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In the present era, technologies are becoming increasingly impor-
tant in helping and supporting man in research, knowledge and pro-
duction activities, almost as if they were smart prostheses. With the 
theme of the XVI Forum “World Heritage and Knowledge”, I propose 
to the International Scientific Community to debate and establish a 
comparison of knowledge carriers to communicate methodologies of 
good practices adopted and experiences in the use in the protection, 
conservation and safeguarding of cultural heritage and landscape 
as well as in the design of the “new, ”that, adopting in the building 
processes and building construction Innovative Building Modelling, 
can realise a non-contemporaneity of what has the same date (Giulio 
Carlo Argan) respectful of the values   of the pre-existing, legitimate 
because it participated ex ante and monitored becoming all its ethi-
cal, aesthetic and performance connotations.

With the Internet of things, for example, sensors that are used to 
produce data autonomously that widen the processes of knowledge 
on all levels, from the territory with its infrastructures, to the environ-
ment, to the artefacts entering into the body itself of their physicality, 
or, in the case of the new, building the project as a prediction throu-
ghout physical consistency.

Nevertheless, the use of new technologies allows for economies of 
scale, both temporal and economical, not only for the surveying and 
representation of the built and the territory in the analysis phase but 
above all for the management of the resulting data that makes the 
design activity of the restoration of the historical heritage and land-
scape or of the newly constructed in a single process no longer di-
vided into steps but also unitary in concrete constructions and the 
realisation of the works, in the intermediate checks, in the testing, in 
the monitoring and in the programmed maintenance.

In conclusion, it is indispensable for the scientific community to hi-
ghlight how technologies, without a responsible attitude that commit 
man’s choices and knowledge in dealing with and planning appro-
priate responses to the issues and needs of the collective, can create 
a deception that unfortunately materialises with the subtle persua-
sion of uncontrolled astonishment that overwhelms the imagination.

Carmine Gambardella

President and Founder of the Forum

      Preface
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Innovative systems for the redevelopment of historical buildings: 
BIM application 

 
Simona COLAJANNI,1 Giusy Emanuela LO CACCIATO1; Achille Roberto PORCASI1 
(1) Dipartimento di Architettura, Università degli Studi di Palermo, Palermo, Italy 
simona.colajanni@unipa.it;giusyemanuela.locacciato@community.unipa.it; 
achilleroberto.porcasi@community.unipa.it  
 
 
Abstract  
During the last years the building construction has been characterized by a deep transformation due to 
the use of Information Technologies that are changing the way of life, work, production and exchange 
information (BIM). 
The BIM (Building information modeling) overcomes limits of the traditional organization of the design 
activity, in which specialized technicians work in sequential steps to elaborate the project. Its use has 
increased as tool for the control and management of the architectural project for both new buildings 
and for the redevelopment of existing ones. 
This paper will present the results of a study developed on the technological, economic and 
procedural advantages that can be obtained from the application of BIM method for the redevelopment 
of historic buildings using innovative shells realized with advanced computerized technologies. 
The work has been organized in different phases. During the first phase, the main potentials of BIM 
were identified through the wide selection of commercial software applied to the redevelopment of 
emblematic historical buildings, then the result of this phase has been used to the experimentation of 
complex shapes developed for a study case in which   constructive, productive and adaptive aspects 
of the shape have been optimized. The aim was to demonstrate how it is possible, through the 
definition of different parameters, optimize the shape of the envelope in order to adapt in different 
condition, obtaining the least number of different constructive elements, minimizing the weight of the 
whole structure. 
 
 

Keywords: BIM; Historical Buildings; Redevelopment; Innovative Systems. 
 
 

1. Historical buildings and BIM innovation 
The BIM method used for historical buildings is proposed as an integrated system for the 
representation, maintenance and conservation of the built environment. It is involved in an 
intermediate phase of the life of the building, whose starting point is not the project of 'new', but the in-
depth knowledge of the redevelopment of an existing estate. 
If in the new buildings the parametric and integrated design is spreading rapidly thanks to the issuing, 
in many countries, of directives and regulations regarding the introduction of BIM in public works, from 
the research conducted it was possible to verify that as far as concerns its use on existing buildings for 
maintenance, renovation, energy requalification, demolition and reconstruction, the Building 
Information Modeling is still being tested for the existence of many difficulties especially related to 
geometric, technological, performance, part of the constructive elements of which an ancient building 
is composed. 
In this sector of historical building, the use concerns mainly aspects related to the decorative 
apparatuses making use of advanced graphic detection and output. This happens because they are 
characterized by a more complex and irregular geometry compared to new buildings, which requires 
libraries of parametric models that are difficult to reuse and manage. In relation to this aspect, a 
declination of BIM has been configured, the HBIM Historic Building Information Modeling, in which the 
libraries derive from surveys of historical artefacts realized through different methods, tools and 

World Heritage and Knowledge | 904

mailto:simona.colajanni@unipa.it
mailto:giusyemanuela.locacciato@community.unipa.it
mailto:achilleroberto.porcasi@community.unipa.it


 

 

technologies such as digital photo modeling and laser scanning. This last technique, in fact, makes it 
possible to obtain a 3D model of highly detailed geometric point cloud that can be used as a 'guide' to 
the modeling, which however does not contain all the input data defined in the BIM environment, as 
happens instead the new buildings. 
This new methodology allows activating a system of collaborative intervention on the recovery and 
restoration of a historic building. While in the past we proceeded according to a linear methodology 
that went from the relief of the building up to the definition of the recovery hypotheses and the 
subsequent construction, today it is possible to relate all these phases generating a continuous 
workflow. 
 
 

 
Fig. 1: Comparison between traditional and BIM methodology. 
 

The diffusion of this new methodology can give an effective boost to planned building maintenance, a 
fundamental practice for the conservation of historic buildings, and a necessary condition for their 
valorization, which is rarely implemented in our context. 
Furthermore, the size and potential of the heritage of historic buildings and the need for new spaces 
for the community requires new systems for redevelopment and management. Moreover, the BIM 
method applied to the historical building heritage could also become a valid tool for the Public 
Administrations for the formation of a 'cultural heritage smart cataloging'. 
The intelligent cataloging of the historical heritage, or the creation of a database of BIM models of 
buildings that require functional and formal recovery intervention, would facilitate the design by 
reducing the time, interference and risks of failure. 
One thinks about the amount of European funds that every year Public Administrations are not able to 
spend because of the absence of operative instruments. 
 

    
Fig. 2: Satellite view of the historic center of Palermo and Catania where is possible to appreciate the 
consistence of the different typology of the historical buildings (Taken from: Google Earth). 
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2. Analysis of the software used in the renovation study cases 
In order to substantiate what has been represented up to now, we report the analysis of some 
emblematic cases of intervention in which the application of the BIM methodology allowed the 
realization of visionary projects. In particular, the salient aspects of the BIM procedure and the used 
software have been highlighted. 
In the case of the re-functionalization of the British Museum in London, the court project was 
entrusted to the architect Norman Foster together with the structural engineers of the company 
BuroHappold Engineering. Work started in September 1999 was concluded on 6 January 2000. The 
project by Foster and Partners Study was focused on the re-reading of the large square court of about 
6000 m2. For the sizing of the frames and the shape of each triangular panel, constituting the covering 
surface, a modeling program has been specially created that can interface directly with the software 
already operating in the BIM environment. 
 
 

  
Fig. 3: The Great Court at the British Museum (Taken from: https://www.fosterandpartners.com) and the hooking 
system of the metal structure. (Taken from: https://ealongi.wordpress.com) 

 
The particularity of glass cover’s shape represents a perfect interaction between structural needs and 
engineering innovations. The steel cross-linked shell represents both the main structure and the 
framing for the glass, through which it is possible to illuminate the space below with natural light. The 
roof, which seems to float on the courtyard without apparent supports, is instead supported by a ring 
of 20 columns in steel and concrete, hidden by a stone covering that surrounds the entire tympanum 
of the reading room, located at the center of the courtyard, and by a concrete ring beam on the 
perimeter resting directly on the masonry bearing walls designed by Robert Smirke. This beam acts as 
a sliding bearing and causes that the elements near the quadrangular perimeter work flexing and 
compressing. The covering structure consists by a grid of 5162 steel box profiles of dimensions 
80x200x4 mm and by 1826 structural knots cut from plates with a thickness of up to 200 mm, 
connecting six elements.  The connection between the different profiles and the node is made by 
welding and is useful for the transfer of the forces and bending moments between the structural 
elements.  There are 3312 triangular panels all different from each other, composed of double glazing, 
that is from tempered stratified screened glass outside (12 mm thick) and laminated glass inside (12 
mm thick), separated by an air chamber of 16 mm. The covering also has a curvature such as to 
assume a behavior like that of a dome. Completing a project of such complexity in a short time was 
only possible through a parametric modeling that allowed, in synergy with CAM programs, to make the 
structural elements of the roofing realizable. 
In the case of the restoration of the Ex Unione Militare building in Rome, the terrace has been 
redesigned through the design of a new roof: the glass and steel "Lantern" crosses the four floors of 
the building and emerges with the roof of the panoramic terrace. The restoration of the exterior, begun 
in 2008 and completed in 2013, has focused attention on the recovery and enhancement of the 
building’s original architectural lines, proposing two types of approaches: light on the façades of the 
building, whose first nucleus dates to the end 800, engineering for the "Lantern" and for coverage. The 
structure, designed by Massimiliano Fuksas, reaches a maximum height of about 7.50 m from the 
walkable level and houses a panoramic space of about 300 m2. The interior, bathed in natural light, 
takes the contours of an irregular mirror, while at night it lights up artificially, resembling a large lamp. 
The project involved the use of two types of glass: a double highly selective for coverage, and a single 
layer for the "Lantern". The entire steel structure of this and the distinctive covering element, both 
made by Stahlbau Pichler, has been divided into approximately 1000 triangular modules, each of 
which has different dimensions. By adopting Tekla Structures software, it was possible to model the 
complex three-dimensionally structure, interfacing with specific engineering calculation programs. 
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Fig. 4: Construction design using Tekla Structures software (Taken from: http://www.ilnuovocantiere.it), fixing of 
glass panels on the roof (Taken from: https://www.stahlbaupichler.com) and detail of the connection between 
profiles through the cylindrical node (Taken from: http://www.ilnuovocantiere.it). 
 

 
Fig. 5: The glass and steel diamond with variable geometry set on the top of the Palazzo dell’ex Unione Militare 
has redefined in a contemporary key the urban landscape of the historic center of Rome. (Taken from: 
https://www.arketipomagazine.it). 
 
 

The self-supporting structure consists of rolled steel profiles, which have a section of dimensions 
equal to 100x50x5 mm. The connections between these were made using 1000 hollow cylindrical 
nodes, 465 for the internal lantern and 580 for the cover, to which they are bolted. Once the 
connection is made, the nodes are closed with metal disks. For this project Stahlbau Pichler has 
literally conceived and created a unique system able to handle all inclinations thanks to a radial seal. 
The use of BIM platform, which defined an innovative mesh structure, was very important in the 
management of all the phases of the process, from modeling to structural calculation and production. 
Also, at the DZ Bank, built in 1998 by architect Gehry, the specificity of the Gehry Technologies group 
showed the conception mode’s advantages with the CATIA software in relation to the traditional 
design, and the possibilities of optimizing the architectural design. In this project the architect seems to 
have given up the typical enclosures that characterize his style because of the strict building 
regulations for the district in the heart of Berlin. Despite this, the true nature of Gehry is found inside, 
particularly in the atrium which is the main element of the structure because it hosts a conference 
room and combines the residential and commercial souls of the building. Right here there are in fact 
two glass and steel structures: the "Crystal Whale", a structure that almost completely occupies the 
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foyer space, and the "Glass Floor", a glass structure placed at the entrance, whose bulge shape 
draws the image of an ice surface suspended in a vacuum. Both are completely in contrast with the 
geometric and structural severity of the structure. 
 
 

 
Fig. 6: The “Crystal Whale” and the “Glass Floor” (Taken from: https://architizer.com), application of glass panels 
and bolting between profiles and star-shaped knot (Taken from: Transparent Shells: form topology structure). 
 
 

The shape of the conference hall, 29 m long, 12 wide and 10 high, was derived from a physical model 
that was then digitized into a three-dimensional surface model with CATIA, a fairly common software 
for parametric modeling in BIM. The cover, divided according to a triangular mesh, is made up of 2490 
rectangular-section stainless steel profiles measuring 40x60 mm. These are connected by a star-
shaped node, cut by cutting a thick sheet and then worked on a CNC milling machine. In this way the 
knot adapts to the mesh of the cover and the straight bars with standardized forks on both ends only 
need to cut to the correct length. The rigidity of the bolt connection is determined by the moment of 
inertia on the forks and therefore requires a precise drilling of the holes. There are also 826 different 
knots and 1500 glass panels fixed by neoprene gaskets. The panel consists of a sheet of tempered 
stratified glass with a thickness of 12 mm on the outside, an air chamber equal to 14 mm, and 
laminated glass with a thickness of 8 mm inside. The same type of structure was used for the 
realization of the "Glass Floor", in which cables for stiffening were also used. The project was carried 
out in collaboration with the structural engineers Schlaich, Bergermann & Partner and Ingenieur Büro 
Müller Marl GmbH. 
The analysis of the present case studies has been useful to the knowledge of the different typologies 
of structures realized today, besides the potentialities of the software on the market, that lend 
themselves to the modeling and the verification of the single elements that make up the cover later 
planned. 
 

3. Methodological verification for a simple envelope 
The introduction of new methodologies and tools for project’s control in the restoration, therefore for 
the redevelopment of the existing architectural assets, can offer new possibilities of conversion of 
traditional architecture’ spaces for new uses. 
In fact, this phase of the research concerned the study of re-functionalization’s hypothesis of historical 
buildings and Sicilian architectural assets through the modeling of adaptive transparent closing 
systems. 
The experimental research was conducted during the Graduate Laboratory of the Building Engineering 
in Architecture of the University of Palermo, coordinated by professor Antonio De Vecchi, whose 
objective was the formal and productive optimization of closing systems with variable lights, even of 
considerable size (about 20 meters). 
Different conditions were simulated through the application of dedicated calculation softwares, 
according to the chosen solutions, using some evaluation criteria of performance calculations aimed to 
the system optimization, that is composed by the constructive element and the form. In particular, we 
wanted to demonstrate how it is possible, through the definition of dimensional parameters, to 
optimize the shape of the envelope in order to obtain the least number of different constructive 
elements, minimizing the weight of the whole structure. 
The occasion to apply the methodology studied has been the refunctionalization project of the the 
historic sighting towers, present throughout the Sicilian territory, whose work of re-functionalization 
and restoration above all of the roofing elements, involves a noteworthy redevelopment of the entire 
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structure which, due to its technical nature, has a notable robustness and, at the same time, a scarce 
usability of the roof. The new envelope should have been flexible, light and simply to remove. So, the 
choice fell on a metal structure that could easily be adapted to different dimensions and formal 
configurations. 
 
 

       

       
Fig. 7: Examples of Sicilian towers: Torre di Gaffe (AG), Torre della Colombaia (TP), Torre di Guidaloca (TP), 
Torre degli Inglesi (ME), Torre di Mondello (PA), Torre di San Nicola L’arena (PA) (Taken from: 
http://www.licatanet.it/, https://www.turismotrapani.net/, http://livesicilia.it/, http://www.strettoweb.com/, 
http://palermodintorni.blogspot.it/, http://mapio.net/). 
 
 

The potential of the new method was exploited using BIM-based software, starting from the geometric 
modeling of masses, such as Visual Scripting and Computational Design programs, processing the 
management of a single model, data and information, and modeling elements as envelopes 
To define the type of optimal envelope, the reference parameters to be included in the modeling 
program have been set. Based on the analyzes carried out, it was decided to work on the design of a 
regular hemispherical shape with a radius of 10 m consisting of steel profiles and glass panels. 
For the geometric modeling and the optimization of the structural elements have been applied 
interoperable software able to automatically update in real time the chosen reference model. 
For the parametric modeling of the cladding panels, the triangular shape was chosen initially, followed 
by the rectangular one, by setting the number of panels to be obtained along the subdivision grid of 
the object. For the design of the individual panels, a specific family has been created, making the 
element as an adaptive component, that is able to adapt to different design scenarios. 
These can be used in repeated systems generated by the creation of a series of components that 
conform to user-defined constraints. 
A surface has been created for the characterization of the glass, defining the thickness and the 
parameters of the glass material, and the section of the desired profile was drawn to characterize the 
panel’s steel structure applying it automatically to the entire perimeter of the element. At this point the 
lengths of panel’s sides have been set as instance parameters, so as to be visible in the schedules 
automatically processed by the software. 
By loading the family into the project, the software automatically places the panel in the correct 
position, paneling the entire surface with immediacy and simplicity. 
Finally, the partition of the sphere has been further optimized by making a new modeling of the shape 
through a 4v frequency geodesic sphere that can be created starting from the design of the Golden 
Rectangle, whose dimensions become the new reference parameters: Golden ratio = (1+sqrt(5))/2 = 
1,618034; Length = Width * Golden ratio; Width = sqrt(4* Radius sphere ^2/(1+ Golden ratio ^2)). 
Reiterating the process of the Golden Rectangle’s insertion, an icosahedron and, consequently, the 
sphere with the desired frequency are constructed. 
Once the geometrical configuration has been defined, the structure can be modeled using software 
that can interface directly with the one previously used through .smlx format. Selecting all the lines of 
the model, these are characterized in profiles, choosing the section, the size and all the features 
necessary to define the properties. 
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To fix the glass panels directly and more simply on the main structure, hollow rectangular section 
profiles have been chosen. 
However, these have generated interference in the automatic arrangement of the elements due to the 
geometry of the profiles, resulting in variations in the mechanical response of the individual rods. 
Therefore, for these considerations and since the welding in the building involves an increase in the 
times and a modification of the optimal galvanizing conditions in the affected area, it was decided to 
use a connection with joints. 
 
 

 
Fig. 8: Subdivision of the surface and definition of the triangular motif family’s parameters, using Autodesk Revit 
2018 (student version). 
 

 
Fig. 9: Subdivision of the surface and definition of the rectangular motif family’s parameters, using Autodesk Revit 
2018 (student version). 
 
 

From the analysis of the case studies, it was decided to use a polygonal base joint in order to realize 
straight cuts to optimize production costs. 
Joints made up of hollow profiles with pentagonal and hexagonal base have been modeled. 
 
 

   
Fig. 10: Rectangular section profile and interference check. 
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For the connection of the nodes to the rods, plates with threaded holes to be welded to the rod, 
hexagonal head bolts also completely threaded and non-riveted toothed elastic washers were loaded 
into the modeling program. 
By making the automatic numbering of all the elements, it is possible to extract executive drawings 
and production lists automatically generated by the software in real time. 
 
 

      

      
Fig. 11: Modeling of the pentagonal and hexagonal section of the cable joint and checking the interference. 
 
 

                                       
 
 
Fig. 12: Executive drawings and 3D views of joints and structural profile automatically processed by the software. 
 
 

To complete the paneling of the sphere, it was decided to fix glass panel to the main structure by 
means of a system consisting of an aluminum connection profile with a thickness of 1.3 mm which is 
placed on the main structure’s profile and fixed to it by screws with a diameter of 3 mm and a length of 
7.5 mm. 
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In the latter, two laterally placed housings for the EPDM gasket and a central one, in which the 
insulating spacer is positioned, are created. 
Another important element is located in the upper part, it’s the presser which stops the whole system 
through a 3.5x50 mm screw fixed to the center of the connection profile. 
The presser is also covered by an aluminum casing with a thickness of 1.3 mm. 
For the cladding panel, it was decided to use the double glazing with a thickness of 36 mm consisting 
of three layers of laminated glass. 
 
 

 

MATERIALS 

NUMBER ELEMENT MATERIAL DIMENSIONS (mm) 

1 Rectangular hollow profile Steel 50x90x5 

2 Connecting profile Steel s=1,3 

3 Set-screws Steel 3x7,5 

4 Internal glass seal EPDM - 

5 Insulated spacer EPDM 30 

6 Double glazing Glass s=36 

7 Waterproof case Bitumen s=1 

8 External glass seal EPDM - 

9 Presser Steel s=1,3 

10 Set-screw Steel 3,5x50 

11  Aluminum s=1,3  

 

Fig. 13: Constructive detail of the connection between the main structure and the glass panel. 
 

In conclusion it has been possible to optimize the shape and the weight of the envelope. From the 

geometry’s parameterization made up of hollow profiles with a rectangular section of dimensions equal 
to 90x50x5mm, weighing 10154.40 kg, it has been possible to proceed with the quantitative 

optimization of the materials through the modeling the geodesic dome, characterized by same type of 

profiles, whose weight has been reduced by more than 3000 kg. From the comparison of the different 

solutions studied, it can be seen how the geodesic dome is the one that optimizes at best all the 

constituent elements. 

 

 

 
SET 

PARAMETER 
NUMBER 
KNOTS 

NUMBER 
PROFILES 

WEIGHT (kg) 
PROFILES 

PANELS 
TYPOLOGIES 

NUMBER 
PANELS 

 

Number 128 407 10154,40 28 224 

 

Number 226 450 7992,90 8 225 

 

Value of one of 

the triangular 

panel heights 

105 334 9713 5 188 

       

   

Geodesic dome 
frequency (4v) 

91 250 7073,40 10 160 

Fig. 14: Table of comparison between some formal and structural solutions of the dome. 
 
 

4. Conclusions 

The work carried out wanted to present the advantages obtainable from the application of the BIM 
methodology in terms of formal and structural optimization as well as the industrialization of the 
technical elements. From the foregoing it has been possible to verify that: 
- the automatic regeneration of the changes in all the software used allows to speed up the design 
processes, taking advantage of the complete interoperability of the work platforms; 
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- in every step of the process, continuous control tends to minimize the possibility of errors and / or 
omissions, causes of unforeseen costs; 
- the extraction of bills with executive details directs the production/construction towards a more 
accurate implementation of the products; 
- the ease of data transfer to numerical control machines greatly reduces the production processes of 
the individual designed elements. 
Therefore, the main objective that this methodology seeks to pursue remains unconditionally the 
reduction of the times and costs of the building process, through a series of interventions aimed at 
perfecting the steps that the traditional method fails to optimize. This has been developed for new 
buildings, but we hope to have been demonstrated that it is can be applicated in the scope of historical 
building: the new envelope designed, that has been set up on one of the watchtowers, by way of 
example, could be easily modify to other different cases of the Sicilian coastal tradition’s historical 
architectural heritage. 
 
 

 
Fig. 15: Example of geodesic dome’s insertion for the new envelope of one of the sighting towers. 
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