
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-8286-2 

Rocscience International 
Conference (RIC 2023) 

Toronto, Canada 
24-26 April 2023 

 

Atlantis Highlights in Engineering Volume 19 

 



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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Print copyright© (2023) by Atlantis Press (part of Springer Nature) 

All rights reserved. 

Copyright for individual electronic papers remains with the authors. 

 

For permission requests, please contact the publisher: 

 

Atlantis Press 

Van Godewijckstraat 30 

3311GX Dordrecht 

The Netherlands 

 

contact@atlantis-press.com 

 

Printed with permission by Curran Associates, Inc. (2024) 

 

  

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 



TABLE OF CONTENTS 

 

Assessment of Pillar and Interburden Stability in Ultra-Close Multiple-Seam Mining Using Finite 

Element Modeling ................................................................................................................................................ 5 

S. E. Phillipson 

Back Analysis of Narrow Vein Open Stope Stability and Verification Using Kinematic and 

Empirical Methods ............................................................................................................................................. 13 

David Saiang 

Analysis of Cave System in Weak Sandstone Using RS2 .................................................................................. 23 

Simon Ferley, Ian Williams 

Geotechnical Risk and Risk Mitigation in Deep Underground Mines in Hard, Brittle Rock ............................. 31 

W. F. Bawden 

Add Water and Get Problems, to Solve: Geotechnical Problems with Steep Rock Faces in Soft 

Sandstone and Limestone Varieties, Including the Effects of Water .................................................................. 51 

Ulf Köhler, J. Engelhardt 

Zoning of Soil Media by Raster Scan Algorithms for Two-Dimensional Steady State Flow ............................. 68 

Ahmed Al-Mufty 

Probabilistic Analysis of an Embankment Under Extreme Rainfall Events Considering Spatial 

Variability of Soil Strength Parameters .............................................................................................................. 79 

Leila Baninajarian, Sina Javankhoshdel, Rashid Bashir 

2013 Landslide Failure Mechanism and Back Analysis of Tijuana-Ensenada Scenic Highway ........................ 93 

Carlos Chávez, Rafael Soto, J. Eleazar Arreygue 

Regional-Scale Landslide Hazard Analysis in Sensitive Clays Using an Integrated Approach ....................... 101 

Ali Saeidi, Blanche Richer, Rama Vara Prasad Chavali, Maxime Boivin, Alain Rouleau 

Slope Stability Analysis for Optimisation of Overburden Dump Capacity in Opencast Coal Mines ............... 109 

Sravan Kumar Gara, Nirbhay Narayan Singh, Randip Singh, K. S. Rao 

Infrastructure Management Based on Vulnerability to Landslides .................................................................... 119 

Alex Cuéllar Díaz 

Landslide Disaster Risk Reduction Through Slope Stabilization: A Case Study of eThekwini, 

KwaZulu Natal, South Africa ........................................................................................................................... 127 

S. T. Mudenge, G. Fourie, L. Sobhee-Beetul, D. Kalumba 

Continuum-Based Voronoi Tessellated Models for Capturing Unloading-Induced Brittle Damage in 

Hard Rocks ....................................................................................................................................................... 137 

Fatemeh Amiri, Navid Bahrani 

Rock Reinforcement Data for Analysis and Design ......................................................................................... 146 

John Hadjigeorgiou 

Utilizing the Monte-Carlo Capability in RS2 for Machine-Learning Applications .......................................... 156 

Amichai Mitelman, Avshalom Ganz, Alon Urlainis 



Effects of Shear Wave Velocity and Thickness of Soil Layers on 1D Dynamic Response in the 

Saguenay Region, Quebec ................................................................................................................................ 165 

Asm Fahad Hossain, Mohammad Salsabili, Ali Saeidi, Juliana Ruiz Suescun, Miroslav Nastev 

Thermal Design of Small Modular Reactors in Northern Regions ................................................................... 174 

Mohammadhossein Afsharipour, Pooneh Maghoul, Najib Bouaanani, Richard Boudreault 

A Conceptual Assessment of Dynamic Analysis in RS3 .................................................................................. 181 

A. Pirayehgar, J. Carvalho, Y. Abolfazlzadeh, S. Moallemi, S. Javankhoshdel 

Utilizing Interferometric Synthetic Aperture Radar and Ground-Based Radar Data to Predict Time 

to Failure and to Calibrate Numerical Models on an Opencast Coal Mine ...................................................... 191 

Jacques Strydom, Ohveshlan Pillay 

On the Role of Air Flow in Air-Convection Embankments: Insights from Thermal Numerical 

Modeling .......................................................................................................................................................... 199 

Ahmed Ibrahim, Mohamed A. Meguid 

An Analytical Method for the Calculation of the Shaft Resistance of Axially Loaded Piles in 

Cohesive-Frictional Soils ................................................................................................................................. 209 

Lysandros Pantelidis 

An Analytical Method for Designing Embedded Retaining Walls ................................................................... 217 

Lysandros Pantelidis 

Active and Passive Lateral Earth Pressure on Retaining Walls with Broken Sloped Backfill Using 

Finite Element Limit Analysis .......................................................................................................................... 225 

Ali Shafiee, Alireza Eskandarinejad, Amir Hossein Shafiee 

Rock Mass Strength Analysis and Disturbance Factor Estimation of Heterogeneous Rock Masses 

for the Dam Foundation: A Case Study at Kanarwe River Basin, Kurdistan Region, NE-Iraq ........................ 233 

Fahmy Osman Mohammed, Ghafor Ameen Hamasur, Diyari Ali Almanmi 

The Conversion of Anisotropic Materials from 3D to 2D in Limit Equilibrium .............................................. 247 

Terence Ma, Brigid Cami, Sina Javankhoshdel, Brent Corkum 

Analysis of Slope Failure: A Case Study from the Pump House Cut Slope Wall of Lift Irrigation 

Scheme, Telangana State, India ........................................................................................................................ 257 

A. K. Naithani, D. S. Rawat, J. Ramesham, Mahesh Babu Tera, G. Bramhaiah 

On the Creep Analysis of Rock Masses by Using a Viscoelastoplastic Model ................................................. 264 

A. A. Jameei, A. Azami, S. Moallemi, K. Dang, T. Yacoub 

Interaction of Tunneling and Rock Slope Stability, Case Study St. Michael Rail Ways Tunnel 

(Wachau Railway/Lower Austria) .................................................................................................................... 278 

Saadati. Ghader, Schneider-Muntau. Barbara, Sina Javankhoshdel, Michael Mett, Heiner 

Kontrus 

Applying Logistic Regression Analysis in Modeling Settlement Analysis with Ground 

Improvement .................................................................................................................................................... 287 

Seok Hyeon Chai, Tara Stojimirovic, Thamer Yacoub 

Shear Behavior of 3D Printed Stochastic Rock Discontinuities ....................................................................... 298 

Amirhossein Medghalchi, Bing Q. Li 

Multi-Stage Thermal Creep Characteristics of Frozen Tailings ....................................................................... 309 

Dana Amini, Pooneh Maghoul, Amade Pouya 



Future Challenges in Tunnel Stability Analysis Using Artificial Intelligence and Machine Learning ............. 317 

Saadati Ghader, Schneider-Muntau Barbara, Sina Javankhoshdel, Mett Michael, Kontrus 

Heiner 

Detection and Attribution of Climate Non-Stationarity in Cold Regions Geotechnical Design Using 

Artificial Intelligence ........................................................................................................................................ 325 

Elham Kheradmand, Ali Fatolahzadeh Gheysari, Parisa Samadi, Sina Javankhoshdel, 

Terence Ma, Kien Dang, Dipanjan Basu, Pooneh Maghoul 

Applications and Modeling of Geosynthetics in Highway Infrastructure ........................................................ 339 

Lizeth Ardila Montilla, Cristina Schmidt, André Estêvão Silva, Carlos M. Rodriguez, Trevor 

Walker 

Slope Stability Analysis Using 2 & 3-Dimensional Methods of Basal Reinforced Slopes .............................. 352 

Carlos Rodriguez, July Jaramillo, Lizeth Ardila, Sina Javankhoshdel, Stephen Hughes 

Numerical Investigation of Reinforced Soil Segmental Walls Using Two-Dimensional Finite 

Element Analysis in RS2 .................................................................................................................................. 362 

Reza Jamshidi Chenari, Pooya Dastpak, Rita L. Sousa, Edna Lizeth Ardila, Carlos Rodriguez, 

Sina Javankhoshdel 

Back Analysis of Support Force—A Case Study .............................................................................................. 373 

Bijoy K. Halder, Kevin M. Erns 

Searching for the 3D Critical Slip Surface in an Open Pit Mine Using Spline Surfaces .................................. 385 

Terence Ma, Sina Javankhoshdel, Brigid Cami, Reginald E. Hammah, Brent Corkum 

3D Finite Element and Limit Equilibrium Modeling of the Initiation of Landslides ....................................... 396 

Rajib Dey, Sina Javankhoshdel, Amir Arsalan Jameei, Sina Moallemi 

An Overview of Recent Advancement in the Three-Dimensional Limit Equilibrium Method and Its 

Implication on Slope Stability Analysis for Iron Ore Mining ........................................................................... 407 

Wensong Zhang, Jan Janse Rensburg 

Investigation of Geometric and Smear Parameters in the Design of Prefabricated Vertical Drains in 

Manila Bay ....................................................................................................................................................... 425 

Ian-Will D. Ibañez, Giancarlo P. Ventura 

Predictions of Settlements of Pond Berms Over Mexico City Clays ............................................................... 432 

Francisco A. Flores, Iván Zárate, Jenny Ramírez, Néstor O. Gordillo 

A Ground Improvement Case Study Using Soil Replacement Or Stone Columns Using Settle3 and 

RS3 ................................................................................................................................................................... 439 

Seok Hyeon Chai, Luis Gonzalez, Sina Javankhoshdel 

Evaluation of Full-Scale Pile Load Testing Using Osterberg Cell ® in Till and Georgian Bay Shale 

in Southern Toronto .......................................................................................................................................... 450 

Darcy Hansen, Joe Carvalho, Paul Dittrich 

Development of a Strategy Around the Placement and Design of Temporary Bridges Spanning 

Mining Scars on an Opencast Strip Mine in South Africa Using Sound Rock/Soil Mechanics 

Practices ........................................................................................................................................................... 467 

Yogendran Arunachellan 

Forecasting the Depth of Failure in Underground Development ...................................................................... 478 

G. Sweby, P. Brenchley, P. Novomodny, J. Player, A. Sacco 



Metaheuristic Optimization Model Selection for Forecasting Surface Settling Caused by Tunneling ............. 491 

Asad Askari, Hasan Askari 

Approaches for Estimating Slope Breakback and Stability Longevity for Closure of Large Open 

Pits .................................................................................................................................................................... 505 

Trevor G. Carter, Loren J. Lorig, Erik Eberhardt, Phil J. H. Graaf 

Slope Stability in Open Pits with Thin Weak Layers ........................................................................................ 522 

Fredy A. Díaz-Durán 

Value Creation in an Open Cast Strip Mine Through Geotechnical Processes ................................................. 534 

N. Netshivhazwaulu, T. R. Stacey 

Stability Analysis of a Temperature-Dependent Jointed Rock Mass ................................................................ 557 

S. Moallemi, M. Bazargan, K. Dang, A. Azami, M. Abouelhassan 

An Analytical Method for Designing Laterally Loaded Piles .......................................................................... 567 

Lysandros Pantelidis 

RSPile Analysis of Two Osterberg Cell Load Tests on Post-Grouted and Conventionally Installed 

Caissons in Vaughan, Ontario ........................................................................................................................... 575 

Michael Diez Aux, Jason Crowder, John Westland 

A Comparative Analysis of a Laterally Loaded Pile Group Using Different Software .................................... 593 

Derek Egan, Ian Williams 

A Simplified Method of Incorporating Monitored Data for Settlement Prediction Using Bayesian 

Back Analysis Compared with Settle3 ............................................................................................................. 605 

Merrick Jones, Shan Huang, Jinsong Huang 

Foundation Design Alternatives for Residential Building Near Natural Slope ................................................ 615 

Alex Cuéllar Díaz 

Failure Mechanism and Behavior of Two-Tiered Bamboo Reinforced Mechanically Stabilized 

Earth Retaining Wall Subjected to Isolated Footing Load ................................................................................ 625 

Jlxeondyke Drie L. Ifurung, Giancarlo P. Ventura, Matthew Travis M. Alcantara 

Stochastic Slope Stability Analysis: Exploring the Uncertainty of Input Motion ............................................ 633 

Pooneh Shah Malekpoor, Susana Lopez-Querol, Sina Javankhoshdel 

RFEM Analysis of a Subway Station Considering Conditional Random Field ................................................ 641 

Elahe Mohammadi, Sina Javankhoshdel, Nicholas Vlachopoulos, Reza Jamshidi Chenari 

Developing SPT-CPT Correlation Models Using Hierarchical Bayesian Approach ........................................ 655 

Sara Khoshnevisan, Laith Sadik 

A Case Study of the Measurement of the Spatial Correlation Length of Soil Parameters Using SPT 

and CPT Field Tests Data ................................................................................................................................. 666 

S. M. Asadollahi, A. Fakher, S. Javankhoshdel 

A Practical Nonlinear Strength Criterion for Rock Masses and Other Geological Materials ........................... 681 

S. D. Cylwik, J. R. Killian, P. F. Cicchini 

Does Rock Engineering Need to Quantify GSI? .............................................................................................. 700 

Beverly Yang, Davide Elmo 



Application of Continuum-Based Voronoi Tessellated Models for Simulating Brittle Damage and 

Failure in Hard Rocks ........................................................................................................................................ 711 

Navid Bahrani, Yalin Li, Farzaneh Hamediazad, Soheil Sanipour, Fatemeh Amiri 

Elastoplastic Discretized Virtual Internal Bond Model and Its Application to Dynamic Fracture 

Simulation in Rock ........................................................................................................................................... 720 

Dina Kon, Alphonse Kakanda, Dave Mbako, Shu Jisen 

Mechanical Stability of a Tailings Dam Incorporating Principles of Unsaturated Soil Mechanics .................. 733 

Juan Pablo Cerutti, Marcelo Esteban Zeballos 

Mitigating Geotechnical Challenges Associated with Marshland Restoration in the San Diego Bay .............. 741 

Sam Giannakos, Andrew Barrett, John Laplante, David Cannon 

Internal and Global Analysis of a Gabion Wall Using 2D and 3D Limit Equilibrium Analysis: A 

Comparison of Multiple Methods ..................................................................................................................... 751 

Gianluca Brocca, Marco Vicari, Sina Javankhoshdel, Terence Ma, Brigid Cami 

Creating a System for Storing, Processing and Presenting Geotechnical Information for Ghana .................... 763 

Nancy Anataba Kyorku Dzikunu-Bansah, Felix J. F. Ayeh 

Anisotropic Strength Model for Stability Analysis on Metasedimentary Sandstone-Shale Rock 

Slope: A Case Study ......................................................................................................................................... 770 

Mohd Mustaqim Mohd-Nordin, Mohd Ashraf Mohamad Ismail, Mazlina Razali 

Pit Slope Design in Weak Rocks: Experience from Sukinda Chromite Valley, India ....................................... 783 

Jayeeta Dey, Sujit Roy, Abdul Matin 

Using a 3D Limiting Equilibrium Modelling Tool for Slope Stability in Weathered Rocks: A Case 

Study ................................................................................................................................................................. 790 

Mustapha Seidu, Peter Andrews 

Considering Fragmentation and Variability of Rockfall and the Third Dimension in Rockfall Barrier 

Design ............................................................................................................................................................... 799 

Manuel Eicher, Roberto Luis Fonseca, Helene Lanter 

A Framework for Back-Analysis of 3D Rockfall Trajectories ......................................................................... 806 

Arnold Y. Xie, Zhanyu Huang, Thamer Yacoub, Bing Q. Li 

On the Use of Dips and RocFall for Designing Structures in Highly Fractured Igneous Rocks in the 

Chilean Patagonia ............................................................................................................................................. 820 

Néstor René Espinoza Guillén, Jorge Andrés Arriagada Triana, Lorna Andrea González 

Martínez 

Coastal Cliffs Rockfall Analyses and Mitigation Measures Assessment Using RocFall3: A Case 

Study Along Shortland Esplanade in Newcastle, NSW (Australia) .................................................................. 827 

Davide Ettore Guccione, Abigail Watman, Klaus Thoeni, Oliver Buzzi, Anna Giacomini 

Using RocFall3 to Investigate the Rockfall Hazard Process on Highly Fractured Rocky Hills, 

Yaounde, Cameroon ......................................................................................................................................... 835 

Roger Bissaya, Robert Eko Medjo, Richard Tanwi Ghogomu, Bernard Njom, Bernadin Bohi 

RS3 Feasibility Modelling of a Semi-Circular Notched Sample Spalling Experiment .................................... 849 

M. Trzop, L. Gomez, A. G. Corkum 



Stability Analysis of Hard Rock Pillars Under Compressive and Shear Loading Conditions Using 

2D and 3D Numerical Modeling ...................................................................................................................... 859 

Farzaneh Hamediazad, Navid Bahrani 

Assessment of the Critical State Locus in Reconstituted Samples and Calibration of NorSand 

Model ............................................................................................................................................................... 870 

Rios Villarreal Eliza Alejandra, Botero Jaramillo Eduardo 

Influence of Geotechnical Parameters and In-Situ Stresses on Strainburst Potential ....................................... 879 

N. Ramirez, A. Delonca 

Author Index 

 




