
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-8911-8 
 

Computing in Civil  
Engineering 2019 
 

Atlanta, Georgia, USA 
17 – 19 June 2019 

 

Editors: 
 
Yong K. Cho 
Fernanda Leite 
 
 

Amir Behzadan 
Chao Wang 

Selected Papers from the ASCE International Conference on 
Computing in Civil Engineering 2019 

Data, Sensing, and Analytics 
 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2019) by American Society of Civil Engineers 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2019) 
  
For permission requests, please contact American Society of Civil Engineers 
at the address below. 
  
American Society of Civil Engineers 
1801 Alexander Bell Drive 
Reston, VA 20191 
USA 
 
 
Phone:  (800) 548-2723 
Fax:  (703) 295-6333 
 
www.asce.org  
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



Computing in Civil Engineering 2019 vii 

© ASCE 

Contents 
 

 

Big Data and Machine Learning 

Automated Activity Recognition of Construction Equipment Using a Data  
Fusion Approach ....................................................................................................................... 1 
Behnam Sherafat, Abbas Rashidi, Yong-Cheol Lee, and Changbum R. Ahn 

Estimating Commuting Patterns from High Resolution Phone GPS Data ............................. 9 
Bita Sadeghinasr, Armin Akhavan, and Qi Wang 

Reference Signal-Based Method to Remove Respiration Noise in  
Electrodermal Activity (EDA) Collected from the Field ....................................................... 17 
Gaang Lee, Byungjoo Choi, Houtan Jebelli, Changbum Ryan Ahn,  

and SangHyun Lee 

A Machine Learning Framework to Identify Employees at Risk of  
Wage Inequality: U.S. Department of Transportation Case Study....................................... 26 
Hamid R. Karimian, Behzad Rouhanizadeh, Amirhosein Jafari,  

and Sharareh Kermanshachi 

Integrating Positional and Attentional Cues for Construction Working Group 
Identification: A Long Short-Term Memory Based Machine Learning  
Approach ................................................................................................................................. 35 
Jiannan Cai, Yuxi Zhang, and Hubo Cai 

Neuro Fuzzy Inference Systems for Estimating Normal Concrete Mixture  
Proportions .............................................................................................................................. 43 
Jorge L. Santamaria, Luis Morales, and Paulina Lima 

Evaluation of Machine Learning Algorithms for Worker’s Motion Recognition  
Using Motion Sensors.............................................................................................................. 51 
Kinam Kim, Jingdao Chen, and Yong K. Cho 

Pressure Transient Detection and Pattern Discovery in Water Distribution  
Systems .................................................................................................................................... 59 
Lu Xing and Lina Sela 

Deep Learning Models for Content-Based Retrieval of Construction Visual  
Data.......................................................................................................................................... 66 
Nipun D. Nath and Amir H. Behzadan 

Unsupervised Machine Learning for Augmented Data Analytics of Building  
Codes ....................................................................................................................................... 74 
Ruichuan Zhang and Nora El-Gohary 



Computing in Civil Engineering 2019 viii 

© ASCE 

A Data-Driven and Physics-Based Approach to Exploring Interdependency of 
Interconnected Infrastructure ................................................................................................ 82 
Shenghua Zhou, S. Thomas Ng, Yifan Yang, Frank Jun Xu, and Dezhi Li 

Machine Learning Based Automatic Concrete Microstructure Analysis:  
A Study on Effect of Image Magnification ............................................................................. 89 
Srikanth Sagar Bangaru and Chao Wang 

Artificial Neural Network for Semantic Segmentation of Built Environments  
for Automated Scan2BIM ....................................................................................................... 97 
Yeritza Perez-Perez, Mani Golparvar-Fard, and Khaled El-Rayes 

Historical Accident and Injury Database-Driven Audio-Based Autonomous  
Construction Safety Surveillance ......................................................................................... 105 
Yiyi Xie, Yong-Cheol Lee, Moeid Shariatfar, Zhongjie "Doc" Zhang,  

Abbas Rashidi, and Hyun Woo Lee 

Business Failure Prediction with LSTM RNN in the Construction Industry ..................... 114 
Youjin Jang, In-Bae Jeong, Yong K. Cho, and Yonghan Ahn 

Identifying Patterns in Design-Build Projects in Terms of Project Cost  
Performance .......................................................................................................................... 122 
Yunping Liang, Baabak Ashuri, and Wei Sun 

Reality Capture Technologies (LiDAR, RGB-D, Vision) 

Reconstruction of Wind Turbine Blade Geometry and Internal Structure  
from Point Cloud Data .......................................................................................................... 130 
Benjamin Tasistro-Hart, Tristan Al-Haddad, Lawrence C. Bank,  

and Russell Gentry 

Falling Objects Detection for Near Miss Incidents Identification on  
Construction Site ................................................................................................................... 138 
Chengqian Li and Lieyun Ding 

Fast Dataset Collection Approach for Articulated Equipment Pose Estimation ................ 146 
Ci-Jyun Liang, Kurt M. Lundeen, Wes McGee, Carol C. Menassa,  

SangHyun Lee, and Vineet R. Kamat 

Emerging Construction Technologies: State of Standard and Regulation 
Implementation ..................................................................................................................... 153 
Ifeanyi Okpala, Chukwuma Nnaji, and Ibukun Awolusi 

Exploring the Potential of Image-Based 3D Geometry and Appearance  
Reasoning for Automated Construction Progress Monitoring ............................................ 162 
Jacob J. Lin, Jae Yong Lee, and Mani Golparvar-Fard 



Computing in Civil Engineering 2019 ix 

© ASCE 

Dimensional Quality Inspection of Prefabricated MEP Modules with 3D  
Laser Scanning ...................................................................................................................... 171 
Jingjing Guo and Qian Wang 

Segmentation Approach to Detection of Discrepancy between As-Built and  
As-Planned Structure Images on a Construction Site ......................................................... 178 
Juhyeon Bae and SangUk Han 

Development of Massive Point Cloud Data Geoprocessing Framework for  
Construction Site Monitoring ............................................................................................... 185 
Minh Hieu Nguyen, Sanghyun Yoon, Sangyoon Park, and Joon Heo 

Spatial Change Tracking of Structural Elements of a Girder Bridge under  
Construction Using 3D Point Cloud ..................................................................................... 193 
Sudip Subedi, Vamsi Kalasapudi, and Nipesh Pradhananga 

A 3D Irregular Packing Algorithm Using Point Cloud Data .............................................. 201 
Yinghui Zhao and Carl T. Haas 

Visual-Semantic Alignments for Automated Interpretation of 3D Imagery  
Data of High-Pier Bridges ..................................................................................................... 209 
Zhe Sun, Pingbo Tang, Ying Shi, and Wen Xiong 

Robotics, Automation, and Control 

4D BIM Based Optimal Flight Planning for Construction Monitoring  
Applications Using Camera-Equipped UAVs ...................................................................... 217 
Amir Ibrahim and Mani Golparvar-Fard 

Selective Deconstruction Programming for Adaptive Reuse of Buildings .......................... 225 
Benjamin Sanchez, Christopher Rausch, and Carl Haas 

Task Allocation and Route Planning for Robotic Service Networks with  
Multiple Depots in Indoor Environments ............................................................................ 233 
Bharadwaj R. K. Mantha and Borja Garcia de Soto 

Vision-Based Excavator Activity Recognition and Productivity Analysis in 
Construction .......................................................................................................................... 241 
Chen Chen, Zhenhua Zhu, Amin Hammad, and Walid Ahmed 

The Design of Future Robotic Construction Lab ................................................................. 249 
C. H. Yang, T. H. Wu, and S. C. Kang 

Digital Twins as the Next Phase of Cyber-Physical Systems in Construction .................... 256 
C. Kan and C. J. Anumba 

 



Computing in Civil Engineering 2019 x 

© ASCE 

Semantic Relation Detection between Construction Entities to Support Safe  
Human-Robot Collaboration in Construction ..................................................................... 265 
Daeho Kim, Ankit Goyal, Alejandro Newell, SangHyun Lee, Jia Deng,  

and Vineet R. Kamat 

Assessments of Intuition and Efficiency: Remote Control of the End Point  
of Excavator in Operational Space by Using One Wrist ..................................................... 273 
Dong-ik Sun, Sang-keun Lee, Yong-seok Lee, Sang-ho Kim, Jun Ueda,  

Yong K. Cho, Yong-han Ahn, and Chang-soo Han 

Real-Time Hazard Proximity Detection—Localization of Workers Using  
Visual Data ............................................................................................................................ 281 
Idris Jeelani, Hariharan Ramshankar, Kevin Han, Alex Albert,  

and Khashayar Asadi 

A Computational Framework for Characterizing Multiple Object Tracking  
Methods in Construction Field Applications ....................................................................... 290 
Jiawei Chen and Pingbo Tang 

Sequential Pattern Learning of Visual Features and Operation Cycles for  
Vision-Based Action Recognition of Earthmoving Excavators ........................................... 298 
Jinwoo Kim, Seokho Chi, and Minji Choi 

Modelling and Controlling Unmanned Excavation Equipment on  
Construction Sites ................................................................................................................. 305 
Joo-sung Lee, Byeol Kim, Dong-ik Sun, Chang-soo Han, and Yong-han Ahn 

Automatic Wall Defect Detection Using an Autonomous Robot: A Focus  
on Data Collection ................................................................................................................. 312 
Jun Wang and Chaomin Luo 

Real-Time Scene Segmentation Using a Light Deep Neural Network  
Architecture for Autonomous Robot Navigation on Construction Sites ............................. 320 
Khashayar Asadi, Pengyu Chen, Kevin Han, Tianfu Wu, and Edgar Lobaton 

Vision-Based Obstacle Removal System for Autonomous Ground Vehicles  
Using a Robotic Arm ............................................................................................................. 328 
Khashayar Asadi, Rahul Jain, Ziqian Qin, Mingda Sun, Mojtaba Noghabaei,  

Jeremy Cole, Kevin Han, and Edgar Lobaton 

Planning and Execution for Geometrically Adaptive BIM-Driven Robotized  
Construction Processes ......................................................................................................... 336 
Kurt M. Lundeen, Vineet R. Kamat, Carol C. Menassa, and Wes McGee 

Enhancing Visual SLAM with Occupancy Grid Mapping for Real-Time  
Locating Applications in Indoor GPS-Denied Environments ............................................. 344 
Lichao Xu, Chen Feng, Vineet R. Kamat, and Carol C. Menassa 



Computing in Civil Engineering 2019 xi 

© ASCE 

Industrialized Construction: Emerging Methods and Technologies ................................... 352 
Mohamad Razkenari, Qi Bing, Andriel Fenner, Hamed Hakim, Aaron Costin,  

and Charles J. Kibert 

Automating the Digital Fabrication of Concrete Formwork in Building  
Projects: Workflow and Case Example ................................................................................ 360 
M. S. Fardhosseini, H. Abdirad, C. Dossick, H. W. Lee, R. DiFuria, and J. Lohr 

State-of-the-Art Review on the Applicability of AI Methods to Automated  
Construction Manufacturing ................................................................................................ 368 
Mohsen Hatami, Ian Flood, Bryan Franz, and Xun Zhang 

Game Simulation to Support Construction Automation in Modular  
Construction Using BIM and Robotics Technology—Stage I ............................................. 376 
Oscar Wong Chong and Jiansong Zhang 

UAV-UGV Cooperative 3D Environmental Mapping ......................................................... 384 
Pileun Kim, Leon C. Price, Jisoo Park, and Yong K. Cho 

Deep Learning with Spatial Constraint for Tunnel Crack Detection ................................. 393 
Qingquan Li, Qin Zou, Jianghai Liao, Yuanhao Yue, and Song Wang 

Automatic Review of Construction Specifications Using Natural Language  
Processing .............................................................................................................................. 401 
Seonghyeon Moon, Gitaek Lee, Seokho Chi, and Hyunchul Oh 

Factors Influencing Measurement Accuracy of Unmanned Aerial Systems  
(UAS) and Photogrammetry in Construction Earthwork ................................................... 408 
Xi Wang, Julia C. Chen, and Gabriel B. Dadi 

Perceptions for Crane Operations ........................................................................................ 415 
Bo Xiao, Keith Yin Kong Lam, Jieyu Cui, and Shih-Chung Kang 

An Improved Convolutional Neural Network System for Automatically  
Detecting Rebar in GPR Data............................................................................................... 422 
Zhongming Xiang, Abbas Rashidi, and Ge (Gaby) Ou 

Human-Technology Frontier, Sensing, and Computing 

Key Attributes of Change Agents for Successful Technology Adoptions  
in Construction Companies: A Thematic Analysis .............................................................. 430 
Afiqah R. Radzi, Hashim R. Bokhari, Rahimi A. Rahman, and Steven K. Ayer 

Improved Optimization Model for Finance-Based Scheduling ........................................... 438 
Ahmed Shiha and Ossama Hosny 

 



Computing in Civil Engineering 2019 xii 

© ASCE 

Identifying a Ranking Method for Assessing the Potential Risk of Knee  
Musculoskeletal Disorders among Roofers in Shingle Installation ..................................... 445 
Amrita Dutta, Scott P. Breloff, Fei Dai, Erik W. Sinsel, Christopher M. Warren,  

and John Z. Wu 

Optimizing Neighborhood-Scale Walkability ...................................................................... 454 
Andrew J. Sonta and Rishee K. Jain 

A Novel Method for Monitoring Air Speed in Offices Using Low Cost  
Sensors ................................................................................................................................... 462 
Ashrant Aryal, Ishan Shah, and Burcin Becerik-Gerber 

Review of Human-in-the-Loop Cyber-Physical Systems (HiLCPS): The  
Current Status from Human Perspective ............................................................................. 470 
Behnam Moshkini Tehrani, Jun Wang, and Chao Wang 

A Deep Learning Framework for Construction Equipment Activity Analysis .................. 479 
Carlos Hernandez, Trevor Slaton, Vahid Balali, and Reza Akhavian 

Seeding Strategies in Online Social Networks for Improving Information  
Dissemination of Built Environment Disruptions in Disasters ............................................ 487 
Chao Fan, Yucheng Jiang, and Ali Mostafavi 

Overview of Supporting Technologies for Cyber-Physical Systems  
Implementation in the AEC Industry................................................................................... 495 
Daniel A. Linares, Chimay Anumba, and Nazila Roofigari-Esfahan 

Investigation and Analysis of Human, Organizational, and Project  
Based Rework Indicators in Construction Projects ............................................................. 505 
Elnaz Safapour and Sharareh Kermanshachi 

Development of Effective Communication Network in Construction Projects  
Using Structural Equation Modeling Technique ................................................................. 513 
Elnaz Safapour, Sharareh Kermanshachi, and Shirin Kamalirad 

Localizing Local Vulnerabilities in Urban Areas Using Crowdsourced Visual  
Data from Participatory Sensing .......................................................................................... 522 
Hongjo Kim, Youngjib Ham, and Hyoungkwan Kim 

Enhancing Construction Safety Monitoring through the Application of  
Internet of Things and Wearable Sensing Devices: A Review............................................. 530 
Ibukun Awolusi, Chukwuma Nnaji, Eric Marks, and Matthew Hallowell 

Evaluating Generated Layouts in a Healthcare Departmental Adjacency  
Optimization Problem ........................................................................................................... 539 
Jennifer I. Lather, Timothy Logan, Kate Renner, and John I. Messner 



Computing in Civil Engineering 2019 xiii 

© ASCE 

Thermal Comfort Aggregation Modeling Based on Social Science Theory:  
Towards a Comfort-Driven Cyber Human System Framework ......................................... 547 
Lu Zhang and Shankar Sanake 

Prototype Development of a Tactile Sensing System for Improved Worker  
Safety Perception................................................................................................................... 555 
Sayan Sakhakarmi, JeeWoong Park, and Chunhee Cho 

Robustness Analysis of Design Phase Performance Predictors Using  
Extreme Bounds Analysis (EBA) .......................................................................................... 563 
Sharareh Kermanshachi and Behzad Rouhanizadeh 

Biomechanical Analysis of Manual Material Handling Tasks on Scaffold ......................... 572 
Srikanth Sagar Bangaru, Chao Wang, and Fereydoun Aghazadeh 

Development of Effective Communication Framework Using Confirmatory  
Factor Analysis Technique ................................................................................................... 580 
Thahomina Jahan Nipa, Sharareh Kermanshachi, and Shirin Kamalirad 

Reliability and Validity of a Posture Matching Method Using Inertial  
Measurement Unit-Based Motion Tracking System for Construction Jobs ....................... 589 
Wonil Lee, Jia-Hua Lin, Stephen Bao, and Ken-Yu Lin 

Investigating the Neurophysiological Effect of Thermal Environment on  
Individuals’ Performance Using Electroencephalogram ..................................................... 598 
Xi Wang, Da Li, Carol C. Menassa, and Vineet R. Kamat 

Enhanced Welding Operator Quality Performance Measurement:  
Work Experience-Integrated Bayesian Prior Determination .............................................. 606 
Yitong Li, Wenying Ji, and Simaan M. AbouRizk 

Understanding Different Views on Emerging Technology Acceptance  
between Academia and the AEC/FM Industry .................................................................... 614 
Yong K. Cho, Youjin Jang, Kinam Kim, Fernanda Leite, and Steven Ayer 




