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 Functionally Obsolete 
(FO) and Structurally 
Deficient (SD)

Why a New Bridge?

west mission bay drive bridge



 Built in 1950
 Four 12’ travel lanes (2 each direction)
 Current and future daily traffic volume 

on bridge exceeds current capacity
 Need to match desired lane 

configurations on both sides
 Barrier separated 5’ sidewalks
 Existing foundation is not sufficient for 

seismic event - Concrete pier walls on 
timber piles (30’-45’ in length)

Existing Bridge Information
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ZONE 6
Old paralic deposits: 
silt and silty sand

Soil Characterization

ZONE 5
Gravel and cobble

ZONE 4
Silt and silty sand

ZONE 3: Fat clay

ZONE 2: Potentially liquefiable poorly-graded sandZONE 2: Liquefiable silt and silty sand

ZONE 1: Fill
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WIDENING VS. REPLACEMENT
 Widen + Rehab
 Replacement

HIGH-COST BRIDGE REPORT
 Cast-in-place box
 Steel girder
 Precast girder
 Sliced girder
 Haunched box

Project History

FOUNDATION STUDY
 Type 1 Shaft F-F
 Type 1 Shaft P-F
 Type 2 Shaft F-F
 Type 2 Shaft F-P
 Type 2 Shaft P-F

ALIGNMENTS
 1
 2A
 2B

 2C
 2D
 3

TYPE SELECTION
 5-span
 6-span

 7-span
 9-span

FINAL DESIGN
Project
Timeline



Stage Construction

WIDEN & REPLACE BRIDGE WITH SHIFT TO THE EAST (TWO STRUCTURES)



Bridge Configuration

Bridge Length 1,300’
Number of Spans 7
Number of Frames 2
Max Span Length 200’
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Design substructure for both liquefied and non-liquefied 
soil layers (shear critical short column for non-liquefied 
and flexure critical tall column for liquefied condition)

Design abutment for lateral spreading

Develop pin details between column and pile shaft

Satisfy all Caltrans MTD and SDC requirements –
including new code updates

Seismic Challenges

1

2

3

4



 Actual column height varies from 19’ to 27’ for 
non-liquefied soil conditions – does not satisfy 
height/diameter ratio of > than 4.0 (MTD 20-18 
Draft) for fixed-fixed condition

 PDL/fc’Ag < 0.1
 30’ of liquefiable soil results in a longer effective 

column for liquefied condition – high moment 
demand on the pile shaft and design governed 
by lateral stability – requires permanent casing

 Axial resistance provided by the CIDH portion of 
shaft only – longer pile length

BRIDGE SECTION

Cased Shaft

CIDHTop of dense 
formational material

BRIDGE ELEVATIONGeometry 
& Site 
Constraints



Foundation Design: CIDH Piles with 
Permanent Steel Casing
PERMANENT STEEL CASING
 Oscillator or rotator recommended 
 For constructability in loose caving soil
 For added structural bending strength
 Axial resistance ignored

CIDH PILES
 Friction (f=0.7): 1.25 x AASHTO LRFD 

BDS (Reese & O’Neill, 1999) b-method
 End Bearing (f=0.7): Capacity to be 

verified by full scale axial load test on  
sacrificial pile (Osterberg Cell 
Method)



Casing and Pile Lengths

Permanent
Casing.
(typ.)

CIDH Pile
(typ.)

ZONE 6
Old paralic deposits: 
silt and silty sand

ZONE 5
Gravel and cobble

ZONE 4
Silt and silty sand

ZONE 3: Fat clay

ZONE 2: Potentially liquefiable poorly-graded sand
ZONE 2: Liquefiable silt and silty sand

ZONE 1: Fill



Moment & Shear Demands along Shaft from LPILE

Pinned

Fixed



Pier Pile 

7’ column and 10’ casing with column pinned at bottom

 Nominal moment transfer to shaft and seismic shear 
demand is approximately ½ 

 Reduced rebar congestion in the CIDH pile 
 Satisfies all Caltrans SDC 1.7 seismic checks

 Difficult inspection of pin
 Stainless steel or dual coated pin reinforcement is 

recommended
 Column-shaft interface to be placed 2’ below the total 

permanent scour elevation

ADVANTAGES

DISADVANTAGES



Lateral Spreading at Abutments



For PGA/3 ~ 0.144g, F.S. < 1.0 with liquefaction

Slope 
Stability 
Analysis



 The potential exists for lateral spread of the river levees given a large earthquake on the 
Rose Canyon fault zone (Mw~6.8 to 7.2) and soil liquefaction.

 The proposed 6’ diameter pile groups should limit deformation to <12” at the abutment 
locations.

Lateral Spreading Equivalent 
Displacement



LPile 
Analysis
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Pier Pile Pin Details 



Pin Details 



Moment at Pin



Pin Rebar Strain 
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SHAFT TYPE 1 (8’ COLUMN + 9’ SHAFT)
(Alternatives 2 and 3)

SHAFT TYPE 2 (7’ COLUMN + 10’ OR 9’ SHAFT)
(Alternatives 1, 4, 5 and 6)

Pin-Fix Column
(Alternative 3)

Fix-Fix Column
(Alternative 2)

Fix-Pin Column
(Alternatives 4 

and 5)

Fix-Fix Column
(Alternative 1)

10’ Shaft – 1-3/8” 
casing

Pin-Fix Column
(Alternative 6)

10’ Shaft– 1” casing

9’ Shaft – 1” casing
(Alternative 5)

FOUNDATION ALTERNATIVES FOR 
WEST MISSION BAY DRIVE BRIDGE

10’ Shaft – 1” casing
(Alternative 4)

Preferred Alternative based on 
Optimization Study

Pier Pile 
Optimization

 Column and shaft size
 Column fixity: fix or pin
 Shaft type: Type 1 or Type 2
 Column and shaft details: reinforcement 

details and casing thickness

STUDY ALTERNATIVE SUMMARY



PREFERRED ALTERNATIVE BASED ON 
OPTIMIZATION STUDY

Pier Pile Optimization

Alternative 
Comparison

TYPE 1 SHAFT TYPE 2 SHAFT



Pier Pile Optimization
Seismic Analysis Summary

PREFERRED ALTERNATIVE BASED ON 
OPTIMIZATION STUDY



*NOTE: 
1. Moment and shear demands 

were based on 1.2 overstrength
factor. For Type 2 shafts the 
overstrength moment demands 
were multiplied by 1.25.

2. D/C ratio of CIDH Socket is limited 
to 0.5 as per Caltrans 
recommendation.

3. Alternative 1 required 1.375” 
casing thickness to satisfy the 
higher moment demands due to 
fix-fix condition.

4. 1” thick min. casing used for 
constructability.

5. Sacrificial loss of casing thickness 
was included in calculating the 
casing capacity.

Pier Pile Optimization
Pile Shaft Design Summary



Project Status

 Construction Cost
 $95 million (bridge) + $10 million (roadway)

 Schedule
 Start of construction scheduled for early 2018



SUMMARY:
Caltrans DES/OEE Deep Foundation Design 
Preferences and Upcoming Design Memos



Pile Shaft Design in Liquefiable Zone

1

2

3

4

 Design substructure for both liquefied and non-liquefied soil layers
 Satisfy height/diameter ratio of > than 4.0 for fixed-fixed condition (Seismic Design and 

Retrofit of Reinforced Concrete Short Columns and Pier Walls MTD 20-18 Draft)
 Satisfy new Caltrans MTD and BDP requirements

 Type Selection for Abutments – MTD 5-1 (Mar 2017)
 Tip Post-Grouting of Drilled Shafts – MTD 3-8 (Oct 2016)
 Lateral spreading analysis for new and existing bridges – MTD 20-15 (May 2017)
 Caltrans BDP Chapter 16 – Deep Foundations (Feb 2015)

 Satisfy upcoming Caltrans SDC requirements
 For columns PDL/fc’Ag < 0.1 (maybe 0.15 max)
 At permanent casing – CIDH interface, flexure demand/capacity ratio < 0.5
 Pin details between column and shaft

 Construction considerations for CIDH piles
 Foundation Report for Bridges (Feb 2017): 

http://www.dot.ca.gov/hq/esc/geotech/geo_manual/page/FR_for_Bridges_Feb2017.pdf
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LAB
 Grain size and Atterberg
 Moisture content, dry density, 

specific gravity
 Direct shear and unconfined compression
 Consolidation
 CorrosionSubsurface 

Investigation

FIELD
 Drilling through bridge deck
 Mud rotary borings
 Sonic core boring
 CPT
 Max depth 223.5’ below MSL



Seismic CPT Vs30 = 675 – 715 ft/s  (average 695 ft/s)
ARS Design PGA = 0.431gSeismic

Design



Lateral Spreading Analysis

 Both SLOPE/W and LPILE were used

 Caltrans ARS Online was used for design spectrum 
based on Vs30 ~ 210 m/s

 Caltrans ARS Design PGA ~ 0.431g

 Residual strengths were based on Seed and Harder 
using the corrected SPT data



LPILE Analysis

 LPILE was also used to evaluate the response of a single 6’ diameter 
pile with a permanent steel shell (a 0.8 p-multiplier was used for group 
efficiency).

 Soil displacements were applied in the LPILE model down to the critical 
failure plane from SLOPE/W.

 Soil displacements ranging from 0.3 to 9.8 inches were applied based 
on the Bray and Travasarou methodology, corresponding to seismic 
yield coefficients ranging from 0.05 to 0.40g.

 The results of the SLOPE/W and LPILE analyses were compared to 
determine the displacement demand on the abutment piles 
(~6 to 7” < 12” OK).



*NOTE: 
1. Pile tip elevation shown are from preliminary analysis and were 

adjusted for the final design
2. Longer pile lengths for the 9’ diameter cased shafts
3. The pile tip elevations are governed by Strength Limit State Loads
4. Factor of safety = 1.5 for determination of pile lengths for lateral stability

Pier Pile Optimization
Pier Length Summary



Pile Shaft 
Design

Type 2 Shaft Moment 
Demand (SDC 7.7.3.2)

Mne of Concrete Section
[Estimated as per BDA 12-1 Charts]

Mne of Casing

Type 2 Cased Shaft Moment Capacity

d1 = Diameter of Shaft + Casing 
thickness (including sacrificial loss) 

d2 = Diameter of Shaft
fye = 51 ksi (for fy = 45 ksi) 

 For Fixed Column: Both Mo and Vo 
are applied at base of column

 For Pinned Column: Only Vo (1/2 of 
that for fixed column) is applied at 
base of column

 The demands in the shaft are 
obtained from LPILE analysis.

The cased shaft capacity is obtained 
through superposition of the CIDH 
and casing individual capacity



Pile Load Test



Foundation Cost Comparison
Preliminary Seismic Analysis Summary

PREFERRED ALTERNATIVE BASED ON OPTIMIZATION STUDY

*NOTE: 
1. Alternative 1 was used 

as the baseline for cost 
comparisons.

2. Cost of Alternatives 2, 3 
and 5 were lower than 
Alternative 1 due to 
smaller shaft size and 
thinner shell (cost of 
furnish shell item is 
lower). 

3. Cost of Alternatives 4 
and 6 were lower than 
Alternative 1 due to 
thinner shell (cost of 
furnish shell item is lower)

4. Rebar quantity included 
both longitudinal and 
transverse 
reinforcement.



Pin 
Design 

SDC 1.7
Section 7.6.7



Pin under Strength Demands

*NOTE:
1. The axial load and moment at the pin were input in 

XTRACT to evaluate strains in rebar and concrete
2. The pin rebars are primarily in compression or minimal 

tension
3. No spalling of pin concrete under strength loads


