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Introduction

This first Conference on Automation and Innovation in Construction (CIA2019) aimed to be a

reference forum for scientific discussion of technological developments in the field of inno-

vation on automation in the construction industry.

The conference started with several examples of BIM applications to different uses in the

construction sector, from design to rehabilitation and maintenance, examples of robotics

applied to constructions inspection have been shown, new methodologies and approaches to

support decisions or the use of augmented reality and additive manufacturing in construction

have been presented, namely, an example of application to space construction. The conference

has also focused on the new materials or new uses in the construction of innovative materials,

towing the sector to a more sustainable future and better use of resources. Special attention

was also given to the use of different technologies to characterize the building environment

and to use that knowledge to preserve it.

The present proceedings intend to lead the reader to a reflection about the redefinition of the

Construction 4.0 concept, from the Construction 4.0 definition by the European Construction

Industry Federation to the digital transformation inherent of Architectural, Engineering, and

Construction Industry, showing that the clue is not about technologies but how to use tech-

nologies. It will be important to think about the changes in the construction management, from

the traditional planning to the future agile project management and the future evolution to the

agile construction project management.

Most than a showcase of the state of the art of automation and innovation in the con-

struction sector this conference was a reflection on the future of the construction sector.

The editors would like to give a last word to thanks all the authors and participants that

make this first Conference on Automation and Innovation in Construction a success and to all

the partners and sponsors that make real this first CIAC.

Finally, the editors would like to thank to the Penn State team in the NASA 3D Printed

Mars Habitat Challenge.

Florindo Gaspar

Hugo Rodrigues

Paulo Fernandes

Artur Mateus

v



Contents

Building Information Model

BIM Education Required in Construction Industry . . . . . . . . . . . . . . . . . . . . . . . . 3

Alcinia Zita Sampaio

Introduction to Proactive Design. Toward the Implementation of BIM

Methodology for Managing Complexity in Architectural Projects . . . . . . . . . . . . . 11

Gabriele Novembri, Francesco Livio Rossini, and Antonio Fioravanti

Real-Estate Valuation Based on BIM Methodology . . . . . . . . . . . . . . . . . . . . . . . . 15

Paula Couto, Maria João Falcão Silva, and Filipa Salvado

Quantity Take-Off Process Supported by Building Information Modeling (BIM)

Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Alcínia Zita Sampaio, Bernardo G. Antunes, and Nuno Marques de Almeida

Information Requirements to BIM Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

Lorena Luedy, Paula Couto, Maria João Falcão Silva, and João Hormigo

OpenBIM Methods and Tools for Schedule and Cost Management . . . . . . . . . . . 37

Arianna Fonsati, Anna Osello, and Alberto De Marco

Building Functional Rehabilitation Based on BIM Methodology . . . . . . . . . . . . . . 45

Maria João Falcão Silva, Paula Couto, Fernando Pinho, and João Lopes

Construction and Demolition Waste—A Shift Toward Lean Construction

and Building Information Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Mahmoud Karaz, José Cardoso Teixeira, and Kamel Mohamed Rahla

Data Acquisition in Cultural Heritage Buildings Using Non-destructive

Techniques, and Its Gathering with BIM—The Case Study of the Gothic

Monastery of Batalha in Portugal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

Carina Francisco, Luísa Gonçalves, Florindo Gaspar, Hugo Rodrigues,

Mercedes Solla Carracelas, Ivan Puente Luna, Gil Gonçalves,
and Paulo Providência

BIM Applications to Pavements and Railways. Integration of Numerical

Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

Simona Fontul, Paula Couto, and Maria João Falcão Silva

Facility and Asset Management on BIM Methodology . . . . . . . . . . . . . . . . . . . . . 75

Maria João Falcão Silva and Paula Couto

Interoperability Between BIM Objects and ProNIC: Application to Different

Building Design Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

Maria João Falcão Silva, Paula Couto, and Filipa Salvado

vii



Energetic Rehabilitation of Building Toward BIM Methodology . . . . . . . . . . . . . . 87

Sara Silva, Maria João Falcão Silva, Paula Couto, and Fernando Pinho

Construction Technologies

Robotic Construction: Robotic Fabrication Experiments for the Building

Construction Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

Nuno Pereira da Silva and Sara Eloy

Additive Manufacturing of Architectural Structures: An Interplay Between

Materials, Systems, and Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

Shadi Nazarian, José Pinto Duarte, Sven G. Bilén, Ali Memari,

Aleksandra Radlinska, Nicholas Meisel, and Maryam Hojati

3D Printing for Construction Using Stone Sludge . . . . . . . . . . . . . . . . . . . . . . . . . 121

Vani Annappa, Florindo Gaspar, Artur Mateus, and João Vitorino

Modular Construction for Emergency Situation: A Design Methodology

for the Building Envelope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

Federico Fiume, Nicola Callegaro, and Rossano Albatici

Digital Fabrication Experimentations with Complex Form Modular Bionic

Building Envelope with 3D Printing and Robotics Technology . . . . . . . . . . . . . . . 143

Juan Carlos Guillén-Salas and Neander Furtado Silva

3D Printing Technology in the Construction Industry . . . . . . . . . . . . . . . . . . . . . . 157

Tiago Freire, Francis Brun, Artur Mateus, and Florindo Gaspar

NZEB Modular Prefabricated Building System . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

Armando Pinto, Rafaela Mateus, Jaime Silva, and Miguel Lopes

Laying Ground for Automated Manhole Inspection: A Review . . . . . . . . . . . . . . . 181

Filipe Jorge, Hugo Costelha, and Carlos Neves

Construction Planning and Management

Comparative Study Between Spatial Location and Building Permit

Authorization in Lisbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193

Rui Alexandre Duarte Ricardo

A Framework for Accelerating Innovation Through Innovation Webs . . . . . . . . . 205

Oliver Schwabe, Lynne Schneider, Nuno Marques de Almeida,

and Ana Filipa Salvado

Civil Construction Planning Using Augmented Reality . . . . . . . . . . . . . . . . . . . . . 211

Moacir Rodrigues

Dealing with Uncertainty in Facility Management (FM) Contracts Through

a Data-Driven Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

Giancarlo Paganin, Francesco Rota, Nazly Atta, and Cinzia Talamo

Use of Augmented Reality to Simulate Structural Reinforcement Application

in Existing Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233

Moacir Rodrigues

The Expected Outcomes of Implementing a Distributed File System

in the Construction Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237

Mohammad Darabseh and João Poças Martins

viii Contents



Building Investment Index: A Decision-Making Tool to Optimize Long-Term

Investment Decisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243

Filipa Salvado, Nuno Marques de Almeida, and Álvaro Vale e Azevedo

The Impact of Asset Management Development Programs in Infrastructure

Organizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

Nuno Marques de Almeida, João Vieira, Jaime Gabriel Silva,

and Cristina e Castro

Construction Materials

Mycelium-Based Composites: A New Approach to Sustainable Materials . . . . . . . 261

Rafael M. Escaleira, Maria J. Campos, and M. L. Alves

Bioash—A New Alternative Road Construction Material . . . . . . . . . . . . . . . . . . . 267

Martina Zagvozda, Sanja Dimter, and Tatjana Rukavina

A Full-Scale Study of Flax Fiber-Based Thermal Insulating Slabs

on the Attic Floor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271

Sergey Romanovskiy and Aleksandr Bakatovich

Effect of Strain Load History on Fatigue Behaviour of the 7075-T651

Aluminium Alloy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279

Jorge Cunha, Artur Mateus, Cândida Malça, José Costa, and Ricardo Branco

Evaluation of the Gluing Process of Maritime Pine Wood Veneers

for Application in Overmolding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

Tomás Archer de Carvalho, Florindo Gaspar, Artur Mateus, Sandra Monteiro,

and Joana Campos

Thermosensitive Screen, Responsive System for Radiation Control, Lighting,

and Ventilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295

Cassio Daher, Henrique Lattes Borçato, Juliana Croffi, and Victor Calixto

Structures

Assessment of Seismic Behavior of an RC Precast Building . . . . . . . . . . . . . . . . . 303

Hugo Vitorino, Nádia Batalha, Romain Sousa, Paulo Fernandes, Humberto Varum,

and Hugo Rodrigues

The Concepts of Genetics Applied to a Reinforced Concrete Cantilever

Beam Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 309

L. Amamra, S. Benanane, A. Benanane, S. M. Bourdim, M. Titoum,

and B. Chaibedra

Numerical Investigation on the Effects of Natural Frequencies of Vibration

Uncertainties on the Maximum Seismic Response . . . . . . . . . . . . . . . . . . . . . . . . . 317

Yassine Zelmat

Details for the Design of Hybrid Nodes in Concrete Beams to Steel Beam . . . . . . 325

Yordy Mieles, Rafael Larrúa, Carlos Villacreses, Daniel Delgado,
and Christian Gómez

The Concrete at the 4th Industrial Revolution . . . . . . . . . . . . . . . . . . . . . . . . . . . 333

Paulo Fernandes, Nuno M. F. Almeida, and João R. S. Baptista

Optimization of Metallic Structures by Applying Genetic Algorithm . . . . . . . . . . . 341

Mohammed Issam Eddine Terki Hassaine, Sidi Mohammed Bourdim,

Abdelkader Benanane, and Yassine Zelmat

Contents ix



Seismic Retrofitting of an Existing Masonry School Building: A Case Study

in Algarve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349

João Estêvão, Bruno Tomás, Roberto Laranja, and Alfredo Braga

Modern Strengthening Methods for URM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357

Naida Ademović, Marijana Hadzima-Nyarko, and Gordana Pavić

A Look at the Traditional Construction During the Earthquake of 7.8 Mw

of Pedernales 2016 (Ecuador): The Case of Portoviejo City . . . . . . . . . . . . . . . . . 363

Carlos Villacreses Viteri, Yordy Mieles Bravo, Daniel Delgado Gutiérrez,
and Stalin Alcívar Moreira

Construction and Environment

A Performance-Based Approach to Enhance the Operational Energy

in Residential Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379

Ricardo Grazina, Nuno Marques de Almeida, and Maria da Glória Gomes

Maintenance of Technical Installations in Buildings Based on Asset Life Cycle

Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387

J. Sobral, D. Gaspar, and N. Almeida

Design and Construction of a Ventilation System Located in an Experimental

Chamber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393

Eusébio Conceição, João Gomes, Maria Manuela Lúcio, Maria Inês Conceição,
and Hazim Awbi

Construction of an Experimental Chamber Equipped with Ventilated

Windows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405

Eusébio Conceição, João Gomes, Maria Manuela Lúcio, Maria Inês Conceição,
and Hazim Awbi

In-Situ Measurement and Evaluation of Thermal Transmittance Value

by Means of Temperature-Based Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411

Mihaela Domazetović, Hrvoje Krstić, and Dino Obradović

Short-Term Indoor Radon Gas Assessment in Granitic Public Buildings:

A Multi-Parameter Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415

Rolando Azevedo, Joaquim P. Silva, Nuno Lopes, António Curado,

and Sérgio I. Lopes

x Contents



About the Editors

Hugo Rodrigues is a Associated Professor at the Civil Engineering Department, University

of Aveiro, Portugal, teaching several topics related to Structural Analysis, Building Pathology

and Rehabilitation. His experience in Seismic analysis, having participated as a team member

in research and development projects, specialized consultancy studies ordered by several

public institutions and companies regarding the assessment of seismic risk. His major research

interests are Building Rehabilitation, Structural Health Monitoring, and Seismic Safety

including experimental and numerical activities. Research member of the RIsks and Sus-

tainability in COnstruction (RISCO). He has co-authored more than 100 publications in

top-tier peer-reviewed journals and contributed to more than 150 publications at national and

international meetings. e-mail: hugo.f.rodrigues@ipleiria.pt

Florindo Gaspar is an Adjunct Professor in the Civil Engineering Department of the School

of Technology and Management, Polytechnic of Leiria, where he has taught subjects related to

wood and masonry structures, materials and processes of construction, and building instal-

lations. He is currently a Researcher at the Centre for Rapid and Sustainable Product

Development (CDRSP). He is a member of the Technical Commission CT-14—wood,

responsible for the translation and implementation in Portugal of international standards in the

field of Timber. He is the author of several scientific articles published in journals and national

and international conferences. His research interests are related to the construction and

rehabilitation of wood and masonry structures. e-mail: florindo.gaspar@ipleiria.pt

Paulo Fernandes is an Associate Professor at the Civil Engineering Department, School of

Technology and Management, Polytechnic of Leiria, Portugal, teaching the courses of

Reinforced Concrete Structures, Prestressed Concrete and Precast Structures, Pathology and

Rehabilitation of Buildings. His major research interests are high-performance concrete (HSC,

SCC, SFRC, SCSFRC), time-dependent behavior of concrete, prestressed, and reinforced

concrete structures (design, assessment, and structural rehabilitation), supported by both

experimental and numerical programs. Researcher (full member) of Civil Engineering

Research and Innovation for Sustainability center (CERIS) is the co-author of several scientific

works (in peer-reviewed journals and international meetings). Professional Structural and Civil

Engineer author of more than 100 design projects. e-mail: paulo.fernandes@ipleiria.pt

Artur Mateus is an Adjunct Professor of Mechanical Engineering Department, on Rapid

Tooling and Manufacturing, at the Polytechnic of Leiria, since 1997. Also is Vice-Director

of the Centre for Rapid and Sustainable Product Development at the Polytechnic of Leiria. He

is a member of the scientific and technological council of the Incubator for startups, OPEN

(Marinha Grande—Portugal). Artur Mateus has a Ph.D. in Polymer Physics from the

University of Reading (UK), an M.Sc. from the Technical University of Lisbon (Portugal), and

a first degree in Mechanical Engineering from the University of Coimbra. He has co-edited

xi



three books, authored and co-authored more than 70 papers published in books, international

journals, and proceedings of international conferences. Artur Mateus has participated in more

than 60 Research Projects, national and international, in consortium with companies and firms

related to Rapid Tooling and Manufacturing, rapid design, and advanced materials processing.

e-mail: artur.mateus@ipleiria.pt

xii About the Editors

View publication stats


