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REFINED RETROFIT DESIGN OVERVIEW
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Foundation Retrofit Components:

1. New piles to rock to arrest settlement and resist a portion of gravity and 
seismic load (approximately 132 total, reduced from 232 total) 

2. Existing piles to sand to carry reduced gravity loads and seismic loads.
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Areas of refinement:

1. Targeted load carried to bedrock is 35% + 5% (previous was 55% + 10%)  
• Targeting 35% brings the Old Bay Clay stresses in line with other 

existing 30-40 story buildings in the area

2. Evaluation of existing precast piles as groups instead of individually

3. Updated Pile Design – Push Pile
• Less steel area (Removes center bar and reduces outer casing length)
• Eliminates ground loss concerns and densifies soil around existing piles
• Load test every pile during installation

4. Lower pile count reduces impact to tower mat

5. Parking garage remains fully operational

6. Reduced Cost: Estimated Pile Pricing - $35 Million
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• Install 66± 9 5/8” diameter 
piles to rock on west 
• Lock off each rock pile with 

550k± compression

• Install 66± 9 5/8” diameter 
piles to rock on east 
• Lock off each rock pile with 

550k± compression

REVISED SCHEME:

REFINED RETROFIT DESIGN OVERVIEW
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OUR JOINT VENTURE CONSISTS OF THE TWO 

LARGEST MICROPILE CONTRACTORS IN NORTH 

AMERICA 

– Nicholson Construction

– Hayward Baker Inc.

THE JOINT VENTURE
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NICHOLSON CONSTRUCTION IS

• a nationally-renowned geotechnical engineering and 
construction firm with more than 60 years of experience.

• the north American subsidiary of Soletanche Bachy, a 
France-based global leader in geotechnical and civil 
engineering construction.

THE JOINT VENTURE
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HAYWARD BAKER IS

• a nationally-renowned geotechnical engineering and 
construction firm with more than 70 years of experience.

• the largest business unit of Keller, the worlds largest 
geotechnical solutions specialist. 

THE JOINT VENTURE



PRIVILEGED AND CONFIDENTIALCONFIDENTIAL & PRIVILEGED

Combined large resource pool

TOGETHER WE HAVE OVER 40 OFFICES IN THE US

THE JOINT VENTURE
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WE ARE THE TWO MOST EXPERIENCED MICROPILE 

INSTALLERS IN THE WORLD

• Combined we have performed over 3,000 individual 
micropile projects and over $1,500,000,000 of micropile 
work in North America over 40 years

• We have underpinned hundreds of important buildings 
across the country

• We have more experience with high capacity, deep and 
low headroom micropiles than any other contractor

THE JOINT VENTURE
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Combined we have installed ~$1.5 Billion of 

MP

COMBINED WE HAVE INSTALLED OVER $1,500,000,000 

OF MICROPILE WORK IN 40 YEARS

THE JOINT VENTURE



PRIVILEGED AND CONFIDENTIALCONFIDENTIAL & PRIVILEGED

13REFINED RETROFIT DESIGN OVERVIEW

PUSH PILE DESIGN

Top 30’ For Improved 
Bending Performance

Typical Cross 
Section

13 5/8” OD x 0.625” 
THICK OUTER CASING 

CEMENT GROUT

9 5/8” OD x 1.125” 
THICK INNER CASING 

9 5/8” OD x 1.125” 
THICK INNER CASING 

CEMENT GROUT

PILE DESIGN CAPACITY
1000k ALLOWABLE
2000k ULTIMATE
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RETROFIT CONSTRUCTION SEQUENCE
- PILE INSTALLATION SEQUENCE

Three Operation Teams:

14

1)  Coring through the mat

2)  Installing the pile

3)  Grouting the pile and completing connection to the mat

REFINED RETROFIT DESIGN OVERVIEW

TOTAL PILE INSTALLATION DURATION = 12 MONTHS

1 CORING

CORING

2

CORING

CORING

PUSHING

PUSHING

3

PUSHING

PUSHING

GROUTING/
LOCK-OFF

CORING

CORING

GROUTING/
LOCK-OFF
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WATERPROOFING

15REFINED RETROFIT DESIGN OVERVIEW

INDICATES AREAS WHERE MAT CONCRETE IS TO BE 
CHIPPED DOWN 2” TO ALLOW FOR INSTALLATION OF 
NEW WATERPROOFING MEMBRANE.  REPLACEMENT 
2” TOPPING SLAB TO BE CAST ABOVE NEW MEMBRANE 
AFTER INSTALLATION.

A A

A-A
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SITE LOGISTICS PLAN

B1 LEVEL
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AREAS TO BE DEMOLISHED TO ALLOW 
PILE INSTALLATION WORK TO BE 
ACCOMPLISHED

MATERIAL LAY DOWN AREA 
(APPROXIMATELY 1000 ft2)
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SITE LOGISTICS PLAN

GROUND LEVEL
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Temporary Field Office

Drilling 
Equipment

Material Lay Down Area

Building Staff Temporary Offices
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RETROFIT STAT SHEET:

• Building Weight:  240,000 kips

• 132 + new piles to rock

• Allowable capacity of retrofit piles:  132,000 kips

• Retrofit increases foundation load carrying capacity by 55%

• At retrofit completion:
• 30-40% of building weight on new piles to rock
• 60-70% of building weight on existing piles

(Note: 1kip = 1000lb)

18REFINED RETROFIT DESIGN OVERVIEW
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REFINED RETROFIT PERFORMANCE

REFINED RETROFIT PERFORMANCE
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Site Plan

REFINED RETROFIT PERFORMANCE
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3-D GIS Database of Soil Below the Tower

Holocene 1 (YBM1)
Holocene 2 (Marine Sand1)
Holocene 3 (YBM2)
Holocene 4 (Marine Sand2)
Pleistocene 1 (Sand/Clayey Sand)
Pleistocene 2 (OBC)
Pleistocene 3 (OBC2 + Melange/Gravels)

REFINED RETROFIT PERFORMANCE
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Typical Log of Coring
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Typical Log of Coring
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Soil Properties
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Soil Properties

-250

-200

-150

-100

-50

0 0.2 0.4 0.6 0.8 1

El
e

vt
io

n
 (

N
A

V
D

8
8

)

Corrected Compression Ratio, Cc

-250

-200

-150

-100

-50

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

El
e

vt
io

n
 (

N
A

V
D

8
8

)

Overconsolidation Ratio

-250

-200

-150

-100

-50

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

El
ev

ti
o

n
 (

N
A

V
D

88
)

Recompression Ratio, Cr

Final Unload

Intermediate Unload

-250

-200

-150

-100

-50

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

El
ev

ti
o

n
 (

N
A

V
D

88
)

Secondary Compression (Cαε)

REFINED RETROFIT PERFORMANCE



PRIVILEGED AND CONFIDENTIALCONFIDENTIAL & PRIVILEGED

26

Analysis of Coring Performed in Site Vicinity

REFINED RETROFIT PERFORMANCE
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CURRENT STRESS IMPOSED ON OLD BAY CLAY

27

BEDROCK

OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

15 KSF (AVG)

OBC Under- to 
Normally-
Consolidated 

REFINED RETROFIT PERFORMANCE
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CURRENT STRESS IMPOSED ON OLD BAY CLAY
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BEDROCK

OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

15 KSF (AVG)

Preload new piles 
to rock to 35±5% of 
building weight

REFINED RETROFIT PERFORMANCE
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CURRENT STRESS IMPOSED ON OLD BAY CLAY
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BEDROCK

OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

15 KSF (AVG)
10 KSF 
(Average)

5 KSF 
(Average)

REFINED RETROFIT PERFORMANCE
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CURRENT STRESS IMPOSED ON OLD BAY CLAY
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BEDROCK

OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

15 KSF (AVG)

OBC Under- to 
Normally-
Consolidated 

OBC Over 
Consolidated 
OCR > 1.1

5 KSF 
(Average)

REFINED RETROFIT PERFORMANCE
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GRAVITY EVALUATION – SFBC CODE CHECKS

Existing Piles:

SFBC ASD Gravity Load Combination: 1.0D + 1.0Lreduced

Avg DCR = 1.20

Vertical Stiffness

Static Dynamic

Existing 
Piles

AVG AVG

Rock Piles N/A N/A

Avg DCR = 1.23

PALLOW = PULT / 2.0

Avg DCR = 1.45

Avg DCR = 1.01

REFINED RETROFIT PERFORMANCE

Global Avg DCR = 0.78
Global Max DCR = 2.0

CONSTRUCTION PHASE POST-RETROFIT
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GRAVITY EVALUATION – SFBC CODE CHECKS

Existing Piles:

SFBC ASD Gravity Load Combination: 1.0D + 1.0Lreduced

Avg DCR = 0.86

Vertical Stiffness

Static Dynamic

Existing 
Piles

UB UB

Rock Piles LB LB

Avg DCR = 0.86

PALLOW = PULT / 2.0

Avg DCR = 0.77

Avg DCR = 0.50

Global Avg DCR = 0.50
Global Max DCR = 1.61

REFINED RETROFIT PERFORMANCE

CONSTRUCTION PHASE POST-RETROFIT
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BEDROCK

OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

40 STORIES

20 STORIES

REDUCED STRESS IMPOSED ON OLD BAY CLAY

+

REFINED RETROFIT PERFORMANCE
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COMPARISON WITH SGH PROPOSAL

34

BEDROCK

OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

10 KSF 
(Average)

5 KSF 
(Average)

LERA/ENGEO:

14 KSF 

3 KSF

12 KSF

Per MSD presentation 8/1/18

SGH:

REFINED RETROFIT PERFORMANCE
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COMPARISON WITH SGH PROPOSAL
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BEDROCK

OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

10 KSF 
(Average)

5 KSF 
(Average)

LERA/ENGEO:

3 KSF

SGH:

OBC REMAINS UNDER-
TO NORMALLY-
CONSOLIDATED – CREEP 
DOES NOT REDUCE

REFINED RETROFIT PERFORMANCE
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SGH PROPOSAL

36

15.5 ksf

LERA Analysis of SGH Proposed 
Retrofit, assuming 52 piles, 
preloaded to 41,000 kips on 
North and West sides only

NORTH

REFINED RETROFIT PERFORMANCE
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GLOBAL SHEAR FAILURE

REFINED RETROFIT PERFORMANCE
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GLOBAL SHEAR FAILURE

38REFINED RETROFIT PERFORMANCE
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BEDROCK

GLOBAL SHEAR FAILURE
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Final Ground 
Surface

Failure Surface
Mobilized Soil

Mid-Rise / Garage

Tower

OLD BAY CLAY

Factor of Safety 
Ranges from 0.9 
to 1.2 under 
seismic loads

REFINED RETROFIT PERFORMANCE
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BEDROCK

GLOBAL SHEAR FAILURE
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Final Ground 
Surface

Failure Surface
Mobilized Soil

Tower

OLD BAY CLAY

LERA/ENGEO RETROFITEXISTING

REFINED RETROFIT PERFORMANCE
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BEDROCK

GLOBAL SHEAR FAILURE

41

OLD BAY CLAY

LERA/ENGEO RETROFITMSD RETROFIT

REFINED RETROFIT PERFORMANCE
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SEQUENTIAL PILE FAILURE

REFINED RETROFIT PERFORMANCE
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EXISTING
PILES

AXIAL + 
BENDING

AXIAL 
ONLY

CRITICAL 
SECTIONS

REFINED RETROFIT PERFORMANCE
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from SGH Report dated 26 July 2017

∆max 
≈ 3.75”

SGH Individual 
Pile Backbones:
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LERA Individual Pile Backbones:

For the typical range of axial loads 
(300k – 700k), None of the existing 
piles can withstand greater than 6” 
lateral displacement

REFINED RETROFIT PERFORMANCE
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Refined Retrofit
Displacements:

X

Y

Ext Foundation
Displacements:

Pile Lateral 
Stiffness

Pile Force

Lower Bound Gravity

BSE-2N (MCER) NLTHA ENVELOPE RESULTS

“NC” indicates a ground 
motion that did not 
analytically converge 

Notes: 

1) For the existing foundation, the 

median ground motion response for 

each direction (6th largest out of 11) 

was chosen to represent the average 

performance to account for non-

convergences. 

Ground Motion

Maximum Mat Displacement (Average of 4 Corners)

Ux (in) Uy (in) Uxy (in) 

Pushing 

East

Pushing 

West

Pushing 

North

Pushing 

South
Resultant 

RSN178_IMPVALL 3.46 0.71 0.85 1.42 3.70

RSN184_IMPVALL NC NC NC NC NC

RSN316_WESMORL NC NC NC NC NC

RSN802_LOMAP NC NC NC NC NC

RSN832_LANDERS NC NC NC NC NC

RSN1163_KOCAELI 3.35 0.16 0.59 3.34 4.72

RSN1261_CHICHI NC NC NC NC NC

RSN1511_CHICHI 4.27 0.37 0.25 2.56 4.88

RSN5827_SIERRA 5.44 0.21 0.21 3.42 6.25

RSN6890_DARFIELD 3.84 0.23 0.59 3.67 4.79

RSN6959_DARFIELD 2.29 0.18 0.28 2.07 2.99

Median of 11 Ground Motions1 5.44 0.71 0.85 3.67 6.25

Ground Motion

Maximum Mat Displacement (Average of 4 Corners)

Ux (in) Uy (in) Uxy (in) 

Pushing 

East

Pushing 

West

Pushing 

North

Pushing 

South
Resultant 

RSN178_IMPVALL 1.95 0.01 0.60 1.23 2.19

RSN184_IMPVALL 5.48 0.53 0.53 1.65 5.49

RSN316_WESMORL 4.00 0.01 0.27 0.95 4.04

RSN802_LOMAP 4.30 0.07 0.92 0.64 4.32

RSN832_LANDERS 4.43 0.02 0.12 1.53 4.61

RSN1163_KOCAELI 1.99 0.04 0.42 1.84 2.68

RSN1261_CHICHI 3.82 0.06 0.14 0.84 3.87

RSN1511_CHICHI 2.19 0.08 0.14 1.54 2.46

RSN5827_SIERRA 2.75 0.03 0.09 2.39 3.36

RSN6890_DARFIELD 1.98 0.01 0.17 2.41 2.79

RSN6959_DARFIELD 1.32 0.03 0.11 1.27 1.72

Average of 11 Ground Motions 3.11 0.08 0.32 1.48 3.41

REFINED RETROFIT PERFORMANCE
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LERA Analysis 
Results:

SGH Analysis 
Results:

BSE-2N (MCER) NLTHA ENVELOPE RESULTS

Ground Motion Record

EXISTING CONDITION AFTER RETROFIT
Ux (in) Uy (in) Ux (in) Uy (in) 

Pushing 

East

Pushing 

West

Pushing 

North

Pushing 

South

Pushing 

East

Pushing 

West

Pushing 

North

Pushing 

South

RSN178_IMPVALL 3.46 0.71 0.85 1.42 1.95 0.01 0.60 1.23

RSN184_IMPVALL NC NC NC NC 5.48 0.53 0.53 1.65

RSN316_WESMORL NC NC NC NC 4.00 0.01 0.27 0.95

RSN802_LOMAP NC NC NC NC 4.30 0.07 0.92 0.64

RSN832_LANDERS NC NC NC NC 4.43 0.02 0.12 1.53

RSN1163_KOCAELI 3.35 0.16 0.59 3.34 1.99 0.04 0.42 1.84

RSN1261_CHICHI NC NC NC NC 3.82 0.06 0.14 0.84

RSN1511_CHICHI 4.27 0.37 0.25 2.56 2.19 0.08 0.14 1.54

RSN5827_SIERRA 5.44 0.21 0.21 3.42 2.75 0.03 0.09 2.39

RSN6890_DARFIELD 3.84 0.23 0.59 3.67 1.98 0.01 0.17 2.41

RSN6959_DARFIELD 2.29 0.18 0.28 2.07 1.32 0.03 0.11 1.27

Average of 11 Ground Motions 5.44 0.71 0.85 3.67 3.11 0.08 0.32 1.48

REFINED RETROFIT PERFORMANCE

Max X Min X Max Y Min Y Max X Min X Max Y Min Y

RSN#178 Imperial Valley-06 6.0 -1.1 4.4 -3.0 4.1 -2.4 3.7 -2.4

RSN#184 Imperial Valley-06 0.3 -11.4 1.6 -2.2 0.3 -7.9 1.3 -1.7

RSN#316 Westmorland 1.1 -9.9 4.8 -1.2 0.8 -7.3 3.7 -1.4

RSN#802 Loma Prieta 3.6 -5.4 1.6 -1.7 3.0 -4.0 1.1 -1.4

RSN#832 Landers 2.7 -3.6 4.1 -4.2 2.2 -3.2 2.9 -3.3

RSN#1163 Kocaeli 0.7 -4.3 1.9 -1.8 0.7 -3.5 1.5 -1.4

RSN#1261 Chi-Chi 1.9 -2.4 3.5 -3.1 2.0 -1.8 2.7 -2.5

RSN#1511 Chi-Chi 1.2 -1.4 3.2 -4.1 1.1 -1.1 2.8 -3.1

RSN#5827 El Mayor-Cucapah_Mexico 3.9 -1.8 2.9 -3.0 3.0 -1.6 2.3 -2.4

RSN#6890 Darfield NZ 1.8 -2.9 0.9 -5.9 1.7 -2.5 2.0 -4.2

RSN#6959 Darfield NZ 1.8 -2.2 5.6 -2.8 1.6 -2.1 4.0 -2.2

Average of 11 Ground Motions 2.3 -4.2 3.1 -3.0 1.9 -3.4 2.6 -2.4

Ground Motion Record

Existing Condition After Retrofit

(8/1/18 Mediation 
Presentation)

10/11 GMs Exceed 
3.75” Displacement

6/11 GMs Exceed 
3.75” Displacement

EXISTING CONDITION AFTER RETROFIT

5/11 GMs Exceed 
6” Displacement

0/11 GMs Exceed 
6” Displacement
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OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

SEQUENTIAL PILE FAILURE

47REFINED RETROFIT PERFORMANCE
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OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

SEQUENTIAL PILE FAILURE

48REFINED RETROFIT PERFORMANCE
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OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

SEQUENTIAL PILE FAILURE
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OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

SEQUENTIAL PILE FAILURE

50REFINED RETROFIT PERFORMANCE
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OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

SEQUENTIAL PILE FAILURE
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OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

SEQUENTIAL PILE FAILURE
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OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

SEQUENTIAL PILE FAILURE

53

Soft compressible layer 
cannot support building 
weight

REFINED RETROFIT PERFORMANCE
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OLD BAY CLAY

DENSE SANDS

YOUNG BAY MUD

FILL

SEQUENTIAL PILE FAILURE

54REFINED RETROFIT PERFORMANCE

Soft compressible layer 
cannot support building 
weight
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Sequential Pile Failure Review (with Retrofit Piles installed)

Pile Axial Forces (Gravity) 

Looking at one pile under the NE outrigger:

PGRAVITY = 143 kips (rounded to 100k for analysis) 

LERA Individual Pile Lateral Backbone Curve  (0.25° Head Rotation) 

ΘINITIAL = 0.25° (detrimental for easterly motion)

Individual pile lateral 
backbone selected for 
resistance to easterly 
motions in the NLTHA

REFINED RETROFIT PERFORMANCE
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Looking at one pile under the NE outrigger in Median BSE-2N (MCER) Time History RSN5827:

LERA Individual Pile Lateral Backbone Curves (0.25° Head Rotation)

∆EAST (MAX) = 2.8” Gravity Load -
Used in NLTHA Model

Peak Axial Load 
during GM

Peak Force ≈ 500 k
at ∆EAST = 2.8”

Initial Gravity 
Force ≈ 100k 

Axial Load (time):

(Compression) 

(Tension)

X-Dir Lateral Displacement (time):

(East)

∆EAST Max = 2.8”
at t > 40 sec

This pile would not fail, 
even if the lateral 
backbone correctly 
accounted for changes 
in axial load through the 
time history analysis

Sequential Pile Failure Review (with Retrofit Piles installed)

REFINED RETROFIT PERFORMANCE
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Mapping of all piles that would fail in the Median ground motion (RSN5827):

- Failures due to Eastern Motion:
Peak lateral displacement = 2.8” at t > 40 sec

Sequential Pile Failure Review (with Retrofit Piles installed)

REFINED RETROFIT PERFORMANCE

For the median MCER ground motion 
with retrofit installed, no piles would 
fail, even if sequential pile failure 
were properly accounted for.

The same is true for 10 of the 11 
ground motions evaluated.
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Looking at one pile under the NE outrigger in Maximum BSE-2N (MCER) Time History RSN184:

LERA Individual Pile Lateral Backbone Curves (0.25° Head Rotation)

∆EAST (MAX) = 5.5” Gravity Load -
Used in NLTHA Model

Peak Axial Load 
during GM

Peak Force ≈ 600 k
at ∆EAST = 5.5”

Initial Gravity 
Force ≈ 100k 

Axial Load (time):

(Compression) 

(Tension)

X-Dir Lateral Displacement (time):

(East)

∆EAST Max = 5.5”
at t > 8 sec

Sequential Pile Failure Review (with Retrofit Piles installed)

REFINED RETROFIT PERFORMANCE

This pile would have 
failed if the lateral 
backbone correctly 
accounted for changes 
in axial load through the 
time history analysis
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Mapping of all piles that would fail in the Maximum ground motion (RSN5827):

- Failures due to Eastern Motion:
Peak lateral displacement = 5.5” at t > 8 sec

Sequential Pile Failure Review (with Retrofit Piles installed)

REFINED RETROFIT PERFORMANCE

For the maximum MCER ground 
motion with retrofit installed, we lose 
65 piles (7% of the total).  The analysis 
may not converge when sequential 
pile failure is properly accounted for.  
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NEXT STEPS
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NEXT STEPS 61

1) Test New Push Pile in Tower Basement

2) Refine analysis to finalize pile count and design

3) Complete permit drawing set for submission to DBI

• Propose to reuse mat connection test hole:
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REFINED RETROFIT SUMMARY:

• 132 new piles to rock
• Balanced between east and west
• Work completed entirely in basement (no need to purchase city land)
• Reliably arrests settlement

• New Push Pile Design 
• Simplified operation saves time and cost
• Displacement process protects existing piles
• No ductile fuse required

• Reduced impact on tower basement and parking garage

• Addresses sequential pile and global shear failure concerns

• Estimated Pile Installation Cost: $35 Million

63CONCLUSION
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END


