Seismic Retroflt and Rehablhtatlon
of the

North Torrey Pines Road Bridge
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Structure Description

= 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
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RESTRICTED AREA

DUE TO THE POTENTIAL DANGERS AROUND
AND BENEATH THIS BRIDGE, ALL PERSONS
ARE RESTRICTED FROM PROCEEDING
BEYOND THIS POINT
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As-built Analysis

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)

Skew Bent Cap Beams
— Abutments —— Top of Columns

s . %
Soil with High “~—— Bottom of Skew Bents
Liquifaction Potential




Scope
Keep the bridge!!!

1) Ensure structural integrity

= Seismic; Corrosion

2) Preserve historic resource
» Maintain historic eligibility

3) Maintain railroad clearances



Corrosion Management

= Substructure Rehabilitation Options
» Total Replacement => Loss of historic status

= Ongoing patch and repair ,_,///// ll-l —
» Chloride Extraction (ECE)

s Cathodic Protection

= Approved Corrosion Plan
= Replace corroded materials
= Cathodic Protection System . B oo pdevesyesion
o Mesh anodes + discrete anodes + deep anode well
= Replace everything above the bearing seats!

= Regular inspections and maintenance
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GEOLOGIC UNITS:
Qaf ARTIFICIAL FILL
Qb BEACH DEPOSIT =
Qal, ALLLVIUM
Qal, OLDER ALLUVIUM
@bp BAY POINT FORMATION —-10
Td DEL MAR FORMATION

» Seed motions Bolu, Landers, Joshua Tree

= Spectrally matched and transmitted
from bedrock

= 30 site specific time histories .
(3 EQ * 5 zones™* 2 dir.) Sy s
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Slope Stability & Liquefaction

= Slope disp. before ground improvement up to
40in

= Liquefied layer depth up to 12ft thick
= (N1),, of liquefiable layers 12+




FIGURE 120a Seismic Displacement Analysis
North Torrey Pines Bridge Retrofit Yield Coefficient: 0.69

Global Stability - Partial Section, A-A Method: Spencer - Specified Block
(Station 12+00 to 14+00) Factor of Safety: 1.00

Ground Improvement File: NTPB Sect A Sta 12 to 14 Improved yield blk 2 Fill c200

70 .3,004 | 70
65 Live Surcharge = 241 psf — 65
o SR —! 60

55 1 65
50

: | 50
45 | 145
40

e | |
. > | Al (i

Fill (Qaf): Ny : 40
35 |- Wt: 108 . | a5

Cohesion: 200 Beach De; its Improved (Qb):
30 s ' | : Wt 131, G i Eray

yd
.

E |' Median Seismic Displacement = 0.74 inches (without pinning)

Phi: 32 ion: 0, Phi: 35 30
25

T " —
20 | | | { l ‘ =
15 .' | | | | | V g =

{ sits Improved (Qb):
Wt 101, esion: 0, Phi: 35

—_—
e
Q
[(E)
L
| =
Qo
—
©
>
o
L

S S S S S (S N O O SO O AR A S IS S | QY S S [ | O e (S A U O 0
-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115120125130135 140145150155 160165170175 180185 190195200205

Horizontal Distance (Feet)

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

Loose Stratum

Firm to Medium Stratum

Hayward Baker




Retrofit Development

Value Analysis—>
» Compaction grouting ground improvement
= Corrosion repairs and mitigation
= New Post-tensioned superstructure

Retrofit Analysis—=>

=mLocal Bent Pushover
= Displacement capacities
= Capacity protection

=Global System NTHA /RSA

» Displacement demands
= Secondary effects




teoiw. Pushover Analyses
v = 3 Each Bent

@ Displacement Capacities
@ Force Demands (Capac1ty Protectlon)

ilrea shmEan niE radlues




NTHA (RSA Check)

= NTHA: Fiber elements, mult. supp.
excitation

= RSA: Cracked stiffness
enveloped spectra
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Bent B BentC Bent6  Bent7

Bent8

= Typical Bents (2-12)

= All capacity protection sufficient except column
shear

= Skew Bents (A-C)

= Strong direction requires isolation

o For strong direction design as elastic with friction from
isolators 21.8g + 20% friction (conserv.)




PTFE Bphadoa
Expanaign
Bamring
{Sliding) frp

Location Direction Direction Location Direction Direction
 Abut1 | Free | Pinned | Bent6 | Free | Free |
 Bent2 | Free | Pinned | Bent7 | Free | Free

_Bent3 | Free | Pinned | Bent8 | Pinned | Pinned |

_Bent5 | Free | Free | Bent10 | Pinned | Pinned
__BentB | Fixed | Free | Bent12 | Pinned | Pinned |




Abutments

m Tuned for seismic demands

= FB-Multi-Pier pushovers
= Multiple RSA analyses
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Superstructure

= P/T for seismic stiffness/capacity

500"

= New continuous precast P/S superstructure

60" i 1207 " z-o"

Cas'-in-Place Reinforced Conerete Cast-in-Place Reinforced —
Sidewalk and Barrier i Concrete Barmer

— Castin-Placa Reinforced
Concrate Deck

~

Precast Prastrassed
Concrate Grder typ

i g-3"




Column
Repalr/Retroflt/Protectlon

Skin and replace steel...
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Solution

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

Abutment Retrofit Sliding Bearings Superstructure Replacement

Column Retrofit

\A Soil Stabilization k- Skew Bent Retrofit




Construction Phase

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

FLATIRON
NORTH TORREY PINES RD. |[§
BRIDGE RESTORATION PROJECT [§

ST AT T S S——— - — - E 1

Ground-breaking!




Bat Relocations




Construction Phase
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= Mar-Apr 2011: Compaction Grouting
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Compaction Grouting




Construction Phase

un 2011;: Shear Wall Retrofit

TOF GF BENT CAP
‘/—Dl" BENT

0P OF RETROFTT
PANEL = BOTTOM
F CRASH WALL TYP

15°-8 1/2°%




Shear Wall Infill Panels




Construction Phase

Sept 2011: Temporary Bridge Widening




Construction Staging
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Temp. Bridge Widening
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Temporary Bridge Widening
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Construction Phase

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