
Advances in Informatics 
and Computing in 
Civil and Construction 
Engineering

Ivan Mutis · Timo Hartmann   Editors

Proceedings of the 35th CIB W78 2018 Conference:  
IT in Design, Construction, and Management



Advances in Informatics and Computing in Civil
and Construction Engineering





Ivan Mutis • Timo Hartmann
Editors

Advances in Informatics
and Computing in Civil
and Construction Engineering
Proceedings of the 35th CIB W78 2018
Conference: IT in Design, Construction,
and Management

123



Editors
Ivan Mutis
CAEE
Illinois Institute of Technology
Chicago, IL, USA

Timo Hartmann
Institute of Civil Engineering
TU Berlin
Berlin, Germany

ISBN 978-3-030-00219-0 ISBN 978-3-030-00220-6 (eBook)
https://doi.org/10.1007/978-3-030-00220-6

Library of Congress Control Number: 2018953319

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction
on microfilms or in any other physical way, and transmission or information storage and retrieval, electronic
adaptation, computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are believed
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty,
express or implied, with respect to the material contained herein or for any errors or omissions that may have been
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



Letter from the Editors

The 35th CIB W78 conference took place in Chicago in 2018, with a theme focused on
fostering, encouraging, and promoting research and development in the application of
integrated information technology (IT) throughout the life cycle of the design, construction,
and occupancy of buildings and related facilities. Organized by Professors David Arditi and
Ivan Mutis (Illinois Institute of Technology, Chicago), Timo Hartmann (Technische
Universität Berlin), Robert Amor (University of Auckland), and with special and valuable
support from Bill East (Prairie Sky Consulting, USA), it brought together more than 200
scholars from 40 countries, who presented the innovative and unique concepts and methods
featured in this collection of papers.

With the publication of these contributions, we expect to scaffold scholars’ motivations to
inspire and discover the pressing research questions that need to be answered in the coming
decade. Framed under topic clusters as described in the introductory section, the Editors
organized the responses of the 2018 worldwide, open call for submissions. Taking the number
of submissions in each focus area as an indicator of research potential, the open call elicited
the lowest response in the area of Systems of Integrated Computer and Physical Components
(Cyber-Physical-Systems), which suggests underdevelopment of initiatives for scientific
questions in this area. We look forward to seeing greater response to this area in the future.

Ultimately, the success of this event and its contribution to the field of informatics and
computing in civil and construction engineering is the result of countless hours of
investigation, development, and work from scholars across the globe. The Editors and
organizing committee thank all who have supported the effort. We thank in particular the paper
reviewers.

The research and approaches that have been developed and presented at this conference can
immediately deliver extraordinary innovations to construction practices with benefits
attributable to individuals, organizations, and the industry, as a whole. Looking forward,
the legacy of this conference will be carried not only through its influence on the construction
practice but also on research for years to come.

Ivan Mutis
Timo Hartmann
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About CIB and CIB W78

CIB, officially named International Council for Research and Innovation in Building
Construction, was established in 1953 under the name Conseil International du Bâtiment. The
foundational objectives of CIB were to stimulate and facilitate the international cooperation
and exchange of information between governmental research institutes in the building and
construction sector, with an emphasis on those engaged in technical fields of research. Since
its inception, the association has developed into a worldwide network that connects more than
5000 experts. These specialists represent the research institutes, university, and industry- and
government-related entities that constitute the approximate 500-member organizations of CIB.
Though the size and strength of the organization today has grown compared to the past, the
focus of CIB and its members remains the same: the active collection of research and
innovation information for all aspects of building and construction.

CIB W78, or work group 78, is one of the largest and most active working commissions of
CIB. The scope of W78’s work is broad, but its primary mission is to proactively encourage
the integration of Information and Communication Technologies (ICT) into a facility’s life
cycle. It achieves this goal by disseminating research and knowledge among an international
community of scholars and practitioners in a variety of means, most notably the annual
international conference.

vii





Contents

Part I Information Integration and Informatics

1 Barriers of Automated BIM Use: Examining Factors
of Project Delivery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Jason Lucas and Sai Sri Neeharika Vijayarao

2 Simulation of Construction Processes as a Link Between BIM Models
and Construction Progression On-site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Ector Oliveira, Cláudio Ferreira Júnior, and Fabiano Correa

3 In Search of Sustainable Design Patterns: Combining Data Mining
and Semantic Data Modelling on Disparate Building Data . . . . . . . . . . . . . 19
Ekaterina Petrova, Pieter Pauwels, Kjeld Svidt, and Rasmus Lund Jensen

4 The Role of Knowledge-Based Information on BIM
for Built Heritage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
C. K. Cogima, P. V. V. Paiva, E. Dezen-Kempter, M. A. G. Carvalho,
and Lucio Soibelman

5 Heritage Building Information Modelling (HBIM): A Review
of Published Case Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Ian J. Ewart and Valentina Zuecco

6 Next Generation of Transportation Infrastructure Management:
Fusion of Intelligent Transportation Systems (ITS) and Bridge
Information Modeling (BrIM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Alireza Adibfar and Aaron Costin

7 Blockchain in the Construction Sector: A Socio-technical Systems
Framework for the Construction Industry. . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Jennifer Li, David Greenwood, and Mohamad Kassem

8 Formalized Knowledge Representation to Support Integrated Planning
of Highway Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Jojo France-Mensah and William J. O’Brien

9 An Automated Layer Classification Method for Converting CAD
Drawings to 3D BIM Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Mengtian Yin, Zihao Ye, Llewellyn Tang, and Shuhong Li

10 Defining Levels of Development for 4D Simulation of Major Capital
Construction Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Michel Guevremont and Amin Hammad

11 Modularized BIM Data Validation Framework Integrating Visual
Programming Language with LegalRuleML . . . . . . . . . . . . . . . . . . . . . . . . . 85
Pedram Ghannad, Yong-Cheol Lee, Johannes Dimyadi, and Wawan Solihin

ix



12 Coupling Between a Building Spatial Design Optimisation Toolbox
and BouwConnect BIM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Sjonnie Boonstra, Koen van der Blom, Hèrm Hofmeyer,
Joost van den Buijs, and Michael T. M. Emmerich

13 Reusability and Its Limitations of the Modules of Existing BIM Data
Exchange Requirements for New MVDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Yong-Cheol Lee, Pedram Ghannad, and Jin-Kook Lee

14 Employment of Semantic Web Technologies for Capturing
Comprehensive Parametric Building Models . . . . . . . . . . . . . . . . . . . . . . . . . 111
Farhad Sadeghineko, Bimal Kumar, and Warren Chan

15 BIM Coordination Oriented to Facility Management . . . . . . . . . . . . . . . . . . 123
Mónica Viviana Sierra-Aparicio, José Luis Ponz-Tienda,
and Juan Pablo Romero-Cortés

16 OpenBIM Based IVE Ontology: An Ontological Approach to Improve
Interoperability for Virtual Reality Applications. . . . . . . . . . . . . . . . . . . . . . 129
Anne-Solene Dris, Francois Lehericey, Valerie Gouranton,
and Bruno Arnaldi

17 BIM and Through-Life Information Management: A Systems
Engineering Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
Yu Chen and Julie Jupp

18 A Lean Design Management Process Based on Planning the Level
of Detail in BIM-Based Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
Petteri Uusitalo, Olli Seppänen, Antti Peltokorpi, and Hylton Olivieri

Part II Cyber-Human-Systems

19 The BIMbot: A Cognitive Assistant in the BIM Room . . . . . . . . . . . . . . . . . 155
Ivan Mutis, Adithya Ramachandran, and Marc Gil Martinez

20 Perceived Productivity Effects of Mobile ICT
in Construction Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
Abid Hasan, Kumar Neeraj Jha, Raufdeen Rameezdeen, SeungJun Ahn,
and Bassam Baroudi

21 Mobile EEG-Based Workers’ Stress Recognition by Applying Deep
Neural Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
Houtan Jebelli, Mohammad Mahdi Khalili, and SangHyun Lee

22 Feasibility of Wearable Electromyography (EMG) to Assess
Construction Workers’ Muscle Fatigue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Houtan Jebelli and SangHyun Lee

23 Tacit Knowledge: How Can We Capture It?. . . . . . . . . . . . . . . . . . . . . . . . . 189
Jacqueline Jepson, Konstantinos Kirytopoulos, and Nicholas Chileshe

24 Inside the Collective Mind: Features Extraction to Support Automated
Design Space Explorations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
Lucian-Constantin Ungureanu and Timo Hartmann

25 Detecting Falls-from-Height with Wearable Sensors and Reducing
Consequences of Occupational Fall Accidents Leveraging IoT . . . . . . . . . . 207
Onur Dogan and Asli Akcamete

26 Using Augmented Reality to Facilitate Construction Site Activities . . . . . . . 215
Serkan Kivrak and Gokhan Arslan

x Contents



27 Semantic Frame-Based Information Extraction from Utility Regulatory
Documents to Support Compliance Checking . . . . . . . . . . . . . . . . . . . . . . . . 223
Xin Xu and Hubo Cai

28 Ontology-Based Semantic Retrieval Method of Energy Consumption
Management. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
Ya-Qi Xiao, Zhen-Zhong Hu, and Jia-Rui Lin

29 Visualisation of Risk Information in BIM to Support Risk Mitigation
and Communication: Case Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
Yang Zou, Lari Tuominen, Olli Seppänen, and Brian H. W. Guo

30 Team Interactions in Digitally-Mediated Design Meetings . . . . . . . . . . . . . . 247
Jacob Ofori-Darko, Dragana Nikolic, and Chris Harty

31 User Perceptions of and Needs for Smart Home Technology
in South Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Kelvin Bradfield and Chris Allen

32 Seamless Integration of Multi-touch Table and Immersive VR
for Collaborative Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263
Mattias Roupé, Mikael Johansson, Laura Maftei, Rikard Lundstedt,
and Mikael Viklund-Tallgren

33 Development and Usability Testing of a Panoramic Augmented Reality
Environment for Fall Hazard Safety Training . . . . . . . . . . . . . . . . . . . . . . . 271
R. Eiris Pereira, H. F. Moore, M. Gheisari, and B. Esmaeili

34 The Negative Effects of Mobile ICT on Productivity in Indian
Construction Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
Abid Hasan, Kumar Neeraj Jha, Raufdeen Rameezdeen, SeungJun Ahn,
and Bassam Baroudi

35 Augmented Reality Combined with Location-Based Management
System to Improve the Construction Process, Quality Control
and Information Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
Julia Ratajczak, Alice Schweigkofler, Michael Riedl, and Dominik T. Matt

36 Workflow in Virtual Reality Tool Development for AEC Industry . . . . . . . 297
Lucky Agung Pratama and Carrie Sturts Dossick

37 Implementation of Augmented Reality Throughout the Lifecycle
of Construction Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Fopefoluwa Bademosi and Raja R. A. Issa

38 Challenges Around Integrating Collaborative Immersive Technologies
into a Large Infrastructure Engineering Project . . . . . . . . . . . . . . . . . . . . . . 315
Laura Maftei, Dragana Nikolic, and Jennifer Whyte

Part III Computer Support in Design and Construction

39 Cybersecurity Management Framework for a Cloud-Based BIM
Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325
Ivan Mutis and Anitha Paramashivam

40 A System for Early Detection of Maintainability Issues Using BIM . . . . . . 335
Bahadir Veli Barbarosoglu and David Arditi

41 Towards Automated Analysis of Ambiguity in Modular Construction
Contract Documents (A Qualitative & Quantitative Study) . . . . . . . . . . . . . 343
Ali Azghandi Roshnavand, Mazdak Nik-Bakht, and Sang H. Han

Contents xi



42 Adopting Parametric Construction Analysis in Integrated
Design Teams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
Alireza Borhani, Carrie Sturts Dossick, Christopher Meek, Devin Kleiner,
and John Haymaker

43 Integrating BIM, Optimization and a Multi-criteria Decision-Making
Method in Building Design Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
Elaheh Jalilzadehazhari and Peter Johansson

44 A BIM-Based Decision Support System for Building Maintenance . . . . . . . 371
Fulvio Re Cecconi, Nicola Moretti, Sebastiano Maltese,
and Lavinia Chiara Tagliabue

45 Structural Behavior Analysis and Optimization, Integrating MATLAB
with Autodesk Robot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379
Giulia Cerè, Wanqing Zhao, and Yacine Rezgui

46 An Assessment of BIM-CAREM Against the Selected BIM Capability
Assessment Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
Gokcen Yilmaz, Asli Akcamete, and Onur Demirors

47 Towards a BIM-Agile Method in Architectural Design Assessment
of a Pedagogical Experiment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397
Henri-Jean Gless, Gilles Halin, and Damien Hanser

48 A Generalized Adaptive Framework for Automating Design Review
Process: Technical Principles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405
Nawari O. Nawari

49 An Integrated Simulation-Based Methodology for Considering Weather
Effects on Formwork Removal Times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Robert Larsson

50 Exploring Future Stakeholder Feedback on Performance-Based Design
Across the Virtuality Continuum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423
Sooji Ha, Neda Mohammadi, L. Sena Soysal, John E. Taylor,
Abigail Francisco, Sean Flanagan, and Semra Çomu Yapıcı

51 A BIM Based Simulation Framework for Fire Evacuation Planning. . . . . . 431
Qi Sun and Yelda Turkan

52 Where Do We Look? An Eye-Tracking Study of Architectural
Features in Building Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 439
Zhengbo Zou and Semiha Ergan

53 Developing a Framework of a Multi-objective and Multi-criteria Based
Approach for Integration of LCA-LCC and Dynamic Analysis
in Industrialized Multi-storey Timber Construction . . . . . . . . . . . . . . . . . . . 447
Hamid Movaffaghi and Ibrahim Yitmen

54 Collective Decision-Making with 4D BIM: Collaboration Group
Persona Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
Veronika Bolshakova, Annie Guerriero, Hugo Carvalho, and Gilles Halin

55 Post-occupancy Evaluation Parameters in Multi-objective
Optimization–Based Design Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
Elie Daher, Sylvain Kubicki, and Annie Guerriero

56 Social Paradigms in Contemporary Airport Design . . . . . . . . . . . . . . . . . . . 471
Filippo Bosi, Maria Antonietta Esposito, and Arto Kiviniemi

xii Contents



57 A Method for Facilitating 4D Modeling by Automating Task
Information Generation and Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479
Murat Altun and Asli Akcamete

Part IV Intelligent Autonomous Systems

58 An Autonomous Thermal Scanning System with Which to Obtain 3D
Thermal Models of Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489
Antonio Adán, Samuel A. Prieto, Blanca Quintana, Tomás Prado,
and Juan García

59 Productivity Improvement in the Construction Industry: A Case Study
of Mechanization in Singapore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 497
Chea Zhiqiang, Gurumurthy Balasubramaniam, and Ruwini Edirisinghe

60 Automated Building Information Models Reconstruction Using 2D
Mechanical Drawings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
Chi Yon Cho, Xuesong Liu, and Burcu Akinci

61 Architectural Symmetry Detection from 3D Urban Point Clouds:
A Derivative-Free Optimization (DFO) Approach. . . . . . . . . . . . . . . . . . . . . 513
Fan Xue, Ke Chen, and Weisheng Lu

62 Sequential Pattern Analyses of Damages on Bridge Elements
for Preventive Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 521
Kowoon Chang, Soram Lim, Seokho Chi, and Bon-Gang Hwang

63 Sound Event Recognition-Based Classification Model for Automated
Emergency Detection in Indoor Environment . . . . . . . . . . . . . . . . . . . . . . . . 529
Kyungjun Min, Minhyuk Jung, Jinwoo Kim, and Seokho Chi

64 Improved Window Detection in Facade Images . . . . . . . . . . . . . . . . . . . . . . 537
Marcel Neuhausen and Markus König

65 Path Planning of LiDAR-Equipped UAV for Bridge Inspection
Considering Potential Locations of Defects . . . . . . . . . . . . . . . . . . . . . . . . . . 545
Neshat Bolourian and Amin Hammad

66 Automatic Annotation of Web Images for Domain-Specific
Crack Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 553
Peter Cheng-Yang Liu and Nora El-Gohary

67 A Machine Learning Approach for Compliance Checking-Specific
Semantic Role Labeling of Building Code Sentences . . . . . . . . . . . . . . . . . . 561
Ruichuan Zhang and Nora El-Gohary

68 Requirement Text Detection from Contract Packages to Support
Project Definition Determination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 569
Tuyen Le, Chau Le, H. David Jeong, Stephen B. Gilbert,
and Evgeny Chukharev-Hudilainen

69 In Search of Open and Practical Language-Driven BIM-Based
Automated Rule Checking Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 577
Wawan Solihin, Johannes Dimyadi, and Yong-Cheol Lee

70 Image-Based Localization for Facilitating Construction Field Reporting
on Mobile Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 585
Youyi Feng and Mani Golparvar-Fard

Contents xiii



71 Towards an Automated Asphalt Paving Construction
Inspection Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 593
Clyde Newcomer, Joshua Withrow, Roy E. Sturgill Jr., and Gabriel B. Dadi

72 Computer Vision and Deep Learning for Real-Time Pavement
Distress Detection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 601
Kristina Doycheva, Christian Koch, and Markus König

73 A Flight Simulator for Unmanned Aerial Vehicle Flights Over
Construction Job Sites. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 609
Hashem Izadi Moud, Mohamad A. Razkenari, Ian Flood, and Charles Kibert

74 Bridge Inspection Using Bridge Information Modeling (BrIM)
and Unmanned Aerial System (UAS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 617
Yiye Xu and Yelda Turkan

Part V Cyber-Physical-Systems

75 Comparison Between Current Methods of Indoor Network Analysis
for Emergency Response Through BIM/CAD-GIS Integration . . . . . . . . . . 627
Akram Mahdaviparsa and Tamera McCuen

76 Instrumentation and Data Collection Methodology to Enhance
Productivity in Construction Sites Using Embedded Systems
and IoT Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 637
Alejandra M. Carmona, Ana I. Chaparro, Ricardo Velásquez,
Juan Botero-Valencia, Luis Castano-Londono, David Marquez-Viloria,
and Ana M. Mesa

77 A Cyber-Physical Middleware Platform for Buildings
in Smart Cities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 645
Balaji Kalluri, Clayton Miller, Bharath Seshadri, and Arno Schlueter

78 A Framework for CPS-Based Real-Time Mobile Crane Operations . . . . . . 653
Congwen Kan, Chimay J. Anumba, and John I. Messner

79 Drive Towards Real-Time Reasoning of Building Performance:
Development of a Live, Cloud-Based System. . . . . . . . . . . . . . . . . . . . . . . . . 661
Ruwini Edirisinghe and Jin Woo

80 Bayesian Network Modeling of Airport Runway Incursion Occurring
Processes for Predictive Accident Control . . . . . . . . . . . . . . . . . . . . . . . . . . . 669
Zhe Sun, Cheng Zhang, Pingbo Tang, Yuhao Wang, and Yongming Liu

81 A Low-Cost System for Monitoring Tower Crane Productivity
Cycles Combining Inertial Measurement Units, Load Cells
and Lora Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 677
Alejandra M. Carmona, Ana I. Chaparro, Susana Pardo, Ricardo Velásquez,
Juan Botero-Valencia, Luis Castano-Londono, David Marquez-Viloria,
Cristóbal Botero, and Ana M. Mesa

82 The Interface Layer of a BIM-IoT Prototype for Energy Consumption
Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 685
Fernanda Almeida Machado, Cassio Gião Dezotti, and Regina Coeli Ruschel

83 Predicting Energy Consumption of Office Buildings: A Hybrid Machine
Learning-Based Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 695
Kadir Amasyali and Nora El-Gohary

xiv Contents



Part VI Computing and Innovations for Design Sustainable Buildings
and Infrastructure

84 Thermal Performance Assessment of Curtain Walls of Fully
Operational Buildings Using Infrared Thermography and Unmanned
Aerial Vehicles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 703
Ivan Mutis and Albert Ficapal Romero

85 BIM and Lean-Business Process Reengineering for Energy
Management Optimization of Existing Building Stock . . . . . . . . . . . . . . . . . 711
Athanasios Chassiakos, Stylianos Karatzas, and Panagiotis Farmakis

86 Geographic Information Systems (GIS) Based Visual Analytics
Framework for Highway Project Performance Evaluation. . . . . . . . . . . . . . 719
Chau Le, Tuyen Le, and H. David Jeong

87 Usage of Interface Management in Adaptive Reuse of Buildings . . . . . . . . . 725
Ekin Eray, Benjamin Sanchez, Seokyoung Kang, and Carl Haas

88 Semantic Enrichment of As-is BIMs for Building Energy Simulation . . . . . 733
Huaquan Ying, Hui Zhou, Qiuchen Lu, Sanghoon Lee, and Ying Hong

89 Proof of Concept for a BIM-Based Material Passport . . . . . . . . . . . . . . . . . 741
Iva Kovacic, Meliha Honic, and Helmut Rechberger

90 Learning from Class-Imbalanced Bridge and Weather Data
for Supporting Bridge Deterioration Prediction . . . . . . . . . . . . . . . . . . . . . . 749
Kaijian Liu and Nora El-Gohary

91 Machine-Learning-Based Model for Supporting Energy Performance
Benchmarking for Office Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 757
Lufan Wang and Nora M. El-Gohary

92 Occupants Behavior-Based Design Study Using BIM-GIS Integration:
An Alternative Design Approach for Architects . . . . . . . . . . . . . . . . . . . . . . 765
Mahdi Afkhamiaghda, Akram Mahdaviparsa, Kereshmeh Afsari,
and Tamera McCuen

93 Standardization of Whole Life Cost Estimation for Early Design
Decision-Making Utilizing BIM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773
Mariangela Zanni, Tim Sharpe, Philipp Lammers, Leo Arnold,
and James Pickard

94 Data Model Centered Road Maintenance Support System Using
Mobile Device. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 781
Satoshi Kubota

95 Ontology-Based Semantic Modeling of Disaster Resilient Construction
Operations: Towards a Knowledge-Based Decision Support System . . . . . . 789
Sunil Dhakal and Lu Zhang

96 A Methodology for Real-Time 3D Visualization of Asphalt Thermal
Behaviour During Road Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 797
D. S. Makarov, F. Vahdatikhaki, S. R. Miller, and A. G. Dorée

97 Eliminating Building and Construction Waste with Computer-Aided
Manufacturing and Prefabrication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 805
Gerard Finch and Guy Marriage

Contents xv



98 A Methodological Proposal for Risk Analysis in the Construction
of Tunnels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 815
Luis Guillermo Garzón Ospina, Astrid Johanna Bernal Rueda,
Andrés Felipe Moggio Bessolo, and Jose Luis Ponz Tienda

99 Technology Alternatives for Workplace Safety Risk Mitigation
in Construction: Exploratory Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 823
Ali Karakhan, Yiye Xu, Chukwuma Nnaji, and Ola Alsaffar

Part VII Education, Training, and Learning with Technologies

100 BIM4VET, Towards BIM Training Recommendation
for AEC Professionals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 833
Annie Guerriero, Sylvain Kubicki, V. Maquil, N. Mack, Yacine Rezgui, H. Li,
S. Lamb, A. Bradley, and J.-P. Poli

101 Teaching Effective Collaborative Information Delivery
and Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 841
Dragana Nikolic and Robert M. Leicht

102 A Story of Online Construction Masters’ Project: Is an Active Online
Independent Study Course Possible? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 849
Gulbin Ozcan-Deniz

103 Lessons Learned from a Multi-year Initiative to Integrate Data-Driven
Design Using BIM into Undergraduate Architectural Education . . . . . . . . . 857
J. Benner and J. J. McArthur

104 Integrated and Collaborative Architectural Design: 10 Years
of Experience Teaching BIM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 865
João Alberto da Motta Gaspar, Regina Coeli Ruschel,
and Evandro Ziggiatti Monteiro

105 Toward a Roadmap for BIM Adoption and Implementation
by Small-Sized Construction Companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . 873
Wylie Ferron and Yelda Turkan

106 BIM Implementation in Mega Projects: Challenges and Enablers
in the Istanbul Grand Airport (IGA) Project . . . . . . . . . . . . . . . . . . . . . . . . 881
Basak Keskin, Beliz Ozorhon, and Ozan Koseoglu

107 Virtual Learning for Workers in Robot Deployed
Construction Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 889
Soyoung Moon, Burcin Becerik-Gerber, and Lucio Soibelman

108 Building Energy Modeling in Airport Architecture Design . . . . . . . . . . . . . 897
Maria Antonietta Esposito and Alessandra Donato

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 905

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 909

xvi Contents



Introduction

A Vision for Research and Innovation in Informatics and Computing in
Civil and Construction Engineering

While we move into the first quarter of the twenty-first century, the practice of civil,
construction, and building engineering embraces an incommensurable transformation in the
way we deliver products, process data, and interact with agents and technology. New
paradigms focused on sustainable practices, and the effective use of data and information and
computing technologies, and automation have framed the trends we see in research initiatives
and fundamental problems in civil and construction engineering disciplines. The continuous
expansion of interdisciplinary work among computing, informatics, and construction and civil
engineering merges perspectives to create integrated or hybrid methods of observing,
dissecting and solving central problems and of integrating relevant theories. The 2018
conference and this related publication is an effort to register diversity of thinking to
understand a phenomenon, problem, dataset, or methods that enable value creation in practice
and expand the frontiers of new, integrated knowledge.

We view the worldwide, open call for research initiatives as a survey of innovations and
novel approaches to phenomena and problems in computing and informatics in civil and
construction engineering. The compilation is organized under seven concept clusters to align
the contributions to the forefront of trends on investment for scientific research. The selection
in clusters was decided to better capture new advancements of knowledge within the focus
areas. The conceptualization and focus were based mainly on reflections from visionary
documents [1–3]. The focus areas cover the spectrum of aims of scientific questions and the
fundamental aspects that advance understanding or solve problems. Within each area,
evolving technology may transform activities and subsequently shape research practices in the
coming decade (Fig. 1).

Ivan Mutis
Timo Hartmann
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56Social Paradigms in Contemporary Airport
Design

Filippo Bosi, Maria Antonietta Esposito, and Arto Kiviniemi

Abstract
Increased demand for traffic puts the Aviation industry in front of multiple challenges. Traditional airport design matrices
do not cope properly with the evolution of design requirements and project participants’ needs, especially in a
multidisciplinary context that requires high skilling. In this setting, Architects are rulers of the terminal and lead managers
of Project Information. These are generated and managed through Social processes who leverage the joint use of
knowledge to fulfill project requirements. Often the need for reliable project information is not understood by project
participants and project clients, therefore causing reworks, overtimes and an overall increase in project cost. Innovative
project management methodologies based on social aspects are needed to implement common practices and support
collaboration, shared design, problem-solving. The target is producing consistent Project Information. In this exploratory
paper, way lay down the foundation and research background for a proposed research that aims to re-align people,
process, and technology in Airport Design. A lean design methodology proposal is built on the project sociotechnical
system to maximize project value for passengers, airlines, and airport management companies.

Keywords
Design process � Social sciences � Lean design

56.1 Background

The role of airports in the global social and economic scenario has consistently evolved in recent times because of their role
of connection between people and markets. Communities and territory have been shaped by the layout of the transport
network and globalization depends on connections and their speed. Strengthening of the market and aviation was fostered by
the progressive liberalization of markets, also overcoming the hills and slopes of the recent global economic crisis [12, 15,
23]. The air transport network will experience major service disruptions if Airport will not cope with the evolution of traffic
and aircraft requirements, with a larger-scale chain reaction on the global economy.

This capacity challenge is being faced in a context of increased competition and a shift in the global aviation market,
driven by globalization, technological progress and the rise of new economies. In addition, air traffic, airport user basin and
freights will be influenced by changes in customers and airlines habits and practices [2, 14, 17]. Removal of service
bottlenecks is a priority for the future of the Airport Network targeting the Capacity and Quality challenges of ground
infrastructures. These have a deeper bond to the Airport project since they both take act mostly inside the passenger terminal.
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56.1.1 Capacity Challenge

To confront the increased demand for air traffic [11], Aviation industry has to face multiple challenges to deliver the
expected capacity. Demand is increasing ad a steady pace [13, 11], with a foreseen growth of about +4.5–5% per year until
2035, managing to double the total passenger number in 20 years reaching 490 M/passengers only in Europe. This demand
for connectivity—both in terms of longer-range flights and faster connections in general—has a massive impact on the
economy, shaping the possibilities of global markets [12]. Capacity of ground infrastructures does not meet flights demand,
creating bottlenecks in air service. Soon passenger terminals will not be able to process as many passengers as needed [6]
especially in case of operational irregularities or a sudden need for extra flights when already at full capacity. In Europe for
example airports’ capability to meet the demand, already operated by the unique European Airport Traffic Management,
needs larger and more efficient ground infrastructures. If this demand will not be met, by 2035 around 120 million travelers
will not be able to complete their trip because of congestion. To cope with this growth and to offer continuity to the
economy, aviation industry must be supported by proper infrastructures that meet airline needs, connectivity requirements
and transform passenger processing into an economic benefit, connecting people and markets [6, 13]. The airport capacity
gap will have to be filled by expansions, new infrastructures and by increasing operation efficiency of current terminals. Both
passengers and cargo demand for a higher service quality to cope with the ever-growing foreseen traffic scenario [19].

56.1.2 Service Quality Challenge

The quality of offered services is crucial to obtain flight slots by the European regulation and in general by the global market.
If the terminal is built without sufficient attention to users’ (passengers and airlines) requirements, then the chances to obtain
more slots are jeopardized [13]. Politics have their part in this scenario, resulting in incoherent aviation strategies and airports
updated at a pace slower than needed. European Commission has proposed to use performance-based assignment rationales
for landing slot assignments following the recent trends of airspace management [11, 12]. Taking this into account, the
Aviation Industry needs innovative paradigms and methodologies for the development of ground infrastructure projects [4,
7, 9, 28] aiming to overall sustainability and flexibility. Airports gather passengers, airlines, ancillary service providers and
visitors: their business model includes providing accessibility, stress-free processing procedures and satisfying Levels of
Service in the so-called Passenger Experience [5, 6, 10]. Reliability, steadiness, accessibility, and quality of transport
infrastructure have the highest importance along with attractive frequencies and intermodal integration also considering the
need to promote public transport, the ageing of population that Europe is facing and the need to move big quantities of
commercial goods [8, 10].

56.1.3 The Role of the Architect as a Social Mediator in Design

The productivity of the airport terminal is critical when evaluating capacity and service quality of the airport, intended as the
capacity to process inbound and outbound flights and passengers [10]. Passenger terminals introduced a new typology of
space, characterized by big dimensions and ruled by complex technical references and international regulations. Considering
the need to cover the ever-changing and unpredictable capacity demand, terminals are the outcome of a challenging design
process [24]. The traditional terminal development approach has demonstrated its weakness, leading to multiple projects
failures throughout history because of the variegated stakes of the involved parties and their clashing objectives [2].
Sometimes certain stakeholders are excluded from the decisional processes, turning design outcome rapidly turns out-of-date
and eliciting conflicts between parties, institutions and local communities [29]. Considering the general timeline of an airport
expansion, obtaining the papers and permissions to build often takes longer [6] than the actual construction phase: often built
projects are outdated when compared to the current needs and traffic scenarios. Therefore, collaboration in design during the
authorization phase is fundamental to provide a project that satisfies the requirements of not only passengers, airlines and all
the service companies that operate inside the airport, but also of the airport management company, prime user of the
infrastructure. To confront the capacity challenge, enlarging infrastructures is not the only nor the most suggested way: there
have been many cases demonstrating how hastily extending an airport can lead to undesired turnouts without proper
planning, consultation and shared agreement between stakeholders and project participants [6, 17, 26]. When an airport
ground infrastructure is not adequate for the demand because overdesigned or under-designed [18], social processes implied
in analyzing and understanding needs and requirements help directing design solutions. Coordination, collaboration and
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information sharing are the most important processes both at design inception and in latter phases. Stakeholders have to
understand the needs of communities, signing a “social agreement” with them. In this context, architects are the rulers of
terminals. The terminal is not any more a box meant to supply passengers to the airplanes; it becomes a definite space that
interfaces land and air while guaranteeing public space functionalities, always running operative areas and a commercial
infrastructure, in addition to ancillary spaces and services offered to third parties. The Terminal project has an overall impact
on the surroundings under every meaning of sustainability: social, economic, environmental, etc. Project Information sharing
and collaborative management are fundamental social processes and experiences of Airport Project Participants in the trail
to overall sustainability. This is the optimal use of joint knowledge and practice for planning, design, procurements and field
operations to reach project objectives and meet clients’ requirements and user experience as well, while limiting and
removing such processes, sub-processes and activities that do not contribute delivering building quality, hence satisfaction.

56.2 State of the Art of Aviation Industry Design

Aviation industry sets boundaries, conventions and standards for the Airport design process [10]. Common design practices
struggle to cope with the evolution and changes of this conventions, being hazy at best due to the design being highly
operation-sensitive especially regarding the project context [6, 26]. Generally, literature does not present ground-breaking
airport terminal architectural design methodologies [6, 7]: such studies are set in a challenging research area, given the
relentless dynamism of aviation industry and operation-bound complications. The development and implementation of
common practices of innovative project management methodologies founded on social aspects are now more urgent than
ever. The interaction between Project Design management and Social Sciences implies and supports an extensive range of
phenomena like the shared design, collaboration, problem solving and creativity that can contribute to consistent project
information. Achieving a reliable flow of information is one of the most critical difficulties in the Design process since all
involved project participants are meant to generate, manage and transform project information that composes an “abstract
description” of a product. These difficulties are not steadily understood because of missing knowledge by project partici-
pants, leading to wastes such as reworks caused by missing updates on documents, an increase of production times due to
growing information complexity, non-value-adding design iterations.

56.2.1 Lean in Project Design Management

Lean is a principle-based approach that aims to maximize clients’ value and minimize resource consumption and waste
production in a process [22]. Born in industrial production and progressively applied to construction and design, Lean’s
objective is to mitigate project failures trough active management of process variables and project design management.
Considering this, the architectural project development of an airport terminal can be assimilated to a temporary production
system. In this framework, Lean mindset fosters the idea of the project as a transformation-based process with a focus on the
management of the process itself. Leading to the production of a one-of-kind “prototype”—the project information model
and later the building as its materialization—the Airport Terminal Design process can be considered a product development
process. There is a notable difference with industrial production: building production acts in a temporary setting with
recurring changes in the project organization structure during its life cycle, instead of happening in a stable and uniform
environment, i.e. the factory [16]. Design process management is the focus of production, aiming to obtain a project
production system that maximizes project quality and minimizes waste of resources, time, and the effort for project
participants [1].

56.3 The Role of Virtual Design and Construction Technologies

Europe is soliciting the use of Virtual Design and Construction technologies towards a program a Construction Digitalization
[25], highlighting the need to reshape the Design Processes and integrate innovative methodologies in the creation and
sharing of Project Information models. In this scenario, Project information is supported by collaboration, creativity and
information management Interactions between Design Process management and social aspects of project participants must
be fostered. Virtual Design and Construction technologies—namely Building Information Modeling and Management—are
used by the industry to overcome such difficulties, but often must compete with the barriers of the resiliency of its
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components. In a social Lean-infused process, project participants collaborate to generate Project Information Organizational
Memories and gather them in a coordinated and integrated model: these processes exploit synergies between BIMM and the
Lean mindset by a “natural alignment”. The work of several project participants has involved the definition of a Project
Information Organizational model (or BIMM model), with the objective of achieving a complete model constituted by
coordinated information. This evolution demands new knowledge and skills also in social aspects for the AECOO practice,
implying the discard of the obsolete Fordist approach and filling a gap in process-centered improvement. Moreover, process
and technology integration in the Industry present another gap caused by the inability to determine systematic Lean and
Virtual Design and Construction Technologies integration strategies and methodologies [3]. BIMM integration in the
architectural process is enabled by some of the most prominent Lean thinking features: predictability, reliability and
collaborative/learning environment striving to the perfection of the project production system. This contributes to over-
coming BIMM complexity barrier for project organizations. Given that Lean promotes theoretical principles close to
integrated project information modeling, the integration of BIMM technology must be considered as a Lean tool [21]. Being
both Lean and BIMM transformative technologies [27], we argue the transfer and anticipation of the benefits of Lean/BIM to
earlier phases of the building lifecycle up to project development, hence fostering the realignment of the People (lean) pillar
in project organization in its collaborative information sharing environment, with the objective of enhancing value gener-
ation for final users. In this framework BIIM—and more in general Virtual Design and Construction (VDC) Technologies—
support the activities of multidisciplinary project organizations that span both through space and time, connecting project
participants and bridging their knowledge trough time for the use of all the latter phases.

56.4 Methodology

Design Science Research is the methodological reference area used in the research. Design Science Research produces
artifacts that allow to better understand the scientific and industrial problem and to develop a methodology to improve the
quality of the design process, conveying more value with its final product.

The first artifact is a matrix that associates Lean Product Development principles [22] with the traditional stages of the
Airport Design Process. The matrix has an order of 4 by 13, with the Airport Design Process stages in row headers and Lean
Principles in the column headers (Fig. 56.1).

Every stage of the process has been mapped, cross-referencing the architectural process and all its sub-phases and steps.
The whole process was broken down into forty-nine stages. Every single stage was then confronted with Lean Product
Development principles, pointing out if the interaction has a foreseen value generation potential or waste removal potential
according to both Lean literature and experience. Interactions were described with postulates in the final column of the table,
drawing useful elements from Lean literature. The combination of interactions and their potential is the cornerstone for the
proposed methodology that aims to satisfy evolving requirements of the Aviation Industry, fostering the use of joint
knowledge of Project Participants and their collaboration to maximize the value. Then, fostering the expertise of recognized
experts in the field, a semi-structured survey was sent to Project Participants of the Aviation Industry to investigate issues
related to project management, design management project development and project information generation, management
and hand-over and refine the preliminary findings of the matrix development, according to the principles, tools and
techniques of the Lean Mindset. Answers analysis under a qualitative and quantitative point of view allowed to individuate
problems related to the tree aspects of project development interested by Lean: the design process, project participants and

Fig. 56.1 Interaction matrix scheme overview (from Bosi [6])
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technologies and tools involved in it. Results were then used to propose and add value-generating activities for project
development to be integrated into common practices.

In general, the interviewee population had almost no Lean awareness. This result was expected since Lean mindset and its
methods are not generally diffused in the common practices, despite some of their answers showing lean traits. Still, this is
not sufficient to achieve a significant Lean integration. Project development and delivery processes in particular are seen as a
sequential and static series of activities involving project participants that relate to share mostly finished products, more than
coordinated project information. There is a strong lack in the implementation of continuous organization improvement
measures. The industry in general is able to delivery project quality to its clients, but with an extremely waste of resources
due to scarce coordination and integration between the three pillars of People, Process and Technology. Realignment of the
three pillars and additional focus on Process and Project Information structuring.

56.4.1 Development of the Innovative Methodology Model

Lean Airport Project Integrated Delivery is a process methodology built on thirteen principles for Airport Lean Design,
derivative from the application of Toyota Product Development Principles and the construction of a common practices/TPS
principles interaction matrix set. This matrix set is a Design Science Research artifact used to define postulates of inter-
actions between the common airport design practices and lean product development principles. A survey involving project
participants from the Aviation Industry is used to refine and evaluate preliminary findings, proposing new value-generating
activities to be integrated into the common practices, aiming to deliver additional value and reduce resource wastes for
airport owners, airlines, and passengers with the airport project. Value-adding and waste-removing activities individuated
during the matrix development and with survey results are integrated into the beginning matrices and later in the process map
(i.e. Value Stream Map in the Lean Mindset), defining a two-fold tool for Project Participants: (A) an active artifact useful to
structure Project Design Management and evaluate the lean grade of the design process; (B) a leaner airport project design
process methodology.

Fig. 56.2 Extract from LAPID process methodology map (from Bosi [6])
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This second artifact is represented with a series of intertwined flowcharts sporting swimming lanes—Process, People,
Technology Lean pillar lanes, each divided in its corresponding Lean Principles. The flowchart describes lean correlations
between activities and Lean Bursts—i.e. the activities/steps that concentrate most value conferment for the clients—to
support Project Design management (Fig. 56.2).

Innovative project management methodologies based on social aspects are needed to implement common practices and
support collaboration, shared design, problem-solving. The aim is promoting production of consistent Project information
that can overcome time barriers of the various stages of the airport terminal life cycle. The proposed methodology—possibly
to be field tested on airport design case studies—implies a change of paradigms for all project participants involved in new
airports or terminal extension design, with different priorities related to Lean thinking and efficient Project Information
management rather than only achieving design targets. With the joint use of Lean mindset and BIMM tools, the project
organization could avoid resources (man-hours) wastes and limit possible delays within the project process (e.g. due to
redundant or misplaced activities). Its expected contribution during the design phase is the enhancement of the Project
Information flow, using Lean principles to manage the team workflow and workload, in addition to communication and
information sharing. Improvements theorized by the proposed methodology offer to airport owners’ technical units a more
consistent workshop. These changes have potential benefits for both material and immaterial processes occurring during and
beyond the design phase.

56.5 Conclusions

The research proposes an innovative methodology aimed at the parallel enhancement of the three pillars of the design
process—people, process, and technology. It is tailored for the project’s socio-technical system to maximize the value for
passengers, airlines, and airport management companies generated by the project. Achieving the benefits expected from
Lean and BIMM requires greater consideration of the characteristics of the work and management environment, which are
deeply influenced by social phenomena. Lean offers methodologies for closer collaboration and people integration that goes
beyond the traditional matrices of design methods, bridging the gaps of collaboration between project clients and project
participants. In addition, the combined use of Lean and Virtual Design and Construction (VDC) technologies—both
intended as transformative technologies [27]—fosters a holistic approach to project design and development aimed towards
the Operation & Maintenance phase of the airport, because of the constructive implications of Lean. Stakeholders of the
Aviation Industry, their Project Participants and consultants are primary recipients of the suggested methodology, in addition
to airport owners’ technical units and managers as well regulatory bodies interested in design verification. Airport owners are
direct beneficiaries as the first and primary users of the methodology, followed by the whole Airport supply chain—being the
parties in charge of feeding the digital Project Information model that is the actual backbone of the proposed methodology.
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