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Aapo Huovila, Miimu Airaksinen, Isabel Pinto-Seppa, Kalevi Piira, Topi Penttinen

CIB SMART CITY ROAD MAP AND VISION

Isabel Pinto-Seppa, Miimu Airaksinen, Terttu Vainio

A DIALOGUE ON THE GENESIS OF HOUSING PROBLEMS IN SOUTH AFRICA

Clinton Aigbavboa

ANALYSIS OF INTERLOCUTION BETWEEN HOUSING POLITICS OF JUIZ DE FORA AND PROGRAMA MINHA
CASA, MINHA VIDA

Livia R. A. Muchinelli, Raquel F. F. Hellich, Nadia de O. Camacho

INFLUENCE OF RUNOFF ON URBAN WASTEWATER - THE HUELVA CASE

Ricardo Arribas de Paz, Inmaculada Salvador Crespo, Marta Montafiez Entrenas

OS: Assessment, Diagnosis, Energy Efficiency and Building Refurbishment for Sustainability

Org. Anabela Paiva (University of Tras-os-Montes and Alto Douro, Portugal) and Jodo Carlos Lanzinha (University of
Beira Interior, Portugal)

INFLUENCE OF EXTERNAL ENVIRONMENT CHANGES ON EVALUATION OF ENERGY SAVING PROJECTS
Dalibor Vytlacil

ENERGY RETROFIT OF SARDINIAN LAND REFORM RURAL SETTLEMENTS

Giuseppe Desogus, Antonello Sanna, Sergio Arru

LIFE CYCLE ASSESSMENT FOR SUSTAINABLE CONSTRUCTION: A CASE STUDY IN CANADA

Ricardo Ferreira Leoto, Charles Thibodeau, Gonzalo Lizarralde

ENERGY SCREENING OF WIDE BUILDING STOCK

Vittorino Belpoliti, Giacomo Bizzarri, Marta Calzolari, Elena Cattani, Pietromaria Davoli, Stefania Pitzianti, Andrea Rinaldi,

TOXIC METALS IN INDOOR DUST COLLECTED FROM HOUSES INCLUDED IN THE “6X60X6” PROJECT
(COVILHA, PORTUGAL) DURING THE COOLING SEASON

M. Ramiro Pastorinho, Jodo C. G. Lanzinha, Luis Taborda-Barata, Maria Assunc¢éo Vaz-Patto, Marisa Monteiro, Miguel
C.S. Nepomuceno, Ana C.A. Sousa,

ASSESSMENT OF A TIMBER STRUCTURE IN THE “ERMIDA DA ASCENSAO DE CRISTO” IN LISBON

Diana Araujo, Dulce Franco Henriques

THERMAL COMFORT ASSESSMENT USING IN SITU MEASUREMENTS IN A RETROFITTED HOTEL OCCUPYING
AN URBAN MANOR HOUSE

Luis Rego, Antdnio Curado, Kevin Aleixo, Francisco Laranjeira

THERMOGRAPHIC INSPECTION AND HEATING ENERGY AUDIT OF RESIDENTIAL BUILDINGS

Egemen Kaymaz

USE OF LCA AS A TOOL TO MEASURE CARBON DIOXIDE AND ASSIST IN DECISIONS ABOUT THE MODEL AND
THE LOGISTICS OF THE MASONRY SYSTEM PRODUCTION

Victor Gomes Barbosa, Antonio Claret de Almeida Gama Junior

DYNAMIC SIMULATION OF THE TROMBE WALL THERMAL PERFORMANCE

Ana Briga S3, Ivo Pinto, Anabela Paiva

THERMAL AND ACOUSTIC PERFORMANCE OF INTERLOCKING COMPRESSED EARTH BLOCKS MASONRY
Dinis Leitdo, Ana Briga Sa, Edgar Soares, Tiago Miranda
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OS: BIM - Vision, Strategy and Implementation

Org. Fernanda Rodrigues (University of Aveiro, Portugal) and Hugo Rodrigues (Polytechnic Institute of Leiria, Portugal)

78 BIM IMPLEMENTATION IN DESIGN FIRMS. RISK-RESPONSE STRATEGIES TO SUPPORT CHANGE
MANAGEMENT
Marcella Bonanomi, Giancarlo Paganin, Cinzia Talamo

126 AUTOMATED RULE-CHECKING — A TOOL FOR DESIGN DEVELOPMENT
Jodo Pogas Martins, Barbara Rangel, Vitor Abrantes

152 USE OF BIM FOR THE PLANNING OF MAINTENANCE ACTIONS IN A HISTORICAL-MONUMENTAL BUILDING
Santi Maria Cascone, Nicoletta Tomasello

218 BIM-BASED MULTI-MODEL FRAMEWORK FOR ENERGY EFFICIENT BUILDING DESIGN
Peter Katranuschkov, Raimar Scherer, Constantinos Balaras

243 BIM METHODOLOGY APPLIED TO THE MANAGEMENT OF A WASTEWATER PUMPING STATION
Hugo Pina, Fernanda Rodrigues, Hugo Rodrigues

244 A BIM-BASED FRAMEWORK FOR SAFETY INTEGRATION DURING DESIGN
Fernanda Rodrigues, Joel Estrada, Paul Swuste

288 TOWARDS TO GIS-BIM INTEGRATION ON CONSTRUCTION LOGISTICS
Adem Emre Cengiz, Alper Cabuk, Osman Aytekin, llker Ozdemir

304 A BIM-BASED SOLUTION TO SUPPORT EARNED VALUE MANAGEMENT IN CONSTRUCTION
Anne-Marie Mushamalirwa, André Reis Antunes, Anténio Aguiar Costa

329 COLLABORATION AND BIM SUPPORTIVE PROJECT EXECUTION MODEL FOR THE CONSTRUCTION INDUSTRY

Jystein Mejleender-Larsen, Cecilie Flyen, Bjgrn Erik Lie

347 INCORPORATING PARAMETRIC TOOLS TO GENERATE AND ANALYZE THE BUILDING VIRTUAL MODEL INTO
THE TECHNICAL DEGREE STUDENT'S FORMATION
José Vazquez-Rodriguez, Dolores Otero-Chans, Javier Estévez-Cimadevila, Félix Suarez-Riestra

391 CRITICAL FACTORS FOR THE SUCCESSFUL IMPLEMENTATION OF AN INTEGRATED BUILDING INFORMATION
MODELLING AND ENTERPRISE RESOURCE PLANNING IN THE SOUTH AFRICAN CONSTRUCTION INDUSTRY
Mphumi Mathegu, Clinton Aigbavboa

489 BIM DEVELOPMENT IN PORTUGAL: ROADMAP PROPOSAL FOR A CONTRIBUTION TO A SUSTAINABLE AECO
SECTOR
Maria Jo#o Falcao Silva, Filipa Salvado, Paula Couto, Alvaro Vale e Azevedo

490 STANDARDIZED BIG DATA IN BIM OBJECTS FOR A SUSTAINABLE FACILITY MANAGEMENT OF BUILDINGS
Filipa Salvado, Maria Jodo Falcao Silva, Paula Couto, Alvaro Vale e Azevedo

491 IFC INTEROPERABILITY FOR BIG DATA INTEGRATION IN A BIM COLLABORATIVE ENVIRONMENT

José Barateiro, Paula Couto, Maria Jodo Falcao Silva, Filipa Salvado

0OS: Enabling Smart Buildings: ICT for Energy-efficient Buildings

Org. EEBERS clusters, Isabel Pinto Seppéa (VTT - Intelligent Built Environment, Smart Energy and System Integration,
Finland)
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134 EFFECTS AND MEANS OF ENERGY SAVING TECHNOLOGY IN AN INNOVATIVE SMART HOUSE
Yasushi lkeda, Yuto Sasaki, Kei Watanabe

320 NEW KPIS AND TOOLS FOR PLANNING ENERGY EFFICIENT BUILDINGS AND NEIGHBOURHOODS
Aapo Huovila, Krzysztof Klobut, Juha Hyvarinen

325 MOEEBIUS ENERGY PERFORMANCE OPTIMIZATION FRAMEWORK IN BUILDINGS FOR URBAN SUSTAINABILITY

Ander Romero, Borja Tellado, Tasos Tsitsanis
APPLICATION OF SEMANTIC MEDIA WIKIS FOR TECHNOLOGY MONITORING IN THE CONSTRUCTION
328 INDUSTRY

Jonathan Masior, Stephan Schiile
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342 EEBERS - ICT FOR ENERGY EFFICIENT BUILDINGS
Esa Nykanen, Isabel Pinto-Seppa, Stephan Schiile, Javier Royo, Joaquin Gomez, Farid Fouchal, Tarek Hassan,

348 ORBEET ORGANIZATIONAL BEHAVIOUR IMPROVEMENT FOR ENERGY EFFICIENT ADMINISTRATIVE PUBLIC
OFFICES
Jon Martinez, Konstantinos Tsatsakis, Eleana Hatzoplaki

370 DESIGN SPECIFICATION AND SYSTEM ARCHITECTURE OF A DECISION SUPPORT OF ENERGY EFFICIENCY
BUILDING RETROFIT AND MAINTENANCE INSTRUCTIONS
Farid Fouchal, Tarek Hassan, Steven Firth, Shen Wei, Vanda Dimitriou

432 DEMONSTRATION OF MANAGEMENT AND DECISION SUPPORT SYSTEMS FOR ENERGY POSITIVE
NEIGHBOURHOODS
Janne Rasi, Olli Nummelin, Kalevi Piira, Esa Nykdnen

433 ICT-TECHNOLOGIES FOR ENERGY EFFICIENT BUILDINGS AND DISTRICTS
Krzysztof Klobut, Max Boegli, Yves Stauffer, Itzal del Hoyo, Alfredo Samperio

436 UNDERSTANDING ENERGY FUTURES THROUGH EVERYDAY LIFE OBSERVATION FOLLOWING AN
ETHNOGRAPHIC APPROACH

Sarah Pink, Yolande Strengers, Marta Fernandez, Amalia Sabiescu

OS: Experimental Research on Building Rehabilitation

Org. Marco Ludovico-Marques (Polytechnic Institute of Setubal, Portugal) and Hugo Biscaia (University NOVA of Lisbon,
Portugal)

327 A NEW BONDING TECHNIQUE FOR THE REHABILITATION OF OLD TIMBER FLOORS WITH CFRP COMPOSITES

Hugo Biscaia, Carlos Chastre, David Cruz, Noel Franco
465 BEHAVIOR OF THE MOMENT-ROTATION CURVES OF BOLTED T-STUB CONNECTIONS
Mahyar Maali , Mahmut Kilig, Merve Sagdiroglu, Abdulkadir Clineyt Aydin
EXPERIMENTAL ANALYSIS OF REINFORCED CONCRETE BEAMS STRENGTHENED WITH INNOVATIVE
483
TECHNIQUES
Carlos Chastre, Hugo Biscaia, Noel Franco, Anténio Monteiro
STRUCTURAL MORTAR FOR REPAIR VAULTS OF HISTORICAL HERITAGE. THE ROMAN TEMPLE OF DIANA IN
MERIDA (SPAIN)
José-Carlos Salcedo, Manuel Fortea , Rubén Cabecera, Juan Saumell
504 DURABILITY ASSESSMENT OF CONSOLIDATION EFFECT ON SANDSTONE MONUMENTS
Marco Ludovico-Marques, Carlos Chastre
505 DURABILITY IN STRAIN HARDENING CEMENTITIOUS COMPOSITES ACCORDING TO EUROCODE
Zehra Canan Girgin, Cihan Yolcu, Muhammed Marasli

492

OS: Green Roofs and Living Facades

Org. Nuno Simdes (University of Coimbra, Portugal) and Francesca Olivieri (Technical University of Madrid, Spain)

57 VERTICAL LANDSCAPING IN THE DENSE CITY - PROMOTING ECOSYSTEM SERVICES AND ARCHITECTURAL
QUALITIES

Ann-Charlott Eriksen

PROPOSAL OF A TOOL FOR FEASIBILITY EVALUATION, DESIGN CONTENTS DEFINITION AND PERFORMANCE
ASSESSMENT FOR THE IMPLEMENTATION OF GREEN ROOFS ON EXISTING BUILDINGS

Carlo Antonio Stival, Raul Berto, Giovanni Cechet, Nicola Strazza, Edino Valcovich

EXPERIMENTAL ANALYSIS OF THE WATER CONTENT INFLUENCE IN THE THERMAL PERFORMANCE OF

149 SUBSTRATE USED IN GREEN WALLS

64

Maria del Mar Barbero-Barrera, Jorge Adan Sanchez-Reséndiz, Francesca Olivieri, Maria Angeles Navacerrada-Saturio

453 SURVEY OF IN-SERVICE GREEN ROOFS IN PORTUGAL
Vera Pontes, Cristina Matos Silva, Inés Flores-Colen
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493 GREEN FACADE OPTIMIZATION (GFO): A PARAMETRIC STUDY
Roberta Cocci Grifoni, Maria Federica Ottone, Angela Leuzzi

521 WATER PERMEABILITY OF INSULATION CORK BOARD
Ricardo Almeida, Anténio Tadeu, Nuno Simbes

OS: Innovating the Home: Innovative Perspectives on the US Housing Market

Org. Andrew McCoy (Virginia Tech, USA)

367 THE IMPLICIT VALUE OF TREE COVER IN THE U.S.: A META-ANALYSIS OF HEDONIC PROPERTY VALUE
STUDIES
Shyamani D. Siriwardena, Kevin J. Boyle, Thomas P. Holmes, Eric Wiseman

371 TRANS-ATLANTIC TRANSFORMATIONS: CHALLENGES OF TRANSLATING SUCCESSFUL HIGH-PERFORMANCE
BUILDING TECHNOLOGIES ACROSS CONTINENTS
Georg Reichard, Marvin Queke, Robert Burgal3, Stefan Schafer

372 THE DIFFUSION OF ENERGY STAR CERTIFICATIONS INTO US HOUSING MARKETS 2002-2013

Andrew Sanderford, Andrew McCoy, Matthew Keefe, Charles Theodore Koebel

MIXED PUBLIC POLICY AND MARKET PROVISION OF AFFORDABLE HOUSING: BUILDING, COST AND

PROGRAM CONSIDERATIONS

Theodore Koebel, Andrew McCoy

472 :-Ii\/l(;?UASCI"I\'IZOF HOUSING TECHNOLOGY AND BEHAVIOR ON ENERGY EFFICIENCY FOR AFFORDABLE RENTAL

Dong Zhao, Andrew McCoy, Philip Agee, Teni Ladipo

388

OS: Innovative Architecture: Knowledge, Ideas, Experiments and Realizations

Org. Adriana Matei (Technical University of Cluj-Napoca, Romania)

37 THE ENGINEERING OF FREE FORMS ENVELOPES: THE CASE OF THE HADID TOWER TWISTING SHAPE
FACADE
Enrico Sergio Mazzucchelli, Alice Ancillotti, Angelo Lucchini

47 THE DYNAMICS OF SPATIAL CONCEPTION AND ITS SEMANTIC IN CONTEMPORARY ARCHITECTURE
Adriana Matei

131 ANALYZING SOCIAL HOUSING PRACTICES IN TURKEY
Ezgi Hazar, Pelin Dursun Cebi

166 A SEMANTIC ANALYSIS OF MOVEMENT WITHIN CONTEMPORARY ARCHITECTURE
Andreea Motu

171 INNOVATION IN THE PUBLIC SPACES OF HISTORIC CENTRES
Alexandru Tiotiu, Adriana Matei

192 AN ANALYTICAL STUDY OF OUTDOOR INTERACTIONAL SPACE FOR CREATING SOCIALLY SUSTAINABLE
HIGH-RISE RESIDENTIAL ENVIRONMENT: CASE STUDY FROM INDIA
Soumi Muhuri, Sanghamitra Basu

196 LIMITATIONS, CRITIQUES AND INCONSISTENCIES OF THE SPACE SYNTAX METHODOLOGY
Mihai Racu

241 ENVIRONMENTAL IMPACT EVALUATION OF THE GEOMAGNETIC FIELD IN A RESIDENTIAL BUILDING
Jose Francisco Glaria Yetano, Ana Sanchez Ostiz Gutiérrez

401 THE INCLUSIVE HOUSE. INNOVATIVE TECHNOLOGIES FOR ALL
Marzia Morena, Maria Luisa Del Gatto

OS: Low Embodied Energy Building Materials for Eco-efficient Housing and Rehabilitation

Org. Paulina Faria (University NOVA of Lisbon, Portugal)

ANALYSIS OF SCIENTIFIC PRODUCTION RELATED TO EARTH CONSTRUCTIONS IN THE LAST 20 YEARS (1996-
2015)
Levi T. Pinheiro, Barbara R. Carvalho, Ana Sofia Guimaraes, Adeildo C. Silva

66
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105 THE GREAT CHALLENGE OF THE DOMESTIC ARCHITECTURE IN A GLOBAL WORLD
Adela Salas Ruiz, Maria del Mar Barbero-Barrera

262 ASSESSMENT OF PHOTOCATALYTIC CAPACITY OF A HYDRAULIC MORTAR
Pedro Castanho, Vitor Silva, Paulina Faria

462 AGGREGATES AND BINDERS’ INFLUENCE ON THE BEHAVIOUR OF MORTARS WITH IMPROVED THERMAL
PERFORMANCE
Andreia Borges, Inés Flores-Colen, Jorge de Brito

525 AIR LIME AND NATURAL HYDRAULIC LIME MORTARS WITH CERAMIC RESIDUES FOR REHABILITATION OF
OLD BUILDINGS

Gina Matias, Isabel Torres, Paulina Faria

OS: Natural Hazards Mitigation and Seismic Vulnerability of Civil Structures

Org. Rui Carneiro Barros (University of Porto, Portugal) and Manuel Braz-César (Polytechnic Institute of Braganga,
Portugal)
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415 REFURBISHMENT PLANNING OF BUILDINGS AS A PART OF EARTHQUAKE DAMAGE MITIGATION
Jana Selih, Aleksander Srdi¢, Matej Kusar

431 EFFECT OF THE DISPOSAL OF REINFORCED CONCRETE WALLS IN THE BRACING OF COMPOSITE
STRUCTURES
Mokhtar Touati, Rui C. Barros, Mohamed Chabaat

438 TRAFFIC SEISMICITY EFFECT IN HERITAGE BUILDING - FREQUENCY DOMAIN IDENTIFICATION
Veronika Valaskova, Daniel Papan, Rui C. Barros

440 VIBRATION CONTROL OF A TEN FLOOR MDOF BUILDING USING PENDULUM TMD
Rui C. Barros, Catarina M.A. Sousa

441 ASSESSMENT OF SEISMIC SAFETY OF F.E.U.P. NEW CAMPUS LIBRARY BUILDING
Rui C. Barros, Silvia A. Couto

484 RESPONSE TIME ANALYSIS OF A SPONGE TYPE MR DAMPER
Manuel Braz César, Kellie Oliveira, Rui C. Barros

OS: Passive House and Nearly Zero Energy Buildings

Org. Julio Bros-Williamson (Edinburgh Napier University, UK) and Romeu Vicente (University of Aveiro, Portugal)

ID

36 ZERO ENERGY BUILDINGS: A PROPOSAL OF A SIMPLIFIED TOOL FOR THE ZEB STATUS ASSESSMENT
Enrico Sergio Mazzucchelli, Chiara Porcari

ARCHITECTURAL FEATURES AND SYSTEMS TO APPLY THE ZERO ENERGY BUILDING (NZEB) CONCEPT IN
BRAZIL

Louise L. B. Lomardo, Diego Souza Caetano, Angélica B. Sampaio, Ana Paula da C. Esteves

THE NEED TO ADVANCE THE ENERGY PERFORMANCE BUILDINGS DIRECTIVE (EPBD) TOWARDS THE EU
ENERGY ROADMAP FOR 2050

Jodo Flores, Julia Seixas, Anténio Mourado , Miguel Cavique

251 LOW THERMAL INERTIA CASE STUDY: THERMAL ANALYSIS EVALUATION USING DIFFERENT APPROACHES

82

209

Rui Oliveira, Anténio Figueiredo, Romeu Vicente
377 THERMAL COMFORT PERFORMANCE OF A PASSIVE HOUSE IN SUMMER UNDER A MEDITERRANEAN CLIMATE

Fabio Vidal, Inés C. Meireles, Romeu Vicente, Vitor Sousa, Fernanda Rodrigues
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0OS: Refurbishment of Buildings and Satisfaction of Contemporary Requirements

Org. Eduardo Qualharini (Federal University of Rio de Janeiro, Brazil) and Jodo Carlos Lanzinha (University of Beira
Interior, Portugal)

ID

112 HOUSING AND HEALTH — PROPOSAL OF A METHODOLOGY FOR RISK ASSESSMENT FOR OCCUPANTS
Marisa Monteiro, Jodo C. G. Lanzinha, M. Ramiro Pastorinho

147 POST OCCUPANCY EVALUATION OF VERNACULAR HERITAGE HOUSING IN MADEIRA: A CASE STUDY OF
INHABITANTS’ SATISFACTION
Jorge S. Carlos, Ana M. T. Martins, Elma Vieira

154 THE ROLE OF AN INTEGRATED METHODOLOGY: ASSESSMENT OF HISTORIC RESIDENTIAL BUILDINGS FROM
PORTO
Cilisia Ornelas, Jodo Miranda Guedes, Isabel Breda-Vazquez

363 REHABILITATION OF ARCHITECTURAL HERITAGE: THE INCESSANT SEARCH OF COMFORT THAT DESTROYS
THE HISTORY OR THE SILENT INTERVENTION THAT RESPECTS IT AND VALUES
Tiago Emanuel Castela da Silva

368 THE IMPACT OF THERMAL BEHAVIOUR REGULATION ON HOUSING BUILDING REHABILITATION

Teresa Neto, Isabel Teles

OS: Smart Skin Envelope for Housing of the Future

Org. Corrado Trombetta and Martino Milardi (University Institute of Architecture of Reggio Calabria, Italy)
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140 THE EFFECT OF PARAMETRIC DESIGN ON DESIGNING PERFORMATIVE FACADES
Delara Razzaghmanesh, Meltem Aksoy
151 TRENDS IN THE BUILDING ENVELOPE SYSTEM
Corrado Trombetta, Martino Milardi
191 THE ECO-DESIGN IN WINDOW INDUSTRY
Emilio Antoniol, Massimo Rossetti
302 MAPPING OF ENVIRONMENTAL INTERACTION AND ADAPTIVE MATERIALS FOR THE AUTOREACTIVE
POTENTIAL OF BUILDING SKINS
Sandra Giulia Linnea Persiani, Philipp Lionel Molter, Claudio Aresta, Tillmann Klein
314 INTEGRATION STRATEGIES FOR SMART-ENERGY FUNCTIONING OF THE BUILDING ENVELOPE
Martino Milardi
352 ENERGETIC PERFORMANCE OF SMART SKIN ENVELOPES
Maria Teresa Lucarelli, Caterina Claudia Musarella, Nuno Simoes

OS: Sustainable and Water Efficient Buildings

Org. Armando Silva Afonso (University of Aveiro, Portugal) and Zuzana Vranayova (Technical University of KoSice,
Slovakia)
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11 GREEN ROOFS AS A TOOL TO PROMOTE WATER EFFICIENCY IN BUILDINGS
Cristina M. Monteiro, Cristina S. C. Calheiros, Carla Pimentel-Rodrigues, Armando Silva-Afonso, Paula M. L. Castro
100 EVALUATION OF THE WATER EFFICIENCY OF BUILDINGS: THE PORTUGUESE APPROACH
Armando Silva-Afonso, Carla Pimentel-Rodrigues
122 RAINWATER HARVESTING AND GREYWATER RECYCLING: GUIDELINES TO PREVENT CONTAMINATION OF
POTABLE WATER IN BUILDING SYSTEMS
Marco Fernandes Caetano, Helena Tavares da Silva
159 ALTERNATIVE WATER RESOURCES AS A WAY FOR REDUCING DEPENDENCE ON MAINS WATER SUPPLY
Gabriel Markovi¢, Zuzana Vranayova, Daniela Kaposztasova
201 CONSTRUCTED WETLANDS AS A TOOL OF ALTERNATIVE WATER TREATMENT SYSTEM
Martina Rysulova, Daniela Kaposztasova, Zuzana Vranayova, Joana America Castellar
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237 FAILURE OF STORMWATER OF UNDERGROUND INFILTRATION DEVICE - CASE STUDY OF IMPROPER DESIGN

Gabriel Markovi¢, Martina Zelenakova, Vlasta Ondrejka Harbulakova
365 WATER SAVING AND ANTI-LEAKAGE SYSTEM FOR FLUSH CISTERNS
Vitor Costa, Joao Rocha, Andreia Costa
428 STATISTICAL ANALYSIS OF WATER CONSUMPTION PATTERN IN UNIVERSITY BUILDINGS
Inés C. Meireles, Vitor Sousa, Armando Silva-Afonso
ECONOMICAL CRITERIA TO SIZE RAINWATER HARVESTING TANKS: HOW THE RAINFALL DATA CAN
461
INTERFERE?
Marcus André Siqueira Campos, Gabriela Cristina Ribeiro Pacheco
486 RAINWATER HARVESTING SYSTEM IN UTAD CAMPUS ONE WAY IN THE PATH TO ECOCAMPUS
Cristina Matos, Isabel Bentes, Sandra Pereira, Amadeu Borges
500 COST OF WATER EFFICIENCY MEASURES IN COMMERCIAL BUILDINGS
Cristina Matos Silva, Vitor Sousa, Pedro Teixeira, Inés C. Meireles, Armando Silva-Afonso

OS: Timber Structures and Construction

Org. Jodo Negrdo and Alfredo Dias (University of Coimbra, Portugal)

ID
258 DESIGN PARAMETERS FOR SELF-TENSIONED LONG-SPAN WOODEN FLOORS

Dolores Otero-Chans, Javier Estévez-Cimadevila, Juan Pérez-Valcarcel, José Vazquez-Rodriguez, Isaac Lépez-César

274 CLT STRUCTURES FOR LONG SPAN FLOORS AND ROOFS — OPTMIZING THE CROSS-SECTION PROPERTIES

Jodo Negrao, Luis Jorge
346 AN INNOVATIVE SYSTEM FOR POST-EMERGENCY TIMBER HOUSING
Valentina Sumini, Claudio Chesi, Roberto Zedda

0S: Urban Risk Reduction and Resilience

Org. Tiago Ferreira and Romeu Vicente (University of Aveiro, Portugal) and Maurizio Indirli (Italian National Agency for
New Technologies, Italy)

ID
INNOVATIVE FLAT ROOF SOLUTIONS FOR EXISTING BUILDINGS: FROM ENERGY EFFICIENCY TO IMPACTS
76
MITIGATION
Paola Lassandro, Teresa Cosola
97 PROBABILISTIC SEISMIC RISK ASSESSMENT OF ALGERIAN BUILT ENVIRONMENTS IN MODERATE HAZARD
REGIONS
Allaeddine Athmani, Tiago Miguel Ferreira, Romeu Vicente
THE IMPACT OF AWARENESS AND INFORMATION IN DISASTER RISK REDUCTION FOR THE MUNICIPALITY OF
127
AMADORA
Luis Carvalho, Ana Freitas, Antonio Farinha, Carlos Rocha, Sandra Neves
273 "URBAN PLANNING FOR URBAN RESILIENCE" AS A COMPONENT OF ISTANBUL'S RESILIENT URBAN

DEVELOPMENT
Zeynep Deniz Yaman Galantini, Azime Tezer
284 SAFETY ASSESSMENT OF MULTI-STOREY BUILDINGS IN CASE OF FIRE: DEVELOPMENT OF A DECISION
TOOL BASED ON SCENARIO ANALYSIS TO IMPROVE RISK MANAGEMENT
Anass Rahouti, Selim Datoussaid, Thierry Descamps
ON THE APPLICATION OF RAPID ENVIRONMENTAL MAPPING METHODOLOGIES (REM) TO SEISMIC RISK
UNDERSTANDING AND VULNERABILITY MONITORING
Massimiliano Pittore, Tobias Boxberger, Kevin Fleming, Stefano Parolai
316 FUTURE RESILIENCE OF CULTURAL HERITAGE BUILDINGS - HOW DO RESIDENTS MAKE SENSE OF PUBLIC
AUTHORITIES' SUSTAINABILTY MEASURES?
Asne Lund Godbolt, Cecilie Flyen, Ashild Lappegard Hauge, Anne-Cathrine Flyen, Louise Leren Moen
334 VULNERABILITY ASSESSMENT TOOLS: FORECASTING AND ARTIFICIAL INTELLIGENCE

Rocio Ortiz, Juan Manuel Macias-Bernal, Pilar Ortiz

305
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355 MUNICIPAL COLLABORATIVE PLANNING AS A KEY FACTOR FOR CLIMATE RESILIENCE IN THE BUILT
ENVIRONMENT
Cedcilie Flyen, Ashild Lappegard Hauge, Anders-Johan Almas, Asne Lund Godbolt
382 AN IMPROVED MODEL FOR SEISMIC RISK ASSESSMENT IN PORTUGAL
Raimundo Delgado, Mario Marques, Ricardo Monteiro
387 THE IDENTITY OF CITIES AND LANDSCAPES: A VALUE AT RISK, A VALUE TO SAFEGUARD
Maria Paola Gatti, Giorgio Cacciaguerra
410 RESILIENCE OF WATER SUPPLY SYSTEMS - CASE STUDY OF QUINTA DO LAGO
Joado Caetano, Miguel Oliveira, Elisa Silva, Helena Fernandez, Rui Langa
419 EVALUATION OF INDUSTRIAL POLLUTION WITH THE SAMPLE OF CYPRUS-LEFKE
Vedia Akansu
471 RESILIENCE TOWARDS HUMAN INTERVENTIONS IN DISPLAY OF ARCTIC CULTURAL HERITAGE SITES
Anne-Cathrine Flyen, Cecilie Flyen

0S: Wooden Houses, from the tradition to the new possibilities

Org. Tiago Ferreira and Romeu Vicente (University of Aveiro, Portugal) and Maurizio Indirli (Italian National Agency for
New Technologies, Italy)

ID

162 STRATEGIES TO AVOID HUMIDITY CAUSING DAMAGES IN TALL TIMBER BUILDINGS
Catarina Silva, Jorge G. Branco, Paulo Lourengo

189 NONLINEAR LAYERED MODELLING APPROACH FOR CROSS LAMINATED TIMBER PANELS SUBJECTED TO
OUT-OF-PLANE LOADING
Vahid Mahdavifar, Andre R. Barbosa, Arijit Sinha

285 TIMBER FLOORS: COMPOSITE FLOORS TO OPTIMIZE STRUCTURAL PERFORMANCE AND MATERIAL
CONSUMPTION
Bertrand Roensmaens, Coralie Avez, Thierry Descamps

403 COMPARISON BETWEEN TWO HISTORICAL TIMBER FRAMED SOLUTIONS REPPRESENTING BOTH TRADITION
AND PRE-MODERN EARTHQUAKE RESISTANCE CONCEPTS

Sandra Tonna, Nicola Ruggieri, Claudio Chesi
404 EXPERIMENTAL ASSESSMENT OF THE MECHANICAL BEHAVIOUR OF TABIQUE WALLS AND TIMBER FLOORS

Jodo Miranda Guedes, Bruno Quelhas, Tiago Ilharco, Andreia Rebelo, José Coelho
508 INTRODUCTION WATTLE AND CAMORCANNA LIGURIAN ARCHITECTURES. EXPERIMENTAL DETAILS FOR
CONSERVATION
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Abstract Studies about reusing waste materials in architecture have produced in recent
times unexpected and very original results. Anyway, this is still an unexplored field, that
could be prosperous in certain geographical contexts and economic conditions or limited to
few experiences of experimentation in others. In both these contexts, the limits for the spread
of building systems that reuses waste products are basically two: the first one belongs to the
cultural sphere, the tradition and the difficulty of accepting ways of building and living
radically alternative (unless they 're not limited to academic experiences, temporary uses, or
in any case, when they don’t interfere with traditional living),; the second one includes the
absence of specific regulations and the need for certification of building components. It
follows that structures built with waste will be very different, depending on the environment
inclination to experimenting in this field. Temporary shelters, pavilions, installations,
experimental prototypes, street furniture and equipment for parks are common examples wich
testify the success of the reuse of waste almost everywhere, but just in few cases and few
countries it is possible to see examples of efficient waste architetture (not temporary), such as
residences, offices, restaurants, places of workship, sometimes built simply adding natural
materials, typical of the geographical context (like earth, straw, bamboo), to waste.

And since building, among the industrial activities, is the first for environmental impact,
consumption of resources and territory, pollution and waste generation, it is also our task and
our responsability, as architects, to take, where possible, new ways of investigation and
experimentation on the theme of reuse.

The contribution analyzes the different approaches to this theme and the resulting currents of
reuse in architecture, distinguished in: reuse for emergency, reuse for research and , reuse
for ecological and environmental sensitivity, reuse for creativity.
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1. INTRODUCTION

Construction industry is responsible for about one third of world energy consumption and
40% of material consumption, it generates 45% of air pollution [1] and, in Europe, it produces
50% of total waste [2].

Together with construction waste, even all other consumer goods which have exhausted their
purposes and capabilities are put aside or trashed, due to necessity, obligation or merely
desire, because they are no longer usable owing to inherent faults, decline, or dangerousness.
Most of them are disposable goods, designed with planned obsolescence, always well
preserved and protected by different packagings that ensure their safety from producer to
consumer. This has provoked a exponential increasing of waste production, mostly hard to
dispose (it concerns, for example, waste of electric and electronic equipment — WEEE).
Whichever it is the origin of waste, this is straight connected to the production process of
the product, from extraction of raw material to its disposal.

There is, therefore, a close relationship between primary resources and energy
consumption and waste production. Annual studies by Global Footprint Network
association reveal a raw material and energy consumption nowadays almost double in
relation to what the Earth itself could offer, at the expense of both poorest Countries,
which have a lower influence on global analysis, and also future generations.

2. WHY REUSE?

In construction industry, all the phases of a building life cycle produce waste: from extraction,
transport and processing of primary resources, to their transformation in raw materials and
products to be packaged and carried in building site, their assembly and installation, use and
maintenance, until the final disposal which, after the demolition, includes the removal,
transport and disposal of waste materials and, where appropriate, their repurposing.
After the latter phase, based on waste potential, there are four different possible actions:
1. Reuse the item for the same previous function, if it preserves entirely its original
features;
2. Recover some of its components and employ them again for the same previous use
or for a comparable one;
3. Recycle materials and components, which go back again in the production process
to get new products;
4. Thermal treatment, to recover energy.
The greater is the designer's attention to building’s and material’s life cycle, the more
appropriate will be his choices.
Reusing waste material is really favorable for different reasons, both environmental and
economical: it extends the product’s life; it encourages creativity and “non conventional”
choices; it reduces waste; it distributes the item’s production costs along a wider period; it
reduces and sometimes avoids raw material and energy consumption, necessary for a new
item’s production; the reused item is less expensive than a new one. Except for obvious
advantages, reusing has also some limits: first of all, it is not possible to reuse
indiscriminately all discarded items, because of need, hygiene or health; secondly,
sometimes it could be economically or ecologically disadvantageous, because reusing an
2
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item could require more expensive procedures than producing a new one.
It is possible to reuse a product in different ways, in relation to the features of the product
itself, for example its ergonomics, its material and its deterioration level. Generally, there
are five different types of reuse [3]:
1. Exact Reuse: the item is used without any kind of intervention for the same
function it had previously;
2. Appropriate Reuse: the item is used without any changing, but to fulfill a new
function;
3. Minimal Changings Reuse: item is lightly alterated before its reuse;
4. Material’s Reuse: the item is dismantled with the aim to reuse the material whose it
is made;
5. Component’s Reuse: the item is dismantled with the aim to pick and reuse its
pieces.

3. REUSING WASTE IN ARCHITECTURE

In architecture, reuse could have a double meaning: it is possible, in fact, on one hand to
reuse a building or an abandoned place, which already became waste itself and, on the
other hand, reuse material and products from construction or other industries which, once
became garbage, could be part of a new structure. If reusing architectural parts and
components has always been a custom, specially in the past, reusing waste from other
industries seems to be a new trend, proved by numerous buildings all over the world.

In Italy, a multitude of reused waste in architecture come from building demolition. In
other countries and contexts, garbage originated from daily activities (as plastic bottles,
aluminium cans, newspapers) or from transport and industry sector (as wooden pallets,
reels, galvanized drums) at the end of their life cycle become non conventional building
materials for facades and permanent or temporary structures, such as houses, schools,
parks, pavillions. Waste items are chosen in relation to its material, its shape, the
composition or decomposition possibility, the standardisation, its abundance or
availability.

Figure 1. Three different reuses of plastic bottles in architecture: Plastic bottle house in Nigeria (a),
Morimoto restaurant in New York (b), Vegetable nursery house in Vietnam (c).

3
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Depending on the needs and construction techniques used, then, the same type of waste
can assume different functions in the new construction. Plastic bottles, for example, are
one of the most common waste around the world. If filled with sand, overlapped and
blocked with clay, they can take the same function of the bricks in a masonry structure,
ensuring good performance in terms of thermal insulation and, despite appearances, even
a good reaction to the earthquakes. The same object can also be reused as filler element,
or take advantage of the ability to spread the light to create elegant backlit walls, and
transparency for greenhouses.

3.1 Reuse for emergency

In case of economic insecurity situations or after environmental catastrophes, reuse waste
for emergency shelter and basic services seems a conscious decision, sometimes
inevitable. It is a common solution for those who have no other materials to build their
own home and decide to do it themselves, using what the street or the landfill offer. Most
of the time the final product consists of a shack, a makeshift refuge uncertainly healthy
and aesthetically pleasing. However, the results can sometimes be extraordinary, veritable
tourist attractions, such as the Buddhist temple Wat Pa Maha Kaew Chedi, nearby
Bangkok, Thailand: its particular structure is entirely made up by 1.5 million of glass
bottles recovered and used as transparent bricks. Every part of the temple was built by
monks who live there. The use of glass bottles as a building material has been for them a
surprisingly interesting solution, thanks to the material’s permeability to natural light and
ease of maintenance.

ttttt

Figure 2. Wat Pa Maha Kaew Chedi temple in Thailand.

The emergency dwelling theme is always current because it concernes many areas and
stakeholders. ONG, designers, researchers are constantly testing new high-performance,
sustainable solutions and frequently the waste has been instrumental in the design and
construction of housing systems used to host people in need, wherever there is lack of
materials and resources.

Examples of how reusing the waste may be fruitful in emergency situations are offered by
the japanese architect Shigeru Ban and its Paper Log Houses. Beer boxes filled with

4
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sandbags, debris, recycled paper are the building materials used by the designer for its
emergency homes, built to aid the victims of disasters or natural calamities [4].

Old tires filled with earth, placed in staggered rows as heavy bricks, up the wall structure
of a school built by ARCO group on the Gaza Strip, territory distinguished by the delicate
balance and subjected to highly restrictive environmental and political constraints,
including the desertic climate, the rigid laws according to which building is forbidden to
Palestinians; the need to build in a simple and fast way, even in the absence of skilled
workers; the use of local materials; the minimum financial resources.

ey

Figure 3. Tire School in Gaza.

The tires filled with earth, together with the easy availability of raw materials and the fast
implementation, are characterized by the high thermal and static performances. The
strongly compacted earth ensures stability and resistance to compressive stresses, ensuring
a the same time a high thermal inertia. The external clay plastering protects the rubber to
sunlight, avoids tire deterioration and the release of harmful substances.

Furthermore, in Nigeria the NGO DARE has handled the cleaning of Kaduna region,
heavily polluted by non-biodegradable waste, such as plastic, solving at the same time
another hard question: the lack of housing. This is the reason why the organization
decided to build a sustainable house using plastic bottles as a building material. For the
structure, bottles were filled with sand, linked together by an intricate system of strings
and blocked with a mixture of cement and earth. The colored caps of the bottles were left
on the facade to create a dinamic chromatic effect. The result is a fireproof and
bulletproof building, surprisingly resistant to earthquakes and comfortable throughout the
whole year.

3.2 Reuse for research

This branch includes all the institutional and private initiatives, based on the study of the
potential of waste materials and aimed to researching and testing new solutions and
technologies for the construction industry. One of the forerunners in the field of research
was the tycoon Alfred Heineken, who has created a bottle of beer that, when empty, could
be used as a building material.
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The project was managed by the designer John Habraken, who transformed the traditional
bottle of beer in a glass block: WOBO (WOrld BOttle). The product was obviously
designed in every way as a bottle of beer but, lying on his side, it became a self-locking
brick. Despite the good intentions, only two housing prototypes were built with these
glass bricks in the ‘70, both assembled at Heineken headquarters, in the Netherlands.

Figure 4. Heineken WOBO.

Auburn University, in Alabama, for sure is one of the most active institution in research.
Here started, in 1993, the Rural Studio program, founded by Samuel Mockbee. It is a kind
of laboratory/workshop that combines social needs and academic testing through the
making of low-cost structures designed and built by student teams, for example the
Corrugated cardboard pod, a home made of compacted cardboard bales, stabilized with
wax, and the Lions park playscape, a multifunctional recreational platform which consists
of 55 galvanized drums and colored tubes where children can run, hide, jump, climb, ride
a swing, play with "sound tubes".
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Figure 5. Corrugated Cardboard Pod (a) and Lions Park Playscape (b).
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One particularly interesting research was carried out at the Polytechnic Institute of Tomar in
Portugal. It concerns the use of waste from the production of beer (malt and corn grits) as an
alternative to the use of polystyrene in the production of bricks: added in a percentage of 5%
to the rest of the raw materials, they are able to enhance the insulating properties of the
brick, reducing the heat loss of 28%.

Moreover, the designer Dave Hakkens has pioneered a new way to reuse plastic avoiding
chemical processes and assembling special machines capable of smashing bottles, cans
and containers for the manufacture of new objects and furniture; while in France, the
reuse and recycle of old mattresses is emerging as an economic and environmental fruitful
activity, providing excellent materials for the construction and the automotive industry,
leading to lower production of waste while providing a great resource.

3.3 Reuse for ecological and environmental sensitivity

Thoughts on a more environmental friendly lifestyle, closer to the reduction of
consumption and waste of resources, materials and energy are the basis of this type of
reuse. The site becomes a real experimentation and self-building workshop, where all
kinds of techniques and materials are used: cardboard, bottles, cans, wooden elements,
caps, windows, tires, newspapers, umbrellas, street signs, even animal bones.

Figure 6. Two houses by Phoenix Commotion: Bone House (a) and Sign House (b).

Each of these objects assumes a new function and its own qualities are used to best
advantage to give not just good performance characteristics, but also a particular and
unique aesthetic value to the final construction: it is the case, for example, of Phoenix
Commotion company buildings, founded by Texan Dan Phillips, who realizes all kind of
dwellings made up by 80% recycled materials, including those mentioned above.

The first trash homes originated from ecological sensitivity were born in the 70's from
pioneering experience: this is the period in which the first Earthships were built in
America by architect Michael Reynolds [5].

These are houses made by earth and all kinds of waste, including tires, glass bottles and
cans, provided with passive systems of energy production and water recovery. Reynolds
and his Earthship Biotecture team's researches have produced, in over 40 years, hundreds

7
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of "Radically Sustainable Buildings" and they still guarantee, to those who are interested,
the opportunity to build their own sustainable home, providing detailed instructions for its
building.

Figure 7. The exterior (a) and the interior (b) view of an Earthship.

This type of choice implies for those involved in the design and construction of structures
like these a continuous review of its own work: an example could be Welpeloo house by
Superuse Studio, in The Netherlands. The designers said: “The waste materials provided a
continuous stream of new incentives to develop and refine the design. New shapes and
innovative construction methods were needed to incorporate the found materials” [6]. The
single family house was, in fact, built using up to 70% recycled and reused materials,
coming from maximum 15 kilometers of the site boundaries. The main structure is made
of steel rods from an old textile machine. Since the exact nature of the steel was not
known, structural elements were evaluated and designed taking in account a boundary
stress condition.

i

Figure 8. Welpeloo House in Enschede, The Netherlands.

The particularity of the villa lies in its fagade, made with the remains of 1000 reels, hot

impregnated to be more resistent to atmospheric agents, vertically arranged, with

horizontal steel bands which scan the rhythm. Windows are made with glass coming from
8
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a nearby factory, insulation consist of waste polystyrene from a nearby camper
manufacturer. Inside, old billboards are reused for the white kitchen surfaces and most of
the furniture, the structure of the halogen lights consist of old broken umbrellas.

3.4 Reuse for creativity

The creative reuse comes from gaming and from aesthetic and functional testing of waste
materials. In this field, the importance of waste materials lies in their shape, their color
and modularity, in order to create experimental housing, prototypes, pavillions, artistic
and architectural installations, exhibition spaces. The results are heterogeneous, they
generally tend to unchange the element, trying to enrich its performances and to increase
its durability [7]. This category includes many of the trials involving the use of aggregate
or individual shipping containers, esteemed for their resistant structure, easily
transportable and modular. Some of the most important exemples are: Cove Park, a centre
for established artists situated on the west coast of Scotland, which consists of 9 shipping
containers transformed into housing units in close contact with the surrounding nature; the
Freitag Flagship store in Zurich, by Spillmann Echsle architects, made by seventeen
containers assembled with metallic elements; Space Box by Mart de Jong, a shipping
container modular system used for the construction of university campuses; the
Papertainer Museum and the Nomadic Museum by the aforementioned architect Shigeru
Ban, two itinerant structures made of cargo containers and recycled paper tubes.

Figure 9. Container architectures: Freitag Flagship store in Zurich (a) and Papertainer Museum (b).

Like shipping containers, even the pallets recently have been used for those approaches to
creative reuse. The advantages of pallets are various: availability, standardization, the
physical and mechanical characteristics, modularity, affordability. The Palettenpavillion
is a temporary pavillion 18 meters long and 6 high, built with 1300 pallets; the
Pallettenhaus, designed by Austrian students Gregor Pils and Andreas Claus Schnetzer, is
a prototype house composed by 800 dry assembled pallets and glass wool panels
insulation; Infiniski Manifesto house by James and Mau architects uses the pallets as
cladding, insulation and shielding of shipping containers, which are the dwelling
structure.
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4. CONCLUSIONS

In the perspective of environmental protection, resource conservation and sustainable
development, architecture plays a key role, which has its fulfillment in the sustainability of
the design.

The multitude of examples using construction systems specifically designed for the reuse of
waste shows that what we often consider "waste" just because it has exhausted its original
task, in fact, if re-used with intelligence and creativity, can become a great resource.

The "waste architectures", are often labeled as "poor" architectures and sometimes they are
not considered architectures at all. The study and research in this field, however, can open
ways now unexplored to potential of a responsible and sustainable architecture.
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