Earth and Space 2021

Materials, Structures, Dynamics, and
Control in Extreme Environments

Proceedings of the 17th Biennial International Conference on Engineering,
Science, Construction, and Operations in Challenging Environments

Online
19 — 23 April 2021

Editors:

Paul J. van Susante
Alaina Dickason Roberts

ISBN: 978-1-7138-3433-5



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2021) by American Society of Civil Engineers
All rights reserved.

Printed with permission by Curran Associates, Inc. (2021)

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


http://www.asce.org/

Earth and Space 2021

Contents

Advanced Materials and Designs for Aerospace and Terrestrial Structures under Extreme
Environments

Molecular Dynamics Modeling to Probe the Effect of Surface Functionalization
on the Interfacial Adhesion and Shear Strength of Graphene/Epoxy Nanocomposites ......... 1
Hashim Al Mahmud, Matthew S. Radue, and Gregory M. Odegard

Optimizing Magnesium Phosphate Binders with Boric Acid for Additive
CoNSEruCtion APPIICALIONS. .......ciiiiiiiie ettt b beeneas 13
H. Alkhateb, H. Almashagbeh, J. Edmunson, M. Fiske, Y. Najjar, and Damian Stoddard

Uncertainty Quantification Modeling of Structures and Materials Using the
Hypercomplex Differentiation Method..............cccooiiiiiiiiiic e 29
Matthew Balcer, Daniel Ramirez-Tamayo, Arturo Montoya, and Harry Millwater

Evaluation of a Biopolymer-Bound Soil Composite for 3D Printing on the Lunar
SUITACE ..ttt bbbt bttt h bbb et bbbt et h b et r e 36
A. O. Biggerstaff, M. D. Lepech, and D. J. Loftus

Developing 3D Printable Lightweight Functional Cementitious Composite ...........cc.ccce..... 52
Adam Brooks and Hongyu Zhou

The Influence of Variable Gravity on the Microstructural
Development of Tricalcium SiliCate PaSteS..........cccvviierieiiiiiieieie e 59
Peter J. Collins, Richard N. Grugel, and Aleksandra Radlinska

Numerical Study of a Transport Aircraft Wing Impact with a Birch Tree.........ccccoccevvenen. 67
Menglong Ding and Wieslaw Binienda

Simulation of Impact Response of Polymer Composites Utilizing an Orthotropic
Three-Dimensional Model with Tabulated INpUL...........ccocoo i 73
Robert K. Goldberg, Trenton M. Ricks, and Paul DuBois

Development of a Full-Scale Finite Element Model of the Fokker F28 Fellowship
Aircraft and Crash Simulation PrediCtioNS..........ooi oot e e e e e eee s 86
Karen E. Jackson and Jacob B. Putnam

Molecular Modeling of PEEK Resins for Prediction of Properties in Process

1V [T (<1 [ o Vo [P TTTPTPTP RSO ST PP 104
Khatereh Kashmari, Sagar Patil, Prathamesh Deshpande, Sagar Shah, Marianna Maiaru,

and Gregory M. Odegard

© ASCE



Earth and Space 2021

Predicting Durability Characteristics of Concrete with Alkali Activated Binders

UsiNg Reliability ANGIYSIS........coouiiiiiiiiieee et 113
Kruthi K. Ramagiri, Darshan Rajesh Chauhan, Shashank Gupta, Ritika Sridharan,

Arkamitra Kar, Avinash Unnikrishnan, and Anasua Guharay

Feasibility Study of Antimony Waste Rock Coarse Aggregate High Strength
(0] 0 [6] =1 (T PP PT PRSP OPRPPO 123
Jianqun Wang, Bei Li, Long Li, Chunyuan Zuo, and Yong Wang

Study on the Application of Postembedded Piezoceramic Sensors for the
Force Detection on RC Columns under Dynamic Loadings..........cccoecvevveveiieiiieiieseecieenns 132
Chien-Kuo Chiu, Sugianto Steven, and Wen-I Liao

Crash Analysis of Wing of Large Airplane With @ Tree ... 142
A. Olejnik, L. Kiszkowiak, M. Jedrak, J. Milczarczyk, and A. Dziubinski

Ballistic Impact Simulations of an Aluminum 2024 Panel Using *MAT _224 in

LS-DYNA Considering Oblique Incidence and Attitude Angles of a Rectangular

g 0] 1= (] OSSP 152
C. K. Park, G. Queitzsch, K. Carney, P. Du Bois, C. D. Kan, D. Cordasco, and W. Emmerling

Anthropomorphic Test Device Response in Full-Scale Regional Jet Crash Tests............... 166
Amanda M. Taylor and Joseph Pellettiere

UAS Collision INJUIY RESEAICTN.........oiiiiiiiie st 177
J. A. Pellettiere

Evaluation of Occupant Response in Component and Full-Scale Aircraft Crash
Testing and SIMUIATION..........coi i 187
Jacob B. Putnam and Karen E. Jackson

Designing Biopolymer-Bound Regolith Composites for Maximum Compressive
R0 1 =1 T o OSSR 200
I. Rosa, A. Coto, M. I. Allende, M. D. Lepech, and D. J. Loftus

Crash Sled Testing of Triaxially Braided CFRP for Improved Vehicular

CraSNWOITNINESS. ...ttt b bbb e b s 215
Charles R. Ruggeri, Rudy T. Haluza, J. Michael Pereira, Sandi G. Miller, Charles E. Bakis,

and Kevin L. Koudela

Failure Modeling in an Orthotropic Plasticity Material Model ............cccocooviiiiiniiniiinne 229
Loukham Shyamsunder, Bilal Khaled, Subramaniam Rajan, and Gunther Blankenhorn

Study on the Numerical Simulation Methodology of Kevlar Fabric Wraps

Structure under the Impact of High-Speed Rotating Blade .............ccocovvviiiviiiinncicinnn, 243
Zekan He and Haijun Xuan

© ASCE



Earth and Space 2021 viii

Characterization and Constitutive Model for Temperature and Strain-Rate
Dependent Tensile Behavior of Short Carbon Fiber Reinforced PEEK Composites ......... 253
Aijjia Li, Chunyang Chen, Chao Zhang, and Yulong Li

Structures in Challenging Environments: Dynamics, Controls, Smart Structures, Health
Monitoring, and Sensors

An Imaging Processing Method for Stress Wave Reflection Period Extracting to
Measure Guardrail Column LeNGN .........cccoviiiiiiiii e 261
Panpan Gong, Mingzhang Luo, Chuan Xu, and Luoyu Zhou

Experimental Study of Breaking Wave Loads on Sea-Crossing Bridges Piers ................. 271
Jie Hong, Kai Wei, and Bo Xu

Vibration Control of Superelastic SMA Spring Braces to a Frame Structure
under Earthquake EXCITING.........ooiiiiii e 280
Bin Huang, Hongwang Lv, Yueming Lao, and Jincheng Ding

Experimental and Numerical Investigation into Fatigue and Fracture
Assessment of Structures in the Challenging Environments of Deep Oceans.................... 295
Mohammad (Sasan) Iranpour

Monitoring of Grouting Compactness in a Post-Tensioning Curve Tendon
Duct Using PiezoCeramicC TranSOUCELS .......uuverieieiiiieieniesiesesseeiesie s seseesee e ssesseesaesnens 307
Tianyong Jiang, Bin He, Yaowen Zhang, Zhongchu Tian, and Gangbing Song

Correlation of Impedance and Compressive Stress of Carbon Nanofiber
Aggregates for Structural Health MONITOriNg .........cccoiiiiiiiiiiiee e 321
Bhagirath Joshi, Xiaonan Shan, Jiaji Wang, Xu Yang, Yagiz Oz, and Y. L. Mo

Seismic Performance of SMA/ECC Concrete Shear Wall with Self-Centering and
SBIT-REPAITING ...ttt bbb b bbb e 331
Liping Kang, Hui Qian, Yuancheng Guo, Zongao Li, Sihua Zhang, and Gangbing Song

Seismic Collapse Prevention Performance of Low-Ductility CBFS ..........cccccooiniviiiiinnne. 337
Gang Li, Zhi-Qian Dong, Xing Fu, and Hong-Nan Li

Development of a Novel Corrosion Sensor Based on Electromechnical
Impedance Instrumented Piezoelectric-Metal TransduCer ..........cc.ccoevevninineiesiineneeenns 344
Weijie Li, Shasha Gao, Tiejun Liu, Dujian Zou, and Wei Luo

Research on Active Thermal Based Distributed Fiber Optic Temperature

Sensing for Leakage Detection in Water PIpeline...........ccocooviiiieiiiininisee e 352
Weijie Li, Huangbin Xiang, Tiejun Liu, and Dujian Zou

© ASCE



Earth and Space 2021

Analysis of the TMD Enhanced Base Isolation System (BIS) Using Clutching
1 aTcT 0 =] g = 0] o =T PR UR PR 359
Qigang Liang and Luyu Li

Study on the Longitudinal Displacement Regularity of an Asymmetric
Cable-Stayed Bridge with a Hybrid Girder Affected by Temperature...........c..ccocceevennee. 368
Lihua Ling, Changsong Chen, and Donghuang Yan

A Method for Closing Deck of Cable-Stayed Bridges with a Single Erection Joint.......... 383
Lihua Ling, Changsong Chen, and Donghuang Yan

The Effect Study of Simple Support Scheme on Seismic Resistance for Low-Rise
RC STUCTUIES ...t b et nne s 404
Pengjie Lu and Guoxin Wang

Updated Dynamic Amplification Factors of Existing Short Span Bridge
Considering the Debris EffECTS .......ccoviiiiiiiiee e 414
Xiaolong Ma and Wei Zhang

Multichannel Analysis of Surface Waves Method-Based Interfacial Debonding
Defection for Concrete-Filled Double-Steel-Plate Composite Walls.............cccooeviiieiinne 425
Xin Nie, Yudong Zhao, Hongbing Chen, Huahua Qiu, Jinyang Gao, and Bin Xu

Understanding Spatial Abilities and Spatial Strategy under Extreme Visual and
Gravitational ENVIFONMENTS .........oiiiiiecciie ettt st s e e e s sbbae s srbe s 434
Hannah Park, Manish Dixit, Nafiseh Faghihi, Ann McNamara, and Jyotsna Vaid

Control of Train-Induced Vibration Using Periodic Materials..........c.ccccoevevveviiieiinnnns 446
Chuhao Qin, Junpeng Zhao, Muxiu Tan, Shuang Hou, and Y. L. Mo

Smart Rock Technology for Local Scour Monitoring of Bridge Structures...................... 455
F. Tang, Y. Chen, Y. Tang, Z. Li, and G. Chen

On the Hydrostatic Nonlinearity of Spar Type Floating Offshore Wind Turbine............ 464
Zahid Ullah and Dong-Ho Choi

Smart Glove: A Novel Robotic-Assisted Active Sensing Method for
Detection of Cup-Lock Joint Looseness in Scaffolding .........cccccvvvieviiiicie i 476
F. Wang and G. Song

An Obstacle Avoidance Method for Indoor Flaw Detection Unmanned Robot
Based 0N Transfer NEUFal NEEWOTK .......ooooo oottt e et e e e e e e e e e e e 484
Shubo Wang, Zichao Zhang, Yi Cao, Xuzan Liu, Kai Zhang, and Jian Chen

© ASCE



Earth and Space 2021

Performance Correction for Cantilevered Piezoelectric Energy Harvesters

Considering Nonuniform Electric Field in the Piezoelectric Layer ..........cccccoovviivvienenn. 494
Xianfeng Wang
Research on Health Monitoring for Large Span Steel Structures...........cccccovvniiiicicnnne 507

Xiuli Wang, Yonghong Ran, and Yanpeng Zhu

Seismic Performance and Damage Assessment of Electrical Substation ..............ccccc...... 517
Bo Wen, Lu Zhang, Daming Luo, Guanyi Gao, and Hongyu Zheng

Experimental Investigation and Numerical Analysis on Stiffness
Degradation of High-Performance Steel Beams with Local Shear-Span Corrosion......... 533
Linfa Xiao, Jianxin Peng, Jianren Zhang, and C. S. Cai

Research on Strain Measurement Using Smartphone with a Mobile Phone
Y 1T oK ToTo] o1 TSRS R PP URPRRPN 542
B. T. Xie, X. F. Zhao, Branko Glisic, and H. Li

Rebar Local Corrosion Monitoring of RC Structures Based on Fractal
Characteristics of Piezoelectric GUIded WAVES...........ccooiiiiiiiiieieieseseee e 548
S. Yan, X. N. Wang, Y. Y. Chen,and Y. Y. Yao

Pounding Tuned Mass Damper: A Novel Device for Passive Structural
ViIDration CONTIOL........cci ittt sb et ra e e e 562
P. Zhang and G. Song

Time-Frequency Analysis of GPR Simulation Signals for Tunnel Cavern
Fillings Based on Short-Time Fourier Transform..........cccocoiveieiiii e 572
Sheng Zhang, Wenchao He, Feng Cao, and Liang Hong

Analysis and Monitoring on the Highway Bridge with Newly Constructed
Link Slab Considering Thermal EffeCtS ..o 582
Yifan Zhu, Kuang-Yuan Hou, Chung C. Fu, and Naiyi Li

The Damage Detection for Pipeline Structures Based on Piezoceramic

TFANSOUCETS ...ttt bbb bbb bt b e n e n et b nn e ens 591
Chunyuan Zuo, Xin Feng, JianQun Wang, and Jing Zhou

© ASCE





