Current Topics and Trends
on Durability of Building

Materials and Components

Carles Serrat, Joan Ramon Casas and Vicente Gibert (Eds.)




Current Topics and Trends on Durability of Building

Materials and Components
Proceedings of the XV edition of the International Conference on Durability of
Building Materials and Components (DBMC 2020)

Barcelona, Spain
20 — 23 October 2020

Edited by

Carles Serrat
Dept. of Mathematics

Joan Ramon Casas
Dept. of Civil and Environmental Engineering

Vicente Gibert
Dept. of Architectural Technology

Universitat Politécnica de Catalunya-BarcelonaTECH, Catalonia, Spain

A publication of:
International Center for Numerical

Methods in Engineering (CIMNE) C IM N E

Barcelona, Spain



Current Topics and Trends on Durability of Building Materials and

Components
Carles Serrat, Joan Ramon Casas and Vicente Gibert (Eds.)

First edition, October 2020
© The authors
ISBN: 978-84-121101-8-0

Cover: Basilica of the Sagrada Familia. Spiral staircase inside the Nativity towers.
Photo (c¢) Pere Vivas. Triangle Books. Sagrada Familia.

Printed by: Artes Graficas Torres S.L., Huelva 9, 08940 Cornella de Llobregat, Spain



TABLE OF CONTENTS

PrETACE. ... et ettt 7
ACKNOWIEAZEMENLS........oeiiiiiiiiiie et e e s ae e e essbeeeenesaeeenes 9
Organizers and COMMITIEES ........ceeuiieeriieeeiieeeeiieeeriieeerreeeebeeestreeesaeeeesseeeesseeens 11
SUIMIMATY ...ttt et e e e sttt e e e ettt e e e ssaatteeeesannbaeeesennnsaeeesennns 17
COMEITS ..ottt ettt e ettt e st e e sttt e e ettt e sateeesbbeeesabeeeenas 19
KEYNOTE oot e e et e e e eee s 41
SPECIAL SESSIONS ....vvvieeiiiieeiiiie ettt e et e et e e bbeeesereeeesbeeeessaeeennes 51
Conference TOPICS SESSIONS .....eeervrieerrieeeiiieeeiieeeetteeesreeeesreeessreeesseeeessseens 663

AUTNOTS TNACX .ottt e e e e e e e 1949



ORGANIZING ASSOCIATIONS

American Society for Testing and Materials
(ASTM)

INTERNATIONAL
Standards Worldwide

International Council for Research and
Innovation in Building Construction (CIB)

International Union of Testing and Research
Laboratories for Materials and Structures

(RILEM)
N lsr National Institute of Standards and Technology
National Institute of
SI:;:l::dsn:r:duT:chology (NIST)
Bed
Canada National Research Council Canada (NRC-

naccrac JIIEES



ORGANIZERS AND COMMITTEES

ORGANIZING COMMITTEE

Carles Serrat i Pie

Chair

Department of Mathematics
EPSEB, Barcelona, Spain

Joan Ramon Casas i Rius
Department of Civil and Environmental Engineering
ETSECCPB, Barcelona, Spain

Vicente Gibert i Armengol
Department of Architectural Technology
ETSAB, Barcelona, Spain

STEERING COMMITTEE

Organizing Members

*  Geert De Schutter, RILEM (Chair)
* Jennifer Keegan, ASTM

» Jorge De Brito, CIB

»  Christopher C. White, NIST

* Michael Lacasse, NRC-CRC

Members at Large

* Robert Amor, The University of Auckland, New Zealand
* Carmen Andrade, CIMNE, Spain

»  Christian Brischke, University of Gottingen, Germany

*  Bruno Daniotti, Politecnico de Milano, Italy

* Vasco Peixoto De Freitas, FEUP, Portugal

* Peter Fliieler, m ETH/EMPA, Switzerland

* Dariusz Gawin, University of Lodz, Poland

e Julien Hans, CSTB, France

* Vanderley John, USP, Brazil

*  Chun-Qing Li, RMIT University, Australia

* Isabel Maria Martinez, [IETcc-CSIC, Spain

* Hiroyuki Miyauchi, BRI, Japan

» Shiro Nakajima, Utsunomiya University, Japan

* Carles Serrat, Universitat Politécnica de Catalunya-BarcelonaTECH, Spain
* Kiang Hwee Tan, NUS, Singapore

* Nil Turkeri, ITU, Turkey

UPC INSTITUTIONAL COMMITTEE

* Francesc Torres (Chair), President of UPC-BarcelonaTECH

» Jordi Berenguer, Vice-rector for Knowledge Transfer and Innovation of UPC-BarcelonaTECH

* Inmaculada Rodriguez, Dean of Barcelona School of Building Construction (EPSEB)

* Pedro Diez, Dean of Barcelona School of Civil Engineering (ETSECCPB)

» Félix Solaguren-Beascoa, Dean of Barcelona School of Architecture (ETSAB)

* Albert Cuchi, Dean of Vallés School of Architecture (ETSAV)

* Eugenio Onate, Chair of Executive Council of the International Center for Numerical Methods in
Engineering (CIMNE)

e Carles Serrat, Chair of the DBMC 2020 Conference

11



SCIENTIFIC COMMITTEE

Chairs

Joan Ramon Casas (Co-Chair), UPC-Barcelona TECH, Spain
Carmen Andrade (Co-Chair), CIMNE, Spain

Vice-Chairs

Antonio Aguado, UPC-Barcelona TECH, Spain

Tlio Bittencourt, University of Sdo Paulo, Brazil

Nele De Belie, University of Ghent, Belgium

Ravindra Gettu, IIT Madras, India

Rade Hajdin, IMC GmbH, Ziirich & Belgrade Univ.

Michael Lacasse, NRC Construction Research Centre, Canada
Fernanda Rodrigues, Universidade de Aveiro, Portugal
Elisabetta Rosina, Politecnico di Milano, Italy

Ana Silva, IST, Lisbon, Portugal

Alfred Strauss, BOKU, Vienna, Austria

Members

12

Bijan Adl-Zarrabi, Chalmers University of Technology, Sweden

Mark Ahrens, University Bochum, Germany

Ahu Aydogan, City College of New York, USA

Diana Bajare, Riga Technical University, Latvia

Véronique Baroghel-Bouny, IFSTTAR, France

Pablo Daniel Benitez-Mongelds, National University of Itapua, Paraguay
Umberto Berardi, Ryerson University, Canada

Susan A. Bernal, University of Leeds, Leeds, UK

Hans Beushausen, UCT, South-Africa

Tomasz Blaszczynski, Poznan University of Technology, Poland

Violeta Bokan-Bosiljkov, U. Ljubljana, Slovenia

Mark Bomberg, Syracuse University, NY, USA

Alessandra Bonazza, CNR, Italy

Anatolijs Borodinecs, Riga Technical University, Latvia

Lars Bostrom, SP, Sweden

Kathryn Bourke, Whole Life Ltd, Watford, UK

Thomas Braml, Bundeswehr University Munich, Germany

Christian Brischke, University of Goettingen, Germany

Zeynep Basaran Bundur, Ozyegin University, Istanbul, Turkey

Stefan Burtscher, TU Wien, burtscher consulting GmbH, Austria

Guido Camata, University G. D" Annunzio, Chieti Pescara, Italy

Jan Carmeliet, ETH Ziirich, Switzerland

Diana Car-Pusic, University of Rijeka, Croatia

Robby Caspeele, University of Ghent, Belgium

Anna Cellmer, Koszalin University of Technology, Poland

Michael Chew, National University of Singapore, Singapore

Sheila M.A. Conejos, School of Science and Technology, Singapore University of Social Sciences,
Singapore

Anca Constantin, Ovidius University of Constanta, Romania

Bart Craeye, University of Antwerp, Belgium

Paulo Cruz, University of Minho, Portugal

Meri Cvetkovska, Ss. Cyril and Methodius University in Skopje, Republic of Macedonia
Martin Cyr, INSA Toulouse, France

Bruno Daniotti, Politecnico di Milano, Italy

Jorge De Brito, Instituto Superior Tecnico, Technical University of Lisbon, Portugal
Gianmarco De Felice, Universita degli Studi Roma Tre, Italy

Vasco Peixoto De Freitas, U. Porto, Portugal

Dominique Derome, EMPA, Switzerland



Josée Duchesne, Université Laval, Quebec, Canada

Vilma Ducman, Slovenian National Building and Civil Engineering Institute, Slovenia
Miren Etxeberria, UPC-BarcelonaTECH, Spain

Flora Faleschini, Universita degli Studi di Padova, Italy

Ines Flores-Colen, Instituto Superior Técnico, University of Lisbon, Portugal
David Garcia, UPC-BarcelonaTECH, Spain

Dariusz Gawin, Lodz University of Technology, Poland

Hua Ge, Concordia University, Montreal, Canada

Jennifer Gerbi, U.S. Department of Energy, USA

Michel Ghosn, City College New York, USA

José Manuel Gomez Soberon, UPC-BarcelonaTECH, Spain

Klodian Gradeci, SINTEF Building and Infrastructure, Trondheim, Norway
Elke Gruyaert, KU Leuven, Belgium

Lars Gullbrekken, SINTEF Building and Infrastructure, Trondheim, Norway
Guillaume Habert, ETH Ziirich, Switzerland

Carl-Eric Hagentoft, Chalmers University of Technology, Sweden

Tomas Hanak, Brno University of Technology, Czech Republic

Michael Hansen, TU Hannover, Germany

Laia Haurie, UPC-BarcelonaTECH, Spain

Shuichi Hokoi, Kyoto University, Japan

Vit Hromadka, Brno University of Technology, Czech Republic

Aletheia Ida, University of Arizona, USA

Simo Ilomets, Tallinn University of Technology, Estonia

Kei-Ichi Imamoto, Tokyo University of Science, Japan

Joanna Janicka, University of Warmia and Mazury in Olsztyn, Poland

Hans Janssen, KU Leuven, Belgium

Pér Johansson, Chalmers University of Technology, Géteborg, Sweden
Harald Justnes, SINTEF, Norway

Targo Kalamees, Tallinn University of Technology, Estonia

Mohammad Arif Kamal, Aligarh Muslim University, India

Janis Kaminskis, Riga Technical University, Latvia

Amnon Katz, Technion, Haifa, Israel

Jacek Katzer, Koszalin University of Technology, Poland

Miroslav Komljenovic, University of Belgrade, Serbia

Kinga Korniejenko, Cracow University of Technology, Poland

Jana Korytarova, Brno University of Technology, Czech Republic

Jarek Kurnitski, Tallinn University of Technology, Estonia

Joao Labrincha, University of Aveiro, Portugal

Roman Lackner, UIBK, Innsbruck, Austria

Akos Lakatos, Universiy of Debrecen, Hungary

Paulo Laurengo, University of Minho, Portugal

Elizabeth Laycock, Sheffield Hallam University, UK

Agnieszka Lesniak, Cracow University of Technology, Poland

Mae-Ling Lokko, Rensselaer Polytechnic Institute, USA

Barbara Lothenbach, EMPA, Duebendorf, Switzerland

Zoubir Lounis, National Research Council Canada, Canada

Lyuben Lyubenov, University of Structural Engineering & Architecture, Bulgaria
Ana Mandic Ivankovic, University of Zagreb, Croatia

Mihajlo Markovic, University of Banja Luka, Bosnia and Herzegovina

Ivan Marovic, University of Rijeka, Croatia

Isabel Milagre Martins, LNEC, Portugal

Berardo Matalucci, SHoP Architects, USA

Jose Matos, University of Minho, Portugal

José Anténio Raimundo Mendes da Silva, Universidade de Coimbra, Portugal
Esperanza Menéndez Méndez, Institute of Construction Science Eduardo Torroja (CSIC), Spain
José Filipe Miranda-Melo, University of Porto, Portugal

Eva Moller, Technical University of Denmark



14

Sergio Montelpare, University G. D’ Annunzio, Chieti Pescara, Italy
Travis Moore, National Research Council Canada, Ottawa, Canada
Martin Morelli, Aalborg University, Copenhagen, Denmark

Vahid Nik, Lund University, Sweden

Maria Nogal, Delft University of Technology, the Netherlands

Takafumi Noguchi, University of Tokyo, Japan

Ehsan Noroozinejad, Graduate University of Advanced Technology, Iran
Daniel Oliveira, University of Minho, Portugal

Fernando Pacheco Torgal, University of Minho, Portugal

Ainars Paeglitis, Riga Technical University, Latvia

Cedric Patapy, Laboratoire Matériaux et Durabilité des Constructions — INSA Toulouse/UPS, France
Marco Perino, Politecnico di Torino, Italy

Ruut Peuhkuri, Aalborg University, Copenhagen, Denmark

Edyta Plebankiewicz, Cracow University of Technology, Poland

Gul Polat, Istanbul Technical University, Turkey

Ioana Popescu, IHE Delft Institute for Water Education, the Netherlands
Andres J. Prieto, Universidad Austral de Chile, Valdivia, Chile

John Provis, University of Sheffield, UK

Elzbieta Radziszewska-Zielina, Cracow University of Technology, Poland
Laura Rampazzi, University of Insubria, Italy

Nuno Ramos, FEUP, University of Porto, Portugal

Jacek Rapinski, University of Warmia and Mazury in Olsztyn, Poland
Marzieh Riahinezhad, National Research Council Canada, Ottawa, Canada
Pere Roca, UPC-BarcelonaTECH, Spain

Hugo Rodrigues, Polytechnic of Leiria, Portugal

Staf Roels, KU Leuven, Belgium

Petra Riither, SINTEF Building and Infrastructure, Trondheim, Norway
Hiroaki Saito, Ashikaga University, Japan

Antonio Sansonetti, CNR, Italy

Amaia Santamaria, Universidad del Pais Vasco, Bilbao, Spain

Mats Santamouris, University of Athens, Greece

Karma Sawyer, U.S. Department of Energy, USA

Erik Schlangen, TU Delft, the Netherlands

Lina Seduikyte, Kaunas University of Technologies, Lithuania

Dmitrijs Serdjuks, Riga Technical University, Latvia

Igal M. Shohet, Ben-Gurion University of Negev, Israel

Carey Simonson, University of Saskatchewan, Canada

Gintautas Skripkiunas, Vilnius Gediminas Technical University, Lithuania
Mohamed Sonebi, Queens University, Belfast, UK

Wil Srubar, University of Colorado Boulder, USA

Sudip Talukdar, British Columbia Institute of Technology, Burnaby, Canada
Kiang Hwee Tan, National University of Singapore, Singapore

Luping Tang, Chalmers University of Technology, Sweden

Fitsum Tariku, British Columbia Institute of Technology, Burnaby, Canada
Nicola Tarque, Pontificia Universidad Catolica del Peru, Peru

Akos Torok, Budapest University of Technology and Economics, Hungary
Milan Trivunic, University of Novi Sad, Serbia

Nil Tiirkeri, Istanbul Techn Univ, Turkey

Maria Rosa Valluzzi, University of Padova, Italy

Joris Van Acker, UGent, Belgium

Keith Van de Riet, University of Kansas, USA

Nathan Van Den Bossche, Ghent University, Belgium

Philip Van Den Heede, Ghent University, Belgium

Humberto Varum, University of Porto, Porto, Portugal

Marius Vendrell, University of Barcelona, Spain

Anne Ventura, IFSTTAR, France

Yury Villagran, LEMIT, La Plata, Argentina



* Martins Vilnitis, Riga Technical University, Latvia

» Eva Vitkova, Brno Univeristy of Technology, Czech Republic
* Jeroen Vrijders, Belgian Building Research Institute, Belgium
* Johan Vyncke, Belgian Building Research Institute, Belgium

* Lin Wang, Concordia University, Montreal, Canada

» John A. Wells, Crosier Kilgour and Partners Ltd., Winnipeg, Canada
* Guang Ye, TU Delft, the Netherlands

* Joan Lluis Zamora, UPC-BarcelonaTECH, Spain

* Mariano Angelo Zanini, Universita degli Studi di Padova, Italy
* Cristina Zanotti, University of British Columbia, Canada

* John Zhai, University of Colorado Boulder, USA

e Xiaohai Zhou, EMPA, Switzerland

+  Valentina Zileska-Pancovska, Ss. Cyril and Methodius University in Skopje, Republic of Macedonia

LOCAL ORGANIZING COMMITTEE

Chairs
*  Vicente Gibert, UPC-BarcelonaTECH, Spain

Members

* Cindy Abbott-Brito

* Ronny S. Guarderas-Luna

e Laia Haurie, EPSEB

e Beatriz D. Médola

¢ Climent Molins, ETSECCPB
¢ Joan Moreno, ETSAV

¢ Ana-Belén Onecha, ETSAB
e Javier E. Penuelas

*  Veronica Royano

* Alejandra Valencia-Arboleda

15



SUMMARY

KEYNOTE

0] 72 1 11 41

SPECIAL SESSIONS

Approaches to Hygrothermal Simulation for Assessing Durability
Related to Climate Change ..........cviviiuiiiiiinieisirisinisisiisirssssrsssrenssrennssnns 51

Organized by Travis Moore (NRC, Canada) and Michael Lacasse (NRC, Canada)

Biomimetic and Bioinspired Approaches for Enhanced Durability
of Cementitious Materials ..........cuiiiiiiiiiiiii i i i i 99

Organized by Wil Srubar (University of Colorado Boulder, USA )

and Zeynep Basaran Bundur (Ozyegin University, Istanbul, Turkey)

Degradation of Coating Materials and its Relation to Durability of Structures........ 145
Organized by Takafumi Noguchi (University of Tokyo, Japan)

and Kei-ichi Imamoto (Tokyo University of Science, Japan)

Durability and Field Tests of Thermal Insulating and Innovative
Constructive SOIutions ..........ooviiiiiiiiiiiiiiii 191

Organized by Ines Flores-Colen (IST, University of Lisbon, Portugal)

and Nuno Ramos (FEUP, University of Porto, Portugal)

Durability and Performance of Building Envelopes.................coooiiiiiiiiiinnn 239
Organized by Klodian Gradeci (SINTEF Building and Infrastructure, Trondheim, Norway)

and Petra Riither (SINTEF Building and Infrastructure, Trondheim, Norway)

Durability Considering Climate Change and Natural Hazards .......................... 285
Organized by Michael Lacasse (NRC, Canada) and Travis Moore (NRC, Canada)

Environmental Factors and Durability ..............oooooiiiiiiiiii 341

Organized by Tomasz Blaszczynski (Poznan University of Technology, Poland)

Life Cycle Costs in Construction Projects ..........ccovviiiiiiiiiiiiiiiiiiiiiiiiinninnini 389

Organized by Vit Hromddka (Brno University of Technology, Czech Republic)
and Edyta Plebankiewicz (Cracow University of Technology, Poland)

Modern Sustainable Building Materials and Technologies ................ccoovvviinnnnn. 435
Organized by Elzbieta Radziszewska-Zielina (Cracow University of Technology, Poland)

Performance Over Time of High-Performance Insulation and Reflective
Building Envelope Materials ...........coviiiiiiiiiiii i i i i eeeas 489

Organized by Umberto Berardi (Ryerson University, Canada) and Marco Perino (Politecnico of Turin, Italy)

17



Remote Sensing of Building Condition...............ccciiiiiiiiiiiiiiiiiin 529

Organized by Joanna Janicka (University of Warmia and Mazuri in Olsztyn, Poland)
and Jacek Rapinski (University of Warmia and Mazuri in Olsztyn, Poland)

Slags in Cement-based Materials ...........c.cooiiiiiiiiiiiiii i e 567

Organized by Flora Faleschini (Universita degli Studi di Padova, Italy)
and Amaia Santamaria (Universidad del Pais Vasco, Bilbao, Spain)

Soft Computing Tools and Sustainable Building Construction and Maintenance...... 615

Organized by Diana Car-Pusic (University of Rijeka, Croatia)
and Ivan Marovic (University of Rijeka, Croatia)

CONFERENCE TOPIC SESSIONS

Asset and Maintenance Management ............vvvvriirnnniiiiiiiiiiiiiriiiiiiiiinias 663
Organized by Ana Silva (IST, Lisbon, Portugal)

Building Pathology and Durability ...............cciiiiiiiiiiii 771
Organized by Tulio Bittencourt (University of Sdo Paulo, Brazil)

Building Physics and Durability ..............ccooiiiiiiiii 899
Organized by Antonio Aguado (UPC-BarcelonaTECH, Spain)

Durability Approach for Historical and Old Buildings ..................cooivviiinnnn, 1149
Organized by Elisabetta Rosina (Politecnico di Milano, Italy)

Durability of Materials, Systems and Components.............covvviiiiieiiieiinienns, 1227
Organized by Ravindra Gettu (IIT Madras, India)

IT/BIM and Durability .......coovuiiiiiiiiii i i i eeas 1665
Organized by Rade Hajdin (IMC GmbH, Ziirich & Belgrade Univ)

Large Sample Size Studies in Durability...............cooiiiiiiiiiiiii 1719
Organized by Fernanda Rodrigues (Universidade de Aveiro, Portugal)

LCA, Sustainability and Durable Construction ............cccoviiiiiiiiiiiiiinniennn, 1767
Organized by Nele De Belie (University of Ghent, Belgium)

Service Life Prediction Methodologies ............ccooviiiiiiiiiiiiiiiiiiiiiiiiiin s 1869
Organized by Alfred Strauss (BOKU, Vienna, Austria)

18



CONTENTS

KEYNOTE

Prescription of Maintenance Interventions by the New Generation of
Eurocodes for Climate-Change Resilient Structures...............c.cccooveeiiieiiiiiniiieeie e 41
Maria Nogal

SPECIAL SESSIONS

Approaches to Hygrothermal Simulation
for Assessing Durability Related to Climate Change

Organized by Travis Moore (NRC, Canada) and Michael Lacasse (NRC, Canada)

A Methodology for Assessment of Building Assembly Air Leakage

Moisture Response, Condensation Risk, and Expected Durability When

Subjected to Projected Future Climate Loads ...................coooiiiiiiiniiiiniiiceeeee 51
David G. Kayll, Maurice Defo, Travis Moore and Michael A. Lacasse

Effect of Selected Moisture Reference Year on the Durability Assessment
of Wall Assemblies under Future ClImates...............cccccoiiiiiiiiiiiiiiiniieicceceec e 59

Sahar Sahyoun, Hua Ge, Chetan Aggarwal, Maurice Defo and Travis Moore

Freeze-Thaw Risk in Solid Masonry: Are ‘Hygrothermal Response Based*
Analyses Mandatory when Studying the Sensitivity of Building Envelopes
10 Climate CRANGE?Y.............oooiiiiiiiiie ettt e et e st e e et eesbeeesaaeesnaneeenns 67

Isabeau Vandemeulebroucke, Steven Caluwaerts and Nathan Van Den Bossche

Impact of Climate Change in Building Envelope Design: The Performance
0 WithStand Mould GrowWth. . ... e e e enen 75
Klodian Gradeci, Alessandro Nocente, Nathalie Labonnote and Petra Riither

The Future Climate Moisture Susceptibility of Wall Assemblies: Analysis

Based on Monte Carlo Simulation Using a Simplified Deterministic

Hygrothermal Simulation Model....................ooooiiiiiiiiiiii e 83
Carl-Eric Hagentoft and Pdr Johansson

Validation of Three Methods of Selecting Moisture Reference Years
for Hygrothermal SImulations...............c..ccooiiiiiiiiiiiiicec e 91
Chetan Aggarwal, Maurice Defo, Travis Moore, Michael A. Lacasse, Sahar Sahyoun and Hua Ge

Biomimetic and Bioinspired Approaches
for Enhanced Durability of Cementitious Materials

Organized by Wil Srubar (University of Colorado Boulder, USA )
and Zeynep Basaran Bundur (Ozyegin University, Istanbul, Turkey)

Biodegradable Polymers on Cementitious Materials ..................ccccooiiiiiiniie, 99

Julia Garcia-Gonzalez, Paulo C. Lemos, Alice S. Pereira, Julia M°. Moran-del Pozo,

M. Ignacio Guerra-Romero, Andrés Juan-Valdés and Paulina Faria

19



Biomimetic Antifreeze Polymers: A Natural Solution to Freeze-Thaw
Damage in Cement and COnCrete...............cooooiiiiiiiiiiiiiiiieeeceeeee et 105
Mohammad Matar, Shane Frazier and Wil V. Srubar 111

Compressive Strength Improvement and Water Permeability of
Self-Healing Concrete Using Bacillus Subtilis Natto ..................c...coccoiiiiininnnn. 113

Nguyen Ngoc Tri Huynh, Kei-ichi Imamoto and Chizuru Kiyohara

Implication of Microbial Biofilm in the Biodeterioration of Cementitious
Materials in the specific context of Anaerobic Digestion Conditions............................. 121
Cédric Perez, Christine Lors and Benjamin Erable

Integrating Self-Sensing in Self-Healing Concrete: Towards a Biomimetic
APProach t0 RePAir ..........cooiiiiiiiiiii e e 129

Kevin Paine, Bianca Reeksting, Hussameldin Taha and Susanne Gebhard

Two-Part Bio-Based Self-Healing Repair Agent for Cement-Based Mortar-.................. 137
Mustafa Mert Tezer and Zeynep Basaran Bundur

Degradation of Coating Materials and its Relation
to Durability of Structures

Organized by Takafumi Noguchi (University of Tokyo, Japan)
and Kei-ichi Imamoto (Tokyo University of Science, Japan)

Analysis of Change of Physical Properties of Organic Repair Products
due to Fire EXPOSItiON...........cccoooiiiiiiiiiiii et 145
Esperanza Menéndez, Kei-ichi Imamoto, Ravindra Gettu, Takafumi Noguchi and Hairon Recino

Comparative Life-Cycle Analysis of Two Repair Measures for Chloride
Contaminated Concrete StIUCTUTES...............ooeiiiiiieeeiiiiee et eereeeesereeeessareeeeseeeeeeenens 153
Sylvia Kefsler

Deterioration Prediction Model of Multi-Layer Coating Material and its
Reference Service Life Evaluation in Terms of Carbonation Control Effect ................ 161
Kotaro Etchuya, Kei-ichi Imamoto and Chizuru Kiyohara

Effects of Finishing Materials against Carbonation and Corrosion
Condition of Model Building Exposed to Outdoor Conditions for 30 Years.................. 169

Koichi Matsuzawa, Osamu Senbu, Kei-ichi Imamoto, Chizuru Kiyohara, Kotaro Etchuya
and Kaori Nemoto

Morphology Changes and Fillers migration in Urethane Composites during
Thermal Degradation ................ccviiiiiiiiiiiice et e e e e aree e e saaeeeeennes 177
Atsuki Tanifuji, Takato Ishida and Ryoma Kitagaki

Study on a Proper Repair Cycle of Finishing Materials in Condominiums................... 183
Tomotaka Ide, Hitoshi Hamasaki and Yuki Soga

20



Durability and Field Tests of Thermal Insulating
and Innovative Constructive Solutions

Organized by Ines Flores-Colen (IST, University of Lisbon, Portugal)
and Nuno Ramos (FEUP, University of Porto, Portugal)

Assessing Water Resistance and Surface Properties of ETICS ..., 191

Giovanni Borsoi, Jodo L. Parracha, Pedro Caiado, Inés Flores-Colen, Amélia Dionisio
and Rosario Veiga

Development of an Integrated Durability Assessment Methodology
of Thermal Mortars Applied in Multi-layer Systems .............c..ccooiiniiiiiiniiniiinicee 201
Joana Maia, Nuno M.M. Ramos and Rosario Veiga

Evaluation of ETICS Characteristics that Affect Surface Mould Development............ 209
Jodo L. Parracha, Armand Cortay , Giovanni Borsoi, Rosario Veiga and Lina Nunes

In-Situ Tests on Silica Aerogel-Based Rendering Walls .................ccocoooiiiiiiiiiiiniinennn, 217

Inés Flores-Colen, Marco Pedroso, Antonio Soares, Maria da Gloria Gomes, Nuno M.M. Ramos,
Joana Maia, Rui Sousa, Hipdlito Sousa and Luis Silva

Laboratory Vs Field Performance of Innovative Thermal Insulating Plasters ............. 223
Stefano Fantucci, Elisa Fenoglio and Valentina Serra

Large Scale Laboratory and Field Tests of Aerogel Renders................ccccoconininn. 231
Jiirgen Frick, Nayara R. M. Sakiyama, Marina Stipetic and Harald Garrecht

Durability and Performance of Building Envelopes

Organized by Klodian Gradeci (SINTEF Building and Infrastructure, Trondheim, Norway)
and Petra Riither (SINTEF Building and Infrastructure, Trondheim, Norway)

Bio-Based Building Materials-How to Unravel the Role of Material
Characteristics on Fungal Susceptibility? ...............oocoiiiiiiiiiii e 239

Liselotte C. De Ligne, Jan B.B. Van den Bulcke, Jan M. Baetens, Bernard De Baets
and Joris C.M. Van Acker

Implementing a Framework for Qualitative Assessment of New Technical Solutions:
A Case StUAY 0N CLT .........ooooiiiiiiieie et e et e et e e etaeesaaeessseeessseeennsees 247
Charlotte Svensson Tengberg and Carl-Eric Hagentoft

Influence of Grid Presence in the Characteristics of Applied Mortars.......................... 255
Isabel Torres, Inés F. Colen, Dora Silveira and Rafael T. Pinto

Influence of Lightweight Concrete Block Support on Physical and Mechanical
Characteristics of Applied MOItArs............ccoooiiiiiiiiiiiiiiee e 263
Dora Silveira, Isabel Torres, Inés F. Colen and Rafael T. Pinto

Performance and Durability of Adhesive Tapes for Building Applications.
From Product Documentation to Scientific Knowledge (and Back Again) .................. 269
Malin Sletnes and Susanne Frank

21



Predominant Climate Exposure Strains - Thermal Degradation Testing
Compared to Historical and Future Climate Scenarios ..............c.cccoceevieniinniinicnnennn. 277
Petra Riither, Klodian Gradeci and Malin Sletnes

Durability Considering Climate Change and Natural Hazards

Organized by Michael Lacasse (NRC, Canada) and Travis Moore (NRC, Canada)

Assessment of Moisture Performance of National Building Code Canada
Compliant Wall Assemblies under Climate Change....................ccccooeiiiiiiiniiiieeeniiiee e, 285
Max Junginger, Maurice Defo, Travis Moore, Michael A. Lacasse and Vanderley M. John

Assessment of Moisture Response and Expected Durability of a Heritage Masonry
Building Subjected to Projected Future Climate Loads of Ottawa, Canada ................. 293
John A. Wells, Michael A. Lacasse and Gary Sturgeon

Do We Need Hygrothermal Simulations to Evaluate the Design for Durability?.......... 301
Martin Morelli and Erik Brandt

Hygrothermal Performance Difference of Wooden Beam Embedded
in an Internally Insulated Masonry Wall in 2D and 3D Models..............c..ccocceeniennennnn. 309
Xiaoha Zhou, Jan Carmeliet and Dominique Derome

Preventing Damage by Updating Moisture Control Standards ...................c.ccoevennenn 317
Hartwig M. Kiinzel

The Impact of Climate Change on Material Degradation: Finding a Feasible
Approach for Climate Model Evaluation ......................ccccoiviiiiiiiniee e 325
Hamed Hedayatnia and Nathan Van Den Bossche

Various Factors of Water Entry and Penetration Through Water Proofing
Layer in Wooden Wall ASSembly ...........c.ccooiiiiiiiiiiiiiieeeeeee e 333

Hiroaki Saito and Masashi Miyamura

Environmental Factors and Durability

Organized by Tomasz Blaszczynski (Poznan University of Technology, Poland)

A Probabilistic Model for the Evolution of Porous Structure Caused by
Solid-Phase Precipitation/Dissolution within Building Materials ................................... 341
Xiong Qing Xiang and Meftah Fekri

Assessment of Reasons behind and Level of Destruction of Aquatic Supports
in a Hydraulic Ash Removal Bridge...........c.cccoooooiiiiiiiiiiiiceeceeee e 349
Tomasz Blaszczynski and Aldona Lowinska-Kluge

Grain size analysis of class C fly ash used for aluminium-silicate
bInders Production................ooooiiiiiiiiiiiiie e et e e e e e naaeeeenes 357
Tomasz Blaszczynski and Maciej Krol

Hygrothermal Regulation of Brick Masonry of Nanjing City Wall by Plants............... 365
Changchang Xia, Zhenyi Kong, Shuichi Hokoi, Bo Ding, Tianwen Wang and Yonghui Li

22



Numerical Strategy to Simulate Seawater Ingress in RC Concrete Blocks
Exposed to Wetting-Drying Cycles in Field Conditions During 19 years ..................... 373
Anthony Soive, Veronique Baroghel-Bouny and Francis Lavergne

The Influence of Injection Agents Applied for Carrying out Secondary
Horizontal Damp Proof Courses on Masonry Mortar Properties...............c....ccccceeenn. 381
Tomasz Blaszczynski, Barbara Ksit and Bartlomiej Monczynski

Life Cycle Costs in Construction Projects

Organized by Vit Hromadka (Brno University of Technology, Czech Republic)
and Edyta Plebankiewicz (Cracow University of Technology, Poland)

Client’s Expectations vs Contractor’s Pricing. Fair Prices or Bid Rigging ................... 389
Hubert Anysz and Andrzej Foremny

Evaluation of Economic Efficiency of Territory Development....................cccccoeviennnen. 399
Jana Korytarovd, Vit Hromddka, Martin Marek, Svatopluk Pelédk and Jiri Rouzek

Evaluation of Socio-economic Impacts of Incidents on the Railway Infrastructure.....407
Vit Hromadka, Jana Korytarova, Eva Vitkova, Tomas Funk and Herber Seelmann

Identifying the Possibility of Using Unmanned Aerial Vehicles in the Process of
Construction Projects Implementation.....................cooooiiiiiiiiiiiiniiee e 415

Dariusz Skorupka, Artur Duchaczek, Agnieszka Waniewska, Magdalena Kowacka
and Grzegorz Debita

Multiple-Criteria Cost Analysis for Simulated Life Cycle of Office Building ................ 421
Michat Krzeminski
Possibilities of Reducing Energy Costs in the Life Cycle of Office Buildings ................ 427

Edyta Plebankiewicz, Krzysztof Zima and Damian Wieczorek

Modern Sustainable Building Materials and Technologies

Organized by Elzbieta Radziszewska-Zielina (Cracow University of Technology, Poland)

Application of Pro-Ecological Building Technologies in Contemporary
ATCRITECTUIE ... e 435
Jerzy Gorski, Joanna Klimowicz and Anna Nowak

Fire Properties of Novel Cellulosic Material Modified with Expandable Graphite ......443
Anielkis S.R. Batista, Wojciech L. Grzeskowiak and Bartlomiej Mazela

Fundamental Properties and Durability of Concrete with Gasification
Molten Slag as Fine AGGregate. ............coccuovviiiiiiiiiiiiiieiiie ettt ettt eaeeesaeeesaaee s 449
Takafumi Watanabe, Hiromi Fujiwara, Masanori Maruoka and Koji Satori

Performance Based Specification of Wood - Project CLICKdesign ...................ccoc....... 457

Ed Suttie, Christian. Brischke, Eva Friihwald Hansson, Stefania Fortino, Jakub Sandak,
Magdalena Kutnik, Gry Alfredsen, Christophe Lucas and Eric Vieillemard

23



Permeability of Ultra-Fine Reactive Fly Ash applied to
Cement-Based COMPOSITES............cooouiiiiiiiiiiiiiiiie ettt eeree e s 465
Wei-Ting Lin, An Cheng, Wei-Chung Yeih, Kinga Korniejenko, Marek Hebda and Michat Lach

Selecting Criteria for Assessing “Environmentally-Friendly” Material
Options in Construction: Part L...............ooooiiiiiiii e 473
Robert Bucon and Agata Czarnigowska

Selecting Criteria for Assessing “Environmentally-Friendly” Material
Options in Construction: Part I ... 481
Robert Bucon and Agata Czarnigowska

Performance Over Time of High-Performance Insulation
and Reflective Building Envelope Materials

Organized by Umberto Berardi (Ryerson University, Canada)
and Marco Perino (Politecnico of Turin, Italy)

Effects of Long-Term UV Exposure on the Performance of Cement

Plasters Integrated with Thermochromic Paint and PCMs for Building

Facade APPLICAtIONS ...........cooiiiiiiiiiii ettt e s 489
Shahrzad Soudian, Umberto Berardi and Nadia O. Laschuk

Experiences from Interior Super Insulation of a Brick Wall from the 1800s ................ 497
Pdr Johansson and Paula Wahigren

Experimental Verification of the Theoretical Aging of Vacuum Insulated Panels......... 505
Mahsa Nikafkar and Umberto Berardi

Failure Analysis of a Total Damage by Hail Impact of an External Thermal
Insulation Composite SYSTEIMS ..............oeiiiiiiiiiiiiiiiee e e e are e e e ereeeeenees 513
Silvain Michel, Peter Fliieler, Martin Jordi and Roger Welter

Quantifying Thermal Performance of the Building Envelope - Beyond
COMIMON PIACICE ...ooeneeeeiee e e et e e e e e e e e eeeeeeeeeeeeaaaenas 521
Simon Pallin, Jason W. DeGraw, Mahabir Bhandari and Tyler Pilet

Remote Sensing of Building Condition

Organized by Joanna Janicka (University of Warmia and Mazuri in Olsztyn, Poland)
and Jacek Rapinski (University of Warmia and Mazuri in Olsztyn, Poland)

A 3D Model for Building Condition ASSeSSIMeNt ..................ceovuiiiiiiiniiieniieeniie e 529
Anna Banaszek, Sebast Banaszek, Anna Cellmer, Viceng Gibert and Carles Serrat

Identification of Defects and Hazards in Structures Based on the Point
Cloud Using the OptD Method .............ooooiiiiiiiie e 537

Wioleta Btaszczak-Bgk and Joanna Janicka

Mobile Augmented Reality Application Supporting Building Facades
VISUAlIZATION ......oo.ooiiiii e 545
Michal Bednarczyk and Tomasz Templin

24



Out-Of-Plane Displacements Determination Based on the Analysis of Point
Clouds from TLS Using the M-Split Estimation..................ccccccoviiiiniiiiniiiiniecee e, 553
Joanna Janicka, Jacek Rapinski, Wioleta Blaszczak-Bgk and Czeslaw Suchocki

Verification of Building Constructions Surroundings Based on Airborne
Laser Scanning Data...........cooocoiiiiiiiiiiii e 559
Maja Michatowska

Slags in Cement-based Materials

Organized by Flora Faleschini (Universita degli Studi di Padova, Italy)
and Amaia Santamaria (Universidad del Pais Vasco, Bilbao, Spain)

Durability in Marine Environment of High-performance Concrete
with Electric arc Furnace Slags and Cupola Slag Admixture ...............ccccoevvieenieeennnn. 567
Israel Sosa, Carlos Thomas, Juan Antonio Polanco, Jesus Setién and Pablo Tamayo

Durability Studies of Self-Compacting Concrete containing Electric
ArcFurnace S1ag AG@regate ............occ.oovuiiiiiiiiiiiiieiie e 575

Amaia Santamaria, Marta Skaf, Vanesa Ortega-Lopez, Estiba Briz, José T. San José
and Javier J. Gonzdlez

Durability Studies on Fiber-Reinforced Siderurgic Concrete ...............ccccooovevvveeennnnnnn. 583

Vanesa Ortega-Lopez, Victor Revilla-Cuesta, Amaia Santamaria, Ana B. Espinosa,
Jose A. Fuente-Alonso and José A. Chica

Mechanical and Environmental Behavior of Cement Mortars Containing
Ladle FUrnace SIAQ ...t e e e e et e e e naaeee s 591
Diego Aponte and Marilda Barra

Pore Refinement Action of GGBFS and Fly Ash on the Primary
and Secondary Capillary Imbibition Rates of Concrete ................cccccooceniiiniiniinnenen. 599
Natalia M. Alderete, Yury A. Villagran-Zaccardi and Nele De Belie

Seismic Performance of RC Moment Frame Structures Made with EAF
SIAZ AGGIEBALES ........eveiieeeiiiee ettt e e et e e e ettt ee e e s taeee e s ataeeeeenteeeeeanaeaeeennnraeeeanns 607
Flora Faleschini, Mariano A. Zanini and Klajdi Toska

Soft Computing Tools and Sustainable Building Construction
and Maintenance

Organized by Diana Car-Pusic (University of Rijeka, Croatia)
and Ivan Marovic (University of Rijeka, Croatia)

Application of Soft Computing Methods to Increase Sustainability
EI COMSEIUCTION ....oeeeeeee ettt e e e e e e e et eeee e e e e e et eeaa i aaeeeeeeereeananaass 615
Silvana V. Petruseva and Valentina K. Zileska Pancovska

Decision Support to Identification of Road Infrastructure Segments
With Poor Conditions ..............ccooouiiiiiiiiiiiiiiicee ettt et e e s 623
Niksa Jajac

25



Early Stage Construction Cost Prediction in Function of Project Sustainability.......... 631
Diana Car-Pusi¢ and Marko Mladen

Possible Applications of Neural Networks in Managing Urban Road Networks........... 639
Ivan Marovic

Uncertainty and Sensitivity Analyses for Evaluating the Building
Element’s Replacement in Building LCA ... 647

Kyriaki Goulouti, Pierryves Padey, Alina Galimshina, Guillaume Habert
and Sébastien Lasvaux

Use of Machine Learning in the Function of Sustainability of Wastewater
Treatment PIANTS ..ottt st 655
Goran Volf

CONFERENCE TOPIC SESSIONS

Asset and Maintenance Management

Organized by Ana Silva (IST, Lisbon, Portugal)

A Comprehensive Description of a Low-Cost Wireless Dynamic Real-Time
Data Acquisition and Monitoring SyStem.............c.cccooviiiiiiiiniiiiniieee e 663
Seyedmilad Komarizadehasl, Behnam Mobaraki, Jose A. Lozano-Galant and Jose Turmo

A Framework for Installation Impact Analysis on Building Performance .................... 669
Jalaycia O. Hughes, Simon Pallin and Clayton Clark 11

A Maintenance Management Model. Upgrading and Experimentation......................... 677
Maria Azzalin and Massimo Lauria

A Vector Scale of Severity of Damages in Buildings ..................cccocooiiiniiiininiie, 685
Félix Ruiz, Antonio Aguado and Carles Serrat

Assessing the Condition of Reinforced Concrete Bridge Using Visual
Inspection Ratings............c.ooiiiiiiiiiiiiiicee e e 693

Abdoul S. Bah, Thomas Sanchez, Yan Zhang, Kotaro Sasai, David Conciatori,
Luc Chouinard, Gabriel J. Power and Nicola Zufferey

Condition-Based Maintenance Models for Stone Claddings ....................coooieriinnnnn. 701
Claudia Ferreira, Ana Silva, Jorge de Brito and Luis C. Neves

Detection Sensitivity of Iron-Foil Corrosion Sensor in Simulated
Concerete SOIUTION.........o.cooiiiiiii ettt 709

Akira Eviguchi, Hiromi Fujiwara, Hayato Itaya, Toru Wakabayashi, Shunsuke Otani
and Yukitoshi Isaka

Development of an Apparatus for Measuring the Load Acting
on Joint Sealant when Movement OCCULS ............cccceoiiiiiiiiiiiiiieeeee e 717
Saori Ishihara, Hiroyuki Miyauchi, Akihiko Ito and Kyoji Tanaka

Financial Management of Construction Companies ...............cccccoeceeriiiniiniienicnieeneenn 723
Jiri Kusdk and Eva Vitkova

26



Neural Model of Projecting Compressive Strength of Cement Concrete

Intended for Airfield Pavements...............c.ccooviiiiiiiiiniiice e 731
Matgorzata Linek

Platform Development for Drone Utilization in the Architectural Field........................ 739
Hiroyuki Miyauchi

Sustainability and Maintainability of High Rise Vertical Greenery Systems (VGS):
its Lessons and Assessment Scoresheet ..................cccoooiiiiiiiiiiiiiniiiecee e 747
Sheila Conejos and Michael Y.L. Chew

Synthetic Resin Reinforcement of Timber Joints Deteriorated by Termites.................. 755
Mikako Yamada, Masamitsu Sawada, Kei-ichi Imamoto, Chizuru Kiyohara and Akiko Ohtsuka

Use of Steel Fiber Reinforced Concrete for the Protection of Buildings
Against High Dynamic ACTIONS ............ccooiiiiiiiiiiiiiiec e 763
Vahan Zohrabyan, Thomas Braml, Tobias Zircher and Manfred Keuser

Building Pathology and Durability

Organized by Tulio Bittencourt (University of Sdo Paulo, Brazil)

Airborne Algal Growth on the Roofs of Membrane-Structured Residences
in a Cold Areas of JAPAM .........ccoooiiiiiiiiii e 771
Makiko Nakajima, Daisuke Masueda, Shuichi Hokoi and Takayuki Matsushita

Analysis of the Degradation Condition of Elementary Schools.........................cccccee. 779

Sonia Raposo

Comparative Study on (Non-)Destructive Techniques for On-Site Strength
and Durability Assessment of Limestone Based Concrete Slabs .................................. 787
Bart Craeye, Daan van Keijzerswaard and Patricia Kara De Maeijer

Concrete Durability Probed Using Compressive Strength, Chloride Penetration
and Porosity Measurements on CEMII and CEMYV Concretes Incorporating
Mollusc Shell Spares in Artificial and Natural Seawaters ................ccccccoeviiiiiiiiiiieeenn, 795

Marine D. Georges, Amel. Bourguiba, Nassim. Sebaibi, Daniel. Chateigner and Mohamed. Boutouil

Development of a Damage Detecting Method for RC Slabs by Means of Machine
L@ATMUNE......ooiiiiiiiiieeee ettt et e et e et e et e e et e e e ta e e e ntaeeenbeeeenbeeenaaee s 803
Yutaka Tanaka and Takahiro Nishida

Dynamic Observability Method for Durability Assessment Considering
MeEASUTEIMEIIE INOISC........iiiiiiiiiiieee ettt et e ettt eee e e e et etaa e eaeeeeeeeteaaaaaeeeseeesesasannnnnss 811
Tian Peng, Joan R. Casas and Jose Turmo

Field Survey of Hygrothermal Behaviour within Wall Assembly Derived
from Rain Penetration and Ventilation Performance of Exterior System...................... 819
Sadaharu Osamura and Hiroaki Saito

27



Global Inspection, Diagnosis and Repair System for Buildings:
Homogenising the Classification of Repair Techniques.....................cooccoiiiiininnnn. 827
Clara Pereira, Jorge de Brito and José D. Silvestre

Higher Incidence Pathologies in Installations of Solar Energy, Gas, Cooling,
Heating and Ventilation ................coooiiiiiiiiiiii e 835

Manuel J. Carretero-Ayuso

Hydronium Detection in Hardened Concrete .................ccccooviiieiiiiniiieiieeeeeceiee e 843
Ana Martinez Ibernon, José M. Gandia Romero, Isabel Gasch and Manuel Valcuende

Implementation of an Embedded Sensor Based on Electrical Resistivity
to Monitor Drying in Thick Concrete Structures ................ccoooeeeiiiiniieeniieenie e 851

Joanna Badr, Géraldine Villain, Jean-Paul Balayssac, Sérgio Palma Lopes,
Yannick Fargier, Fabrice Deby and Sylvie Delepine-Lesoille

Macrocell Processes in Reinforced Concrete Structures............cooooovvvviviiiieeeieiiiiiivennnnn.. 859
Josep R. Lliso-Ferrando, Jos¢ E. Ramon Zamora, Roman Bataller and Juan Soto

Mechanical Behaviour of ETICS in Presence of Water ...........cooooovvviiiiieeeiiiiieieienn.. 867
Fulvio Re Cecconi, Giuseppe Cocchetti, Aram Cornaggia and Tomaso Villa

Observations of Moisture Damages in Historic and Modern
Wo0oden COonSEIUCLIONS. .......ccc..eiiiiiiiiiieiiiee ettt et e et e et e e st e e sabeeesateeenaeee s 875
Stephan Ott and Patrik Aondio

Pathologies of a Glass Building Envelope that Affect Durability and Comfort............. 883
Susana Santamaria-Fernandez, Arritokieta Eizaguirre-Iribar and Xabier Olano-Azkune

Vinyl and Linoleum Floorings in Health Infrastructures: Maintenance
Recommendations Based on FieldwWorK Data.................ooovvivmiiiiieiiiiiiiiieeeeeeeeeeeeeeeens 891
Claudia Carvalho, Jorge de Brito, Inés Flores-Colen and Clara Pereira

Building Physics and Durability

Organized by Antonio Aguado (UPC-BarcelonaTECH, Spain)

A New Alkali-Silica Reaction (ASR) Mitigation Technology - Part I:
Comparing with Li, Ca, Al Salts, and Densified Silica Fume .......................c..coo 899
Frank Ong, Michae Myers, Thomas Vickers, Jacki Atienza, Lesley Ko and Paul Seiler

An Experimental Evaluation of the Thermal Performance of Felt Type
Vegetated Facade SYSTEI ...........cc.ooiiiiiiiiiiiiiiee e 907
Elif Ozer Yiiksel and Nil Tiirkeri

An Experimental Study on the Thermal Conductivity of Concrete
Containing Coal Bottom Ash Aggregate.................cooociiiiiriiiiii e 915
In-Hwan Yang, Jihun Park and Hoe-Won Jung

Behaviour of Surface Chloride Concentration in Concretes Subjected
to Field Exposure in Marine Atmosphere Zomne.................c.coooovveeiiiiniiieniieeeiieeeiee e 921
Gibson R. Meira, Pablo R. R Ferreira, Maria S. Freitas and Carmen Andrade

28



Carbonation Effect on the Chloride Profile................eeviiiiiiiiiieeeeieeeeeeeeeeeeeeeeeeen
Carmen Andrade

Detailed Modelling of the Masonry Unit-Mortar Interface Using
Hygrothermal SImulation ...
Michael Gutland, Scott Bucking and Mario Santana Quintero

Drying Potential of Wood Frame Walls Subjected to Accidental
WALEY INFLETACION .....oeeiieeieieee e e et e e e e e e e e et eeeeeeeeeeeeaaaeaas
Marijke Steeman, Nathan Van Den Bossche and Klaas Calle

Durability Evaluation of Hemp Fibers and Recycled Aggregates Concrete ..................
Samer Ghosn and Bilal Hamad

Effect of Crack Repair by Bio-Based Materials Using Alginate
and Bacillus Subtilis under Wet and Dry Environment Part-II .....................................
Takahi Nishida, Keiyu Kawaai and Atsushi Saito

Effect of Vapor Diffusion Port on Drying of Wood-Frame Walls .....................ccocceeee.
Ben Zegen Reich, Hua Ge and Jieying Wang

Evaluation of Pore Structure of Hardened Cement Paste Immersed
1IN Sodium Sulfate SOIULION ... ..o e
H.Nicolas Otsuka Sakata, Kennosuke Sato and Shigehiko Saito

Evaluation of Tortuosity in Cemented Sand Using X-Ray
Computed Microtomography .............cccoviiiiiiiiiiiiiie e e s
Junil Pae and Juhyuk Moon

Examination of Optimum Construction Area for Appropriate
Thickness in Polyurethane Waterproofing Construction................cocccoceeviniienennnenn.
Yuji Hosshin, Saori Ishihara and Kyoji Tanaka

Field Study on Hydrophobised Internally Insulated Masonry Walls .............................
Evy Vereecken, Daan Deckers, Hans Janssen and Staf Roels

Hempcrete Buildings: Environmental Sustainabilityand Durability
of Two Case-studies in North and South Italy......................coooiiiiiiii 1

Giovanni Dotelli, Chiara Moletti, Patrizia Aversa, Sergio Sabbadini, Anna Marzo,
Concetta Tripepi, Pasqua Lauriola and Vincenza A.M. Luprano

Improving Frost Durability Prediction based on Relationship between
Pore Structure and Water ADSOrPtion .............cccoooiiiiiiiiiiiiiiiiieeeeeee e 1
Mohamed A. Aldabibi, Michelle R. Nokken and Hua Ge

Intrinsic Differences on the Photodegradation Mechanisms between Pigmented
and Non-Pigmented Coatings Determined by Multi-Scale Analysis............................. 1
Takato Ishida, Ryoma Kitagaki, Hideak Hagihara and Yogara Elakneswaran

Ionic Diffusivity and Pore Structure of Hardened Cement Paste Exposed
to High Temperature Environment for Long Period....................c..coociinninnnen. 1
Isao Kurashige

29



Monitoring Durability of Limestone Cement Paste Stored at Conditions
Promoting Thaumasite Formation......................ccoooiiiiiiiiiiiie e 1039

Konstantinos Sotiriadis, Michal Hlobil, Jaromir Tousek, Dita Machova, Petra Macova,
Michal Vopalensky and Albert Viani

Non-Destructive Evaluation of Micro-Cracked SCC by Ultrasonic Waves ................ 1047
Irene Palomar, Gonzalo Barluenga, Hugo Varela, Javier Puentes and Angel Rodriguez

On Bio-Deterioration of Solar Reflective Materials: An Innovative
Experimental Procedure to Accelerate the Ageing Process of Surfaces...................... 1055
Giulia Santunione, Chiara Ferrari, Alberto Muscio and Elisabetta Sgarbi

Post Peak Behavior of Carbonated Concrete Structure - A Case Study
of the Former Shime Mining Office Vertical Derrick in Japan ................................ 1063

Kaiting Su, Kei-ichi Imamoto, Takafumi Noguchi, Manabu Kanematsu , Hitoshi Hamasaki,
Kohji Teranishi, Chizuru Kiyohara and Munenori Yamada

Proven Performance: Aged TPO Field Study ...............cooooiiiiiiiiiecee 1071
Jennifer Keegan, Thomas J. Taylor and James R. Kirby

Rainwater Management of Ventilated Facades:
Impact of Joint Width and Cavity Size ..., 1079
Stéphanie Van Linden and Nathan Van Den Bossche

Salt and Ice Crystallization Resistance of Lime Mortars with Natural
Lightweight AGGregate.............coooviiiiiiiiiiiiiieee ettt 1087

Martin Vysvaril and Patrik Bayer

Self-Compacting Concrete with Recycled Concrete Aggregate:
Resistance against Aggressive External Agents ................ccocooiiiiiiiiiiiiniiiie e, 1095

Victor Revilla-Cuesta, Marta Skaf, Aratz Garcia-Llona, Ignacio Pifiero, Juan M. Manso
and Vanesa Ortega-Lopez

Statistical Analysis of Sulfate Attack Resistance of Reactive Powder Concrete .......... 1103
Umut Bektimirova, Eldar Sharafutdinov, Chang S. Shon, Dichuan Zhang and Jong R. Kim

Study on the Practical Use of Urea to Reduce Drying Shrinkage of Concrete
by Spraying Urea Solution under Cold Environment ................cccccooiiniiiiininneennnene 1111
Takumi Sato, Hiromi Fujiwara, Masanori Maruoka and Liu Lingling

The Durability of Plant-Based Air Filtering Systems in Buildings:

From an Air Quality and Energy Reduction Perspective ...............ccocooeviviiiieenniinnnn. 1119
Ahu Aydogan

Thermodynamic Processes in Nanostructured Thermocoatings..................c...cocccooe. 1127
David Bozsaky

Towards the Determination of Chloride Profiles by means of Resistivity
Measurements in Reinforced Concrete..................cooooiiiiiiiiiiiiiiiieeeeeee e 1135
Géraldine Villain, Marie A. Alhajj, Sérgio Palma Lopes and Véronique Bouteiller

30



Understanding the Reactivity of Dicalcium Silicate by Density Functional Theory ...1143
Seungchan Kim, Juhyuk Moon and Johann Plank

Durability Approach for Historical and Old Buildings

Organized by Elisabetta Rosina (Politecnico di Milano, Italy)

Durability of Internally Insulated Historical Solid Masonry Under
Future Climates: A Stochastic Approach.................cocooiiiiiiiiiiii e 1149
Sahar Sahyoun, Lin Wang, Hua Ge, Maurice Defo and Michael A. Lacasse

Earth Construction Durability: In-Service Deterioration of Compressed
and Stabilized Earth Block (CSEB) Housing in Algeria ...............cccccoviiiiniiiiniiennnnn. 1157
Adel Benidir, M’hamed Mahdad and Ahmed Brara

Effect of Mortar Age on the Textile-to-Mortar Bond Behavior .............................. 1165
Ali Dalalbashi, Bahman Ghiassi and Daniel V. Oliveira

Electro-Desalination of Sandstones With Cracks .........oooovveooeeiieiiiieeeeeeee e 1173
Lisbeth M. Ottosen

Freeze-Thaw Deicing salt Attack on Concrete: Towards Engineering Modelling ...... 1181
Charlotte Thiel, Vadym Lomakovych and Christoph Gehlen

FRP Reinforcement for Concrete Frame Buildings at Mexico City
ATOUNd 1900 0 1960 ........oo e et e e e e 1189
Juan M. Garcia Gardurio, Perla R. Santa Ana Lozada and Lucia G. Santa Ana Lozada

Properties of Czech WW2 Concrete Fortifications after 80 Years ...................c...c....... 1197
Ondrej Holcapek, Pavel Reiterman and Jiri Pazderka

Stability Assessment of Historic Plaster Ceilings on Wood Lath................................... 1203
Helena M. Currie, Matthew B. Bronski and Rachel M. Lynde

The Stone Masonry Contribution in Greek Industrial Buildings’ Typology
and Construction Durability (Late 19th to Early 20th Century) .............ccccoevvveenne. 1211
Georgia G. Cheirchanteri

The Structural Strengthening of a Masonry Heritage Shop House
using Glass Fibre Based Materials ...............ccocciiiiiiiiiiiiiiiccee e 1219

Kribanandan Gurusamy Naidu

Durability of Materials, Systems and Components

Organized by Ravindra Gettu (IIT Madras, India)

Analysis of Steel Bars in Corrosion Process after 70 Years of Natural Aging. ............. 1227
Francieli Schmoeller, Maryangela G. Lima and Silvelene A. Silva

Analysis of the Variation of Thermal Conductivity of Rigid Polyisocyanurate
Foam (PIR) in The Context 0f AGING ............ccoooiiiiiiiiiiiiiieeee e 1235

Tomas Makaveckas, Raimondas Bliiidzius and Aurelija Levinskyté

31



Are Mineral Toppings of Asphalt Roofing Sufficient to Protect Flat Roofs
and Roofing Felt Alone? ..o 1243
Tomasz Szkuta and Maria Wesotowska

Behavior of Mortars with Different Porosities in Front of Attack
OF AGEIeSSIVE AGCITS .....cc.ooiiiiiiiiiiiiiiie ettt ettt e et e e e e 1251
Alessandra M. Weber, Wellington Mazer, Daniela E. Pedroso and Cleber Pedroso

Behavior of Waterproofing Systems Exposed to Environmental Agents...................... 1257
Julie A. Braun, Flavio L. Maranhdao and Renata Monte

Carbonation Behavior of Powdered Cement-Based Materials Under
Different Relative Humidities and CO2 ConcentrationsS............ccoeeeeeeeeeeeeeeeeeeeeeeeeennnnn. 1265

Kiyofumi Nakada, Katsuhito Komiya, Hikaru Fumino, Yuhei Nishio, Manabu Kanematsu
and Takafumi Noguchi

Case Study of Pathological Manifestations of Neoprene Support Devices in
I ETASTIUCEULC ... e e et e e e e e e et e e e e e e e e e e e e eeans 1273
Felipe R. Gongalves, Lais A. Alves, Assed N. Haddad and Elaine G. Vazquez

Characteristics of the Changes in the Compressive and Tensile Stress
of the Construction Sealant under Cyclic Movement.................c.cccoeeciveniieenieennieeennee, 1281
Kohei Yamashita, Hiroyuki Miyauchi, Akihiko Ito, Tomomi Soeta and Tohru Nakashima

Composite Facade Elements with Self-Cleaning Surface made
of UltraHigh-Performance Concrete (UHPC)................oooiiiiiiiniiiiiiceeee e 1289

Julia von Werder, Patrick Fontana, Johannes Hoppe, Serdar Bilgin and Birgit Meng

Concrete: Limit States and Sustainability ...................ccccoooiiiiiiiiii e, 1297
Kristyna Hrabova, Bretislav Teply and Tomas Vymazal

Deformation Velocity Survey in Mortar and Cement Paste Specimens
Subjected to External Aggressive Attacks ..............cooooiiiiiiiiiiiiiiiie 1305

Cristina Tedeschi and Elsa Garavaglia

Deterioration of CLT under Humid and Dry Cyclic Climate.................ccccoeevvieennnnnen. 1313
Shiro Nakajima, Yoshihei Sakabe, Seiya Kimoto and Yoshinori Ohashi

Determination of the Deterioration Characteristics of Facade Materials:

A CASE STUAY.....oooiiiiiiiiieie et e et e et e et ae e et e e et e e nbeeenabeeenees 1321
Nil Kokulu
Durability Assessment of GFRP Rebars Exposed to High pH-Seawater.................... 1329

Alvaro Ruiz Emparanza, Carlos N. Morales, Juan Manuel Palacios, Francisco De Caso
and Antonio Nanni

Durability Assessment of Gypsum Boards with Glass Mat Reinforcement
Used in Light Facade SyStems ..............ccoooviiiiiiiiiiiiiicccee et seaee e 1337

Mauricio M. Resende, Douglas C. Meirelles, Gustavo R. Boriolo and Luciana A. Oliveira

Durability of FRP Immersed in Water. Changes in Mechanical Properties................. 1345
Ernest Bernat-Maso, Manuel J. Lis, Luis E. Mercedes and Lluis Gil

32



Durability Studies of Polyurethane-Based Structural Adhesives Used
in Engineered Wood Products in New Zealand...............c...ccoccoiiiiiiiniiniiiniieicne, 1353
Catherine L. Nicholson

Effect of Carbonation in Mortars with Different Types of Metakaolin
and Curing ProCedures...............oooiiiiiiiiiiiiiiie ettt e 1361
Helena Carasek, Ménica E. Jungblut, Paulo M. Passos and Oswaldo Cascudo

Effect of Cement Type and Micro-cracks on Chloride Penetration in Concrete.......... 1369

Nicoletta Russo, Matteo Gastaldi, Luca Schiavi, Alberto Strini, Riccardo Zanoni
and Federica Lollini

Effect of Coexisting Materials on Secondary Ettringite Formation............................. 1377
Kennosuke Sato, Tsuyoshi Saito and Tatsuhiko Saeki

Effect of Crack Repair by Bio-Based Materials Using Alginate and Bacillus
Subtilis under Wet and Dry Environment Part-1....................coccooiiiiiiiiiiniiiie e, 1385
Keiyu Kawaai, Takahiro Nishida and Atsushi Saito

Effect of Internal Hydrophobization on the Properties of Porous, Cementitious
MIALETIALS ..ot s 1393
Kalina B. Grabowska and Marcin Koniorczyk

Effect of the Type of Concrete with Mineral Additions on the Reinforcement Corrosion
Induced by Chlorides - Analysis in the Same Mechanical Strength Class .................. 1401

Andrielli Morais de Oliveira, Oswaldo Cascudo and Alexandre de Castro

Evaluation of the Effects of Environmental Exposure on the Performance
Decay Of ETICS ...ttt ettt e et eetae e s aaeeensaeeesseeennsaeennnes 1409
Maurizio Nicolella, Roberto Landolfi and Alessio Pino

Experimental Study on Carbonation Resistance and Water Absorbing
Property of Concrete Crack with repair ................cccoooiiiiiiiiii 1417
Naoko Tsuchiya and Kaori Nemoto

Gold Leaf Murano Glass Piastras’ Performance in the Trencadis Catalan
Modernism Mosaic: Recognition of Primary Alteration Patterns ................................ 1425
Héctor Y. Orozco Camargo and Joan LI. Zamora i Mestre

How to Determine when a New Building Product is Suitable - Certifications
ANA EXPEIICIICE ....oooeviiiiiiiiiiiiiiieeeeeee ettt e ettt e ettt e et e e s tae e s bt e e s nbeeenabeeenasee s 1433
Ernst J. de Place Hansen, orgen Nielsen, Eva B. Moller and Ruut H. Peuhkuri

Impact of Portland Cement Content on Alkali Activated Bottom Ash........................ 1441
Luis Tambara Junior, Malik Cheriaf and Janaide C. Rocha

Influence of Different Types of Metakaolin on Compressive Strength
and Chloride Migration of Concrete.................coccviiiiiieniiiieniieeeeeeeeee e 1449
Rodrigo Teodoro, Helena Carasek and Oswaldo Cascudo

Influence of Drying on Accelerated Carbonation Testing of Concrete ........................ 1457
Jean Louis Gallias, Bruno Fiorio, Yunyun Tong and Mehdi Benaissa

33



Influence of Fly Ash on Strength Development of Concrete and its Temperature
DEPENUENICE.........cooeeiiiiiiieiie ettt et e et et e sttt e e e abeeeaes 1465

Hiromi Yanokura, Isao Kurashige, Naoyuki Sugihashi, Keiichi Takahashi and Yasuhiro Kuroda

Influence of Surface Treatment of Fresh Concrete on its Resistance
t0 Drying SHIINKAGE. ..........cocviiiiiiii et et e e e e e e e enaeas 1473

Pavel Reiterman and Vendula Davidova

Influence of the Particle Size Distribution of Natural Sands in the Accelerated
Alkali-Silica Expansion Test (AMBT) ........ccccooiiiiiiiiiiiieeecee e 1479
Patricia E. Vila and Maria N. Pereyra

Innovative Approaches to Increase Service Life of Poplar Lightweight
Hardwood Construction Products ................cccooeeiiiiiiiiiiiiiceee e 1487
Joris C.R. Van Acker, Xiuping Jiang and Jan B.B. Van de Bulcke

Innovative Environment-Friendly Interior Finishing Technologies Resistant
£0 MOId GIrOWEh ....o..ooiiiiiii ettt 1495

Piotr Czerski, Elzbieta Radziszewska-Zielina, Wojciech L. Grzeskowiak,
Patrycja Kwasniewska-Sip and Pawet Krzysciak

Long-term Performance of Repairs to Reinforced Concrete Exposed
0 CoaSTAl COMAILIONS........cooiiieeeee ettt e e e e e et e e eeeeeseeeeeeaaaaaass 1503
Sachie Sato, Yoshihiro Masuda and Masaru Kakegawa

Measurement of Moisture Content and Volume Change Distribution
Inside Cement Paste Specimens Using X-Ray CT Imaging ............cccccoevieiniiinniennnne. 1511
Takayuki Fumoto, Masaru Abuku and Stephen A. Hall

Microstructural Evaluation of Durability of Different Cementitious
Mixtures in Microbial Induced Corrosion Environments ..................cccooccvvvniienninnnnnne. 1519
Chunyu Qiao and David Rothstein

Monitoring the Early-Age Shrinkage Cracking of Concrete with
Superabsorbent Polymers by Means of Optical Fiber (SOFO) Sensors....................... 1527
José R. Tenorio Filho, Didier Snoeck and Nele De Belie

On the Effects of Relative Humidity and CO2 Concentration on Carbonation
OFf Cement PAStes .........coooiiiiiiiiiii e 1535

Quoc Tri Phung, Anna Varzina, Janez Perko, DiedeDiederik Jacques, Nobert Maes
and Ozlem Cizer

OSB and Marine Plywood: Performance Comparison for use with Light
Steel Frame Walls il Brazil..............oooiiiiiiiiiieeee et e e e ereeaeaas 1545
Max Junginger, Mauricio M. Resende, Luciana A. Oliveira and Vanderley M. John

Performance of European Wood Species in Above Ground Situations
After 10 Years of Weathering: Evidence of a Positive Impact of Proper Design ........ 1553
Magdalena Kutnik, Martine Gabillé and Mathilde Montibus

34



Performance of Fibre-Reinforced Slag-Based Alkali Activated Mortar
in Acidic ENVIrONmMeNt ... ..ottt 1561

Priyadharshini Perumal, Tirthankar Paul, Tero Luukkonen, Juha Réning, Paivo Kinnunen
and Mirja Illlikainen

Preconditioning of Specimens - Drying Influence on Alkali-Activated
and Geopolymer MOTTAT .........ccccooiiiiiiiiiiiiicceeec e 1569

Vincent Trincal, Virginie Benavent, Hugo Lahalle, Gabriel Samson, Cédric Patapy,
Yoann Jainin and Martin Cyr

Prolonging the Durability and Conservation of Historic Materials
by Microclimatic Monitoring in the Archaeological Areas ..................cccccoevvvieinnnnnn.n. 1577
Elisabetta Rosina and Alessandra Pili

Residual Strength and Durability of Glass Fiber FRCM and CRM Systems
Aged in Alkaline Environments.................cooccoiiiiiiiiiiiiiiicie e 1585
Valeria Rizzo, Francesco Micelli, Marianovella Leone, Antonio Bonati and Maria Antonietta Aiello

Resistivity Measurements to Assess the Freeze - Thaw Attack

on Concrete - Lab Specimen and Real Structure................c.cccooooiiiiiiiniiiinceee 1593
Frank Spérel
Restoration of Historic Windows: Methodology and Case Studies............................... 1601

Edward A. Gerns and Sarah K. Van Domelen

Smalti Murano Glass Tessella’s Applied Outdoor in the Trencadis Catalan
Modernism Mosaic: Recognition of Preliminary Alteration Patterns .......................... 1609
Raiil Serra i Fabrega, Joan LI. Zamora i Mestre and Paloma Arias

Study of Autogenous Self-Healing in Different Mortar Formulations......................... 1617
Nohelia Gutiérrez, Laia Haurie, Antonia Navarro and Joan Ramon Rosell

Sulfate Resistance of Blended Cements (Limestone Illite Calcined Clay)
Exposed Without Previous Curing..............cccooviiiiiiiiniiiiiniieeieeeeeeeeee e 1625
Agustin Rossetti, Tai lTkumi , Igancio Segura and Edgardo F. Irassar

Testing Joints of Air and Vapour Barriers, Do We Use Relevant Testing Methods?...1633
Eva B. Moller and Torben V. Rasmussen

The Efficiency of Fly Ash Concrete in the Context of the Combined Action
between Chlorides and Carbonation..............oooovvuemmeieiee e 1641
Raphaele Malheiro, Gustavo Camacho, Gibson R. Meira and Aires Camdes

The Palace of Westminster Courtyards Project: Sourcing Stone
for Repair and Conservation ..............ccccooiiiiiiiiiiiiiiieeeeeee e 1649
Elizabeth Anne Laycock, David Jefferson and Steven Hetherington

Transport of Moisture and Chlorides into Sprayed Concrete................cccoccvvvveennnnnnn. 1657

Diego Aponte, Marilda Barra, Susanna Valls and Lucia Fernandez

35



IT / BIM and Durability

Organized by Rade Hajdin (IMC GmbH, Ziirich & Belgrade Univ)

Building Circular Economy: a Case Study Designed and Built Following
a BIM-Based Life Cycle Assessment Approach ................ccccooviiiiiiiniiiininiiiee e 1665
Mauro Manca, Zuzana Prochazkova, Umberto Berardi, Licini Alfaro and Felipe Pich-Aguilera

Development of 3D Printing Technology for Geopolymers................ccccoecvveviiiennnnnnne. 1673

Kinga Korniejenko, Michat L.ach, Janusz Mikuta, Maria Hebdowska-Krupa,
Dariusz Mierzwinski, Szymon Ggdek and Marek Hebda

Environmental Monitoring System Based on Low-Cost Sensors.................ccccceeeenen. 1679

Behnam Mobaraki, Seyedmilad Komarizadehasl, Francisco J. Castilla Pascual
and Jose A. Lozano-Galant

Integration of Durability Data of Construction Elements Within a BIM-Based
ENVIFONIMEIIE ... e et e e e e e e et e e e eere e e e e naeeeenans 1687
Leticia Ortega, Begoiia Serrano, Isaac Villanova and Andrea R. llies

Maintenance-Oriented Design in Architecture. A Decision Support System
for the Evaluation of Maintenance Scenarios Through Bayesian Networks Use.
A Case Study: the Headquarters of ING Groupe in Amsterdam.............cc..cccccceveenee. 1695

Michele Di Sivo, Daniela Ladiana, Federico Novi and Caterina Salvatori

Metamodel Development for Predicting Hygrothermal Performance
of Wood-Frame Wall under Rain Leakage....................ccooooiiiiiiiiiceeee 1703

Lin Wang, Hua Ge and Liangzhu (Leon) Wang

Practical Application of Low-Cost Sensors for Static Tests ...............c.ccoocvvvviiiinieennnne. 1711
Seyedmilad Komarizadehasl, Behnam Mobaraki, Jose A. Lozano-Galant and Jose Turmo

Large Sample Size Studies in Durability

Organized by Fernanda Rodrigues (Universidade de Aveiro, Portugal)

A Nonparametric Statistical Model for the Selection of Significant Variables
Acting in the Deterioration of Built Facades...................cc.ccoooiiiiiiiii, 1719
Carles Serrat, Viceng Gibert, Joan R. Casas and Jacek Rapinski

Degradation of Concrete Structures from the Climate Change Perspective................ 1727
Pablo Benitez, Fernanda Rodrigues, Sudip Talukdar and Sergio Gavilan

Relationships between Outside and Interior Appearance Inspection
and Actual Bio-Deterioration of Structural Members in Existing Wood Houses ....... 1735
Takahiro Tsuchimoto, Satoshi Takahashi, Hideaki Sumikura and Takafumi Nakagawa

State of Maintenance in Relation to Property Regime, Tenancy and Uses
of a Large Sample of Residential Buildings Located in the Most Vulnerable
Areas of the City of Barcelona .....................ooooiiiiiiiiii e 1743

Sara Vima-Grau, Cossima Cornado and Pilar Garcia-Almirall

36



Statistical Analysis on Belgian Building Defects ................ccccooiiiniiiniee 1751
Jasmijn De Vos, Anke Blommaert and Nathan Van Den Bossche

Strategies to Support Facility Management Resourcing Building
Information MOdelling .............ccooiiiiiiiiiiii e 1759
Raquel V. Matos, Fernanda Rodrigues, Hugo F. Rodrigues and Anibal G. Costa

LCA, Sustainability and Durable Construction

Organized by Nele De Belie (University of Ghent, Belgium)

Assessment of Building Resistance to Accidental Actions in the Social Aspect
of Sustainable Construction ................coooiiiiiiiiiiiii e 1767
Aleksandra Radziejowska and Anna Sobotka

Behaviors of Concrete with Recycled Clay Brick as Fine Aggregate .......................... 1775
Wencui Yang, Xiaoping Cai and Duojie Jiangjiu

Durability of Mortars Packaged with Production Waste of Autoclaved
ACTALEd COMCIELE ........ciiiiiiiiiiiiiiiiicict ettt 1781

Maurizio Nicolella, Claudio Scognamillo and Federica Vitale

Effect of Supplementary Cementitious Material and Fine Recycled Aggregates
on Shrinkage Properties of Self-Compacting Microconcrete ................ccoceeveerneennene 1789
Miren Etxeberria and B.T. Purandhar Reddy

Identification of the Influence of Concrete Cover Thickness and O/p
Parameter on Crack SPacing. .........ccocoviiiiiiiiiiie e 1797
Chavin N. Naotunna, S.M Samindi M.K Samarakoon and Kjell T. Fossd

Influence of High Volume Fly Ash and Recycled Aggregates in Chloride and
Carbonation ReSiStance Of CONCIELe ..............eeeiiiiiiiiieeeee et e e e e eeveeaaans 1805
Miren Etxeberria and Fernando Alvarez

Modernization of Housing Estates Towards Sustainable Development:
What do Housing Estate Managers Provide, What do the Users See? ....................... 1813

Anna Ostanska

Quality Evaluation of Granulated Blast Furnace Slag Sand Via Acid
Immersion and Freeze-Thaw Tests.............ccccoiiiiiiiiiiiiiieee e 1821
Takaya Kawato and Isao Kurashige

Risk-Based Approach for Improving Concrete Bridges’ Inspection Planning ............ 1829
Sindre Tronsli , Samindi M. Samarakoon and R.M Chandima Ratnayake

Structural Reliability of Bridges Made with EAF Concretes .............c..coccoiiniinnn. 1837

Mariano A. Zanini

Study on Technical Standards of Reinforced Concrete Structures with Long
Service Life when Using Blended Cement and Finishing Materials ........................... 1845
Tadatsugu Kage, Hiroyuki Tanano, Naoko Tsuchiya and Hirosh Jinnai

37



The Business Case for Re-Usable Buildings - Business Models, Systems
Diagnosis and Case for ACtioN ...............cooiiiiiiiiiiiiiieee e 1853
Kathryn P. Bourke and Katherine T. Adams

Viability of Production and Application of Concrete with Addition of Fibers
of Polyethylene Terephthalate (PET) Bottles for Construction..................ccccceevneenne. 1861
Edson Rodrigues

Service Life Prediction Methodologies

Organized by Alfred Strauss (BOKU, Vienna, Austria)

A Joint Inversion Approach of Capacitive and Resistive Measurements
for the Estimation of Water Saturation Profiles in Concrete Structures...................... 1869
Marie A. Alhajj, Sébastien Bourguignon, Sérgio Palma Lopes and Géraldine Villain

A Risk-Based Approach for Quantifying Durability and Life-Expectancy
of the Wall-Foundation Construction Detail in Timber Buildings............................... 1877
Andrea Gaspari, Ivan Giongo and Maurizio Piazza

A Spatially Continuous Driving Rain Map of India at 0.5°x0.5° Gridded Scale.......... 1885

Sneha Das and Kaustav Sarkar

Development of a Service Life Database of Building Elements Based
on an International Data Collection....................coocciiiiiiiiiiiii e 1893
Kyriaki Goulouti, Morgane Giorgi, Didier Favre and Sébastien Lasvaux

Durability Based Service Life Estimation for Chloride Exposed Cracked
and Self-Healed CONCIete...............occviiiiiiiiiieeeiiee et ee e e e e rree e e snaeeeeeees 1901
Nele De Belie, Bjorn Van Belleghem, Sylvia Kefsler, Philip Van den Heede and Kim Van Tittelboom

Environmental Deterioration Factors in Metal Claddings and GFRC Panels
Implemented on Facades: An Assessment through Two Cases in Istanbul ................ 1909
Sahar Manafvand Ardi, Begum Diker and Payam Kanani Bahri

Methodology for Predicting the Service Life of Two-Ply Roofing-Felt Membrane ....1917
Erik Brandt and Martin Morelli

Probabilistic Approach to the Service Life Prediction of Timber Claddings............... 1925

Ana Silva and Andrés José Prieto

Reliability Assessment of Pressurized Pipes with Inclined Defect................................. 1933
Yanlin Wang, Weigang Wang, Wei Yang and Chun-Qing Li

Seismic Performance of the Reinforced Concrete Girders Obtained from
Existing Building Constructed in 1961 ...............cccooiiiiiiiie e 1941
Hideo Araki

38



XV International Conference on Durability of Building Materials and Components
DBMC 2020, Barcelona
C. Serrat, J.R. Casas and V. Gibert (Eds)

A Maintenance Management Model. Upgrading and Experimentation

Maria Azzalin' and Massimo Lauria®

! Dipartimento dArTe, di Architettura e Territorio, Universita degli studi Mediterranea di Reggio
Calabria, via Melissari, Feo di Vito, 89124 Reggio Calabria, maria.azzalin@unirc.it

2 Dipartimento dArTe, di Architettura e Territorio, Universita degli studi Mediterranea di Reggio
Calabria, via Melissari, Feo di Vito, 89124 Reggio Calabria, mlauria@unirc.it

Abstract. The paper deals with the first results of the activities of BIG Building Innovative Governance
srl, Academic Spin-Off and Innovative Start Up, which provides smart services for Building
Maintenance and Facility Management also launching circular R&D actions in the relative reference
areas. The contribution introduces some actions actually in progress geared to upgrading the
Maintenance Management Model, M3, specifically aimed at managing the life cycle of buildings.

The current stage of development corresponds to a TRL 4. TRL § is that expected by the end of 2020.
Characterized by interconnectivity and scalability, the Maintenance Management Model is a dynamic,
collaborative and implementable system, whose architecture consists of three separated but strongly
interconnected devices: an information interface system, a collaborative platform, a remote cloud. An
ICT network infrastructure able to activate using BIM models (IFC and COBie standards) circular
information workflows between all operators and/or users involved in Maintenance and Facility
Management processes. It allows the development and/or implementation of information management
and sharing models based on Open Data and Semantic Web. Its use will also promote shared lexicons
and the circulation of knowledge within a holistic process of managing information from and for
Maintenance. The use of BIM models and the possibility of collecting and managing a large amount of
data will be oriented to the structuring of information feedback databases according to ISO 15686
guidelines. In this way, available information can be usefully transferred in life cycle assessments and
service life prediction of materials and components.

Keywords: Fuacility Management, Information System, Maintenance Management Model,
Operation&Maintenance, Service Life Planning.

1 Introduction

BIG srl is a spin-off of the Mediterranean University of Reggio Calabria, as well as an
enterprise registered in the list of innovative Startups.

It operates in the field of technological innovation exploiting, in line with the operational
trend of Industry 4.0 and the potentials of Information Communication Technology, ICT; also
provides Innovative Integrated Services characterized by technical-scientific nature and high
technological value oriented to the construction market and in particular to the Facility
Management, FM; develops R&D actions in the sectors focused on Smart Building and Smart
Cities drivers. To implement its mission, it assumes as central the interactions between
technological capital (infrastructure and technology), human capital (researchers, companies,
professionals, users, etc.), administration (institutions, universities, managers, etc.) and real
estate (public and/or private heritage).

BIG srl is currently engaged in the experimentation of an innovative governance system for
real estate assets, Maintenance Management Model, M3.
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The service offered through the proposed Maintenance Management Model answer for a
primary need of the construction sector as well as of the research one: to increase the
effectiveness, efficiency, circulation of information and communication between the operators
involved in the management and operation & maintenance practices whose activities
presuppose multidisciplinary approaches and great structured data availability.

This primary need is today perceived as immanent criticality for the construction sector. Its
effects are felt with concern by technicians and workers, and at the same time, shape a crucial
issue that manifests itself in all its severity due to the unexpectedly increasing costs - economic
and social — connected with the lack of maintenance of infrastructures, buildings and plants.
(World Economic Forum, 2016)

O&M operating and maintenance costs, which are generally neglected during the design
phase, generally amount to more than half of the total costs of the building's life cycle (Becerik-
Gerber et al., 2012). However, more and more often they represent cost items linked to the
inefficiency of choices in the design phase or to mistakes made during the construction phase.

The authors of the paper are among the founders of BIG srl and have been working on the
issue for a long time in the scientific and academic field. (Lauria, 2003, Azzalin et al. 2005,
Lauria and Azzalin, 2006, Azzalin, 2007, Lauria and Azzalin, 2007, Lauria at al. 2015, Lauria
and Azzalin, 2019, Azzalin, 2019)

In addition to the skills of each founding members, BIG srl avails itself of the expertise
recognized to the two industrial partners:

- ACCA software S.p.A. (Https://www.acca.it). Established in 1989, the company is today
the Italian leader in the construction software market and a reference point for the sector.
For BIG srl provides its expertise and its products with reference to the management of
databases, information security, information systems through the implementation and use
of collaborative platforms for maintenance and Facility Management purposes.

- BimCo (https://www.bim-co.com), an innovative Startup Enterprise specialized in the use
of IT methods and tools for interoperability such as BIM, Building Information Modeling.
For BIG srl, BimCo provides the skills related to the production, implementation and
management of digital models.

2 Background

The service life and management of a building in its life cycle always combines the terms
"costs", "efficiency", "maintainability" and "sustainability" with the planning activity. In this
context, Facility Management is defined as an integrated approach oriented to the operation,
maintenance, improvement and adaptation of real estate and infrastructure in order to meet the
primary objectives of the occupants, owners and managers (Atkin and Brooks, 2009).

Its importance and relevance, assumed by BIG srl as a corporate policy, refers to and is
framed, in numerous regulatory actions, scientific research, market trends, both internationally
and nationally. The FM involves a relevant field of interest, requires numerous data and
information and presupposes multidisciplinary approaches.

The available information and data, whether they concern new or existing construction, are
almost never structured to be effectively used in the O&M activities, and not sufficient.

In practice, inefficiencies, disconnected processes and different degrees of dysfunction
correspond to this gap.
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In the recent past, and even today, data and information for FM are organized and managed
by Computerized Maintenance Management System and Computer Aided Facility
Management (CMMS and CAFM), Electronic Document Management Systems (EDMS),
Building Automation Systems (BAS), etc.

However, these processes are subject to errors (Becerik-Gerber ef al., 2012).

Today, in general, in the face of still limited use of open standards for structuring and transfer
of information, the specific need for open systems and standardized data libraries and
specifically declined is added (BIFM, 2012). The availability of open standards, Industrial
Foundation Classes, IFC (ISO 16739-1:2018) and data specifications, Construction Operations
Building information exchange (COBie-NBIMS-US-V3.4:2015), the diffusion of Building
Information Modeling (BIM) methodologies and the adaptation of legacy systems represent the
new frontier for the research and standardization challenges. (Kassem et al., 2015a). Several
countries, including the United Kingdom in the first place, have introduced and prescribed the
use of interoperability tools based on open data, open standards (IFC) and data specifications
(COBie) as formats and information exchange methods between the project delivery phases and
the use phase of the building (Kassem et al., 2013).

As part of the aforementioned policies, in the United Kingdom the PAS 1192-3:2014
standard (BSI 2014a) is a reference for the structuring of data aimed at the management phase.
It introduced an information management methodology based on openBIM standards and data
specifications (COBie) connected with BS 8544:2013 (BSI 2013), relating to life cycle costs
during the maintenance phase of buildings.

Currently, BuildingSMART deals with the open standards (BIM, IFC and COBie) with the
aim of defining languages shared between the various operators and for each of the phases of
the building process and the life cycle of the assets. (Atkin and Brooks, 2009).

Further research areas concern the COBie data exchange (Cabinet Office, 2012) for which
the British industrial standard BS 1192-4:2014 (BSI 2014b) is the reference.

IFC and COBie are also employed in the context of standardization actions relating to

Service Life Planning, ISO 15686 Series. In this sense ISO 15686-4:2014 is a specific reference.
The standard proposes "IFC property sets" (IFC4) to support service life planning, including
information on the durability of materials, semi-finished products and components. Moreover,
the factors that affect durability as introduced in ISO 15686-2:2012, environmental impacts in
ISO 15686-6:2004 (at now withdrawn), and Life Cycle Costing (LCC) according to the contents
of ISO 15686-5:2017. This thus confirms a strong interrelationship between the LCC
assessments, the costs in the usage phase of the building and the decision-making processes
aimed at optimizing the Operation & Maintenance phase (Fu et al., 2007, BSRIA, 2009). In
other words, in a general context of life cycle management, the BIM based interoperability
systems based on open data (IFC standards and COBie) can provide the information needed for
planning, execution and management of maintenance actions allowing this information to be
structured and kept in an organized management system (CIC, 2012). This system, which can
be implemented and accessed over time, will be both a repository and a source of feedback
information available at the design stage (Volk et al., 2014).
In short, the essential background introduced above and, more specifically, OpenBIM for FM,
the interactions between IFC and COBie and their applications for the management of FM
processes and the service life planning (Maxwell, 2005, Kassem et al., 2015b) configure the
assumptions from which the R&D actions of BIG srl and the Upgrading of M3 start.
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3 Upgrading M3

Currently the upgrade of the Maintenance Management Model, M3 specifically aimed at
managing the life cycle of buildings is being implemented thanks to a public financing from the
Calabria Region according to the Public Call of POR Calabria ERDF 2014/2020 Action 1.4.1
Support for the creation of innovative micro-enterprises Startup and Spinoff of research.

M3 is aimed at the assistance and smart accompaniment for building maintenance and real
estate assets Facility Management activities.

Developed starting from a PhD research (Melchini, 2015), the subsequent definition and

implementation of M3 has received significant validation resulting in being the winner and
finalist of some contests for innovative business ideas (Coopstartup Calabria Ricomincio da T
(r)E, 2016; StartcupCalabria, 2016, national finalist of Startup Europe Awards, 2017).
M3 is an ICT network infrastructure that will allow the development and/or implementation of
information management and sharing models based on Open Data, as well as the definition and
continuous verification of operational requirements (BSRIA, 2009) among the various
operators involved in the whole cycle of life of a building. From the design phase (clients,
designers, structural engineers, installers, etc.) and construction (companies and producers /
suppliers of materials and components) to management (maintenance personnel, etc.) and
disposal phases; and between all operators and the final users themselves (Figure 1).

Cloud

Computing and Storage
Erlfna:cgegmenf of Open Ber g (((.-&)))
IE f
OpenBIM h o

in Common Data Environment

Monitoring

of in-use performances through Domotic and
Building Automation Control System

3D Viewer

usage in Virtual and Augmented Reality

Query and Alert

by end-user

%) -
MAEPN - A A?l
Maintenance Management Model

Platform As A Service

Figure 1. M3 Maintenance Management Model Architecture.
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The objective is to support the decision-making process relating to the building management
phase through an Information Modeling Asset (AIM) based on openBIM standards (IFC) and
specifications on the data structure (COBie).

The structuring of the requirements that allow the definition of the AIM is based on the use
of the ISO methodology, Information Delivery Manual (IDM) in ISO 29481-1:2016. A general
methodology for defining the requirements of the FM format. In particular, IDM makes possible
mapping and describing information processes throughout the life cycle of a building,
maintaining links with each of the different phases in which information has been generated,
exchanged, controlled and used.

Assumed as an initial development stage of the Management Model, a TRL 4 “low reliability
prototype that can be built to demonstrate the technology and its function in the laboratory”, a
specific Business Development Plan and R&D is being implemented to allow:

- The realization of the engineering functioning model, corresponding to a TRL 6. In the
specific case, the expected result is equivalent to an engineering prototype whose
technology realizes a first connection level of the three apparatuses that make up the
architecture of the Maintenance Management Model: an Information System (AIM); a
collaborative platform (usBIM.platform by ACCA Software spa); a Cloud Computing.

- The upgrade to TRL 8 corresponding to a complete prototype system.

- Its experimentation, verification and validation (O.R.R., Operational Readness Review).

- Its marketing.

On a technical level, the availability of all the documentation, information and administrative
management relating to the building/s appropriately collected and systematized in digital
dossiers will allow, through an integrated system of alphanumeric and graphic databases (IFC
and COBie format), the management of complex data concerning localization, use, security,
accessibility, employment conditions, usability of spaces.

The availability of a digital twin in OpenBIM format will therefore allow, through a viewer
and the interaction in Virtual and Augmented Reality modes, the following visualization:

- information on the current state of construction;

- the behavior of component and sistem transmitted by monitoring system (Building
Automation home automation systems);

- the location and degree of severity of active fault and possible operational scenarios for the
purpose of the intervention.

The partner ACCA spa, leader in the OpenBIM at national level, has made the
usBIM.platform collaborative platform technology available for implementation in the
direction described. With usBIM.platform is possible to manage the OpenBIM models (IFC
standards and COBie specifications) of each type (architecture, plants, energy, structures,
construction site and maintenance) in a single Data Sharing Environment (ACDat) or Common
Data Environment (CDE ). The related plug-in is being tested through a pilot application to the
case study identified in a portion of the building asset of Mediterranean University of Reggio
Calabria. In particular, the “usage scenario” of the system is the evaluation of [IFC4 and COBie
2.4 and some of their enabling technologies.

The ongoing experimentation and the subsequent M3 implementation prefigure some main
expected results. Evaluating IFC and COBie support in meeting the information requirements
for the creation of the management activity register and proposing ways to implement and
extract maintenance requirements respectively in and from BIM models.
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The actions undertaken also promote shared lexicons and the circulation of knowledge
within an interdisciplinary process of managing information from and for Maintenance.

The use of BIM models and the possibility of collecting and managing a large amount of
data will be used as a source of information for service life planning. In particular, they will be
oriented to the structuring of information feedback databases according to ISO 15686-7:2017
guidelines related to service life prediction of materials and components.

4 Conclusions

Although the results of the research in these areas refer to experiments that bring to the
identification of some general OpenBIM requirements capable of supporting building
maintenance activities (Hallberg and Tarandi, 2011, Becerik-Gerber ef al., 2012, CIC, 2012,
Motamedi et al., 2014). To date, detailed studies and systematic evaluations of the IFC and
COB:ie standards applied to FM are still lacking. In fact, it emerges from the literature that these,
together with the available software support tools, are still inadequate for the management of
the life cycle during the maintenance phase. (Kassem ef al., 2015a)

Furthermore, there are no widespread studies on the development of OpenBIM for FM and
in particular research aimed at understanding "how" and "if" IFC and COBie can be effectively
integrated to support FM processes.

Limits and criticalities that represent the areas of development and implementation of
research in general and that related to the upgrade phase of M3 in particular but also of future
commitments in the world of standardization and ICT.

In a perspective that embraces a holistic view of the life cycle of an artifact, which considers
together: quality, duration, environmental, social and economic costs, the Maintenance
Management Model, M3 takes on a dual meaning.

On the one hand, a tool to support the management of real estate assets through the activation
of innovative information sharing processes (Open Data and Semantic Web).

On the other hand, it is evident that to effectively support decision-making processes in the
development and execution of maintenance strategies, information on the useful life of building
components is fundamental (Hovde and Moser, 2004) and should be taken into consideration
from the earliest stages of planning (Marteinsson, 2005).

According to this vision M3 is beginning to look as a privileged "observatory" of the
phenomena that characterize building systems over time, their operation and their use.
Therefore, it appears functional for oriented collection of feedback data relating to the behavior
of materials and components in specific contexts according to ISO 15686-7:2017 and as clearly
expressed by the same ISO 15686-4:2014.
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Jiang, Xiuping .......ccceeeeevveeciienveeneene. 1481
Jiangjiu, DUOJI€ ...ccovvveeiiieeiieeciieeeiee e 1769
Jinnai, Hirosh .......ccccocooviiiviiiiiiiien, 1839
Johansson, Par ............cccoovvvuvvveennnnnn. 83,494
John, Vanderley M. ...........c.......... 284, 1539
Jordi, Martin .......ccccceeveevieieciieeeieeeeeeeas 510
Juan-Valdés, Andrés .......coeeevvvvivviiiiiniinnn. 99
Jung, Hoe-Won ........cccooviiiiiniiiiiiiee, 912
Jungblut, Monica E. .........ccocoeeniienenn 1355
Junginger, Max .......ccccecevveeiveennenn. 284, 1539
Kage, Tadatsugu .......ccccceevveeiienieenenne. 1839
Kakegawa, Masaru .........ccccceeevevveenneens 1497

1952

Kanani Bahri, Payam .......cccccccooeeninn 972
Kanematsu , Manabu .................. 1060, 1260
Kara De Maeijer, Patricia .........c..cccueneee. 792
Kawaai, Keiyu .....ccccceeveveeeieennenn. 958, 1379
Kawato, Takaya ........cccccoevveevieniieeenen. 1815
Kayll, David G. ...ccoceeeiiieeiieeiieceeeee 51
Keegan, Jennifer ..........ccccoevveviieeenen. 1067
Keuser, Manfred .........cooovvvvviiiiiiiiinnnnnen, 768
KeBler, Sylvia .....cccccceveiiiniinnnnen. 153, 1895
Kim, Jong R. ..ccoviiiiei 1099
Kim, Seungchan ...........ccoceevieniieneennen. 1139
Kimoto, Seiya .....cccceevevverciieeriieeieenne, 1308
Kinnunen, Paivo ........cccooovvviviiiiiiininnn. 1555
Kirby, James R. .....ccccccovveviiiiniieeiee 1067
Kitagaki, Ryoma ........cccceceevnenen. 177, 1020
Kiyohara, Chizuru ..113, 161, 169, 760, 1060
Klimowicz, Joanna ........cccccceeeeeeeevieinnnnnen. 432
Ko, Lesley ..oovvviiiiiieeiieieeeeceee, 896
Kokulu, Nil oo 1316
Komarizadehasl, Seyedmilad ................. 668,
...................................................... 1673, 1697
Komiya, Katsuhito .........cccceevvveennennne. 1260
Kong, Zhenyi .......ccccoeeveviienieeiienienienn, 364
Koniorczyk, Marcin .........cccceeevveeneennne. 1387
Korniejenko, Kinga ....................... 462, 1667
Korytarova, Jana ........c.cccccvvvennennnne. 397, 405
Kowacka, Magdalena ............cccceeeeenen. 413
Krzeminski, Michal ..................ccoevnnnnn. 418
Krzysciak, Pawel ........cccooovieiiinienen, 1489
Krol, Macie] ...ccceeeeeveeeiieeeiieeeiee e, 355
Ksit, Barbara ........cccccoovvvviiiiiiiiiiiiiinnen, 379
Kurashige, Isao ................. 1028, 1459, 1815
Kuroda, Yasuhiro ........ccceeeevvvveeiiiiinnnn. 1459
Kusak, JIFT ...oooveeiieiieiiecieeceeeeeee e 728
Kutnik, Magdalena ........................ 454, 1547
Kwasniewska-Sip, Patrycja ................... 1489
Kiinzel, Hartwig M. ......ccccovviiiiiiiinin, 316
Labonnote, Nathalie ............cccccceeeeiinenn.n. 75
Lacasse, Michael A. ..51, 91, 284, 292, 1145
Ladiana, Daniela ...........cccccceeeeieninn.n. 1681
Lach, Michal .......ccccccceeviiiiinnnnn, 462, 1667
Lahalle, HUZO .....coovveeiieiiieeiieee 1563
Landolfi, RObErto ........cccoevvuvvvvvieiiivinnnn. 1403
Laschuk, Nadia O. .........cccooevvviininninnnn... 486
Lasvaux, Sébastien ........ccocuvvveeee.... 652, 1887
Lauria, MassSimo ........ccceeevvvvveeeeeiiiennnnnee. 682
Lavergne, Francis .........cccccevveveiienienncane 372
Laycock, Elizabeth Anne ...................... 1643
Lemos, Paulo C. .........coovviviviiiiiiiiinnnnn, 99
Leone, Marianovella ............................. 1579



Levinskyte, Aurelija .........ccocevvveveenennne. 1230

Li, Chun-Qing .......cccceeevvvevrveenirieenneeenns 1919
Li, YONghui ..cceevveiiiniiniiiiiiiinicceiee 364
Lima, Maryangela G. ........cccccecvveeeneenns 1222
Lin, Wei-Ting ......ccceccvevieeiiienieeieeieeen. 462
Linek, Malgorzata ...........cccoeevevvvenreenee. 736
Lingling, Liu ..coccooviiviiiiiiiiieee, 1107
Lis, Manuel J. ........cccccooiiiiiii 1339
Lliso-Ferrando, Josep R. .......ccccceeiinniee. 864
Lollini, Federica ........ccccccovvvvvvvvenenennnn. 1363
Lomakovych, Vadym ........ccccoceveenenee. 1176
Lors, ChriStine ........ccccceoovvevvvvveeeeeeeeiinnnns 121
Lowinska-Kluge, Aldona .........ccccceceeneee 347
Lozano-Galant, Jose A. ....... 668, 1673, 1697
Lucas, Christophe ........cccocceeviieiieniennen. 454
Luukkonen, Tero .......ccccccevvveveiiviiieeiennns 1555
Lynde, Rachel M. ......ccccocoeviniininnnne. 1198
M.K Samarakoon, S.M Samindi ........... 1791
Machova, Dita ....ccccevveeveiiviiiiiiiiieeeeen, 1036
Maes, NObert ......ooovvveiiiiiiiiiiieiiiiiieeeieeens 1529
Mahdad, M’hamed ..............cccuvveeennn.n. 1153
Maia, Joana ........cccccceeiieiiiiiinnnnnnn. 200, 216
Makaveckas, Tomas .......cccceeevuvvvvveeennnn. 1230
Malheiro, Raphaele ...........cccoeeevveennenns 1635
Manafvand Ardi, Sahar ............ccccoeevnnen. 972
Manca, Mauro ..........cccceeeveeeeeeveeveveeenennnns 1659
Manso, Juan M. .......cccccceoevveviinnnienneeen. 1091
Maranhdo, Flavio L. ........ccccccvvvivivininne. 1252
Marek, Martin ............ccoovveeeeeineeeeeennenen. 397
Marovic, Ivan ........cccccevvvviviiiiiiiiiiiiiiieeies 644
Martinez Ibernén, Ana .........cccceeevvvennnnn. 848
Maruoka, Masanori ....................... 446, 1107
Masuda, YoShihiro ........cccoceeevvvivienennnnn. 1497
Masueda, Daisuke ........cccccvvvvviiiiiiiiininnnns 776
Matar, Mohammad ..............ccccceeeeeennnnn.n. 105
Matos, Raquel V. ....ccoooieviiiiies 1753
Matsushita, Takayuki .........cccccoeeienienen. 776
Matsuzawa, Koichi .......ccccccvvviviiiiiiininnnns 169
Mazela , Barttomiej ..........ccoeeveeiieiennen. 440
Mazer, Wellington ..........cccceeevevieenneens 1246
Meira, Gibson R. ..........cccovveunnnenen. 918, 1635
Meirelles, Douglas C. ..........ccccvveenenns 1332
Meng, Birgit ......cccoeveieiiieiieiiieieeee 1284
Menéndez, Esperanza ...........cccceeeuveenneee. 145
Mercedes, LuiS E. ...oooovvviiviiiiiiiiienn, 1339
Micelli, Francesco .........cccovvvvvvvveeeenenn. 1579
Michatowska, Maja .......cccccevvveiieinnen. 564
Michel, Silvain ...........ccccoeevvivveiiieeeiiinnnn. 510
Mierzwinski, Dariusz ...........ccceeeenne... 1667
Mikula, Janusz .......ccccceevvvvevniiiieeneeen, 1667

Miyamura, Masashi .........cccceceeevieniennnn. 331
Miyauchi, Hiroyuki ............... 722,744, 1276
Mladen, Marko ........cccoovvvvviiiiiiiiiiiinneen, 636
Mobaraki, Behnam .............. 668, 1673, 1697
Monczynski, Barttomiej ..........cccceuenneee 379
Monte, Renata ............cccooeeveiiiininl. 1252
Montibus, Mathilde .........cccccvvvveeiiininnnn. 1547
Moon, Juhyuk .......cccceevveviinnnnnen. 988, 1139
MoOOre, TraAVIS .evvvvveeeeeiieiiiiieeeeeeee e 51
Moore, Travis .....cccceveveveeevenenenn.. 59,91, 284
Morais de Oliveira, Andrielli ................ 1395
Morales, Carlos N. .....ocooovvevviiiiiiinnnnnnn.. 1324
Morelli, Martin ..........cccovveeeennnee... 300, 1903
Moran-del Pozo, Julia M?. ........................ 99
Muscio, AIDETTO ....eevvveiiiviiiiiiiieeeeieiens 1052
Myers, Michae ........cccccveveveerieecnieennnen. 896
Macova, Petra .......cccccovvvvviiiiiiiiin 1036
Mpller, EvaB. ...cccccooevviviiinnnnnn. 1427, 1627
Nakada, Kiyofumi .......ccccecevieneincnnene 1260
Nakagawa, Takafumi ..........cccceeuveenneen. 1729
Nakajima, Makiko ........ccccocevvieniinenen. 776
Nakajima, Shiro .......c.cccecceeevvieeiieennnen. 1308
Nakashima, Tohru .......ccccccoovvevnivennnnnn. 1276
Nanni, ANtONIo ....ccceeveveveeeeeeeeeeeeeeeeeeeenn. 1324
Naotunna, Chavin N. ............cccccveeennnn. 1791
Navarro, Antonia .......ccceeeeeeeeeeeeeeeeeeeennnn. 1611
Nemoto, Kaori ......ccoeevvvvvveeiiinnnnnnn. 169, 1411
Neves, LuisS C. oo, 706
Ngoc Tri Huynh, Nguyen ..........c.ccccenee. 113
Nicholson, Catherine L. ............oeeeee..n. 1347
Nicolella, Maurizio ..................... 1403, 1775
Nielsen, orgen ........ccccveeeveeniieeneenineens 1427
Nikafkar, Mahsa .....cccccvvveiiiiiviiiiiiinenn, 502
Nishida, Takahi .......ccccccciiiiiiiiiiiiiennn, 958
Nishida, Takahiro ...........ccc............ 809, 1379
Nishio, YUhel ...cooovieiiiiiiiiiecceeeee, 1260
Nocente, Alessandro ...........cccovvvvvvveeeennnn. 75
Nogal, Maria ......c.ccoecveeeeviieeeiieeieeeieee 41
Noguchi, Takafumi .............. 145, 1060, 1260
Nokken, Michelle R. .......ccccoeeviieiinennnnn. 1012
Novi, Federico .....ooovuviiiviiiiiiiiiiiinnnnn, 1681
Nowak, ANNA ..., 432
Nunes, Lina .......ccoovvvvvviiieiiiiiiiiiiieeeeenn, 208
Ohashi, YOShinori .........ccceeevvvvveeieiiiennns 1308
Ohtsuka, AKIKO .....ccooovvvvvviiiiieiiiiiiiineen, 760
Olano-Azkune, Xabier .......cccccccoeveeennnn.. 518
Oliveira, Daniel V. ............ccoeovveeiennn. 1161
Oliveira, Luciana A. ................... 1332, 1539
Ong, Frank .......cccoeeieviiiiiiiiieieieee 896
Orozco Camargo, Héctor Y. .................. 1419

1953



Ortega, Leticia ...coeveevveeiieeieeiieeeeee, 1705

Ortega-Lopez, Vanesa ..........ccceeeevveennenn. 580
Ortega-Lopez, Vanesa ................... 588, 1091
Osamura, Sadaharu ................................ 824
Ostanska, ANNA .........coeeeevvvvveeeeieniiinnn, 1807
Otani, Shunsuke .......cccooevvvvviiiieiiiiiinnnnnn. 714
Otsuka Sakata, H.Nicolas ....................... 980
Ott, Stephan ........cccevevvveeviieeieeeeeeeeen 880
Ottosen, Lisbeth M. ......ccocvvvvviiiiiiiiinnns 1169
Ozer Yiiksel, EIf coveeoeeeeeeeeeeeeeeeeen 904
Padey, Pierryves ......ccccocevveeniieiiieniee, 652
Pae, Junil .......cooovvvvieiiiiiiii, 988
Paine, KeVIN ...ccocuvvvvveiiiiiiiiiiiiieieeeeens 129
Palacios, Juan Manuel ...........ccccoeveeeeeee. 1324
Pallin, SImon ...........ccccoevvvveeeeenneen.n. 526, 674
Palma Lopes, Sérgio ........... 856, 1131, 1863
Palomar, Irene ......ccccoevvvvivvviiiiiiienennnn, 1044
Park, Jihun .......ccccoovviiiiiiiiiiieeeeee 912
Parracha, Jodo L. ........cooovvvvvinnnnnnen. 191, 208
Passos, Paulo M. .........coovvvvviiiiiiiiiiiiinens 1355
Patapy, CEdric ......ccocevvienviiiieieeienne 1563
Paul, Tirthankar .............cccooevvvvvvvenninnnn. 1555
Pazderka, JiFl ...oooovvveveeiiiiiiiiiiieeeeen 1192
Pedroso, Cleber ......cccovvvvvvvenniieiieninn. 1246
Pedroso, Daniela E. .........ccooeovvivveennnnnn. 1246
Pedroso, Marco ........cccccceeeevvveeeiieeeeiinnnnns 216
Pelcak, Svatopluk ..........ccocveviiiieinnen. 397
Peng, Tian ......ccccoevevvevviieeieeeieeeee e, 816
Pereira, ALICE S. ..ovvvviviiiiiiiiiiiiiieeeeeeeeeae 99
Pereira, Clara .......ccccceeeveevevviennnnnnn. 832, 888
Pereyra, Maria N. .....ccocoveiviiiiniiiiiiens 1473
Perez, CEdric ....ooovvvvvvviviiiiiiieiiieeeeeen, 121
Perko, Janez .....ccccocvvvvviiiiiiiiiiiiiienin, 1529
Perumal, Priyadharshini ....................... 1555
Petruseva, Silvana V. ......ccccoovvvvveiiiininnnn. 620
Peuhkuri, Ruut H. ..., 1427
Phung, Quoc Tri ..ooocvveiieiieiieieeee 1529
Piazza, Maurizio .........cccccceeeveeeveveeeeennnns 1871
Pich-Aguilera, Felipe .......cccccecevvenenne. 1659
Pilet, Tyler ....ocovvveeeiieeieeeeeeee e, 526
Pili, Alessandra ..........cccccoovvvvnvvivienennnnn. 1571
Pino, AIESSI0 ...ooevvviiiiiiiiiiiiiieeieeieeeeeieeees 1403
Pinto, Rafael T. ............ccovveeeennnen. 254,262
Pifiero, Ignacio .......cccceevveevviveenciieenieens 1091
Plank, Johann .........ccccccccovvvvviiinnennnnnnn. 1139
Plebankiewicz, Edyta ...........cccoeeneennee. 424
Polanco, Juan Antonio ...........cccceeeeevennn. 572
Power, Gabriel J. .......cccovvviiiiiiiiiiiiiiiiiies 698
Prieto, Andrés JOS€ ........oovvvvvvviinnennnnn. 1911
Prochazkova, Zuzana ............ccccceeueeeene. 1659

1954

Puentes, JAVIET .....vvvveviiiiviiiiiiiiiieeeieieas 1044
Qiao, Chunyu .......cccceeeveevciieeriieeieeeee, 1513
Qing Xiang, Xiong .......ccccceevveeveereennenns 339
Radziejowska, Aleksandra .................... 1761
Radziszewska-Zielina, Elzbieta ............ 1489
Ramos, Nuno M.M. ..., 200, 216
Ramoén Zamora, Jos€é E. ... 864
Rapinski, Jacek ......ccccocevvvveiennnnn. 558, 1713
Raposo, SOnia ........ccceeevevviieniieiieieein, 784
Rasmussen, Torben V. .......cccccceiiniii. 1627
Ratnayake , R.M Chandima .................. 1823
Re Cecconi, Fulvio ........coooovvviiiiiiiiinnnn.. 872
Recino, Hairon .........cccceeeevvvvvveeiiiviiinnnen, 145
Reddy, B.T. Purandhar .......................... 1783
Reeksting, Bianca .........ccccoeeeveviieniennn. 129
Reiterman, Pavel ......................... 1192, 1467
Resende, Mauricio M. ................. 1332, 1539
Revilla-Cuesta, Victor ................... 588, 1091
Rizzo, Valeria .......cccccccovvvvvviniiiiiiiiinin, 1579
Rocha, Janaide C. .........coeevvvvvviiiiiiinnns 1435
Rodrigues, Edson .........cccccoevveviieieenen. 1855
Rodrigues, Fernanda ................... 1721, 1753
Rodrigues, Hugo F. ......ccccooviiininnn. 1753
Rodriguez, Angel ........cccooovveeeeveennnnn 1044
Roels, Staf ...ooooieiiiiiiii, 1004
Rosell, Joan Ramon ..........ccccceeeeeneen.n. 1611
Rosina, Elisabetta .........ccoeovvvvvieiiininnnn. 1571
Rossetti, Agustin .......ccceevevveeeiveenneenne, 1619
Rothstein, David ........cccooevvvvviiieiiiiinnnn. 1513
Rouzek, JIFl ..oooovvviiiiieeiiieeeeieeeeeeee 397
Ruiz, FELIX .oooviiviiiiiiiiiieiieeece e 690
Ruiz Emparanza, Alvaro ............c......... 1324
Russo, Nicoletta .........cccoovvvvvvivieiiiiinnnns 1363
Roning, Juha ......ccooeviiiiie 1555
Riither, Petra ....cccccvvvvvvviiviiiiiiieene, 75,276
Saeki, Tatsuhiko ......ccoooeveviiiiiiiiiiiin. 1371
Sahyoun, Sahar .........c..cccoce.... 59, 91, 1145
Saito, AtSushi ....ccoeeveeeveiiiieiieeenn, 958, 1379
Saito, Hiroaki ......cccoovvvvvvveiiiviinnnnnee, 331, 824
Saito, Shigehiko .........cccccovvvviiieiriiieiinn. 980
Saito, TSuyoshi .......cccceeeievieeiiienieenane 1371
Sakabe, Yoshihel .....ccooooevvviviiiiiiiiinn. 1308
Sakiyama, Nayara R. M. .....ccccceeiinenne. 230
Salvatori, Caterina ..............ccoeevuvvvveeenenn. 1681
Samarakoon, Samindi M. ..................... 1823
Samson, Gabriel ........ccooooeveiiiiiiiiiiiennn. 1563
San Jos€, JOSE T. ..o, 580
Sanchez, Thomas .......c.ccccccoevvvvvnnvvnnnnnenn. 698
Sandak, Jakub ........cccocvvviiiiiiiiiiiee, 454
Santa Ana Lozada, Lucia G. ................. 1184



Santa Ana Lozada, PerlaR. ................... 1184

Santamaria, Amaia ..........cccccceeennne. 580, 588
Santamaria-Fernandez, Susana ............... 518
Santana Quintero, Mario ............cccceec.... 934
Santunione, Giulia .......ccceevvvviiviviinnnnnneen. 1052
Sarkar, Kaustav .......ccocoeeeeeiiiiieiiiiinnne 1879
Sasai, Kotaro ........cccoevvvvviveeeiiiiiiiiinneeen. 698
Sato, Kennosuke .......cccccvvvveeeeennn. 980, 1371
Sato, Sachi€ ......coovvvviiiiiiiiiiiiieiieee, 1497
Sato, Takumi ........cccoeevvvvveieiieiiiinnnnnen. 1107
Satori, Koji .ooeevvieniieeiieiieieeieeee 446
Sawada, MasamitSu ........cceeeeeeeeeeeeeieennnnn. 760
Schiavi, Luca ......oooovvvvviiiiieiiiiiiiiieeeen, 1363
Schmoeller, Francieli ........ccccooeeeeinnnnnnn. 1222
Scognamillo, Claudio ..........cccccueeuenneen. 1775
Sebaibi, Nassim. .......ccoccvvvvverieeeeiiiinnnnnnn. 801
Seelmann, Herber ......ccccvvvvvvviiiiiiiininnnnn. 405
Segura, [gancio ........cccceeeveevciveenieennnee. 1619
Seiler, Paul .......coovvvviiiiiiiiiiiiiiieee, 896
Senbu, OSaAMU .......ooovvvivriiiiiieeieiiiiieee, 169
Serra, Valentina ........ccococvvvvvveiiiviiiinnnnnen. 222
Serra 1 Fabrega, Raiil ............cccoeneen. 1603
Serrano, Begofia ..........ccceceeeviieinieennnne. 1705
Serrat, Carles .........cceeeuvvneeeen. 534, 690, 1713
Setién, JESTUS ..ovvvvviiiiiiiiieiiieeeeeeeeeiieeeeen 572
Sgarbi, Elisabetta ........cccccovvevevieenieenne. 1052
Sharafutdinov, Eldar ............................. 1099
Shon, Chang S. .......ccecvvvevvieeieeee e, 1099
Silva, ANa coevvveeeeeiiiiiieeeee 706, 1911
Silva, LUulS oo 216
Silva, Silvelene A. ....ccoovvvevvvviiviiiinienen. 1222
Silveira, Dora .......cccoevvvvveeeeeeieiinnn, 254,262
Silvestre, JOSE D. ...ooovvvvrviiiiiiiiiiiiiiieee, 832
Skaf, Marta ..........ccooeevvvveeiiinneeennns 580, 1091
Skorupka, Dariusz ..........cceeeeeevivenieenenne. 413
Sletnes, Malin ........cccccvvveveieiiiinnnnn. 268, 276
Snoeck, Didier .......cooovvvvviviiiiiiiiiiniinen. 1521
Soares, ANtONIO ....ccovvveeeeeeeeeeeeeeeeeeeeeenae 216
Sobotka, ANNa ........cooeevvvvveieiiiiiiiiiiee, 1761
Soeta, TOMOMI .......cooevvvvvverieeeeiiinrnnnnnen. 1276
Soga, YuKi ..ocoeeviieiiiiiiieee 183
Soive, Anthony ......cccecvvevviveevcieiieeeen 372
Sosa, ISTael .....oovveiiiviiiiiiiiiieee 572
Sotiriadis, Konstantinos ...........cccceeeuu... 1036
Soto, Juan .....cooeeeeeeieiiieeeeeeee, 864
Soudian, Shahrzad ............ccc.cooovvvvnnnnnnnn. 486
Sousa, HIipOlito .......ccceeevieenieeiieieeienne 216
Sousa, RUL .o, 216
Sporel, Frank .........cccocoveviiiniiiiinen. 1587
Srubar III, Wil V. ..o, 105

Steeman, Marijke ........ccccoeevevveniiienennne 942
Stipetic, Marina ........cccceeeveeerveeeeieeeniens 230
Strini, AIDEItO .....oovvevvvvviiieiiiiiiiiieeee, 1363
Sturgeon, Gary ......ccocceeeveveeenieeeeiee e 292
Su, Kaiting ......cccoeeveevieiiieieeiieieee 1060
Suchocki, CzeSlaw ......cccoeevveveiievieieienn. 558
Sugihashi, Naoyuki .......ccccccoeviiieninnnn. 1459
Sumikura, Hideaki ............cccovvnnvvnnnnnnn. 1729
Suttie, Ed ..oovvvvviiiiiiiiiiieeeeiiee 454
Svensson Tengberg, Charlotte ................. 246
Szkuta, TOMASZ ....cceovvvvvveeeeieiiiieieieeennn, 1238
Taha, Hussameldin .........ccccccceeevvviennneee. 129
Takahashi, Keiichi .............cooeevvieeenne... 1459
Takahashi, Satoshi ..........cccccvvvveeiennnn... 1729
Talukdar, Sudip .....cccooveeviiiiiieeee, 1721
Tamayo, Pablo .......c.ccccovvevviveeniieiieee, 572
Tambara Junior, Luis ......ccoovvvvevieiiiiinnnn. 1435
Tanaka, Kyoji ....ccccovvvvvieeniieeieee, 722,996
Tanaka, Yutaka .........ccccoevvvvviveiiiiiiiinnnnen, 809
Tanano, Hiroyuki ..........cccccveeviiennnnennne. 1839
Tanifuji, AtSuki .....cccoovviviiiiiiiieieee 177
Taylor, Thomas J. .....cccceevevveeriieeiene, 1067
Tedeschi, Cristina .........oooeevvvvveeeeivinnnn. 1300
Templin, ToMAasZ ......cccovvevvveerreeeieeenneen. 550
Tenorio Filho, José R. ..oooovvvviiiiiiiiinnns 1521
Teodoro, Rodrigo ........cccceeveeevieennenne. 1443
Teply, Bietislav ........ccccevevevienieeeenen. 1292
Teranishi, Kohji .......cccccevviiiniiennnne, 1060
Tezer, Mustafa Mert ......ccccoevvvvvviiviiinnnnnen. 137
Thiel, Charlotte ..........ccccoevvvvvveieiiiiiinnnns 1176
Thomas, Carlos .......ccccoevvvviviveeiiiiiiinnnen, 572
Tong, Yunyun ........cccceeeeveeevniiieeeennnenn. 1451
Torres, Isabel ........ooovvviiiviviiiiienenn, 254,262
Toska, Klajdi ......coovveeiiieiieeiieeieee, 612
TouSek, Jaromir .......c.ccccovvveuvvveveeiiiiininns 1036
Trincal, VIncent ..........cccoeevuvvvveeeeeeeiinnnns 1563
Tronsli, SINAre ......ccccoevvvvvvvviiiiieiiiiiinns 1823
Tsuchimoto, Takahiro ..............cc..ccoounee. 1729
Tsuchiya, Naoko .......c.cccecveuennne. 1411, 1839
Turmo, JOS€ ..eeevvvviviiiiiiinnne. 668, 816, 1697
Turkeri, Nil oo 904
Valcuende, Manuel .............ccevveveeevevennnnnns 848
Valls, Susanna ......ccccccceeeveeviviiiinieenennnnn, 1651
Van Acker, Joris CM. .....coovvvvvvveiieiinnnns 238
Van Acker, Joris CR. ......cccovvvvnnivnnnnnnn. 1481
Van Belleghem, Bjorn ..........cccccceeuneeen. 1895
Van de Bulcke, Jan B.B. ......ccccuvvveeeen. 1481
Van Den Bossche, Nathan ................ 67, 324,
.............................................. 942, 1075, 1745
Van den Bulcke, Jan B.B. ........................ 238

1955



Van den Heede, Philip ........ccceevennnee. 1895

Van Domelen, Sarah K. ..........cccoovveeeen 1595
van Keijzerswaard, Daan .............c.......... 792
Van Linden, Stéphanie ............c.ccceee. 1075
Van Tittelboom, Kim ........ccoeevvvvvrenennnnn. 1895
Vandemeulebroucke, Isabeau .................... 67
Varela, HUgo .....ccccovveveiiiiiiiiieiee 1044
Varzina, ANNa .........oooeveeeeevieeeieieiiiieienens 1529
Vazquez, Elaine G. ......c.cccovevvivenieenennne. 1268
Veiga, ROSario .......ccccceevveennnee. 191, 200, 208
Vereecken, EVy ....ccccooviiiiiiiiinii 1004
Viani, AIbert ....cooovvvvveeeieiiiiiiieeeeeeeeen, 1036
Vickers, ThOmas ..........cccoeveuvvvvereieinniinnn. 896
Vieillemard, Eric .......oovvvviiiiiiiiiiiiiiiiinen, 454
Vila, Patricia E. ..ccccoovvvviiiiiiiiiiien, 1473
Villa, Tomaso ....ccccceeveevivieiiieieiiieeeeeenns 872
Villagran-Zaccardi, Yury A. ......cccoceeeeee 604
Villain, Géraldine ................ 856, 1131, 1863
Villanova, ISaac .........ccccccoovvvnvvvvnenennnnn. 1705
Vima-Grau, Sara ..........eeeeveeveeveveeeeennns 1737
Vitale, Federica ........ccccccoovvvvniviiienennnnn. 1775
VOIf, GOran ......ccccvvveeiievieiiiieeeieeeeeeenns 660
von Werder, Julia ..........cccoovvvninininnnnnnn. 1284
Vopalensky, Michal ..........cccooeeieeninns 1036
Vymazal, TOmas .........cccoeeveviienieeienne 1292
Vysvaril, Martin ..........cccoeevveeieenieennenne. 1083
Vitkova, Eva ...oooovvvvvieiiiiiiiie, 405, 728
Wahlgren, Paula ..........cccooeviiviiennnne. 494
Wakabayashi, Toru ........ccccceeieeienienen. 714
Wang, Jieying ......cccoceeevveeeciveeniieeeiee e 964
Wang, Liangzhu (Leon) .......ccccoceeeeeee. 1689
Wang, Lin ...cccooovvveeiieeieeee, 1145, 1689

1956

Wang, Tianwen ..........cccceevvevieeneeenieennen. 364
Wang, Weigang ........cccccceeevevveviieeennneenns 1919
Wang, Yanlin ........coccoevviiiiiiniiiiiee 1919
Waniewska, Agnieszka ..........cccceeennennee. 413
Watanabe, Takafumi .........cceevvevieiiininnnne. 446
Weber, Alessandra M. ........cccccvvvvevevnnnee 1246
Wells, JOhN A. oo, 292
Welter, Roger .......ccoevvevieeeiieiiieeieee, 510
Wesolowska, Maria ..........ccooeveuvvvveeeennn. 1238
Wieczorek, Damian .........ccceevvvveeeeennnnnn. 424
Xia, Changchang ..........cccoocevvivenienieenen. 364
Yamada, MiKaKo ..........ccccoevvvivvriiiieniinnnns 760
Yamada, Munenori .........c...cccceeuveeeennnn.. 1060
Yamashita, Kohei ........ccccvvvevviiveveiinanane. 1276
Yang, In-Hwan .........ccoocceevviiiniiinnenne 912
Yang, Wel ...c.coovevvvieiieeeiieeeiee e 1919
Yang, Wencui .......ccccceeveeeeeenvencneenneennn 1769
Yanokura, Hiromi ............cccceevvvevevevennnnnes 1459
Yeih, Wei-Chung .......ccccceeveveviiienienieenen. 462
Zamora 1 Mestre, Joan LI. ........... 1419, 1603
Zanini, Mariano A. .............cceue..... 612, 1831
Zanoni, Riccardo ........cccccovvvvvvnnevennnnnn. 1363
Zegen Reich, Ben .........ccoooeveviieiennnen. 964
Zhang, Dichuan ..........cccccoeveveniieeennen. 1099
Zhang, Yan .......ccccceeceeeeienieniieenieeieeeen. 698
Zhou, Xiaoha ......ccccccevviiiiiiiiiiiiieeeeeeens 308
Zileska Pancovska, Valentina K. ............. 620
Zima, Krzysztof ........cccccvvvviieiniiieiieenne, 424
Zircher, Tobias .....cccccvvvvivviviiiiiiiieeeeiiein, 768
Zohrabyan, Vahan ............cccccoeeieeinennne. 768
Zufferey, Nicola ......cccoeeevevieviiieniieieenen. 698



DBMC

15th International Conference
on Durability of Building

Materials and Components

) ANYTS
sense [ imits

International Center
for Numerical Methods in Engineering



	PREFACE
	Remote Sensing of Building Condition
	Large Sample Size Studies in Durability
	Remote Sensing of Building Condition
	A 3D Model for Building Condition Assessment
	A Vector Scale of Severity of Damages in Buildings
	Large Sample Size Studies in Durability
	A Nonparametric Statistical Model for the Selection of Significant Variables Acting in the Deterioration of Built Façades


	TABLE OF CONTENTS
	ACKNOWLEDGEMENTS
	ORGANIZERS AND COMMITTEES
	SUMMARY
	CONTENTS

	A Maintenance Management Model. Upgrading and Experimentation
	AUTHORS INDEX

