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Preface 

The Construction Research Congress (CRC) 2022 Organizing Committee, Virginia Polytechnic 

Institute & State University (Virginia Tech), the Construction Research Council, and the 

Construction Institute (CI) of the American Society of Civil Engineers (ASCE) are pleased to 

present the CRC 2022 Proceedings. CRC is one of the leading international conferences in the area 

of construction engineering and management. The Congress is held every two years, which 

provides a university the opportunity to serve and host colleagues across the world for the 

interactive exchange of ideas, knowledge and research findings. CRC 2022 was hosted by Virginia 

Tech and its Vecellio Construction Engineering and Management Program (VCEMP) in the Via 

Department of Civil and Environmental Engineering. The conference was held in Arlington, VA 

on March 9-12, 2022. CRC 2022 was part of the first-ever joint conference of the Construction 

Research Congress and the Construction Institute Summit. This combination of academic and 

industry experts promoted wide-ranging discussions about finding real solutions to the most 

pressing societal and industry problems. 

 

 

The theme of the CI & CRC Joint Conference was: "Next Generation Construction." The joint 

conference's technical program provided insights on the latest research and industry practices that 

will lead to next generation techniques, technologies, and strategies to meet the many 21st century 

challenges in construction and the built environment. This unique setting allowed academic and 

industry peers from around the world to share insights with one another to promote progress in 

both research and practice.  

 

 

The Conference Proceedings contain 405 peer-reviewed technical papers, which were developed 

from over 690 abstract submissions. All submissions went through a two-step review process with 

a minimum of two external reviewers per paper, by a scientific community of hundreds of 

international construction experts. The work was exhibited at the conference in short presentations. 

The resulting proceedings are divided into four volumes: 

 

 

• Volume I: Infrastructure Sustainability and Resilience (69 papers) 

• Volume II: Computer Applications, Automation and Data Analytics (144 papers 

• Volume III: Project Management and Delivery, Controls, and Design and Materials (113 

papers) 

• Volume IV: Health and Safety, Workforce, and Education (79 papers) 

 

 

On behalf of the Organizing Committee, Virginia Tech, the Construction Research Council and 

the ASCE Construction Institute, we hope that the CRC 2022 proceedings reflect the vitality of 

the first-ever CRC and CI Joint Conference as well as our community’s research and its potential 

to better our industry. 

 

 

Construction Research Congress 2022 iii

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Michael J. Garvin, PhD, PE, NAC 

Farrokh Jazizadeh, PhD 

Tripp Shealy, PhD 

 

Organizing Committee 

Virginia Tech 

Construction Research Congress 2022 iv

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Acknowledgments 

The editors would like to thank and recognize everyone who volunteered their time, effort, and 

expertise to make CRC 2022 a successful conference. CRC 2022 could not have happened without 

the leadership and support of the following individuals: 

 

Conference Chair: 

Michael J. Garvin, Virginia Tech 

 

Technical Committee Co-Chairs: 

Farrokh Jazizadeh, Virginia Tech 

Tripp Shealy, Virginia Tech 

 

Track Chairs: 

 

Infrastructure Systems, Sustainability and Resilience 

Ali Mostafavi, Texas A&M University 

Soowon Chang, Purdue University 

Cristina Poleacovschi,  Iowa State University 

Cheng Zhang, Purdue University Northwest 

 

Computer Applications, Information Modeling, and Simulation 

Jiansong Zhang, Purdue University 

Xinghua Gao, Virginia Tech 

Yilong Han, Tongji University 

 

Advanced Technologies and Data Analytics 

Arsalan Heydarian, University of Virginia 

Kristen Cetin, Michigan State University 

Javier Irizarry, Georgia Tech 

 

Automation in Construction 

Youngjib Ham , Texas A&M University 

Kevin Han, North Carolina State University 

 

Engineering and Materials Design, Quality, and Value Management 

Ingrid Arocho, Oregon State University 

Sharareh Kermanshachi, University of Texas, Arlington 

  

Project and Organizational Management and Planning 

David Jeong, Texas A&M University 

Farook Hamzeh, University of Alberta 

Katherine Madson, Iowa State University 

Construction Scheduling, Estimating, Economics, and Controls 

Islam El-Adaway, Missouri University S&T 

Construction Research Congress 2022 v

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Diana Franco Duran, University of Virginia 

 

Contracting, Project Delivery, and Legal Issues 

Bryan Franz, University of Florida 

Jose Guevara, University of the Andes, Columbia 

 

Construction Education 

Anthony Sparkling, Purdue University 

Mohamed Elzomor, Florida International University 

 

Health, Safety, and Workforce Issues 

Alex Albert, North Carolina State University 

Sogand Hasanzadeh, Purdue University 

Christofer Harper, Colorado State University 

 

Virginia Tech Staff: 

Rachel Atwell, VCEMP Program Adminstrator 

 

ASCE’s Construction Institute (CI) Staff: 

Katerina Lachinova, CI Director 

Susan Long, CI Manager, Conferences & Programs 

Monica Bradford, CI Coordinator, Marketing & Conferences 

 

Virginia Tech Graduate Student Volunteers: 

Brooke Baugher 

Chi Nguyen Anh 

Emma Coleman Todoroff 

Esteban Amezquita Radillo 

Josh Trump 

Kase Poling 

Manik Ahmed 

Mayank Khurana 

Mo Hu 

Mostafa Meimand 

Paulo Dias Ignacio Junior 

Tianzhi He 

Ushma Manandhar 

Wendell Grinton 

Yueyan Gu 

 

Finally, the editors would like to thank all of our colleagues who provided reviews for submitted 

papers. We are grateful for your contributions to the success of the conference. 
 

Construction Research Congress 2022 vi

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Contents 

Advanced Technologies and Data Analytics 

A Sensor-Based Empirical Framework to Measure Construction 

Labor Productivity.........................................................................................................................1 

Phuong Nguyen, Aminah Robinson Fayek, and Farook Hamzeh 

Developing BIM-Based Linked Data Digital Twin Architecture to 

Address a Key Missing Factor: Occupants ...............................................................................11 

Soroush Sobhkhiz and Tamer El-Diraby 

Artificial Intelligence Application for Risk Template Generation in 

Major Transportation Projects ..................................................................................................21 

Abdolmajid Erfani, Veronica H. Villeda, and Qingbin Cui 

A Shearlet Transform-Based Method for Automated Rebar Recognition 

Using GPR B-Scan Image Data ..................................................................................................30 

Zhongming Xiang, Ge (Gaby) Ou, Abbas Rashidi, and Ali H. Mashhadi 

Designing an Automated Multi-Objective Optimization Model for 

Integrated and Sustainable Farming .........................................................................................40 

Ossama Hosny, Elkhayam Dorra, Ahmed El-Eslamboly, Khaled Tarabieh, 

Ibrahim Abotaleb, Mariam Amer, Mostafa Farouk, Heba Gad, 

Youmna Abd El Raouf, Adham Sherif, and Youssef Hussien 

State-of-the-Practice of Big Data in Decision Making Processes within the 

Construction Industry .................................................................................................................49 

Joao Victor Stedile Zolin and Katherine Madson 

Aging in Smart Buildings: How Can Smart Building Technologies 

Support the Cognitively Impaired Aging Population? .............................................................57 

Saeid Alimoradi and Xinghua Gao 

Characteristic-Based Network Analysis on Construction Hazard Warning: 

A Novel Approach of Network of Networks ..............................................................................67 

Mei Liu, Pin-Chao Liao, and Yuecheng Huang 

Forecasting Field Production Using Machine Learning Time Series .....................................77 

Johnny Sawma Awad, Sena Assaf, Bassel Safa, and Issam Srour 

 

 

Construction Research Congress 2022 vii

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Exploratory Study on Applications, Benefits, and Challenges of Using 

Data Analytics in Construction Industry ...................................................................................87 

Manideep Tummalapudi, Christofer M. Harper, John Killingsworth, 

Prajakta Akhare, and Sri Ram Murthy Suvvari 

Estimating Construction Work Zones Capacity Using Deep Neural Network ......................98 

Ali Hassandokht Mashhadi, Nikola Markovic, and Abbas Rashidi 

Exploring the Capabilities of Optical Satellite Imagery in 

Evaluating Pavement Condition ...............................................................................................108 

Mohammad Z. Bashar and Cristina Torres-Machi 

Machine Learning and Artificial Intelligence Applications in 

Building Construction: Present Status and Future Trends ...................................................116 

Mahnaz Ensafi, Saeid Alimoradi, Xinghua Gao, and Walid Thabet 

Toward a Readiness Assessment for Wireless Technologies for 

Highway Construction and Infrastructure Asset Management ............................................125 

Amit Tripathi, Hala Nassereddine, Gabriel Dadi, and Roy E. Sturgill Jr. 

COVID-19: Understanding Construction Industry Responses on 

Twitter in the Emergence of Novel Coronavirus ....................................................................135 

Priyanka Linge, M. Ahmed Rusho, Md. Ashraf Ahmed, 

and Arif Mohaimin Sadri 

A Framework for EEG-Based Ubiquitous Hazard Identification and 

Proactive Safety Management ..................................................................................................145 

JungHo Jeon and Hubo Cai 

Drivable Space Extraction from Airborne LiDAR and Aerial Photos .................................154 

Ryan Dow, Su Zhang, Susan M. Bogus, and Fei Han 

Characterizing Residential Energy Consumption Patterns in the 

Rural Midwest ............................................................................................................................164 

Diba Malekpour Koupaei, Kristen S. Cetin, Ulrike Passe, 

Cristina Poleacovschi, and Anne Kimber 

Virtual Reality and Construction Industry: Review of Current 

State-of-Practice and Future Applications ..............................................................................174 

Jazmin Lopez, Siddharth Bhandari, and Matthew R. Hallowell 

Non-Intrusive Method for Capturing Occupant Thermal Discomfort 

Cues and Profiles in Buildings ..................................................................................................185 

Nidia Bucarelli and Nora El-Gohary 

 

 

Construction Research Congress 2022 viii

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Early-Stage Advisory System for Energy-Conscious Design of 

Building Façade Systems ...........................................................................................................195 

B. Abediniangerabi and M. Shahandashti 

Worker-Aware Robotic Motion Planner in Construction for Improved 

Psychological Well-Being during Worker-Robot Interaction ...............................................205 

Yizhi Liu and Houtan Jebelli 

Construction Worker Ergonomic Assessment via LSTM-Based  

Multi-Task Learning Framework ............................................................................................215 

Jiannan Cai, Xin Li, Xiaoyun Liang, Wei Wei, and Shuai Li 

Evaluation of UAS Flight Configuration Factors and Their 

Impacts on Photogrammetric Survey Accuracy .....................................................................225 

Yajie Liu, Kevin Han, and William Rasdorf 

Measuring the Impact of Information Display Methods on AR HMD for 

Comprehending Construction Information with EEG ..........................................................235 

Yimin Qin and Tanyel Bulbul 

Artificial Intelligence for Equitable Practices in Energy 

Infrastructure: Literature Review ...........................................................................................244 

Anne Ruckman and Jessica Kaminsky 

Synthetic Training Image Dataset for Vision-Based 3D Pose Estimation of 

Construction Workers ...............................................................................................................254 

Jinwoo Kim, Daeho Kim, Julianne Shah, and SangHyun Lee 

Emergency Management in Smart Cities: Infrastructure-Less 

Communication Systems ...........................................................................................................263 

Mohammad Ilbeigi, Azita Morteza, and Ramtin Ehsani 

Semantic Modeling for Supporting Planning Decision Making toward 

Smart Cities ................................................................................................................................272 

Lan Zhang and Kaijian Liu 

Real-Time Participatory Sensing-Driven Computational  

Framework toward Digital Twin City Modeling ....................................................................281 

Jaeyoon Kim and Youngjib Ham 

Deep Learning-Based Relation Extraction from Construction Safety 

Regulations for Automated Field Compliance Checking .......................................................290 

Xiyu Wang and Nora El-Gohary 

Developing a Comprehensive 3D Point Cloud Dataset for Construction 

Projects ........................................................................................................................................298 

Hong Huang, Cheng Zhang, and Lei Fan 

Construction Research Congress 2022 ix

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Digital Safety Planning and Monitoring in Highway Construction 

Projects ........................................................................................................................................307 

Tong Hui Goh and Hani S. Alzraiee 

Mining and Visualizing Cost and Schedule Risks from News Articles with 

NLP and Network Analysis .......................................................................................................314 

Nan Gao, Ali Touran, and Qi Wang 

Spatial Analysis on Routine Occupant Behavior Patterns and 

Associated Factors in Residential Buildings ............................................................................325 

Yunjeong Mo and Dong Zhao 

Theoretical Architecture for Data-Quality-Aware Analytical 

Applications in the Construction Firms ...................................................................................335 

Xi He, Rui Liu, and Chimay J. Anumba 

Feasibility Assessment and Enhancement of TOF-Based UWB RTLS for 

Non-Line-of-Sight Conditions on Construction Sites .............................................................344 

T. Jin and F. Sadeghpour 

A Natural Language Processing-Based Approach for Clustering 

Construction Projects ................................................................................................................354 

Chau Le, Taewoo Ko, and H. David Jeong 

An Investigation of Visualization Technologies for Remote Work in the 

Architecture, Engineering, and Construction Industry .........................................................361 

Oluwatobiloba S. Sowunmi, Zia Ud Din, Lingguang Song, and Randi Scheiber 

Blockchain-Based Methodology for Collaborative Risk Assessment ....................................371 

In Bae Chung and Carlos H. Caldas 

E-Ticketing Technology in Construction Projects: Adoption, Benefits, 

and Challenges ...........................................................................................................................381 

Karthik Subramanya and Sharareh Kermanshachi 

Temporary Traffic Control Device Detection for Road Construction 

Projects Using Deep Learning Application .............................................................................392 

Sungchul Seo, Donghui Chen, Kwangcheol Kim, Kyubyung Kang, 

Dan Koo, Myungjin Chae, and Hyung Keun Park 

Nudging Occupants for Energy-Saving through Voice-Based Proactive 

Virtual Assistants .......................................................................................................................402 

Tianzhi He and Farrokh Jazizadeh 

A System-of-Systems Framework of Data Analytics to Support 

Strategic Decision-Making in the Construction Industry ......................................................412 

Navid Nickdoost, Juyeong Choi, and Yassir Abdelrazig 

Construction Research Congress 2022 x

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Early Pilot Deployment of a Decision-Making Framework to Select 

Wearable Internet of Things Devices for Safety on Construction Sites ...............................422 

Tulio Sulbaran and Ibukun Awolusi 

Case Study: Assessing the Structural Condition of Steel Bridges Using 

Terrestrial Laser Scanner (TLS) ..............................................................................................433 

Luke Psomas, Ryan Trainor, and Hani Alzraiee 

Energy and Demand Saving Potential due to Integrated HVAC, 

Lighting, and Shading Controls in Small Office Building .....................................................443 

Soham Vanage, Hao Dong, and Kristen Cetin 

Challenges of Implementing E-Ticketing for Rural Transportation 

Construction Projects ................................................................................................................453 

Gena Robertson, Su Zhang, and Susan M. Bogus 

Worker Safety and Health Activity Monitoring in Construction Using 

Unmanned Aerial Vehicles and Deep Learning ......................................................................463 

Ibukun Awolusi, Aliu Akinsemoyin, Debaditya Chakraborty, 

and Ahmed Al-Bayati 

Simplified Emissions Measurement System for Construction Equipment ..........................474 

Jochen Teizer and Søren Wandahl 

A Study on Classifying Construction Disaster Cases in Report with 

CNN for Effective Management ...............................................................................................483 

HaYoung Kim, YeEun Jang, HyunBin Kang, and June-Seong Yi 

Network and Cluster Analysis on Bridge Inspection Reports Using 

Text Mining Algorithms ............................................................................................................492 

Younghan Jung, Mingon Kang, M. Myung Jeong, and Junyong Ahn 

Effectiveness of a Real-Time Parking Guidance System........................................................502 

Deepak K. Sharma, Scott Parr, and Aycan Kara 

A Goal-Oriented Framework for Implementing Change in Off-Site 

Construction in the Industry 4.0 Era .......................................................................................511 

Fatima Alsakka, Farook Hamzeh, Mohamed Al-Hussein, and Haitao Yu 

Automation in Construction 

Named Entity Recognition Algorithm for iBISDS Using Neural Network ..........................521 

Ning Wang, Raja R. A. Issa, and Chimay J. Anumba 

Integrating AI in an Audio-Based Digital Twin for Autonomous 

Management of Roadway Construction ..................................................................................530 

Anisha Deria, Pedram Ghannad, and Yong-Cheol Lee 

Construction Research Congress 2022 xi

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Computer Vision-Based Geometry Mapping and Matching of 

Building Elements for Construction Robotic Applications ....................................................541 

Christopher Lacny and Jiansong Zhang 

Evaluating the Perception of Human-Robot Collaboration among 

Construction Project Managers................................................................................................550 

Mahya Sam, Bryan Franz, Edward Sey-Taylor, and Christopher McCarty 

Exoskeleton Training through Haptic Sensation Transfer in Immersive 

Virtual Environment .................................................................................................................560 

Yang Ye, Yangming Shi, Youngjae Lee, Garret Burks, 

Divya Srinivasan, and Jing Du 

Human Robot Comparison in Rapid Structural Inspection ..................................................570 

Pengxiang Xia, Fang Xu, Qi Zhu, and Jing Du 

Human Intent Prediction in Human-Robot Collaboration—A Pipe 

Maintenance Example ...............................................................................................................581 

Tianyu Zhou, Yubo Wang, and Jing Du 

Digital Twin in Construction Safety and Its Implications for Automated 

Monitoring and Management ...................................................................................................591 

Moeid Shariatfar, Anisha Deria, and Yong-Cheol Lee 

Real-Time and Automatic Detection of Welding Joints Using Deep Learning ....................601 

Doyun Lee, Guang-Yu Nie, and Kevin Han 

Identification of Indicators for Effectiveness Evaluation of Four-Legged 

Robots in Automated Construction Progress Monitoring .....................................................610 

Kereshmeh Afsari, Srijeet Halder, Ryan King, Walid Thabet, 

John Serdakowski, Stephen DeVito, Mahnaz Ensafi, and Jason Lopez 

Intention Estimation in Physical Human-Robot Interaction in 

Construction: Empowering Robots to Gauge Workers’ Posture ..........................................621 

Yizhi Liu and Houtan Jebelli 

Toward Human-in-the-Loop Construction Robotics: Understanding 

Workers’ Response through Trust Measurement during 

Human-Robot Collaboration ....................................................................................................631 

Shayan Shayesteh and Houtan Jebelli 

Model Validation for Automated Building Code Compliance Checking .............................640 

Jin Wu, Jiansong Zhang, and Luciana Debs 

A Framework to Enhance Utilization of Automated Progress 

Measurements in Construction Projects ..................................................................................651 

Negar Mansouri Asl and Ahmed Hammad 

Construction Research Congress 2022 xii

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Barrier Analysis of Effective Implementation of Robotics in the 

Construction Industry ...............................................................................................................661 

Amit Ojha, Mahmoud Habibnezhad, Houtan Jebelli, and Robert Leicht 

Digital Twin in the Architecture, Engineering and Construction 

Industry: A Bibliometric Review ..............................................................................................670 

Manea Almatared, Hexu Liu, Shengxian Tang, Mohammed Sulaiman, 

Zhen Lei, and Hong Xian Li 

An Integrated Supervised Reinforcement Machine Learning 

Approach for Automated Clash Resolution ............................................................................679 

Ashit Harode, Walid Thabet, and Xinghua Gao 

Exploring the Use of Mobile Technologies for Highway 

Construction Inspection ............................................................................................................689 

Mamdouh Mohamed and Daniel Tran 

Application of Unmanned Aerial System (UAS) in Highway Construction 

Progress Monitoring Automation .............................................................................................698 

Reihaneh Samsami, Amlan Mukherjee, and Colin N. Brooks 

Automated Construction Progress Monitoring of Partially Completed 

Building Elements Leveraging Geometry Modeling 

and Appearance Detection with Deep Learning .....................................................................708 

Aritra Pal, Jacob J. Lin, and Shang-Hsien Hsieh 

Utilizing Text Analysis in Systematic Review Design: Perceptual 

and Cognitive Barriers to Adoption of Robotic and Automated 

Systems in Construction ............................................................................................................718 

Edward Seh-Taylor, Christopher McCarty, Mahya Sam, and Bryan Franz 

Automated Visual Inspection Planning for Prefabricated Modules with 

3D Laser Scanning .....................................................................................................................727 

Rachel Hyo Son and Kevin Han 

Automated Vision-Based Building Inspection Using Drone Thermography .......................737 

Shayan Mirzabeigi and Mohamad Razkenari 

Graphical Networks for Optimizing Hospital Layouts at 

Macro- and Micro-Scales ..........................................................................................................747 

Jennifer I. Lather and Andrew Harms 

Exploring Human-Machine Interfaces for Teleoperation of Excavator ..............................757 

Jin Sol Lee and Youngjib Ham 

 

 

Construction Research Congress 2022 xiii

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Dematerialization in Housing Industry: Modular Light Wood Frame versus 

Conventional Wood Frame Structure for Multi-Family Housing ........................................766 

Gregory Sloditskie and Arezou Sadoughi 

Extraction of Activities Information from Construction Contracts Using 

Natural Language Processing (NLP) Methods to Support Scheduling ................................773 

Fahad ul Hassan and Tuyen Le 

Drone-Related Deployment Limitations in Construction: A Research 

Roadmap .....................................................................................................................................782 

Gilles Albeaino, Masoud Gheisari, and Raja R. A. Issa 

BIM Integration and Value Engineering: Design for Assembly, 

Optimization, and Real Time Cost Visualization in Off-Site Construction .........................791 

Arun Sekhar and J. Uma Maheswari 

Toward Intelligent Agents to Detect Work Pieces and Processes in Modular 

Construction: An Approach to Generate Synthetic Training Data ......................................802 

Keundeok Park and Semiha Ergan 

The Need for Responsive Environments: Bringing Flexibility to Clinic Spaces ..................812 

Daniel Lu, Semiha Ergan, Devin Mann, and Katharine Lawrence 

Tracking Volumetric Units in Modular Factories for Automated 

Progress Monitoring Using Computer Vision .........................................................................822 

Roshan Panahi, Joseph Louis, Ankur Podder, and Colby Swanson 

A Practical Application Using Parametric Modeling for As-Built BIM 

Generation from Point Clouds ..................................................................................................830 

Jong Won Ma, Yu-Chen Lee, and Fernanda Leite 

Information Exchange for Supporting BIM to Robotic Construction .................................839 

Austin McClymonds, Somayeh Asadi, Alan Wagner, and Robert M. Leicht 

A Decision Support System for the Integration of Robotics in Offsite 

Construction ...............................................................................................................................849 

Behnam M. Tehrani, Cagri Goksel Ozmerdiven, and Aladdin Alwisy 

Built-In versus Standalone Code Checking: The Case of 

Automated Egress Path Checker ..............................................................................................859 

Abdelhamid Abdullah, Khalid Nassar, and Alaa Mandour 

Application of Concrete 3D Printing for Bridge Construction: Current 

Challenges and Future Directions ............................................................................................869 

Sara Miryousefi Ata, Ali Kazemian, and Amirhosein Jafari 

Construction Research Congress 2022 xiv

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Computer Applications, Information Modeling, and Simulation 

Framework for Simulating Crew Motivation Impact on 

Productivity—A Hybrid Modeling Approach.........................................................................880 

Nebiyu S. Kedir, Mohammad Raoufi, and Aminah Robinson Fayek 

The Effects of UAV-Captured Image Degradation Issues on the 

Quality of 3D Reconstruction ...................................................................................................889 

B. Dhakshna Morthy, Yiqing Liu, and Justin K. W. Yeoh 

Design and Development Considerations for Construction Virtual 

Reality Training Applications—A Case Study........................................................................900 

Saeed Rokooei, Alireza Shojaei, Amin Alvanchi, and Reza Azad 

Identifying Prevailing Research Topics in Facility Maintenance 

Information and XR Visualization via Text Mining ...............................................................911 

Daniel J. Weeks and Fernanda Leite 

Vision-Based Recognition of Construction Workers’ Hand Signals .....................................921 

Xin Wang and Zhenhua Zhu 

Facilitating Smart Contract in Project Scheduling under 

Uncertainty—A Choquet Integral Approach ..........................................................................930 

Chuanni He, Min Liu, Zhigao Wang, Gongfan Chen, Yuxiang Zhang, 

and Simon M. Hsiang 

A Framework for BIM, BAS, and IoT Data Exchange Using Semantic 

Web Technologies ......................................................................................................................940 

Shu Tang, Cheng Zhang, Jianli Hao, and Fangyu Guo 

Visual Surveying of On-Road Vehicle Height for Over-Height Warning 

Using Deep Learning and View Geometry ..............................................................................947 

Linjun Lu and Fei Dai 

A Convolutional Neural Network Model for Identifying 

Unclassified and Misclassified Vehicles Using Spatial Pyramid Pooling ..............................956 

Jieyi Bao, Xiaoqiang Hu, Yi Jiang, and Shuo Li 

Machine Learning-Enabled Automatic Vehicle Detection for Virtual 

Weigh-in-Motion Applications .................................................................................................967 

Mohhammad Sujon and Fei Dai 

Integrating 4D BIM and FDS to Simulate and Assess Fires in 

Buildings under Construction ...................................................................................................977 

Qi Sun, Yelda Turkan, and Erica Fischer 

Construction Research Congress 2022 xv

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Model Requirements for the Development of Extended Reality 

Applications in Construction Projects: A Literature Review ................................................987 

Bing Han and Fernanda Leite 

Semi-Automated Conversion of 2D Orthographic Views of Wood 

Building Components to 3D Information Models ...................................................................995 

Temitope Akanbi, Oscar Wong Chong, and Jiansong Zhang 

Interactive Visual Representation of Inter-Connected Requirements in 

Building Codes .........................................................................................................................1004 

Xiaorui Xue, Jiansong Zhang, and Nora El-Gohary 

Analyzing the Impact of the COVID-19 Pandemic Risks on Construction 

Projects in Developing Countries: Case of Iraq ....................................................................1013 

M. K. S. Al-Mhdawi, M. P. Brito, B. S. Onggo, and H. A. Rashid 

Management Solutions for Cyber-Physical Security in Smart 

Built Environment ...................................................................................................................1024 

Ping Xu, Xinghua Gao, and Philip Agee 

3D-DesktopEye: A Desktop-Based Eye-Tracking System for Facility 

Management .............................................................................................................................1033 

Yangming Shi and Jing Du 

A Survey of Trends of Building Fire Simulation in the Architecture, 

Engineering, and Construction (AEC) Domains...................................................................1042 

Fan Yang, Jiansong Zhang, and Bedrich Benes 

Capturing Dynamics of UAS-Based Construction Safety Management 

Using Causal Loop Diagram ...................................................................................................1051 

Soowon Chang, Kyungki Kim, JinHyeok Kwon, and Sungjin Kim 

Computer Vision-Driven Building Energy Modeling Framework for 

Post-Occupant Interior Energy Consumption ......................................................................1058 

Yu Pochien, Mingshun Tseng, and Jacob J. Lin 

Perceptions of Augmented and Virtual Reality Technologies 

Adoption within the AEC Industry ........................................................................................1067 

Vahid Balali, Xiang Guo, Soheil Fathi, and Arsalan Heydarian 

An Optimal Resource Allocation Strategy for Retrofitting 

Unreinforced Masonry Buildings in the Pre-Disaster Stage ................................................1077 

Mohammad Sadra Fardhosseini, Amit Ojha, Mahmoud Habibnezhad, 

Houtan Jebelli, and Hyun Woo Lee 

 

 

Construction Research Congress 2022 xvi

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Semi-Automatic Pipe Network Reconstruction Using Point Cloud Data ...........................1086 

Patrick B. Rodrigues and Paul L. Crovella 

Construction Site Segmentation Using Drone-Based 

Ortho-Image and Convolutional Encoder-Decoder Network Model ..................................1096 

Yuhan Jiang, Sisi Han, and Yong Bai 

Ontology-Based Semantic Modeling for Steel Bridge Coating Systems .............................1106 

Md. Ashiqur Rahman, Lu Zhang, Kingsley Lau, Xuan Lv, and Parasar Gosain 

Household-Targeted Hurricane Warnings for Effective Evacuation: Case 

Study of Hurricane Irma in North Miami Beach .................................................................1116 

Shangde Gao, Yan Wang, and Qi Wang 

Simulating Urban Population Activities under Extreme Events with 

Data-Driven Agent-Based Modeling ......................................................................................1125 

Haiyan Hao, Yan Wang, and Qi (Ryan) Wang 

A BIM Information Processing Framework to Facilitate Enriched 

BIM Applications .....................................................................................................................1135 

Ran Ren, Jiansong Zhang, Yunfeng Chen, and Hazar Nicholas Dib 

Digital Twin Aided Healthcare Facility Management: A Case 

Study of Shanghai Tongji Hospital ........................................................................................1145 

Ying Song and Yongkui Li 

The Concept of Digital Twin for Construction Safety ..........................................................1156 

J. Teizer, K. W. Johansen, and C. Schultz 

Toward Wi-Fi-Enabled Real-Time Communication for Proactive 

Safety Systems in Highway Work Zones: A Case Study ......................................................1166 

Sepehr Sabeti, Omidreza Shoghli, and Hamed Tabkhi 

Neural Networks in the Construction Industry: Knowledge 

Gaps and Possibilities ..............................................................................................................1174 

Emil L. Jacobsen and Jochen Teizer 

Evaluating Facility Asset Information Needs in a Common Data 

Environment to Support Maintenance Workers ..................................................................1184 

Zahra Ghorbani, Rebecca Napolitano, Craig Dubler, and John Messner 

Virtual Reality for Enhancing Safety in Construction .........................................................1191 

Ibrahim Abotaleb, Ossama Hosny, Khaled Nassar, Sahar Bader, 

Mohamed Elrifaee, Salma Ibrahim, Yasmin El Hakim, and Mohamed Sherif 

 

 

Construction Research Congress 2022 xvii

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Augmented Reality Communication on Active Construction Sites: 

A Pilot Study Exploring Non-Technological Factors ...........................................................1202 

Rita El Kassis, Steven K. Ayer, Mounir El Asmar, and Pingbo Tang 

Adopting the 3D BIM Coordination during the Early Design Stages in Egypt .................1212 

Mahmoud Othman, Emad Elbeltagi, Mohammed Abdelshakor, and A. Ehab 

Adaptation of a Contractor’s Risk Behavior in a Competitive 

Bidding Environment ..............................................................................................................1223 

Rita Awwad and Wiam El Irani 

Use of Digital Human Modeling for Estimating Physiological 

Workloads of Construction Tasks ..........................................................................................1233 

Lynn Shehab, Hiam Khoury, and Saif Al-Qaisi 

Earthwork Surface Creation and Volume Computation Using 

UAV 3D Mapping ....................................................................................................................1243 

Nick Villalobos and Hani Alzraiee 

Digital Twin in Practice: Emergent Insights from an 

Ethnographic-Action Research Study ....................................................................................1253 

Ashwin Agrawal, Vishal Singh, Robert Thiel, Michael Pillsbury, 

Harrison Knoll, Jay Puckett, and Martin Fischer 

Optimization of Labor Flow Efficiency in Steel Fabrication Project 

Planning ....................................................................................................................................1261 

Leila Zahedi and Ming Lu 

Automated Prioritization of Requirements to Support Risk-Based  

Construction Inspection of Highway Projects Using LSTM Neural Network ...................1270 

Fahad Ul Hassan and Tuyen Le 

Framework and Case Studies for Context-Aware AR System 

(CaARS) for Ubiquitous Applications in the AEC Industry ...............................................1278 

Daniel Antonio Linares-Garcia, Gabriela Flores-Linares, 

and Nazila Roofigari-Esfahan 

Development of Virtual Reality-Based Driving Simulator for Assessing 

Digital Speed Feedback Signs .................................................................................................1289 

Qichao Wang, Dong Zhao, Timothy J. Gates, and Peter T. Savolainen 

Applicability of Artificial Intelligence (AI) Methods to Construction 

Manufacturing: A Literature Review ....................................................................................1298 

Mohsen Hatami, Suman Paneru, and Ian Flood 

 

 

Construction Research Congress 2022 xviii

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



A BIM-Enabled Dashboard System for Construction Project 

Monitoring and Control ..........................................................................................................1307 

Veerasak Likhitruangsilp, Photios G. Ioannou, and Pimpisut Nantapanuwat 

Exploring Human-Building Energy-Related Actions Modeling 

and Simulation .........................................................................................................................1316 

Seddigheh Norouziasl and Amirhosein Jafari 

Analyzing Passenger Flow Lines and Optimizing the Facility Layout 

Management for Cairo Metro Elevated Stations ..................................................................1327 

Helen S. Ghali, Yasmeen A. S. Essawy, Abdelhamid Abdullah, 

and Khaled Nassar 

Simulation of an Earth Embankment Dam in Adverse Rainy Weather ............................1337 

Haidy S. Ghali, Yasmeen A. S. Essawy, Abdelhamid Abdullah, 

and Khaled Nassar 

Semi-Automated Generation of 3D Bridge Models from 2D PDF 

Bridge Drawings.......................................................................................................................1347 

Temitope Akanbi and Jiansong Zhang 

Issues in Bi-Directional Interoperability between BIM and BEM ......................................1355 

Hang Li, Jiansong Zhang, Xiaorui Xue, Luciana Debs, Soowon Chang, 

Ming Qu, Anthony Sparkling, and David Goldwasser 

Digital Civil Infrastructure and Why Is It Important for Transportation 

Agencies? ..................................................................................................................................1365 

William F. Killmond, Jessica McArthur, and Hani Alzraiee 

Construction Research Congress 2022 xix

© ASCE

 Construction Research Congress 2022 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

18
.2

26
.1

59
.3

3 
on

 0
6/

02
/2

4.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 


	0001
	0002
	0003
	0004
	0005

