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INTRODUCTION

REF: Prof. Dr. J.N.Jha, Dept of Civil Eng, Guru Nanak Dev Engineering College, Ludhiana
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UNRESTRAINED GROUND DISPLACEMENT

REF: Caltrans Design Guide

 Larger Soil Mass Movement

 Foundation Displacement 

characterized “Unrestrained”

 Design Parameter is Estimated 

Crust movement

Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP



OUTLINE

 Introduction

 Unrestrained Ground Displacement

 Foundation Restrained Ground Displacement

 Analysis Procedures

 Example

 Conclusion

Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP



RESTRAINED GROUND DISPLACEMENT

REF: Caltrans Design Guide

 Partially Restrained By Foundation Elements

 Foundation Displacement characterized 

“Restrained”

 Determine Displacement of the sliding mass 

as function of the pile group resistance

Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP



RESTRAINED GROUND DISPLACEMENT

REF: Caltrans Design Guide

 Curve (1) – Expected crustal displacement for given constant 
resistive force

 Curve (2) – Foundation resistive force corresponding to given 
crustal displacement

 Curve (3) “Running Average” of Foundation resistive force.

Balanced Foundation 
Restrained Soil 
Movement
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ANALYTICAL FRAMEWORK
MODELING PILES

REF: Caltrans Design Guide

Restrained
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NON-LINEAR BENDING
PROPERTIES @ LPILE
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ESTIMATING CRUST MOVEMENT

 The Bray and Travasarou method

 Faris (2006) Method

 Youd et al. 2002 

 Bardet, Jean-Pierre, et al. 2002 

 Zhang, G., et.al. 2004

Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP



ESTIMATING CRUST MOVEMENT

REF: Caltrans Design Guide

Two Recommended Methods

Bray and Travasarou (2007)

Faris (2006)
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APPLY CRUST MOVEMENT TO
PILES
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UNRESTRAINED CRUST
DISPLACEMENT CASE PROCEDURES

 Assess the Soil Profile using PGA based on 5% in 50 yrs
Hazard. Liquefaction Evaluation Shall be Based on Youd
et al. (2001)

 Assign Residual Strength of Liquefiable layers

 Find Crust Displacement 

 Develop Foundation Model (Super Pile)

 Impose Soil Displacement Profile to Foundation Model

 Evaluate Foundation for Applied Lateral Spread Loads
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RESTRAINED CRUST DISPLACEMENT
CASE PROCEDURES

 When Potential Sliding Mass is Limited in Size, Lateral Stiffness of 
the Foundation Can Impede its Movement

 Restraining Effect Can Result in Significant Economy Since 
Reduced Displacement Demand

 Accounting Foundation “Pinning” Effect
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RESTRAINED CRUST DISPLACEMENT
CASE PROCEDURES

 Geotechnical Engineer Provide Unliquefied p-y Curves 
and 5% in 50 Year Design Spectrum to Bridge Designer

 Bridge Designer calculate Inertia Displacement Demand 
Using Unliqufied p-y Curves

 Geotechnical Engineer Assess the Soil Profile using PGA 
based on 5% in 50 yrs Hazard. Liquefaction Evaluation 
Shall be Based on Youd et al. (2001)

 Geotechnical Engineer Assign Residual Strength of 
Liquefiable layers

 Bridge Designer Update Liquefiable p-y Curves to Soil 
Layers
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RESTRAINED CRUST DISPLACEMENT
CASE PROCEDURES

 Bridge Designer Calculate Inertial Displacement 
Demand Using Unliqufied p-y Curves

 Bridge Designer Calculates Resisting Force (FABUT) Using 
Full Height of the Abutment and the Passive Resistance 
Pressure

 Geotechnical Engineer Perform Slope Stability Analysis 
Accounting Abutment Resisting Force (FABUT) and 
Provide Force-Deflection Curve 

 Bridge Designer Derives the Force –Deflection Curve 
For Existing / Existing +Retrofit Piles (Allow Multiple 
Plastic Hinges to it’s Full Capacity
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RESTRAINED CRUST DISPLACEMENT
CASE PROCEDURES

Determining Displacement for Restrained Lateral Spreading
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RESTRAINED CRUST DISPLACEMENT
CASE PROCEDURES

 Case – I
100% (Kinematic) + 50% (Inertial) -> Peak Pile Cap 

Displacement

 Case – II
50% (Kinematic) + 100% (Inertial) -> Peak Pile Moment 

& Shear 

Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP



PILE CAPACITY – EMBEDDED PILES
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PILE CAPACITY – EMBEDDED PILES
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 Existing Piles
 Allowed to be damaged or even to pin as long as drift 

does not exceeds the values shown in the following table

REF: Caltrans Design Guide
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HILL FERRY ROAD SEISMIC RETROFIT
PROJECT LOCATION
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HILL FERRY ROAD SEISMIC RETROFIT
BRIDGE PLAN & ELEVATION
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HILL FERRY ROAD SEISMIC RETROFIT
PROJECT PHOTOS
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BRIDGE SUMMARY
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LATERAL SLIDING SURFACE
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VULNERABILITIES
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HISTORIC CHANNEL MIGRATION
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PROJECT BACKGROUND
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PROJECT ASPECT & GOAL
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POSSIBLE ANALYSIS CASES – FRAME-1
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BALANCED FRAME DISPLACEMENTS
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LPILE ANALYSIS
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UNRESTRAINED ANALYSIS

Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP



HILL FERRY ROAD SEISMIC RETROFIT
LPILE RESULTS
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RESTRAINED ANALYSIS -
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HILL FERRY ROAD SEISMIC RETROFIT
RESTRAINED ANALYSIS

Foundation Restrained Soil 
Movement Demand – With 
Existing Piles

FR-1 100% + FR-2 & 3 Elastic
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HILL FERRY ROAD SEISMIC RETROFIT
RESTRAINED ANALYSIS

Foundation Restrained Soil 
Movement Demand – With 
Existing Piles + Retrofit Piles

FR-1 100% + FR-2 & 3 Elastic
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PRELIMINARY RETROFIT DETAILS
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HILL FERRY ROAD SEISMIC RETROFIT
PRELIMINARY RETROFIT DETAILS – BENT 2 & 3

Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP



Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP

HILL FERRY ROAD SEISMIC RETROFIT
PRELIMINARY RETROFIT DETAILS – BENT 4



Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP

HILL FERRY ROAD SEISMIC RETROFIT
PRELIMINARY RETROFIT DETAILS – PIER 5 & 6



Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP

HILL FERRY ROAD SEISMIC RETROFIT
PRELIMINARY RETROFIT DETAILS – PIER 7-10



Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP

HILL FERRY ROAD SEISMIC RETROFIT
PRELIMINARY RETROFIT DETAILS – BENT 11 – 18



Foundation  Restrained Liquefaction Induced lateral Spreading Analysis                                                       By: Ahilan Selladurai, PE, SE, PMP

HILL FERRY ROAD SEISMIC RETROFIT
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CONCLUSION

 Conservatism when designing or Retrofitting 
Bridges in Liquefiable / Lateral Spreading Soil 
Can Result in Unnecessary Cost

 Well- Designed Bridges May Experience Damage 
Due to Soil Liquefaction During The Earthquake 
But They Are Not Expected To Collapse.

 Restrained Analysis Case, Bridge plays Major 
Role In Reducing Displacement

 Refined Analysis Reduce Conservatism
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