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Pulaski Skyway - Superstructure & Substructure Rehabilitation, 
Seismic Retrofit Program

Contract 6 Limits ςPier 62 to Pier 77 (5,041 LF)

Hackensack River CrossingUnderside of Deck

ÁVital link in the Northern New 

Jersey/New York Metropolitan 

Á18,498-ft long

ÁCarries over 70,000 vpd



Pulaski Skyway ïTruss Spans Rehabilitation 
ïContracts By DESIGN  

Contract 9

Contract 9 Contract 6 Contract 8

Contract 8

ARORA- Prime Consultant



Pulaski Skyway ïTruss Spans Rehabilitation 
ïContracts By DESIGN  

Contract 6

Replacement of the Kearny Ramp Ahead of 

C6: Accelerated Replacement of Two Piers 
of C6 and Adjacent Truss Rehabilitation

Kearny Ramp



Arora Prime Consultant for Contract 6 (C6)
Superstructure & Substructure Rehabilitation, Seismic Retrofit

Contract 6 Limits ςPier 62 to Pier 77 (5,041 LF)

Á Inspection and Load Rating
ÁDesign of New Piers and  

Foundations
ÁComplex Steel Repairs Design
ÁRocker Bent Replacement Design
ÁBridge Finite Element Modeling 

and Analyses

ÁSeismic Design and Retrofit
× Soil-Structure-Interaction Analyses

ÁShip Impact FE Analyses for Water Piers 
and Fender Design

ÁProgram-wide Lighting,  ITS and Utility 
Engineering

ÁConstruction Support Services



ü Pier and Truss Rehabilitation Next to the Ramp
Ç Complex Steel Repairs

Á Stagging Analyses

Á Analyses of Repair Details

Ç Structural Health Monitoring During Jacking of the Trusses

ü Rehabilitation of the Piers and Foundations

ü Seismic Analyses and Design
Ç Soil-Structure-Interaction Process

Á Derivation of the Design Spectrum

Presentation Agenda



Kearny Ramp Piers Replacement and Truss 
Rehabilitation



Replacement of the Kearny Ramp within the limits of C6

× As part of the global 
rehabilitation, the Ramp within 

the limits of C6 is being replaced.

× Structural Inspection of the 
Trusses after removal of the Ramp  

revealed additional deterioration 
not visible w/o removal of Ramp.



Truss Rehabilitation: Inspection Findings ïExamples



Truss Rehabilitation ïInspection Recommendations



Truss Rehabilitation: CSiBridge Modeling and Analyses to 
Develop Construction Sequence
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Truss Rehabilitation: Construction Staging

Stage 1

Stage 2

Stage 3 Stage 4



Replacement of the Piers at the Ramp - Construction Staging 

Å Install Temp. Sheeting

Å Install drilled shafts and construct Stage 

1 footing

Å Install temp. jacking structure

Å Jack both trusses and transfer Truss 

support to temp. support structure.

Å Construct Stage 3 foundation

Å Construct pier and install new 

bearing

Å Remove temp. structure



Truss Rehabilitation: Jacking of the Trusses - Complex FEA

Jacking 

Point
Jacking 

Point
Detailed 

Model



Truss Rehabilitation - Complex FEA to Design Difficult Gusset Plates 
Retrofit



Kearny Ramp Piers Replacement - Structural Health 
Monitoring of Jacking Operations at Piers 76 -77



Pier Replacement: Variation in DL Forces During Jacking of 
the Trusses



Pier Replacement: D/C ïBefore Jacking ïAll Load Cases 
Considered 

ROCKER

BENT

FROZEN

PIER77 
BEFORE

JACKING

D/C = 
1.25



Pier Replacement: D/C for After Jacking ïAll Load Cases 
Considered

JACKING

JACKING

JACKING

JACKING

ROCKER

BENTFROZEN

D/C = 

0.93

PIER77 ðDEMOLISHED

A FTERJACKING



Pier Replacement: Monitoring at Pier 77 Instrumentation Plan 
Developed by Arora



Pier Replacement: ǧů= Change in Stress Due to Jacking Operation ONLY



Pier Replacement: Demand/Capacity Ratios -Predicted vs Measured



Pier Replacement: Lessons from Monitoring the Jacking Operations

×Goodagreementwith predictedchangesin deadloadstresses

×Closeagreementwith predictedDemandoverCapacity(D/C) ratios

×Confirmedthe OperationProcedureswere soundandsafe

×Guideto the overallapproachto PierRehabilitationProgram



Rehabilitation of the Piers and Foundations



Rehabilitation of the Piers and Foundations ïTypical Existing Piers

Pier 72

Pier 62

Pier 70



Rehabilitation of the Piers and Foundations ïC6 Existing Piers

Pier 70 Piers 65 and 66



Rehabilitation of the Piers and Foundations ïC6 Existing Piers

Pier 75 Pier 72



PIER 77 ðSOLID PIER ELEVATION

PIER 76 CONSTRUCTION 
(Contract 5) :

ORIGINAL PIER 76 ðELEVATION

(SHOWN WITH TEMPORARY 

SUPPORT SYSTEM)

SUPPORT SYSTEM AT 

PIER 77

(EXISITNG PIER 

REMOVED)

Pier Foundation Arrangement Along Section 6Successful Construction of Piers 76 and 77 



Rehabilitation of the Piers and Foundations - Temporary 
Supports Evaluation



Rehabilitation of the Piers and Foundations Temporary Supports 
Evaluation



Rehabilitation of the Piers and Foundations - Typical 
Recommended Pier -Foundation Rehabilitation

New Pier Column

New Drilled -Shaft Cap

Ground Surface

Existing Caisson

New Drilled -Shaft

Elevat ion View

Plan View



Seismic Analyses and Design:

ÅSoil -Structure - Interaction Process

ƴDerivation of the Design Spectrum



Seismic Analyses and Design: Soil Structure Interaction Process

The SSI analytical/design process is multidisciplinary and includes:

ü Geotechnical and soil dynamics aspects

ü Structural and structural dynamics facets

ü Numerical issues

ü Earthquake engineering matters

ü Finite element analysis (FEA) challenges

ü Software considerations.



Seismic Analyses and Design: Uncoupled Model Analysis



Seismic Analyses and Design: SSI Analyses Process - Main Steps



Seismic Analyses and Design: CSiBridge FE Model of the 

Bridge Section under Contract 6

 



Seismic Analyses and Design: Standalone Model Pier 65 ïVibration 
Modes Verification

Standalone Model Global Model



Seismic Analyses and Design: Example of MIDAS FE Model of 
one Soil/Foundation System Analyzed

 



Seismic Analyses and Design: Soil Free Field Analysis ï1D Analysis 

Rock

Silt 3
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a) Rock Time History 

Record

b) ñDynamic Propertiesò

VsïProfile
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Saturated Unit Weight 

a) Soil Free Field Response 

Time History and Spectrum 

b) Each Layer:

ÅGStrain Compatibility = GConverge

ÅMaterial Damping Ratios 
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CSiBridge Midas GTS NX

No Soil ðFoundation Standalone

Solve: [k]{x} + [M]{a} = 0

Seismic Analyses and Design : Standalone Foundation Models

MIDAS Modeling vs. CSiBridge Modeling - Mode 2, Period = 1.395 sec



Seismic Analyses and Design: Standalone Foundation: MIDAS 
Foundation Modeling - Refined vs. Coarse Foundation Models

Coarse (Midas GTS NX)
Period = 0.266 sec

No Soil ðFoundation Standalone

Solve: [k]{x} + [M]{a} = 0

Refined (Midas GTS NX)
Period = 0.274 sec



Seismic Analyses and Design: Foundation/Soil Block Mesh Layout

Coarse Mesh

Refined Mesh

Plan View



Seismic Analyses and Design: Response Spectra: Refined vs. 
Coarse Model of Foundation - Free Field
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Seismic Analyses and Design: Response Spectra: Refined v. 
Coarse Model of Foundation - Top of Proposed Foundation
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Seismic Analyses and Design: Obtaining the Interface Motions ï3D 
Time History Analysis

Output:
Interface Motions (at  Soil/Foundat ion 
and Pier/Superstructure Interface):
TH and Spectrum

Solve: [k]{x} + [M]{a} + [c]{v} = {F t}

[C] = ʰϊ[M]+ʲϊ[K] = Rayleigh Damping 

a) Rock Time History Record

b) From 1D FFA, Each Layer
ÅGconv erge

ÅMaterial Damping Conv erge

ÅSaturated Unit  Weight

Input: 
Rock TH Record
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Seismic Analyses and Design: Soil -Foundation System Damping Effects
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WOH

Seismic Analyses and Design: C6 Section Subsurface Profile



Seismic Analyses and Design: C6 Section Subsurface Profile

WOH Pending Subsurface 

Investigation



Seismic Analyses and Design: C6 Section Subsurface Profile

Å B-5 ïBoring By Parsons Brinckerhoff

Å AA-48 ïBoring By Arora and Associates Å HB-21 ïBoring By HNTB



Seismic Analyses and Design: Developing The Design Spectrum 

A: Free Field Response Pier 64 ςSoil Properties Variation
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B: Free Field Response, Piers: 62, 64, 67, 68, 69, 70, 72, 75, 76, 77

Aroraõs Section 6 Developed 

Design Spectrum Envelope



Seismic Analyses and Design: Developing The Design Spectrum 

B: Significant Periods of Vibration for Pier 70A: Response Spectra at Top of Proposed Foundation ςAccounting 
for SSI Kinematic Effects at Piers 64. 68, 70 and 75 
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