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Project Description / Background

Bridge Corrosion & Seismic Issues (As‐Built)

Seismic Analysis & Design

Bridge Retrofit/Rehab Construction





Constructed in 1933 w/ 50-yr Design Life
Owner: City of Del Mar
Historic Resource

City of Del Mar Local Historic Landmark
California Register of Historical Resources
Eligible for National Register of Historic Places

FHWA High Profile Project
$40M Funded by HBRRP & CA Prop 1B





550-ft-long tee-beam superstructure
Bents 2-12 normal; Bents A-C skewed 63 deg
Bents 2-7 on piles; Bents 8-12 spread footings









City of Del MarCity of Del MarCity of San DiegoCity of San Diego

Railr
oadRailr
oad

CA State ParkCA State Park

CA State ParkCA State Park

$1$1



Corrosion and deteriorated concrete 
(especially superstructure)

Extensive seismic issues









Liquefaction/slope stability
All columns & abutments are shear deficient
Large substructure displacements
Short top of bent seats
Skew bent stiffness is large and demands require 
extensive retrofit (caps, columns, joints)



Keep the bridge!!!

1) Ensure structural integrity
Seismic; Corrosion

2) Preserve historic resource
Maintain historic eligibility

3) Maintain railroad clearances





As-Built Analysis
Criteria Value Analysis Retrofit 
Analysis Final Design

Criteria = Life Safety
CA Standard is RSA/Pushover
Non-Standard Bridge 

Nonlinear time history analysis
Assume Mitigated Deterioration/Corrosion



Seed motions Bolu, Landers, Joshua Tree
Spectrally matched and transmitted
from bedrock 
30 site specific time histories

(3 EQ * 5 zones* 2 dir.)

Zone 1 Zone 2

Zone 3

Zone 4

Zone 5





Slope disp. before ground improvement  up to 
40in
Liquefied layer depth up to 12ft thick

(N1)60 of liquefiable layers  12±



During design process VA 
soil improvement most economical solution
(compaction grouting)



Value Analysis
Compaction grouting ground improvement
Corrosion repairs and mitigation
New Post-tensioned superstructure

Retrofit Analysis
Local Bent Pushover 

Displacement capacities
Capacity protection

Global System NTHA/RSA
Displacement demands
Secondary effects



3 Each Bent
Displacement Capacities
Force Demands (Capacity Protection)



NTHA:  Fiber elements, mult. supp. 
excitation
RSA: Cracked stiffness
enveloped spectra



Typical Bents (2-12)
All capacity protection sufficient except column 
shear

Skew Bents (A-C)
Strong direction requires isolation

For strong direction design as elastic with friction from 
isolators 1.8g + 20% friction (conserv.)





Tuned for seismic demands
FB-Multi-Pier pushovers
Multiple RSA analyses

South (free/pin) North (pin/pin)



New continuous precast  P/S superstructure
P/T for seismic stiffness/capacity



Skin and replace steel...
Really!?!



Compaction grouting ground improvement
Corrosion repairs and mitigation
New Post-tensioned superstructure

Partial Isolation: Sliding, guided, and fixed spherical PTFE
New deep foundation abutment systems
Skew bent shear walls (below grade)
Shear reinforcement retrofit of columns



Oct 2010:  Winning Bidder:  Flatiron West, Inc.
Dec 2010:  Notice to Proceed

Ground-breaking!





Oct 2010:  Winning Bidder:  Flatiron West, Inc.
Dec 2010:  Notice to Proceed
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Oct 2010:  Winning Bidder:  Flatiron West, Inc.
Dec 2010:  Notice to Proceed
Mar-Apr 2011:  Compaction Grouting
Jun 2011:  Shear Wall Retrofit
Sept 2011:  Temporary Bridge Widening

Est. Completion Date:  August 2013
Incl. 1-year Planting:  August 2014






