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

Retrofit

Contract 6 Limits – Pier 64 to Pier 77 (5,041 LF)

▪ Inspection and Load Rating
▪ Design of New Piers and  Foundations
▪ Complex Steel Repairs Design
▪ Rocker Bent Replacement Design
▪ Bridge Finite Element Modeling and Analyses

▪ Seismic Design and Retrofit
▪ Soil-Structure-Interaction Analyses
▪ Ship Impact Design for Water Piers and Fender Design
▪ Construction Support Services



Arora and Associates –Arora and Associates’ Contracts  

Contract 6A Contract 6B Contract 8C

Arora is Prime Consultant for the Final Design of the rehabilitation from 
Pier 64 to Pier 77, about 1 mile long-13 spans



➢ Pier and Truss Rehabilitation Next to the Ramp
❑ Staged Construction

❑ Complex Steel Repairs
▪ Staging Analyses

▪ Analyses of Repair Details

❑ Structural Health Monitoring During Jacking of the Trusses

➢ Rehabilitation of the Piers and Foundations

➢ Rehabilitation of the Rocker Bents

➢ Seismic Analyses and Design
❑  Soil-Structure-Interaction Process

▪ Derivation of the Design Spectrum

➢ Current Construction Progress

Presentation Agenda



Pulaski Skyway – Typical Existing Piers

Pier 72

Pier 62

Pier 70

The existing piers in the section consist of minimally 
reinforced concrete columns founded on concrete box 
caissons.  Their column arrangement varies depending 
on the configuration of the superstructure, the 
subsurface conditions under each pier, the site 
conditions. There are two, three and four column piers.



I N T E R N A T I O N A L B R I D G E C O N F E R E N C E  2 0 1 8

Pulaski Skyway – Truss Spans Rehabilitation 

Earlier Construction of Ramp Piers 

Contract 6

Replacement of the Kearny Ramp Ahead of C6: Accelerated 

Replacement of Two Piers of C6 and Adjacent Truss 

Rehabilitation

Kearny Ramp



Replacement of the Kearny Ramp within the limits of C6

❖ The Bridge widens, adding 
trusses,  the ramp descends in the 
middle, then the bridge narrows 
and trusses are removed until the 
ramp is directly underneath the 
bridge.

❖ As part of the global rehabilitation, 
the Ramp within the limits of C6 
was replaced.

❖ Two Piers were replaced as part of 
this contract.



Replacement of the Piers at the Ramp- Construction Staging 

• Install Temp. Sheeting
• Install drilled shafts and construct 

Stage 1 footing

• Install temp. jacking structure
• Jack both trusses and transfer 

Truss support to temp. support 
structure.

• Construct Stage 3 foundation
• Construct pier and install new 

bearing
• Remove temp. structure

Used the initial stage of the new foundation to hold the temporary truss 
supports, then built up the new piers inside the temporary supports



PIER 77 –  SOLID PIER 
ELEVATION

PIER 76 CONSTRUCTION (Contract 
5) :

ORIGINAL PIER 76 – ELEVATION
(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 



Temporary Support Towers-Pier 74



Pier 74 Temporary Support Towers – D/C Check



Pier 74- Construction Staging



Pier 74- Construction Staging



Pier 74- Construction Staging



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



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



Pier Replacement: D/C – Before Jacking – All Load 
Cases Considered 

ROCKER 
BENT 

FROZEN 

PIER 77 
BEFORE 
JACKING



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

JACKING

JACKING

JACKING

JACKING

ROCKER 
BENT 

FROZEN

PIER 77 – 
DEMOLISHED  

AFTER JACKING



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



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



Structural Monitoring Plan



Replacement of the Kearny Ramp within the limits of C6

❖ As part of the global 
rehabilitation, the Ramp within 
the limits of C6 was 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– Examples



Truss Rehabilitation–Inspection Recommendations



Truss Rehabilitation: CSiBridge Modeling and Analyses to 
Develop Construction Sequence

L1’

LM1 LM2

L2’

Removed 
members in 

red



Truss Rehabilitation: Construction Staging

Stage 1

Stage 2

Stage 3 Stage 4



Truss Rehabilitation: Jacking of the Trusses- Complex FEA

Jacking 
Point

Jacking 
Point

Detailed 
Model



Truss Rehabilitation- Complex FEA to Design Difficult 
Gusset Plates Retrofit



Pier 74

Congestion



Pier 74 Strut



Pier 74- Strut



Typical Pulaski Deck Truss Rocker Bent 



Typical Deck Truss Rocker Bent Rehabilitation



As-Built-CSiBridge Model (within Global Model)



Staging - Strengthen Vertical (within Global Model)

Jacking
Bracket

Add 
Outer 
Jacket



Add Diagonal Bracing and Jack- (within Global Model)

Added
Bracing

Jack



Cut Existing Vertical Top (within Global Model)



Replace Vertical Top with Bearing
Final Condition

Added
HLMR 

Bearing

Jack
Removed



Seismic Analyses and Design



Seismic Analyses and Design

Standalone Model

Global Model



Seismic Analyses and Design



Seismic Analyses and Design: Recommended Design Spectrum 
Development



Pier Replacement: Preparation





Pier Replacement: Stage 1 New Foundations



Pier Replacement: Stage 1 New Foundations



Pier Replacement: Stage 1 New Foundations



Pier Replacement: Stage 1 New Foundations



Pier Replacement: Stage 2 Temporary Supports



Pier Replacement: Stage 2 Temporary Supports



Pier Replacement: Stage 2 Temporary Supports



Pier Replacement: Stage 2 Temporary Supports



Pier Replacement: Stage 2 Temporary Supports



Pier Replacement: Stage 2 Demolition



Pier Replacement: Stage 2 Demolition



Pier Replacement: Stage 2 Demolition



Pier Replacement: Stage 2 Demolition



Pier Replacement: Stage 2 Demolition



Pier Replacement: Stage 2 Demolition



Pier Replacement: Stage 2 Demolition



Pier Replacement: Stage 2 Demolition
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