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SUMMARY
The 18,498-ft long Pulaski
Skyway spans between Newark
and Jersey City, in NJ. The
bridge is comprised of two
contiguous structures over the
Passaic and Hackensack Rivers.
This paper focuses on Contract
6 of the Pulaski Skyway
rehabilitation program. This
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portion crosses the Hackensack
River and extends from Span 61
on the eastern side of Pier 62 to
Span 77 on the western side of
Pier 77 for a length of 5,041
feet. Arora and Associates, P.C.
(Arora) is the prime consultant
for this contract. Rehabilitation
is underway to extend its service
life,
mitigate
functional
deficiencies,
and
improve
overall conditions and safety.
The main tasks to achieve the
project goals include: modeling
and analysis of the structure to
assess seismic vulnerability,
load rating of all truss elements
to identify members that require
strengthening to meet current
design standards, design of new
substructures in the river’s
spans, structural steel repairs
including
seismic
retrofit,
bearing replacement, rocker
bent replacement and fender
design. Extensive and detailed
analyses is required for the
design of some of the truss
repairs and the replacement of
the
rocker
bents.
The
recommended rehabilitation of
the piers provides independent
concrete shells around the pier
columns
to
support
the
superstructure, bypassing the
existing columns. The new
shells will be supported on
drilled shafts, micropiles or
combinations thereof, built next
to the remaining deep caissons.
A new reinforced concrete cap
will span over the existing
caissons and around the existing
columns. A multiple-step SoilStructure-Interaction
(SSI)
analysis evaluated the effects of
the existing caissons and new
foundations on the seismic
response. Results showed that
the kinematic effects could not
be ignored in the analyses and
subsequent design of the piers,
foundations and rehabilitation of
the existing trusses.

ENGINEERING CHALLENGE: THE REHABILITATION OF
THE PULASKI SKYWAY BRIDGE
Introduction
The Pulaski Skyway is a vital structure along the
Route 1 & 9 corridor between Newark and Jersey

mitigate functional deficiencies to a practicable
degree and improve the overall condition and safety
of the roadway. Of the 10 contracts that are part of
the NJDOT's Pulaski Skyway rehabilitation

Figure 1. Pulaski Skyway Hackensack River Span
City in New Jersey and provides an important
connection to the Holland Tunnel leading to New
York City (NYC). The bridge was opened to traffic
in 1932 and is near the end of its projected useful
life. The existing Skyway is 18,498-ft long and it is
comprised of two contiguous structures, one over the
Passaic River and NJ Turnpike; and the second over
the Hackensack River.
The bridge structural
framing consists of a combination of different truss
types, girder-floorbeam-stringer spans, and throughgirder configurations. The viaduct also includes
three major ramps from local roads known as the
Newark, Broadway and Kearny ramps. The Skyway
carries four lanes of traffic with over 70,000 cars per
day. No truck traffic is allowed on the bridge.
The New Jersey Department of Transportation’s
(NJDOT) is undertaking a $1B rehabilitation
program of the Skyway to extend the service life of
this National Register of Historic Places (NRHP)
listed structure. The rehabilitation will bring the
Pulaski Skyway into a state of good repair, address
structural deficiencies, extend its service life,

program, Contracts 5 through 9 address the
rehabilitation needs of the steel trusses
superstructure and concrete substructures.
This paper focuses on Contract 6 of the Pulaski
Skyway rehabilitation program. This portion crosses
the Hackensack River (Figure 1) and extends from
Span 61 on the eastern side of Pier 62 to Span 77 on
the western side of Pier 77 for a length of 5,041 feet.
Arora and Associates, P.C. (Arora) is the prime
consultant for this contract.
The main tasks to achieve the project goals within
Contract 6 include: modeling and analysis of the
structure to assess seismic vulnerability, load rating
of all truss elements to identify members that require
strengthening to meet current design standards,
design of new substructures from Piers 62 through
77, structural steel repairs including seismic retrofit,
bearing replacement, rocker bent replacement and
fender design. The following sections of this paper
discuss these items as well as the criteria necessary
to achieve them.

Figure 2. Pier 72 (left) Four Column Pier, Pier 62 (middle) Two Column Pier;
and, Pier 70 example of Three Column Pier
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Major Items in the Rehabilitation
Program
Pier and Foundation Rehabilitation
The existing piers in the section of Contract 6
consist of minimally reinforced concrete columns
founded in most cases on concrete box caissons.
Their exact column arrangement varies depending
on the configuration of the superstructure, the
subsurface conditions under each pier, and
constraints imposed by the site conditions. There are
two, three and four column piers in this section.
Examples of pier arrangements are shown in Fig. 2.
As part of the rehabilitation program, a coring and
testing program was conducted to determine the
condition and properties of the existing pier
concrete. The results indicated that the piers in this
section of the Skyway require extensive
rehabilitation or replacement to meet the goal of
extending their service life for another 75 years.
Following this assessment, multiple alternatives

drilled shafts; however, where the existing headroom
creates clearance issues for drilling equipment,
micropiles will be utilized. Once the proposed deep
foundations are in place and a new drilled shaft cap
is built around the existing pier foundation, the
shells will be cast and the entire superstructure load
will be transferred into the new pier shell, bypassing
the existing concrete columns. The existing pier
struts and X- bracing will be replaced with new nonstructural elements to match the appearance of the
existing features. See Figure 3.

Fender Design
Like the land piers, the existing piers in the
Hackensack River will undergo a similar
rehabilitation which results in an increase in the
foundation footprint and requires the replacement of
the existing timber fender system. As directed by
NJDOT, Arora utilized a design vessel obtained
from the vessel survey performed for the recent
Wittpenn Bridge replacement project, which is
located just upstream on the Hackensack River.

Figure 3. Typical Pier Foundation Arrangement
were evaluated to address the poor condition of the
pier concrete. The recommended rehabilitation
approach is to provide an independent reinforced
concrete shell around the existing columns
maintaining a gap between the new shell and the
existing pier columns. The piers will rest upon new
independent deep foundations placed outside the
limits of the existing caisson remaining in place. In
general, the proposed piers will be supported by

Superstructure Member Rehabilitation
Members were evaluated based upon two conditions:
A) “As-Constructed” (original dimensions) and B)
“As-Inspected” which accounted for section loss,
pack rust and any modifications that occurred as a
result of many rehabilitations. Based upon the
inspection findings, the load rating analysis, and the
seismic evaluation there are six (6) possible
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conditions for which components of the Skyway’s
superstructure would need to be rehabilitated or
repaired:
1. Steel truss members or floorbeams that under
either the as-constructed or as-inspected
condition have an inventory rating less than 1.0.
2. Gusset plate members that under either the asconstructed or as-inspected condition have an
inventory rating less than 1.1 under the FHWA
approach and less than 1.0 under the AASHTO
MBE approach.
3. Any primary or secondary truss members,
floorbeams, or gusset plates with insufficient
capacity to resist seismic forces.
4. Steel members with more than ½” of pack rust,
any members with 100% section loss (holes),
structural steel members with less than 5/16”
remaining metal thickness, or gusset plates with
less than 3/8” remaining metal thickness (see
Section 6.7.3 of AASHTO LRFD Bridge Design
Specification.)

determined that the present condition of the rocker
bents would not achieve the goal of extending the
service life of the Skyway by 75 years and would
require extensive rehabilitation, if not outright
replacement. The Arora team, as part of a joint effort
with the design engineers (DE’s) of the adjacent
sections of Contracts 8 (Piers 45 to 61) and Contract
9 (piers 78 to 98), performed analyses and
evaluation of different alternatives to determine a
recommended procedure to replace the rocker bents
in the main truss within Contract 6. Based on the
findings of the rocker bent rehabilitation study, the
three DE’s for the main truss sections recommended
the following three alternatives, out of the many
considered in the study, for the rehabilitation of the
rocker bents:

5. Steel batten plates and lacing bars with section
loss greater than 30%.
6. Rivets with greater than 50% head loss.

Rocker Bent Rehabilitation
The Rocker bents are the primary mechanism by
which the thermal movements of the trusses are
accommodated (Figure 5). Inspection findings
indicated that as a result of extensive corrosion, pack
rust and member deterioration, the rocker bents have
“locked up” and no longer function as originally
intended. In lieu of rotation and sliding at the pins,
thermal movements were accommodated through
bending of the vertical member of the rocker bent
assembly. Based upon these findings, it was

Figure 4. Typical of Bottom Lateral System
Struts Deterioration
1.

Replacement using Temporary Foundation
Support (Alternative 1)

2.

Pin & Partial Gusset Plate Replacement with
HLMR bearing (Alternative 7)
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Lower Pin/ Sliding Joint
Location (L6-L0)

See Photo Above
Figure 5. Typical Pulaski Deck Truss Rocker Bent
3. Rocker Bent Elimination/Reduction through
as the bearings conditions. As mentioned above,
Continuity (Alternative 8)
Arora also analyzed preliminary alternatives for
rocker bent replacement by modifying the existing
During the development of the rocker bent study,
global CSiBridge model to evaluate various rocker
Arora performed analyses to evaluate the structural
bent retrofit options (See Figure 7) in conjunction
response within Contract 6 considering the current
with bearing conditions.
fixity condition of the rocker bents (Figure 6) as well
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The study recommended that more than half of the
locations (5) within Section 6 be retrofitted with
Alternative 7. The

Figure 6. Sample schemes analyzed by

Arora to validate field observations

Figure 7. Analyses for Truss Continuity

Alternative
rocker bent at the Hackensack River pier was
recommended for lock-up and possible rearticulating

of the truss at the pier bearing level (Alternative
8). Alternative 1 is the recommended option at
the three rocker bents in the vicinity of the
Kearny Ramp.

Developing Project Specific Criteria
In early 2014, the NJDOT issued a “Design and
Rating Criteria (DRC) – Contracts 5 through 9.” The
intent of this document was to provide a uniform

approach for all the contract section designers.
Through the course of the design, the need for
revisions to the DRC for topics related to the truss
spans have arisen that were not addressed by the
original DRC. Changes to the DRC were formalized
through the Design Communication Reports (DCR)
for each contract to supersede or supplement the
latest DRC. During the progression of final design,
NJDOT required that the three DEs responsible for
the truss sections, Contracts 5, 6 and 9, coordinate to
have as much consensus as possible on several
topics. During this process, many significant
decisions were made that impacted the analyses,
evaluation, and design aspects of the project, as well
as budget and schedule. The most significant
decisions included the design of new pier shells, new
foundations and the rehabilitation of the Rocker
Bents.
The following cases
challenges:

illustrate

some

of

the

The Overall Seismic Criteria - The Design and
Rating Criteria (DRC), provide guidance for the
seismic retrofit of the existing structure. However,
the new pier shells, drilled shafts, and micropile
deep foundations, and assorted pier elements, should
not be considered as a retrofit, but as a new design,
and thus, they are designed in accordance with the
AASHTO Bridge Design Specifications and seismic
design requirements for new bridges. Therefore,
instead of following the requirements of the FHWA
Seismic Retrofitting Manual for Highway
Structures, as would be followed per the original
DRC for the seismic retrofit of the superstructure
and bearings, the new pier construction will conform
to the requirements of the AASHTO Guide
Specifications for LRFD Seismic Bridge Design,
and /or the AASHTO-LRFD Bridge Design
Specifications, as applicable.
Due to the varying conditions along the Skyway, the
initial DRC specified multiple site-specific response
spectra that corresponded to a 1,000-year event (7%
probability of exceedance in 75 years.) The
spectrum for Piers 64 to 98, for example, had
spectral accelerations at 1.0-second (SD1) and at 0.2seconds (SDS) of 0.100g and 0.350g, respectively.
Per the AASHTO Guide Specifications, Table 3.5-1,
an SD1 of 0.100 corresponds to Seismic Design
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Category (SDC) A for bridges of conventional
construction. Similarly, per the 2014 7th Edition
AASHTO-LRFD Bridge Design Specifications,
Table 3.10.6-1 the Skyway would be categorized as
Seismic Zone 1. Were these categories to be utilized,
no seismic demand analysis, seismic capacity
design, or liquefaction evaluation would be required.
However,
these
tables
constitute
an
oversimplification and establish the SDC/Seismic
Zone as a function of only SD1, ignoring the fact that
all bridges have more than one significant period,
both in the long and short period range. Table 1-5 of
the FHWA Seismic Retrofitting Manual for
Highway Structures establishes the Seismic Hazard
Level (equivalent in this context to the SDC/Seismic
Zone) with the inclusion of both long period (SD1)
and short period ranges (SDS) to avoid unconservative design/retrofit. This is consistent with
the approach presented in project NCHRP 12-49 (the
predecessor of AASHTO BDS and Guide
Specifications) and current building codes. Using
Table 1-5 of the FHWA manual to classify the
Skyway, with an SDS of 0.350, would correspond to
a Seismic Hazard Level II or an equivalent SDC B
or Seismic Zone 2.

the demands of the selected design hazard level
(500-yr, 1,000-yr, etc.).
When using a single design hazard level, current
national codes (AASHTO and building codes), as
well as local codes such as the NYCDOT Seismic
Design Guidelines for Bridges (Reference 1), require
safety against a Maximum Credible Earthquake,
which was identified nationally as a 2,500- yr. return
period event. Since there is always a possibility that
the design demands may be exceeded, the challenge
becomes how to apply this in practical terms. The
answer resides in the code requirements for proper
detailing to ensure controlled damage and no
collapse.

Therefore, considering the FHWA criteria and due to
the nature of this structure (which is categorized in
the DRC as “Essential”), the NJDOT agreed to
classify the Pulaski Skyway as Seismic Design
Category B/Seismic Zone 2. Per AASHTO, these
categories will require a more rigorous design and
detailing effort than the nominal seat length check
and connection design force that would be
performed for SDC A/Seismic Zone 1. The level of
investigation required for SDC B/Seismic Zone 2 is
in keeping with the intent of the seismic
requirements defined in the scope of work and
provides a new pier/foundation design that would
meet all appropriate seismic detailing requirements.
Applying A Probabilistic Approach to Retrofit - An
Example - Edge Buckling of Gusset Plates- The
selection of the hazard level for the evaluation of the
performance of a structure is associated with a
probability of exceedance - in other words, every
hazard level could be exceeded. Therefore, the
seismic codes require proper detailing, even when
the strength capacity of a member is not exceeded by

Figure 8. Typical Gusset Plates
There are approximately 6,000 gusset plates on the
main trusses of the Pulaski Skyway just between
piers 45 to 98. Failure of these connections within
the fracture critical main trusses under earthquake
excitations, could lead to collapse of the structure.
For seismic evaluation of gusset plates, there is no
established code requirements or procedures. A
DCR
provided
designers
a
consensus
recommendation for the procedure. The evaluation
of potential failure modes of gusset plates under
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seismic demands, include buckling of the “free”
edges of the gusset plate as follows:


Check edge buckling for all gusset plates for
seismic demands
a.

𝐿⁄ ≤ 1.6√𝐸⁄
𝑡
𝐹𝑦 (References 2 thru 5)

(where L is the length of the unsupported edge and t
is the thickness of the plate)
Following a preliminary screening, it was discovered
that thousands of gussets might need to be retrofitted
unless the original DRC was modified or
supplemented by other criteria or pre-screening
procedure. Arora proposed a methodology that
significantly reduced the number of required
retrofits.
Local buckling of the unsupported edge of a gusset
plate can occur only when the member connected to
that gusset edge is subjected to compression loading.
The check identified above is only a geometric
check and does not consider any specific seismic
hazard level, i.e. similar in that sense to AASHTO’s
check of the unsupported length of a bearing bridge
seat, which is not linked to any hazard level but it is
required for proper detailing. The methodology
developed for the project, uses the hazard levels to
pre-screen the gussets, setting a reasonable limit of
exceedance to determine which gussets need to have
the geometric screen of the original DRC. As
discussed previously, the seismic evaluation and
design is being performed for a 1,000-yr event;
however, this event could possibly be exceeded – the
question is by how much. For this screening (local
buckling of the gusset plates), it was assumed that
“the exceedance” would be up to the level of the
2,500-yr EQ demands. In the vicinity of the Pulaski,
the seismic demands of that hazard level are twice
the demands of the 1,000-yr event.
Since buckling can only occur under compression,
only unsupported edges of the gusset plates
subjected to compression and with a geometric
configuration that allows for the gusset deformations
required for the plate to buckle, will be checked for
edge buckling (see Figure 8). Gusset plates were
screened using the Extreme Event I load
combination using twice the demands of the 1,000yr event (~2,500-yr) to identify the gussets to be

evaluated for the local buckling. Gussets subjected
to compression and not meeting the edge buckling
criteria of the original DRC will be detailed for
retrofit with reinforcing plates/angles.

Seismic Analyses and Design
Soil-Structure Interaction - When a long span
structure on multiple supports, such as the Pulaski
Skyway, is subjected to seismic motions, the
structure, its foundation and the soil on which it is
founded form a very complicated dynamic nonlinear response system. Soil-structure-interaction
considerations are of paramount importance in the
evaluation of the seismic performance of both the
bridge superstructure and its foundations. The most
desirable way to evaluate the overall response is to
integrate the total soil/foundation system in the
analytical model of the structure. A coupled analysis
examines the behavior of the entire soil-foundationstructure system simultaneously in a single model.
However, this procedure is computationally very
intensive, and not suitable for the multimodespectrum analysis adopted for this section that
includes 16 piers. Thus, a multiple-step
substructuring approach using the principle of
superposition was adopted (Reference 6). This
approach is based on partitioning the total system
into a separate superstructure (truss and pier) system
and a foundation/soil system along a conveniently
chosen interface boundary between the two systems
for each pier location.
The general steps of the SSI process are illustrated in
Figure 9 and they include:
 Step 1
a. A multimode response spectrum analysis of
the bridge on fixed foundations (base) is
performed at the onset of the process to
obtain initial superstructure reactions. Spectra
developed from a soil free field analysis are
used as input for this initial run.
b. An inertial analysis of soil-foundation system
is performed to obtain dynamic stiffness
(impedances) of the soil/foundation system at
the interface between the superstructure
system and foundation/soil of the bridge, by
applying the reactions of Step 1a above, to
obtain displacements. Inertial demands on the
foundation system are also obtained from this
analysis.
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Step 2 - Rock time history records are input to
the soil/foundation model to compute the
motions at the interface between the
superstructure
(truss/pier)
with
the
foundation/soil; and, to determine kinematic
demands on the foundation. The interface
motions (spectrum in this case) are the input for
the global analyses of the superstructure/pier
model.
Step 3 - Analysis of the structure supported on
springs calculated in Step 1 and subjected to
base excitation (the motions at the interface
surface) obtained in Step 2
a. Obtain
new
reactions,
revised
soil/foundation stiffnesses as necessary
b. Update the global model of the bridge with
the revised stiffnesses and repeat analysis
until values converge.
Step 4 - Obtain the total demands on the
foundation by superimposing the demands
associated with the analyses of Step 2 to those
imposed by the bridge foundation reactions of
Step 3. Obtain pier/truss demands from analyses
of Step 3.

.

Figure 10. Example of MIDAS FE Model of

One Soil/Foundation System Analyzed
Soil/Foundation Models Soil/Foundation models
were developed using MIDAS GTS NX software
(Figure 10). Piers were grouped and modeled based
upon foundation and pier details, as well as soil
strata properties.
Three-dimensional (3D) soil
blocks were created and subdivided to model the soil
strata obtained from the various subsurface
exploration programs.
Drilled shafts were
discretized utilizing eight-node solid elements.
Interface elements were used to account for the
friction between the foundation concrete and the
surrounding soil.
Preparatory Steps for the SSI Analysis Process- In
order to have full confidence in the results obtained
from the soil-foundation models, a calibration plan
was developed to evaluate the sensitivity of the
results to changes in various parameters. The steps
for this calibration process (Figure 11) included:


Figure 9. SSI Analyses Process - Main

Steps
Pier/Superstructure Model: The global analysis of
the bridge structure uses a 3-Dimensional (3D) FEM
developed using CSiBridge, to obtain member
demands imposed by the AASHTO Load
Combinations. All structural components of the
bridge superstructure and piers were included in the
model. The deck, stringers, floorbeams, truss
members, as well as secondary members (sway
frame members, bracing, etc.) were explicitly
represented. Connections details (e.g. gusset plates)
were not modeled




Establish the soil and rock dynamic properties
corresponding to the subsurface profile
developed from the numerous subsurface
exploration programs at the site. An appropriate
constitutive material model for each soil/rock
layer was determined to simulate its behavior in
the MIDAS FE analysis. One dimensional (1D)
free field analyses (response of the soil ignoring
the presence of the structure and its foundations)
were performed to establish the strain
compatible dynamic soil properties. See Fig.
11A.
Validation of the structural aspects of the
foundation modeling with MIDAS vs. solutions
using CSiBridge (Fig. 11B)
To efficiently model and analyze the various
foundations, pier/foundation/soil systems were
grouped by geometric similarity and soil/rock
layering. Calibration runs were performed to
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refine the 3D MIDAS FEM of the
foundation/soil
block
regarding:
strain
compatible soil properties, mesh size for the
FEM, discretization method of the dilled shafts
(e.g. 3D explicit modeling versus 1D beam
elements) and representation of existing caisson
(Fig. 11C)
Dynamic aspects of the Soil/Foundation system
must carefully evaluation. For instance, the
system damping for the Linear Time History
Analyses was introduced using the Rayleigh
Damping approach. Parameters must be
carefully selected to avoid overdamping of
important superstructure response modes when
establishing the interface response spectra
(Fig.11D).

Determining the seismic input motions: Importance
of the Kinematic Effects - Typically, bridge
foundation elements are not of a large enough size to
significantly alter ground motions due to a seismic
event; therefore, the Free Field motions are used in
the analysis of the bridge. However, due to the size
of the existing caissons to remain, the size of new
foundation along with the complex interaction
between them and the surrounding soil, this
approach needed to be revisited.
Initially, a kinematic analysis of the soil-foundation
system is performed (Step 2, Fig. 9). The seismic

waves propagating in the soil displace the
foundations; the resulting foundation displacements
and stresses are obtained along with the motions at
the top of the foundations (at the interface nodes). In
general, these motions are different from the Free
Field motions.
The development of the site-specific design rock
acceleration spectrum and corresponding time
history records for this project was part of a previous
contract. Region-specific rock motion records
derived for the nearby New York City were used as
seed motions to derive site-specific rock motions
that in turn were used to develop the project sitespecific soil design spectra. The origin of the New
York City Rock motions is discussed in Reference 1.
The site-specific rock motion time history records
were applied at the rock level of the soil/foundation
MIDAS models to derive the input motions for the
Pulaski Rehabilitation Final Design.
A design spectrum envelope was derived by Arora,
accounting for the variation in soil properties at each
pier location, as well as the variation in
configuration of each pier and foundation along the
section of Contract 6. Soil/rock properties that were
evaluated included the shear wave velocity, rock
time histories, and thickness of soil layers. For this
purpose, a multiple free field and kinematic analyses
were performed at many pier locations. Several

Figure 11. The Challenges in the Selection of the Interface Design Response

Motions
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different shear wave velocities (Vs) profiles per
location (which also included variations in layer
thickness) were analyzed to account for the variation
in soil properties and up to three rock time history
rock records per profile were used as input in the 1D
FFA. In the 3D analyses of the soil/foundation, the
horizontal rock motions were run in both
longitudinal and transverse directions of the bridge
in consideration of the directional difference in
stiffness of the pier foundations (Fig. 11F).
Effects on Superstructure/Pier Demands - In addition
to the global model, individual CSiBridge models of
selected piers were developed to be used in the pier
design process for evaluation of items such as:
validation of response modes of the global model,
stresses distribution in the pier flares, potential for
interaction between the proposed shell and the pier
columns to remain, behavior of the new strut, and
effects of possible vessel collision on the piers. See
Fig. 11E.
Modal analyses and Multimode-Response Spectrum
Analyses were performed on the global model of the
of the bridge to establish the range of periods for the
significant vibration modes of the superstructure and
pier system. The individual models of the piers
verified those modes. The results of the analyses
determined the range of significant periods to be
from about 0.1 to 1.5 seconds, which coincides with
the periods of significant kinematic effect on the
structure response to the seismic excitations. This
phenomenon supports the decision to incorporate the
influence of SSI effects on the input design motions
(see Fig. 11F). Because of the inclusion of kinematic
effects, preliminary results indicate that the seismic
load combination governs the design of most of the
pier and foundation components.

Summary and Conclusions
The scope of work for the design services being
performed by Arora and Associates, P.C under the
Pulaski Skyway Contract 6, focused on the
following:
1. Maintaining the Skyway as a vital
transportation linkage in northern New
Jersey.
2. Bring the Skyway into a state of good repair.
3. Extend the useful life of the Skyway.

4. Improve the safety of the Skyway.
The main tasks to achieve these goals include:
modeling and analysis of the structure to assess
seismic vulnerability, load rating of all truss
elements to identify members that require
strengthening to meet current design standards,
design of new substructures from Piers 62 through
77, structural steel repairs including seismic retrofit,
bearing replacement, rocker bent rehabilitation and
fender design.
Detailed modeling and analyses of the bridge
structure is necessary in order to develop repair and
/or rehabilitation schemes and details as well as,
evaluate construction staging options. The trusses
are “living” structures, in which any modification
could result in the redistribution of forces whether
temporary or permanent. Close collaboration
between analysts and designers is a must at each step
of the process.
The seismic analyses as part of Section 6 of the
Pulaski Skyway rehabilitation program, required a
complex Soil-Structure-Interaction (SSI) analysis
process that included finite element models for the
global superstructure/pier system and for carefully
chosen soil/foundation/pier systems of selected
piers. This process requires proficiency in several
disciplines including geotechnical and soil
dynamics, structural analysis and structural
dynamics facets, numerical issues, earthquake
engineering knowledge, finite element analysis, and
software considerations.
This project demonstrated the importance of a
multidisciplinary approach to properly evaluate the
soil-structure-interaction effects for multi-span
structures with large foundations. A thorough
evaluation of the influence of various parameters on
the seismic response required expertise and sound
engineering judgment from structural and
geotechnical engineering professionals to arrive at
the appropriate seismic motions that served as input
to analyze this major crossing.
In conclusion, the work summarized herein
demonstrates that:
 Detailed analysis and design are a must and
have to go hand to hand throughout the
process to determine the rehabilitation
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schemes and details of the superstructure
Determination of the appropriate seismic
response
requires
an
iterative
multidisciplinary procedure.
Kinematic effects, usually disregarded for
smaller foundation systems, cannot be
ignored for the conditions found within
Section 6 of the Pulaski Skyway project.
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