had 28 participants from the construction companies 
across the UK participate in the audio diary recording 
and debriefing. Altogether, 316 knowledge events 
have been captured in audio form, and 110 debrief-
ings have been undertaken. These audio diaries and 
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debriefings have revealed a great deal of rich infor-
mation about the operation of projects and the com-
plex decision making that managers have to under-
take. Some of these issues challenge current concep-
tions within companies and thus are positive drivers 
of change. As well as this, some issues are at a higher 
level about inter-organizational relations or even in-
dustry conduct. 

Even though the events that the participants recorded 
were project and/or company related, many of them 
were representative of industry-wide problems. The 
top four categories of events were: lack/late/error of 
design information (17.3%), unsatisfactory sub-
contractors work (10.4%), and skills/labor shortage 
(5.4%). Other frequently mentioned problems are: 
service connection, client's changing requirements, 
negligence of health and safety on site, insufficient 
site condition investigation, claim dispute on exten-
sion and cost, material supply and delivery, and re-
cord keeping. This supports the need for this tech-
nique across the industry.  

In the paper, the three major problems revealed from 
the events collected and the possible solutions per-
ceived by the practitioners are discussed. 

3.1 Lack / late / error of design information 
and design changes 

Causes: architects being too busy and not local; lack 
of checking mechanisms and coordination; leaving 
contractors to complete the design details; fixed and 
minimized design fees; clients not knowing what they 
want; fast track projects. 

Solutions: sufficient time for design and detailed cli-
ents’ brief; proper coordination and management of 
the design; involving contractors into design early; 
better education and training for architects; contrac-
tors suggesting alternative solutions; in-house design-
build contract; and better communication within pro-
ject team. 

3.2 Unsatisfactory subcontractors’ work 
Causes: lowest price selection; insufficient time for 
induction and preparation; subcontractors’ negligence 
and poor craftsmanship; and insufficient supervision 
and monitoring from the main contractor. 

Solution: Pre-qualification; supply chain integration; 
complete design; proper brief and well-prepared site 
condition; QA system; regular monitor and assess-
ment of subcontractors’ performance; and contractor 
pay subcontractors. 

 

 

3.3 Skill / labor shortage 
Causes: poor industry image; short-term thinking; 
low profit rate; lack of investment in training; subcon-
tracting. 

Solutions: public relation and marketing the industry; 
diversifying recruitment; not stretching resources too 
much; apprenticeship and company training scheme; 
proper briefing and induction; close supervision and 
monitoring. 

4. Conclusions  
Among the 316 knowledge events collected from site 
managers, project managers and quantity surveyors in 
the UK, the three most frequently mentioned prob-
lems are lack / late / error of design information and 
design changes, unsatisfactory subcontractors’ work, 
and skill / labor shortage. Through debriefing, the 
practitioners reflected at their events, and identified 
the consequential issues, contributing factors and the 
wider learning of these problems. Some may argue 
that these problems are too common and the solutions 
are only just ‘common sense’. But it is this “common 
sense” the industry has always ignored and these 
common problems repeat again and again, hemor-
rhaging profit from companies and the industry. It is 
time for the industry to look at these knowledge 
events, learn from them and prevent the repeated mis-
takes. Ultimately, the construction industry can im-
prove its performance and provide better service to its 
clients, leading a sustainable development. 
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As the first project to be procured via relationship contracting in South Australia, the Adelaide Convention Centre 
Extensions was studied to distinguish the risk management process in relationship contracting from those risks in 
projects procured under the more conventional contracting methods. The results indicated that the risks could be 
better managed via risk sharing rather than risk transfer. Similarly, a simple incentive scheme to encourage a more 
collaborative approach should be established from the outset of the project. 
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1. Risk transfer or risk share? 
Traditionally clients try to transfer as much as possi-
ble of the risk to non-owner parties [1]. This risk 
management strategy often fails and results in a con-
struction industry plagued by dispute, time and cost 
overruns, adversarial relationships and overall poor 
performance [1, 2]. 

The Australian Constructors Association recom-
mended a risk embrace approach to target the ill-
apportioned risks in construction projects [1]. In such 
an approach, all parties share both risks and rewards.  
This joint risk management approach can be facili-
tated by relationship contracting and its principles [3]. 

2. Relationship contracting 
The term Relationship Contracting is used to illus-
trate delivery systems that concentrate on relation-
ships between participating parties to a construction 
contract, rather than just on the project-specific re-
quirements [4]. 

The most important facet of relationship contracting is 
to enable (or at least aim to enable) all parties to 
achieve success. Such a ‘win-win’ approach is 
achieved by the alignment of the objectives of parties 
and gainshare/painshare mechanisms. This is a signifi-
cant departure from the traditional ‘win-lose’ scenario. 

In relationship contracting arrangements, the risks are 
embraced rather than transferred. All parties share the 
risks and rewards. 

In South Australia, two major public projects that 
employed relationship contracts were the Adelaide 
Convention Centre extension (ACC EXT) and the 

Lyell McEwin Health Service Redevelopment Stage 
A (LMHS A). Both projects were completed with 
outstanding performance.  

3. Risks involved in the ACC EXT 
 project 

This was a large project in terms of size. There were 
more than 7,000 m2 of column free floor space, over 
6,000 cubic metres of concrete were poured on site, 
some 700 tonnes of structural steel were used in the 
plaza deck with another 3000 tonnes of steel framing 
used on the main building. 

The time frame of the ACC EXT project was fixed 
and the budget was very tight. South Australia won 
the right to host the international wine conference 
held in the Adelaide Convention Centre in Oct 2001. 
The set completion date of August 2001 could not be 
compromised. The extremely short timeframe for 
delivery meant that the documentation used for the 
tender was incomplete. 

The design of the project was very complex. The fa-
cility had to be constructed over operating railway 
tracks, surrounded by other operating facilities. The 
disruptions to the surrounding facilities had to be 
minimized. 

The traditional approach (i.e. full design, full documen-
tation, tendering and then construction) could not sat-
isfy the client’s requirements to deliver such a complex 
facility in such a tight schedule. Accordingly, a fast 
track approach that enabled the design and construction 
to overlap and be carried out concurrently was adopted. 
This significantly increased the risk of construction 
contract disruption and claims [5]. 
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4. How were risks dealt with? 
4.1 Pre-contract phase 

A very different tendering process was used to choose 
the contractor for the project. 

The process comprised initial short listing, interviews, 
final short listing, workshops, selection of the pre-
ferred tenderer and negotiation for the finalisation of 
the contract.  

The ability of the managing contractor to collaborate 
with the rest of the project team was allocated a very 
high priority. Because of the difference with the tradi-
tional approach, price played only a small part in the 
selection process.   

All interviewees emphasized that only ‘best-for-
project’ participants should be selected because they 
could cooperate with other team members to achieve 
project objectives. Similarly, the contracting parties 
were clear about their responsibilities in the project 
and this reduced the risk of possible disputes deriving 
from misunderstandings about the project objectives 
and each party’s roles. 

While the costs of this tendering process were signifi-
cantly higher than the traditional process, there was 
endorsement for the introduction of the relationship 
contracting approach as an investment in the man-
agement of long term project risk. 

4.2 Contract related issues - incentives 

Risks were shared and managed jointly among all 
participating parties in this project. The commitment 
from all parties to collectively bear the risks made it 
easier to deal with them when they arose. When dif-
ferent opinions arose all the parties discussed the 
various options and, if necessary voted for a final 
decision. 

The contract provided incentives for the managing 
contractor to be innovative in looking for value added 
solutions to design and construction and in the man-
agement of construction contingency expenditure. 

All non-owner parties, i.e. the Managing Contractor, 
subcontractors or consultants could propose innova-
tions which would achieve cost savings and/or time 
savings. The client provided final approval for the 
innovations to proceed and the net benefit was appor-
tioned amongst the client, contractors and consultants.  

Many subcontractors proposed innovative ways to 
improve the project. This resulted in some $2 million 
in savings and a certain amount of this was returned 
to the contractors according to the project incentive 
scheme. 

5. Conclusions 
The case study of the ACC EXT project found that 
risks could be better managed via risk sharing rather 
than risk transfer. Risk sharing creates a true align-
ment between all parties and the project outcomes. 
Every party owns the project and is responsible for 
the actions and results of risk taking. They all quali-
fied for this as they had been selected on the basis of 
‘best-for-project’ approach. 

The incentive scheme worked in the ACC EXT pro-
ject however; it proved to be a challenge for the pro-
ject team to manage.  The issue of how the reward 
was to be shared between the managing contractor 
and the subcontractors was never fully resolved dur-
ing the project. There were different views within the 
project team on what constituted innovations. This led 
to debate about whether or not incentive payments 
were to be made.  Accordingly, a simple incentive 
scheme that encourages a more collaborative ap-
proach should be established from the outset of the 
project. A clear definition of innovation should also 
be incorporated in the incentive scheme. 
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The assessment of sandwich panel durability. 
Thermo-physical and colour characteristics 

Giuseppe Alaimo, Francesco Accurso – Università di Palermo, Italy 
(email: alaimo@unipa.it, accurso@unipa.it) 

The knowledge of buildings components and systems durability is essential especially in the design phase to prevent 
risks of degrade and pathologies that often produce considerable waste of resources in phase of exercise. In the cir-
cle of a more general research on the durability of the building components, according to the methodology of stan-
dard ISO 15686, which involves different Italian Universities, the Research Unit of Palermo is carrying out a study 
on pitched roofs and particularly on sandwich panel made of two pre-painted galvanized steel skins and connected 
by a polyurethane foam core. This paper introduces the first results of the research respect to the thermo-physical 
characteristics (conductivity and thermal resistance) and the analysis of colour measured on unweathered and 
weathered samples. 

Keywords: Sustainability, Durability, Sandwich panel, Thermo-physical characteristics, Colour. 

 
 

1. Introduction 
Italy, despite holding the first places among the in-
dustrialized countries in the consumption of energy, 
has never defined criterions or rules to plan and build 
with a low energetic consumption. 
Only with the Directive 106/89/CE on the construc-
tion materials and with the Directive 2002/91/CE on 
the efficiency of buildings from the energetic point of 
view, incorporated by D.Lgs 19/08/2005 n.192, some 
limits on the energetic requirement and on the build-
ing components thermal transmittance values have 
been introduced. 
In the circle of a more general research on the dura-
bility of the building components, according to the 
methodology of standard ISO 15686 [1], which in-
volves different Italian Universities, the Research 
Unit of Palermo is carrying out a study on discon-
tinuous roofing class and particularly on sandwich 
panel. 
The service life is assessed by means of laboratory 
and outdoor aging tests, which follow some investiga-
tions to measure the state of the performance charac-
teristics.  

2. Materials and methods 
To evaluate the durability, and in particular the state 
of component’s performance characteristics, two type 
of tests have been conducted: 

• not destructive tests: aspect, colour, weight; 
• destructive tests: thermo-physical characteristics, 

mechanical characteristics. 

The specimens were directly supplied by the Italian 
Association of Sandwich Panels Producers (AIPPEG) 
in two colour: 

• bright (White-grey) 
• dark (Rosso di Siena) 

The aging of samples was done inside a climatic 
chamber that reproduces the principal climatic agents: 
rain, sunlight, high and low temperatures, variations 
of relative humidity. The weathering accelerated cy-
cle, which has a duration of 12 hours and was carried 
out on the basis of climatic data of Palermo’s context, 
consisted of four phases: 

1. Rain 
2. Cold 
3. Warm dampness 
4. Dry heat 

In this paper the results of the investigations about the 
colour analysis and the thermo-physical characteristic 
after the first 30 and 60 cycles of accelerated aging, 
are shown. 

3. The colour 
We evaluated colour and its variations by a colorime-
ter [2] which use the L*a*b* coordinates and the tris-
timulus equations of Standard Observer CIE 1976 [3]. 
In this space, there are three fundamental parameters: 

• hue (red, green, blue etc.); 
• luminance (the stimulus which goes from black 

to white); 
• chroma (which represents the colour saturation). 

We used the colorimeter CHROMA METER CR-400 
with Xenon lamp and geometry of illumination and 
fixed view. 
The tristimulus values were calculated with CIELAB 
recommendations for the 10° supplementary standard 
colorimetric observer and source D65 [4]. 
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After about twenty months outdoors the colour differ-
ences from weathered and unweathered samples were 
determined. 

4. Thermo-physical characteristics 
One of the fundamental requisites of the panel sand-
wich is thermal insulation, for this reason the measure 
of thermal conductivity of the whole component and 
of the only polyurethane expanded foam was done. 
The standard EN 13165, requires the evaluation of the 
polyurethane’s thermal performances, among them 
there are conductivity and thermal resistance, that 
must also be declared in the CE label. 
The measures  were performed in the laboratory  of 
heat transmission (Responsible Prof. Carlo Giaconia) 
of DREAM at the University of Palermo. 
The apparatus can be used for the measurement of the 
thermal conductivity in stationary conditions of build-
ing materials, according to the standard UNI/CTI 
7745. If we know the temperatures around two faces 
and the heat flow that crosses the specimen it’s possi-
ble to calculate, through the Fourier formula, the 
thermal conductivity of a sample with thickness s and 
surface S. 
The measurements were conducted first on the whole 
sample with coverings, with the purpose of appraising 
the panel’s insulation characteristics and to investi-
gate the experimental problems connected to the exe-
cution of a measure on a whole sample (without for-
getting that, in this case, thermal insulation also de-
pends on the metal skins and their interfaces with 
polyurethane). 
We have also retained the importance of investigating 
the behaviour of the only polyurethane foam (using 
from the heart of every sample two sections with a 
thickness of 10 mm at distance of 5 mm from the 
edges). This choice allows us, firstly, to calculate the 
average arithmetic among two measurements and 
secondly, to observe possible different values de-
pendent on the position of the polyurethane in com-
parison to the exposed surface and therefore of the 
different types of sunlight to which the panel is sub-
mitted. 

5. Conclusions 
The results, even though partial, allow the expression 
of the first considerations on the time behaviour of 
the sandwich panel. It was particularly observed that 
later, almost two years of exposure outdoors, the 
characteristics of the external covering (pre-painted 
metal skin) and of the insulating polyurethane core 
are not very different from the initial values. 
On the basis of the Italian D.Lgs. 192/2005 and of 
directive 91/2002/CE, which foresees the values limit 
of component transmittance for assuring the thermal 

insulation of the building, the nature of the material 
and/or the thickness of the used building components 
must be taken to consideration. 

In particular, it results that: 

• the unweathered bright samples have suffered 
meaningful variations of luminance and they 
show a tendency to yellowing, which doesn't 
happen in the dark samples; 

• among the artificially weathered samples the 
tendency to yellowing remains for bright samples 
and moreover they result meaningful in the varia-
tions of colour for dark samples; 

• meaningful variations of the conductivity of the 
polyurethane are not present; 

• the measurements on the whole component point 
out average conductivity increases of 20%. But 
such values are influenced by the alteration of the 
model (deformations, detaching etc.); 

• the interface metal skin-polyurethane it deserves 
particular attention which is a critical point in the 
thermo-physical behaviour of sandwich panel. 
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Sustainable rehabilitation of rural architecture 
Daniela Bosia – Politecnico di Torino, Italy (email: daniela.bosia@polito.it) 

In Italy the first research on rural architecture dates back to the Thirties and Forties as a result of the joint work 
performed by architects and geographers; such work is still of great interest today in connection to sustainable de-
velopment and strategies focused on enhancing the territory and landscape. In particular, the approach to analysis 
developed and experimented by Giuseppe Ciribini is still relevant today and provides the guidelines to current study 
and research work dealing with rural architecture. The study and knowledge of the reasons underpinning the build-
ing approach, building materials and the traditional technical solutions adopted in mountain places is highly in-
structive: learning from the past to be able to manage the future more competently. The aim of this paper is to high-
light how the application of analysis-based methodologies to the study of rural and mountain architecture might help 
identify different building features and eventual re-occurring pathologies in addition to providing design supporting 
tools and sustainable recovery tools.  

Keywords: sustainability, rural architecture, restoration, maintenance. 

 
 

1. Introduction  
Development of "spontaneous" architecture of the 
Alpine and Prealpine valleys has followed the centu-
ries-old construction traditions that in one meticulous 
study, were revealed as being intimately tied to the 
place, its climatic characteristics and its ability to 
provide resources. 

Since the 1930s, the growing interest in the traditional 
constructed heritage in Italy has promoted a system-
atic study and constructive analysis of the rural build-
ing industry that are still relevant today that the cen-
tury-old balance between man, nature and building 
traditions is directly threatened by new restorations 
projects. The study and knowledge of the reasons 
underpinning the building approach, building materi-
als and the traditional technical solutions adopted in 
mountain places is highly instructive: learning from 
the past to be able to manage the future more compe-
tently.  

2. The first studies 
on the rural architecture 

In Italy the first research on rural architecture dates 
back to the Thirties and Forties as a result of the joint 
work performed by architects like Giuseppe Pagano 
[1] and Enrico A. Griffini, geographers like Roberto 
Biasutti and Giuseppe Nangeroni. In particular, the 
approach to analysis developed and experimented by 
Giuseppe Ciribini [3] [4] [5], that is still relevant to-
day and provides the guidelines to current study and 
research work dealing with rural architecture, are pre-
sented here. 

The interest for “the vernacular architecture” in those 
years above all was turned to the historical-evolutio-

nary study of the building typology and the traditional 
constructive elements to repurpose them, in standard-
ized way, in the new rural buildings. Then, the build-
ing knowledge was not finalized to rehabilitation, 
maintenance and conservation works but to make out 
the reasons of the traditional technical solutions. 

The methodology used for these studies was found on 
the fundamental role of the survey. 

3. The G. Ciribini’s studies 
on mountain architecture 

The application of the method of study on the rural 
architecture developed by Giuseppe Ciribini pre-
viewed, preliminary, the classification of the build-
ings according to typological criteria, with reference 
to the aspects linked to the human activities and to the 
materials, chronological criteria and geographic crite-
ria. 

The method was set up in phases, as follows [5]:  

1)  Phase of local and general historical-evolutionary 
surveying.  

2)  Investigation about the building elements and 
critic-statistics surveying.  

3)  Phase of technical and formal improvement.  
4)  Phase of normalization.  

The methodology to face in systematic way the re-
searches on the rural and mountain architecture has 
been experienced from the same Ciribini [4] on vari-
ous mountain territories. With reference to Monte 
Rosa Valleys, for example, these experimentations 
has allowed to reconstruct the typological and func-
tional evolution of the house identified as “valsesian 
type” and to investigate, in particular, the role of 
some architectonic characterizing and recurrent ele-
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ments, like the arcades and the loggias, and their rela-
tionship to the environments.  

The same study puts in evidence as the environmental 
conditions can strongly influence the building typolo-
gies of the mountain houses also within a same val-
ley, anticipating the actual guidelines of research in 
this field of the built architecture.  

4. Application of 
analysis methodologies  

The existing constructed heritage in the rural space, 
while connoted by unexceptional and popular charac-
teristics in addition to a fundamental and consolidated 
element of the landscape, represents a cultural and 
economic resource to preserve and valorise with a 
view of more general opportunities to respect the en-
vironment and landscape protection policies. Accord-
ing to this point of view, starting with research paths 
already taken and experimented a series of researches 
has been initiated with a view to developing methodo-
logical tools to support the rehabilitation and mainte-
nance work of buildings that typify of the mountain 
or rural environment. 

The methodology is based on an analysis of the struc-
ture and its relationship with the environment and 
conducted on several levels, finalised at recognition 
of the characterising elements, both with respect to 
the settlement and with respect to the specific build-
ing and technological characteristics and the historic 
and cultural trajectory that it produced.  

In terms of structural materials and technologies, 
methods of investigation delve into the study of vari-
ous techniques that characterize the structure being 
investigated, to open up to more information on the 
cultural reference material, to explore the motivations 
for the use of specific materials or singular techno-
logical solutions and determining the respective char-
acteristics in terms of durability, maintainability, per-
formance of the original system, as well as the degree 
of energy consumption and production of potentially 
polluting substances.  

The research methodology has been applied to a few 
cases-study of rural regions of the Liguria and lower 
Piedmont and has been adapted to various cases re-
lated to specific objectives and extension of the spe-
cific region. In particular we refer to a study on the 
built heritage of the Upper Val Tanaro [6] and to the 
experiences of research about the G.A.L. Mongioie 
[7] and G.A.L. Langhe Roero Leader [8] regions, 
conducted by researchers of the 2th Faculty of Archi-
tecture of the Polytechnic of Turin in collaboration 
with teachers of the School of Architecture of Genoa 
with the technical advice of architects expert in reha-

bilitation works. This study represents a significant 
experiences of application of this methodology to 
develop a Guides for recovery and maintenance of 
rural buildings.  

5. Conclusions 
The researches explained through the analysis of the 
structure made at diverse levels - on a territorial, a 
building and a detail level - aims to construct a suffi-
ciently complete and targeted investigative picture of 
the existing buildings, in order to support the possible 
alternatives of the rehabilitative project. The research 
aims to identify the development and experimentation 
on samples of guidelines, of procedural and technical 
norms, configured in the form of a "Guide for the 
maintenance and rehabilitation works" that, on the 
basis of the experience of acquired knowledge, are 
able to support and direct the design choices from a 
perspective of respect for the natural and constructed 
environment perceived in the broadest sense.  
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Fiber-cement roofing slates and shingles 
Carl G. Cash, Stephen J. Condren, Werner H Gumpertz – Simpson Gumpertz & Heger Inc., Waltham, MA, USA 

(email: cgcash@sgh.com, sjcondren@sgh.com, whgumpertz@sgh.com) 

Early in the 1980’s, manufacturers started to respond to the market desires for a Class A fire rated steep sloped 
roofing intensified by fire storms in California where the conventional cedar wood shake roofs were often blamed for 
the high fire losses experienced. Other manufacturers sought slate like roofs that were lower in cost than natural 
slate. Both groups tried a variety of materials and cellulose fibers including fibers recovered from newsprint, bun-
dles of wood, and more fibrous or shredded wood to reinforce Portland cement matrixes. 
Previously asbestos fiber was used with cement to form very durable asbestos-cement shingles, sidings, and sheets. 
The use of asbestos was discontinued in the United States for reasons that are outside the scope of this report, but 
many manufacturers felt they could replace asbestos with other materials and did so with performance warrantees of 
from 25 to 50 years duration. 
The authors have investigated and tested eleven of these fake shakes or slates manufactured by nine manufacturers. 
Hundreds of roofs have been examined in over 20 states. Some failed before the installation was completed. Few 
survived past their tenth year of exposure. None of these are currently manufactured in the United States.  
We provide data selected from our laboratory tests on thousands of specimens made by nine manufacturers (A 
through I), identify the reinforcements present, list some of the critical properties such as flexural strength, deflec-
tion at break, and water absorption, and the specific failure modes for each product.  
The principal recommendation to avoid failures of this kind is to use products that have a substantial history of ef-
fective performance in the environment to which they will be used. 

Keywords: roofing slates, roofing shakes, performance, durability, application failure 

 
1. Introduction 

Many homes were and are lost due to forest or brush 
fires in California. Some of the losses were blamed on 
the use of split cedar wood shakes that were, and still 
are very popular in the western United States. The fire 
loss blame on cedar shakes may be over stated because 
no roofing system will influence the outcome when the 
whole house is engulfed with flames fanned by high 
winds. Never-the-less, this was perceived as a market 
opportunity by several manufacturers who quickly re-
sponded with wood shake look-alikes made from Port-
land cement and a variety of fillers and reinforcing 
fibers. Passing the Class A fire resistance test [1] was a 
primary requirement The discontinuance of the use of 
asbestos fibers in the United States caused other manu-
facturers to seek other reinforcing fibers to replace the 
fibers in the asbestos-cement shingles. Cellulose fibers 
recovered from newsprint, ground wood, glass fibers, 
and plastic sheets were used in many varied combina-
tions, by a number of different processes to produce a 
product suitable for the roofing market. All of these 
products were offered to the market with warrantees 
that ranged up to thirty or fifty years, yet they failed 
upon exposure to the weather, often in less than ten 
years. Some failed by breaking and sloughing off the 
roof before project completion. “Failure” in these cases 
was defined as when a knowledgeable observer rec-
ommends replacement of the roofing. 

2. Discussion 
The wide-spread presence of any of the following 
field observations demonstrates system failure. 

Cracking of the top coating includes micro-cracking 
or the start of general deterioration.  
Top surface exfoliating is frequently the next step in 
the deterioration process. 
Wide spread cracking through of shingles admits 
added water into the system, broken shingles can act 
as a sliding board for workmen on the roof, and the 
shards can be missiles when they fall from the roof. 
Warped or cupped shingles are often the prelude to 
cracking with or without roof-top traffic, and admit 
more wind blown rain than was intended by the sys-
tem. Maintenance of the roofing system and the roof-
top equipment is impractical if the roof cannot sup-
port foot traffic. 
Soft or punky top surfaces invite and encourage water 
penetration. 
Moss or grass growth are not necessarily detrimental 
to the roofing, but the presence of these plants shows 
the long term presence of water – which is damaging 
to the roofing materials. 
Separation of the layers is the principal failure mode 
of products made by pressing together matrix layers. 
The separation is due to water intrusion and swelling 
of the lamina.  
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Many of the producers attempt avoid problems by 
limiting the application of these fiber-cement prod-
ucts to geographical areas that see little-or-few freeze-
thaw cycles. This is of some assistance, but the pro-
ducers fail to realize that wet-dry cycles (without 
freeze-thaw) will do similar damage to materials. 
Product 1 - Laboratory data reveals that these shakes 
have the lowest density of this group of man-made 
products, the highest water absorption (46 to 64 per-
cent), and next to the lowest flexural strength. The 1.5 
kg (3.4 lb) handleability index shows they are more 
brittle or friable than natural slate which has a 3.7 kg 
(8.2 lb) index. 
Note: The handleability index is calculated by: U = 
(0.5P∆)/ t; where U is the index, P is the breaking 
load, ∆ is the ultimate deflection at a 254mm span, 
and t is the thickness of the specimen. 
Products 2 & 3 - Laboratory tests showed these 
products to have a similar density (1.4 g/cc) and flex-
ural strengths below the minimum saturated modulus 
of rupture (5.5 MPa) listed in ASTM International 
standard [2].  
Product 4 - Producer “D” manufactured outside the 
United States and details of the manufacturing proc-
ess are not known. These products are characterized 
by a very strong – almost baked enamel – top coat-
ing.. The products were removed from the market 
before we obtained samples for examination 
Product 5 - These shingles became embrittled – 
probably due to carbonation of the free alkalis present 
– and frequently delaminated after weathering. The 
1.9 kg (4.2 lb) handleability index illustrates that they 
are more friable than natural slate.  
Product 6 - The principal negative field observation is 
a constant tendency for the bottom edges of the 
shakes to cup upward. Many broken shakes were re-
corded. Any roof-top traffic caused the shakes to 
crack – often near the fasteners – where the crack is 
covered by the higher row of shakes 
Product 7- The average water absorption is 35 to 51 
percent of the dry weight of the shingles. We found 
that weathered faces absorbed water up to16 times 
faster than unexposed surfaces. Wetting and drying of 
the fibers cycles the fiber swelling and shrinking. In 
addition, soluble alkali salts migrate into the fibers 
and are converted to calcium carbonate – the well 
known process of carbonation that embrittles the 
shingle. 
Product 8 - Laboratory testing showed a significant 
decrease in flexural strength, deflection at break, and 
handleability index in the samples that had been ex-
posed to the weather when they were compared to the 
unexposed samples. The deflection at break was less 
than the thickness of the nail heads typically used to 
install these products.  

Products 9 & 10 - Unlike some of the other fiber-
cement shakes, the top surfaces are dense and rela-
tively intact. We saw the exposed shakes cup upward 
on every roof. Almost any that were laying flat were 
broken. These broken shakes channeled rain into the 
system, onto the secondary water rejection felt to 
erode it and to eventually leak into the building. 
Warped shakes are prone to break under foot traffic – 
making rooftop maintenance impractical since any 
traffic would add to the broken shakes 
Product 11 - Product 11 was unique in that it was 
prepared in layers to make up the tapered shake. The 
bottom layer was a 0.08 mm (0.003 in.) polyethylene 
terephthlate membrane with random directional fi-
bers, a plant fiber filled (probably wood or paper) and 
aggregate filled Portland cement matrix, incorporat-
ing a 0.33 mm (0.013 in.) thick isotactic polypropyl-
ene mesh with a square 12 mm (0.5 in.) pattern, 
topped with a dense cemeticious pigmented material. 

3. Conclusions 
Over the ten years covered by this report, there have 
been many instances when even casual checking 
would have shown the dangers inherent in these for-
mulations. Perhaps the new manufacturers felt they 
had some magic to overcome the fundamental prob-
lems illustrated, but such optimism is short sighted. 
The facts remain:  
– There are no test methods of programs that accu-

rately predict the durability of a roofing system. 
– Only the historical durability of a system in a 

similar environment is an appropriate indicator of 
performance 

– Long term warranties may be the worst indicator 
of durability. 
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Rain on building façades 
Rossella Corrao – Università di Palermo, Italy (email: rcorrao@unipa.it) 
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In this paper we will address the question ‘Are there differences among the mechanisms of deterioration due to rain 
in traditional or contemporary building façades?‘ First some principles of driving rain on buildings are presented 
using Computational fluid dynamics (CFD) simulations. Then, driving rain control by the presence of façade modu-
lation by cornices or roof overhangs with appropriate detailing (drips) in traditional facades is analyzed. In a third 
part, two examples of problems with contemporary façades, i.e. staining from horizontal surfaces without drips and 
the degradation due to rain penetration in a face-seal façade, are reported. 

Keywords: building façade, wind-driven rain, decay phenomena, cornice, curtain wall 

 
 

1. Introduction  
Architects and constructors have been aware of the 
problems related to rain deposition on building fa-
çades and have developed strategies to shelter fa-
çades, shed running down water and prevent rain 
penetration. In addition to the use of efficient materi-
als and techniques, they designed particular modula-
tion and detailing of the façade to decrease the driv-
ing rain load on the facade. These modulations of the 
traditional façade became an intrinsic part of “tradi-
tional” architecture. The different developments of 
architecture along the 20th century have led to the 
partial or complete removal of rain water shedding 
elements from the façade. An example of new façade 
type that resulted from the search for transparency 
and lightness of Modern architecture is the curtain 
wall.  

2. General principles 
of rain deposition on façades 

Before looking at the role of façade modulation and 
details on controlling driving rain, it is necessary to 
understand how rain strikes different façades. Three 
categories of methods exist to investigate how much 
driving rain is deposited on building facades [1]: 1) 
measurements with driving rain gauges; 2) semi-
empirical relations such as those employed in the 
European Standard Draft for driving rain assessment 
[2] and numerical methods based on Computational 
Fluid Dynamics (CFD) [3-4]. CFD studies are given 
below looking simply at deposition of driving rain, 
and disregarding absorption and run-off. Let us first 
analyze the validity of the common statement “the 
higher a building, the more driving rain it will re-
ceive”. Therefore we simulate driving rain deposition 
on buildings with different height. Modulation of the 
wall or detailing is not present.  

 
Figure 1. CFD simulation results of driving rain on a 
low-rise building and a high-rise building slab 

Figure 1 presents results of calculated rain trajectories 
and driving rain deposition patterns on the windward 
facade of two different buildings: a low-rise cubic 
building and a high-rise building slab [4]. The results 
are given for a rainfall intensity of 1 mm/h. The wet-
ting patterns on both buildings indicate that the top 
edge and top corners of the facade are most exposed 
to driving rain, and that significantly less driving rain 
hits the lower parts of the facade. Similar results are 
obtained for other rainfall intensities [4]. When com-
paring the wetting patterns of both buildings in Figure 
1, significant differences are observed. Under the 
same meteorological conditions, the high-rise wide 
building facade receives much less driving rain that 
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the low-rise building facade. This indicates that the 
common statement “the higher a building, the more 
driving rain it will receive” is not necessarily true. In 
fact, each building protects itself to some extent from 
driving rain impact. This phenomenon is called the 
“wind-blocking effect” [4] and it becomes more im-
portant as the size (width and height) of the building 
increases. A high and wide building presents a larger 
obstruction to the oncoming wind flow and therefore 
slows down the wind speed in front of it. Because of 
this, the driving force of driving rain is reduced and 
the raindrop trajectories start bending away from the 
facade. This effect not only causes a lower driving 
rain exposure at the top of the building; it is also re-
sponsible for the fact that the lower part of the build-
ing remains relatively dry. These observations appear 
to be in contrast to the general notion that the driving 
rain exposure at the top of a building increases with 
the building height. 

3. Modulation of traditional façades and 
detailing to shelter and deflect rain 

Since top edges of facades are most exposed to driv-
ing rain, appropriate facade detailing at these posi-
tions is very important. Figure 2 shows calculated 
raindrop trajectories impinging on a façade with and 
without roof overhang.  

(a)                                             (b)                                       (c)  
Figure 2. Raindrop trajectories on the facade of a 
building with and without roof overhang 

Differences between cornices are usually due to the 
sinuosity of the moulding motifs and the dimensions 
of their projection. The variations of these two as-
pects over the centuries have transformed the cornice 
from an architectonic element into a decoration of the 
façade. The misunderstanding that the cornice had 
only a decorative function, disregarding its rain shed-
ding function, led to the almost total vanishing of this 
architectural feature in Modern and Contemporary 
architecture. Besides the sheltering effect of cornices 
and roof overhangs, the correct detailing of these fea-
tures is essential. The need of a proper design and 
detailing of the cornice is illustrated by the example 
of degradation of cornices and facades of old build-
ings located along the coast of Sicily. 

4. Rain on modern façades 
without moisture buffering 

With regard to the action of the rain on the modern 
façade, it can be noted that the lack of shedding ele-
ments, such as those that are able to retard the dete-
rioration of the façade in the traditional architecture 
led to a concentration of decay manifestations at 
joints and junctions of envelope components. The 
main failure mode due to rain in non-moisture buffer-
ing walls is water penetration. Since the first use of 
curtain walls, it became obvious that the lack of mois-
ture buffering of the façade resulted in more rain wa-
ter run-off and in an increased risk of rain penetration, 
especially at not projected junctions. Despite continu-
ous improvements and technological developments, 
aluminium and glass curtain wall systems have been 
shown to be very susceptible to design shortcomings 
and risk of rain leakage.  

5. Discussion 
The modulation and detailing of traditional façades 
have been important measures to reduce the driving 
rain load. Walls of traditional architecture made of 
capillary active materials such as stone, brick and 
mortar can remain wet without rapid deterioration. On 
the contrary water infiltration in metal and glass fa-
çade systems, is one of the main durability problems 
of modern architecture buildings. The façades of such 
building are found to be prone to defects notwith-
standing their complex technologies and ingenious 
details. So, what kind of solutions do designers and 
contractors have to develop to prevent water penetra-
tion in the contemporary façades? 
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The paper illustrates the manifested degradation in a nineteenth-century rural building recently recovered. Through 
the iter that goes from the documentation of the existing state, to the project and the execution of the works, it will be 
focused on a degradation of the external surface due to manifested damp after around a year from the completion of 
the works. Tthe phenomenon has been monitored and studied. The paper concludes with the phase regarding the 
direct inspection, the adoption of fit solutions of vertical obstruction, the removal of plasters and the use of fit prod-
ucts furnished by the market. 
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1. Introduction 
The “red house” is a rural building located inside the 
Orleans’ Park. The buiding, whose construction age 
probably goes back to the last years of the XVIII cen-
tury, was born as “stable” and its vocation remained 
up to 1940, tied to agricultural activities practiced in 
the property. From 1940, date of requisition, to 1950, 
date of sale of the park to the University, and in the 
next years, the “red house” knew the period of maxi-
mum decay tied before to the abandonment and then 
to the unauthorized occupation. 1993 is the year of 
the building revival, after recovery, to kindergarten 
for university employees’ children. The project was 
delivered in 1994. The building works were directed 
by the same designer, handed on 30.05.02 and fin-
ished on 26.11.03. The recovery project restores the 
original symmetry of the building demolishing the 
unauthorized addictions. The new works, perfectly 
distinguishable and removable, consist in a steel, 
wooden and polypropylene passage and crossing the 
court and an iron and round off marble staircase 
bringing from the entry to the superior rooms.  

2. The manifestation of phenomenon 
On May 2004, after almost six months from the com-
pletion of the works on November 2003, some damp-
stains appeared in the South-East corner, extending 
around two walls. Because the pathologies weren’t 
connected to particular rains, but increasing with the 
increase of temperature due to summer, we decided to 
study the possible causes as to remove them before 
repairing the fronts with plaster.  

The phases of analysis concerned:  

a) the pre-diagnosis 
– historical-technological investigation of building;  
– environmental investigation;  
b) the diagnosis 

– relief and representation of the phenomenon;  

– instrumental investigations on site and in labora-
tory (partially destructive and not destructive);  

c) the prognosis  
– interpretation of the collected data;  
– identification of the initial causes of phenome-

non;  

d) the intervention. 

3. The pre-diagnosis 
Historical-technological investigation - For what 
concerns the state of fact on 2002, in the N-E and S-E 
prospectuses, consistent lacks of plaster can be ob-
served in the band under 2 meters being markedly 
distinguishable in comparison to the serious and dif-
fused degradation of both the fronts. The undamaged 
part of the N-O prospectus shows traces of climb as-
cending damp and some separations of plaster. The 
recovery project approaches the use of local construc-
tive tradition materials and techniques to new func-
tional and structural solutions. particularly, the N-O 
annex of the building, partially collapsed, has been 
reconstructed with carrying masonry in limestone 
blocks as the existing masonries, tied up with lime 
mortar; a riddle of r.c. has been cast on the existing 
continuous foundations along the whole N-O front, 
also realized in blocks of tufo, sets 90 cm under the 
plane of site; part of the existing masonries have been 
consolidated with wire net and concrete casting. 
While the first level attics are realized in latero-
cement with gap, the flooring of the courtyards is 
realized with blocks of stone recovered by the various 
rooms and set on ground floor loose stone foundation. 
The whole building has been covered with a plaster of 
cement mortar and with a red tonachina and industri-
ally produced with traditional materials. The building 
has been protected from damp through the realization 
of aired attics whose gap had to be connected with an 
aired burrow along the perimeter as to protect the 
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whole building. Such burrow could not be realized 
because it was preferred to complete the building 
structure with the available funds.  

4. The diagnosis 
Investigation of the border conditions of the site – 
Notable influence on the revelation of degradation 
has had the absent external arrangement of the imme-
diate nearness to the house. The front S-E is set near 
to an uncultivated ground in direct contact with the 
foundations. The front S-O faces on an external little 
court was set and during the recent works an around 
25 m deep well was found and detected. The datum is 
particularly interesting because the considerable 
depth of the water level is such to exclude that as-
cending damp originates from groundwater.  

Relief and representation of the phenomenon – Pho-
tographic documentations and following graphic rep-
resentations have been done in different dates, two 
months distant, beginning on May 2004, date of the 
first demonstration, up to April 2005, considered date 
for the stabilization of the phenomenon. It was possi-
ble to observe as the expansion of the phenomenon 
was accompanied by a worsening: first chromatic 
alterations changed in some cases into efflorescences 
and in next separations of the plaster. Afterwards 
stains and isolated efflorescences on the N-E prospec-
tus appeared, but in the right side set to an around 
2,50 m height. 

Instrumental investigations on site and in laboratory 
The realized instrumental tests, are the following:  

• Ponder test and chemical analysis 
• Thermography  
• Electric tomography  
• Measures of superficial damp with hydrometer 

5. The prognosis 
Interpretation of the picked data – The observation of 
degradations conformation of the building before the 
intervention shows a marked separation in a band of 
around two meters from the plan of stamping, of the 
principal prospectus. The stricken zones mostly seem 
to fit with those actual. The visual observation of the 
actual conformation of the decay allows still today to 
suppose that the phenomenon is to tie to the presence 
of ascending damp, although due to the depth of the 
fault, the problem is attributed to the contact of the 
embankment with the foundation rather than to as-
cending damp from subsoil. The presence of white 
microcrystalline efflorescences mean the already veri-
fied sulfates and chlorides presence and the separa-
tion of plaster finish allows to suppose an incompati-
bility between this one and the underlying layer. The 

ponder test and chemical analysis have shown the 
presence of salts in the masonries, particularly sul-
fates and chlorides. Few clear appears, instead, the 
total absence of nitrates, typically diffused in agricul-
tural lands. 

Identification of the causes that has baited the phe-
nomenon - The agreement between visual observation 
and experimental data confirms the thesis of ascend-
ing damp by contact, for less than the clear phenome-
nons tied to defects of water disposal system..  

6. The intervention 
We proceeded with two different interventions. The 
first facing the elimination of the infiltration for direct 
contact between masonry of foundation and ground, 
water soaked, through the realization of an aired bur-
row on the S-E and N-E fronts, mostly interested by 
the phenomenon. As to allow the correct airing inside 
the burrow some pvc channels inside masonry have 
been installed, communicating with the outside at 
different heights to produce inside the burrow, 
through a difference of pressure, a movement of con-
trollable air from the outside; the burrow has finally 
been covered with a bituminous scabbard. To com-
plete the intervention, a draining ground floor loose 
stone foundation has been realized with shapeless 
stones of big dimensions for the whole area interested 
by the external arrangement of the pertinent ground of 
the building. We proceeded therefore to the removal 
for an around 1 m height of the existing plaster reach-
ing to the raw masonry, left to the air for about two 
months, and put on in work an iper dehumidifiing 
system, constituted by four layers . 
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The paper present a condensed history of contemporary roofing (about the last 50 years) in Europe, with a special 
reference to Italian construction sector. The Italian industry of roofing products has been – and probably still is – 
world leader, excelling in product and process innovation, in low-cost waterproofing products like polymer modified 
bituminous membranes. Building Pathologist is strongly interested in this product innovation process, because its 
success is based on the investigation and quickly understanding of modes of failures. The following Executive Sum-
mary, just shows and briefly comments some images related to the fundamental degradation mechanisms of their 
components and the principal modes of failures of waterproofed flat roofs, that are more deeply analyzed and dis-
cussed in the paper. 

Keywords: roofing, waterproof membrane, building pathology, learning from errors. 

    

Fig. 1. Flat roofs and terraces are critical architectural choices from the hanging Babylon gardens. The pictures 
show the Le Corbusier villa Vaucresson, dated 1922 and its later “refurbished” version, after probable long series of 
water infiltrations and maintenance works through flat roof. At that time, waterproofing technology was still based 
on the application of thick asphalt layers, not easily turned up on walls and parapets, or on built-up bituminous roof-
ing membranes (many fiber layers plus hot melted asphalt). Both systems were fragile at temperatures below 10°C, 
just few months after its application, and suffered any cracking or movement of the substrate (images from: 
http://www.pushpullbar.com/forums/) 

 

Fig. 2. Low flexibility at low temperatures was not 
the only problem of asphalts as well as the prefabri-
cated membrane shown in the picture: these first bi-
tuminous sheets were made with oxidized natural 
bitumen or coal tars, stabilized with accurately mixed 
fillers. Fillered oxidized bitumen membranes were 
much better than natural asphalts and much easier 
applied than built up roofs, but they still suffered heat: 
their flexibility were quickly reduced and their melt-
ing temperature were still too low. The membrane on 
the left shows a diffuse blistering and a foot print. 
Blistering is caused by its water absorbivity, foot-
prints by its low melting temperature. 
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Fig. 3. New performances were asked to roofs (thermal insu-
lation, weight reduction) and new products were introduced. 
Thinner waterproofing layers were no more applied on stable 
concrete slabs (see also fig. 4) and fixed and protected by 
thick terrazzo paving. They were applied on discontinuous 
and instable layer of insulation panels (expanded resins or 
fiber) and protected only by a metallic film or a thin crushed 
stone layer. On the top of these roofs, bituminous mem-
branes were subjected to much higher thermal cycles. Ther-
mal cycles was the cause of thermal weathering and of re-
versible and irreversible dimensional change. Highly per-
forming waterproofing products were needed, to overcome 
these problems, an new products came: polymer modified 
bitumen mixes on fiberglass felts were much more heat and 
cold resistant as well as stable against dimensional variation 
and thermal weathering. 

   

   

Fig. 4/7. Thermal insulation technologies 
(figg. 4,6,7: fiberboards; fig.5: polystirene 
panels) and wider used new structural sys-
tems (metallic decks) were the cause of 
new hazards: wind resistance of the roof-
ing system were not easily assured at 
deck-insulation interface (figg. 4-5) as 
well as at insulation-membrane interface 
(figg. 5-7). The first mode of failure (fig.3) 
urged for higher tensile transverse resis-
tance of waterproofing membrane. The 
second (both fig. 4 and 5) forced specifiers 
to remember mechanical fixings or a reli-
able gluing of insulating panels on the 
substrate. The third (fig.6) taught that me-
chanical fixings had to be improved to 
avoid membrane puncturing and the fourth 
(fig.7) remembered that also insulating 
panels were subjected to wind actions and 
needed to assure a basic tensile resistance. 

   

Fig 8/9. Shrinkage was already a problem 
for prefabricated bituminous membranes 
too, expecially when, to improve their 
transverse resistance, they were reinforced 
with heavy synthetic felts instead of glass 
fibers. The first PVC membranes were 
added with plasticizer unstable, against the 
heavy weathering stresses on roof top, and 
their shrinkage was able to pull away 
membranes from parapets in few years. 

The story continues on the paper ... 
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Below-grade building envelopes are obviously different from above-grade ones. It is not only because of their con-
tact with soil and water and construction technologies to be adopted, but also because of the high risk of failures in 
water and air tightness. The paper tries to present a complete list of requirements to be satisfy in their realization, 
gives a panoramic view of the various waterproofing strategies and technologies and lists some of their principal 
modes of failure. 
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1. Below-grade envelopes 

The performances required to below-grade envelope 
systems are quite few, compared to above-grade ones, 
and the most critical one is its tightness: 

– Liquid water infiltration and transfer through te 
envelope must be avoided 

– The diffusion of water vapor and other gases 
through its joints and through the porous materi-
als it is made of must be carefully controlled 

The design and the realization of the underground 
envelope of a buildings ask for particular care, be-
cause, once a failure occurs, maintenance and inspec-
tion operations are very difficult, at soil side, and be-
cause underground construction operations are more 
difficult. The importance of this care is not so well 
practiced, because underground constructions culture 
is relatively new and not so much diffused as, for 
example, roofing knowledge. 

The effects of water infiltration can be avoided in 
three basic ways: 

a. keeping (draining) water away from the soil 
near by the envelope 

b. draining away infiltrated water (with cavity-
walls and cavity floor slabs drains); 

c. realizing a low permeability layer outside or 
inside the envelope 

d. using low permeability envelope components 
well sealed among themselves 

Choice among these strategies depends on aquifer 
deepness and underground water currents, soil per-
meability and local climate, as well as entity of the 
possible damages induced by infiltrations and sched-
uling needs and cost opportunities. The first is the 

“water management” option ([1] [2]), the second is a 
sort of “water deactivating” choice, both rarely a-
dopted alone, the last two “water opposing” options, 
based on the realization of low permeability layers 
(outside:= “positive side” or inside:= “negative side”) 
or of low permeability envelope components, jointed 
with opportune seals. 
Low permeability layer technologies are the most 
diffused and can be classified as [4]: 

1. Cementitious systems 
2. Fluid-applied membranes 
3. Sheet membrane systems 
4. Clay systems 

The choice among them depends on application needs 
and opportunities offered (which side, retaining wall 
technologies adopted and other construction choices) 
and weathering resistance requested. 

A

C

A

D

B

 

Figure 1. Infiltrations through below-grade walls and 
slabs. Water spots usually appears where there are 
construction joints (A, B) or where there are inade-
quate retaining ties (C) are used or cracks (D). 
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2. Below-grade envelope failures 
Modes of failure of below-grade envelopes are either 
related to water infiltration or to water vapor and 
other gas indoor concentrations or both. These fail-
ures are caused: 

– By unexpected or underestimated water pressure 
(or just presence) or gas concentration in the soil 

– By insufficient envelope tightness against ex-
pected or real water pressure or gas concentration 

– By the decay or damaging of low water/air per-
meability layers or components or joints 

For what concerns unexpected water pressure, this 
happens quite often, every time soil characteristics 
and rain intensity let drained water temporarily accu-
mulate on low permeability soil layers. 

Moreover, aquifer water is often underestimated as it 
can seasonally change its height because of rain in-
tensity, underground currents and industrial or urban 
water needs. 

For what concerns water vapor concentration, soil 
rarely don’t contain water at all, during the whole 
year. Much less diffused, on the contrary is the 
knowledge about radon risk. A high air permeability 
of the below-grade envelope, nevertheless, is always 
a design or construction error and non-waterproofed 
underground structures should at least have reasona-
bly sealed holes and joints among components. 

When envelope tightness relies on a layer, it can be 
canceled by application errors (for example, welding 
defects or overlapping errors) or damaged during 
earth movement or underground service construction 
or other defects. When it relies on thick components 
and their sealing, infiltration of liquid water or just 
humidity can be induced by unexpected cracking of 
the first or by sealing errors or sealing damages. 

 

 
Figure 2. Capillary infiltrations through defective or  
damaged damp/water-proof positive side layer. If the 
layer is not well adherent to the wall, water can move 
between the two and appear far from the “hole”. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. Water vapour or other gas infiltration 
through walls and slabs and their joints. 
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This report begins with considerations on the damage caused on the surface layer of outer walls of buildings by the 
installation of technological systems and utility networks. The aim of this study is to emphasize the relationship be-
tween such additions and the damage they can cause to reduce the formal/architectural deterioration, to limit the 
physical damage, to enable the systems and networks to be included already at the design stage, enabling a sched-
uled maintenance program for the facade with a view to its conservation in use. 
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1. Introduction  

The components of technological networks have be-
come an inescapable part of our urban habitat. When 
the attachment of such installations to the facades of 
buildings is not governed by specific regulations 
(other than those relating to safety), they can often 
cause both physical and formal damage to the layers 
of plaster and paintwork, and this damage may 
propagate and ultimately extend to the load-bearing 
layers of the masonry, and to the various finishing 
elements with which the installations are related. 
Hence the need to consider design solutions that en-
able an integrated installation of these service net-
works, solutions decided jointly with the service pro-
viders. It is also essential, right from the design stage, 
to study methods for a building's conservation in use 
that takes each building's specific problems into ac-
count. 

2. The facade as a set of constituent, 
integrated and added technical  

elements 
The facade of a building forms a set consisting of 
constituent technical elements, i.e. of a number of 
technological building units, classifiable according to 
the Italian standard UNI 8290/81 [1], such as perime-
ter walls, and of integrated technical elements, i.e. 
those belonging to the building but comprising differ-
ent technological units, such as gutters and drain-
pipes, and outside mains gas piping, etc., all of which 
may be installed on the building's facade. In addition 
to the above, the facade may be used to attach certain 
technical elements defined as added, in that they do 
not belong to the owner of the building, but are in-
stalled thereon. Concerning the design of elements 
integrated with the facade, it is up to the designer and 
owner to verify their compatibility with current legal 
requirements, and it is the responsibility of the de-

signer to suggest a suitable solution. The Local Au-
thority's regulations on advertising in the municipality 
of Venice, for instance, lay down precise require-
ments for the attachment of name plates, doorbells, 
sunshades, etc., establishing restrictions on their posi-
tion, the materials of which they may or may not be 
made, the means of their attachment, and so on. 

3. Overhead technological networks 
attached to building facades: added 
elements as a cause of deterioration 

The above-mentioned provisions are included in vari-
ous other building regulations too, but are not consid-
ered as binding for companies distributing techno-
logical services, which generally have their own regu-
lations containing specific methods for the delivery 
and installation of elements needed to provide their 
services, and this information is included in the 
agreements they stipulate with users/customers.A 
particular type of installation for technological net-
works in the urban context is called "installation on 
masonry" and specifically relates to power supply 
lines, public lighting lines and landlines telephone 
wires [2]. There are basically two types of installa-
tion: with cables attached directly to the building and 
with cables suspended between one building and an-
other. In both cases, the fixtures are attached using 
expansion bolts set into the facade using methods that 
often fail to take the technical specificity of the exist-
ing surface layer into due account. 

4. Deterioration of a building's  
“physiognomy” 

The facade of a building reveals its real identity. It 
provides information on when and how it was built, 
the methods and materials that went into its making, 
and how time has taken its toll, the characteristics of 
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its inhabitants, how maintenance has been done, and 
so on. It also tells us, in particular, about the quality 
of the urban context managed by the public admini-
stration. In recent years, various town planning tools 
have been developed and adopted, e.g. color schemes, 
urban rehabilitation plans and street lighting plans, 
with a view to giving added value to towns, and espe-
cially to historical city centers. This intense regula-
tory activity has failed, however, to focus adequately 
on the problems of how to make and preserve the 
improvements envisaged in the various measures con-
sidered in such plans, because it has failed to identify 
the wear and tear that can severely affect the appear-
ance of a building's facade. What we are talking about 
here is the type of deterioration that results from an 
unsuitable design of a building's constituent elements 
(gutters, door and window fittings, etc.) and inte-
grated elements (drainpipes, signs, nameplates, out-
side lighting, etc.), but also and above all from the 
presence of those added elements (public lighting 
appliances, public utility networks for providing elec-
tricity, landline telephone lines, and so on), which can 
have a severely harmful impact on the present and 
future aesthetics of the facade.  
The damage caused by electric and TLC lines is of 
two types, i.e. "physical damage" and "aesthetic dam-
age". The action of natural agents already gives rise to 
a natural deterioration of the surface layer but a good 
deal of further damage is caused by the installation 
methods and positioning of the elements used to at-
tach electric and telephone lines to the walls of the 
building. The negative impact on the building's ap-
pearance is determined by the improper positioning of 
the cables in relation to the layout of the facade, heed-
less of the way in which their presence disrupts its 
formal balance. A horizontal line inserted halfway up 
the building cuts the facade in two and severely inter-
feres with the balance of its composition. When this 
line is not even straight and clearly defined, but a  
muddle of coils and hanging cables, variously 
bunched together, the dignity of the whole facade is at 
stake. 

5. Installing added elements with a view 
to conservation in use 

Saying that it is essential to arrive at an integrated 
management of the wiring needed for utilities means 
that simply assuring the safety of these public ser-
vices is not enough: in our opinion, this goal must be 
considered in combination with the building's "con-
servation in use". This term is used to mean a process, 
i.e. a structured set of activities, designed both to pre-
serve the reliability features established at the design 
stage and achieved at the time of the building's con-
struction, and to adapt the building to needs deriving 

from new legislation or changes in the usage of the 
building, while also optimizing the costs of the build-
ing's management.  This process can be organized 
into three fundamental stages: understanding the 
building; formulating an opinion on its state of con-
sistency and its capacity to meet the user's needs; and 
defining which maintenance measures to undertake 
[5]. To be more specific, in-depth investigations are 
needed for a thorough understanding of the problems 
relating to the public utility networks, their installa-
tion and the preservation both of said installation and 
of the building to which they are attached.  This de-
mands an analysis into the environmental context and 
a knowledge of the natural and artificial stresses in-
duced by the agents. The method to adopt in the de-
sign stages is that of the requirement approach, i.e. to 
establish the user's needs in detail, identifying re-
quirements and assessing performance in use. This 
approach also enables the formulation of specific 
technical rules which have to be shared by the service 
provider and the designer. 

6. Conclusions 
The aim of this paper is to focus the attention of the 
numerous institutional, public and private parties tak-
ing action on this urban space, in the hope that they 
will find a shared solution and  coordinate measures 
to achieve a dual goal, i.e. to improve the technologi-
cal and formal quality of our buildings' facades and to 
contain the cost of said measures by adequately plan-
ning and coordinating the related works. 
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Portugal has a long tradition of applying ceramic tile to façades with excellent results. However, recent years have 
seen a considerable increase in pathologies. Many of the failures have been due to the hygrothermal conditions to 
which the façades are exposed. In this paper we present the results of an experimental study related to the influence 
of hygrothermal action on the adhesion failure of ceramic wall tiles. Building physics is an important design instru-
ment, but available knowledge is not always used to solve and prevent Building Pathology. In relation to this, the 
Building Pathology Study Group – PATORREB, coordinated by the Faculdade de Engenharia da Universidade do 
Porto's Building Physics Laboratory (LFC, FEUP), has created the Web site www.patorreb.com where a Pathology 
Catalogue compiled by various Portuguese universities, has been posted. The Catalogue consists of a set of Pathol-
ogy Reports that contain a description of the problem, the diagnostic methods used, the definition of the main causes 
and possible solutions for repair. 

Keywords: Pathology, Façades, Ceramic Tile Coating, Hygrothermal Behaviour. 

 
 
 

1. What can affect 
ceramic facade tiling performance? 

As the constructive process is so complex, it is never 
easy to reconcile the many demands that construction 
elements have to satisfy. In the last few decades, 
however, the industrialization of construction has 
made it unfeasible to validate solutions experimental-
ly, and this has meant that the durability of many so-
lutions has been far from what was expected. The 
lightening of structures and the masonry that supports 
façades’ coatings, plus the inadequate treatment of 
thermal bridges, from the point of view of stability, 
and the failure keep information on how the construc-
tion was executed, all serve to explain many of the 
pathologies observed in façades with ceramic tile 
coatings. 

2. Influence of hygrotherm action on 
adhesion failure of ceramic wall tiles 

2.1 Experimental study 
Adhesive performance is usually evaluated in the 
initial period. Knowledge of the adhesive’s character-
istics at the initial moment is essential for its classifi-
cation and marking. This initial knowledge, however, 
does not reveal performance during the adhesive’s 
service life. To show the variation in the cementitious 
adhesives’ performance during their service life, ba-
sed on the analyses of accelerated aging test results, 
and to establish long-term criteria for selecting the 
most suitable adhesives for external ceramic wall ti-
ling systems, we submitted samples to accelerated 

aging cycles (temperature, moisture, relative humidity 
and radiation). The results obtained show a significant 
decline in tensile adhesion strength. 

2.2 Model to forecast the service life 
It is essential to perform tests at the natural aging sta-
tion after longer periods and at specific times (every 
year, for example) to establish the relation between 
the two tests. By performing two types of tests, in situ 
and in the laboratory, it is possible to establish a 
model to forecast the service life of this type of prod-
uct as shown by the following graphic (Figure 1). 

Figure 1. Correlation between the number of test cy-
cles of accelerated artificial aging and the real time 
of natural exposure – Forecasting model. 

3. Building Physics and Pathology  
Although building physics is an important instrument 
for dimensioning and design, the available knowledge 
is nonetheless not always used, which serves to ex-
plain many of the observed pathologies. 
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Understanding a problem requires knowing how ma-
terials and components perform, and it is essential to 
design the most appropriate solutions from a techno-
logical point of view. We consider that the available 
information on cases of building pathology should at 
least be used to avoid the same problems recurring. 
Recording the errors, analyzing their causes, and dis-
seminating this information, are procedures funda-
mental to understanding the most frequently occur-
ring pathologies and preventing problems. 

4. Pathology Catalogue 
www.patorreb.com 

4.1 Building Pathology Study Group-PATORREB 
We fell it is very important to systematise the avail-
able knowledge, especially pathology studies. The 
Building Pathology Study Group – PATORREB has 
therefore created an Internet (www.patorreb.com) 
Web site –, where the Pathology Reports prepared by 
the various participating universities are posted and 
disseminated. The site has been running since June 
2004, and has already published 65 Pathology  
Reports. 

4.2 Structure and description of the site 
The site is essentially devoted to disseminating the 
Pathologies Catalogue, concsisting of a set of Pathol-
ogy Reports. The Reports are grouped in terms of the 
constructive element in which the problem manifested 
itself (Figure 2). 

  

 
Figure 2. Organisation of the www.patorreb.com site. 

4.3 Pathology Reports 
The Pathology Reports correspond to a summarized 
description of the pathology case studies. The infor-
mation is organised in five fields (Figure 3). 

Prospects and measurements

ºC % HR

Causes of the Pathology

Description of the Pathology

Possible solutions for repair 

Identification of the Pathology

Prospects and measurements

ºCºC % HR

Causes of the Pathology

Description of the Pathology

Possible solutions for repair 

Identification of the Pathology

 
Figure 3. Standard model of the ‘Pathology Reports’. 

5. Conclusions 
Building physics is an important design instrument, 
but the available knowledge which could help an 
analysis, is not always used. At least, the errors made 
in the past could be used to avoid repeating them in 
the future. Although Portugal has many buildings 
with pathologies, the information is scattered, and so 
its systematization is fundamental. The creation the 
Building Pathology Study Group and a Web site 
(www.patorreb.com) represents an effort to contribute 
to this by the publication and dissemination of pa-
thology case studies, analysed by the various partici-
pating universities. It also serves to raise the aware-
ness of all the actors in the construction process of the 
main problems, heightening the importance of diag-
nosis and the need to eliminate inadequate construc-
tive solutions. The proposed dynamic model for the 
organisation of the information enables easy devel-
opment and updating of the Pathologies Catalogue 
which forms the core of the site. 
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FRP straightening systems: an experimental study 
to evaluate their performance decay  
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Starting from a complete exposition and codification of the pathologies that can affect the FRP straightening systems 
during their service life, the paper aims in particular to establish the protocol to conduct accelerated aging tests, 
using environmental cameras, in order to define the performance decay related to each defined pathology and to 
build the performance – time diagrams related to every component of the investigated system (or its components). 
The aim of the study is to define a time-decision line in order to know exactly when to start the appropriate mainte-
nance activities in order to avoid performance deficit for FRP systems 
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1. Introduction 
The topics presented in this paper is the theoretical 
approach to the define the protocols to conduct accel-
erated aging tests, using environmental cameras, in 
order to define the performance decay related to each 
defined pathology and to build the performance-time 
diagram related to every component of the investi-
gated system. 
This is a part of an ongoing extensive ENEA research 
program finalized to study the durability problem of 
externally bonded FRP reinforcements (FRP EBR) of 
masonry structures.  
The starting point is the definition of the anomalies 
which are expression of defects and/or out of order 
which can affect the FRP strengthening systems du-
ring their life in order to carry out a correct diagnosis.  

2. Detached anomalies 
FRC support interface is the critical factor that can 
compromise the effectiveness of the major part of the 
structure strengthening applications with FRP, being 
this the place where the stress transfer takes place. The 
most typical interface anomaly is the so called peeling 
or better said the laminate detachment from the support 
at the interface; the rip-off failure which means the 
separation in correspondence of the terminal part of the 
reinforcement near to the interface but still in the sup-
port, instead, must be considered a failure dependent 
from the characteristics of the application surface, its 
preparation, and the modalities of anchoring of the 
reinforcement to the masonry. Beside the performance 
decay of the interface or the support, there can be dam-
ages at the interior of the reinforcement. Due to hetero-
geneity, anisotropy and the composites’ elastic linear 
behaviour, the type of collapse it’s not easily to define 
and can happen for one or more (in combination) of the 
following cases: microcracks, delamination, tearing, 
fibres pull-out, fibres buckling; 

3. Requirements and 
performance specifications 

The necessity of describing the “states” that the speci-
mens have to go through during induced aging, and 
the codifying of those whom a certain condition of 
damage and, thus, of intervention have to be associ-
ated, makes the localization of the requirements of the 
different elements and the entire system as independ-
ent as the one for the service’s specifications. The 
analysis can be made on the basis of the national and 
international laws and norms, the suggestions of the 
producers’ manuals and of the on field experience. 

4. Performance levels and state  
of degradations  

In order to outline performance-time diagrams related 
to the investigated component, it is necessary to fix 
performance levels both intermediate and ultimate, 
under which the inquired component has to be con-
sidered in state of damage. In the present study, the 
failure is estimated in terms of performance decay of 
bonding capacity and strength. 
In order to identify the failure due to peeling, delami-
nation or debonding, reference will be done to the 
permissible threshold values (in terms of percentage 
of degraded surface with respect to the entire plated 
surface), as indicated in ACI 440 – F (2000); in order 
to assess tensile strength degradation, creep – rupture 
and fatigue performance of FRP laminates, the value 
of the residual strength will be compared with those 
calculated according to existing guidelines. 
The localization of the service level is functional: on 
the one side it describes synthetically the life cycle of 
the element, on the other side it defines the kind of 
intervention correlated to every level. 
The states of degradation are those described in the 
American ACI 440-F (2000) guidelines. 
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Such degradation states and correlated service level, 
encountered in the real application of FRP consolida-
tion system, will be noticed on conditioned specimens. 

5. Performance decay evaluation  
Quality control of bonding of FRP on the support 
(masonry), can be achieved at sight (concerning coat 
layer), through Non-Destructive Testing (NDT) or 
Partially-Destructive Testing (PDT).  
FIB bulletin n.14 [2] recommends the following three 
types of partially destructive techniques: surface ad-
herence pull-off test (according to EN 1542), surface 
adherence shear test, surface adherence torque test, 
and four types of non destructive techniques: tapping, 
ultrasonic pulsed echo techniques, ultrasonic trans-
parency techniques, thermography 

6. Organization of agents causing deg-
radation in homogenous groups 

For the mis-au-point of the aging cycle, without being 
connected to the consideration of agents that can start 
pathologic decay phenomena, it was chosen to refer 
exclusively to climatic agents (excluding the ones that 
typically do not come up in the reference context) that 
can configure a physiologic aging of the reinforce-
ment system with FRP. 

7. Composition and calibrating 
of the testing cycles 

The composition and calibrating of the testing cycles 
will be carried out on the references supply law, if 
present, and on the observation of the characteristics 
of the climatic context, whose effects on the chosen 
tests are intended to be simulated in laboratory, in 
connection with – in any case – the knowledge of the 
characteristics and the potentiality of the climatic 
cells of the laboratory. 
With reference to the building field, there are many 
chambers able to reproduce the action of several ex-
ternal agents: humidity, temperature, temperature 
cycles, relative humidity, sun. With outstanding accu-
racy and enormous reliability, the climatic chamber is 
quite simply the specialist for precise, standard-
compliant simulation of all climatic conditions under 
a constant atmosphere. 

8. Planning of the execution program 
of the testing cycles 

Once the number and typology of the to condition lab 
tests will be defined, the tests execution to be carried 
out during the conditioning will happen in regard of 
the flow chart represented in Fig. 2. In such a way it 
will be possible to set up performance-time diagrams. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The steps of the tests protocol 

 
9. Conclusions  

The methodology, already validated in an experimen-
tation on the durability of continued coverings, will 
allow the construction performance - time diagram 
for the investigated technical element and for the 
building parts. Such diagrams will be functional to 
the definition of temporal threshold of intervention 
(to be inserted in the maintenance programs) to which 
interventions and/or controls will be activated on the 
utilized FRP consolidating systems, in the large 
sphere of maintenance plans of buildings. 
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(e-mail: g.detommasi@poliba.it) 

Protocols and certifications for the environment and energy quality of building products and processes have been 
widely developed for new buildings [1]. Differently, little attention has been given to the meaning and the value of 
sustainability in the restoration and conservation of historical heritage. This matter is complex. Cultural and meth-
odological issues, in fact, make unsuitable the transfer of the traditional approach to the choice of restoration solu-
tions according to sustainability criteria. This paper proposes a specific method for assessing the sustainability for 
the conservation of the existing building heritage. More precisely, the method encompasses a comprehensive valua-
tion of all aspects, as they relate to the principles of both the environmental compatibility and the historical conser-
vation. This contribution follows a previously developed qualitative model [2] and aims at detailing and improving 
it, by introducing some different parameters and quantitative values.  

Keywords: Building restoration, sustainability, ecolabelling, building pathology, reuse 

 
1. Introduction 

The refurbishment process of historical buildings has 
an important environmental value. In fact, the exist-
ing architectural heritage can be considered itself as a 
part of the built environment with close relationship 
between natural system and anthropic artefact. Fur-
thermore, this process has cultural and economic im-
plications, strictly linked to the basic principles of su-
stainability. First, it may allow the preservation of tra-
ces of historical and social development and the en-
hancement of local cultural identity that becomes a-
vailable to global community. Then, this process may 
lead to recover and reintroduce a physical and eco-
nomic asset into production cycle, rather than its ne-
glect or elimination, and to manage resources more 
wisely as opposed to planning of new settlements. 
However, some critical aspects have to be considered. 
First, the refurbishment process may require restora-
tion works (static reinforcement, surface treatments 
and dehumidification), which employ modern prod-
ucts, if traditional materials and techniques are un-
suitable, ineffective, expensive, dangerous or too 
complex to manage. These products are often man-
made and artificial. They show excellent technical 
performances, but do not meet sustainable require-
ments. Then, the refurbishment process may require 
restoration works (functional adaptation and techno-
logical equipment), which must achieve specific per-
formances, according to recent legislation and user 
needs, and, at the same time, to maintain the original 
features of materials and elements Nevertheless, the 
environmental balance is complex. In fact, the evolv-
ing demand for different levels of quality life may 
lead to increase energy and materials of a given sys-
tem. Otherwise, the conservation need of the cultural 

and methodological approach may lead to limit the 
transformation of resources embodied in the building. 

2. Methodological approach 
With reference to the highlighted issues, the methodo-
logical approach to evaluate the sustainability of res-
toration solutions integrates two processes: the resto-
ration practice of historical heritage and the eco-
compatibility evaluation for building products. More-
over, this combination must take into account both 
evaluation phases and the criteria according to which 
the evaluation is made.  
The first phase, “Conformity assessment of alterna-
tive solutions to basic requirements”, is the first con-
trol, so that any given solution does not lead the buil-
ding system to an unacceptable performance level. 
This step is based on a set of parameters that result 
from restoration technical practice (‘Conservation of 
the historical and aesthetical value’ and ‘Compatibil-
ity with the original artefact’) and ecological assess-
ment legislation (for instance, ‘Stability’, ‘Safety in 
case of fire’, ‘Fruition and Safety in use’, ‘Environ-
mental Comfort’).  
The second phase, “Characterization of products and 
processes for each conforming alternative solution” is 
a preparatory step where all the data about the proper-
ties and characteristics of the materials and the execu-
tion methods are gathered. 
The third phase, “Choice of the most sustainable solu-
tion” is based upon a comparison method where a set 
of parameters are considered and divided into two 
main categories: “Sustainability of Resources” and 
“Sustainability of Materials”.  
We have applied a multicriteria assessment, namely 
the Analytic Hierarchy Process, to define the weights 
for the parameters and to process the values for the 
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solutions. As far as weights are concerned, the 
method refers to an expert judgement system that is 
based on a  pair wise comparison of the parameters 
resulting into a comparison matrix. 
As far as values are concerned,  on the basis of the 
energy and environment certification systems for 
buildings [3], the qualitative method [2] assigns a 
score (to each alternative and for each indicator) in-
creasing from zero to three according to different sus-
tainability levels. The scoring has subjective and  
relative nature, so that each value can be considered 
as a ranking more than a mark. In addition, some 
quantitative data, based on technical literature, are 
available. As a consequence, some scores have been 
expressed as absolute numbers. Each number corre-
sponds to a specific interval of values that measure 
the relative parameter by a suitable measurement unit 
(for instance, Joule for “Energy consumption” or per-
centage of recycled material for “Recyclability”).  

3. Case study 
The whole process has been tested and applied on 
Palazzo Vulpano-Sylos in Bitonto, a 15th century no-
ble monumental building. The palace has residential 
use and is characterized by traditional technologies 
and materials. Here, some methodological remarks 
and final results will be outlined to highlight the main 
issues of the application.  
Regarding the weights, we can observe that an impor-
tant difference occurs between the sustainability of 
resources (63,1%) and that of materials (36,9%). This 
result shows that a solution using products with high 
environmental impact may be globally sustainable. 
Afterwards, the restoration activity is basically evalu-
ated in terms of global environmental profit rather 
than in terms of balance of input and output of the 
single product over its life cycle. Consequently, a 
significant attention is given to the capability of limit-
ing the resources for moving and laying new materi-
als or for demolition and substitution activities. 
Moreover, natural materials with low energy content 
obviously meet the sustainable requirements, espe-
cially if they are renewable or recycled. They reduce 
consumption and emissions, mainly during the manu-
facturing process and they do not involve chemical 
synthesis. However, if the above stated advantages 
are missing, the proposed solution will still be valu-
able, if the production process allows the materials to 
improve durability, aptitude to maintenance or resis-
tance in case of fire or leads to the conservation of the 
original material.  

4. Conclusions 
The general results of different restoration projects 
show that modern solutions, with innovative materials 

and techniques, have been generally assessed as the 
most sustainable ones. In fact, they perform well in 
terms of sustainability of resources. They reduce the 
need for safety measures, require low energy for exe-
cution and show high aptitude to maintenance and 
durability. Modern solutions also allow to maintain  
the original elements and a good integration with the 
traditional materials. On the contrary, they achieve 
negative results for the sustainability of materials, 
because of the high energy content and hazard emis-
sion during their life cycle, the chemical origin of the 
employed products and the weak performance in case 
of fire.  
The method can be considered as a first step toward a 
practical approach to the comprehensive evaluation of 
sustainability in restoration practice. In addition, 
some important issues have to be considered. Above 
all, the challenge is necessary to increase the parame-
ters that can be measured and so expressed through 
objective data. The general expected result concerns 
the assignment of a score corresponding to a range of 
numerical values in a quantitative performance scale. 
Lastly, many studies have been carried for new build-
ing materials [4], differently from restoration prod-
ucts and processes. Strict collaboration between re-
search world and industry is necessary for gathering 
useful information (material properties, energy con-
sumption and content and waste emission during the 
whole life cycle) and for arranging a data base for the 
sustainability evaluation.  
Future research should address to the challenges of 
surface treatment and finishes solutions to comple-
ment the results obtained in the field of  static rein-
forcement and dehumidification. 
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In 2005 Regione Emilia-Romagna funded the LARCO research project with the main goal of improving the knowl-
edge in the local building sector. The LEM laboratory of Ferrara, research partner, shares this common objective 
investigating and promoting the term of building "durability” through the development of easy protocols to manage 
the building decay, the risk of failures and the maintenance procedures.  
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1. Introduction 

The international building construction field proposes 
a large set of tools and surveys that promise to verify 
the real performances of our building heritage. But in 
spite of this great collection of more or less advanced 
systems the management of the existing designing 
and maintenance procedures seem to exclude their 
use in the working business. According to LARCO 
research objective of proposing a growth of the re-
gional competitiveness in the international building 
market, it has been realised a framework of the exist-
ing failing features and improving strategies. The 
main shortcomings can be summarised as: 

• a lack of information about the decay of build-
ings and components, in the national context.  

• the International studies, tools and database have 
to be adapted to the local building market and to 
the specific Italian regulations and protocols. 

• the more effective tools have been addressed to 
specific target groups, this needs to identify all 
the stakeholder of the building processes to ana-
lyse their expected requests and specific technical 
language. 

• the use of Internet potentials doesn’t increase the 
technical performances of the analysed tools but 
is definitely the most important way of spreading 
best practices, joining stakeholders and update 
the system. 

Through the classification and reworking of the ana-
lysed best-practices and using the collected informa-
tion about the building life cycle, the LEM [1] group 
wants to promote a major awareness to the building 
long service life, to the risk of failure and to the loss 
of performance inside the building process. 

2. Relation between buildings 
and their expected decay 

In the first research stage the state of the art has been 
investigated, overcoming the traditional concept of 
"expected" or average lifetime through a risk assess-

ment approach, that is considering all building fea-
tures as joint parameters with different potential in-
fluences on building decay, functional performances 
and risk for users.  
The second phase focused some preferred relation-
ships between the analysed features, prioritising the 
risk and potential effects in premature failures, to 
underline the importance of blending techni-
cal/functional obsolescence and building management 
needs. If the complexity (but also the affordability) of 
the expected results depends on the closeness of them 
to the working procedures, their effectiveness is re-
lated to the simplification of the system given by a 
priority scheduling method.  
The main results of these technical stages include a 
complete analysis of selected systems and compo-
nents that mainly affect the life cycle, safety and 
health of the existing building estate. The comparison 
between the performances of the most important 
building components as gradually assessed (in fac-
tory, as built and during maintenance or refurbish-
ment stages) can be considered as a basic step for the 
proposal of a life cycle expectation really adaptable to 
the construction and maintenance needs. The ordinary 
building decay has been scheduled in working pro-
files (low, medium and high), along with the LC stage 
of each component and proposing different kind of 
works according to the opportunity of improving or 
changing the existing building performances (both 
technical and functional) or due to specific client re-
quirements. This heterogeneous collection of building 
elements and performances underlines the will of an 
immediate operativeness of the proposed data, search-
ing for the better interface between technical and 
functional requirements of building constructions. 
The International state of the art shows how the effec-
tiveness of protocols to prevent the decay or to main-
tain the buildings mostly depends on the large dis-
semination of the technical knowledge [2]. On the 
other hand the usefulness of the research analysis is 
strictly related with a risk assessment based on “real” 
building life cycles [3]. Along with this feedback be-
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tween research and working needs, the main result of 
this phase include a pragmatic scheduling of analysed 
information, compared and quantified, to be ready for 
an immediate application or to be used as part of pro-
tocols and tools arranged in the second step of this 
project. 

3. Proposal of effective tools to manage 
the maintenance procedures 

The proposal of effective protocols to improve the 
national and regional knowledge started from the col-
lection and in-depth analysis of the international tools 
and methods currently applied to mitigate and control 
the building decay [4]. The LEM research group stud-
ied the existing public and commercial tools underlin-
ing they real application, updating and adaptability in 
the Italian building process. Therefore each system 
has been scheduled to stress: 

• the main features and objectives of the tool de-
veloper (public company, insurance company, 
university, etc);  

• the target of each specific system and the feed-
back protocol to suit the client expectations; 

• the basic steps of the building assessment and 
maintenance method; 

• the preferred analysis scale (material, component, 
etc) and the related inspection procedures; 

• the tool typology (manual, website, etc), updating 
(short, long, etc), supports (drawings, pictures, 
tables, etc) and the provision of related docu-
ments (books, papers, webpages, etc); 

• the required data to set up a complete analysis 
and any technical database linked to the system; 

• the selected risk features and any other subsidiary 
analysis (safety, health, energy, costs, etc). 

Through this report it has been possible to associate a 
set of preferred tools to the specific requirements of 
the main national target groups that could be inter-
ested in deepening their maintenance strategies (pub-
lic companies, real estate agencies, building workers, 
designers, owners, etc). These new systems, now in 
the updating phase, have been distinguished into three 
integrated focus areas: 

• analysing the building components applied to 
specific systems and contexts, to improve their 
performances and to suggest their best applica-
tion and maintenance; 

• assessing the building decay and the relation be-
tween potential risks, to suggest specific regula-
tions or warranties; 

• promoting the building durability, in particular 
for the qualification of professional workers and 
to inform the inhabitants. 

The proper tools will be completed using the techni-
cal data collected in the first stage of this research 
(about the building decay and maintenance), making 
them suitable to the definite performance of each tool 
or client.  

4. Current and expected results 
The research expected results include: in-depth tech-
nical tables to analyse, assess and solve the major 
weaknesses in the building durability (components’ 
specifications, defects, etc), priority-lists combining 
technical schemes and the potential sources of decay, 
specific guidelines and effective protocols to pilot 
sound decisions about building management or refur-
bishment. Through the feedback between all the 
building parties these outcomes will be strictly con-
nected with running proposals to exploit the results 
(for consulting, technological transfers, etc), to share 
the knowledge using different kind of media (web-
sites, publications, booklets, etc) and to continuously 
improve the research tools themselves. 

Notes 
The LaRCo laboratory [http://www.icosLaRCo.it] has 
been promoted by the RICOS association (ICIE, co-
ordinator, and Carisbo bank Foundation), supported 
by the University of Ferrara and co-funded by Re-
gione Emilia-Romagna [PRRIITT Measure 3.4.A]. 
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An example of large light roofing pathology: 
causes and possible solution 

Marcello Di Marzo, Giovanni dell’Aquila – Politecnico di Bari, Italy 
(email: m.dimarzo@poliba.it, g.dellaquila@poliba.it) 

A study has recently been concluded on the pathologies related to the roofing of a large structure designed for a 
flower market. The ample roofing considered, nearly square in shape (80x80 meters approximately), is “plain” as 
well as “light” in type. It is built of a spatial lattice structure on which metal spacers are connected to metal “IPE” 
beams, which in turn are joined to sandwich panels consisting of curved sheets and polyurethane foam. These panels 
are then covered with a mono-faced bitumen support and with an impermeable mantle in PVC joined to a spun-
bonded fabric one. At the end of construction, two cases of roofing settling occurred, with the plastic deformation of 
the sandwich panels, the warping of the underlying carrying framework and the breaking of the impermeable mantle. 
The aim of the study was to identify all existing pathologies and their relative causes that also provoked static dam-
age. Numerous complex investigations were required on the interconnected aspects: the physical-mechanical char-
acteristics of the load bearing structure together with those of the covering in curved sheets; the compatibility of the 
hypothesized loads agents as a function of the free inflexion bay; the effects on the structure of the fluid-dynamics 
driven by the prevailing winds; the vibrations induced by them and the correct installation of the various roofing 
completion “sub-systems”. 

Keywords: Pathology, large light roofing, technology 

 
1. Description of the roofing structure 

The building consists, of a large square central hall 
with dimensions of about 60x60m and height of about 
16m, called the "Sala delle contrattazioni".  
The central hall roofing (height 21.20m) is of about 
80x80m and there is no vertical connection to it the 
roofing having been planned and constructed as a 
non-load bearing cover. 
This roofing was made with a "light" supporting 
structure. This is a spatial lattice structure (tied to the 
four corner blocks) on which a curved sheet has been 
laid, coupled to a polyurethane foam and PVC mantle 
as to keep out rainwater. 
The roofing is raised on a substructure, bound to the 
spatial structure, and it consists of: 

• galvanized circular steel tubes (spacers), fixed on 
spatial structure nodes placed on a square mesh 
of about 6x6m, and varying in height (from 
226mm to 1207mm), depending on the required 
slope of the roof; 

• “IPE 200" beams, 6m and 12m in length, that 
constitute the main frame. 

2. Description of roofing pathology 
A series of pathologies and remarkable degraded 
states were found on the roofing structure. The prin-
cipal one was represented by settling of a large area 
of the roofing section. In reality the structure has suf-
fered three cases of settling over its lifetime. 

In all these cases, between the perimeter beam and the 
first parallel one, there are: 

• Bending in the middle of the perimeter curved 
sheets; 

• Torsion of the perimeter IPE 200 beam; 
• Buckling of the underlying spacers; 
• Folding and bearing stress of curved sheet: the 

first in correspondence of the internal IPE while 
the second of the perimeter one. 

 
Fig. 1 Last settling of roofing 

Other pathologies concern: 

• Limited thickness of curved sheet, with free in-
flexion bay of about 6m; 

• Polyurethane, deformed during heating for the 
laying of the upper impermeable layer; 

386 Section II



 26

• Total degradation of the impermeable mantle, 
attacked by rainwater infiltrated below the con-
tinuous mantle of PVC; 

• The precarious adherence of the PVC mantle to 
the underlying impermeable layer. 

3. Identification of causes 
A hard-working and deepened study has been fin-
ished to individualize the possible causes or, better, 
combination of causes that have determined patholo-
gies and degradation described above. These are 
causes connected to this roofing typology and that 
derive from the design and execution phases as well 
as from the management and maintenance phase. 
First a high precision and punctual topographical sur-
vey was completed to verify if the four support points 
of the spatial structure and the same structure were 
horizontal. Subsequently the real inclination values of 
the eight pitched roof sections were measured. The 
first survey gave a positive result (1cm fall on 80m of 
distance between two support points), the second 
showed a limited and not uniform roofing inclination, 
often lower than the 2% value that is the least inclina-
tion recommended for the use of PVC mantle. 

Evaluation of wind action 
The wind action on the building had an important 
effect on the local collapse of the two zones previ-
ously specified. In case of "heavy" roofing, wind ac-
tion normally has its negative effects on the surface 
roofing layers, also in the presence of high wind 
speeds, because they are not effected by the negative 
wind pressure 
However, in the case of “light” roofing, also with no 
strong wind, the depression can assume values com-
parable to the dead load of the roofing, inducing set-
tling for fatigue break that, as in this case, can effects 
the roofing support structures. A virtual aerodynamic 
analysis of the building was carried out using a CFD 
(Computational Fluid Dynamics) numerical simula-
tions to give a quantitative and qualitative evaluation 
of the aerodynamic behaviour of the whole structure. 
The results experimentally got show the complete 
overlap of the two areas of settling with those indi-
vidualized by the norms. 

The metal spacers 
The tubular metal spacers of the roofing sub-structure 
are critical elements. They are notably folded up, and 
the weak point of the system consisting of: node - 
spacer - IPE 200 beam - panel - IPE 200 beam - 
spacer - node. This system in correspondence with the 
perimeter bays where the two cases of settling oc-
curred, is characterized by a horizontal force F, acting 
on the summit of the panel. This force is not opposed 

by an analogous and contrary force. For this reason 
the panel, that is not able to flow in its horizontal 
plane, has pulled the IPE 200 beam, to which it is 
bound by screws, moving it from its initial vertical 
position and rotating it toward the building. 
It is important to underline that in design phase the 
static verifications of the IPE 200 beams have been 
finished only considering vertical loads and not also 
an horizontal force (F), overlooking the panel de-
formability. According to numerical tests effected 
turned out that, theoretically, the panel examination 
involves the existence of a force F, equal to 675daN, 
greater than the calculated limit (equal to 560daN) 
with consequent spacer instability. 

4. Possible solutions 
The pathologies identified involve many sub-systems, 
the degradation of which does not guarantee their 
functionality or safety. For this reason the selection of 
possible refurbishment works on the roofing are: 

• Complete removal of  the horizontal roof; 
• Substitution of deformed spacers and of perime-

ter IPE 200 beams; 
• Integration of the roofing sub-structure with IPE 

200 beams laid perpendicular to existing beams; 
• Insertion of a rectangular section beam to reduce 

the inflexion bay of new panels currently avail-
able; 

• Laying of curved sheet metal panels self-
supporting, insulated with polyurethane and wa-
terproofed with a synthetic mantle; 

• Realization of a protected walkway on the roof-
ing, to guarantee a pedestrian route especially 
necessary for maintenance; 

• Dimensional, geometric and numerical redefini-
tion of rainwater discharge system; 

• Laying of a perimeter safety fence to prevent 
accidents that can be folded flat when not in use; 

• Realization of a vertical connection to the roof, 
necessary for programmed maintenance. 

5. Conclusions 
This thorough and wide ranging study has identified 
different interlinked causes of the degraded state of 
the roof in question. Causes that find their origin both 
in the design phase, with reference to the insufficient 
inclination, to the substructure system used and to 
improper use of unsuitable curved sheets, as well as 
in the execution phase, with reference to laying the 
impermeable mantle. The complete lack of roofing 
maintenance has negatively influenced current situa-
tion, underlining once more the importance of such 
maintenance to the durability of systems and materi-
als used. 
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The Shape-Decay Couple 
in the Twentieth Century Architecture 

Ernesto Di Natale, Fulvio Lanzarone, Università di Palermo, Italy 
(email: dinatale@unipa.it, arch.lanzarone@virgilio.it) 

In front of the last century decayed architectures, the responsability of what happened was ascribed to natural 
widely expected events, because they were results of our civilization. Therefore, the goal is to stress that it is neces-
sary to associate with the atmospheric agents also the handwork “shape”, which is strictly linked to the building 
technique, because both are basic causes of many decays. 

Keywords: pathologies, decay, design, carrying-out 

 
 

1. Introduction 
Various decades have already passed since the first 
steps were taken in the field of pathologies and build-
ing decays both in the professional sector and at uni-
versity, where the teaching of the building recovery 
was not envisaged. Since then an increasing attention 
to the problem has been paid, which gave rise not 
only to many contributions in the debate regarding the 
building and environmental recovery but also pro-
duced a wide sectoral literature. 
Because very numerous decays are spoiling the an-
cient and as well as the so-called modern buildings of 
our towns. 
The causes are many and broadly documented and 
– they derive both from the dreadful environmental 

conditions (smog, acid rains, pollution and so 
on), 

– the little knowledge of the chemical-physical 
characteristics of materials utilized by planners, 

– and the handiwork plan which is often wrong 
and/or not properly carried out. 

Besides these motives in accordance with the rules of 
the modern architecture, the designer proposes pure 
line manufactured articles made with new materials, 
acclaimed by producers but which, once got down to 
work, deteriorate in a short time. 
In short, only a good knowledge of the materials 
used, a correct design and execution of the architec-
tural handiwork can limit the many types of decay. 
In the architecture of the past, builders constructed 
handiworks in stone which had to last indefinitely if 
they utilized high quality materials and carried out 
them properly. 
These concepts, already stated by Vitruvio Pollione 
(1), are concurred by other distinguished architects in 
their writings in the following centuries. 
In the twentieth century, the best-known exponents of 
the modern movement made the pillar and the beam 
system become of common use employing the rein-

forced concrete already experienced in the second 
half of the nineteenth century together with the sec-
tion irons and put an end to the heavy system and to 
the disappearance of both the traditional building 
techniques and of stone masters, holders of a trade 
which was handed on from father to son. 
This artificial stone, being able to assume the carpen-
try shape and having a very good resistance both to 
the compression and traction, has made possible dar-
ing shape handiworks. It has deceived designers and 
not qualified building contractors without any suitable 
professionalism, that the reinforced concrete might 
work “wonders”. 
The duration of handmade articles, built in the second 
half of last century, has decreased considerably be-
cause of pathologies and deteriorations, which had 
begun since their finishing (2). 

2.1 Linearity of shapes 
The impulse to take away every decorative unit en-
tailed the exclusion of those architectural parts, which 
had, instead, a definite function chiefly towards at-
mospheric agents and which were not simple decora-
tive components. 
It was an usual procedure that roofs jutted out broadly 
from faces to safeguard façades from the rainwater.  
The fashion of not using the crowning cornice lead 
planners to think up innovative steps from an aes-
thetic standpoint, but that the time will demonstrate 
their ideas are entirely wrong because they facilitate 
blooms, stains on faces.  

2.2 Crowning cornice design 
A curved surface, free from an apt drip, does not take 
away the water from the face, but spreads it towards 
the front along with structural damages to the cornice 
aided by the dangerous carbonization process. 
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3.1 Overhanging structures 
A rational analysis of plan errors cannot dwell upon 
an overhanging structure common to many buildings 
that is to balconies. 
They, often become typical elements of modern archi-
tecture façades, are the most exposed to air pollution 
and hence subject to a higher decay. 
Moreover, it is well-known that, from the statistical 
point of view, the balcony recovery ranks often first 
in the items of architectural handiwork renovation.  

3.2 Static structural failures 
Architects and engineers know well the strains to 
which a bracket is subject and they also know that 
balconies must bear tensile compressive stresses. But, 
perhaps in pursuit of cutting down expenses or de-
creasing weights, most times brick-cemented balco-
nies are built and are still being built, consequently 
they become very fragile. 
The brick stands to compressive stresses well, but in 
balconies, perforated bricks break because they do not 
stand the compression. 
Also reinforced concrete balconies are not free from 
problems. In effect they deteriorate early, if they are 
not constructed according to teachings of good erect-
ing. 
The reinforcing rods are very often laid directly on 
the mould; this method of operating does not enable 
the concrete to absorb the rods altogether. Therefore, 
it oxidizes because it is not protected from atmos-
pheric corrosion.  
Owing to the oxidation the rod volume increases, 
which breaks the mix fostering the growth of cracks. 

3.3 Aesthetics and technology 
In addition to static-structural problems, the attention 
is paid on the balcony shape, both as design and as 
study of materials to be utilized and technological-
building decisions to take. 
The above is a thing of a paramount importance be-
cause the project designer devises shapes aesthetically 
substantial but wrong from the building viewpoint.  
Planners, in order to obtain an increasingly original 
shape, are also inclined to build reinforced concrete 
parapets, forgetting to respect the real features of the 
material. 
You can very often see so thin parapets that the iron 
cannot be protected in a suitable way. Therefore the 
quarry face concrete moulders early bringing about 
considerable shortcomings and a large amount of 
money of renovation. 
Moreover, the balconies with full parapets have the 
big trouble of the raining away of water, because of-
ten small-sized gargoyles do not make the water flow 

quickly. It turns out that the stagnation makes easier 
the going back up the parapets, which getting wet, 
gives rise to blooms. 

4. Conclusions 
Due to a number of pathologies in addition to the 
natural decay, the modern architecture, or “architec-
ture of decays”(2), is compelled to pay a very high 
price. 
It is hard to identify the best way to solve this prob-
lem within the building field, where the common say 
“A stitch in time saves nine” does not really apply. 
Bearing in mind that pollution is a element difficult to 
neutralise in the short term, we are able to identify 
other causes that have crucial impact on both the aes-
thetic and economic level, which remarkably reduce 
the lastingness of our building, as follows: 

• Planning errors together with inexperienced and 
careless direction of works  

• Wrong building techniques, absence of 
planned/progressive maintenance, as most com-
monly adopted the breakdown maintenance ap-
proach 

• Poor knowledge of how to employ building ma-
terials i.e. cls of c.a. 

All these elements combined with external environ-
mental factors such as acid rain, if taken into account 
and prevented, could reduce the risk of the decay, 
characterizing the modern building industry and 
avoiding unnecessary and expensive recovery opera-
tions.  

References 
[1] Vitruvio Pollione M., De Architectura, a cura di 
Franca Bossalino, Kappa Ed., Roma, 2002. 

[2] Brancato F. S., La prevenzione del degrado, ILA 
PALMA Ed., Palermo, 1991. 

W086 Committee 389



 

Eleven steps to high building performance 
and to building sustainability 

 
Paul Fazio 

Concordia University, Montreal, Canada (email:fazio@alcor.concordia.ca) 
 
The indoor environment reflects our standard of living, influences our productivity, and affects our health. 
This indoor environment comes at a cost to the outdoor environment. This cost is particularly great when 
building performance is poor and inefficient. This paper presents nine steps to achieving maximum build-
ing performance and reducing the negative impact of buildings on the planet. 
 
Keywords: Building engineering, building performance, energy use, sustainability, building envelope. 

 
 

In the last century with the advent of the elevator and 
air conditioning, buildings have become more and 
more technologically complex.  We have come to 
expect indoor artificial environments that are healthy 
and which provide us with comfort, safety, and all 
sorts of amenities for our living styles, work, and 
play. This artificial indoor environment comes at a 
great cost to the outdoor environment.    

Building construction accounts for 40% of raw stone, 
gravel, and sand used, 25% of virgin wood, 40% of 
energy, and 16% of water used annually worldwide [1]. 
The bulk of our energy supply comes from oil and 
coal.  The byproducts of this energy consumption 
cause global warming, pollution, and ozone depletion.  
For example, if the current trend of energy consump-
tion continues, it is estimated that the global annual 
average temperature could rise by as much as 50C. by 
2100 [2]. In fact, global energy is expected to increase. 
In North America we are now the largest consumers of 
energy compared to other regions of the world. How-
ever, we know that there are other parts of the world 
with rising economies that are bound to move the trend 
of energy consumption upward. The buildings that we 
build today will be contributing to this consumption 
increase and global warming throughout this century.   

This vast problem can be reduced significantly by 
recognizing and pursuing the following 11 steps in 
the production and operation of buildings: 

(1) Reduce rate of current building failures through 
better awareness and implementation of available 
knowledge, products, and techniques. For example, 
current buildings produce indoor environments that are 
usually expensive to operate and often harmful to our 
health.  We have often heard complaints about sick 
buildings, poor ventilation, rain penetration, and air 
infiltration. Ventilation plenums and ducts accumulate 
dust which can breed mold and other microorganisms 
that contribute to the pollution of the indoor environ-

ment. Similarly, water accumulation in humidification 
systems can breed microorganisms that will migrate 
through the ventilation system and become associated 
with air quality problems. Water runoff over the façade 
of the building envelope leads inevitably to water pene-
tration, deterioration of the structure, and loss of ther-
mal resistance of the envelope.  

(2) Create the awareness that it pays to improve 
building performance and the indoor environment. 
We must remember that the total life cycle cost of the 
building can be as little as 5 to 10% of salaries paid to 
occupants over the life span of the building.  It is im-
portant, therefore, to design and operate buildings to 
provide the most productive environment for people 
using it. 

(3) Improve building performance by accelerating the 
pace of implementation of new technologies and bet-
ter design.  For example, create local environments to 
reduce requirements for the overall indoor environ-
ment, make better use of solar energy by using spec-
trally-selective glazing, switchable glazing, and im-
proved curtain walls with higher thermal resistance. 
Design ducts for easy access and cleaning. Avoid 
sound insulation in ventilation plenums as its fibers 
can be released to the interior environment.  Use muf-
flers instead.   

(4) New technologies need to be integrated in a holis-
tic approach in the design of the building. Structures, 
envelope, services, and mechanical systems are often 
implemented as independent components, yet they 
must work together.  Some of these disciplines are 
more advanced than others and performance will be 
determined by the lowest performer. For example, the 
envelope, like structures, accounts for 20% of the 
building cost, but accounts for 50% of the failures, 
because it does not receive as much R&D attention as 
some of the other sub-disciplines.  
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(5) Improve the building process to reduce cost and 
resources. High-performance buildings will return 
large savings in the long run.  Higher front-end in-
vestments and incentives are required to support the 
implementation of these technologies, the R&D to 
ensure performance of new technologies, and provi-
sions to reduce the time lag for implementation of 
new products and techniques. 

Savings become obvious when we consider the costs 
associated with the life cycle of the building.  The life 
cycle of a building can be divided into three phases: 
design, construction, and use.  While the design stage 
is the shortest of the three, it has the greatest influ-
ence on the expenditures of the subsequent phases of 
the building.  

Cost deviations at the construction stage vary accord-
ing to the quality of design.  The less defined the de-
sign, the greater the variations in construction cost 
due to change orders, and modifications on site.   

Similarly, the lower the consideration given to fea-
tures related to the maintenance and operation of the 
building, the greater the variation in operating effi-
ciency and therefore costs in the maintenance and 
operation of the building.   

(6) Building performance must be an ongoing con-
cern.  Buildings begin to deteriorate soon after they 
are completed. Hence, maintenance must begin at the 
time the building is completed. Extending the life and 
effective operation of existing buildings relieves the 
demand on world resources for new buildings. 

(7) Professionals must be trained to bring to bear state 
of the art knowledge on the building process. High 
building performance can be achieved only if the pro-
fessionals involved with the building process are well 
equipped with the latest knowledge in the relevant 
technical areas such as: building science, the building 
envelope, energy use, indoor environment, and con-
struction management. Educational programs sup-
ported by strong R&D activities and advanced facili-
ties need to be reinforced where they exist and new 
ones need to be established. 

Since the early 1970s we began to establish programs 
in Building Engineering at Concordia University that 
featured all the areas related to the building process. 
This year (2006-07), we have approximately 209 un-
dergraduates and 192 graduates, including 46 PhDs, 
enrolled in the program.   

(8) An adequate knowledge base must exist at the 
design stage and it must be well coordinated.  This 
knowledge can be provided by well-coordinated 
teams of professionals since it is difficult to find all 

the expertise required in one individual. The owner 
needs to be better informed to be an effective decision 
maker. The responsibility given to a professional 
must be matched with the knowledge and deliverables 
of that individual. Deliverables must be measurable in 
terms of performance both short term and long term. 

(9) Increase the demand for education in Building 
Engineering by hiring building engineers. Often other 
engineering disciplines are advertised for building 
engineering work, because Building Engineering is 
not yet well known.    

(10) Increase R&D by establishing university re-
search chairs in building research and involving 
graduate students to help resolve problems encoun-
tered in industry. 

(11) Buildings provide for our well-being and repre-
sent common resources of society.  They also repre-
sent our culture, values, institutions, and traditions.  
We all have a professional, social, economical, and 
moral obligation to see that buildings are well de-
signed, well operated, and well maintained. 
Since buildings shape our lives, let’s make sure that 
we shape our buildings to function well.    
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INA-Casa quarters in Genoa: 
construction culture, pathologies, preservation  
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The paper concerns a recent research focused on the analysis of INA-CASA Quarters in Genoa (1949-1963). Main 
objective of the research is the acquisition of knowledge on technical and constructive features of the buildings, on 
their actual obsolescence and on the possible causes of building pathologies, in order to prepare guidelines for their 
preservation and refurbishment. Specific objective of the research is the recognition of pathologies, defects embed-
ded in the buildings, mistakes eventually made during the planning, design and building processes (pathologies and 
failures).. 
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1. The INA-Casa in Genoa: 
construction culture  

The construction of INA-CASA quarters all around 
Italy after the second world war has been an extraor-
dinary experience of the recent history of architecture, 
for social, urban, typological, architectural and tech-
nological reasons [1]. 
The main criterion followed by the INA-Casa man-
agement was to avoid any repetition of standard 
building types, committing the architectural design to 
outsider professionals. The new buildings, that had to 
be "healthy and modern" became an occasion for Ital-
ian famous architects to enrich social housing quality, 
closer to the international models. In order to achieve 
an unit design, the INA-Casa agency publishes four 
handbooks regarding Guidelines, Technical codes, 
Schemes and Contract terms. 
These guidelines go with the whole building process, 
from the beginning to the final test, aiming to train 
technicians involved in the re-construction after the 
war and to coordinate them with the specific and pe-
culiar local situations. 
In 1949 INA-Casa Agency grant to the Municipality 
of Genoa economic fund for the realisation of 35 
buildings (after 14 years there have been built 112 
buildings). The Municipality contributes with the 
donation of the lands and providing for the architec-
tural projects, the contracts and the technical direc-
tion; only few cases are committed to outsider profes-
sionals. For this reason the architectural features of 
the quarters in Genoa appear in contrast: from one 
side the ordinary elements, as suggested in the four 
handbooks, on the other side some building blocks 
(made by L.C. Daneri, R. Morozzo della Rocca, 
Gruppo Ginatta) characterised by technical, architec-
tural and constructive experiments, totally different 
from the prescriptions. 

Above all the works by Daneri claim their loyalty to 
the rationalist research, showing the prefab in rein-
forced concrete, the "pilotis" system that move the 
block away from the sole, the typological and techno-
logical standardisation [2] [3] [4]. 

2. Pathologies, failures and defects:  
a compared analysis  

Specific objective of the research is the recognition of 
pathologies, defects embedded in the buildings, mis-
takes eventually made during the planning, design 
and building processes (pathologies and failures). The 
research assumes as “pathology” the discipline that 
studies mechanisms and factors that lead to a prema-
ture obsolescence, when, for example, physical altera-
tions or performance defects, or in other cases, fail-
ures become earlier than expected [5] [6] [7].  
The fundamental hypothesis is that the actual obso-
lescence of the buildings is due to different aspects: 

1) building technologies, linked to the specific post 
war technical culture; 

2) technical codes of “INA-CASA Management” 
(concerning general planning, building typolo-
gies, building technologies); 

3) untypical architectural and technical solutions 
assumed by local designers (compared with INA-
CASA codes); 

4) effective technical ability of building companies 
to interpret the proposed solutions. 

The experimental method of the research consists in 
the recognition of the signs of obsolescence compar-
ing the technical prescriptions and codes of INA-
CASA with the real cases and their written history 
(technical drawings and documents), to identify direct 
causes and aggravating situations and, secondary, any 
differences between national and local context.  
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The first interesting result of the compared analysis is 
that only in few cases the actual problems are caused 
by mistakes inside the INA-Casa technical codes and 
regulations. Another important fact is that INA-Casa, 
during the second seven years, concentrates its activ-
ity in a general revision of technical principles as-
sumed, towards a normalisation of the design and 
constructive process. During this period, in fact, the 
Agency revises the first and the second handbooks, 
outline the positive aspects and indicates the technical 
solutions to be followed (third and fourth handbooks). 
Looking deeper at the Genoese cases, it is possible to 
distinguish between the general problems linked to 
the contemporaneous constructive culture and the 
peculiarity (both in positive and in negative way) 
generated by the presence of skilled architects. It is a 
fact that most of the quarters are located in areas ex-
posed to the action of dominant winds or in a very 
humid context (small valleys closed by vegetation 
and buildings): this condition had surely a bad influ-
ence on the general “behaviour” and life span of the 
buildings.  
General and common problems, depending on the 
general constructive culture of the period, are located 
in the reinforced concrete structure not protected by a 
layer of plaster, especially in contact with the ground 
floor, or in the window frames where were used sim-
ple iron not protected by the corrosion. The pavement 
of the ground floor and of the porticos, without suffi-
cient slope neither expansion joints encourage the 
infiltration of rainwater. Again, the assumption of the 
plan roof together with the architectural shape of the 
windows, lacking of elements of protection, causes 
almost everywhere the same kind of defects (infiltra-
tion, solar exposition, break of small pieces…). The 
asphalt material used at that time for the waterproof 
protection of plan surfaces (especially in the roof) 
appears weak under the effect of solar radiation, as 
well as a wrong execution of the joint between the 
waterproof protection and the vertical wall, or the 
lack of covers or the use of very thin metal sheet 
causes infiltration from the top.  
Nevertheless, in some cases the technical skinless of 
the architect overcame INA-Casa prescriptions. L.C. 
Daneri, who was very careful in the design of details, 
together with R. Morozzo della Rocca, R. and G. 
Ginatta choose, for the external balconies, a rectangu-
lar section characterised by a plane surface on the 
lower side instead of the slope one. This solution 
avoid the infiltration of rainwater, that consequently 
causes the chemical decay of the concrete and the 
corrosion of iron and steel. Again Daneri correctly 
studies and verifies, during the execution of its works, 
the detail of the covering, the junction between ele-
ments, the protection from infiltration, choosing a 

pavement system for its plan roof that could protect 
the asphalt from deterioration. 
Weather INA-Casa prescriptions preview the simple 
insert of the metal railing inside the concrete slab of 
the balcony, Daneri and Morozzo design the connec-
tion between the two elements with the insertion of a 
lead element. In the meantime, the skinless of the 
authors lead them sometimes to path new ways in 
open contradiction with the prescription of the 
Agency. The will to experiment architectural innova-
tion (especially in the complex of via Tofane and 
Forte Quezzi) force the project to open loggias on the 
north façade, later closed by the inhabitants form cli-
matic reasons. This successive modification generated 
a strong debate on the opportunity to preserve them or 
to come back to the original aspect.  

3. Results 
INA-Casa quarters represent autonomous and recog-
nisable urban episodes that are characterised by an 
original architectural language. Although their state 
of decay, due also to the lack of maintenance, they 
still maintain a precise identity. The preservation, re-
furbishment and recognisability of these quarters have 
to be kept as main purposes of any intervention. The 
analysis of the current state of the buildings, of their 
constructive history and of the recent maintenance 
(sometimes correct, sometimes wrong) should be the 
basis to program and to operate on them correct inter-
ventions. Further result of the research is, in fact, the 
evaluation of the negative impact of maintenance and 
refurbishment on the original image of the quarters.  

References 
[1] AA.VV. (2002) L'INA casa: il cantiere e la co-
struzione, Gangemi, Roma.  

[2] Braccialini M. (1949) La nuova edilizia popolare, 
Genova. 

[3] Bracciali M. (1953) Edilizia Popolare, Genova. 

[4] Christen A. (1950) Case del Piano Fanfani a Ge-
nova, Urbanistica, 3. 

[5] AA.VV.(1981) Patologie in edilizia, Be-Ma, Mi-
lano. 

[6] Croce S., Costantini M.(1982) Patologia edilizia, 
Be-Ma, Milano. 

[7] Croce S. (1995) Patologia edilizia: prevenzione e 
recupero, in AA.VV. Manuale di progettazione edili-
zia. Progetto tecnico e qualità, Vol. 3, Hoepli, Mi-
lano. 

W086 Committee 393



Investigating and remediating leaks 
in below-grade structures and under plazas 

Justin Henshell – Henshell & Buccellato Consulting Architects (e-mail:justin.henshell@verizon.net) 

The protocol for investigating leaks in below-grade habitable spaces consists of obtaining background data, per-
forming a leak survey and observing conditions above and below grade. This paper discusses these procedures and 
reviews causes of water leaks in basemenst. It provides recommendations for alleviating water pressure by altering 
above grade components and topography, installing drains, re-waterproofing and stopping water infiltration by ap-
plication of cementitious materials, injection of grouts and chemicals in and behind foundations and slabs. 
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1. Introduction 
This paper discusses methodology for investigating 
the cause of leaks in below-grade habitable spaces. It 
provides recommendations for alleviating water pres-
sure by altering above grade components, draining 
and pumping and stopping water infiltration by injec-
tion of chemicals in the surrounding soil, in cracks 
and joints in and behind foundations and slabs. 

2. Investigation methodology 
When roofs leak, the leak sources can often be quick-
ly identified and repaired. Most roof membranes are 
usually accessible. Conversely, when water infiltrates 
a basement, either through the foundation or the slab 
on grade, the conditions are much more serious be-
cause leakage can make an underground space unin-
habitable. Ascertaining the cause and instituting ap-
propriate corrective measures can be difficult and co-
stly. Usually the foundations and slabs on grade and 
surrounding soil cannot be easily removed for inspec-
tion. Furthermore the process can be disruptive to the 
building occupants, damaging to the waterproofing 
itself, difficult to achieve and not always productive 
or cost effective. 
But remediation can be accomplished by a number of 
methods most of which are familiar to building pa-
thologists and which are discussed in this paper. 

2.1 Accumulate historical and other pertinent data 
Obtain and review original construction drawings; 
research records of unusual climatic events; check for 
recent seismic events; research nearby construction 
activity. Acquire the geotechnical report, construction 
documents, a record of any previous repairs or of re-
cent structural alterations and interview building per-
sonnel. 

2.2 Perform a leak survey and record observations 
Prepare a drawing of the premises and chart all active 
leak sites and passive leaks sites that have been re-
paired. 

3. Cause determination 
Leaking through concrete foundation walls and slabs 
on ground usually exhibits itself at cracks, cold joints, 
expansion joints and penetrations. It is generally 
caused by either a failure of a structural element or 
components of the waterproofing system coupled 
with an unanticipated increase in hydrostatic pressure.  
Structural failure may exhibit itself as cracks or open-
ing of construction joints occurring from overloading, 
settlement, vibration, seismic events, creep, shrink-
age, vehicular surcharges or adjacent construction 
activities. 
Leaking in below grade walls and slabs is often cau-
sed by an unanticipated increase in hydrostatic pres-
sure. It can be due to an intermittent rise in the water 
table or from a surcharge of water in the soil sur-
rounding the foundation. 
The source of an increase in hydrostatic pressure can 
often be identified by observing the color or odor of 
the infiltrating water or by chemical tests. 

4. Remediation materials 
Crystalline, hydraulic and oxidized metallic cements 
and other cementitious materials penetrate concrete 
pores and react with water to expand and seal active 
leaks.  
Sodium and calcium bentonite, clay based grout ex-
pands upon contact with water form a curtain between 
the concrete and soil. 
Epoxies are the preferred material for repairing struc-
tural damage. They can also be used to stop leaks, but 
are not as effective as the chemical gels. They adhere 
well, but are relatively inflexible and do not tolerate 
movement.  
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Chemical gels, such as urethanes, acrylate polymers 
and similar hydrophilic chemicals injected into cracks 
and joints, expand on exposure to water to stop leaks.  
Chemical urethane and acrylate polymer foams and 
similar hydrophobic chemicals also expand in contact 
with water. When injected behind foundations and 
under slabs they form water impenetrable curtains.  

5. Remediation methods 
The location and severity of the leaks will generally 
determine the most appropriate method of remedia-
tion. Often more than one method is required. Critical 
factors for selection are access to the foundation and 
slab from the interior or exterior, the degree of disrup-
tion to the occupants and budget constraints. As a 
rule, it is best to begin with the simplest and least 
expensive method and graduate to more complicated 
and costly remedies. 
Based on results of the leak investigation the building 
pathologist should select one or more of the following 
methods: 

• Reduce hydrostatic pressure by altering above 
grade building components and topographical fea-
tures. 
– Install roof gutters where they are absent. 
– Add or install downspouts or increase their size. 
– Connect downspouts to a storm water sewer or 

extend to daylight away from the building. 
– Ensure positive drainage away from the building. 
– Divert water by swales or curbs. 

• Drain water by: installing drains and pumps within 
basements. 

• Repair or replace positive side waterproofing. 

• Apply crystalline, hydraulic or cementitious/metal-
lic coatings to interior surfaces or grouts in joints, 
cracks and holes. 

• Inject sodium bentonite clay in the soil from grade 
around the foundations.  

• Inject epoxies in cracks and joints. 

• Inject sodium bentonite under slabs. 

• Inject urethanes and acrylate polymer grouts into 
joints, cracks and holes. 

• Inject urethanes and acrylate polymer foams behind 
foundations and under slabs. 

6. Conclusion 
Basements leak because of failure or absence of a 
positive side waterproofing system, movements that 
open cracks and joints and unanticipated hydrostatic 
pressure. The protocol for remediating these leaks 
involves investigating their history and phenomena 
that may have changed the environment; the source of 
water that caused the pressure increase and selection 
of the most appropriate methods for remediation.  
These include controlling water flowing from roof 
drainage systems, modifications to site topography, 
re-waterproofing, installing interior perimeter drains, 
injecting bentonite clay into the soil surrounding the 
foundation, injecting chemical gels in cracks and 
joints and injecting chemical foams behind walls and 
under slabs.  
The building pathologist must ensure that the struc-
tural components will be capable of withstanding the 
pressure of the clay and chemical injections and the 
ensuing hydrostatic pressure. 
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This topic concerns the most significant pathologies noticed in the facilities being used as schools, which were built 
in Palermo in the last three decades. Many among these facilities already have undergone major restoration works, 
while the others are in poor conditions, which remarkably compromise the quality of their utilization. Sober ele-
gance and safety are particularly important whenever a facility is to function as a school, especially if we consider 
the type of users and the ways of utilization. In order to achieve such goal, it is fundamental to analyse the most fre-
quent pathologies, relating them to their causes, so as to have the tools for correcting previous errors and prevent 
any future mistake. The results showed that some particular elements of the facilities presented the most severe pa-
thologies, which in most cases could have been avoided if projects had been more attentive to the durability of the 
technical solutions. 

Keywords: Pathology; reliability; maintenance; building failure cases; schooling premises. 
 
 
 

1. General aims of the study 
Whatever the various forms that the deterioration in 
the quality of a building may assume, the pathology is 
characterised by the unexpectedness of its timing. 
Although it may be intensified by natural agents, the 
pathology derives, above all, from human factors. It is 
for this reason, as regards the inevitability of decay (a 
phenomenon of physiological ageing), that the pa-
thology may be considered avoidable. Generally 
speaking, the main aim of the study of this construc-
tion pathology is to succeed in forestalling and con-
taining this phenomenon. Apart from a few general 
methodological principles, the studies of construction 
pathologies arouse interest above all when dealing 
with specific cases. In fact, beginning with its actual 
identification, the pathological phenomenon is clearly 
characterised by reference to the specific materials 
and solutions adopted. For this reason it has been de-
cided to analyse the pathologies recurring frequently 
in buildings that are homogenous with regard to ori-
gin, type, condition of use and management. 

2. The case-study under examination 
The research described here was prompted by a study 
that is still going on, with regard to building struc-
tures to be used as school premises (state property in 
the district of the City of Palermo). At present a 
house-keeping model is being used as a management 
system, based solely on the utilisation of internal re-
sources. The Maintenance Sector of Ufficio 
Autonomo Edilizia Scolastica is responsible for a 
group of 190 fairly heterogeneous buildings. The 
school–buildings constructed following the Falcucci 
decree are a clearly-defined sample of significant 

dimensions and, above all, homogenous in quality: 
there were in all 38 buildings, corresponding to 20% 
of the total number of structures, united above all by 
an urgent need for operational processes: the planning 
for these buildings was severely conditioned by the 
limit on costs; the operational phase was also particu-
larly long and tiring, in certain cases only concluded 
after decades of interruptions. 

3. Recurrent pathologies 
Although they had been built quite recently, there 
were rather obvious phenomena of pathologies and 
decay in the cases being examined. The examination 
carried out on building pathology stems from an 
overall pre-diagnosis of the structures, aiming to dis-
cover their construction efficiency, via an analysis of 
technological features and a process of analytic and 
critical de-construction. The framework of patholo-
gies proved to be complex and in certain instances 
astounding. This paper has described only the most 
common and significant examples from the buildings 
under examination. 

The main pathologies noted develop on the surfaces, 
where plaster facing is an element used in all the 
cases under examination. The most commonly recur-
ring pathology is the surface layer’s lack of adher-
ence to the underlying support; this initially reveals 
itself in the form of bubbles of various sizes, and sub-
sequently in the breaking up of the surface and the 
complete detachment of the facing. This pathology is 
quite widespread, but crops up mainly in those areas 
that are subject to the action of water. This pathology 
stems, above all, from the nature of the material em-
ployed, plastic plaster, which is notoriously non-

396 Section II



 36

transpiring, and is associated with a notable quantity 
of water in the construction elements. Another deter-
mining factor is the absence of planning precautions, 
which accelerate the weathering mechanisms and the 
consequent deterioration of performance. In the case 
of wall-ground junctures, the water is absorbed in 
capillary fashion from the ground and conveyed to 
materials with a porous structure, such as calcarenite 
ashlars and lateritious bricks. The phenomenon is 
also emphasised by defects such as the absence of 
waterproofing, loose stone foundations and inter-
spaces, and precautions for draining off rain-water. 
Another area where this pathology is to be found is in 
attic walls; in this case the source of the agent is the 
rain-water that has fallen and collected, and the in-
adequacy of the drip. More generally, the lack of pre-
cautions for the run-off of rain-water, with the glaring 
omission of spouts and suitable connections between 
the parapets and the slabs, has created favourable 
conditions for the development of this pathology. 

Another element that plays an important role in the 
quality of construction covering is roofing, that in the 
cases analysed is flat and continuous, mostly covered 
with a waterproof membrane. In this part of the build-
ing the most common pathologies are principally 
failures resulting from the discontinuity of the water-
proof layer and the presence of cracks where the roof-
ing joins the attic walls. The agents responsible for 
these pathologies in wall-facing emanate from a 
situation where, because of direct exposure to the 
atmosphere, the walls are subjected to continual ex-
pansion and contraction due to swings in temperature. 
Furthermore, the permanent presence of water, em-
phasised by the erroneous execution of the gradients, 
the inadequacy of the rainwater pipes, the absence of 
grills to prevent leaves entering, and by a neglect of 
cleaning operations, brings about infiltrations inside 
the building, to which there are corresponding stains, 
efflorescence and haloing. Collected rain-water on 
the roof-covering causes trickling along the horizon-
tal cracks, which are level with the juncture of the 
attic walls. As regards the decline in performance of 
the waterproof membrane, the origins can be attrib-
uted to the planning phase, where materials may have 
been utilised with restricted coefficients of thermal 
expansion, as well as the absence of protective ele-
ments. Another very serious shortcoming in planning 
is the absence of an expansion joint between the roof-
ing and the attic wall. 

The buildings examined were made entirely of rein-
forced concrete and displayed the typical pathological 
framework, characterised by large areas of detached 
cover and iron oxide stains, which were present 
above all in critical areas. It is widely known that 
there are numerous causes for this pathology and they 

crop up mainly during the phase of execution. Some 
of the buildings examined have the steel structures of 
external fire escapes; both the trimmings and the sup-
porting elements commonly display signs of oxidisa-
tion. At the root of this pathology there lies the abso-
lute indifference, during the planning phase, to the 
need for durability; structures are often designed as if 
they were to be located indoors. 

4. Conclusions 

The homogeneity of type and construction that char-
acterises buildings under examination is reflected in 
the recurrence of specific pathologies, which appear 
regularly in certain components of construction sys-
tems. The structured analysis of significant patholo-
gies provides an instrument for a more efficient man-
agement of these buildings. In fact, via the individua-
tion of their origins, it provides the opportunity to 
understand pathological manifestations and to predict 
their subsequent evolution. This contributes consid-
erably towards defining the most appropriate strate-
gies, starting with a choice of the most suitable cate-
gory of intervention for resolving the pathology in 
question. Determining the intervention required to 
resolve the pathological phenomenon is the first step 
in the planning and management of building opera-
tions, which, in the case of school premises, are of 
extreme social, as well as economic, importance; se-
curity, in all forms, and propriety are particularly 
sensitive objectives in school buildings, if we con-
sider who is going to use the building and in what 
way. In the paper being presented, the analysis of 
building pathologies serves to help understand the 
errors that have been made, so as to curb damage and 
forestall further future damage; the present generation 
has a duty to bear in mind past experiences (including 
those from the recent past), and pursue the values of 
sustainability both in construction and human activity 
in general. 
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The research intends to make a study of the interventions of restoration realized in Basilicata, (both of traditional or 
innovative techniques and of natural and synthetic materials), aimed at predicting the durability of useful life and of 
the acceptable state of the parts and the buildings in conventional normal conditions. The aim is to establish an op-
erative methodology for the durability of the interventions based on a quality approach of the various phases of the 
process of building restoration, and also to carry out an interdisciplinary project defined between tradition and in-
novation defined by the quality classes of the building organism. 
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1. Planning Methodology 
for conservation and recovery 

If retrieval is meant as an attitude towards the wish 
for giving more “value” to objects, restoring means 
first of all that the object is very important, even 
though it is strongly damaged. The conflict of values 
would seem to be unsolvable, giving importance from 
time to time to the most appropriate value for a work 
or a ruin. This will be true, if some “contradictions" 
are widely known between value of antiquity – made 
up of defects and lack of unity – and historical value, 
assuming that the monument is preserved complete 
and intact, in order to keep the authenticity and his-
torical reading data the most. It will be also true, if 
both value of antiquity and historical value are in-
versely proportional and if colour and shape perfec-
tion (however utopian) and “youth better than old 
age" are a value for Riegl. 

2. Methodological approach  
The above mentioned considerations point out the 
complexity of the issue in question and the necessity 
to face the retrieval problems following a rigorous 
approaching procedure, based on the following oper-
ating stages:  

a) historical-archival research; 
b) the scientific survey and the state of conser-

vation; 
c) through the above mentioned survey of tech-

nological networks; 
d) defining a visiting and fruition system, pay-

ing particular attention to safety; 
e) defining existing static, preventive and mate-

rial problems. 

3. Time evolution of the damage 
in ancient building structures  

In retrieval and conservation field it has been found 
the necessity of making use of specific techniques to 
test the structure real conditions of damage, before 
arranging any intervention. The purpose of this re-
search is applying the same intervention methodology 
to the sample area, the 'Sassi’ of Matera, re-
examining what has already been established in a 
previous study led by a research group from the Poly-
technic of Milan.[1] An experimentation campaign 
and a theoretical modelling will be carried out, hold-
ing the features of the material making up the build-
ing structures in Matera. The work can be summa-
rized as follows: 

a) Mechanical characterization of the material; 
b) Carrying out a theoretical model; 
c) Applying the model to the simulation of ex-

perimental tests; 
d) Defining the time evolution of the damage; 
e) Drawing up the guidelines. 

4. Taking and identifying the samples  
The campaign of taking material has been studied and 
considered because of the wide size of the sample 
area and also because of the difference being in the 
area itself, inside a single site, building or masonry 
itself. The ‘Sassi’ own nature, their building features, 
the material used to make buildings, the thickness of 
the calcarenite outcrops and the structure of the town 
itself cause the above differences. The material has 
been taken from different and various areas of the 
town and in very different conditions. 
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5. Buckling tests 

The compression force is the mechanical feature 
through which a material is marked. This value of 
force is achieved subjecting cubical test pieces of 
agreed size to simple compression tests. Processing 
buckling test data concerning the single test pieces, 
the same number of step-force (s, F) and deformation-
tension (ε, σ) graphs have been drawn, getting the 
ultimate tensile stress of the single cubes. Tension 
values σ (Mpa) fluctuating from a 0,222 MPa mini-
mum to a 3,958 Mpa maximum have been achieved. 
These differences in results are due to: 

a) heterogeneity of the material coming from quar-
ries and different sites; 

b) local defects;  
c) geometric and contact defects. 

6. Creep tests  
Creep test tries to check deformation progress in time 
under constant load. In fact, by means of this test, it is 
possible to check the material tendency to fracture, if 
it is subjected to a constant load lower than mono-
tonic ultimate tensile stress, but given for a longer 
time. Under those circumstances, on test pieces taken 
from the area in question - knowing the single test 
pieces hypothetical ultimate tensile stress, drawn 
from buckling tests carried out on samples having the 
same size, taken from the same site and with similar 
features – a creep test has been carried out using con-
secutive increases in simple load, in order to reach the 
ultimate tensile stress after about twenty increases 
carried out every thirty minutes. Examining these 
charts it can be observed that: 

a) It is quite difficult to distinguish the three Creep 
phases definitely;  

b) The third creep is almost non-existent, because 
the test piece fractures as soon as this phase 
starts;  

c) The test piece fractures instantaneously after 
some increases in load;  

d) The type of material’s fracture can be classified 
as fragile; 

e) The fracture of the material takes place because 
of very variable loads and increases in load as in 
the case of buckling tests. 

7. Application of theoretical calculation 
model to experimental tests  

The adopted model main feature is indeed its simplic-
ity and the possibility to draw a theoretical curve 
from Kelvin (EK and τK) and Maxwell (EM and τM) 
variables. This theoretical curve represents time evo-
lution of deformations disregarding possible changes 

in deformations due to the damage which actually 
starts at a certain point and at a definite σ value. This 
model has been applied to the real MT-C-20 test 
piece of the creep test, that is to the charts drawing 
from the calcarenite test piece, coming from Matera’s 
quarry. The same increases in load used for labora-
tory experimentation have also been adopted for nu-
merical simulation. In order to simulate the real be-
haviour with the theoretical model, it should be nec-
essary to consider the material’s damage, suitably 
rising the deformation to the i generic. 

∆εi = ∆εi model + ∆εi damage 

It can be observed how the progress of the two curves 
– the one drawn from the experimental test and the 
one drawn from the theoretical model, adding the 
damage is very similar. The first immediate results 
coming from the numerical treatment can be listed as 
follows: 

a) The first damage of the material subjected to a 
constant in time load – related to the fracturing 
tension of the material, which is drawn from a 
buckling test – is about 40 %.  

b) The damage can be correlated to the tension state 
through a (∆ε damage, σ) linear law, ie. (Y = 
0.0391X). For this reason, knowing the tension 
value which a structure is subjected to, the dam-
age value can be drawn;  

c) The achieved results could be applied to tufa 
plates on site. 

8. Conclusions Creep tests  
The pieces of information drawn from the theoretical 
model can be used in order to restore the efficiency of 
a masonry subjected to constant and durable loads 
and therefore an element being easily usable in the 
sample area, where buildings are made up of cal-
carenite masonry, but being also extended to other 
contexts (other historical centres or masonry struc-
tures). The results – which have been drawn from this 
experimentation - can be used in order to define pre-
tensioning to apply to reinforcement scantling de-
vices. For example, in case of  building structure 
showing yielding because of lasting and strong 
stresses due to the viscous damage, if there are ma-
sonry pillars and columns. 
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Whilst much has been written about the diagnosis of defects in buildings, little has been written about the methodol-
ogy of the examination of a collapsed building. This paper looks at the methods used to determine the cause of the 
collapse of a building and evaluates their merits through the outcomes of the investigation. 
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1. Circumstances 
The collapse of a 25 year old office building in 1995 
raised questions about the discoverability of the con-
dition of a building and the risks inherent in re medial 
work. The failure to discover the errors in the original 
construction during the refurbishment of the building 
[1] resulted in the loss of the lives of the four people 
[2] working within the building when it fell down. 
The court considered the liability of those who were 
involved in the construction of the building in 1969 
and decided [3] that, 25 years after being responsible 
for the design and management of the original con-
struction, Wickens Holdings were responsible for the 
loss of life even though they had engaged independ-
ent builders at the time the building was erected. 

 
Fig. 1 
The investigation [4] into the cause of the collapse 
revealed the limited value of the original drawings in 
determining the method of construction, the risk at-
tached to buildings of this type, the problems caused 
because a collapsed building is not treated as a crime 
scene, the merits of a systematic deconstruction of the 

remaining building, and the benefits and weakness of 
the methodology used in the processes adopted. 

2. Cause of Collapse 
The investigation [4] revealed serious defects in the 
original construction around what had been the head 
or parapet of the former single storey building. 
When the building was extended to three storeys, the 
lightweight concrete blocks forming the bottom cour-
se of the parapet wall were left in position for at least 
part of the construction and used to support the load-
bearing columns at first floor level [Fig 2]. 
It was believed that all of the brick piers had been 
built on top of the 100mm wide concrete blocks that 
had formed the parapet to the roof of the single storey 
construction.  
The collapse was caused by the removal of the light-
weight concrete blocks below the windows at first 
floor level [5], leading to the sudden collapse of the 
five bays of the building. [4] 

 
Fig. 2 
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3. Methodology of investigation 
The investigation was carried out in several stages: 

Static analysis 
• A surface examination of the remains 
• Examination of the drawings prepared prior 

to the original construction 
• Consideration of Pathologist’s evidence 
• Examination of Aerial photographs 

Dynamic analysis 
• Deconstruction of the remains 
• Testing materials 
• Compare expected performance. 

Verification 
• Test the stability of the construction 
• Model the construction for collapse 
• Epidemiology 
• Pathology 

Determination 
• Determination of collapse sequence 
• Cause(s) of the collapse 
• Determination of vulnerability to collapse 
• Identification of lessons to be learned 

 

4. Outcomes of investigation 
There are a significant number of Buildings of a simi-
lar type that are still in use [4][6] As a result of the 
outcome of the investigation into the cause of this 
collapse a warning was issued concerning the risks 
attached to this type of construction [7] 
Original construction drawings are not a reliable 
source of information about the method of construc-
tion or the materials that have been used and should 
not be relied upon without corroboration in the analy-
sis of an existing construction [1] [3] [4] [6]. 
A structural appraisal should identify the vulnerability 
of such buildings on the following basis and recom-
mend actions to be taken to reduce the potential risk. 
Clients, planning supervisors, contractors and their 
advisers when renovating, refurbishing, extending or 
demolishing a building, particularly if the building 
was built before the Building (5th Amendment) Regu-
lations 1970 took effect, should address the possibil-
ity that it may not be robust, and that damage to a key 
structural element could lead to a disproportionate 
collapse.[7] 
The original developer of this site in 1969, Wickens 
Holdings, was found to be solely responsible for the 
death of one of the workmen [3][6] and ordered to 
pay compensation.[8] 

5. Discoverability prior to collapse 
The official report [4] stated that ‘Examination of the 
brick columns still standing at first floor level showed 
no externally visible signs of the lightweight concrete 
blocks in the columns. They had been effectively hid-
den by the facing brickwork, internal plaster and the 
inclusion of infill brickwork. These defects at the 
base of the columns at first floor level could not have 
been expected and therefore the assessment methods 
could not have been expected to detect what had been 
constructed’ 

6. Methodology review 
The data collected from the original construction dra-
wings was incorrect – this was established from the 
inspection of the remains of the building. The recov-
ery of material during the deconstruction of the re-
mains of the building confirmed the weaknesses of 
construction that had been assumed during Data col-
lection 
The construction of a model and its subsequent test-
ing confirmed the vulnerability of this type of con-
struction to the loss of part of a single pier. 
The Review process identified circumstances around 
the time of the original construction that suggested 
that construction at this time may not have been of the 
highest standard. . 
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of refurbishment interventions 
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The control of the main factors affecting service life, as well as the management of feedback of data from practice 
become focal issues both to reduce performance decay and possibilities of breakdown and to guarantee improvement 
of building quality since the planning phase. Accordingly the research activity presented deals with the formulation 
of operational guideline based on a “System of Protocols” useful to operate at local level. The paper introduces one 
of the aforesaid Protocols: the Diagnostic one that defines a methodological proposal for building failures survey 
and performance evaluation. At now research team is involved in implementing and improving such Protocol and in 
performing some experimental applications finalized to verify, through real tests, its ability to forecast building per-
formance behaviour during the time and its adaptability to different situations.  

Keywords: Building Pathology, Diagnostic Protocol, Performance evaluation. 

 
 

1. Introduction 
It appears essential learning from the past and making 
use of all collected knowledge in order to allow an 
easy identification of defects, as well as to reduce 
failures incidences, and their effects. That represents 
the challenge and the commitment from research for 
years to come [1]. 
Briefly there is a twofold demand. On the one end, 
the definition of a careful approach for failures diag-
nosis, performance assessment and residual efficiency 
evaluation of buildings became needful. On the other 
hand, a tool, able to manage all available information, 
is highly requested for orienting choices in refur-
bishment intervention. 
As response to these items one possible way it would 
be the introduction of a “system of protocols”. Ac-
cordingly the research team has focused a general 
object dealing with the development of some experi-
mental applications of the mentioned System. Mainly 
the object in the short time concerns the implementa-
tion and improvement of one protocol of the whole 
system: the Diagnostic one. 

2. Background 
The “System of protocols” is part of more general 
results of research activities financed by UE and de-
veloped since the ‘90s by the research unit S.T.O.A. 
(Science and Technique for Operativeness in Archi-
tecture) with the general purposing to formulate a 
Local technical guideline to managing refurbishment 
interventions [2]. The research unit makes use of 
La.M.A. – Laboratory of Materials for architecture 
that includes two different internal bureaus: the De-
partmental Documentation Centre of Materials for 
Architecture and the Mobile Instrument Laboratory.  

Nowadays S.T.O.A. is performing some experimental 
applications of the previously defined diagnostic in-
vestigation procedure guidelines [3].  
In this regard it has been formalized an important  
draft agreement with UNITEL – Italian National Or-
ganization Local Authority Engineer, and it is opera-
tive a joint effort with P.M.I. –  Small and Medium 
Enterprises, thank to ILO – Industrial Liaison Office 
UNIRC University of Reggio Calabria too.  

3. The “System of Protocol”  
The operative structure of the “system of protocols” 
varies according to the intervention request and the 
context: each intervention will have its treatment 
"course-protocol". The whole system presents a 
strong flexibility in use and a good ability to be im-
plemented. For each problem (question for an unsatis-
factory condition), it can afford evaluation and con-
trol of degradation aspects and residual performance 
levels of existing buildings, detection of some spe-
cific constrictions, as well as opportunities to intro-
duce materials and appropriate techniques. It has been 
structured according to a sequence of operational 
phases concerning 11 thematic evaluation protocols 
that define two specific aimed sections: Knowledge 
Program and Design Level. In particular Protocols n. 
2, 3, 5, together with Protocol n 6, 7 and 8 constitute 
the “Diagnostic protocol”.  

4. The Diagnostic Protocol 
This Protocol has been designed as a flexible tool 
providing guidance both for inspection phases related 
to failures and for following analysis, interpretation 
and comparison of data from practice. As well as a 
tool to support decisions in design phases taking into 
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account experiences from existing buildings and pro-
viding effective information to involved bodies like 
code makers, designers, contractors, and etc.   
The ongoing research introduced is aimed to redefine 
the above protocol in order to make much more actual 
experiences in building failures survey and perform-
ance evaluation. It isn’t a single oriented protocol; 
conversely results from an effective joining of some 
specific ones rising a strong flexible structuring.  
A first combination, involving Protocols: P2 - Genetic 
code evaluation and P3 - Building state evaluation, is 
aimed at defining a 1st level knowledge plan, and 
giving back the information coming from the prelimi-
nary surveys; a second one concerning P5 - Structure 
and risk evaluation, at verifying the structural consis-
tence state of building and the potential need for a 
normative adaptation.  Moreover, the combination of 
P2 - Genetic code evaluation, P3 - Building state 
evaluation, P6 - Material performance evaluation, P7 
- Energetic compatibility evaluation and P8 - Hygiene 
and indoor safety evaluation, is aimed at developing a 
2nd level knowledge plan (according to results and 
needs suggested by the 1st level knowledge plan) in 
order to formulate an actual and correct diagnosis.  
As previously said, this research goes by results of 
more general activities worked up by S.T.O.A., that 
make up, at now, an important and useful systematic 
collection of information concerning the knowledge 
of morphological and material characters of existing 
buildings, local constructive traditions, local envi-
ronmental conditions, as well as individualization and 
evaluation of pathologies, knowledge partial joined in 
a building pathology database.  
Particularly the above building pathology database 
refers to some analytical instruments like Guide for 
analysis of Technical elements, Guide for Building 
Pathology survey. All these guides are essential in-
struments enclosed in the Codex of practice for inter-
vention in existing building arranged by research unit. 

5. Results  
At this moment our team has conducted only few 
experimental applications of Diagnostic Protocol; 
nevertheless Protocols in general and mainly the Di-
agnostic one, assume the role of a sort of structured 
memory list supporting and making easier the devel-
opment of technical solution and related maintenance 
controls in refurbishment intervention. It makes able 
to enrich the factual knowledge about durability of 
materials and building element.  

6. Conclusions  
The fundamental purpose of planning is performing 
quality in construction and making easy to verify the 
work’s performances over the time. Accordingly to 

what outlined by the forthcoming ISO 15686 Part 7 
it’s focal to guarantee improvement of building qual-
ity since the planning phase and predict service life, 
costs of ownership and maintenance of buildings too. 
Although the overall normative attention and the high 
level reached by the scientific knowledge in the sec-
tor, it is still difficult to handle durability problems 
because of a limited number of systematic studies on 
service life prediction, and the lack of well-structured 
information. There is the lack of models and consis-
tent and comparable data from the building stock de-
scribing deterioration processes and the influence of 
the environment. The research activity introduced is 
in agreement with the general assumption that the 
goal for the years to come will be enriching the actual 
knowledge about durability and the practical applica-
tion of feedback from practice later during the design, 
the construction and the maintenance works. It is fun-
damental set up effective technical instruments and 
common procedures to all involved bodies from regu-
lator and code makers, designers, producer, manufac-
turer, contractors and so on, in order to orient choice 
in intervention, and ensure quality and satisfaction of 
future usage needs. 
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The pathologies of the industrialized systems: 
1.023 flats realized in Avellino in the ‘80s 
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This report pays particular attention to the case of Avellino, not only because of the constructive system (buildings 
with structure in steel, floors made by “prédalle”, carrying out staircase, and precast one layer infill panels, insu-
lated on the inner side) but also because, thanks to a financing by the Region Campania in March 2001 and in Feb-
ruary 2002 (just 15 years after the realization of the buildings), 604 flats of 7 districts are object of a program of 
building substitution. It has been found that the decision to demolish the buildings has been taken without conducting 
a deep analysis on the extension and the nature of the present pathologies. 

Keywords: techniques of industrialization in building, steel and r.c. building system, floors made by “prédalle”, pre-
cast infill panels, functional defects or anomalies, decay, failure cases. 

 
 

1. Introduction 
If you have to define a scale of importance and role 
played, in causing pathologic processes, by elements 
like process, project and product, you have to refer to 
the ILO – International Labour Organization hierar-
chy when it defines a priority between the definition 
of the methods of production in respect to the study of 
times: the first being the bulldozer opening a track, 
and the second one the spoon finishing it [1], [2]. In 
fact, it’s of great importance understanding if a pro-
ductive process is conducted and controlled correctly 
to achieve quality objectives; where not, the obvious 
consequence of the process is that pathologies come 
out, expressed by characteristics of the project and 
product. In other words, we would state that the main 
cause of pathology may be the process, if not con-
trolled under the qualitative point of view, even if 
disorders and pathologies may be the result of specific 
errors in planning or executing [3]. 

2. Avellino’s prefabricated buildings 
To demonstrate our thesis, it is particularly interesting 
the case of the 1.023 prefabricated flats realized in 
Avellino after the 1980 earthquake.  
It was created a specific Authority – the Extraordi-
nary Commissary – to manage, as for the technical 
and normative aspect, the procedure of rebuilding, by 
means of an “Extraordinary Office for Residential 
Building” – USER. In a first moment 55 milliards of 
Italian lires (i.e. € 28.405.129) were allocated, then 85 
milliards of Italian lires (i.e. € 43.898.836), to build 
1.000 “heavy” prefabricated flats in Avellino. The 
20th of February 1981, the Municipality deliberates to 
award the contract of furniture to the two groups of 
firms classed first: VOLANI and FEAL Groups. 
The works, started for the most part in the October 
1982, actually have been finished with hundreds of 

even thousands days of delay. In the programmatic 
documents dated to the 18th of July 1997, it is consid-
ered the “complete restructure of prefabricated build-
ing” and the Regeneration Plan. Looking at the 
documents, you could realize a precise will to get rid 
of this 1.000 flats, having the prejudicial idea that 
they have serious pathologies and are not habitable. 
So the Municipality decided the demolition and sub-
stitution of 604 flats, after just 15 years since the end 
of the works of buildings. 

This is a case study much more interesting than the 
English ones studied by BRE [4]. 

3. The principal defects attributed to 
the building realizations 

Through the inspection of documents collected for a 
thesis degree [5] in the offices of the Municipality of 
Avellino, we elicited that, synthetically, the principals 
buildings defects of this intervention are ascribable to 
two categories:  

• typological inadequacy: flats wrongly divided in 
comparison to the families requirements, and of-
ten too large in comparison to the dimension of 
the family nucleuses;  

• technical pathologies, such us lifting and shatter-
ing of the floors, penetration of water from the 
roofing or from the loggias, superficial condensa-
tions, cracking and putting out of concrete pro-
tecting the steel rods in correspondence of the 
sitecast stairwell and of the precast infill panels.  

4. The carried on analysis 
We have provided to analyze on the one hand the 
general configuration of the different districts and the 
building blocks, their disposition in the respects of the 
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insolation and the views, the runs and the distribution, 
the organization of the different building typologies; 
on the other hand, the functional and maintenance 
characteristics of the different systems and sub-
systems, finding out the present pathologies and their 
diffusion.  
Analysis has been conducted in general on the whole 
intervention, and particularly on the Valle District, 
realized by the VOLANI Firm, that testifies the fea-
tures observed in the average of the districts. 

4.1 Evaluation of the spatial quality of the building 
The study of the planimetrical organization of the 
districts, shows a distribution of building blocks “in-
line” of different length and orientated in different 
directions, with casual disposition and influenced 
more by the form of the lots, than by considerations 
of exposure or sight.  
The adopted typologies are for the large part consti-
tuted by large flats (m2 69,13 and m2 95,00 of clear 
surface), unsuitable to small family; but this drift 
from the choices operated by the Municipality in its 
Building Program of 1981. The typologies, character-
ized by a distinction “for face”, introduce the day 
zone indifferently exposed toward the different cardi-
nal points. Therefore, we cannot believe that biocli-
matic criterions have been applied for the disposition 
of the buildings. Despite the double exposure, there 
isn’t a transversal ventilation. 

4.2 Evaluation of the technological quality 
Using the methodologies set by the Committee W 86 
in its State of the Art Report, we have carried on the 
analyses on all the subsystems. So it has been possi-
ble to appraise the efficiency of their performances 
and to individualize the presence of pathologies.  
The result has been the verification of a good state of 
maintenance of the structures, both in foundation and 
in elevation. There are, as an exception, some (few) 
bases of pillars in the arcade, in correspondence of 
points were the footer is broken and meteoric water 
stagnates. Because of the lack of any specific protec-
tion, the primer of the corrosion is automatic, both for 
the presence of excessive damp and for differential 
aeration. The phenomenon is diffused at the intrados 
of the floors, at the conjiunction with the façades, in 
correspondence of the loggias, where the Z beams 
have a face against the throw in reinforced concrete 
and the other ones free. Here the corrosion for differ-
ential aeration is causing the appearance of the rust on 
the inferior flange of the Z, along the profile of con-
tact steel-concrete.  
The expulsion of the layer protecting the steel rods is 
a recurrent pathology. There are also many mistakes 
of planning.  

5. Conclusions 
The decision to demolish the largest part of the 1.023 
prefabricated flats, built at Avellino, seems to have 
been, at least, so much hasty as the one to contract 
them, without knowing how and where building 
them. The original sin of the process makes patho-
logical the project and the product.  
The present pathologies are easily curable through 
interventions of programmed maintenance, thermal 
retrofitting with isolation from the outside, new ex-
ternal fixtures, change or substitution of the roof and 
its prolongation to the outside. Likewise it can be 
modified the layout of the flats and their dimension, 
that can be made smaller and suitable to the dimen-
sion of the family nucleuses. What cannot be done, at 
least with public money, is to judge affected by incur-
able pathologies the buildings, without submitting 
them not even to an accurate medical visit, equipped 
of due analyses. 
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design criteria, workmanship and testing 
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This paper is based on the experience gained through a series of experimental investigations of the durability of re-
pair work on reinforced concrete facade elements. These investigations centered on repair cycles using cement 
based mortars containing resin additives. It was found that repair cycles must be adapted to the situations encoun-
tered in each individual case. It is necessary, for example, to determine the properties of the concrete substrate, car-
rying out mechanical tests on samples. This procedure requires a significant investment in time and money, which 
will pay off in terms of repair quality. In addition, each stage of repair work must be correctly designed, and the 
methods for monitoring and inspecting repairs which are most appropriate from the standpoint of durability must be 
identified. The paper discusses the issues involved in specifying repair products and operating sequences, as well as 
their correlations with the new European standards for repair system performance testing.  

Keywords: building recovery, concrete repair, facade elements. 

 
1. Introduction 

The large number of buildings featuring exposed rein-
forced concrete, these buildings’ age, aggressive envi-
ronmental conditions, and poor quality construction 
techniques have all combined to draw attention to the 
problem of deterioration in concrete masonry units 
and products, and to their repair, protection and main-
tenance. 
Of the many chemical, physical and mechanical fac-
tors that affect concrete’s durability, one of the most 
important is the phenomenon of carbonation in struc-
tures exposed to air, and thus to CO2. The action of 
carbon dioxide reduces the concrete’s alkalinity, and 
hence the protection which it affords to the metal re-
inforcement. In the presence of moisture, the reinforc-
ing steel can oxidize, giving rise to further concrete 
degradation phenomena such as spalling, etc..  
Concrete’s durability has received extensive attention 
since the 1960s, with studies of the behavior and deg-
radation of concrete, reinforcing metal corrosion, 
concrete carbonation, diagnostics techniques, repair 
techniques, and the durability of repairs. Technical 
guides have also been published, including those pro-
duced by the ACI together with the BRE and ICRI, 
while UNI EN standards have been issued for "Prod-
ucts and systems for the protection and repair of con-
crete structures".  

2. The durability of repair works 
This paper illustrates the major criteria for designing 
and performing repairs on reinforced concrete facade 
elements, as identified through experimental investi-
gations of repair durability and work at a pilot site.  
A number of fundamental aspects of repair work are 
discussed, including the need to understand the causes 

of degradation and the condition and characteristics 
of the area to be repaired, the need to develop a cor-
rect design procedure that specifies each stage of re-
pair, and the need to identify the methods for moni-
toring and inspecting repairs that are most appropriate 
from the standpoint of durability. Several phenomena 
affecting durability are considered: 

– The mortar’s drying shrinkage after application, 
counteracted by the bond between the mortar and 
the existing substrate (assumed to be stable at 
any given temperature). This establishes a tensile 
stress in the mortar which will persist as long as 
the latter continues to adhere to the substrate.  

– Creep phenomena, which help promote the sys-
tem’s stability by reducing the tensile stresses in 
the repair mortar. 

– The repair material’s modulus of elasticity, which 
must not be higher than that of the concrete sub-
strate (if it is, repair mortar should absorb higher 
stresses, resulting in breakage or detachment).  

– The thermal expansion coefficient of repair mor-
tars, often similar to that of concrete. However, 
thermal shock on the mortar layer can cause ex-
cessive stress to build up as a result of shrinkage.  

– Its water vapor transmission, in order to reduce 
interstitial condensation risk. 

Other properties affecting repair durability include 
carbon dioxide diffusion resistance and surface water 
absorption. 

3. Accelerated aging tests 
A series of experimental investigations have been 
carried out at the Politecnico di Torino Second School 
of Engineering in Vercelli [1][2][3] together with the 
LTS laboratory (Prof. Tiziano Teruzzi, supervisor) at 

406 Section II



 46

DACD-SUPSI, Lugano (CH), and with the coopera-
tion of a number of manufacturers in the sector. 
Through this work, accelerated aging tests for repair 
mortars were developed, product behavior was ana-
lyzed, and comparative tests were carried out on the 
basis of recently issued European standards EN 
13687-2 and 13687-4. These are the results: 

– Elastoplastic protective paint on the exterior sur-
face significantly reduces microcracking and wa-
ter permeability. 

– The average mortar-substrate bond is good. Mor-
tars also show high elasticity modulus and low 
vapor permeability, factors to be carefully evalu-
ated to assure the compatibility of repairs. 

– In certain cases, finish layer has a low pull-off 
bond strength, this too to be carefully evaluated. 

– Application procedures are as crucial as product 
performances. 

4. Repair works design and planning 
The experience gained in the pilot site (facade repair 
of the Istituto Tecnico Agrario in Vercelli) indicated 
that the causes that led to degradation and the charac-
teristics of the area to be repaired must be identified 
through on-site tests (depth of carbonation, reinforc-
ing metal corrosion, modulus of elasticity, compres-
sive strength, pull-off bond strength, etc.). The main 
stages of repair works are as follows: 

– Selection of the products to be applied on the ba-
sis of degradation diagnosis and characteristics of 
substrate (modulus of elasticity, etc.).  

– Preparation (substrate roughening and removal of 
deteriorated concrete and reinforcing covers, ei-
ther mechanically or by hydrodemolition). 

– Treatment of Reinforcing bars with corrosion-
inhibiting passivating products. If necessary, re-
inforcing bars repair or replacement. 

– Mortar application. If large surfaces and thick 
layers are involved, this is performed using me-
chanical spray equipment which uses either the 
dry-mix process, where dry mortar is driven 
through an applicator hose and water is added at 
the nozzle, or the wet process, where constituents 
are batched together before being fed into the de-
livery pump. Mortar can also be applied “by 
hand” in areas that the sprayer cannot reach 
(mortar must be protected in the first few days af-
ter application to prevent it from drying too 
quickly). 

– A thin final layer of mortar is troweled on by 
hand. 

– Elastoplastic crack-bridging surface protection is 
applied to retard carbonation and stop water 
penetration. 

5. Repair monitoring and inspections 
During work at the pilot site, it was found that it is 
essential to carry out tests on a sample area of the 
building before proceeding with repairs. This makes it 
possible to match repair methods to the specific 
needs, verify procedures, and make any necessary 
changes in product application. The following tests 
are carried out on the sample area and during final 
inspection: 

– Checks during repair work, assessing substrate 
preparation, reinforcing metal cleanliness and 
passivation, the thickness of the applied mortar 
and mortar top coat, and the elastoplastic protec-
tive paint. 

– Pull-off bond strength tests after 7 days (on the 
sample area) and after 28 days (final inspection). 

– Karsten water permeability tests. 

Particular care must be taken to ensure that the results 
of pull-off tests are correctly interpreted, i.e., that the 
position of the separation planes is borne in mind 
when assessing measured bond strengths. The values 
specified as minimum acceptance limits for pull-off 
bond strength tests depend on the properties of the 
concrete substrate and applied mortars, and are also 
indicated in SIA and EN standards. 

6. Conclusions 
The experience gained during work at the pilot site 
demonstrated the advisability of approaching repair 
projects case by case, analyzing the specific deteriora-
tion conditions, performing preliminary investiga-
tions, and planning repair work on an ad hoc basis for 
all stages, from selecting the products to be used to 
specifying application methods. To ensure durability, 
it is essential that the critical stages of repair work be 
monitored through on-site tests. 
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Building knowledge as pathology knowledge: 
two emblematic cases in the city of Naples 
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(email: maurizio.nicolella@unina.it, adepasca@unina.it) 

How materials an their performance deteriorate over time, the defects which gradually make themselves manifest, 
and its construction characteristics – original or otherwise – are fundamental factors for the comprehensive knowl-
edge of a building. After drawing attention to the question of latent problems in buildings whose architects have 
opted for impromptu solutions or which have undergone unrecorded alterations during the course of construction, 
the authors of this paper go on to examine two emblematic cases, both of them concerning recent incidents and both 
in the city of Naples, in which only through detailed knowledge of their construction characteristics was serious dis-
aster averted. This same knowledge now helps orientate work on their diagnosis and renovation. 

Keywords: pathology, maintenance, knowledge. 

 
1. Pathology and knowledge 

Thorough knowledge of the construction methods of 
a building is of particular importance for the correct 
management of the building, especially when it 
comes to diagnosing the pathologies that gradually 
arise over the course of time (many of which can be 
predicted, in terms both of their nature and their fre-
quency of occurrence), correctly scheduling mainte-
nance work to bring the performance of the buildings 
components above the minimum pre-established 
thresholds, and making an accurate assessment of the 
building’s useful life. Experience has shown that in 
many cases the explanation for a pathology is closely 
connected with the technical properties of a certain 
building component or the manner in which different 
components have been assembled during building 
work [1]. From this derives, obviously, the impor-
tance of knowledge as an essential instrument in what 
is frequently a problematic diagnosis process. The 
problem obviously assumes greater relevance in the 
case of buildings erected without codified building 
rules, where their designers – engineers or architects 
– employed unconventional building solutions, or 
where unorthodox expedients were adopted during 
the course of construction, either because the builders 
wanted to, or because they had had to. 

2. The importance of records 
Ever since the earliest studies on scheduled building 
maintenance it has been realized that maintenance 
cannot properly be scheduled without a detailed case 
history of the building Here, however, theory has al-
ways been at odds with reality: 

• while it has been obligatory to file for planning 
permission in Italy since 1942 (planning act no. 
1150), many of the older records in local govern-

ment archives are far from complete, and in some 
cases have been destroyed; 

• while a law (no. 1086) of 1971 made it obligatory 
to officially deposit calculations on structures in 
reinforced concrete, prestressed concrete and 
steel, in reality the necessary figures are not al-
ways available, as attempts to obtain them during 
inquests into disasters, for example, have shown; 

• the obligations imposed by the legislation cited 
above totally fail to make allowance for the altera-
tions so frequently made during the course of 
building work – alterations which are often sig-
nificant in their scope, and which effectively leave 
us confronted with two different buildings, with 
different floor plans and volumetrics, an extra 
column here or a column missing there, different 
foundations, and different layouts. 

And all this is not to mention so-called “spontaneous” 
construction – buildings which are erected illegally, 
without any form of supervision, and subsequently 
legalized or in the process of legalization via diverse 
expedients, occasions on which engineers are faced 
with the impossible task of issuing an assessment 
even on the building’s static profile, something of 
which their knowledge can only be extremely limited. 

But such a situation must not detract from the impor-
tance of studies designed to demonstrate the impor-
tance of keeping records: of building techniques, of 
defects, of diagnoses and of repair or renovation 
work, so that all these records can be systematically 
cross-referenced using a clearly-defined, methodo-
logical approach [2]. Similarly, it only serves to un-
derline the importance of the array of controls im-
posed by the body of legislation on scheduled main-
tenance, insofar as this legislation includes the obliga-
tions to compile “identity cards” for buildings: we 
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refer primarily to the framework law on public works, 
but also to the various initiatives of more local char-
acter, addressing building documents and building 
maintenance handbooks. 

3. Two emblematic cases 
So much for the merely theoretical exposition of a 
principle – albeit one which finds widespread accep-
tance. But the theory is substantiated every day by 
reality, by many cases which amply illustrate the 
great advantage of possessing detailed knowledge of 
the buildings we live in, so we can avert what are 
often serious dangers. From so many possible cases 
we have selected two, both in the city of Naples. Both 
of these buildings are remarkable for the “strange-
ness” of their construction methods, and both illus-
trate the potentially drastic consequences of insuffi-
cient knowledge of these methods. 

The first building is located in the city’s Materdei 
quarter and was recently affected by the partial col-
lapse of its roof terrace during routine maintenance 
work on one of its top-storey apartments. What hap-
pened was the following. The building firm, like oth-
ers before it, had assumed the roof terrace to consist 
of a reinforced concrete slab carried on reinforced 
concrete beams. In reality, however, the structure was 
more complex, comprising two slabs, an upper and a 
lower, with a beam sandwiched between them. The 
reinforcement bars in the beam, in the middle section, 
were embedded in the lower slab, and attempts to 
remove this slab ended up disrupting the stability of 
the structure to which it belonged – thereby compro-
mising the integrity of the ceiling. Repair work is 
now underway in the building, with the area affected 
by the collapse being reconstructed with a new steel 
frame; the other two apartments on the top storey are 
receiving stabilization work. 

The other building is in the Vomero quarter. A few 
years after maintenance work, a number of deep cra-
cks began to appear in various places around the win-
dows of this building. Some time later, a large scab of 
plaster came loose from the 4th storey of the build-
ing’s main façade. Investigation revealed that the 
building had originally been constructed with 4 sto-
reys of masonry and 3 of reinforced concrete, with no 
provision made for the adequate distribution of loads. 
This explains the absence of cracks on the 5th, 6th 
and 7th storeys, and the gradual diminution in the 
occurrence of the cracks from the 4th storey down to 
ground level. This building is now undergoing stabili-
zation, partly with traditional techniques and partly by 
stiffening the floor with composite materials (unidi-
rectional carbon fibre fabric nailed to pultruded rods 
and glass fibre-reinforced structural plaster). 

4. Conclusions 
Observation of real cases, whose consequences can 
often be dire in terms of damage to persons and prop-
erty, further underlines the importance of full and 
accurate knowledge of the construction characteristics 
of buildings. This knowledge is particularly valuable 
when it comes to: 

• arriving at an accurate diagnosis of the causes of 
observed defects, which can often be traced to the 
original construction methods/characteristics of 
the building or the renovation work it has since 
received; 

• scheduling building management work during the 
building’s useful life, to ensure that the perform-
ance of the building’s components meets and ex-
ceeds the required levels; 

• conducting an accurate assessment of the build-
ing’s durability. 

In all events, notwithstanding the great variety – and 
unpredictability – of the construction methods found 
in buildings (especially buildings from the first half of 
the 20th century), the authors maintain that this only 
makes it still more important to keep records of build-
ing methods which can be correlated with the corre-
sponding records of recurring pathologies, diagnosis, 
and intervention. 
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The present study reports advancements and results obtained from the application of the requirement approach in 
the reading of the Building System as teaching method as well as testing of the technological planning. It is to be 
shown that theoretical understanding of this methodology may shape the art’s rule. In order to satisfy the user’s re-
quirements and to tackle the complexity of ensuing topics, it is necessary to consider the building as a complex sys-
tem that can be analyzed in different ways, coordinated by the same method, depending upon aims to be attained. 
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1. Introduction  
The implemented methodology, applied to techno-
logical planning, has been worked out from UNI 
Standard 8289/81 [1] that states the classes of user’s 
requirements; whose defined subclasses allow identi-
fication of specific topics relative to the building use. 
The building has been analyzed as a complex system, 
known as the Building System. However, we have 
formulated specifications different from those re-
ported in the Literature [2]. Such specifications are 
referable to the ambits in which solicitations act and 
allow analysis of identified topics. Reference to the 
Building System specifications has required reflec-
tions upon the identification of the Building System 
units. 

Identification of performance requirements as a con-
sequence of problems expression (performance re-
quirements and problems always to be considered 
from a methodological point of view since it is mean-
ingless any exhaustive listing) drives the performance 
evaluation of the Building System units as well as of 
products contained within it and underlines the analy-
sis of the in situ behaviour, as requested by the Con-
struction Products Standard [3]. 

The outlined methodology can be also referred to 
topics derived from the statement “following the art’s 
rule”. 

In Italy, this statement, found in several documents 
used in the building process for manufacturing a con-
struction work, involves assumption of responsibility 
with juridical implications. In the absence of specific 
references, it is important to underline that the re-
quirement approach applied to the study of the Build-
ing System may contribute to the identification of 
performance requirements and to the evaluation of 
performances of technological solutions, no matter 
how complex they might be, to be utilized in the 
works. Thus, the statement “following the art’s rule” 

would imply not only a juridical meaning but also a 
technical meaning and of appraisal evaluation. 

2. Building as a system 
The Building System is considered the building 
thought as complex system.  
Analysis is developed into three phases: 

• the first with reference to the whole of data need-
ed for planning which has to be transformed in 
planning drawings; 

• the second with reference to the whole of users’ 
requirements and to System Building’s specifica-
tions; 

• the third with reference to the whole of relations 
of the System Building’s parts linked together. 

The first step is to study the consequences provoked 
by solicitations on the Building System and on users 
and ensuing reactions. It is of particular importance 
the study of how happen phenomena affecting the 
building and, particularly, it is necessary to individu-
ate the spatial ambits in which phenomena occur and 
unravel the relationship agent, action, effect [5]; it is 
also necessary to know users, i.e., sex, age, social 
conditions, carried out activities, etc., in order to un-
ravel hypotheses concerning users’ behaviour models. 
In this framework, it is possible firstly to analyze ac-
tivities in a specific fashion and in a given environ-
mental context, and secondly to identify problems to 
be studied in relation to planning solutions. 

3. The requirement approach 
and the Building System 

The next step is to establish a relationship between 
results of the first analysis with requirements classes 
contained in UNI Standard 8289/81. In fact, the 
Building System, as a complex system, can be con-
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sidered as the spatial ambits targeted to satisfaction of 
users requirements. 
In order to satisfy the user requirements, it is neces-
sary to articulate even more the requirements classes 
listed in the standard. Verification of real implemen-
tation of what is deemed necessary (requirements) 
stems from the comparison between values prescribed 
by the performance requirements and those measured 
in the real situation (performances). 
Identification of performance requirements must take 
into account knowledge of phenomena which occur 
inside and/or outside the building, causing effects on 
it, and as a consequence, on the user, and of answer to 
some key questions concerning effects on the build-
ing. Thus, understanding consequences of solicita-
tions on the building and on the user requires specifi-
cation of the Building System that allows identifica-
tion of ambit of study of phenomena pertaining to the 
building and of ambit of study relative to parameters 
of measurement and evaluation that drive planning. 
As a function of the analysis ambits, it is proper to 
consider every time the Building System from the 
technological, environmental or functional/spatial 
viewpoint; as a result of this approach, there will be 
an articulation of the Building System in Technologi-
cal System, Environmental System or Func-
tional/Spatial System. Thus, the Building System can 
be also defined as the ensemble of ways to study the 
building as a function of the aims to be pursued or, in 
other words, the ensemble of reference ambits where 
phenomena occur and planning parameters are evalu-
ated and measured, and for each of them, perform-
ance requirements that satisfy the requirements are 
identified. Thus, in order to make possible analytical 
studies of effects provoked by phenomena and the 
evaluation of implementation of planning parameters 
within the reference ambits, it is necessary to identify 
reference physical units. Any articulation of the 
Building System can be considered an ensemble of 
units, so that there will be technological, environ-
mental or functional/spatial units. Identification of 
these units allows the specification, for each of them, 
technological, environmental and functional/spatial 
performance requirements. Performances can also be 
specified in technological, environmental and func-
tional/spatial performances. 

4. The art’s rule 
The locution “art’s rule” means “well executed” and 
has juridical foundation that corresponds to multiple 
technological solutions; in order to provide technical 
content, it is necessary to prepare reference planning 
indications, known as conform solutions, referred to 
specific functional schemes. 

Transition from conform solutions, intended as en-
semble of elements and of functional layers [4], to the 
specific technological solution which involves ex-
pression of layout, requires transposition into techni-
cal specifications of contract. To this aim, it is neces-
sary to identify precise performance requirements 
that, in our contention, can be identified by the re-
quirement approach. 

5. Conclusions 
Adopted methodology is based upon the requirement 
approach; it needs articulation of the Building System 
in study ambits because it allows identification of 
specific performance requirements, i.e., technologi-
cal, environmental and functional/spatial performance 
requirements. This approach allows to control that 
technological solutions, examined in situ, fulfil identi-
fied performance requirements. Examination of data 
relative to the environmental context, of the influence 
of phenomena and of relative consequences on the 
building, and analysis of users and their reactions, 
constitutes the first phase of the adopted methodol-
ogy; expression of users requirements and specifica-
tion of the Building System constitutes the second 
phase; evaluation of the relationships among Building 
System specifications, and, consequently, identifica-
tion of planning priorities, leads to the choice of tech-
nological solutions and to verification of their per-
formances and constitutes the third phase. 
Therefore a very precise relationship is established 
between technological solutions and “art’s rules”. 
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The objective of the research is to give the basis for a rationalization of the technological knowledge about the em-
ployment of the architectural concrete, to improve the technique to restore the architectural quality that force the 
preservation today, and to give back to the concrete technology its innovative gift for the architectural growing. The 
research work intends to fill the gaps of connecting instruments between cultural strategies and technical choices 
and to supply with operating tools.  
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1. Introduction 
In the last decade attention has been drawn to the 
need to coordinate the architectural project (and its 
formal, functional and technological features), with 
the operating plan, and organizing, economic and 
financial phases of the project. The management and 
the planning of maintenance are become very consid-
erable most of all owing to the pressing concern of 
previous situations of decay (more and more evident 
and urgent) and on account of the acquisition of 
European directives concerning the theme of mainte-
nance, furthermore because of the growing interest in 
the property value increment by maintenance and 
renovation.  The requirement-performance approach, 
basis for the maintenance-management project, is 
become an integral part of the building process, as the 
main instrument of quality evaluation of every single 
product abd of the system as a whole, imposing a 
univocal interpretation of the decay and the “per-
formance decline”, as a pathologic condition to make 
up. It often happens that the surface decay springs 
from poor quality of concrete, incorrect mixtures, 
wrong installations, an inadequate management of the 
building yard, employment of unsuited formworks 
and too much stressed  structures, that cause the de-
velope of more or less superficial crackings. On the 
other hand the problems of this kind of surfaces are 
derived from polluting outer agents and exposures to 
chemical weapons, closely connected with  imprecise 
installations (as the lack of an adequate iron cover-
ing). 

2. Architectural concrete 
When we request an aesthetical performance from the 
concrete, this material has to warrant stability and 
structural durability qualifications, but has also to 
guarantee the superficial finishing that the designer 
wants to obtain. The possibility to get geometrically 

perfect  surfaces without flaws, or deliberately irregu-
lar, to obtain facades that maintain unalterable their 
chromatic characteristics, or look older by nature as 
stones, is the essence of the architectural concrete, 
that can assume countless shapes and superficial ap-
pearance. 
If on one hand, in fact, we can define the architectural 
concrete as a structured surface, with foreseeable 
shapes, superficial appearance and colours, on the 
other is true that in the fulfilment of an architectural 
concrete many factors can modify the final outcome, 
but are absolutely not predictable or checkable for a 
certainty (like the atmospheric humidity, or the instal-
lation). For this reason the designer has to know to a 
very depth all the elements that concur in fixing the 
final appearance of an architectural facade, to be able 
to select and measure out the correct quantity and 
proportions of them.  
We can synthesize into five principal categories  the 
factors that contribute to obtain an architectural con-
crete of quality:  

• The morphology and the dimension of the de-
signed elements (tightly connected with the age-
ing of the material and to the reaction to the at-
mospherical agents); 

• The complementary and instrumental materials 
(formworks, forms dismantlers, reinforce bars 
and spacers); 

• The concrete’s components (cements, aggregates, 
water, additives and misture of them); 

• The installation (casting, vibration, seasoning and 
protection); 

• The outer agents (weather and polluting sub-
stances) 
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3. Pathology of architectural 
concrete facades  

Variations of the colour, spots, efflorescence, stains, 
cracks, detachments are only some of all the problems 
(more or less checkable) that could compromise the 
employment of this kind of material and exactly the 
multiplicity of this defects induces us to talk about a 
pathology, in the accepted meaning of  Sergio Croce.   
For this reason is basic to analyze carefully all the 
phases of the process to avoid, shorten and, in case, 
rectify the deterioration of the aesthetic perphor-
mances, because of on this case it is more consider-
able than the mechanical (when they doesn’t coin-
cide) or thermal performance. A conscious planning 
of the shapes with the objects of preserving the 
cleanliness in loaded with dust, atmosphere humidity 
and pollution substances, is closely connected with 
the aging and the exposure to the outer agents. 
The concatenation of the above-mentioned five fac-
tors could determine the pathology of the facade. 
Most of defects, in fact, both endogenous one and 
exogenous ones, could be avoid (or anyway restricted 
and shortened not to come to a pathological situa-
tion), by adopting some precautions at the beginning 
of the process, both in designing phese (of the facade 
and the mixture), and in installing and protecting 
phase. 

4. The restoration of architectural 
concrete facades 

The restoration of architectural concrete façades find 
expression in consolidated operations, even it is nec-
essary to pay attention to all the phases of the re-
claiming , because every intervention can have pecu-
liar characteristics with the consequent need of spe-
cific solutions. For example if we intervene, in case 
of detachment, by filling with mortar like the original 
one, we can pledge the structural performance, in 
many cases the aesthetic result disappointed, because 
the retouching is to evident owing to the different 
condition of seasoning (the final touch is usually 
marked out by a darker colour, so is very difficult to 
hide it completely). In the same way the choice to 
clean surfaces by means of products that remove the 
superficial film of mortar changes remarkably the 
original appearance of the facade. 

5. Conclusions 
The result of the research was the setting up of a dy-
namic, integrable and adaptable (on the specific re-
quirements of the different operators) operative tool, 
consisting in synoptic schedules about: 

• typology of possible surfaces, preceded by dia-
grams that made clear the relations betwen the 
different types of possible texture, and followed 
by a photo record office; 

• typology of possible defects, preceded by a syn-
thesis diagram cause/effect, followed by a photo 
record office with details of the pathology and 
the explication of the compromised appearance 
of the whole building. 

 
This work is conceived as basic systematized knowl-
edge, basis for following computerization of data (in 
databases), to realize a consulting and integrating 
instrument, adaptable on the different necessities of 
the varied implicated operators, and to warrant a up-
datable development of the resurch. 
This instrument could be adopted by a new profe-
ssional figure, we can call “techno-pathologist”, ab-
sent today, in possession of the instruments to ade-
quately evaluate the pathologic state of a material or 
structural system (in this case architectural concrete) 
and to make a correct diagnosis. 
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Restructuring and preservation work on historical buildings and structures has become more common in the past 
years. This increase in the number of interventions on existing buildings has created a demand for new theoretical 
and technical developments to sustain environmentally sound project strategies. Such strategies should avoid any 
transformation that alters the structure’s character, and should encompass the preservation of the structure’s origi-
nal typology, construction, and functionality. In addition, in these strategies the principles of sustainable architec-
ture should be incorporated. The objective of this research is to carefully analyze the life cycle of a restructuring or 
preservation project, to ultimately determine the strategies that improve the internal and external qualities of the 
buildings. If sustainability of a building means to minimize the impact on the environment, this methodology becomes 
a requirement in order to implement strategies that limit the use of energy in the process of restructuring or preser-
vation. 

Keywords:  sustainable, recovery planning, life-Cycle Assessment (LCA). 

 
 
 

1. The problems of the energetic 
The situation puts into effect evidences them as the 
problems of the energetic consumption deriving from 
not renewable sources and of the excessive gas emis-
sion to effect greenhouse are more and more serious 
and need of searches and coherent and organic strate-
gies of application between they.  The demand for 
energy, in fact, has grown in last the one hundred 
years in exponential way, implying problematic series 
is for its supplying - from the wars to the important 
political-economic implications to world-wide level - 
is for the atmosphere (atmosphere, waters, land, air), 
with consequences for the man and the ecosystem.  It 
is necessary, therefore, to make important reflections 
in every productive field, on one side in order to re-
duce drastically the consumptions and from the other 
in order to replace the traditional sources of fossil 
origin with those alternatives.  In the field of the 
building, two fundamental obstacles to the application 
of criteria of energetic saving are present on immense 
scale.  The first one is the economic factor that, in 
absence of favorable mechanisms, often enters in con-
trast with the realization of particular technologies.  
The second regards the constructive tradition:  the 
climatic factor comes normally omitted, leaving the 
burden of the attainment of objects you of comfort 
often acclimatizes them only to the mechanical action 
of the systems, omitting the member covering. 

2. Restructuring and preservation work  
Also the culture of the participation on the existing 
must necessarily hold account of the situations accli-
matizes them to the aim to favor a constructive art 
that can be defined sustainable development. 

Restructuring and preservation work on historical 
buildings and structures has become more common in 
the past years. This increase in the number of inter-
ventions on existing buildings has created a demand 
for new theoretical and technical developments to 
sustain environmentally sound project strategies. 
Such strategies should avoid any transformation that 
alters the structure’s character, and should encompass 
the preservation of the structure’s original typology, 
construction, and functionality. In addition, in these 
strategies the principles of sustainable architecture 
should be incorporated. These include: sound exploi-
tation of resources, temperature and lighting comfort, 
ventilation, solar radiation, and finally the use of low 
energy cost materials. Hence, these intervention 
strategies must consider the existing environmental 
conditions in order to promote a “construction art” 
that can be deemed sustainable. 

3. The main scope of the search  
The main scope of the search is to deepen thematic 
relative to the planning the echo-sustainable. Just 
based on the appraisals carried out, considers the 
building activity as one of the fields more high impact 
acclimatizes them,  through the consumption of the 
territory, the high energetic consumption and the 
emissions in connected atmosphere to it.  It is chosen 
to face problematic the inherent ones to the study case 
through the methodology known to international level 
with the name of Life Cycle Assesment (LCA), that is 
the analysis of the cycle of life ("from the crib to the 
tomba") of of a city within pertaining to the complex 
of the Former House of the Jesuits of Catania estimat-
ing of the advantage obtained from the recovery, re-
garding the demolition and reconstruction.  Such 
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method concurs to estimate the impact acclimatizes 
determined them from the product during its cycle of 
life and allows moreover, to identify the opportunities 
of improvement of the echo-compatible characteris-
tics of the product and therefore its competitiveness 
on the market.  The search, is coming true in the 
within of an agreement between the University of the 
Studies "Catania and the ENEA (Agency for the New 
technologies, the Energy and the Atmosphere) of Bo-
logna, by means of the code of Dutch calculation 
Sima For 5 whose it turns out to you, has been ana-
lyzes to you through three methods:  the method Eco-
Indicator 99, method EPS 2000, the method Edip 96.   
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The degradation of plasters in historical buildings: 
Lungarini (formerly Settimo) Palace 
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The paper describes the pathologies of plasters of the historical buildings in the area of Palermo, Italy. The analysis 
is carried out starting from a restoration intervention on Lungarini Palace, still going on. Work on the building 
started after the earthquake of September, 2002, thanks to a public program for the restoration and conservation of 
the monuments. The restoration operations, at the beginning, have been concentrated on the main façade, which 
showed degradation and large failures in many areas, caused both by building defects (the edifice has been trans-
formed along the centuries due to the changing distributive needs) and by the absence of manteinance. The examina-
tion of the plasters have been carried out in parallel with the consolidation of the brickwork, that are constituted by 
big ashlars of tuff at the ground floor, and a kind of ‘sack‘ brickwork at the noble and cadet floors. The main facade 
of Lungarini palace shows a double layer of plaster, one with a decoration with false bosses and another with flower 
ornaments. This layer belongs to the first XV century paint. The second layer is from the baroque period. 

Keywords: Buildings pathologies, plasters, historical buildings,baroque 

 
1.Hystorical-architectural events 

Palazzo Lungarini is placed in the Street by that name 
in the historical center of Palermo, in a site rich in im-
portant historical landmarks. Via Lungarini, a curving 
urban artery, characterized by numerous aristocratic 
residences, connects the Marina plain with Ales-
sandro Paternostro street, and terminates in a widen-
ing shaped by the fifth rebuilding of Lungarini palace, 
residence of the noble Settimo family, later Abbate of 
Lungarini (XVI and XVII century).  

 
Fig.1- The site near the ancient Cala port 

In spite of its unified aspect, the palace looks like an 
enormous palimpsest, like a manuscript rewritten o-
ver several centuries. Like the majority of Palermo 
historical mansions, it is the result of diverse em-

bodiments, of medieval or perhaps late medieval ori-
gin, all collected in an imposing “baroque” design of 
decorations, both internal and external. 
A careful study of the monument shows a series od 
widespread pathologies and degradation, which can 
be mainly attributed to the lack of maintenance. The 
building was also affected by continuing processes of 
transformation, adaptation and subdivision: as we 
shall see, these caused a partial vulnerability in the 
structural unity of the complex. The start of a consis-
tent program of intervention [1] aimed at protection 
and maintenance was necessitated by a seismic event 
that took place in Palermo in September, 2002. The 
paper will describe the pathologies and historical de-
gradations of the wall plasters, on the basis of that 
professional experience: a unique learning opportu-
nity for the author, who conducted it. 

2. Plaster layers in the Baroque facade 
The outer aspect of Palazzo Lungarini was changed 
radically in the 1700s, in order to provide the building 
with a baroque-style facade, as was done to the other 
ancient mansions of the period. The main characteris-
tic of the palace, indeed, is the front prospect, 42 m 
long, subdivided in three great span, which together 
form a powerful, rhitmic composition. On that pros-
pect, the many stories contained in the building can 
be gleaned, by reading the stratigraphy of the plasters; 
during the structural reinforcing, the graffito decora-
tions from the 1600s, in the "noble" floor, came to 
light, as well as some architectural elements (win-
dows, arches) of the preceding medieval or late-
medieval structure.These features emerged here and 
there, in those parts of the prospect where the superfi-
cial plaster was lifting. Each of these decorative 
fragments, proof of a highly advanced ornamental 
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technique originating in the 1500s (to simulate stone 
wall) shall constitute an ensemble of icons, "newly 
found" and "recomposed" in a coherent representa-
tion, which will express the overall image of the 
prospect. This image, at the same time coherent and 
rich in emerging stratifications, must be preserved in 
its integrity and formal quality.  

3. Establishing the alterations 
The building exhibited, in the baroque prospect, a se-
ries of degradations and deformations, due to wide-
spread structural problems, affecting all the struc-
tures. This situation was enhanced by the earthquake 
from of Semptember, 2002; but the series of patho-
logical conditions can only in part be determined 
from the plastering of the baroque facade along Via 
Lungarini, the lamdmark element of this historic Pal-
ermo mansion. The degradations in the plaster are 
due, in part, to the structural dislocations, with di-
verse characterizations (fissures, diffuse lesions, etc); 
in part, to the poor maintenance of the whole com-
plex, as well to natural agents (water, wind, etc), both 
extending over time, and occasional. As a matter of 
historical certainty, Palazzo Lungarini has seen nu-
merous seismic stresses, such as the Palermo area 
earthquakes of 1726, 1823, 1940, 1968; more re-
cently, near the end of 2002. These stresses have 
caused differently characterized damage (erosion, 
alveolizzation, fissuring...). 

 
fig. 2 Degradations. Particular of the scracth ashlars 
below the balcony of the second floor  

Indeed the causes of degradation of instability have 
always been many and contemporaneous, and then 
the possibilities for their combinations are practically 
infinite. This is one of the many reasons that suggest 
us to repeat and underline the criterion that any build-
ing is a particular case, and that is impossible to col-
lect in a single document all the possible causes of de-
gradation of all the materials that are present in the 
building industry as well as preservation techniques.  
The paper shows the more recurrent alterations 
through the analysis carried out on the study of the 

principale facade, which will be used for the elabora-
tion, according to the instruction of the Normal 
Commission, of a complete picture of the most com-
mon phenomena. 

4. Interventions 
The fundamental operation to drive the restoration 
interventions was the composition of a survey of the 
mortars used in the masonries and in the realization of 
the plasters of the facades of palazzo Lungarini. The 
project indeed wants to preserve th existing material – 
the various layers of plaster and the finishings – and 
the new ‘scialbi’ – can represent technically essential 
additions, light and thus not totally covering to allow, 
when possible, the reading of the manteinance inter-
vention. In particular the following mixtures have 
been found: 

1. A mortar made of lime paste, sand and inert ma-
terials used to paste the unshaped stones of the 
bearing walls. In some cases it was observed the 
presence of inert material from the shattering of 
bricks and stones fragments into the mortar. 

2. Mortar made of lime paste, sand and marble 
powder used for the facades plasters. 

The main facade shows a plaster layer of about 3-
4cm.; the powder from the shattering of the cut stone 
gave the plaster characteristics similar to the stucco as 
well as waterproofness; for this reason, it was used in 
the facades and in the common areas.  
In other cases mortars made of two binding agents 
made of lime and plaster cast together with an inert 
material. In the design phase the same traditional bu-
ilding techniques are reproduced using the same ma-
terials and components. The restoration will certainly 
imply the protection and the consolidation of the ex-
isting plaster because it is an hystorical document and 
because it is still quite resistant. After having exe-
cuted the consolidations and having decided what 
areas of the graffito plaster must be set into light, a 
‘scialbatura’ is carried out; indeed the design of a 
superficial protective plaster constituted of sand and 
natural colours is considered fundamental for the 
preservation of the underlying part. The underlying 
plaster is then consolidated in the detouchments and 
restored In those areas which cannot be repaired with 
mortars suitably chosen in function of the features of 
the existing materials.  
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Building pathologies in social housing: 
the Portuguese state of art 
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During the XX century, a great intensity of new buildings construction was occurred, representing these buildings an 
enormous patrimonial valour, which require a permanent investment in management, maintenance, repair and reha-
bilitation. To provide adequate qualitative and quantitative levels of housing, great economic investments have been 
made in social housing, what implies the necessity of realise a study on the physical conditions of the built public 
housing park, with the aim of knowing about the necessity and viability of rehabilitation interventions in order to 
achieve quality and durability. Rehabilitation investment in the built environmental, beyond contributing for the 
preservation of the existing patrimony, contributes for the implementation of construction sustainable politics, 
through the reduction of the consumption of natural resources and energy, of the reduction of residues proceeding 
from the construction activity and for one better management of ground occupation. In opposition to this, has been 
registered a quality and durability decrease of the public and private built environmental through its precocious 
degradation. The aim of this paper is to identify the principal anomalies which appear in portuguese social housing 
buildings, based on a bibliographical research.  This work aim to find design and construction solutions with a mi-
nor durability, to be eliminated in future projects.  

Keywords: social housing, anomalies, deterioration state, durability, rehabilitation. 

 

1. Introduction 
The deficient quality control in the construction of 
social housings, the absence of studies on the global 
cost of the buildings and of the respective degradation 
models, as well the absence of maintenance planning, 
was expressed in the lack of durability and in the pre-
cocious and accentuated degradation of these build-
ings. Associated to these factors, the aging of this 
housing park and the lack of the economic resources 
necessary for its maintenance and rehabilitation had 
aggravated its physical degradation that is still more 
serious than in the private sector. An important aspect 
to have in consideration, ever in new construction 
ever in any intervention on the built environment, is 
to give the privilege to durability and easiness of 
maintenance in opposition to the low initial cost of 
the construction. By other side the rehabilitation of 
the built environment is essential to get housings with 
good conditions, so it must be promoted techniques 
that conjugate the cost-effectiveness and the durabil-
ity of the interventions.  
To reach this relation must be established clear com-
mitments since the planning, design and construction 
phase, through the chosen of materials, systems and 
processes that allow the performance waited for the 
users, as well easiness of repairing or substitution, 
when necessary [1]. On the other hand the characteri-
zation of the main anomalies that occur in the build-
ings, allows the identification of the less efficient 
solutions and the consequent elimination in future 
projects. 

2. Anomalies 
in social housing buildings 

In Portugal the recognized lack of durability and qual-
ity of the social housing, associated to absence of 
support programs to its rehabilitation takes that a high 
number of these buildings presents different levels of 
degradation, with the consequent urban and social 
degradation [2]. These parks managing entities need 
instruments that allow them to identify the interven-
tion necessities in a priories form and which results, 
support their decision about the intervention to effect. 
For these instruments elaboration it is necessary to 
characterize the type of anomalies that affect these 
buildings, so a bibliographical research has been done 
and presented hereby.  
The diversity of social housing programs realized 
along the years, have had as result a great diversity in 
dimensions, typologies, housing standards and degra-
dation state [3].  
In the analysis of the behaviour of the applied rehabi-
litation solutions to 32 social housings sets, constru-
cted in the north of Portugal, with a total of 4200 
lodgements, has been done a study about its envelope 
behaviour, special in the external walls [4]. These set 
of buildings was subject to rehabilitation operations 
in its envelope – roof, external walls, frameworks, 
joint zones, drainage facilities. Before these works 
have been identified as more frequent anomalies:  
walls coatings crakes and penetration of rain water 
inside the lodgements; the aging and detachment of 
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waterproofing material in the joint between the fra-
mework and the wall; the lack of mechanical resi-
stance of the brick cover in the warping; the degra-
dation of the rain water drainage facilities; the lack of 
elasticity and consequent crack and detachment of the 
waterproofing material in the expansion join between 
buildings; dampness in the interior of the ceilings of 
the higher lodgement, because the lack of water-
proofing layer in the roof. After the rehabilitation it 
could be observed the incidence of similar anomalies. 
It would be essential that must not persist too much 
short cycles of rehabilitation/degradation, through the 
guarantee of the durability of the found solutions, 
contributing itself for the increase of the economy of 
the interventions and for the environment preserva-
tion. On the other hand it is necessary that the reha-
bilitation interventions decision, to be taken in these 
buildings, must be based on studies that guarantee the 
satisfaction of specific levels of performance, the so-
lutions durability, the consequent increase of the ser-
vice life, the reduction of maintenance and repairing 
interventions, the introduction of systems, compo-
nents and materials that contribute to facilitate any 
future intervention.  
The National Laboratory of Civil Engineering has 
been done the retrospective analysis of the social 
housing park financed by the National Institute of 
Housing, having in the 3rd Analysis [5], relative to 
the years of 1995 to 1998, done an inquiry to the resi-
dential satisfaction in which, in respect to the lodge-
ment the inquired had shown no satisfaction, nomi-
nated about the exterior sound isolation, the isolation 
of windows frameworks and doors, and to the tem-
perature and ventilation of the house.  
Relatively to the evaluation of the building the in-
quired had shown no satisfaction, among others items 
evaluated, relatively to the exterior aspect of the 
building, to the building construction materials and to 
the conservation state of the building. (in interior and 
exterior walls and ceilings), 8.7% to problems in wa-
ter distribution nets, 6.8% to problems in the nets of 
sewers and 38.4% to diverse damages ([5], adapted 
from Table 8: 243).  
Of the entire analyzed studies, stand out the incidence 
of anomalies in the buildings envelope, which degra-
dation degree must be identified and characterized. 
These anomalies often imply the appearance of se-
veral problems in the interior of the lodgements, with 
the consequent decrease of the habitability quality 
and of the inhabitant’s satisfaction. 

3. Conclusions 
The results of the referred studies strengthen the im-
portance of proceeding to the characterization of the 
degradation degree of the constructed social housing 

park, in order to justify the options for design solu-
tions and for rehabilitation, in which it must be privi-
leged more durable materials, systems and instal-
lations, with minimized and facilitated maintenance 
and guaranteed safety at work. So it is essential the 
guarantee of quality rehabilitation proceedings in 
which durability will provide a new image to the exis-
ting buildings, so important for the valuation and pre-
servation of the constructed housing patrimony. 
To determine this degradation degree it is necessary 
to establish an objective method, from which it is, 
attributed a graduation to the buildings and/or its ele-
ments and components that allow taking priories de-
cisions on the type and depth of the interventions to 
take place in the building. The durability and conse-
quently the life cycle cost of the building is strength 
related with the degradation mechanisms, being es-
sential the determination of the degradation degree to 
decide itself about the actions to implement. Thus, to 
fulfil with requirements specification of the users, and 
with the components functions the building have to 
comply, having in account the factors that influence 
this performance, it can be identified possible degra-
dation mechanisms and the respective effect, and es-
tablish degradation indicators, which work is in de-
velopment. 
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Performance decay for maintenance actions: 
continuous roofing systems case 
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The frequent employment of environmental cameras, able to simulate the external agents actions, particularly cli-
matic and environmental agents, by means of artificial aging tests, enable to take the performance decay of the in-
quired technical element (or of its components). So that it is possible to organize the performance-time diagram of 
the same element. The aim of the paper is to underline the performance deficit of the analyzed element, visible in 
different performance threshold and measurable with destructive and non destructive tests and to individuate the 
maintenance interventions for the reinstatement of the performance levels of the technical element. Particularly, it is 
important to define the time limits to which the different performance decays and related decay state definition cor-
respond, before analyzing the possible anomalies, detectable on the investigated element; the following step is to 
determine the maintenance activities correspondent to the obtained performance deficit. The treated argument will 
be illustrated in an experimentation on continuous roofing systems, with particular reference to two technical solu-
tions, different for the last layer: the one type with a slating, the other with a acrylic varnish. 

Keywords: technical element, performance decay, maintenance, continuous coverings 

 
 
 

Building pathology: survey, 
diagnosis and maintenance planning 

Building pathology studies “procedural, human, envi-
ronmental, technical, technological, physical, clinical 
(disturb factors), interactive actions which cause, in 
close times, physical and performance changes of a 
building element (…) There is a pathology when de-
cays (physical and performance) happen in temporal 
and qualitative terms, accelerated and contrasting 
with conventional concept of natural ageing (…)” 
(Cib W86 definition). Generally, before appearing of 
breakdown, that compromise the element functional-
ity, or its components, anomalies can present them-
selves having to be interpreted to plan maintenance 
activities�1�. The objective of the diagnostic survey 
is, on the one hand, to allow the individualization of 
causes, responsibility and ways of the breakdown 
development; on the other hand, is to support the 
definition of maintenance, recovery, restoration. 
Starting from the geometrical and technological sur-
vey, moving through the survey of breakdown estate 
and of performance decay, through the visible anoma-
lies survey, and the diagnosis phase, the plan of main-
tenance actions to do during the years concludes the 
operative iter. 

The environmental chambers  
Climatic and environmental conditions are able to 
influence the behaviour of materials. With reference 
to the building field, there are many chambers able to 
reproduce the action of several external agents; the 

principal typologies are reported as follows: climatic 
chambers, dry corrosion test cabinet, sun simulation 
chamber. All the tests are executed according to the 
national and international regulations. With reference 
to the climatic chambers, available for use in D.IN.E., 
Building Engineering Department, University of 
Naples Federico II, it is able to simulate natural ex-
ternal agents, that can be found easily in a meteoro-
logical year: temperature changes, sun rays, with a 
xenon lamp, relative humidity. Concerning to the 
research about continuous roofing system, three cities 
as a sample have been choose (Milan, Naples and 
Palermo) that have three climatic context that are very 
characteristic on a national scale. 

Anomalies survey and diagnosis: 
the continuous roofing system case 

The treated argument is applied to continuous roofing 
systems , particularly with reference to two examined 
technical solutions, that are different for the last layer 
planned: the one type with a slating, the other with a 
acrylic varnish. Having said that, to determine the 
operative protocol aimed to the survey of perform-
ance decays, we have proceeded to a systemic explo-
ration of all the possible technical solutions of con-
tinuous roofing systems detectable on the national 
territory. After the phase of definition of technical 
solutions, we have proceeded to the plan of the 
specimens that have to be examined. Evaluated the 
more representative technical solutions, defined the 
natural agents, that can be simulated with the climatic 
chamber, planned the specimens that have to be in-
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vestigated, the final step is to do the ageing tests 
which underline the performance decay, associating 
to the any temporal limit maintenance actions, that 
correspond to the analysed performance decay: 1. 
anomalies that highlight defects e/o breakdown, di-
rectly on the element on which appear; 2. anomalies 
that highlight indirectly defects e/o breakdown on 
other non visible parts. With reference to the exam-
ined technical solutions, they point out anomalies 
detectable directly on the external layer (first case), 
and anomalies that concern the membrane directly 
(second case). The anomalies detectable on the 
acrylic varnish layer are: degradation of the protective 
layer, that is the degradation of the superficial layer 
with exposition of the membrane to the action of ex-
ternal agents. This anomaly, caused by physiological 
obsolescence, atmospheric agents (rain, sun rays), 
aggressive atmosphere, execution defects, water dis-
posal system defects, induces performance decays 
connected to the aspect, the functionality of the var-
nish layer, without scoring the functionality of the 
waterproof membrane. The most important anomalies 
detectable directly on the membrane layer are re-
ported as follow: bubbles and reinflating, crocodiling, 
superficial fissures and craquelures, chemical-
physical degradation, ageing, desegregation and, de-
taching of superficial elements, detaching of returns 
and sormonti, breaks and crackings, crackies and cor-
rugamenti, unstickings, detachements, partial and 
general dislocations of the membrane, undulations, 
elevations of the membrane, superior vegetation. 
Bubbles and reinflating, due to the action of atmos-
pheric agents, to changes of temperature, to produc-
tion and execution defects (non realization of stair-
cases towers for the evaporation of the water in the of 
the base of the roofing system), evidence the presence 
of water in the underlying layers of the roofing sys-
tem. The chemical-physical degradation, with ageing, 
desegregation and, detaching of superficial elements, 
due to the action of external agents, atmospheric 
agents, changes of temperatures, atmospheric con-
tamination, chemical products, can express aspect 
defects, and functionality of the technical solution. 
Unstickings, detachements, partial and general dislo-
cations of the membrane, with exposition of the 
membrane to the action of the atmospheric agents, 
due to execution defects, can provoke performance 
decays connected to the aspect, security, functional-
ity. Undulations, elevations of the membrane, particu-
larly recurrent along sormonti and returns, and due to 
the physiological obsolescence, atmospheric agents, 
bumps and traumatic stresses, production and execu-
tion defects, different deformability of materials 
which come into contact underline defects connected 
to the aspect and the functionality of the waterproof-
ing membrane, because, in this case, the occurrence 

of fissures and, in more serious cases, of rents along 
angle joint is frequent. Finally, the superior vegeta-
tion, with, as a consequence, the development of 
plants roots, due to the action of atmospheric agents 
(rain, wind) and to the spontaneous formation of birds 
nests, with performance decays connected to the as-
pect, to the functionality of the waterproofing mem-
brane, defects of the rainwater disposal system, can 
reveal a non suitable resistance of the same mem-
brane to the root action �4�. Particularly, with refer-
ence to the membrane with a slating, superficial al-
terations consisting in gap of the slating layer, due to 
the non suitable adherence of the granule to the base, 
may take place. 

Conclusion 
The programmed controls and interventions, and, 
more precisely, the considered execution frequency, 
are inserted in a maintenance planning which under-
line the temporal limits of all the maintenance actions 
that have to be done on the examined technical ele-
ments, during a reference period. The construction of 
the performance-time diagram, for each investigated 
element, is functional to the definition of the temporal 
limits to which maintenance actions have to be done, 
in the more wide ambit of the building maintenance 
plan, according to the current regulations  
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The correct use of marble and stone in cladding: 
the BIAN.CA. Project. 
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The use of marble and stone in cladding requires deep knowledge: some examples show problems due to their incor-
rect use and send a message of complexity and there is the need to know their behavior. The BIAN.CA. Project, con-
cluded in Massa Carrara by IMM, suggests a survey of the preservation of buildings realized with Apuan Alps’ white 
marbles, to create a data base with a schedule realized by the major local companies. It was difficult to create it, but 
however the result was an efficient tool of analysis, useful in the future to focus the problems and to face them. 
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1. Introduction 
The marbles and the stones are very traditional, pre-
cious and fascinating materials, they are deeply linked 
to our building traditions and perfectly adapted them-
selves to the processing and building technological 
evolution through the centuries. The stone materials’ 
most significant application in architecture is the use 
in external cladding, that requires deep knowledge of 
them and of the more advanced anchoring technolo-
gies too, in order to obtain correct results through a 
conscious design.  

There are, in fact, a lot of examples that show the 
problems due to the incorrect use of the stone materi-
als, such the Finlandia Hall in Helsinki, the Amoco 
Building in Chicago and the Grand Arche in Paris. 
These projects send a message of failure, of excessive 
complexity, and of risk too, of the application of 
stone materials in the façades and in the envelope’s 
systems, but around the world there are a lot of ex-
amples of buildings built using marbles and stones 
that had no problems during decades and a lot of pro-
jects that have been recently realized in the correct 
way. There is, then, the need to know the real behav-
ior and resistance of marble and stone in such utiliza-
tion, to address the choice of the materials by the de-
signers and by the contractors, with the strategy to 
increase the value of the services offered by the com-
panies in this sector.  

 
2. The BIAN.CA. Project 

The BIAN.CA. Project, recently concluded in Tus-
cany Region in the province of Massa Carrara (that 
with the province of Lucca forms the stone Industrial 
District) is a Regional project: BIANCO DI 
CARRARA Environmental safeguard through correct 
use of external claddings. The programs that sup-
ported this project are the DoCUP Objective 2 2000-
2006 (Measure 1.7 “Transferring of the innovation to 

the PMI”) and PRAA 2000-2006 (Action D21 “Ac-
tions of system for research and innovation”), pro-
posed by IMM-Internazionale Marmi e Macchine 
Carrara S.p.A., that also organizes Carrara Marmotec, 
an important fair in the stone sector. The objective of 
the Project, entirely coordinated by IMM, is to pre-
vent the use of some types of Carrara marble that in 
external claddings loose their mechanical characteris-
tics and have to be removed and substituted with 
costs’ increases and problems of image. This objec-
tive was quite the same of the one of the projects 
MARA and TEAM promoted by European Commu-
nity, that didn’t achieve satisfactory results. The 
BIAN.CA. Project suggested to realize a schedule, to 
be publicized among all the actors of the building 
process, which defined the information to acquire to 
consider the parameters that influence the behavior of 
the cladding. Using this schedule the Project provided 
for a very detailed and deep action of survey of all the 
buildings realized in the last years with Apuan Alps’ 
white marbles, of their state of preservation and of the 
possible intervention of substitution of some slabs 
and panels. All the information collected in this way 
would be used to create a wide and flexible data base, 
useful for all the statistic and technical studies in nec-
essary in the future to define the problems and their 
causes. The objectives of the BIAN.CA. Project in 
detail were: 

1. Create the net of the partners and involve more 
companies; 

2. Coordinate the work; 
3. Implement the scheduled activities; 
4. Individuate the subjects to be involved in the next 

phases of the research; 
5. Realize an executive program for the next activi-

ties of research; 
6. Realize and actuate a plan of diffusion of the 

objectives (at the start) and of  the results (at the 
end); 
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3. The organization 
The partners involved were coordinated by IMM as 
leader and they were chosen among the major local 
stone companies and, with the contribution of their 
technical consultants (among them the author of this 
paper), had the task to analyze the problems of the 
use of marble in external claddings and to realize a 
complete and exhaustive schedule in order to run the 
survey. These companies were Adolfo Forti Marmi 
S.p.A., Barsimarmi S.a.S., Bertozzi Felice S.r.l., 
Co.ge.mar S.r.l., Corsi & Nicolai S.r.l., Euromarble 
S.r.l., Ezio Ronchieri S.p.A., Henraux S.p.A., La Fac-
ciata S.r.l., Marmi Carrara S.r.l. and Savema S.p.A.. 
The technical staff of IMM organized a series of 
meeting in order to proceed to the drafting of the 
schedule, considering all the different aspects of the 
problem, seen from different points of view. These 
meetings were very important especially for the ex-
change of experiences that were very different ac-
cording to the dimension of the company, of its man-
agement and of its technical office or consultants, to 
the specialization in the quarrying of particular mate-
rials or in the trade in specific markets, to the process-
ing techniques and to the existing job contacts with 
big and important architectural studies and societies 
of engineering around the world. 

4. The schedule 
The first part of the schedule deals with the site of the 
building and with its prevalent weather condition, in 
order to know if the possible problems come from an 
incorrect choice of the material according to them. 
Then are requested information about the building 
and the project, to exactly visualize the way the stone 
was used and to establish a direct link with the de-
signers, not straightly included among the partners. 
The second part of the schedule is about the general 
information about the material: it is very important to 
know the technical characters to focus the possible 
cause of the problem. Very significant are the petro-
graphic definition according to the norms (EN 
12440), in order to avoid confusion and to exactly 
define the type of the marble, and  the possible tests 
according to EN, UNI, ASTM or other norms. An 
important aspect is the possible material of support 
(honeycomb, alucobond, glass or carbon fibres, epoxy 
resins, steel). Very important are, then, the dimen-
sions (especially the thickness) of the slabs, the mod-
ules, the processing and the surface treatments. The 
third part of the schedule is about the type of the fa-
çade and of the structure of the building, the typology 
of system and of anchorage, the material and the 
model, if it is built in industrial way, the type of the 
connection to the structure and the position on the 
slabs. Very important is to know who made the as-

semblage because an incorrect one can nullify all the 
previous operations. These information about the an-
choring system are significant because in the past it 
was one of the weak points of the façades for the use 
of wrong materials and the not industrial production. 
In the last part of the schedule are described the prob-
lems and the action taken to try to solve them. The 
schedule is also completed by drawings of the build-
ings, schemes of the anchoring system and of details 
of the anchorage. 

5. Conclusions 
The BIAN.CA. Project started in February 2005 and 
ended in July 2005 and in the last phases the staff of 
the IMM and the partners of the Project couldn’t fill 
in a significant number of schedules because of the 
very low consideration given in the past to these as-
pects of the organization of the building process. The 
expected data base couldn’t be organized, but how-
ever the Project led to a very important result with the 
realization of this schedule which collects the experi-
ence and the professionalism of IMM and of impor-
tant companies in the Apuan area, known in the world 
as the centre of quarrying, processing and trading of 
stone materials. This schedule represents the vitality 
of the entire Apuan industrial area and its intention to 
react to the crisis of the sector: it is a very efficient 
tool of analysis, probably the first ever predisposed in 
this direction, and it has to be diffused, in prestigious 
occasions like this Symposium too, to create real 
competences among the designers and a new culture 
of the stone. Waiting for these future developments, 
the schedule it is very useful for the survey of new 
buildings, in order, in the next years, to create a real 
data base of the problems related to stone claddings, 
to focus and correctly face them.  
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Rising damp in historical buildings: 
A serious building pathology 
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The study of the restoration of historical buildings is becoming increasingly important, both because of the need to 
encourage the conservation of architectural heritage, and because of a heightening awareness that this activity is 
very interesting for planners, builders and researchers. This means that the number of scientific studies involving 
pathology and restoration is also growing. If we analyze the pathologies observed in historic buildings systemati-
cally, we find that rising damp is a serious problem. The purpose of this paper is to systematize the problems caused 
by rising damp in historic buildings and the techniques for treating them. At the same time, it confronts the problems 
that still face us today in terms of dealing with rising damp with research that has been developed in an effort to 
minimize these problems. 

Keywords: rising damp, historical buildings, building pathology. 

 
 

1. Introduction 
Any action taken on built heritage today requires a 
thorough, objective understanding of the exact situa-
tion involved. 
The multifaceted activity of carrying out interventions 
on architectural heritage is tending to embrace a 
growing number of specialities, and there is a clearly 
growing need for a deeper knowledge of the causes of 
the many problems that afflict old buildings, and of 
the possible treatment solutions. 
The overwhelming need to adopt the best methods 
and solutions requires extra investment in the pre-
liminary study phases, before the intervention, and in 
the meticulous choice of the best technical solutions 
to be used in each situation. 
In the past, one parameter that had to be borne in 
mind when choosing where to site major buildings 
was proximity to water lines, to ensure easy supply. 
This has meant that today damp is one of the leading 
causes of deterioration in historic buildings, with ris-
ing damp being one of the commonest manifestations, 
but one for which the treatment is most complex. 

2. Treatment of rising damp 
in historic buildings 

Walls with problems caused by rising damp can be 
treated by any of the following technologies: 
 

a) Execution of a damp-proof course; 
b) Creation of a potential against capillary potential; 
c) Installing atmospheric drainage/ventilation pipes; 
d) Applying coating with controlled porosity and 

porometry; 
e) Hiding the anomalies; 
f) Ventilation of the wall base. 

3. Wall-base ventilation: experimental 
and numerical validation 

Ventilated peripheral channels should be dug outside 
and/or inside the affected walls when there is lateral 
infiltration, that is, when the depth of the wall is 
greater than the maximum depth of the water, since it 
does not completely prevent capillary suction: it 
merely reduces it. By making trenches round the af-
fected walls, lateral infiltrations are prevented, on the 
one hand and, on the other, water evaporation inside 
the trenches is significantly increased. The depth of 
the trenches should never be greater than the depth of 
the foundations, for safety reasons. 
Although this is not a new technology, it has neither 
been used very much nor studied scientifically in or-
der to validate it/find its scientific dimension. 
Laboratory of Physics Constructions at the University 
of Porto has carried out experimental and numerical 
studies to help ascertain the efficacy of this system. 
The selected physical model consists of a prismatic 
system measuring 1.58 x 2.00 x 0.20 m3, water-
proofed on the two top sides to prevent moisture in 
this direction, with walls made of limestone slabs 
measuring 30 x 20 x 200 cm3, with 1 cm thick lime 
mortar joints. 
 
Table 1 - Different boundary conditions 

Configuration 1 The second gap is filled  
with sand 

Configuration 2 A forced ventilation system is 
placed at the base of the wall 

 
In configurations 1 and 2 we measured the behaviour 
of a wall with both sides underground by placing sand 
on both sides of the wall up to a height of 45 cm 
above its base. 
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In configuration 2, since we wanted to assess the ef-
fect of placing a ventilation system at the base of the 
wall, we placed a ventilation box on both sides of the 
wall. We left two openings to which we attached 
flexible tubes to ventilate the box. We attached a me-
chanical extractor at one opening and left the other 
one free to allow air to enter freely (Figure 4). This 
extraction system was left running for the duration of 
the test so that we could make sure the temperature 
and relative humidity inside the box were identical to 
the conditions we had in the laboratory. 
The following main conclusions were drawn from the 
experimental research: 

• Placing a ventilation system at the wall base is a 
good technique for reducing the level of rising 
damp. 

• After the experimental study, one question re-
mains: is the wall thickness a problem? 

• The automatic calculation programs to evaluate 
changes in the moisture content and temperature 
inside walls are essential instruments in simulat-
ing the wall’s behaviour in the presence of hu-
midity, depending on the internal and external 
climactic conditions. The automatic calculation 
program used in the numerical simulations was 
WUFI-2D, developed in the Fraunhofer Institute 
for Building Physics. 

• The experimental campaign was limited to con-
sidering a single wall, 20 cm thick, but Portugal's 
ancient building can actually have walls up to 
1.00 m thick. A series of numerical simulations 
was thus performed to find the behaviour of walls 
of different thickness. 

• Maintaining all conditions apart from wall thick-
ness, two separate situations were simulated: 

• A wall buried up to 45 cm of its base; 

• A wall buried up to 45 cm of its base, but with its 
base ventilated such that the conditions of rela-
tive humidity and temperature inside the ventila-
tion chamber were identical to those of the re-
spective exterior environment. 

 
As expected, the level reached by the moisture front 
increased as the thickness increased. It was further 
found that when the ventilation system was placed at 
the base of the walls, the moisture front decreased. 

4. Conclusions 
The main conclusions are as follows: 

• In historic buildings, the traditional techniques 
for treating rising damp are not effective; 

• Ventilation of the base of walls (0.20 - 1.00 m) is 
a simple technology that offers great potential; 

• The varying thickness of the walls (0.20 - 1.00 
m) has a slight influence on the efficacy of the 
wall-base ventilation, but the improvement in the 
functioning of the wall after the introduction of 
the ventilation system is clear. 
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The structural safety assessment of the existing buildings is strictly related to the prevention and the maintenance 
management problem, mainly for buildings that, like R/C and masonry buildings, cannot be considered as “eternal” 
any more. Unfortunately, the quite uncommon practice of inspecting the existing structures with a regular schedule 
and the lack of skill in detecting the incoming structural damage make the residual safety level assessment more dif-
ficult and rough. The safety assessment problem is becoming more and more important, as proved by the publication 
of the Italian OPMC 3274 (2003). In fact, these recent national technical guidelines suggest to evaluate the safety 
reliability of strategic existing buildings of first and second class seismic areas. The proposed assessment method is 
based on the general evaluation of the building real conditions and introduces into the structural computation some 
confidence factors depending on the knowledge level.  In fact, the recently published “Technical Guidelines for Con-
structions” (DM 14/09/2005) specifies that: “the quality guarantee, control and quality plans are essential tools in 
order to evaluate the construction structural reliability”. It is thus very important to make engineers and field opera-
tors aware of the problem, to improve their technical knowledge by means of a systematic interdisciplinary approach 
founded on the careful examination of the residual technological performances of the considered structures, because 
a sound prevention of structural deficiencies is strictly dependent on that. To complete the paper a study case is pre-
sented herein. The study case is  is a viaduct known as “Fornello” of the Italian highway Orte-Ravenna (E45). 
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1. General and regulatory organization 
The matter of ascertaining the state of conservation of 
existing buildings is a very topical one: recent statis-
tics indicate in fact, that the number of buildings 
which due to age or various other conditions, show 
structural problems connected with the degradation of 
the materials, is extremely high.  News items in re-
cent years, concerned with the tragic collapse of 
buildings provide evidence of the reliability of these 
appraisals, confirming that the problem of structural 
safety requires particular attention to be paid to pre-
vention and maintenance, especially for concrete 
structures, which are no longer “eternal” like those 
made of brickwork masonry. 

If until recently, restoration and structural consolida-
tion were considered practices typical of monumental 
constructions, from now on it is necessary to recog-
nize the problems connected with work (repairs and 
replacement) on reinforced concrete structures. 

By-law 3274/03 states on the other hand the require-
ment to carry out reliability checks for structures of 
strategic interest situated in seismic zones 1 and 2. 

The method of checking introduced for existing struc-
tures assumes a general survey of the situation and 
introduction into the calculations of confidence fac-
tors depending on the level of knowledge of the exist-
ing structure (LC1-LC3). 

In this respect it has to be stated that there are valid 
methodologies for measuring the factors which de-
termine suitability for use of constructions with refer-
ence to retaining the initial requisites of the materials 
and therefore the safety margins prescribed by the 
building regulations. Ministerial Decree 14/09/2005 
specifies in this regard that “quality assurance, 
checking and quality plans are essential tools for as-
sessing the reliability of structures”, which is consis-
tent with the performance guidelines of the most 
modern regulations. 

Therefore, the search for tools suitable for represent-
ing the status of existing buildings and structures be-
comes opportune when there is a need to check their 
structural status for withstanding earthquakes; how-
ever, this is a complex task due to having to express 
the variables which must be codified. 

In the majority of cases structural degradation is due 
to inappropriate structural design as well as being 
under attack from the external environment: after the 
condition of the materials has been carefully ascer-
tained as well as all the characteristics of the struc-
ture, it is necessary for the engineer to identify the 
minimum essential characteristics which must be pre-
sent in order to be able to claim that the safety and 
functionality of the structure are guaranteed.  Once it 
has been asserted that these are present, then a nu-
merical analysis has to be carried out under the actual 
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conditions found, which procedure proves to be the 
final part of the study process, as opposed to the vast 
extent of the preliminary ones. 

With these premises the systematic organization of 
the checks completed for ascertaining structural 
safety cannot leave aside the concept of maintenance 
since through this it is possible to check over time the 
problems connected with structural degradation, 
thanks to systematic observation of the status of the 
structure. 

Life in service connected with the “concrete factor” 
can be achieved effectively in reinforced concrete 
structures, provided that once service life starts, the 
quality of the concrete is not compromised in any 
way and provided that the risk factors taken into ac-
count at design stage do not undergo significant 
change over time. 

Factors responsible for negative variations in the local 
properties of concrete can originate from: 

• the complexity of architectural choices; 
• adopting working practices unsuitable for the 

specific application; 
• the use of unsuitable components; 
• environmental factors. 

At all events, the ideal composition of concrete for 
structural uses must be such as to provide a material 
with reduced permeability.  The most frequent vari-
ables which condition durability are therefore: 

• the presence of holes due to inadequate com-
pacting in the form; 

• the formation of shrinkage fissures; 
• reduction in the thickness of the concrete cover 

to reinforcement. 

By monitoring the structure it is possible to slow 
down the degrading phenomena in a timely manner 
when there are no flaws in the working drawing or 
gross design errors. What is more, the same restora-
tion works which may be initiated, since they are car-
ried out on damaged or defective materials, must be 
monitored over time. 

Maintenance awareness is recent and therefore we 
have inherited a considerable legacy of buildings with 
reinforced concrete structure which have not been 
checked for decades and which were created at times 
when the concept of structural safety, especially with 
regard to being earthquake-proof, was very different 
from what is meant today. 

At the current state of knowledge designing according 
to a given service life does not permit excluding from 
what is already known the need to have to carry out 
maintenance work for the purpose of maintaining the 

functionality planned. Moreover, the same 
C.S.LL.PP. “guidelines for structural concrete” from 
1996 in point 7.2 claim that “The service life is the 
time during which the structures and/or materials 
must maintain their performance, while maintaining 
the operational level of safety and efficiency of the 
design for any action and environmental condition 
foreseen, except for routine maintenance”. 
 
 
 
Text continues in the paper collection .. 
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In what concerns large renovation programs of old city centres, choosing the most adequate approach for inspec-
tion, appraisal and diagnosis is a complex task that can determine the success or the total failure of the project pur-
pose. This paper describes the procedure used for the inspection of 700 buildings located in the old city centre of 
Coimbra (Portugal). In this paper will be presented the building check-lists developed for inspection, the building 
defect reports produced for the rehabilitation and renewal process. 

Keywords: Historical city centre, building defects, diagnosis, inspection and rehabilitation. 

 
 
 

1. Introduction 
There is growing evidence that built heritage conser-
vation carries benefits in many areas the urban envi-
ronment. Responsible decision makers, institutions 
and authorities involved in urban development pro-
grams have recognized the urgent need to preserve 
their cultural resources and assets, and moreover to 
relate cultural values to development. In the area of 
construction, it has been estimated that 50% of all 
building refurbishments in European cities relate in 
some way to heritage preservation [1]. The physical 
refurbishment of historic city centres provides the 
means for social revitalization of communities and 
neighborhoods, economical attraction and improve-
ment of the quality of life. 

2. Methodological approach: 
Old city centre of Coimbra  

The renovation process of the old city centre of 
Coimbra is a national singular experience on urban 
renovation and rehabilitation. Other Portuguese cities 
have started and still ongoing renewal actions, but 
have not undertaken the renewal process in such an 
organized, integrated and methodological manner. In 
order to survey and study the old city centre area, the 
project perimeter was divided into eight zones (big 
city blocks). Each zone includes several buildings that 
share in many cases the same type of architectural, 
functional and occupational characteristics to be in-
spected and analysed with the purpose of in a final 
stage each zone is studied and renewed as a whole. In 
the scope of the renovation and rehabilitation process, 
the city council invited the University of Coimbra to 
carry out a complete identification and inspection 
survey of the buildings on three different domains: (a) 
architectural typologies, (b) constructive and patho-

logical condition of buildings, and (c) socio-demo-
graphic characterisation, of this part of the city.  
Four teams of inspectors where created, three of them 
for each aspect mentioned above, and a fourth team to 
create a computer data-base to manage, inter-cross 
and analyse information gathered, using SIG platform 
and a DBMS. The interaction between teams with 
different interests but with some common final aims 
is a decisive factor to contribute to a final and bal-
anced solution. It will only discuss the second aspect 
mentioned above, related to deterioration and defects 
of buildings under the engineering point of view. This 
first stage – a complete inspection and identification 
survey – is the solid basis of the process and it is es-
sential to acknowledge all variables and sensibilities 
involved, so that further stages, like the definition and 
proposal of various base-projects, correspond to 
building features inspected and identified. All this 
information individualized and recorded for each 
building in the computer data-base is a tool to pro-
mote and justify decision making and help develop in 
the future rehabilitation projects individually or glob-
ally in a larger scale – city block project.  

3. Survey and appraisal of old buildings 
The survey is the starting point to assess and identify 
the condition of the buildings and their defect analysis 
investigation. Survey actions are often inadequate and 
unfruitful, because they are not based on a true 
knowledge of the building stock, from the type of 
materials used, construction techniques, typical de-
fects, etc. A poor survey can have a negative effect 
influence on the way the building is discussed, man-
aged, compromising its future well-being.  
Choosing the most adequate approach for inspection, 
appraisal and diagnosis is a complex task that can 
determine the success or failure of the project pur-
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poses. This problem is particularly important when it 
is intended to inspect more than 700 buildings in 18 
months range, with a good level of accuracy and co-
herence to achieve reliability set of data. 

 
Figure 1. Check-lists for building inspection 
 
To achieve these objectives, only a very few number 
a buildings could be revisited, what should happen 
only in the most dramatic or suspicious situations. 
There are various levels for carrying out inspection 
and appraisal of buildings. If the main goal is general 
planning and strategy issues, the characterization in a 
general matter of the buildings in a specific zone con-
stitutes an adequate level of inspection. But if a 
higher level of characterisation of buildings is pur-
sued, then our objective is certainly more sophisti-
cated, for example, an exhaustive and complete in-
spection and diagnosis, that could involve destructive 
and non-destructive testing, must precede an indi-
vidualized rehabilitation project for a valued architec-
tural building. 
For example, to evaluate the structural vulnerability 
of old buildings, specific items must be surveyed, 
such as wall thickness, building height, plan configu-
ration, type of soil and foundations, floor slab connec-
tions to masonry walls, masonry shear strength, etc. 
The influence of such effort on the level of inspection 
of buildings must be justified by the degree of action 
of future rehabilitations carried out. In truth the level 
of inspection must take direct effect on the quality 
and depth of rehabilitation and renewal actions, as 
well as maintenance. The presented methodology has 
as main aim to serve as tool for guiding urban plan-
ning and intervention, with particular importance 
from the building refurbishment and rehabilitation 
point of view for buildings in urban and historical 
centres, and also in the definition of maintenance 
policies and priorities. This methodology has contrib-
uted to the organization and decision aiding in a more 
supportive and clearer manner without compromising 
the nature of the intervention. Their exists no unique 

model, but general principles and major steps, so this 
methodology needs to be adapted and modified faced 
to different urban characteristics and features, as for 
final end-products. The survey carried out and pre-
sented is only upon the building physical inspection, 
other levels of inspection are not analyzed in this pa-
per. The inspection and diagnosis check-lists are 
structured by building elements and components, pre-
viously defined and evaluated in a hierarchy manner. 
Each building element is surveyed by a check-list, 
recording and characterizing essentially materials, 
solution, condition state and defect analysis. 

Conclusions 
The importance and influence of the survey must not 
be underestimated. It is the natural point of interest at 
which all interested and involved parties will focus 
and discuss, identifying the needs of the building, 
understanding the buildings and finally put forward 
solutions, demands, decisions and practices. The re-
sults obtained give an accurate “image” of most of the 
old building stock in urban areas of our country and 
allow the analysis of the most relevant problems and 
defects and essential needs in terms of building refur-
bishment. 
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Evolution of building systems and building pathologies: 
“variables of interaction” 

Rosa Maria Vitrano – Università di Palermo, Italy (email: r.vitrano@architettura.unipa.it) 

The method and the capacity to construct evolved differently according to the nature of the place. Each “age” has 
had an approach to building since antique times, depending on the different materials and environmental needs and 
on the evolution of the technical “knowledge”. This paper describes the “variables of interaction” between architec-
ture-materials-techniques and the problems inherent in building recovery. Programming the building recovery for 
“the development of guidelines for the 21st century construction” must take into consideration the complex correla-
tion between building technologies and related building pathologies. The aim is to requalify building and urban con-
struction using technology that is open to innovation and contemporaneously to tradition. 

Keywords: technology, recovery, pathology, restoration, consolidation. 

 
 

1. Methodologies for intervention on 
buildings 

Recovering our building heritage has a fundamental 
role regarding renewal process, since it constitutes 
one of the strategies for urban and territorial balance. 
Building recovery, in the broadest sense of the word, 
means the renewal of precious constructions which 
have decayed or outdated but could be renewed.  
Therefore any intervention of building recovery needs 
a philological study as a starting point, which consists 
of a critical interpretation of the building and its con-
text. Such a study is the result of an inseparable rela-
tion between the construction’s “previous state” and 
its “current condition”, or rather, between the materi-
als and the constructive technique, the method from 
which form and function originated and the preset 
structural state which is obsolete. 
The knowledge, or better the “recognition” as Cesare 
Brandi would say, is the instrument and, at the same 
time, the main cultural objective of recovery [1]. 
There are some fundamental principles which have to 
be respected in programming an intervention of build-
ing recovery: the “compatibility” of materials and of 
constructive techniques; the “identifiability” and the 
principle of “reversibility”.  
Reversibility gives the building the possibility to reinter-
pret or correct using possible solutions brought by tech-
nological innovations (new materials, techniques and 
constructing procedures). Reversible no invasive inter-
ventions (where possible), which focus on the quality 
and on the bearableness, are hoped. Other general crite-
ria in the intervention on historical buildings are: dura-
bility, reliability, flexibility and maintainability. 
Durability refers to the resistance of materials and the 
capacity of holding together the single components 
and the whole building.  
Reliability varies different factors and concomitant 
causes which occur during the life of the building . As 

to flexibility, we have to take into consideration the 
relation between materials and constructive systems 
in view of a better functioning.  
In the end maintainability refers to the planning, con-
structing and managerial stage.  
In a planning stage the conditions (structural solution, 
details, materials and systems) can be programmed and 
determined for a good and correct maintainability.  
These are the parameters of “technological congru-
ence” which must be respected when involved in a 
recovery intervention, supported by a historical criti-
cal and technical-scientific study. 
“…The intervention on a historical building focuses 
on the “real monument”, on its role in civilization, on 
its place in the progressive development of history; 
monuments are like story-books whose pages must 
not be disarranged” [2]. 
This study means to make its contribution to the 
knowledge and to the recovery of the architectural 
patrimony which is chronological inserted in the arc 
of 20th century, to study its cultural and material 
weaving, spotlighting the truth of Palermo. It is 
characterized by an evident heritage and hidden in-
heritances which seem to be dim from successive 
human vicissitudes. The primary task of the research 
is to measure the congruence between the semantic 
and the material value of the good, to estimate its 
degradation risks, to decrease its vulnerability de-
gree, that is “redeem it”, protect it and give it back 
to the history that has conceived it. [3]. Limiting 
both material (structural degradations/physical obso-
lescence – requirements of safety/security) and cul-
tural and environmental (function degradations-
disregarded environmental requirements) risks and 
realizing the just conditions of fitness for human 
habitation, means to create new perspectives or “to 
continue to make history in the knowledge” accord-
ing to B. Zevi’s opinion [4]. 
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2. The recovery of “Stand Florio” in 
Palermo: program and aims 

Many places and spaces have been forgotten by his-
tory, usurped from their original meaning and suffo-
cated from a sometimes little careful culture. We are 
going to present an example.  
The “Stand Florio” (E. Basile – 1905) in Palermo 
shows some architectural peculiarities that should be 
understood, deepened and set off [5]. 
Its geographic position is very interesting: it looks to 
the sea, thanks to its town planning position on the 
coast (Messina Marine street).  
It can be certainly considered in the “Liberty” typo-
logical category a meaningful architectural example 
that should be protected as heritage for the future of 
our generations.  
The culture expressed in it should be set off because it 
is a mark of our nearer past. We can say that this ex-
pression of architecture is moreover the last one hav-
ing an own well represented cultural identity and 
therefore it is important that it forms part of the mem-
ory of the future with the right recognitions. Recover-
ing the meaning of these modern architectural expres-
sions, means to add to the history those not ancient 
but pregnant and equally interesting sceneries of ar-
chitecture for the next generations.  
The stages of building recovery of Stand Florio – 
(Liberty building) start from an analysis of the decay 
of the masonry and of the exterior rendering. An ac-
curate philological analysis of the building is effected 
starting from the historical and material data. The 
seriousness of the decay and of the upheavals is clear 
through a visual analysis. A mapping of the upheavals 
has been effected. The redevelopment and recovery 
project foresaw the reconfiguration of the façade. 

3. Results 
This study explore three main paths:  
- historical definitions and building techniques; 
- structural work on degraded concrete buildings; 
- experiment new building and reclaim techniques 

and materials. 

I – Acquisition of data-historical and technological 
analysis-cartography-visual analysis;  

II – Diagnostics-degradation pathologies and physi-
cal-mechanical characteristics of structures-study of 
building procedures -data acquisition techniques for 
structural parts- plans for structural reclaims (durabil-
ity and reliability); 

III – Suggestions for interventions-structural reclaim 
methods through new materials -definitive interven-
tions and non-destructive methods-building proce-

dures for structural reclaim-building procedures for 
the prevention of degradation.  

In conclusion the aim is to requalify building and 
urban construction using technology that is open to 
innovation and contemporaneously to tradition. The 
building recovery, being linked to urban recovery, 
constitutes the first element of identification of the 
image, of the city and of the territory. Any historical 
or modern, particular or common intervention of re-
covery should guarantee the continuity of the image 
or to give back integrity, damaged by alterations. In 
recovering buildings, the approach must be scientific. 
It means to redevelop and to compensate the breaks 
between past and present and to start new connec-
tions, respecting what already existed, and what is 
required today [6]. 
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“Technological parameters” of sustainability: 
factors of decay and prevention measures 

Rosa Maria Vitrano – University of Palermo, Italy (email: r.vitrano@architettura.unipa.it) 

This is the age of the “global knowledge”, of the “local inadequacies”, of the specialistic enterprises and of the 
management difficulties. Today is necessary to create new perspectives to limit the risk both material (structural 
decay / physical obsolescence / security needs / static disease) and cultural and environmental (function degrada-
tions – inattentive environmental conditions) and to realize the right living conditions and protection for the devel-
opment of guidelines for the 21st century construction. This research aims (in correlation between historical study 
and architectural analysis) at the creation of new instruments for developing a history of building technologies as 
they relate to their pathologies.  

Keywords: pathology - sustainability - prevention - technology - recovery  

 
 

1. Introduction 
The boom of the building industry of the 50’s and 
60’s, in the middle of the technological evolution, 
produced the modern “degraded” city, the outskirts 
without quality, the loss of the local urban character-
istics, and moreover the destruction of the equilibrium 
with the environment.  
How can we explain this involution? It wasn’t the 
culture of the 20th century that started all this, as 
some may think, but the part of it that the common 
sub-culture has wanted and been able to receive, the 
craving for the maximum economic gain did the rest 
using a new material and technique (use of concrete) 
to further its needs, depriving the buildings of the 
most elementary requirements of security, durability, 
and trustworthiness. Apart from some “author archi-
tecture” examples, that are now in danger of not being 
valorised and understood, for a phenomenon of reac-
tion and disenchantment, the results of the building 
industry are unsatisfactory, as anyone can see [1]. 

2. Sustainability 
and recovery strategies 

Since the 70’s we have acknowledged that the re-
sources have to be protected with new strategies of 
urban and building recovery. “Recover sustainably” 
means assuring that the procedures are compatible 
with the necessity to better and protect the quality of 
life and of the environmental context for the future 
and present needs [2]. 
The direction of the evolutionary processes in the 
technological field, the creativity and ideals must seek 
the construction and guarantee a better future.  
What’s important, is to point out that the complexity 
of the building process and its gradual specialization, 
often remove the architect form the building, depriv-
ing him of his role as coordinator of the process.  

Recover the architecture for a sustainable future 
means expanding the themes of recovery with con-
sciousness and critical spirit.  
Sustainable recovery means, as well, satisfying the 
modernization and innovation needs of the users, 
without damage to the quality of the environment. 
This logic directs the design process from the per-
formance of the single technological component (the 
quality of the single component can be indifferent in 
the best result of the whole) to the optimization of the 
whole architectonic organism in relation to the needs 
of the environment.  
The programming of new “methodological instru-
ments” finalized to the sustainability is based not only 
on the traditional control of the performance, but on 
an idea of global quality of the operations: (energy 
consumption containment, control of the aging of 
components with prevention as well etc) [3]. The cor-
respondence between the needs (the security condi-
tions, environmental well-being, durability, etc) and 
the requirements (the possible answers to the said 
conditions, in relation to the constructive system) of 
the organism and the norms that protect the user, it’s 
a necessary condition to complete a recovery project 
achieving the objectives, the quality of the whole ar-
chitectonic organism [4]. 

3. Quality and aging control 
The quality of the building recovery is the result of 
the organization of the physical-space and functional 
variables related to the environmental components. 
The primary parmeters of the research of sustainabil-
ity: 

• reduction of the energy consumption (passive 
microclimatic control, use of renewable energy 
sources like solar energy etc); 
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• use of recycled and recyclable materials; - im-
provement of the acoustic aspects (external and 
internal walls, etc);  

• improvement of the thermo-igrometric (with low 
impact methods that favour natural ventilation, 
natural summer cooling -wind towers, natural 
winter heating – solar greenhouses, to reduce the 
management costs); 

• durability of materials and components (docu-
ment the quality and characteristics of the prod-
ucts, for example the certifications of concrete) 
of particular importance for the concrete con-
structions that must guarantee static performance 
and resistance to environmental aggressions-
maintenance and exchangeability of the compo-
nents based on the life-span forecast of the single 
components (the technological systems have to 
be set in opportune spaces to be easily reach-
able). 

These general directives are fundamental for a man-
agement of the quality of the building as a whole. 
This in fact can’t be delegated exclusively to the 
structural materials, but to the total of the parts that 
make it and in different ways contribute to the final 
result. 
The sustainability is a cultural availability that re-
quires continuous exchanges amongst the different 
phases of the design, from the initial decisions to the 
mediated configurations. 
The last thing to point out that at the base of any good 
design is the programming of a correct and punctual 
control of the project and the building site; form di-
agnostic data it is clear that many constructive errors 
and precocious aging are caused by the superficiality 
and management inadequatness. 

4. Results 
The stages of building recovery start from an “philol-
ogical analysis” of the building (historical and mate-
rial data). The objective is to restore the original 
meaning of the building correlating it to the needs of 
the present, or to establish a new balance in terms of 
“retraining” and “renewal”. 
Methodological proposals for sustainability interven-
tions: 

• interventions and non-destructive methods; 
• building procedures for structural reclaim; 
• plans for structural reclaims (durability and reli-

ability); 
• building procedures for the prevention of degra-

dation (maintenance). 

Results: 

• documentation and information technologies for 
site interpretation and promotion (innovative in-
strument for data analyses); 

• evaluating the role of heritage conservation in 
sustainable development; 

• check on the validity of the new techniques on a 
sample building. 

In conclusion any intervention of building recovery 
should guarantee the continuity of the image or to 
give back integrity, damaged by alterations. The de-
signer’s conscience and maturity is fundamental in 
interpreting rules, establishing methods and guiding 
the sustainability project [5]. 
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