
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-2979-4 
 

Geo-Chicago 2016 
 

Chicago, Illinois, USA 
14 – 18 August 2016 

 

Editors: 
 
Dimitrios Zekkos 
Arvin Farid 
Anirban De 
 

Krishna R. Reddy 
Nazli Yesiller 

Selected Papers from Geo-Chicago 2016  
 
Geotechnical Special Publication Number 269 

Sustainability and Resiliency in 
Geotechnical Engineering 



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© (2016) by American Society of Civil Engineers 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2016) 
  
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 



Contents 

Bio-Mediated Soil 

A New Soil Treatment Method Using Casein from Bovine Milk ........................... 1 
Jooyoung Im, Gye-Chun Cho, and Ilhan Chang 

A Stoichiometric Model for Biogeotechnical Soil Improvement ............................ 7 
Sean T. O’Donnell, Nasser Hamdan, Bruce E. Rittmann, and Edward Kavazanjian Jr. 

An Environmentally-Friendly Geotechnical Approach for Soil Erosion 
Reduction Using Microbial Biopolymers ................................................................ 17 
Ilhan Chang, Jooyoung Im, and Gye-Chun Cho 

Biotreatment of Fine-Grained Soil through the Bioencapsulation Method ........ 25 
Bing Li, Jian Chu, and Andrew Whittle 

Enhanced Germination and Growth of Arabidopsis thaliana Using  
IrO2-Ta2O5 | Ti as a Dimensional Stable Anode in the  
Electro-Culture Technique ...................................................................................... 33 
G. Acosta-Santoyo, R. A. Herrada, S. de Folter, and Erika Bustos 

Erosion Reduction of Coastal Sands Using Microbial Induced Calcite 
Precipitation .............................................................................................................. 42 
Casey Shanahan and Brina M. Montoya 

Experimental Investigation of the Mechanical Properties of MICP-Treated  
Sands Reinforced with Discrete Randomly Distributed Fiber ............................. 52 
Lin Li, Mingdong Li, Ubani Ogbonnaya, Kejun Wen, Chi Li, and Farshad Amini 

Exploring X-Ray Computed Tomography Characterization and Reactive 
Transport Modelling of Microbially-Induced Calcite Precipitation in  
Sandy Soils ................................................................................................................. 62 
Rosa Mystica Akimana, Youngwoo Seo, Lin Li, Lucas J. Howard,  
Mandar M. Dewoolkar, and Liang Bo Hu 

Factors Affecting the Improvement of Sand Properties Treated with  
Microbially-Induced Calcite Precipitation ............................................................. 72 
G. G. N. N. Amarakoon and S. Kawasaki 
 
 

Geo-Chicago 2016 GSP 269 vii

© ASCE



Particulate Simulations of Triaxial Tests on Bio-Cemented Sand Using a  
New Cementation Model .......................................................................................... 84 
A. Khoubani, T. M. Evans, and B. M. Montoya 

Permeability Reduction Due to Microbial Induced Calcite Precipitation in  
Sand ............................................................................................................................ 94 
Atefeh Zamani and Brina M. Montoya 

Sand Cementation Using the pH Dependency of Calcium Phosphate  
Compounds and the Addition of Various Powders ............................................. 104 
R. A. N. Dilrukshi and S. Kawasaki 

Sustainable Slope Stabilization Using Biopolymer-Reinforced Soil .................. 116 
Santiago Caballero, Raju Acharya, Aritra Banerjee, Tejo V. Bheemasetti,  
Anand Puppala, and Ujwalkumar Patil 

Using Local Soil Microbial Enrichments to Improve Sand Particle  
Aggregation from CaCO3 Precipitation ............................................................... 127 
Yu-Syuan Jhuo, Li-Hsien Chen, Hsin-Hsin Tung, Guang-Huey Lin,  
and Tsan-Hwei Huang 

Carbon Sequestration 

Chemo-Mechanical Coupling in Bonded Geomaterials: Representations in  
Two Scales ............................................................................................................... 137 
Alessandro Gajo, Francesco Cecinato, and Tomasz Hueckel 

Potential Impact of Thermal Pressurization on the Fault Response to  
CO2 Injection in Carbon Capture and Storage Projects .................................... 147 
Kimia Mortezaei and Farshid Vahedifard 

Earthquakes 

Aseismic Upgrade of an Existing Railway Embankment by Double Sheet  
Pile and Tubular Pile Walls ................................................................................... 157 
Takefumi Takuma, Hiroyuki Nishimura, and Shigeru Kambe 

Cyclic Shear Response of Fraser River Sand Using Cyclic Ring Shear ............ 167 
Abouzar Sadrekarimi 

Earthquake-Induced Landslide Hazard Mapping:  
A Case Study in Lebanon ....................................................................................... 177 
Grace Abou-Jaoude, Angela Saade, Joseph Wartman, and Alex Grant 

 

Geo-Chicago 2016 GSP 269 viii

© ASCE



Evaluation of the Liquefaction Potential for the Mega-City of 
Mumbai—Probabilistic Performance-Based Approach ..................................... 187 
K. S. Vipin and S. D. Anitha Kumari 

The Seismic Bearing Capacity Factor for Surface Strip Footings ..................... 197 
Anindya Pain, Deepankar Choudhury, and S. K. Bhattacharyya 

Seismic Deformation Assessment of a Dam Founded on Low Plastic 
Fine-Grained Soils under Strong Earthquake Shaking ...................................... 207 
Thuraisamy Thavaraj, Garry Stevenson, and David Siu 

Seismic Rotational Stability of a Seawall Considering Non-Breaking  
Waves ....................................................................................................................... 217 
B. Giridhar Rajesh and Deepankar Choudhury 

Site-Specific Seismic Ground Response for Mormugao Port, Goa, India ......... 227 
Nika S. Bhingarde and Nisha P. Naik 

Geoenvironmental Engineering for Disaster Recovery 

A Case Study of the Impact of Tropical Storms on the Stability of  
Natural Hillslopes in Macon County, North Carolina ........................................ 237 
Giuseppe Formetta, Alexandra Wayllace, and Ning Lu 

Characteristics of the Elemental Release from Recovered Soil Separated  
from Disaster Waste Generated by the Great East Japan  
Earthquake and Tsunami ...................................................................................... 246 
Masahiko Katoh, Takuya Yamaguchi, and Takeshi Sato 

Geoenvironmental Issues for the Containment of Radioactively-Polluted  
Soil and Waste ......................................................................................................... 254 
Toru Inui, Takeshi Katsumi, and Atsushi Takai 

Geo-Environmental Knowledge for the Adaptation of Riverine Coastal 
Geo-Hazards ............................................................................................................ 264 
Kazuya Yasuhara, Van Trinh Cong, Hideo Komine, and Hemanta Hazarika 

Material Properties of Soils Recovered from Disaster Debris in Iwate  
Prefecture Generated by the 2011 Great East Japan Earthquake .................... 274 
Takeshi Katsumi, Atsushi Takai, Toru Inui, Masafumi Okawara,  
and Mitsuhiro Kawashima 

Mechanical Characteristics of Incineration Bottom Ash from  
Disaster Waste Caused by the Great East Japan Earthquake ........................... 284 
Kenichi Sato and Takuro Fujikawa 

Geo-Chicago 2016 GSP 269 ix

© ASCE



Radiation-Shielding Properties of Heavy Bentonite-Based Slurry for the 
Decommissioning of the Fukushima First Nuclear Power Plant ........................ 292 
Ema Yoshikawa, Hideo Komine, Yuma Saito, Shigeru Goto, Seiichi Narushima, 
Yasunori Arai, Masayuki Mizuno, Shinsuke Ujiie, Yuki Sakoda, Yasushi Nagae, 
Mitsugu Yoshimura, and Akihiko Suzuki 

Uplift Resistance of Buried Pipelines in Dry and Unsaturated Sands: 
Comparison of Analytical and FE Model Results with Large-Scale Test  
Data .......................................................................................................................... 298 
Dilan J. Robert, N. I. Thusyanthan, and C. Q. Li 

A Utilization Technique of Tsunami Sediments and Disaster Wastes  
Containing Salt ........................................................................................................ 310 
Kiyoshi Omine and Satoshi Sugimoto 

Geohazards 

A Meshfree Method for Modeling the Impact of Landslide Activity ................ 318 
Thanakorn Siriaksorn, Sheng-Wei Chi, and Craig Foster 

Analysis of Morphometric Parameters for the Identification of  
Probable Landslide Occurrences .......................................................................... 329 
Kishor Kumar and Yogita Garbyal 

Design and Implementation of a Spatial Database for the Abu Dhabi 
Municipality Geohazard Management System .................................................... 339 
Raghav Ramanathan, Mazen E. Adib, Walid Dawoud, Melih Demirkan, Bulent 
Hatipoglu, Giridhar Kolan Reddy, Michael Rosenmeier, and Cagri Cinkilic 

Development of a Comprehensive Geotechnical Information Management 
System for Municipal Use ...................................................................................... 353 
Walid Dawoud, Mazen Elias Adib, Giridhar Kolan Reddy, Raghav Sarathy 
Ramanathan, Bulent Hatipoglu, Melih Demirkan, and Cagri Cinkilic 

Effect of Hybrid Geosynthetic Layers on Soil Walls with Marginal Backfill 
Subjected to Rainfall .............................................................................................. 362 
Dipankana Bhattacherjee and B. V. S. Viswanadham 

Exploring the Geomechanics of Sinkholes: A Numerical Simulation  
Approach ................................................................................................................. 372 
Kishor Rawal, Zhong-Mei Wang, and Liang-Bo Hu 

Feasibility Analysis of the External Electric Anode Method for Reducing 
Lightning Hazards .................................................................................................. 382 
Chao Zhang and Zhen Liu 

Geo-Chicago 2016 GSP 269 x

© ASCE



Flood Holding Capacity: A Novel Concept to Evaluate the Resilience of 
Amended Soils ......................................................................................................... 393 
Heather Kerr, Karen Johnson, David G. Toll, and Florence Mansfield 

A Modified Mohr-Coulomb Model to Simulate the Response of Buried  
Pipes Subjected to Large Ground Displacement ................................................. 410 
Dilan J. Robert and P. Rajeev 

The Use of Neural Networks to Forecast Landslides Triggered by  
Rains in Mountainous Areas .................................................................................. 422 
Eduardo M. Botero, George F. Azevedo, Hernan E. M. Carvajal,  
Edwin F. García, and George F. Azevedo 

Nanomaterials 

Bio-Nano-Cementation to Evaluate Soil Mechanical Resistance ....................... 430 
Jaqueline Bonatto, Karla Heineck, Antonio Thomé, Bruna DallAgnol,  
and Gregório Rigo Garbin 

Determination of the Index Properties of Clay Soils in the  
Presence of Nanoparticles ...................................................................................... 441 
James L. Hanson, Nazli Yesiller, Amro El Badawy, Ryne Mettler, and Jared S. Stine 

Enhancement of the Strength and Swelling Characteristics of  
Expansive Clayey Soil Using Nano-Clay Material .............................................. 451 
Abdulla A. Sharo and Ahmed S. Alawneh 

Influence of Iron Nanoparticle Concentration on the Hydraulic  
Conductivity of a Residual Clayey Soil ................................................................. 458 
Cleomar Reginatto, Iziquiel Cecchin, Ramiro L. R. Carvalho, Karla Heineck, 
Antonio Thomé, and Krishna R. Reddy 

Potential of Soils Amended with a Nano Calcium Silicate Mixture for  
Lead Encapsulation in an Aqueous Medium ....................................................... 467 
Syed Abu Sayeed Mohammed, P. F. Sanaulla, Munwar B. Basha,  
Hari Prasad Reddy, A. M. Alnuaim, and Arif Ali Baig Moghal 

Prediction of the Stripping Resistance of Nanoclay-Modified Asphalts  
Using Their Surface Chemistries .......................................................................... 477 
Zahid Hossain, Biswajit Bairgi, Musharraf Zaman, and Rifat Bulut 

The Use of a Green Polymer Nanocomposite in Geo-Infrastructure ................. 488 
Munir D. Nazzal, Tremaine D. Gissentaner, Savas Kaya, and Sang Soo Kim 

Zero Valent Metal (ZVI) Nanoparticles in Geotextiles and Geomembranes .... 498 
Franz-Georg Simon, Daniela Robertson, Christine Schütt, and Volker Birke 

Geo-Chicago 2016 GSP 269 xi

© ASCE



Natural Landslides and Engineered Slopes: Monitoring and Survey Technologies 

3D Model Reconstruction of Rocks on a Slope for Simulating a Rock Fall ...... 508 
Itaru Kitahra, Shogo Atsumi, Ryo Degawa, Yohiei Kawamura, Hyongdoo Jang,  
and Yuichi Ohta 

Analysis of Shear Zones of Landslides by the Numerical Simulation of 
Monitored Surficial Displacement Vectors—Case Study of the Landslide at  
Gunung Pass, Malaysia .......................................................................................... 518 
Senro Kuraoka, Naoki Sakai, Mohamad Nazri, Suhaimi Jamaludin,  
and Che Hassandi Abdullah 

Design of Stable Rock Slopes for the World’s Highest Railway Bridge ............ 530 
Gaurav Tiwari and Gali Madhavi Latha 

Development of a Landslide Observation System Using ZigBee Wireless 
Communication Technology .................................................................................. 542 
Y. Kawamura, H. Jang, K. Ohta, and Y. Inagaki 

McCook Reservoir Instrumentation and Monitoring ......................................... 551 
Georgette Hlepas and William Rochford 

Slope Movement in Permafrost near Fairbanks, Alaska .................................... 563 
Mohammadhossein Sadeghiamirshahidi and Stan Vitton 

Stabilizing Walls Retained by Nailing under Additional Excavations .............. 574 
Majid Taherzadeh Dorobati, Alborz Hajiannia, and Shahrzad Kasaeian 

Understanding the Behavior of Rock-Fall Motion Using Wireless Sensor  
Technology ............................................................................................................... 584 
Prapti Giri, Kam Ng, Christopher Robinson, William Phillips, and Marian Phillips 

The Use of LiDAR for Monitoring and Assessing Landslides ............................ 596 
Timothy D. Stark and Ahmed K. Baghdady 

The Use of Electrical and Geotechnical Techniques to Assess a Small Earth  
Dam .......................................................................................................................... 605 
Yara S. Maalouf, Naji N. Khoury, and Louis Junior Saad 

Sustainability in Geotechnical Engineering 

Assessing the Life Cycle Benefits of Recycled Material in Road  
Construction ............................................................................................................ 613 
Eleanor F. Bloom, Gregory J. Horstmeier, Angela Pakes Ahlman,  
Tuncer B. Edil, and Gary Whited 

Geo-Chicago 2016 GSP 269 xii

© ASCE



Assessment of the Pollution Potential of an Aquifer from  
Surface Contaminants in a Geographic Information System:  
A Case Study of Pakistan ....................................................................................... 623 
Yawar Hussain, Sadia F. Ullah, Adil Dilawar, Gulraiz Akhter,  
Hernan Martinez-Carvajal, and Henrique L. Roig 

Carbon Footprint: Liquefaction Effects on a Private Residence ....................... 633 
Manasa Vijayakumar, Jennifer J. Cheng, Murat Küçükvar, Ahmed Elgamal,  
Kevin R. Mackie, and Omer Tatari 

Design and Construction of the Chicago Riverwalk ........................................... 643 
Matthew F. Hellenthal and Dan M. Gross 

Financial Sustainability as a Metric for Infrastructure Projects ....................... 653 
Ranjiv Gupta, Jeremy W. F. Morris, and R. David Espinoza 

Groundwater Management for Sustainable Underground Subway  
Development in Manhattan, New York City ........................................................ 663 
Chu E. Ho 

Impacts of the Design Methods of Drilled Shafts in Sand on the  
Environment ............................................................................................................ 673 
Mina Lee and Dipanjan Basu 

Minimization of Cost and CO2 Emissions for Drilled Shafts under  
Axial Loading Using a Big Bang‒Big Crunch Algorithm ................................... 683 
Andrew Assadollahi 

State DOT Life Cycle Benefits of Recycled Material in Road Construction .... 693 
Eleanor F. Bloom, Kelly Del Ponte, Bharat Madras Natarajan,  
Angela Pakes Ahlman, Tuncer B. Edil, and Gary Whited 

How Ground Improvement Contributes to the Green Building Movement ..... 704 
Chris Woods 

Sustainable Geotechnical Design for Al-Azhar Park, Cairo .............................. 712 
Ahmed Hosny Abdel-Rahman and Salwa Yassin 

Uncertainty in the Estimates of Embodied Energy and CO2 Emissions for  
Ground Improvement: The Influence of Material Haul Distance ..................... 722 
Craig M. Shillaber, Annie R. Pearce, James K. Mitchell, and Joseph E. Dove 

Geo-Chicago 2016 GSP 269 xiii

© ASCE




