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1.0 INTRODUCTION

1.1 GENERAL

The proposed N6 alignment for the new East Span San Francisco-Oakland Bay Bridge is
approximately 4.0 km long from the Yerba Buena Island Tunnel to the Toll Plaza on the Oakland
Mole. The entire alignment is divided into the following four segments;

* YBI transition structure from the tunnel portal to the cable suspension bridge
* aself-anchored cable suspension bridge, extending offshore from Yerba Buena Island
* the Skyway Structure, linking the cable suspension bridge to Oakland Mole

* an approach structure, connecting Skyway Structure to the Toll Plaza at Oakland Mole.

The self-anchored suspension structure (also known as the Main Bridge) is 565 meters
long extending offshore from the tip of the Yerba Buena Island. This signature structure will be
supported on three piers denoted as West Pier (W2), Main Pier (E1), and East Pier (E2). The
proposed Skyway Structure is approximately 2.1 km long, consisting of two parallel structures to
carry the eastbound and westbound traffic. Both eastbound and westbound structures are
supported on 14 piers (piers E3 through E16). All the piers for the Main Bridge and Skyway
Structure are supported on piles. The piles at Pier W2 and Pier El are constructed in rock while
those at Pier E2 and the entire Skyway piers are founded in soil sediments. This report has been
prepared to provide recommendations for lateral pile design parameters for piers E2 through
E16. Consequently, this report covers the eastern pier of the main span and the entire skyway
portion of the proposed alignment.

It has been proposed in the 100-percent design plans that piers E2 through E16 will be
founded on large diameter steel pipe piles. These piles are proposed to be 2.5 meters in diameter
and extending down to a depth of about 90 meters from the mudline. In addition to providing
lateral pile design parameters for these piles, this report documents the response of a single pile
under lateral loading at pile top on a pier by pier basis. The axial pile design parameters for
these piles are provided in a separate report ( Fugro-EMI, 2001d).

1.2  OBJECTIVE AND SCOPE OF WORK

The main objective of this report is to develop lateral pile design parameters based on the
soil stratigraphy developed from the three phases of marine site investigation works conducted
during 1998 to 2000 by the Fugro-EMI joint venture. Detailed discussions on site geology and
subsoil characterization are presented in the reports prepared by Fugro-EMI joint venture team
(Fugro-EMI, 1998, 2001a, 2001b, 2001c, 2001f). The lateral pile design parameters are
developed in terms of p-y curves, which describe the lateral load-displacement characteristics of
the soil material surrounding the pile. The p-y curves are developed for single piles on a pier by
pier basis. The p-y curves used in the seismic response analyses of the bridge structure presented
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in this report are also used to develop lateral capacity of the pile subjected to any external forces,
including temperature Joading and construction loading. The lateral response of a pile can be
affected by pile group effects and cyclic degradation of the surrounding soil. Information (both
experimental and theoretical) available in the technical literature have been reviewed, and a
detailed discussion together with our recommendations is presented. For dynamic loading of
pile, implementations of damping as well as added mass from surrounding soil are discussed and
our recommendations are provided. In addition, single pile models were developed at each pier
location and lateral push-over analyses were performed to evaluate single pile response under
lateral loading conditions. Pile response was characterized in terms of displacement, bending
moment and shear, and the results are presented in this report. Some pile caps are embedded in
the Bay mud which will provide additional resistance against lateral movement. Load-
deformation characteristics of the pile cap are also presented. Pile group stiffness matrices were
provided to the structural engineers for modeling the foundation sub-structure without explicitly
including individual piles. Two different sets of stiffness matrix were provided due to the
different nature of loading condition (service and seismic load).

1.3 BACKGROUND

During the 30-percent design phase, only a limited number of marine borings were
performed. To aid the structural designers at the time, three representative soil profiles denoted
as A, B and C were developed based on the limited subsoil information available at that time.
Much of the foundation parameters, including p-y curves and pile stiffness matrices, for the 30-
percent design were based on these profiles.

Phase I marine drilling started in February, 1998, and subsequently the soil stratigraphy
was refined into five representative profiles for the purpose of developing seismic design criteria.
These representative profiles were designated as profiles A through E which provided the basis
for 45-percent design, including foundation capacity calculations and much of the parametric
studies. In order to avoid confusion with earlier grouping in the 30-percent design phase, the soil

profiles were called A2 through E2 where applicable. The extents of each profile are
approximated as follows:

Profile A: Western 1/3rd of Skyway Alignment, outside (south) of recent paleo- channel
Profile B: Western 1/3rd of Skyway Alignment, within flank of recent paleo- channel]
Profile C: Eastern 2/3rd of Skyway Alignment, outside (south) of recent paleo- channel
Profile D: Eastern 2/3rd of Skyway Alignment, within flank of recent paleo- channel
Profile E: Main Span East Pier

Phase II marine drilling with the associated laboratory testing was completed in

November 1998. This information allowed further refinement on soil stratigraphy to a degree
that idealized soil profiles were developed separately for each pier. These pier specific soil

1-2
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profiles were used in the final design (65 % to 100 %). The results presented in this report are
based on idealized soil profiles developed at each pier location.

14  ORGANIZATION OF THE REPORT

This report is divided into four sections. Section 1 contains introductory comments, and
describes the scope and objective of the report. Subsoil conditions and soil stratigraphy have
been described in Section 2. In Section 3, the procedure for developing lateral pile response
parameters has been presented. Section 4 summarizes pier by pier lateral pile design data and
presents the results of pier specific lateral pushover analysis.

1-3
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2.0 SUBSURFACE CONDITIONS AND STRATIGRAPHY

2.1 INTRODUCTION

Subsurface investigation for the East Span SFOBB was conducted in three phases by the
Fugre-EMI joint venture team during 1998 to 2000. The investigation program included marine
and land borings, cone penetration testing, 2-D and 3-D geophysical surveying, shear wave
velocity sounding and extensive laboratory and in-situ testing. The following reports are the most
relevant documents produced by the Fugro-EMI JV describing the site conditions at the marine
piers:

Fugro-EMI (1998) Subcontractor Report, Phase I Site Investigation,

Fugro-EMI (2001f) Subcontractor Report, Phase II Site Investigation,
Fugro-EMI (2001b) Final Marine Geotechnical Site Investigation and
Fugro-EMI (2001c) Final Marine Geophysical Survey.

2.2  SITE GEOLOGY AND SOIL STRATIGRAPHY

The proposed alignment for the new bridge from Yerba Buena Island to Oakland Mole is
designated as the N6 alignment and is shown in Plate 2-1 and Plate 2-2. The borehole locations
are also shown in these figures. Four different cross-sections showing subsoil stratigraphy along
the N6 alignment are presented in Plate 2-4 through Plate 2-8. The main geologic formations
that underlie the N6 alignment in the descending sequence are:

Young Bay Mud (YBM)

Merritt-Posey- San Antonio Formation (MPSA)
Old Bay Mud (OBM)

Upper Alameda Sediments (UAM)

Lower Alameda Sediments (LAA)

Franciscan Formation(FF)

Brief descriptions of each geological unit are given in the following sections.

2.2.1. Young Bay Mud (YBM)

Young Bay Mud is a marine clay sediment that was deposited within last 11,000 years.
This layer occurs over the entire length of the alignment with depths varying approximately from
8 to 25 meters along the skyway alignment. Deeper deposits of YBM are usually associated with
paleochannels. Because of the meandering nature of the paleochannels, the thickness of the
deposit is found to vary in both, east-west and north-south directions. YBM consists of very soft

2-1
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to firm fat clay with low undrained shear strength. The undrained shear strength of the deposit is
found to be increasing with depth.

2.2.2. Merritt-Posey-San Antonio Formation (MPSA)

This formation, consisting of layered deposit of sands and clays, underlies YBM, and
occurs along portions of the N6 alignment. The thickness of the deposit varies along the
alignment with maximum thickness of about 6.0 m. The deposit is completely absent within the
paleochannels. Although the elevation of top of the deposit varies due to erosion and channeling,
the elevation of base of the deposit is less variable. MPSA consists of dense to very dense sand
with layers of stiff to very stiff clay and sandy clay.

2.2.3. Old Bay Mud (OBM)/Upper Alameda (UAM) Sediments

These sediments consist primarily of thick deposits of stiff to hard clays and underlie the
MPSA or YBM deposits. Within the limits of the skyway structure the thickness of this deposit
is more or less constant, and is about 55 to 60 meters. The undrained shear strength of this
formation increases from about 125 to 175 kPa at the top to about 150 to 250 kPa at the bottom
of the sequence. The borings show that this formation typically includes multiple crustal layers
with higher undrained shear strengths. Due to the presence of the crustal layers, the undrained
shear strengths could increase locally by about 25 to 50 kPa. Although this formation primarily
composed of stiff to hard marine clays, some sand layers were also encountered. These dense to
very dense sand layers were found to occur below EL -55 to 60 meters.

2.2.4. Lower Alameda Sediments (ILAA)

This sediment consists of primarily alluvial deposits of dense to very dense granular
materials. These sediments underlie the OBM/UAM formations and extend down to the
Franciscan bedrock formation. Although the sediment consists primarily of granular deposits,
layers of hard clay deposit were also encountered. The thickness of the deposit increases from
west to east along the alignment. Towards the eastern end of the skyway the thickness of this
formation was found to be about 60 meters.

2.2.5. Franciscan Formation (FF)

The Jurassic/Cretaceous-age Franciscan Formation forms the bedrock for Yerba Buena
Island and underlies the Lower Alameda Sediments along the skyway portion. The bedrock
contact can be found near elevation —110 m at the western end of Skyway. The bedrock
descends toward east and can be found near elevation —140 m at the eastern end of Skyway. The
strata of the Franciscan Formation are composed predominantly of graywacke sandstone with a
few zones of interbedded, siltstone and claystone. The shear wave velocity of Franciscan
Formation ranges from 1,500 to 3000 meters per second.
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3.0 LATERAL PILE DESIGN PARAMETERS

3.1  BRIEF DESCRIPTION OF STRUCTURE

The proposed N6 alignment of the East Span SFOBB between Yerba Buena Island and
Oakland Mole is shown in Plate 2-1 and Plate 2-2. The alignment is comprised of the following
structural features:

e A 560-meter-long transition structure that transitions from a double-decked structure at the
tunnel portal on Yerba Buena Island to a parallel side by side structure.

e A 620-meter-long self-anchored suspension cable signature structure that extends offshore
from Yerba Buena Island.

e An approximately 2.1-km-long Skyway structure that extends eastward from the signature
structure to Oakland.

e An approximately 600-meter-long approach structure that joins skyway strﬁcture to
Oakland Mole.

The focus of this report is on the Skyway Structure and the eastern pier of the signature
structure. The proposed skyway structure will consist of two parallel structures that will carry
eastbound and westbound traffic, There will be a total of 28 piers (Pier E3 through E16,
eastbound and westbound) to carry the structures.

3.2 DESCRIPTION OF FOUNDATION

It is proposed that the skyway piers will be founded on 2.5-meter-diameter steel pipe
piles. Typical layout of pile foundations is shown in Plate 3-1 and Plate 3-2. Four different pile
group configurations are proposed as shown in these figures: one for pier E2, one for piers E3
through E6, one for piers E7 through E14, and one for piers E15 and E16. The upper section of
the piles will be filled with reinforced concrete. The current design indicates that the wall
thickness of the pipe piles will vary with depth. As explained later in Section 4, pile group
stiffness matrices were computed for two different loading conditions: static and seismic.
Different sectional properties of the pile were used for modeling these two conditions. The
sectional properties of the piles were provided by T. Y. Lin, and they are tabulated in Table 3-1a
and Table 3-1b. The static load case examines structural component stresses during erection
sequence and temperature shrinkage and hence, Table 3-1a is consistent with gross sectional
properties. The values presented in Table 3-1b are based on effective sectional properties
expected during earthquake loading and 50%-corroded dimensions.
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Table 3-1a. Sectional Properties for Seismic Condition
Cut-off Bottom of Elevation (m) Axial Flexural Stiffness
Piers Elevation Pile Cap Stiffness (AE) (ED
(m) (m) From To (MN) (MN-m?)
2.7 -12.7 296100 187200
-12.7 -13.9 290300 181800
-13.9 -16.9 188600 94380
E2 - 2.7
-16.9 -22.0 220400 118800
-22.0 -55.0 195900 101600
Below -55.0 69400 52400
-3.5 -32.75 210000 88800
-32.75 -47.75 202000 87800
E3 thru E6 +2.25 -3.5
-47.75 -62.75 186000 81800
Below -62.75 78400 58500
-12.5 -41.75 210000 88800
-41.75 -56.75 202000 87800
E7 -6.75 -12.5
-56.75 -71.75 186000 81800
Below -71.75 78400 58500
-11.3 -40.55 210000 88800
-40.55 -55.55 202000 87800
ES8 -5.55 -11.3
-55.55 -70.55 186000 81800
Below -70.55 78400 58500
-10.9 -40.15 210000 88800
-40.15 -55.15 202000 87800
E9 -5.15 -10.9
-55.15 -70.15 186000 81800
Below -70.15 78400 58500
-11.75 -41.00 210000 88800
-41.00 -56.00 202000 87800
E10 -6.00 -11.75
-56.00 -71.00 186000 81800
Below ~71.00 78400 58500

3-6




SFOBB Task Order No. 5
EMI Project No. 98-145

i Earth

Mechanics

Table 3-1a (Cont’d)

Cut-off Bottom of Elevation (m) Axial Flexural Stiffness
Piers Elevation Pile Cap Stiffness (AE) (ET)
(m) () From To (MN) (MN-m’)
-9.60 -38.85 210000 88800
-38.85 -53.85 202000 87800
Ell -3.85 -9.60
-53.85 -68.85 186000 81800
Below -68.85 78400 58500
-12.60 -41.85 210000 88800
-41.85 -56.85 202000 87800
E12 -6.85 -12.60
-56.85 -71.85 186000 81800
Below -71.85 78400 58500
-14.50 -43.75 210000 88800
-43.75 -58.75 202000 87800
E13 -8.75 -14.50
-58.75 -73.75 186000 81800
Below -73.75 78400 58500
-16.00 -45.25 210000 88800
-45.25 -60.25 202000 87800
El4 -10.25 -16.00
-60.25 -75.25 186000 §1800
Below -75.25 78400 81800
-10.5 -30.5 232000 99600
-30.5 -50.5 202000 87800
El5 -4.75 -10.50
-50.5 -70.5 186000 81800
Below -70.5 78400 58500
-11.0 -30.75 232000 99600
-30.75 -50.75 202000 87800
Ele6 -5.25 -11.0
-50.75 -70.75 186000 81800
Below -70.75 78400 58500
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Table 3-1b. Sectional Properties for Static Condition
Cuat-off Bottom of Elevation (m) Axial Flexural Stiffness
Piers Elevation Pile Cap Stiffness (AE) (ED)
(m) (m) From To (MN) (MN-m?)
-3.5 -32.75 224000 113200
-32.75 -47.75 202000 103000
E3 thru E6 +2.25 -3.5
-47.75 -62.75 194000 97200
Below -62.75 78400 58800
-12.5 -41.95 224000 113200
41.75 -56.75 202000 103000
E7 -6.75 -12.5
-56.75 -71.75 194000 97200
Below ~71.75 78400 58800
-11.3 - -40.55 224000 113200
-40.55 -55.55 202000 103000
E8 -5.55 -11.3 -
-55.55 -70.55 194000 97200
Below -70.55 78400 58800
-10.9 -40.15 224000 113200
-40.15 -55.15 202000 103000
E9 -5.15 -10.9
-55.15 -70.15 194000 97200
Below -70.15 78400 58800
-11.75 -41.00 224000 113200
-41.00 -56.00 202000 103000
El10 -6.00 -11.75
-56.00 -71.00 194000 97200
Below -71.00 78400 58800
-9.60 -38.85 224000 113200
-38.85 -53.85 202000 103000
Ell -3.85 -9.60
-53.85 -68.85 194000 97200
Below -68.85 78400 58800
-12.60 -41.85 224000 113200
-41.85 -56.85 202000 103000
E12 -6.85 -12.60
-56.85 -71.85 194000 97200
Below -71.85 78400 58800
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Table 3-1b (Cont’d)

Cut-off Bottom of Elevation (m) Axial Flexural Stiffness
Piers Elevation Pile Cap Stiffness (AE) (EI)
(m) (m) Hrom To (MN) (MN-m?)
-14.50 -43.75 224000 113200
-43.75 -58.75 202000 103000
El13 -8.75 -14.50
-58.75 -73.75 194000 97200
Below -73.75 78400 58800
-16.00 -45.25 224000 113200
-45.25 -60.25 202000 103000
El4 -10.25 -16.00
-60.25 -75.25 194000 97200
Below -75.25 78400 58800
-10.5 -30.5 242000 121200
-30.5 -50.5 202000 103000
El15 -4.75 -10.50 ~
-30.5 -70.5 194000 97200
Below -70.5 78400 58800
-11.0 -30.75 242000 121200
-30.75 -50.75 202000 103000
Ei6 -5.25 -11.0
-50.75 -70.75 194000 97200
Below -70.75 78400 58800

3.2.1. Development of p-y Curves

The lateral movement of pile is resisted by lateral resistance generated within the soil that
surrounds the pile. Generally, the soil reaction is described in terms of its characteristic p-y
curves where p is the soil reaction per unit length of the pile, and y is the pile displacement at
that particular location. For this report, p-y curves for the piles are developed according to the
guidelines provided in American Petroleum Institute (APT) RP 2A (API, 1993).

3.2.2. Brief Description of p-y curves

Guidelines for developing p-y curves for different soil materials, such as clay and sand,
are provided in the API document mentioned above. The brief description of the methodology is
presented here.
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p-y Curves for Clay. The ultimate lateral bearing capacity of clay material is given as a
function of undrained shear strength, Su, depth below the ground surface, z, and pile diameter, D.
For a depth, 2, that is less than the critical depth, zr, the ultimate soil reaction is given by

Sz
=|3S,+yz+J = |D -
P, ( T ] (-1
and for depths greater than z:, the ultimate soil reaction is given by
p.=95D (3-2)

where 7 is the effective unit weight of the soil and J is a dimensionless empirical factor usually
taken as 0.5. The critical depth z: is given by

=5 (3-3)

The soil reaction to lateral pile movement does not vary linearly with pile displacement.
The p-y curves describe the soil behavior by a nonlinear relationship between soil reaction, p and
pile displacement, y. The normalized p-y curve for clay material is presented in Table 3-2. The
soil reaction, p and displacement, y are normalized with respect to ultimate soil resistance, Pu,
and reference pile displacement, ye, respectively. The reference displacement, y. is equal to
2.5¢cD where g is the axial strain measured at half the maximum stress in laboratory undrained
compression tests on undisturbed soil sample.

It may be mentioned that according to API recommendations, a p-y curve for clay
material is defined by 5 data points instead of 6 as shown in Table 3-2. The point No. 2 is
introduced here to reflect initial stiffness of soil response at a small displacement level. The
initial soil stiffness, as given in this modified p-y curve, was essentially estimated on the basis of
a soil subgrade modulus of 400S,. This relationship between soil subgrade modulus and
undrained shear strength has been suggested by Poulos and Davis (1980). They suggested that
the tangent modulus of soil, Es can be within a range of 250Sy to 4008S..

It is our understanding that the committee for API is currently considering fo implement

an additional point on API p-y curve similar to Point No. 2 in Table 3.2. However, the final
recommendations on p-y curve from API are not yet available at this time.
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TABLE 3-2. P-Y CURVE DATA FOR CLAY

2 0.25 0.125
3 0.5 1.0
4 0.72 3.0
5 1.0 8.0
6 1.0 0

p-y Curves for Sand. The ultimate lateral bearing capacity for sand is found to vary
considerably with depth. API recommends that the ultimate bearing capacity should be taken as
the smaller of pus (for shallow failure mechanism) and pud (for deep failure mechanism)
calculated by the equations

Pu=(Cz+C,D)yz (3-4)
and
P =C;Dyz (3-5)

where Cr. C2 and Cs are coefficients that can be calculated as function of angle of internal
friction, @ of sand. Plate 3-3 shows variations of these three coefficient with 9.

Like p-y curves for clay, the p-y curves for sand are also nonlinear. The nonlinear
relationship between P and Y is given by a hyperbolic equation as

kzy
p=Apu tanh(A—p:J (3 -6)
where k is the initial subgrade modulus having an unit of (F/L3), and A is factor to account for
cyclic or static loading conditions. The p-y curves for sand are represented using seven points.
Because of the way the p-y curves for sand is formulated, normalized p-y curves are not unique.
However, they can be approximately expressed as those given in Table 3-3.



SFOBB Task Order No. 5
EMI Project No. 98-145

TABLE 3-3. P-Y CURVE DATA FOR SAND

2 0.10 0.03
3 046 0.17
4 0.76 0.33
5 .91 0.50
6 1.0 1.0
7 1.0 0

3.3 GROUP EFFECTS AND CYCLIC LOADING

Because of close proximity, piles in a group interact with each other. Such pile to pile
interaction and the resulting effect on individual pile response is commonly termed as group
effect. Another important factor that can influence individual pile behavior is the degradation of
the surrounding soil under cyclic loading from the piles. Some of the experimental results
related to pile group effects that are available in the technical literature are discussed below.

Group effects and the effect of cyclic loading on p-y curve have been studied by Bogard
and Matlock (1983). They performed a series of static and cyclic lateral load tests on circular
pile group at Harvey, Louisiana. According to them zones of soil loaded by the individual piles
could overlap forming larger zones of stress in the soil surrounding the pile group, depending on
the spacing between individual piles in a pile group. Integrating the lateral strains that arise from
the superposition of individual pile stress bulbs would yield an increased pile group deflection as
compared to the isolated piles, for a same level of lateral resistance. This would mean that for
same load level, the piles in a group would deflect more than a single isolated pile. Accordingly,
the p-y curves for an individual pile in a pile group would be softer, and can be regarded as a
“stretched” version of p-y curve for a single isolated pile.

The results of the cyclic lateral load tests indicted that the initiation of cyclic degradation
in resistance occurred. Near the surface, the losses in soil resistance are associated with vertical
soil heave and with the separation of pile and soil, or gapping. At depths, where the soil
movement is restricted to the horizontal plane due to confinement, the losses in soil resistance
are normally associated with soil remolding which is initiated by reversal of plastic strain and
slip in the soil. The effects of cyclic degradation are most severe in the soil immediately
adjacent to the pile, with the severity of effects decreasing rapidly with radial distance.
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If the piles in a group are separated by sufficient distance, the local heave and gap
formation will be confined to the soil very near the individual piles. As the gap form around
individual piles, the lateral resistance would be reduced which in turn would reduce the stress
transferred to the soil and adjacent piles. Thus, little group action will be observed. If the piles
in the group are closely spaced, the surface gaps initiated around individual piles could overlap
and join forming a continuous gap around the entire pile group.

A full scale study in sand was conducted on a closely spaced group of piles arranged in a
3x3 configuration at the University of Texas (Brown, et. al., 1987, Brown, et. al., 1988). The test
results indicated that most significant group effect is associated with the phenomenon called
“shadowing”, in which the soil resistance of a pile in a trailing row is reduced because of the
presence of the pile ahead of it. The p-y curves for the piles of the leading row were slightly
softer than those for the single pile. The reduction in soil resistance in the trailing row piles was
quite significant. The researchers concluded that a convenient way of expressing the loss of soil
resistance due to group effect is by using a p-multiplier, a constant used to “squash” p-y curves
for an isolated single pile.

Cyclic loading on similar (3x3) pile group in sand did not produce a great loss of soil
resistance. This observation was in contrary to the experimental results in stiff clay. It seemed
that soil response was quite sensitive to load history. Small cyclic load produced substantial
densification, which appeared to improve the soil resistance at subsequent larger loads. Some
softening of the response of the piles in the group was observed at large loads. Other
experimental studies on pile group behavior are:

Centrifuge testing of 3x3 pile groups at three-diameter (3D) and five-diameter (5D)
spacing by McVay, et. al. (1995) which shows that the experimental results can be
simulated using a p-multiplier approach. The p-multiplier values suggested by them
ranges from 0.3 to 0.85.

Static and statnamic tests on 3x3 full-scale pile groups in clays by Peterson and Rollins
(1996) indicate that piles in closely spaced groups (3D) may be expected to displaced 2 to
3 times more than an isolated pile under the same average load. Dynamic tests
(statnamic) show a 15% to 25% higher load capacity for individual piles due to the
contribution from damping and inertia forces.

Full-scale lateral load testing of pile groups in liquefied soil inducted by blast loading by
Ashford and Rollins (1999) where cyclic loading was conducted before and after blasting
to understand subgrade reaction relationships for non-liquefied and liquefied sand.

From a review of all the research studies described above, it appears that group effects
and cyclic degradation are highly nonlinear and inelastic behavior. It is very difficult, if not
impossible, to mimic each of these physical behaviors in the p-y curve model. This hypothetical
p-y curve may well be dependent on location of the pile within the group and loading path,
which, among other things, could mean updating the p-y curve at each time step which becomes
impractical for design. In view of this scenario, we have elected to adopt a p-multiplier of 0.5 as
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a constant to “squash” the conventional API type p-y curves for all the piets along the skyway
structure to collectively account for group effects and cyclic degradation without further
refinement. These sets of p-y curves with a p-multiplier of 0.5 represent a benchmark scenario
for the seismic load case (Load Case No. 7).

3.4 CONSIDERATION OF P-Y CURVE FOR SPECIAL LOAD CASE

Besides seismic load case, the structural designers requested for our recommendations on
p-y curve that would be appropriate for dealing with mechanisms associated concrete shrinkage
and temperature loading (Load Case No. 3). Since this type of loading is essentially monotonic,
we elected to recommend a p-multiplier of 1.0 as an upper bound scenario to poriray somewhat
stiffer soil supports. These p-y curves can be used to evaluate possible staging of construction
and to examine structural distress for the service load case scenario.

3.5 LATERAL PUSHOVER AND SOIL-STRUCTURE INTERACTION ANALYSIS

The main objectives of developing p-y curves are to utilize them 1) in lateral pushover
analyses to evaluate member stresses in pile and 2) in kinematic pile-soil interaction analyses to
define effective seismic loading on the superstructure. In addition, the p-y curves are intended to
be used by structural engineers in the global model of bridge structure for dynamic analysis.
Individual piles and non-linear soil springs could be included in such models.

For different types of analyses mentioned above, the pile needs to be discretized with
lumped P-Y springs attached at discrete nodal points. For kinematic and dynamic analyses it is
also necessary to apply the ground motions to the piles through the lumped P-Y springs. Capital
letters are used for lumped springs to distinguish them from p-y springs which represent soil
reaction per unit length of the pile. Lumped springs are obtained by multiplying p-y springs by
appropriate nodal tributory length as shown in Plate 3-4. The ground motions at different
elevations are obtained from site response analysis. Therefore, the pile discretization scheme
needs to match the discretization scheme adopted for the site response analyses. Different
aspects of site response analyses have been discussed at length in a separate report prepared by
Fugro-EMI joint venture (Fugro-EMI, 2001le). The discretization scheme adopted for site
response analyses is described here briefly.

3.5.1. Discretization Scheme

The typical discretization scheme adopted for the ground response analysis is shown in
Plate 3-4, as mutually agreed upon by the structural engineers and EMI. The soil column that
was analyzed for ground response extended down to MSL ElL -95.0 m. From the ground surface
down to a depth of 45 meters, the soil column was divided into 3.0-meter-thick layers, and below
45 meters, the layers were 6.0-m thick. The length of the last layer was adjusted so that the tip of
the pile is at -95.0 m elevation. It may be noted that the pile nodes are closely spaced (at 3.0
meter interval) near the ground surface, and the spacing is increased with depth. The reason for
adopting such a scheme is due to the fact that under lateral loading, significant soil-pile
interaction takes place within a depth of about 10 to 12 pile diameter from the ground surface. It
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may also be noted that the length of the pile model extends down to an elevation of -95.0 m from
the ground surface. Although the actual pile length may vary from pier to pier, for lateral
pushover and kinematic interaction analyses the pile length is kept constant because of two
reasons. First, the soil column used for the site response analyses extended down to an elevation
of -95.0 m, the elevation at which level firm ground motion has been defined. It has been
mentioned in the previous section that for kinematic soil-structure interaction analysis, the pile
nodes need to match the discretization scheme used for the ground response analysis. Secondly,
this variation from the actual condition is thought to be insignificant in determining pile
response, because most of the soil-pile interaction would be limited to a zone near the ground
surface.

3.6 DAMPING PARAMETERS FOR LATERAL LLOADING

The conventional API p-y criteria modified by a p-multiplier of 0.5 to account for cyclic
loading and pile group effects have been adopted for the seismic design. The p-y model used by
the structural engineers in their complete model has non-linear and inelastic characteristics.
When these p-y curves are implemented with proper allowance for hysteretic behavior, the
strain-dependent energy dissipation mechanism is automatically simulated which explicitly
accounts for material damping.

For additional damping associated with radiation of energy through the half space, elasto-
dynamic solutions recommended by Gazetas et al. (1992) were used to assess the relative
magnitude of radiation damping with respect to the material damping included in the non-linear
p-y curves. The classical method of solving soil-pile interaction problem involving radiation
damping has been based on an elasto-dynamic approach in frequency domain (Mylonakis, et. al.,
1997 and Gazetas et. al., 1992). Because of the linear superposition principle in the frequency
domain, soil stiffness is usually expressed as Winkler type of linear spring which would have a
unit of FL? (soil resistance per unit pile length per unit pile deflection). The radiation viscous
dashpot parameter given in the following equation is derived from shear wave velocity

!

)
¢, = 1-6psvsd[ﬂ] (3-6)
v,
where cx is the damping coefficient,  is the angular frequency, D is the pile diameter, ps is mass
density and Vs is shear wave velocity. This radiation damping parameter would be frequency
dependent.

To study the effects of viscous damping, cyclic push-over analyses were performed on a
single pile supported on dashpots and nonlinear inelastic p-y springs. The viscous damping
coefficients for the dashpots were determined from the above equation and the nonlinear p-y
curves were estimated using the API procedure. The dashpots represent radiation damping,
while the hysteretic behavior from the p-y curves simulates material damping. The dashpot
coefficients were evaluated at an angular frequency corresponding to a period of 1 second For a
longer period (small angular frequency) expected as the response of the skyway structure, the
radiation damping coefficient estimated using the above equation would be smaller. Three sets
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of pushover analyses were performed: the first with dashpots in series with p-y curves, second
with dashpots in parallel p-y curves, and the third with no viscous damping.

Plate 3-5 shows an arrangement of the pile supported on dashpots connected in parallel
with the p-y springs. The figure also shows the representative soil profile used in the analyses
which corresponds to the general soil profile representative of the western part of the skyway
structure. It was realized that that small strain shear wave velocity is too high for deriving the
viscous damping coefficients. Therefore, an equivalent depth-varying linear Winkler springs
were derived from the p-y curve model, which was used to determine an equivalent soil
modulus. Based on the estimated equivalent soil modulus, strain-compatible shear wave
velocities were calculated and used to estimate the viscous damping coefficient using Eqn. (3-6).

Studies on viscous dashpots in series with non-linear p-y springs were also conducted. In
fact, it is more logical to model the radiation dashpots in series with the API p-y curves from a
mechanistic point of view because the radiation wave from the pile must travel through the
highly strained soil-pile interaction zones before dissipating into the half space. As shown in
Plate 3-6, non-linear p-y curves represent a near-field soil-pile interaction zone, while the
dashpots with linear springs represent elastic behavior of far-field half space.

The solutions in terms of cyclic pile head load versus deflection are shown in Plate 3-7
through Plate 3-9 at several deflection levels. Plate 3-7 presents cyclic load-deflection solutions
without radiation damping, i.e., only material damping derived from hysteretic p-y curves is
included. Plate 3-8 presents the load-deformation loops with additional radiation damping where
dashpots are arranged in parallel with the p-y springs. Plate 3-9 presents the solution with
radiation dashpots in series with the p-y springs. It appeared that the parallel viscous dashpots
added the damping effects a significant degree above the hysteretic effects, but the viscous
dashpots in the series mode did not result in appreciable radiation damping. From engineering
mechanics, as earlier mentioned, a dashpot in series is more realistic in representing physical
behavior of the soil-pile system.

Care is required in mixing API type of nonlinear p-y curves with viscous coefficient to
account for radiation damping based on elasto-dynamic approach. Recent centrifuge pile load
tests conducted at the University of California at Davis to simulate transient earthquake loading
indicated that the conventional API p-y curves yielded reasonable soil-pile interaction stiffness
especially for clayey soils (Boulanger et al., 1998). However, viscous dashpots based on elasto-
dynamic approach using small strain shear wave velocity arranged in parallel with the p-y
Winkler springs resulted in exaggerated radiation damping solutions (Wang et al., 1998).
Although the most common way to implement radiation dashpot is in a parallel manner for soil-
pile interaction analysis, researchers at the University of California, Davis recommend to arrange
the Winkler spring and the dashpot in series. This kind of arrangement ensure that forces acting
at the viscous dashpot would be transmitted through the Winkler based p-y springs; thereby
reducing the effect of the viscous damper.

Based on our parametric studies and the findings from other researchers, it may be
concluded that the effect of radiation damping would be small compared to that of material
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damping. Since the material damping is already accounted for in the p-y curves, no additional
radiation damping is recommended for this project.

3.7 NON-LINEAR SPRINGS FOR PILE CAP

The design plans for the skyway indicates that the pile caps for piers E07 through E16
would be placed below the mudline. For these piers, in addition to the piles, the pile caps would
also offer additional resistance against lateral movement derived from passive pressure of the
soil. Our recommendations for pile cap springs are presented in this section. In Table the
normalized shapes of pile cap springs are tabulated. In this table, q represents the soil pressure
in the units of F/L™ and y represents displacement. The pressure is normalized with respect to
ultimate pressure quit and the displacement is normalized with respect to reference displacement,
ye. The ultimate pressures are computed using procedures very similar to that used for
calculating ultimate soil capacity for piles. The estimated values of qu: depend largely on the
undrained shear strength of the soil, and to some extent on the pile cap configuration, i.c., the
contact dimension L and B for longitudinal and transverse loading directions, respectively. The
reference displacement, ye, was estimated as

Ye = Ips.f()'l’c (3_7)

where I is a shape factor arising from elastic half space analysis. For Ip, values ranging from 1
to 2.5 can be found in the literature. gso is a soil strain parameter from laboratory stress-strain
test and depends on the soil type. For soft surficial clay at the project site, a value of 0.02 was
used for gs0. Lc is the characteristic length of the embedded pile cap which for rigid foundation
can be taken as the shortest dimension. For these pile caps the depth represents the shortest
dimension and which was therefore considered as Lec.

3.8 ADDED MASS FOR SOIL

As regards to added mass to account for inertial effects of the soil, there is very little
information available in the technical literature to draw any definite conclusions. In traditional
clastic half space method of analysis, the foundation drags the soil and moves in phase with it.
This, in effect, gives rise to the concept of added mass that contributes to the inertial response of
the foundation system. However, the soil stratigraphy at the project site consists of deep deposit
of soft bay mud layer. It is expected that at higher load levels this soft soil will yield and
produce large amount of slippage between the soil and the pile than those can be expected in
elastic half space analysis. Therefore, the use of added mass as suggested by elastic analysis
may not be reasonable.

Recent centrifuge tests performed at UC Davis (Boulanger et al., 1999, Wang et al.,
1998) consisted of pile foundations embedded in deposits of soft bay mud. The experimental
results were compared with the results from the numerical analyses. The numerical model,
consisted of pile mass only, and did not include any added mass of the surrounding soil. These
researchers were able to obtain good match between the experimental and the numerical results
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without including any additional soil mass. Similar conclusion could be drawn from our
simulation of Statnamic vertical pile test data with regard to added soil mass participation in the
vertical direction.

We believe that the soil inertia force would be small compared to the restoring force from
p-y springs especially when gapping occurs. We recommend no added mass above the pile mass
and the soil plug inside the pile itself in the dynamic pile model. However, one can intuitively
conclude that due to large cross-sectional area, the added soil mass may be more significant for
the pile cap than for the soil-pile system. It is recommended that a sensitivity analysis may be
necessary to establish the importance of added soil mass for the pile cap. Trail added mass,
equal to the weight of the displaced soil, are tabulated in Table 3-5 which can be used for the
sensitivity study to examine effects on the overall bridge response with and without added mass
for the pile cap.

3.9 FOUNDATION SUBSTRUCTURE AND CONDENSED MATRICES

To evaluate the dynamic response of a bridge structure, it would be most desirable to
create a complete analytical model of the total system including the bridge superstructure, pile
cap, and the soil-pile system. Such model would account for depth varying nonlinear soil
springs (p-y curves), depth varying ground motion, and inertial forces of the foundation system.
However, such a model in most cases becomes cumbersome with the analysis involving a large
number of degrees of freedom. The solution for keeping model size small and reducing the
number of degrees of freedom is to use the method of substructuring. For bridges, the global
structure can be divided into two substructures: a substructure for the foundation and a
substructure for the bridge superstructure, with a convenient interface between the two
substructures at the pile cap level. By using the substructuring method, the stiffness of the
foundation system and the forces arising from the soil-pile interaction can be condensed at the
pile cap level, which can be used by the structural engineer to analyze the response of the bridge
superstructure.

3.9.2. Pile group stiffness matrix

A typical bridge problem can be considered as a multiple-input, multiple-degree-of-
freedom (MDOF) system; it consists of superstructure (deck and column), pile-cap, and pile-
foundation. For the purpose of discussion, the damping term is ignored and the mass matrix is
based on a lumped mass system. The equations of motion for this MDOF system due to
multiple-input ground motion {xg(t)} are written as
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TABLE 3-4. NONDIMENSIONAL PILE CAP SPRINGS

0.000

0.250
0.500
0.720
1.000
1.000 o

TABLE 3-5. PILE CAP SPRINGS FOR DIFFERENT PIERS

ST e
-1 EB&WB
Depth of Footing (m) 6.5 6.0 6.5 6.5 5.8

Added Mass (kg/m®) 1740 1740 1740 1740 1740 1740 1740 1740 1740 1740
Long. 0.057 0.067 0.076 0.079 0.065 0.099 0.131 0.605 0.0732 0.0784

Quit Direction

2:

(MN/m) | Trans. 0.058 0.067 0.077 0.079 0.069 0.099 0.132 0.617 0.0737 0.079

Direction
Long. 0.130 0.130 0.130 0.130 0.116 0.130 0.130 0.130 0.130 0.130

Ye Direction
() Trans. 0.130 0.130 0.130 0.130 0.116 0.130 0.130 0.130 0.130 0.130

Direction
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[m, ] &4 [k
o) (3-8)

= 0
bl K S

where the subscript “s”, “c” and “p” denote the superstructure, pile-cap and the pile
degrees of freedom, respectively. The mass and stiffness are represented by the matrices [m] and
[K]. The vectors {xs}, {x¢} and {xp} represent displacement of the superstructure, pile-cap, and
pile degrees of freedom relative to the earth inertia reference frame (i.e, total displacements),
respectively. The displacement vector {Xg} represents the depth-varying free-field motions which
can be computed from an appropriate site response study, and [Kg] is the soil stiffness
surrounding the piles. The pile-cap node would have 6 degrees of freedom (three translation, and
three rotation). It is assumed that mass of the pile is small and can be ignored, i.e, [mp]=0.
Typically this is the case because inertial forces of the piles are relatively small compared to the
more massive superstructure, and therefore neglecting the foundation inertial effect does not
normally cause significant error. Then the system of equations become:

[m, ] &4 TR K] ) 0
] R +|K] K] K R&S =1 0 (3-9)
o1, ) L O | 90

With the pile mass assumed to be zero, static condensation can be performed to eliminate
the pile degrees of freedom. After eliminating the pile degrees of freedom, dynamic response
analysis can be performed using the following set of equations involving the superstructure {xs}
and the pile cap nodes {Xc};

el W o1
where [K] and {f} in the above equation are defined as
fth= - KoK K ) (3-11)

[K]=[K.]~ K, K, K] (3-12)

It is noted that Equation 3.10 contains only the pile-cap and the superstructure degrees of
freedom, and in fact the solutions to this set of equations are what the structural engineers are
seeking in order to determine demands for the superstructure and the pile-cap. The
transformation of the original problem into a substructured system consisting only of the
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superstructure and pile-cap is entirely based on classical static condensation (e.g., Cook, et al.,
1989). The stiffness of the pile foundation system is now represented by the 6x6 condensed
stiffness matrix [K], given by Equation 3.11 and the equivalent force applied at the pile-cap
represented by the 6x! forcing function {f}, given by Equation 3.12. Both the stiffness matrix
K] (which is constant with time) and the forcing function {f} (which is time dependent and
related to the time histories of the depth-varying free-field input ground motion) can be pre-
calculated without knowledge of the response of the superstructure or the pile cap.

3.9.3. Pile group mass matrix

The substructuring approach using static condensation, as described above, provides
rigorous solutions for massless piles. However, for piles with some limited mass, the method is
only approximate and the error depends on the relative magnitude of the pile mass to the
superstructure mass. The solution can be greatly improved by implementing a condensed mass to
represent an inertia effect of the foundation substructure. This is to maintain the fundamental
mode of vibration of the entire foundation system in the condensed substructure. One approach
would be based on computation of eigenvalues for the soil-pile system representing the entire
foundation. The condensed mass, [M], can be approximated by

1

[M]=—[K] (3-13)

(€

where [K] is the condensed stiffness matrix obtained from the substructuring approach
and @ is an angular frequency. The numeric value for ¢p is often chosen as the fundamental
frequency (1" mode) for each of the six axes (3 translation and 3 rotation) of the original
foundation (before condensation). By doing so, the condensed model consisting of the 6x6 mass
matrix [M] and the 6x6 stiffness matrix [K] would reproduce the same 6 fundamental modes of
vibration as the original foundation prior to adding the superstructure. For practical application,
[M] is assumed to be diagonal to simplify the computation.

In many cases, however, computation of natural frequencies and mode shapes for a large
pile group can be very time consuming. A method similar to static condensation can be
employed to reduce the number of degrees of freedom for a dynamic system which minimizes
the expense of computing eigenvalues and eigenvectors. This condensation algorithm is known
in the literature as Guyan reduction, mass condensation, dynamic condensation, or eigenvalue
economization (Cook et al, 1989). In the context of a pile foundation, free vibration
characteristics of the pile-cap/pile system can be expressed as

[ch] [ch] 2 [mc] {Xc} _ 0
K, (K1 " m 1t e (o (3-14)

In order to obtain a relation between {x.} and {xp}, all the masses are temporally ignored,
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and thus providing the following relationship:

{gj} =[Tx.} (3-15)

where

(1]
[T]= {_ KK, ] } (3-16)

and [I] is an identity matrix. Substituting Equation 6.15 into Equation 6.14 and pre-
multiplying by [T]T yields a condensed eigen problem as follows

([K]-o*[MD{x,}={0} G-17)

where the reduced stiffness and mass matrices are symmetric and are given by

[K]=[T]" R o R S 9
UK, K] wd Tl Il pp I 1 (3-18)
and
[M]={T]T[[m°] }[T] (3-19)
[, ]

It can be seen that [T] plays a similar role as Ritz vectors in the Raleigh-Ritz method, and
the stiffness matrix [K] is the same matrix as produced by static condensation presented in
Section 3.9.2. Furthermore, it is noted the condensed mass [M] is banded and is a combination
of both mass and stiffness coefficients. However, to simplify the modeling effort, only the
diagonal coefficients of the mass matrix are used for bridge analyses.
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4.0  PIER SPECIFIC ANALYSIS

41  DESIGN BASIS

A total of 44 borings were drilled during the Phase I and Phase II marine investigation,
and extensive in-situ and laboratory tests were conducted. Based on the information obtained
from these tests pier-specific subsoil stratigraphy have been developed. Detailed discussion on
investigation methodology and interpretation procedure is presented in various Fugro-EMI
reports (1998, 2001a, 2001b, 2001¢, 2001f). Lateral pile design data were estimated at each pier
location on the basis of pier-specific subsoil information given in the above mentioned reports.
p-y curves at different depths were formulated and lateral pushover analyses of a single pile were
performed using the computer program BMCOL76 (Matlock et al.,, 1981). The design
parameters and the results of pushover analyses are presented in this section.

As explained in Section 3, the p-y curves are non-linear. The coordinates of p-y curves
presented in this report include a p-multiplier of 0.5 to collectively account of group effect and
cyclic loading. For service loading condition (p-multiplier of 1.0), the presented p-values (soil
resistance) should be multiplied by a factor of 2 (p-multiplier 1.0/ p-multiplier 0.5) in order to
obtain the p-y curves for a single isolated pile with undegraded soil properties.

The single pile lateral pushover analyses were conducted with the presented p-y curve
(i.e. p-multiplier of 0.5 included) and using effective sectional pile properties. The results of
these lateral pile solutions therefore represent the soil-pile behavior under seismic loading. For
the service load case, the presented lateral pile solutions are not appropriate. It would be more
appropriate to use gross sectional pile properties and the p-y curves with the p-multiplier of 1.0.
The pile group stiffness matrices were developed for two load cases, seismic and service loading
conditions. The stiffness matrix formulation is based on substructuring, as discussed in the
previous section. The substructuring approach can be implemented if the system is linear. It is
therefore necessary to linearize the p-y curves to generate pile group stiffness matrix.

For the seismic load case, the p-y curves are linearized at the displacement level (y)
associated with pile top displacement of 125 mm. The pile top displacement of 125 mm is a
representative displacement expected during a seismic event, based on preliminary analyses
conducted using the response spectrum approach. The linear spring stiffness at each elevation is
estimated as the secant stiffness resulting from pile displacement at that particular elevation. For
the service load case, the p-y curves are linearized using the first branch of the curve. In addition,
effective sectional properties and gross sectional properties are used for the seismic and service
load cases, respectively. The following provides a summary of foundation parameters for the two
different load cases:

1) Seismic load case: p-y curves with a p-multiplier of 0.5, effective pile sectional
properties, spring from curves linearized at pile head deflection of 125 mm.
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2) Service load case: p-y curves with a p-multiplier of 1.0, gross pile sectional properties,
spring linearized using the first branch of p-y curve.

Other than pile group stiffness, soil resistances developed on the vertical face of the pile
cap and on the wall of the column isolation casing are considered for the sunken pile cap.

42  PRESENTATION OF PIER-SPECIFIC DATA

The pier-specific data are included at the end of this section. For each pier, six sheets are
presented. The first contains the subsoil information pertaining to the pier, the second sheet
presents the soil parameters used to determine the p-y curves, the third sheet presents detailed
coordinates of p-y curves at different depths. The fourth and the fifth sheets contain the results
of the pushover analyses. The fourth sheet presents the variations of pile head moment and shear
with deflection, while the fifth sheet presents the variations of pile deflection, bending moment,
and shear with depth. The sixth sheet presents the condensed stiffness and mass matrices of the
foundation system. Two sets of stiffness matrices are provided. One for seismic load case and
the other for the service load case including temperature and shrinkage loading effects. The
former is for large displacement condition while the latter is essentially for small displacement
condition as explained in Section 3.4.

The following system has been adopted for numbering the plates pertaining to each pier.
For example, six plates corresponding to eastbound Pier 3 are numbered as Plate E03-EB.1, E03-
EB.2, etc. Similarly the plates for the westbound pier are numbered as Plate E03-WB.1, E03-
WB.2, etc. For some piers, same soil profile was used for both eastbound and westbound piers.
In such cases, the suffix EB or WB was dropped.

It can be noted that the stiffness matrices for the EB and WB are identical for the seismic
load case. This is due to substantial uncertainties in cyclic degradation, assumption on pile
displacement level required in linearization of soil spring and estimation of effective pile
sectional properties. It was decided that development of separate stiffness matrix for WB and EB
is not warranted and therefore the soil properties were combined for the seismic load case. On
the other hand, soil behavior and pile properties under service loading condition are more
predictable. Uncertainties in development of foundation stiffness matrix under the service load
case are not as severe as compared to the seismic case. For this reason, two separate stiffness
matrices were developed for EB and WB by using pier specific data.



SFOBB Task Order No. 6
EMI Project No. 98-145

Earth

um‘vum

? Mechanics ,.w

R U
= B b i D]
Coardinates: E1836695 NG47812 g KCF 002 003 0.04 ¢05 006 007 008 0.09 | |[KSF 2 4 6 [ 10
€ €] &7 | {CA State Plane Zone 3, NADS3, Meters =
: E g WATERIAL DESCRIPTION g . SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
@ &3] MUDLING ELEVATION: -12.7m (MSL) 513 e 25 0 125 Wwa 1 .
Fat CLAY (CH), very soft to soft, ofive gray ‘ 1
| \
-20 18.2m) 3 \
. Fal CLAY (CH), firm, dark ofive gray g
—silty sand, below 16.0m (16.5m)
p-30 /’
Fat CLAY (GH), very stiff to hard, greenish gray ] (
l \
L
p-40
{31.9m}| | 1
- 5 | Fat CLAY (CH}, very stiff, greenish gray
v
¥ P | sandtaver, 37.2m 10 37.5m {36.4m)
Fat CLAY (CH), vecy stiff, greenish gray
L v 3
tasamy {2
Fat CLAY (CH), stiff, ish
o (CH), vexy stiff, greenish gray wild
(48.5m)]
50 2 Lean CLAY {CL), very stiff to hard, greenish gray
- -sand with clay layers, 51.5mto S2.7m
wil
p-70 .
=4 | -dense sandy sift with sand and clay seams and layess, 57.2m fo
B £9.6m
1A
_ 7 | -sand at 61.3m (62.5m)
F-07] | Sitty Fine SAND (SM), very dense, dark gray
'f';‘ -with a dlay layer, 62.8m {0 62.9m
<24 | -very stiff, dark greenish gray lean day layer, at 64.2m Vit ¢=40'
0T L] | silty Fine SAND (SM), very dense, greenish gtay =
r x $=40
o ?f"' {73.0m}
/ Laan CLAY (CL), hard, greenish gray
X
p-90 /
-sandy dlay below 78.3m gesmy | %
=14 | Sity SAND (SM), very dense, greenish gray
80 “{. | 4ean daylayer, T9.1m to 79.4m
R a3 (82.3m) B}
[~ [:SANDSTONE (Rx) interbadded with SILTSTONE (Rx), dark gray, ] "0 ] =]
modem{eiy to highly weathered, moderately soft
100 TOTAL DEPTH: 82.8m BACKFILLED WITH: Cemont Gnou’(
b
9
L-110
1601
b-120
110+
130

SUBSOIL CONDITION AND SOIL PROPERTIES

PIER E02 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E02.1




SFOBB Task Order No. 5
EMI Project No. 98-145

pura |
F
8
|
g

'LS

1'2 ' T T T 3 1 T T
1.0 ===
0.8 =
= 3 /I q
o 06
Q. R // -
04 -~
_/ A L N S I B BT Sand i
0.2 g4~ Clay
/
OO ! ] 1 H 1 ! | ‘ 1 1
0.00 025 0.50 0.75 1.00 1.25 1.50 1.75 20
iy,
NORMALIZED p-y CURVES
SOIL. STRATIGRAPHY AND PROPERTIES p-y DATA
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(m) (kN/m?) (kN/m®) (m) | (kN/m)| (cm) | Criteria
0-3 clay 0.02 10 0.0 36 100.0 clay
3-6 clay 0.02 15 3.0 81 100.0 clay
6-9 clay 0.02 15 6.0 115 | 100.0 clay
9-12 clay 0.01 30 9.0 149 | 100.0 clay
12-15 clay 0.01 40 9.0 236 50.0 clay
15-18 clay 0.005 | 100 12.0 281 50.0 clay
18-21 clay 0.005 | 110 15.0 844 | 25.0 clay
21-24 clay 0.005 | 120 18.0 940 | 25.0 clay
24-27 clay 0.005 | 130 21.0 | 1126 | 250 clay
27 -30 clay 0.005 | 140 240 | 1292 | 25.0 clay
30-33 clay 0.005 | 140 30.0 | 1561 | 25.0 clay
33-36 clay 0.005 | 140 36.0 | 1507 | 25.0 clay
36-39 clay 0.005 | 150 420 | 1615 { 25.0 clay
39-42 clay 0.005 | 170 51.0 | 2045 | 25.0 clay
42-45 clay 0.005| 170 63.0 | 2045 | 250 clay
45-51 clay 0.005 ] 180 X 10874 174068 and
51-57 clay 0.005| 180 clay
clay 0.005| 180 ‘
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Depth | Curve Cocrdinates of p-y Curve Points (p in kN/m, y in cm) 8~ Q

{m} No. z o

p1 y1 p2 y2 p3 y3 p4 y4 pS ys p6 y6 p7 y7 © &

0.0 1 0 0.0 9 1.6 18 12.5 | 25.841 37.5 36 100.0 36 249.9 ® £

3.0 2 0 0.0 20 1.6 41 12.5 | 58.551 37.5 81 100.0 81 249.9 & _g

6.0 3 0 0.0 28 1.6 57 12.5 83 37.5 115 100.0 115 249.9 o
9.0 4 0 0.0 37 1.6 74 12.5 107 37.5 149 100.0 148 249.9
9.0 5 0 0.0 59 0.8 118 6.2 170 18.7 236 50.0 236 125.0
12.0 6 0 0.0 70 0.8 140 6.2 202 18.7 281 50.0 281 125.0
15.0 7 0 0.0 211 0.4 422 3.1 608 94 844 25.0 844 §2.5
18.0 8 0 0.0 235 0.4 470 3.1 877 9.4 940 25.0 940 62.5
21.0 9 0 0.0 281 0.4 563 3.1 811 9.4 1126 25.0 1126 62.5
24.0 10 0 0.0 323 0.4 646 3.1 930 9.4 1292 25.0 1292 62.5
30.0 11 0 0.0 390 0.4 780 3.1 1124 9.4 1561 25.0 1561 62.5
36.0 12 Q 0.0 376 0.4 753 3.1 1085 9.4 1507 25.0 1507 62.5
42.0 13 o} 0.0 403 0.4 807 3.1 1162 2.4 1615 25.0 1615 62.5
51.0 14 0 0.0 511 0.4 1022 3.1 1472 94 2045 25.0 2045 62.5
63.0 15 0 0.0 511 0.4 1022 3.1 1472 9.4 2045 25.0 2045 62.5

63.0 16 0 0.0 6087 3.6 28002 17.8 | 46264 35.6 55396 53.4 60874 { 106.8 | 60874 | 178.0

81.0 17 0 0.0 699 0.4 1399 3.1 2015 9.4 2799 25.0 2799 62.5

€203 31vid

e

=
2.
[e]
7]

COORDINATES OF p-y CURVES
PIER E02 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5
EM! Project No. 98-145

Pile Head Shear (MN)

Pile Head Moment (MN-m)

20 T i 1 [ T l T l

12 -

0 . | . | 1 l . 1

0.00 0.05 010 0.15 0.20

Pile Head Displacement (m)

0.25

200 ' l ' ! ' 1 * |

-150 —

-100 —

0 . | 1 | . | . |
0.00 0.0 0.10 0.15 0.20

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E02 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

0.26

PLATE E02.4
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PILE DISPLACEMENT, BENDING MOMENT AND SHEAR
WITH DEPTH
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SFOBB Task Order No. 5

EM! Project No. 98-145

.. Earth
Mechanics

jﬁhﬁ“![l

‘§§

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-Y

DIS-X
5.112E+005
0.000E+000
0.000E+000
0.0CCE+000
-1
0

.004E+007
.000E+000

[=NeR NN Nl

.000E+000
.112E+4005
.000E+000
.004E+007
.000E+000
.000E+000

DIS-2Z

OO wWwoo

.000E+000
.000E+000
.460E+007
.000E+000
. 000E+000
.000E+000

Note : All units are in kN & m.
x direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top ELl.

ROT-X

OO O

ROT-Y
0.000E+000 ~1.004E+0Q07
.004E+007 0.000E+000
.000E+000 0.00CE+000
.7T78E+010 0.000E+000
.000E+000 2.145E+009
.000E+000 0.000E+000
-4.5 m

CONDENSED STIFFNESS MATRICES
PIER E02 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-2

NMNOOOOoOO

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.864E+008

PLATE E02.6




SFOBB Task Order No. 5
EM! Project No. 98-145

Earth

Mechanics =
W R s

Coordinates: E1836840 N647673 ] KCF 002 0.03 0.04 005 005 007 0.08 0.03| [KSF % 1 3 I 0
T Eg CA State Plane Zone 3, NADS3, Motars =
E E = MATERIAL DESCRIPTION e " SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
@ 6|8 ] |MUDUNE ELEVATION: -12.6m (MSL) g 5 | w25 s 1 5 kP2 {
? Fat CLAY (CH), very soft , gray to dark gray .
i ﬁ aym) |
A& | Fat CLAY (CH), soft to fim, gray =
=2 | -sitty fine to medium sand, with clay pockets and seams, and g
20 % shells, 4.6m to 5.2m "
~sitty sand layer with day seams, 5.6mto 6.1m
101 A oo, 7amle 7 om Y {10.2m)
<4 { Sitty Fine Sand (SM), dense to very densa, greenish gray u 4 e
- 5 {(13.6m) & $=3
) ? Lean CLAY (CL}, very stiff to hard, greanish gray J
A
30 § v § bg
201 (206m) f
P Fat GLAY {CH), very stiff, olive gray
7 ;
o [/
~sand below 29.3m (29.6m)
3 Fat GLAY (CH), very stiff, gray
p-S0 “ <
“ \
& {46.9m) 8
g Interfayered CLAY (GL), very stiff, and SAND (SP}, dense, gray ol b
wvi
= (51.5m) $=30
r Lean CLAY (CH}, hard, gray y
L/
Vit
L 70
~sand with dlay layers, 57.6m to 58 5m
e yToyers, srom f60.0m)| |
Fina SAND (SP) with gravel, dense to very dense, gray x ] =40
- (62.8m) ¢
Fat CLAY {CH), very stiff to hard, gray
|80
X
70
(75.3my \
% Lean CLAY (CL), hard, dark greenish gray
- ~slit, 76.8m ta 77.1m X
-sit, 77.3m to 77.6m
g 813y ] LY
- i SAND (3P), densa fo very dense, gray
=3 | ~claylayer, 81.4m 0 81.7m §
<] § -clay layer, 81.8m to 82.1m
2 X e
- 100 =40
sot:] 908
| i CLAYSTONE (RX), dark gray, intenscly weathered : -t
[FOTAU BEPTH: §6.9m BACKFLLEG WITH! Coment Grout
110
1001
120
110
L 130

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER EQ3 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE E03-EB.1




SFOBB Task Order No. 5
EMI Project No. 98-145

LI

Earth

' Mechanics &'

'LE

1.2 T T T T T T T T
W0
08 el
- / .
= 7
g 06
o 7
0.4 -
'/I/ ————— Sand i
02 y—*£ ——— Clay
/ -
’ I I
0_0 1 1 1 1 1 [l 1 1
0.00 0.25 0.50 075 1.00 1.25 1.50 1.75 20
viy,
NORMALIZED p-y CURVES
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| €50 Sy ¢ k Depth Pu Yu Py
(m) N (KN/m?) (KN/m®) (m) | Nim)| (em) | Criteria
0-3 Clay | 002 | 85 0.0 31 [ 1000| Chy
Clay | 001 | 25 3.0 | 128 | 50.0 | Ciay
35

Clay 0.005 ] 200

Clay 0.0051 200

Clay 0.005] 230

LATERAL PILE DESIGN PARAMETERS
PIER EO3 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE EO03-EB.2
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D;:;h C;]:e Coordinates of p-y Curve Points (p in kN/m, y in cm)
p1 y1 p2 y2 p3 y3 p4 y4 p5 yb p6 y6 p7 y7
0.0 1 0 0.0 8 1.6 16 12.5 | 22.611 37.5 31 100.0 31 2499
3.0 2 0 0.0 32 0.8 B4 6.2 92 18.7 128 50.0 128 125.0
6.0 3 0 0.0 56 0.8 112 6.2 161 18.7 224 50.0 224 125.0
8.9 4 0 0.0 68 0.8 136 6.2 196 18.7 272 50.0 272 125.0
9.1 5 0 0.0 81 0.3 374 1.7 618 3.3 740 5.0 813 10.0 813 16.6
12.0 6 0 0.0 163 0.5 751 2.5 1241 5.0 1487 7.5 1634 15.0 1634 25.1
14.9 7 0 0.0 268 0.7 1237 3.3 2044 6.6 2447 9.9 2689 19.9 2689 33.1
15.1 8 0 0.0 313 04 627 3.1 903 94 1255 25.0 1255 62.5
18.0 9 0 0.0 347 0.4 694 3.1 1000 9.4 1389 25.0 1389 62.5
21.0 10 0 0.0 317 04 635 31 915 9.4 1271 25.0 1271 62.5
24.0 11 0 0.0 440 0.4 880 3.1 1267 9.4 1760 25.0 1760 62.5
30.0 12 0 0.0 336 0.4 672 3.1 969 9.4 1345 25.0 1345 62.5
36.0 13 0 0.0 349 0.4 699 3.1 1007 9.4 1399 25.0 1399 62.5
42.0 14 0 0.0 376 04 753 3.1 1085 94 1507 25.0 1507 62.5
50.9 15 0 0.0 2600 1.9 11963 9.4 19765 18.8 23666 28.2 26006 56.4 26006 94,0
51.1 16 0 0.0 846 0.4 1292 3.1 1860 9.4 2584 25.0 2584 62.5
63.0 17 0 0.0 551 0.4 1103 3.1 1589 9.4 2207 25.0 2207 62.5
81.0 18 0 0.0 619 0.4 1238 31 1783 9.4 2476 25.0 2476 62.5

COORDINATES of p-y CURVES

PIER EO3 EASTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5
EMI Project No. 98-145

¢ Mechanics =

Earth jﬁdﬁ.‘?&i‘.

n:m

L?

Pile Head Shear (MN)

m)

Pile Head Moment (MN

20

12

| 1 | 1 ] i I

-200

0.05 0.10 0.16 0.20

Pile Head Displacement (m)

0.25

-150 -

-100 -~

-50

| 1 l ‘ 1 1 1

0.00

0.05 0.10 0.15 0.20
Pile Head Disptacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER EO3 EASTBOUND
SFOBB East Span Seismic Safety Project

0.25

PLATE E03-EB.4
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Pile Displacement (m)

Bending Moment (MN-m)

PILE DISPLACEMENT, BENDING MOMENT AND SHEAR

WITH DEPTH
PIER E03 EASTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5
EMI! Project No. 98-145

A;? i Earth :F'..EB&

¢ Mechanics E'mmmroom
o ]

= e s s

PILE~GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-X

OB OO0 N

.848E+005
.000E+000
.000E+000
.000E+000
.958E+005
.000E+000

DIS-Y

CONONO

.000E+00C0
.540E+005
.000E+000
.583E+005
. 000E+000
.000E+000

DIS-Z

SOOROQ

.000E+000
.0G0E+000 -7.583E+005
.338E+007
.000E+000
.000E+000
-.000E+000

ROT-X
0.0C0E+000

-000E+000
.545E+008
.000E+000
.000E+000

OO0

PILE-GROUP STIFFNESS (SERVICE CONDITION)
DIS-Y

DI

oOWwWOoOOoOoWwm

Note

5-X

.945E+005
.000E+000
.000E+000
.000E+000
.267E+005
.000E+000

R OO GO

.C00E+000
.445E+005
.000E+000
.930E+005
.000E+Q00
.746E-010

DIS-2

0.

000E+000

0.000E+000

OO ON

.186E+007
. 000E+000
.000E+000
.0C0E+000

All units are in kN & m.
® direction is longitudinal aleng the bridge
y direction is transverse
z directicn is vertical’

Group stiffness condensed at pilecap top El.

ROT-X

.000E+000
. 930E+005
.000E+000
-572E+008
-000E+000
-000E+000

OO~ OEO

ROT-Y

.958E+005
-000E+000
.000E+000
.000E+000
.324E+008
.000E+000

ROT~Y

~9.

SCUnOoOOOo

267E+005

-000E+000
-000E+00C
.000E+000
.571E+008
.000E+000

+3.0m

CONDENSED STIFFNESS MATRICES
PIER E03 EASTBOUND
SFOBB East Span Seismic Safety Project

ROT-2Z
0.000E+000
0.CGC0OE+000
0.000E+000
0.000E+000
0.0CGOE+000
1.552E+007

ROT-Z

-000E+000
.000E+000
.000E+000
.G00E+000
.000E+000
. 343E+007

WoOoOoOoOoo

PLATE EO03-EB.6




SFOBB Task Order No. 5
EM! Project No. 98-145

Earth n' Lo
M h s = ————
cchanics W ST TR

Coordinates: E1836621 NG4T911
CA State Plane Zone 3, NADS3, Moless

MATERIAL DESCRIPTION

MUDLINE ELEVATION: 12 3m (MSL)
Fat CLAY (CH}, very soft to soft, olive gray

KCF 0.02 003 0.04 005 006 0.07 0.08 009 | [KSF 2 4 6 8 10

SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH

STRATUM NO.

ELEV. {m)
OEPTH (m)

NOONNANANNN G

®
e R S o S T Ty oy e

kN/m™ 2.5 5 10 kPa

=slity fine sand with many clay pockets and seams, below 4.7m (5.2m)
Fat CLAY {CH), firm to stiff, ofive gray
-with a sandy sift layer, 7.9m {0 8.2m

.20

YBM

i

10

(16,3m)} 1
Fine SAND (SP-SM) with s, very dense, gray
-clay layer, 18.0m to 18.1m u
| ntettayered clay and sltty fine sand, below 19.5m (20.2m)
Fat CLAY (CH), very stiff, dark greenish gray /

-siit layer, 21.8m to 22.3m

MPSA

bt
[
&,
f

i

&

-4
i
]

8

>50 (38 4m) N

Fat CLAY (CH), very stiff to hard, greenish gray

%

Z
{47.2m) g
Interfayered CLAY (CL}. very siiff, and SILT (ML), dense, gray z
501 wie
(51.7m)
- Interlayered SAND (SP), dense, and CLAY (CL), hard, gray N
-siit layer to 52.1m =30
-sand layer, 172 to 53.0m vt =1.Clay Py
-sitty sand with many clay pockets, 55.5m to 55.8m
|70 ity y day (57.9m)
Fine SAND {SP-SM) with silt, very densa, gray
50+
i vin $=35
{64.9rn}
Fat CLAY (CH), hard, greenish gray
p-80 \
701 x

{74.5m) / \

tean CLAY (CL), hard, gray

~80
g sitty fine sand layes, 77.5m to 77.7m
80 ~4iity sand, 78.2mto 78.5m x
-slity sand, 78.6m to 79.1m
|- -sifty sand, 80.5m to §0.7m g
{85.6m)
v. Sitty Medium SAND (SM), vety dense, gray
- 100 v x $=40
5_:’ {88 1m)l
90 1 SILY (ML), very dense, greenish gray i
TOTAL DEPTH: BS.6m BACKFILLED WITH: Cement Grout
110
100
120
1101
L-130

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E03 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E03-WB.1




SFOBB Task Order No. 5
EMI Project No. 98-145

A Earth = w&gw .(,
1?%&.

1.2 T T T T T T T =
10—t
08 el
- /, B
=3 7
o 06
o s
B I/ .
04 ,
_/ A R (R e Sand -
02 |- — Clay
/, I T
00 i i 1 1 t 1 i 1
0.00 0.25 050 0.75 1.00 125 150 175 20
Yl
NORMALIZED p-y CURVES
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soif Type| &5 S, ¢ k Depth Py Yu p-y
(m) (KN/m?) (kN/m®) m) | «kN/my | (cm) | Criteria
0-3 Clay | 002 | 10 0.0 36 | 1000 | Clay
36 Clay | 002 [ 20 30 | 101 | 1000 | Clay
Clay | 001 | 35 6.0 | 131 | 1000 | Clay
Clay 0.01 40 - 9.0 255 50.0 Clay
001 [ 50 [ 120 | 33 | 50.0 Clay
149 | 459 | 50.0

6369 | Clay | 0.005| 250

69-75 Clay 0.005| 275

75-81 Clay 0.005 | 250

LATERAL PILE DESIGN PARAMETERS
PIER EO3 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E03-WB.2
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-~ e
D:r:;h C:;ve Coordinates of p-y Curve Points (p in kN/m, y in cm)
p1 y1 p2 y2 p3 v3 p4 y4 p5 y5 p& y6 p7 y7
0.0 1 0 0.0 9 1.6 18 12.5 25.841 375 36 100.0 36 249.9
3.0 2 0 0.0 25 1.6 50 12.5 73 37.5 101 100.0 101 249.9
6.0 3 0 0.0 32 1.6 65 12.5 94 375 131 100.0 131 249.9
9.0 4 0 0.0 63 0.8 127 6.2 183 18.7 255 50.0 255 125.0
12.0 5 0 0.0 84 0.8 168 6.2 242 18.7 336 50.0 336 125.0
14.9 6 0 0.0 114 0.8 229 6.2 330 18.7 458 50.0 459 125.0
15.1 7 0 0.0 194 0.5 885 2.4 1478 4.8 1770 7.2 1945 14.3 1945 23.9
17.9 8 0 0.0 306 0.6 1412 3.2 2332 6.3 2793 9.5 3068 18.9 3069 315
18.1 9 0 0.0 320 0.4 641 3.1 924 9.4 1283 25.0 1283 62.5
21.0 10 0 0.0 353 0.4 706 3.1 1018 9.4 1413 25.0 1413 62.5
24.0 11 0 0.0 362 0.4 725 31 1044 9.4 1450 25.0 1450 62.5
30.0 12 0 0.0 309 0.4 619 3.1 891 9.4 1238 | 25.0 | 1238 | 625
36.0 13 0 0.0 349 0.4 699 3.1 1007 9.4 1399 25.0 1399 62.5
42.0 14 0 0.0 484 0.4 969 3.1 1395 9.4 1838 25.0 1938 62.5
50.9 15 0 0.0 380 0.4 780 3.1 1124 9.4 1561 25.0 1561 625
51.1 16 0 0.0 1140 0.8 5244 4.1 8664 8.2 10374 12.4 11400 24.7 11400 41.2
62.9 17 0 0.0 2880 1.7 13252 8.4 21895 16.9 26216 25.3 28809 50.6 | 28809 84.3
63.1 18 0 0.0 699 0.4 1399 3.1 2015 9.4 2799 25.0 2799 62.5
81.0 19 0 0.0 699 04 1389 3.1 2015 9.4 2799 25.0 2799 62.5

COORDINATES of p-y CURVES

PIER EO3 WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5 . Earth “fucro
EMI Project No. 88-145 " Mechanics &'t
e

20 T I T T T T T I T

16 — —

Pile Head Shear (MN)

0 . 1 . | , | . 1 |
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

-200 Y i T T T T T T 1

-150 — ]

-100 |- -

Pile Head Moment (MN-m)

D i i 1 | | | { ' )
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER EO3 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E03-WB.4
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WITH DEPTH

PIER E03 WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5

EMI Project No. 98-145

i. Earth
Mechanics

Elm
.

PILE-GROUP STIFFNESS MATRIX (SEISMIC
DIS-Y

DI

S OOON

S5-X

.848E+005
.000E+00Q0
.000E+00Q0
.000E+000
.958E+005
-000E+000

0
2
0.
7
0
0

.000E+000
.540E+005

000E+0Q00

.583E+005
.000E+Q00
.000E+C00

DIS-Z

.000E+000
.000E+000
.338E+007
.000E+000
.000E+000
.000E+000

OCOOrO0O

PILE-GROUP STIFFNESS MATRIX (SERVICE
DIS-Y

DI

QLo ocoWwm

Note :

5-X

.056E+005
.000E+000
.000E+000
.000E+000
. 397E+005
.000E+0Q0

0
4.
0

-9.
0.
0.

.000E+000

554E+005

.000E+00C0

751E+005
000E+000
000E+000

DIS-Z

.000E+000
. 000E+00Q
.186E+007
.000E+000
.000E+000
.000E+000

OCOoONOO

All units are in kN & m.

CONDITION)
ROT-X
0.000E+000

-7.583E+005

.000E+000

.545E+008

. 000E+000

. 000E+000

QOO

CONDITION})
ROT-X
0.000E+000

-9.,751E+005

-.000E+000

.329E+008

. 000E+000

.000E+000

OO NNO

ROT-Y

.958E+005
-000E+000
.000E+Q00
-000E+000
.324E+008
.000E+000

SWO OO

ROT-Y

.397E+005
.000E+000
.000E+000
.000E+000
.328E+008
.000E+000

ScCLnmooow;m

x direction is longitudinal along the bridge
y direction is transverse
z direction is vertical

Group stiffness condensed at pilecap top El.

+3.0m

CONDENSED STIFFNESS MATRICES

PIER EO3 WESTBOUND

SFOBB East Span Seismic Safety Project

ROT-2
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
1.552E+007

ROT-2

.000E+000
.000E+000
.000E+000
.000E+000
.000E+Q0090
. 130E+007

[SEeNoNeNelel

PLATE E03-WB.6




SFOBB Task Order No. 5
EMI Project No. 98-145

Earth |mi'ER“
Mechanics E; o
. e

Coordinates: E1836982 NG4T931
CA State Plane Zone 3, NADS3, Meters

MATERIAL DESCRIPTION
MUDLINE ELEVATION: -12.0m (MSL)

L] s 10

SUBMERGED UNIT WEIGHT (k/er')

13

SOIL UNDRAINED SHEAR STRENGTH (kPa)

1

T

L-s0

L-70

50
70

Lo

L-110

100

120

1101

130

TAE
Anda

AT LRI A

]

[.,-..
Enrdd
g

Fat CLAY (CH), very soft, ofiva gray
 Tsitty fine sand with many clay pockets, 1.8m to 2.1m

= |"- STRATUM NO.
UNIT

(z1n1)

YBM

| Fat CLAY (CH). soft o firm, olive gray

{5.5m)

Slfty Fine SAND (SM), very densa, ofive gray

-with clay layers, at 7.8m and 8.4m
fina sand, §.8mto 10.5m
sttty fine sand with clay seams and layers, below 10.5m

MPSA

(13

Fat CLAY (CH), very stiff, olive gray
Hean clay to 12.2m
[Tfine sand layer, 15.2m to 15.5m

v

(15,8rn’1_

Fat CLAY (CH), very stiff, greenish gray

| -sltt tayer, 29.3m to 29.6m

el

(30.6m)|

Fat CLAY (CH). very stiff to hard, greenish gray
~sltt with fat clay pockets, 31.1m ta 32.6m

{39.9m) |

Fal CLAY (CH}, very stiff, greenish gray

Hnterfayered sift, sand, and clay, 44.5m to 45.0m

T

O8MMUAM

~

.

vil St

A\

50.9m) | 1

Sandy Lean CLAY {CL), very stiff {o hard, greenish gray

il
{53.9m)

Silty Fine SAND (SM), dense, dark gray

~very dense dark gray fine gravel below 57.9m

{59.9my |

Fat CLAY (CH), very stiff to hard, olive gray

-silt {ayer, 67.7mto 68.0m

¢35

{73.8m}

Lean CLAY (CL), hard, greenish gray to gray
-dense sand with clay layers, 75.3m fo 76.2m
~dense fine sand layer, 76.Tm to 77.4m

| -very dense, fine sand layor, 79.4m to 79.9m

]

(50.6m)

Fine SAND with silt (SP-SM), very dense, gray

-hard, olive gray, lean clay layer, 86.4m fo 87.8m

: beiow 90.8m

L it T do

: very dense, greenish gray, sandy sit with grave! fragments,

i

H

OTAL DEPTH: 81.0m

BACKHLLED WITH Cament Srout

SUBSOIL CONDITION AND SOIL PROPERTIES

SFOBB East Span Seismic Safety Project

PIER E04 EASTBOUND

PLATE E04-EB.1
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EMI Project No. 98-145 =\ ) echanics &'
) ) i, BN

1.2 T T T T T T T T
o+t
0.8 S
= / .
3 7
o 0.6
Q. 7
B I/ —
04 7
| /I ————— Sand N
0.2 (-2 —— Clay
! ;
0.0 ! 1 | t ! i 1 | 1 , 1
0.00 0.25 050 075 1.00 125 150 1.75 20
yly,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES ‘ p-y DATA
Depth | Soil Type| &5 Sy [ k Depth Pu Yu Py
(kN/m?) (KNIm®) (m) (kN/m)| (cm) | Criteria
Clay 0.02 8 0.0 31 100.0 Clay
Clay 0.02 20 - 3.0 107 | 100.0 Clay

LATERAL PILE DESIGN PARAMETERS
PIER E04 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE E04-EB.2
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- o~
D(er:;h C:;ve Coordinates of p-y Curve Points {p in kN/m, y in cm)
p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 p6 y6 p7 y7
0.0 1 0 0 8 1.6 15 125 | 21.965 | 375 31 100.0 21 249.9
3.0 2 0 0 28 1.6 53 12.5 77 37.5 107 100.0 107 249.9
5.9 3 0 0 36 1.6 72 12.5 104 37.5 144 100.0 144 249.9
6.1 4 0 0 45 0.1 210 0.5 348 0.9 415 1.4 456 2.8 456 4.6
9.0 5 0 0 80 0.1 371 0.6 613 1.1 734 1.7 806 3.3 806 5.5
11.9 6 0 0 159 0.5 735 25 1215 5.0 1454 7.4 1598 14.9 1598 248
12.1 7 0 0 280 0.4 521 3.1 750 9.4 1042 25.0 1042 62.5
15.0 8 8] V] 292 0.4 584 3.1 842 9.4 1169 25.0 1169 62.5
18.0 9 0 o 364 0.4 728 31 1049 9.4 1457 25.0 1457 62,5
21.0 10 0 0 357 0.4 715 3.1 1030 94 1431 25.0 1431 62.5
24.0 11 0 0 390 0.4 780 31 1124 9.4 1561 25.0 1561 62.5
30.0 12 0 0 390 0.4 780 3.1 1124 9.4 1561 25.0 1561 62.5
36.0 13 0 0 419 0.4 839 3.1 1209 9.4 1679 25.0 1679 62.5
42.0 14 0 0 419 04 839 31 1209 9.4 1679 25.0 1679 62.5
50.9 15 0 0 4139 04 839 31 1209 9.4 1679 25.0 1679 62.5
51.1 16 0 0 3148 2.3 14483 11.4 23928 227 28651 341 31484 68.1 31484 | 1136
63.0 17 0 0 671 0.4 1343 3.1 1934 94 2686 25.0 2686 82.5
81.0 18 0 0 568 0.4 1117 31 1608 9.4 2234 25.0 2234 62.5

SFOBB East Span Seismic Safety Project

COORDINATES of p-y CURVES
PIER E04 EASTBOUND
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i Earth -~ ....E.B&
¢ Mechanics E'sare=
5. Sz Ny

LN ]

Pile Head Shear (MN)

Pile Head Moment (MN-m)

20

12 -

! : | L i 1 I

0.05 0.10 0.15 0.20

Pile Head Displacement (m)

0.25

-200

-150 —

-100 -

I 1 I ! 1 ; I

0.00

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER EO4 EASTBOUND
SFOBB East Span Seismic Safety Project

025

PLATE E04-EB .4
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Depth Below Pilecap (m)

20

40

60

80

100

0 : e 0

"_ [ ||

.—_ ; 40 __ _" 40 ;

__ _: 60 m_ —_ 60 _—

f_ | |l

| S T WO W— | 100 | SN Y EOUT SR | 100 |

-0.1 00 041 0.2 0.3 -160  -80 0 80 160 -10

Pile Displacement (m)

Bending Moment (MN-m)

PILE DISPLACEMENT, BENDING MOMENT AND SHEAR

WITH DEPTH
PIER E04 EASTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5

EMI Project No. 98-145

Mechanics

:runnn
=‘ M-‘

g o]

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-Y

DIS-X
3.596E+005
0.0C0E+000
0.000E+000
0.060E+000
2.746E+005
0.000E+000

0.000E+000
3.266E+005
0.000E+000
5.
0
0

870E+003

.000E+000
.000E+000

DIS-Z

0.

000E+000

0.000E+000

OO O+

. 435E+007
-000E+000
. 000E+000
. 000E+000

ROT-X

0.000E+000
-5.870E+003
.000E+000
.977E+008
.000E+000
.000E+000

OO O

PILE-GROUP STIFFNESS (SERVICE CONDITION)
DIS-Y

DIS-X
8.240E+005
0.000E+000
0.000E+000C
0.000E+0CC
4.336E+006
0.000E+000

CCoCWOoO IO

.000E+000
. 746E+005
. 000E+000
.907E+006
.000E+000
. 000E+000

DIS-Z

OO ONOO

.000E+000
. 000E+000
. 186E+007
.000E+000
.000E+000
.000E+000

Note : All units are in kN & m.
x direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top El.

ROT-X

.000E+0C0
.907E+006
.000E+000
.081E+008
.000E+000
.000E+000

QO WO WOo

ROT-Y

-2.

WO oo

746E+005

.000E+000
.000E+000
.000E+000
.667E+008
.000E+000

ROT-Y

-4.

OO OO

336E+006

.000E+000
.000E+000
.000E+000
-.07%E+008
. CO0OE+000

4+3.0 m

CONDENSED STIFFNESS MATRICES
PIER E04 EASTBOUND
SFOBB East Span Seismic Safety Project

0.000E+000
-000E+00Q0
.000E+000
.000E+000
.000E+Q00
-019E+007

NOOODO

ROT-Z

0.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.857E+007

= O OO0

PLATE EC4-EB.6




SFOBB Task Order No. 5

Earth = -Eagg

EMI Project No. 98-145 Mechanics & ..M_
ko e
Coordinates: E1636969 N647970 ] 0.02 0.03 004 0.05 0.06 0.07 0.08 2 4 3 3 0
3 E| & | {CA State Plane 2ona 3, NADS3, Maters ¥
i E g MATERIAL DESCRIPTION £ - SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
@ &% | IMUDLINE ELEVATION: -14.4m (MSL) é 3
F A | FatCLav (cH olive
{CH), very soft, gray (2.4mj _l_
L # Fat CLAY (CH), firm, ofive gray
” "z
% g
i Sy Fire SAND (SM), don {04m
ihe (SM), densa,
s Lot intormxed clay st sonet a6 13 20 (‘2'0"‘.1.3“:— N
- CLAY (CH}, firm, olive (13.3m)
ﬁ 'ﬁvm. ! r)\dlayerbetgmxajm (13.3m) v
:’; [sity Flne SAND (SP), dense, greonish gray {15.2m)]
"1 Fal CLAY (CH), very stiff, gray
204 ﬁ
vt
{28.0m) |
Fat CLAY (CH), very stiff {o hard, greenish gray 7
301 =
f VH] <
(344m)__ | % /
Fat CLAY (CH), very stiff to hard, gray o »
-dean ¢lay, 36.6m to 37.8m //
v
5 vin
2 -intermixed fine sand and clay, 43.6m to 46.6m
so-'ﬁ ~slity sand, below 49.8m (50.3m)
V¥ [ FatcLay cry, hard, gray
X
ﬁ -silt with clay seams, §2.7m to 53.6m {54.3m)
43 | Sitty Fine SAND {SM), very dense, gray (56.7m) x ¢=30'
; Fat CLAY (CH), hard, gray
60 =
Z :
o
o
-with a sand layer, 65.1m to 65.4m a
70
(74 1!
Lean CLAY {CL), hard, greenish gray to gray
-sand layer, 76.2m to 77.4m Xt
dntermixed sitt and clay layer, 78.6m to 78.9m
~sand layer, 78.9m to 79.2m (79.4m)
& Silty Fine SAND {SM), very dense, greenish gray to gray
e =35
il
. {86.0m); | LR |
-| |_Fine GRAVEL with sand (GP), very densae, black to gray (67 5m)| XIV] =40 T 1,
'T] [Sandy SILT (M)very donse, greemish gray (o gray XV $=30
804 TOTAL DEPTH: 88 6m BACKFIULED Wi{TH: Cement Grout
1004
1101

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E04 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E04-WB.1
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sy

A

1.2 T T T T T T T T
W0 e
08 el
- I’ |
= 7
R 0.6
(e} 7
B g ]
0.4 ~
I L s L N Sand i
0.2 |-~ — Clay
g _
00 1 1 [ 1 [ 1 I 1 | 1
0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 20
yiy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES _ p-v DATA
Depth | Soit Type| &5 S, ¢ k Depth Py Yu p-y
(m) (kN/m?) (KN/m®) (m) | N/m) | (cm) | Criteria
0-3 Clay 10 0.0 36 100.0 Clay
3-6 Clay

30 , 30 | 155 | 500 Clay

18-21 Clay 0.005( 110
21-24 Clay 0.005 | 130
24-27 Clay 0.005 | 145
27 -30 Clay 0.005 | 190
30-33 Clay 0.005 | 180
33-36 Clay 0.005 | 180
36-39 Clay 0.005 | 140
3942 Clay 0.005 | 130
42-45 Clay 0.005 | 130
45-51 Clay 0.005 | 140
51-57 Clay 0.005 | 200
57-63 Clay 0.005 | 230
63-69 Clay 0.005 | 220

69-75 Clay 0.005 | 220

LATERAL PILE DESIGN PARAMETERS
PIER E04 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E04-WB.2
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S~
D(en;:ih C:I:)ve Coordinates of p-y Curve Points (p in kN/m, y in cm)
p1 y1 p2 y2 p3 y3 p4 y4 pS ¥S p6 y6 p7 y7
0.0 1 0 0 9 1.6 18 125 | 25.841 37.5 36 100.0 36 249.9
3.0 3 0 0 38 0.8 77 6.2 111 18.7 155 50.0 155 125.0
59 4 0 0 49 0.8 99 6.2 143 18.7 199 50.0 199 125.0
6.1 5 0 0 33 0.1 155 0.3 258 0.7 307 1.0 337 2.1 337 3.4
8.9 8 0 0 68 0.1 313 0.5 518 0.9 620 1.4 681 238 681 4.7
9.1 7 0 o 64 0.6 129 4.7 186 14.1 259 37.5 259 93.7
12.0 8 0 0 71 0.6 143 47 205 14.1 286 37.5 286 93.7
15.1 10 0 0 222 0.4 444 3.1 640 9.4 889 25.0 889 62.5
18.0 11 0 0 247 0.4 494 3.1 711 9.4 988 25.0 988 82.5
21.0 12 o) v 294 0.4 588 3.1 847 9.4 1176 25.0 1176 62.5
24.0 13 0 0 363 0.4 726 3.1 1046 9.4 1453 25.0 1453 62.5
30.0 14 0 v 531 0.4 1063 3.1 1531 9.4 2126 25.0 2126 62.5
36.0 15 0 0 504 0.4 1009 3.1 1453 9.4 2018 25.0 2018 62.5
42.0 16 0 0 363 0.4 726 3.1 1046 8.4 1453 25.0 1453 62.5
51.0 17 0 0 390 0.4 780 3.1 1124 9.4 1561 25.0 1561 62.5
63.0 18 0 0 643 0.4 1286 3.1 1852 9.4 2573 25.0 2573 62.5
74.9 19 0 0 615 0.4 1230 3.1 1771 9.4 2460 25.0 2460 62.5
75.1 20 0 0 3429 1.7 15776 8.4 26065 16.8 31209 25.3 34296 50.5 34296 84.2
81.0 21 0 0 3785 1.7 17412 8.6 28769 17.2 34447 25.8 37854 51.7 37854 86.2

COORDINATES of p-y CURVES

PIER E04 WESTBOUND
SFOBB East Span Seismic Safety Project
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AT

20 T | 1 T T I T T T

i2 |- -

Pile Head Shear (MN)

o 4 | . 1 . | : ! .
0.00 0.08 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

'200 T ] T | I 1 1 | T

150 | -

-100 |- -

Pile Head Moment (MN-m)

0 . 1 . 1 | | l 1 .
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E04 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E04-WB.4
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£
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g
[0
m
£ 60— — 80
Q.
QO
O
80 +— - 80
100 1 I 1 I I I 100
-0.1 0.0 0.1 0.2 0.3

Pile Displacement (m)

| I 1 | 1 | 1 100 1

-160

-80 0 80 160 -10
Bending Moment (MN-m)

PILE DISPLACEMENT, BENDING MOMENT AND SHEAR

WITH DEPTH

PIER E04 WESTBOUND
SFOBB East Span Seismic Safety Project
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A gfrq¥ . ;téﬂﬂgﬁl
3 CCNAINICS J Femwmalms
iy o~

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-Y

DI

3
0
0
0.
2
0

5-X

.586E+005
.000E+COO0
.000E+000

0COE+000

.T46E+005
.000E+000

0.
3.266E+005
0.000E+000
5.
0
0

000E+000

870E+003

.000E+000
.000E+000

DIS-Z

COO=OO

.000E+000
.000E+000
.435E+007
.000E+000
.000E+000
.000E+000

PILE-GROUP STIFFNESS MATRIX (SERVICE
DIS-Y

DI

8
0
0.
0
4
0

Note :

5-X

.774E+005
.000E+000

COOQE+000

.000E+000
.974E+006
.000E+000

COO OO

.000E+000
.281E+005
.000E+000
.546E+006
.000E+000
.000E+Q00

DIS-Z

0.

000E+000

0.000E+000

oo

.186E+007
.000E+000
.000E+000
.000E+000

All units are in kN & m.

ROT-X ROT-Y
0.000E+000 -2.746E+005
-5.870E+003 0.000E+000
0.000E+000 0.000E+000
4.977E+008 0.000E+000
0.000E+000 3.667E+008
0.000E+000 O.000E+000
CONDITION)
ROT-X ROT-Y
0.000E+000 -4.974E+006
4.546E+006 0.000E+000
0.000E+000 0.000E+000
8.151E+008 (C.00CE+000
0.000E+000 6.150E+008
1.863E-00% 0.000E+000

x direction is longitudinal along the bridge
v direction is transverse
z direction is vertical

Group stiffness condensed at pilecap top El.

+3.0 m

CONDENSED STIFFNESS MATRICES
PIER E04 WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-2

.0C0E+000
.000E+000
.Q00E+000
.000E+000
.000E+000
.019E+007

NOOCCoCOo

ROT-Z
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
5.182E+007

PLATE E04-WB.6
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Earth =
Mechanics &

Coordinates: E1837131 N647968 [ KCF 002 0.03 004 005 006 047 005 0.09 | {KSF 2 4 [ a 10
T E] Y | |CA State Plane Zone 3, NADS3, Meaters =
g E g MAYERIAL DESCRIFTION 2 " SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
i & & | |MUDLINE ELEVATION: -8.8m (MSL) E E @m’ 25 18 10 12.5 kPa 300
Fat CLAY (CH), soft to firm, dark gray \\
wvery loase, olive gray, sitty fine sand layer, with many day
pockets, 0.8 10 1.2m \\
5 = N ;
~ntermixed clay and sand, 6.4m to 7.0m ¢ g} =30
-sand layer, 7.6m to 8.2m H—| Clay Profile
L-20 -sand layer, 8.5m (o 8.8m
Sitty sand layer with clay packels, 9.1mto 9.7m
(14.0m};
| Fat CLAY {CH), stiff to very stiff, olive gray to gray nw| g
{16.5m) =
Faf CLAY (CH), very stiff, gray ‘4
p-30 \
m
(287m}Y |
40 Fat CLAY {CH), very stiff, gray
v
(34.1m}
- Fat CLAY {CH), very stiff to hard, gray 4
p-30 v
{45.0m}} | 5
™ Fat CLAY (CH), very stiff, gray > //, -
=
wid
|50 -sand layer, 48.8m to 43.1m <
{63.3m)
Lean CLAY {CL), very stiff to hard, greenish gray
it
7 (5o rmyl !
r Fine to Coarse SAND with sift (SW-SM), dense, gray ,
vt 4=38
- -slity fine sand befow 84 2m (65.4m)!
Lean CLAY (CL), very stiff to hard, olive gray
X
b-80 Zo7my| |
Lean CLAY (CL), hard, olive gray
X
(7.7
Lean CLAY (CL), hand, gray
|00
X
-Intorlayered sand and clay, below 82.9m {84.4m)
- {4 | Fine to Medium SAND with siit (SP-SM), dense to very dense, gray
+ 3
2 i
4
100 s07ES (90.6m) =40
B Fina GRAVEL (GP), very dense, dark gray Tl
L & -sand layer, 91.4m to 92.4m X $=40
L] |.-dense to very dense, fine Io coarse sand, at 94.8m
B TOTAL DEPTH: 94.9m BACKFILLED WiTH: Cement Grout
b-110 100
3120110

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E05 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E05.1
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i Earth ]
; Mechanics E S

Jueea

1'2 T 1 T T i 1 T
10— ==
08 sl
B} i ~ N
£ 0.6
Q. R I/ N
04 -
N e e N R Sand i
0.2 L £ Clay
/ -
0.0 ! 1 i 1 1 1 1 i | l
0.00 0.25 0.50 0.75 1.00 125 1.50 1.75 20
yhy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Sail Type] e5 Sy ¢ k Depth Py Yy p-y
(m) (KN/m?) - (kN/m®) (m) |&N/m)| (em)y | Criteria
0-3 Clay 0.02 10 0.0 36 100.0 Clay
3-6 Clay 0.02 22 3.0 117 | 100.0 Clay
6-9 Clay 0.01 30 6.0 157 | 100.0 Clay
9-12 Clay 0.01 40 9.0 250 | 50.0 Clay
12-15 Clay 0.007 | 60 12.0 | 502 | 37.5 Clay
15-18 Clay 0.005| 120 15.0 | 572 | 37.5 Clay
18-21 Clay 0.005| 118 18.0 | 1140 | 25.0 Clay
21-24 Clay 0.005| 120 21.0 | 1239 | 25.0 Clay
24-27 Clay 0.0051 125 240 | 1345 | 25.0 Clay
27 -30 Clay 0.005{ 150 30.0 | 1679 | 25.0 Clay
30-33 Clay 0.005] 157 36.0 | 1846 | 25.0 Clay
33-36 Clay 0.005| 165 420 1 1765 | 250 Clay
36-39 Clay 0.005| 170
39-42 Clay 0.005| 158
42-45 Clay 0.005| 180
45-51 Clay 0.005| 180
51-57 Clay 0.005| 180
; g
63-69 Clay 0.005 | 200
[ 69-75 Clay | 0.005 240
[ 75-81 Clay 0.005 | 240

LATERAL PILE DESIGN PARAMETERS
PIER E0S EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E05.2
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-
D(en[:;h C::.:e Coordinates of p-y Curve Points (p in kN/m, y in cm)
pi y1 p2 y2 p3 y3 p4 y4 p5 y5 p6 y6 p7 y7
0.0 1 0 0 9 1.6 18 125 | 25.841 | 37.5 36 100.0 36 249.9
3.0 2 0 0 29 1.6 58 12.5 84 37.5 117 100.0 117 249.9
6.0 3 0 0 39 1.6 78 12.5 113 37.5 187 100.0 157 2499
8.0 4 0 0 62 0.8 125 6.2 180 18.7 250 50.0 250 125.0
12.0 5 0 0 125 0.6 251 47 361 14.1 502 375 502 93.7
15.0 6 0 0 143 0.6 286 4.7 412 14.1 572 37.5 572 93.7
18.0 7 0 0 285 0.4 570 3.1 821 94 1140 25.0 1140 62.5
21.0 8 0 0 309 0.4 619 31 892 9.4 1239 25.0 1239 62.5
24.0 9 0 0 336 0.4 672 3.1 969 9.4 1345 25.0 1345 62.5
30.0 10 0 0 419 0.4 839 3.1 1209 9.4 1679 250 1679 62.5
36.0 11 0 0 461 0.4 923 3.1 1329 9.4 18486 25.0 1846 62.5
42.0 12 0 0 441 0.4 882 3.1 1271 9.4 1765 25.0 1765 62.5
51.1 13 0 0 504 0.4 1009 3.1 1453 94 2018 25.0 2018 62.5
62.9 14 0 0 3103 1.8 14275 9.1 23585 182 | 28240 | 27.3 31033 | 546 31033 { 90.9
63.1 15 0 0 559 0.4 1119 3.1 1612 9.4 2239 25.0 2239 62.5
81.0 16 0 0 672 0.4 1345 3.1 1838 9.4 2691 25.0 2691 62.5

PIER EO05 EASTBOUND & WESTBOUND

COORDINATES of p-y CURVES

SFOBB East Span Seismic Safety Project
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 Earth  <JUERO
; Mechanics §

ti

Pile Head Shear (MN)

Pile Head Moment (MN-m)

20

16 +—

| ' | I I ! |

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

0.25

-200

-150 —

-100 =

| ! | 1 I L I

0.00

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER EO05 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

0.25

PLATE E05.4
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SFOBB Task Order No. 5
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‘Li Earth

' Mechanics

:rusnn
; AT e
”

M“
[T

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
ROT-X

DIS-X

2.980E+005
0.000E+000
0.000E+000
0.000E+0Q00
1.117E+4006
0.000E+000

PILE-GROUP STIFFNESS (SERVICE CONDITION)

DIS-X

. 953E+005
.000E+000
.000E+000
.000E+000
.326E+006
.000E+000

oONOoCOo O

DIS-Y

0.
2.
0.

-1.
0.
a.

000E+0Q00
633E+005
00QE+000
412E+006
GOCE+000
000E+0Q00

DIS-Y

0.

000E+000

6.456E+005

OO RO

.000E+000
-895E+006
.000E+000
.000E+000

DIS-Z

OOOROO

.000E+000
.000E+000 -1.412E+006
.506E+Q07
.000E+00Q0
.Q00E+000
.000E+0Q00

DIS-Z

OO ONOO

.000E+000
.000E+000
.186E+007
.000E+000
.000E+000
.000E+000

Note : All units are in kN & m.
% direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top El.

0.

0.
4.
0.
g.

0GOE+000

000E+000
962E+008
000E+000
000E+000

ROT-X

OCONCOCHO

.000E+000
.895E+006
.000E+000
. 768E+008
.000E+000
.000E+000

ROT-Y

SCWOO O

.117E+006
-000E+000
-000E+000
.000E+000
.588E+008
.000E+000

ROT-Y

-2.

oMo oo

326E+006

.000E+000
.000E+000
.000E+000
.767E+008
.000E+000

+3.00m

CONDENSED STIFFNESS MATRICES
PIER EO5 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

. 000E+000
.000E+000
.000E+000
.000E+000
-000E+000
.553E+007

ROT-2

wWwoooOOo

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.991E+007

PLATE E05.6




SFOBB Task Order No. 5

Earth m

EMI Project No. 98-145 ; Mechanics §' ===
= Haer e e
——
Coardinales: 1837283 N647994 e KCF 0.02 003 0.04 005 0.06 067 0.08 0.09] |KSF 2 4 € & 10
£ E]§] |cA State Plane Zone 3, NADS3, Metecs =
E E E MATERIAL DESCRIPTION E . SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
[T Qa 9; MUDUINE ELEVATION: -T.6m (MSL) w|3 mma 25 15 1 30
Fat CLAY {CH), soft to firm, dark ofive gray 1
p-10 -madium dense, siity fina sand layer, with clay pockets, 2.3m to I
26m {4.1m),
41 | Fine SAND with sit (SP-SM), donse, olive gray
373 | <firm, dark offva gray fat clay with many shefls and shell
o 17 | fragments, 8.2mto 9.4m H)l= [
-medium densa, silty fine sand, 9.4m to 10.5m E EERMNUBRREEN AERENNEREN IR EE RS
1 ~with clay et 10.1m {10.7m) I e e e
| 20 Fat CLAY (CH), firm to stifl, ofive gray
"
£16 8}
| Sitty Fine SAND (M), very dense, brown ” H
& | -clay layer with sand seams, {7.4m to 17.7m =
i@w {204m) -4 < Chy's
.*+| | Fine SAND (SP), dense to very dense, gray & =35
30 fat clay, 22.3m to 22 6m v|= AN
fat clay, 23.2mto 23.9m {24 .5m) o
Fat CLAY (CH), very stiff, gray /I
p-40 w
| ~sitl, 36.0m fo 36.6m
{41.8m)
p-50 Fat CLAY (CH), verty stiff to hacd, greenish gray /
Vi 3
60 %
Is]
(56:5m}]
- = 1 Lean CLAY (CL), hard, greenish gray i
-sand layer, 56.8m to §7.3m (59.4m’
Clayey SILT with sand (ML), very dense, greenish gray
70 = © e
r '3 | -sand with a few dlay seams, below 62.2m =25
o 648N |
Fat CLAY {CH}, hard, gray
- *] | dense sand, 66.6m to 67.5m X
{69.0mH
Fat CLAY (CH), hard, greenish gray
50
-dense sand {ayer, 72.2m to 72.5m Xt
3 {18.6m)
Lean CLAY (CL) with sand, hard, greenish gray g
i
90
b -fine sand with clay seams, 81.5m {0 §2.1m am)
‘7] | Fine to Coarse SAND with sitt (SP-SM), very dense, gray
b
" b XK =
(7 =35
¢t f90.8m)| |
100 Lean GLAY (CL), hard, greenish gray to gray av |
{93.7m) 3
‘.} Sitty Fina SAND (SM}, very dense, yellowlsh greenish brown xv ¢:35c
y {966m)| | '
- Fat CLAY (CH), hard, yellowish brown o i
{99.7m)
100 Clayey GRAVEL (GC), very densa, yellowish red Xl $=35
110 TOTAL DEFTH: 101.8m BACKFULED WITH. Cement Grout
110 "
('
120

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E06 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE E06-EB.1
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1'2 L L] T T 1 T T [
vt ==
038 2Z
= I// A
2 06
o 7
R g i
04 .
S e e bt Sand i
02 -+ . —— Clay
2 -
’ | I
0_0 [ I 1 [ 1 ] 1 1
0.00 0.25 050 075 1.00 125 1.50 1.75 20
yly,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES ‘ p-y DATA
Depth | Soil Type| &5 Sy ¢ k Depth Py Yy p-y
(m) (kN/m?) (kN/m®) (m) {(kN/m)| (cm) | Criteria
0-3 Clay 0.02 10
3-6 Clay 0.02 18

. ,\{%

‘!' i
R

24-27 Clay 0.005| 160

27 -30 Clay 0.005 | 140

30.0 | 1561 | 250 Clay
36.0 | 1561 | 25.0 Clay
420 | 1561 | 25.0 Clay

69-75 | Clay | 0.0051 245 81.0 | 2745 | 250 | Clay
75-81 Clay | 0.005] 245

LATERAL PILE DESIGN PARAMETERS
PIER E06 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE E06-EB.2
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/.,
D(en':;h C;:e Coordinates of p-y Curve Points (p in kN/m, y in cm)
p1 y1 p2 y2 p3 y3 p4 y4 p5 ¥y5 p6 y6 p7 y7
0.0 1 0 Y ] 1.6 19 12.5 27 37.5 38 100.0 38 248.9
3.0 2 0 0 32 1.6 64 12.5 92 37.5 129 100.0 129 249.9
5.9 3 0 0 41 1.6 82 12.5 119 37.5 165 100.0 165 249.9
6.1 4 0 0 56 0.1 259 06 429 1.1 514 1.7 565 34 565 57
9.0 5 0 0 94 0.1 436 0.6 721 1.3 883 1.9 948 3.9 948 6.5
11.9 6 0 0 104 0.3 479 1.6 791 3.2 947 4.8 1041 9.7 1041 16.1
121 7 0 0 104 0.8 208 6.2 301 18.7 418 50.0 418 125.0
15.0 8 0 0 111 0.8 223 8.2 321 18.7 446 50.0 446 125.0
17.9 9 0 0 110 06 221 47 318 14.1 442 37.5 442 83.7
18.1 10 0 0 316 0.6 1457 3.2 2407 6.5 2882 9.7 3167 19.4 3167 32.3
21.0 11 0 0 421 0.7 1938 3.7 3204 7.4 3837 11.1 4218 22.2 4216 37.0
239 12 0] 0 540 0.8 2484 4.2 4104 8.3 4914 12.5 5400 25.0 5400 416
241 13 0 0 448 0.4 896 3.1 1290 9.4 1792 25.0 1792 62.5
30.0 14 0 0 380 0.4 780 3.1 1124 9.4 1561 25.0 1561 62.5
36.0 15 0 0 390 0.4 780 3.1 1124 9.4 1561 25.0 1561 82.5
42.0 16 0 0 390 0.4 780 3.1 1124 9.4 1561 25.0 1561 62.5
51.0 17 0 0 451 04 923 3.1 1329 9.4 1846 25.0 1846 62.5
62.9 18 0 0 1877 1.1 8634 55 14265 11.0 17080 16.5 18770 33.0 18770 55.0
63.1 19 0 0 685 0.4 1370 341 1972 9.4 2740 25.0 2740 62.5
81.0 20 0 0 685 0.4 1370 31 1972 9.4 2740 25.0 2740 62.5

COORDINATES of p-y CURVES

PIER E06 EASTBOUND
SFOBB East Span Seismic Safety Project
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"*'-——-——‘u._

Pile Head Shear (MN)

Pile Head Moment (MN-m)

20

16 —

12 |~

I 1 | i I 1 i

0.05 0.10 0.15 0.20

Pile Head Displacement (m)

0.25

-200

=160

-100 —

1 ! I 1 ! | |

0.00

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E06 EASTBOUND
SFOBB East Span Seismic Safety Project
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PLATE E06-EB.4




G'd3-904 I1LV1d

P

0

20
£

2 40
[&]
Q@
[
2
5
[1}]
o

£ 50
Q.
[
a)

80

100

-0.1 0.0 0.1 0.2 0.3

N SR DR B 100

Pile Displacement (m)

) | ] I 1 l 1 100

-160 -80 0 80 160 -10

Bending Moment (MN-m)

PILE DISPLACEMENT, BENDING MOMENT AND SHEAR

WITH DEPTH

PIER E06 EASTBOUND

SFOBB Ea

st Span Seismic Safety Project

Shear (MN)

24
=0
T®
S 3
®

Q8
Z?V
Se
d
8
- Z
590
o

e N




SFOBB Task Order No. 5

EMI Project No. 98-145

. Earth
5 Mechanics

GRO
=l5255&2$
=

=

e
ST\

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-Y

DIS-X

3.616E+005
0.C00E+000
0.000E+000
0.000E+000
6.350E+005
0.000E+000

0.000E+000
3.238E+4005
0.
S
0]
¢

000E+000

.560E+005
.000E+000
.000E+000

DIsS-2Z

. 000E+000
.000E+000
. 638E+007
.000E+000
.000E+000
-000E+000

COORrROO

ROT-X

0.000E+000
~-9.560E+005
.000E+000
.468E+008
.000E+000
.000E+000

QO U!;mo

PILE-GROUP STIFFNESS (SERVICE CONDITION)
DIS-Y

DIsS-X
1.301E+006
0.00CE+000
0.000E+000
0.000E+0Q0
1.040E+007
0.000E+000

OCOWORO

.000E+000
.253E+006
.000E+000
.978E+006
.000E+000
.00QE+Q00

bIs-2

.000E+G00
.000E+000
.187E+007
. 000E+000
.000E+000
.000E+000

OOoCONO O

Note : All units are in kN & m.
% direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top El.

ROT-X

.000E+000
.978E+006
.000E+000
.848E+008
-000E+000
.000E+000

OCOVOoOWYWo

ROT-Y

QWooon

.350E+005
.000E+000
.000E+000
.000E+000
-973E+008
.000E+000

ROT-Y

-1.
0.

0.
0.
6.
0.

040E+007
000E+000
000E+000
000E+000
845E+008
000E+000

+3.0 m

CONDENSED STIFFNESS MATRICES
PIER E06 EASTBOUND
SFOBB East Span Seismic Safety Project

ROT-2Z

0.000E+000
0.CO0E+000
0.000E+000
0.000E+000
0.000E+000
1.838E+007

ROT-2

0.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.823E+007

~ OO OO

PLATE E06-EB.6
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Earth " m

Mechanic
&) mmﬂ.

ELEV. {m)

Coordinates: E1837283 N648036
CA State Plane Zone 3, NADS3, Maters

MATERIAL DESCRIPTION
MUDLINE ELEVATION: -7.6m (MSL}

STRATUM NO.

KCF

UNIT

I(\“«L'm1

002 0.03 0.04 0.05 0.06 007
SUBMERGED UNIT WEIGHT

5 5

008 0.0 p] 3 3

SOIL UNDRAINED SHEAR STRENGTH

110+

L-120

Fal CLAY (CH), soft to firm, dark olive gray

“medium dense, silty fine sand tayer, with clay pockets, 2'3m‘°(41 )

| 2.6m
Fire SAND with silt (SP-SM), densae, ofive gray
<firm, dark olive gray fa( day with many shells and shell

sd(yﬁmsand.94mh105m

-medium
-with clay at 10. Am {10.7m}

S N

YBM

Fat CLAY {CH), firm to stiff, olive gray
~danse, sitly fine sand, 14.5m to 16.2m
-olive gray fina sand, with clay pockets and seams, 17.5mto 17.8m

{201
Fine SAND with sitt (SP-SM), dense to very dense, dark gray _’1

-interfayered sand and clay, 21.8mto 24.1m 4 1m

Sitty Fina SAND (SM), dense, dark gray
-with a clay tayer at 25.3m

@ram) ¥

w

MPSA

Fat CLAY {CH), very stiff, greenish gray
{30.2m)’

Sitty Fina SANO (SM), medium denss {o dense, dark ofive gray 3 3
(yvety stiff clay layor with sand seams, 31.5m to 31.8m )

| Fat CLAY (CH), very stift, olive gray to dark gray
Fat CLAY {CH)}, very stiff to hard, olive gray

(33m),

(40.2m)|

Fat CLAY {CH), very stiff, greenish gray

Fat CLAY {CH), very stiff io hard, olive gray

(56.5my:

f44.5m)] |

OBMUAM

tean CLAY (CL). hatd, gray

(60.7m)|

Fine SAND with silt {SP-SM), dense to very dense, dark olive
gray ta gray

-clay fayer, 65.5m to 65.8m

-slity sand below 67.Tm
=with mediurm ard coarse sand and fine gravel, below 70.0m_ (70.7m)]

-

X

Fat CLAY (CH}, hard, greenish gray

LIm)

Lean CLAY (CL), hard, greenish gray
-dense sand layer, 78.8m to 79,1m
-with a sand layer at 79.6m

~sandy silt layer, 80.6m to 81.

~dense sand wi dayseams and layers, 82.0m to 82.6m (84.1m)

Fina to Medium SAND with fine gravel and sitt (SP-SM), very
dense, gray

-hard dlay layer, 89.0m fo 89.3m

Lean CLAY (CL), hard, gresnish
~sandy siit bc(arov?r 92, Ot'r\g i

{91 1m}1
(83.6m) X!

v

Fine to Coarsa SAND with sift and fine gravel {SW-SM), very
dense, olive to
Fat CLAY (CH), hard, yellowish brown

(95.7m)‘

XV

XiX

TOTAL DEPTH: 97.7m BACKFILLED WITH: Cement Grout

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E06 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E06-WB.1
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EMI Project No. 98-145

. Earth -
: Mechanics ;'I.

GRO
——
Mg

1 '2 T T 1 4 L) T [] T
{1} SN I S —
08 S
- ,/’ -
£ 06
jo R 7
04 ~
A L R L S Sand |
02 [ —— Clay
Lf ' —
0'0 1 ], ] [ 1 1 1 1
000 025 050 075 100 125 150 175 20
Y1y,
NORMALIZED p-y GURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type{ eg S, ¢ k Depth Pu Yy p-y
(m) (kN/m?) (kNIm®) (M) | kNfm) | (cm) | Criteria
0-3 Clay | 002 | 18 65 | 1000 | Clay
36 Clay 20 110 | 100.0

" 4215 | Clay |0.0075] 50
1518 | Clay |0.0075] 50

2427 | Clay | 0.005| 115

27 -30 Clay 0.005 | 125
30-33 Clay 0.005 | 145
33-36 Clay 0.005 ; 150
36-39 Clay 0.005 | 160
39-42 Clay 0.005 | 160
42-45 Clay 0.005 | 200
45-51 Clay 0.005 | 180
51-57 Clay 0.005 | 180

57-63 Clay 0.005} 210

6975 | Clay | 0.005| 230
7581 | Clay | 0.005 | 230

LATERAL PILE DESIGN PARAMETERS
PIER E06 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E06-WB.2
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29
=g
3 us)
Depth | Curve Trg g
(en;:) No. Coordinates of p-y Curve Points (p in kN/m, y in cm) ;Z“ g
p1 v p2 v2 p3 y3 pa va p5 v5 p6 v6 p7 y7 @© %
0.0 1 0 0 16 16 32 12.5 47 37.5 65 100 65 | 249.9 58
3.0 2 0 0 27 16 55 125 79 37.5 110 100 110 | 249.9 <
5.9 3 0 0 37 16 74 12.5 106 | 37.5 148 100 148 | 249.9
6.1 4 0 0 37 0.1 174 0.4 287 0.8 344 1 378 2.3 378 3.9
9.0 5 0 0 75 0.1 346 05 572 10 | 684 2 752 3.1 752 5.1
11.9 6 0 0 132 0.1 609 0.7 1007 14 1206 2 1325 | 4.1 1325 | 6.8
12.1 7 0 0 112 0.8 224 6.2 323 187 | 448 50 448 | 125.0
15.0 8 0 0 112 0.8 224 6.2 323 18.7 | 448 50 448 | 125.0
17.9 9 0 0 01 0.8 183 6.2 264 18.7 367 50 367 | 125.0
18.1 10 0 0 279 06 | 1284 | 29 | 2121 | 57 | 2540 9 2791 | 174 | 2791 | 286
21.0 11 C 0 380 0.7 1748 3.3 2888 6.7 3458 i0 3800 20.0 3800 33.4
23.9 12 0 0 497 08 | 2287 38 | 3779 | 7.7 | 4525 1 4973 | 230 | 4973 | 383
24.1 13 0 0 323 0.4 646 3.1 930 9.4 1292 25 1292 | 625
27.0 14 0 0 323 0.4 646 3.1 930 9.4 1292 25 1202 | 625
30.0 15 0 0 349 0.4 699 3 1007 | 9.4 1399 25 1399 | 625
36.0 16 0 0 403 0.4 807 3.1 1162 | 94 1615 25 1615 | 625
42.0 17 0 0 447 0.4 895 3.1 1288 | 94 1790 25 1790 | 625
51.0 18 0 0 504 0.4 1009 3.1 1453 | 9.4 | 2018 25 2018 | 62.5
62.9 19 0 0 588 0.4 1176 | 3.1 1693 | 9.4 | 2352 25 2352 | 625
63.1 20 0 0 1765 1.0 8122 | 52 | 13419 ] 103 | 16067 | 15 | 17656 | 31.0 | 17656 | 51.6
69.1 25 0 0 643 0.4 1286 | 3. 1852 | 9.4 | 2573 25 2673 | 62.5
81.0 21 0 0 643 0.4 1286 | 3. 1852 | 9.4 2573 25 2573 | 62.5 .
=5
ol
g:-
COORDINATES of p-y CURVES 3
PIER E0O6 WESTBOUND a%
SFOBB East Span Seismic Safety Project S} &
X
=




SFOBB Task Order No. 5
EMI Project No. 98-145

20 1 l ' | ' | ' l T

12 —

Pile Head Shear (MN)

0 . | , | ' ! . ! .
0.60 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

‘200 T | T 1 | L I T

=150 — —

-100 — ]

Pile Head Moment (MN-m)

0 . 1 . ! : ! , | ,
0.00 0.05 0.10 0.15 0.20 0.25 .

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOCMENT
PIER E06 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E06-WB.4
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Depth Below Pilecap (m)

—
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Pile Displacement (m)
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PILE DISPLACEMENT, BENDING MOMENT AND SHEAR

WITH DEPTH

PIER E06 WESTBOUND
SFOBB East Span Seismic Safety Project
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 Earth  jUERG
; Mechanics ¥ mesmes
oA

PILE-GRCOUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-Y

DI

cCnooow

S5-X

.616E+005
.000E+000
.CO00E+000
.000E+00Q0
.350E+005
.000E+000

0.
3.
0.
-9.
0.
0.

O00E+000
239E+005
C0CE+C0C
560E+005
00CE+000
000E+000

DIS-2Z

.000E+000
.000E+000
. 638E+007
.00CE+000
.000E+000
.000E+000

OO OR OO

PILE-GROUP STIFFNESS MATRIX (SERVICE
DIS-X

1
0
0.
0
1
0

Note

.322E+006
.C00E+000

000E+000

.000E+000
.066E+007
.000E+000

DIS-Y

0.
. 2T4E+006
.000E+000
.024E+007
.000E+000
.000E+000

OO Ok

000E+000

DIS-Z

.000E+000
.000E+000
.187E+007
.000E+000
.000E+000
.000E+000

OO ONOO

: All units are in kN & m.
% direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top El.

ROT-X

0.000E+000
-9.560E+005
.000E+000
-468E+008
.000E+000
.000E+000

(=N el Nl

CONDITTION)
ROT-X

. 0C00E+000
.024E+007
.000E+000
.881E+008
.000E+000
.000E+000

COXO=O

ROT-Y

SWOOoOO™m

.350E+005
.000E+000
-000E+000
.000E+000
. 973E+008
.000E+000

ROT-Y

-1.

OO oo

066E+007

.000E+000
.000E+000
.000E+000
.878E+008
.000E+000

+3.00m

CONDENSED STIFFNESS MATRICES
PIER E06 WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-Z
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
1.938E+007

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
7.951E+007

PLATE E06-WB.6




SFOBB Task Order No. 5
EMI Project No. 98-145

Earth ;E&I?mu
Mechani 6 ¥ e S
CRANICS & S

R
Coordinates: E1837438 N648013 4] KCF 002 0.03 004 005 006 0.07 008 009] [KSF 2 4 € 8 1
= E|% | CA State Plane Zone 3, NADE3, Meters =
£ H 3 X
2 E g MATERIAL DESCRIPTION e k SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
o &]8] IMUDLINE ELEVATION: -6.2m (MSL) E 5 | i’ 25 75 0 428 Y 200
2 Fal CLAY {CH), very soft, dark gray (.am ¢
10 , Fal CLAY (CH), soft to firm, olive gray
4 /
4 interlayered siity fina sand and fat clay befow 5.2m M
L kv | -dense to very dense sand, 7.3m to 9.9m #35
1033 e
r, _{11.5m)} [yF T
b3l | Fine SAND (SP), dense, gray “ E H =t
p-20 F-] | -clay with sand pockels and calcareous nodules, at 12.6m _ (14.5m) 4! Clay Ptofile
? Fat CLAY (CH), firm to stif, olive gray
" ﬁ v
N/,
l (253m)
E{A | Intertayered Silty Fine SAND (SP), SILT (ML) and CLAY (CH} «
L B v|E
N2 _ E
| &%) | -sand with [arge clay packets, at 20.6m @1.4mi}
FT-4 | Sitty Fine SAND (SM), dense, gray
p-a0 E ~day to 31.7m
= ’ ¢=35
m ~clay layer, 36.0m to 26.3m v bl Cidy Profite
L “ ine sand with silf, below 38.1m
40+ | -day layer, 39.8m to 39.9m
.13 | -clay layer, 40.2m o 40.8m {41.9m
|50 " Fat CLAY (CH), very stiff to hard, dark greenish gray
A
ﬁ vt /
50 ’4 {50,9m) -
g Clayey SAND (SC), dense, greenish gray /53.3my Y J:-:afgay Db
p-50 g’ Silty Fine SAND (SM), dense fo very dense, greenishgray  (55.2m)| X § ¢=35° i i
K | Silty Fine SAND (SM), very dease, gray x =35
LeY [ dlay layer, 55.2m to 55.8m (s7eml ~ 1 & ia toy Profile
L FA [Tetaytayer, 56.1m to 56.5m
& ; Fat CLAY (CH), hard, dark greenish gray b
N f34m)| |
i ? Fat GLAY (CH), hard, gray
i
',j _{68.3m)
- ’ Lean GLAY (GL), hard, gray
’ Xi
pao ) P20
¥4 | Fet CLAY (CH), ard, gray
, -sand layer, 76.0m to 76.2m xav
- P (79.6m)| A
803egl | Intedtayered Silty Fine SAND (SM}, and Hard Lean CLAY (CL}, w =30
% de groenish oy B3amy | [y Pt
d 5}& Silty Fine SAND (SM), very dense, gray o ¢=35'
2 {86.6m)) — 1Clay Protie
'-}__. Fine to Coarse SAND (SW-SM) with sitt and gravel, dense to very
- .t 1 dense, gray
w- r
ed vt E =40
s
}-100 ._3-._
[ FOYAL BEFTI 85 5m BACKEHLLED WITH: Cement Grod
1001
L110
1104
120

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E07 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE E07-EB.1
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SFOBB Task Crder No. . Earth j -
EMi Project No. 98-145 : Mechanics 5 s
: Mt gDt
1.2 T T T T {
10—
0.8 =7
- ,f/ -
2 08
(o8 /4
N g i
04 /.
_/ N R N Sand ]
02 [ —— (Clay
! -
’ i |
0.0 : ' - ' :
0.00 025 050 0.75 1.00 1.50 1.75 20
viy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| €54 S, ¢ k Depth Py Yu Dy
(m) 1kN/m?) (KNIm?) m) {kNmy| em) | Criteria
0-3 Clay 0.02 10 0.0 38 100.0 Clay
3-6 Clay 0.02 22 3.0 116 100.0 Clay
6-9 7 0.02 22 6.0 158 100.0 Clay

15-18 | Clay

27 -30 7 Clay

001 | 45
18-21 Clay |0.0075| 50
2124 | Clay [0.0075] 58
2427 | Clay ]0.0075] 90
0.005 | 110

15.1 314 | 50.0
18.0 | 336 | 50.0 Clay
21.0 | 646 | 375 Clay

25.0

| 63-69 Clay | 0.005] 280
| 89-75 Clay | 0.005 | 220
| 7581 Clay |0.005] 240

25.0

LATERAL PILE DESIGN PARAMETERS
PIER EC7 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE EO7-EB.2




€83-203 31vVid

P i
D(era;h C:Lve Coordinates of p-y Curve Points (p in kN/m, y in cm)
p1 y1 p2 y2 p3 y3 p4 v4 p5 y5 p6 y6 p7 y?
0.0 1 0 0 9 1.8 19 12.5 27 37.5 38 100.0 38 249.9
3.0 2 0 0 29 1.6 58 12.5 83 37.5 116 100.0 116 249.9
8.0 3 0 0 39 1.6 79 12.5 114 37.5 158 100.0 158 249.9
8.9 4 0 0 49 1.6 99 12.5 143 37.5 199 100.0 199 249.9
9.1 5 0 0 93 0.4 429 1.9 709 3.8 849 57 933 11.4 933 18.9
12.0 6 0 0 174 0.5 803 2.7 1327 54 1589 8.0 1746 16.1 1746 26.8
14.9 7 0 0 276 0.7 1272 3.4 2102 6.9 2516 10.3 2765 20.6 2765 343
15.1 8 0 0 78 0.8 157 6.2 226 18.7 314 50.0 314 125.0
18.0 9 0 0 84 0.8 168 6.2 242 18.7 336 50.0 336 125.0
21.0 10 0 0 161 0.6 323 4.7 465 14.1 646 37.5 646 93.7
24.0 11 0 0 161 0.6 323 4.7 465 14.1 646 37.5 646 83.7
29.9 12 0 0 309 0.4 619 3.1 891 9.4 1238 25.0 1238 62.5
30.1 13 0 0 1014 1.2 4687 6.2 7711 124 9233 18.6 10146 37.3 10146 62,1
36.0 14 0 0 1486 1.5 6836 7.6 11295 15.2 13524 | 22.8 14852 | 456 14862 76.1
41.9 15 0 0 2042 1.8 9386 9.0 15524 18.0 18588 | 27.0 20427 53.9 20427 89.9
42.1 16 0 0 558 0.4 1117 3.1 1608 9.4 2234 25.0 2234 82.5
50.9 17 0 0 504 0.4 1009 3.1 1453 9.4 2018 25.0 2018 62.5
51.1 18 0 0 2565 1.9 11800 9.3 19496 18.5 23344 27.8 256563 55.5 25653 92.5
63.0 19 0 0 558 0.4 1117 3.1 1608 9.4 2234 25.0 2234 62.5
81.0 20 0 0 672 0.4 1345 3.1 1938 9.4 2691 25.0 2891 62.5

COORDINATES of p-y CURVES

PIER EO7 EASTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5 . Farth JJuGRO
EMI Project No. 98-145 : Mechanics &'z

o N

25 T I T T T I 1 T 1

16 - —

10 —

Pile Head Shear (MN)

0 ) | . | . | . | .
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

-200 T I T T T T

-150 —

-100 — —

Pile Head Moment (MN-m)

O { I | 1 i l i l |
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER EO7 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE EO7-EB.4
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Depth Below Pilecap (m)

0 — : 0
)
20 - 20
40 _— —— 40
A I
80 ; ~: 80
100 | bbb |

-0.1 0.0 0.1 0.2
Pile Displacement (m)

100
0.3 :

l j | ] | 1 f { 100

-160  -80 0 80 160 -10

Bending Moment (MN-m)

PILE DISPLACEMENT, BENDING MOMENT AND SHEAR

WITH DEPTH

PIER EO7 EASTBOUND
SFOBB East Span Seismic Safety Project

-5

0 5 10
Shear (MN)

20
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SFOBB Task Order No. §
EMI Project No. 98-145

. Earth
Mechanics

|

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
ROT-X

DIS-X DIS-Y DIS-2Z
7.804E+005 0.000E+000 0.000E+000
0.000E+000 7.441E+005 0.000E+000
0.000E+000 0.000E+000 1.624E+007
0.000E+000 1.127E+007 0.000E+000
~1.158E+007 0.,000E+000 0.000E+000
0.000E+000 C©.000E+000 O

0.
1.
0.
9.

G.

PILE~-GROUP STIFFNESS (SERVICE CONDITION)
ROT-X

DIS-X DIS-Y DIS-Z
2.724E4006 0.000E+000 0.000E+000
0.000E+000 2.679E+006 0.0C0E+000
0.000E+000 0.000E+000 2.189E+007
0.000E+000 2.344E+007 0.000E+000
~2.383E+007 0.000E+000 0.000E+000
0.000E+000 0.000E+000 0.000E+000

Note : All units are in kN & mn.

0.

O00E+000
127E+007
O00E+000
047E+008
000E+0090

.000E+000 0.000E+000

000E+000

2.344E+007

oo

.00CE+000
.017E+009
.000E+000
.000E+000

ROT-Y

~1.
0

1.
0.
7.
0.

158E+0G7

.000E+000

863E~009
GO0E+000
567E+008
000E+000

ROT-Y

~2.
0.

0.
0.
8.
0.

X direction is longitudinal along the bridge

y direction is transverse
z direction is vertical

Group stiffness condensed at pilecap top El.

383E+007
000E+000
000E+000
000E+000
162E+008
000E+000

-6.0 m

CONDENSED STIFFNESS MATRICES
PIER E07 EASTBOUND
SFOBB East Span Seismic Safety Project

ROT-2

0.00CE+000
.000E+000
-000E+000
-000E+000
.000E+000
.88TE4+007

NoCooS O

ROT-2

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.591E+008

POOOOO

PLATE EO7-EB.6




SFOBB Task Order No. 5
EMI Project No. 98-145

Earth L Lolidnd
Mechanics éf:m“h-

TR G
i e
Coordinates: E1837441 N648059 g 0.02 003 004 005 006 007 0.08 €.09 2 4 6 8
T Tl % | {CA State Plane Zone 3, NADB3, Maters =
5 E E MATERIAL DESCRIPTION S - SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
@ a|9| |MUbLINE ELEVATION: 560 (MSL) % 13| ki’ 25 15 1 1 1
Fat CLAY {CH}, very soft, olive gray i I
© Fat CLAY (GH), soft, ofive gray n I
d ~clay with fire sand, 4.3m to 5.0m ¥
2| | Fine SAND (SP), very denss, gray =35’
a7 H ¥— Clay Protilo
" seds (i0.1mY |
Fat CLAY (CH), finm to stiff, oiive gray
sand tayer, 10.5m to 11.1m
-3
L20
£
- v
30
{29.0m)
3 Fat CLAY (CH), stiff to very stiff, greenish gray i
~organic clay to 30.6m Vg
@gzomy) &
L 40 +o] | Fine SAND with sitt (SP-SM), very dense, olive gray wl= iy
i _
a2 {36.3m) ¢
Fat CLAY (CH), very sfiff to hard, greenish gray vit /’
B {39.0m)} Vi
40 Fat CLAY {CH), hard, greenish gray Vit I
(42 1m} I
Fat CLAY {CH), very stiff to hard, greenish gray LA
p-50 P
X \\ 4
- s £50.0m) A
Sandy Lean CLAY (CL}, very stiff, greenish gray X I
(52.7m})
{50 Fine SAND (SP), dense fo very densa, greenish gray
x|% 4=35
g - Clay Profilg
L {59.4m) @
Fat CLAY {CH), hard, greenish gray - o
{63.4m)
70 Fat CLAY (CH), hard, greenish gray
pall
- (69,5m)
Lean CLAY (CL), hard, greenish gray
v
L0 (@4.4my__ |
Intedayered Silty Fine SAND {SM), dense, and Fat CLAY (CH), re
hard, dark greenish gray xv /
5 (79.2m)
80 Lean CLAY (CL), hard, greenish gray
~with silt seams, 79.9m to 80.5m @2sey ™
] sty sand with ciay layers, below 81.4m i — 435
- Fine to Medium SAND (SP-SM) with si, very dense, gray prdeppde b pd bbb oL dobdzbgel oo PR PEPROG 4o b o)
~greenish gray, lean clay with sand, 83.4m to 84.4m =;;§]
it ¢ f
[ “with clay seams and layers, below 89.0m EREN G kol O ﬁ_{,=_3_5 Tt
{93.0m)] i - Cldy Profile
b-100 Sandy SILT (ML), hard, brownish yellow (94.8m) VLY l
Medium SANOD (SP-SM) with silt, vety denise, darkbrowm (96 8m)| XIX $=35
Lean GLAY (CL), hard, brown -
100 OTAL DEPTH: 100.0m BACKFILLED WITH: Cement Grout
b-110
" 1107
L-120

SUBSOIL CONDITION AND SOIL PROPERTIES

PIER E07 WESTBOUND

SFOBB East Span Seismic Safety Project

PLATE E07-WB.1




SFOBB Task Order No. §
EM! Project No. 98-145

» Earth =lmi‘"~="'"
; Mechanics §'mm=rtem
I

12 I T T T T 1 Y T
10—t
0.8 <"
- //’ -
o 0.6
O | // B
04 7
B II ————— Sand N
0.2 L -~ ——— Clay
tl ‘ T
00 i L 1 1 1 1 Il !
0.00 0.25 0.50 0.75 1.00 1.25 150 1.75 20
yly,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| &5 S, ¢ k Depth Py Yu p-y
(m) (KN/m?) (kN/m®) (m) | (kNim) | (cm) | Criteria
0-3 Clay 8
20

Clay | 0.005| 100

Clay | 0.005| 160

39:42 | Clay | 0.005] 210
4945 | Clay | 0.005| 170
4551 | Clay | 0.005| 130
6369 | Clay | 0.005| 280
69-75 | Clay | 0.005| 210
75-81 Clay | 0.005 | 220

LATERAL PILE DESIGN PARAMETERS
PIER EO7 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E07-WB.2




€am-203 21Vv1d

/7,
Dfnf;h C:;‘fe Coordinates of p-y Curve Points (p in kN/m, y in cm)

p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 p6 y6 p7 y7
00 3 5 0 7 16 | 74 | 125 | 21 | 375 | 2 | 1600 | 26 | 2459
350 | 2 5 0 26 16 | 53 | 125 | 77 | 375 1 107 | 1000 | 107 | 249.9
56 | 3 0 0 37 16 ] 75 | 125 | 108 | 375 | 151 | 1000 | 151 | 249.9
X 2 0 0 52 | 03 | 248 | 16 | 410 | 33 | 492 | 49 | 540 | 98 | 540 | 163
5.0 5 0 0 107 | 04 | 494 | 22 | 817 | 44 | 978 | 66 | 1075 | 132 | 1075 | 22.0
16 6 0 0 187 106 | 870 | 30 | 1453 | 59 | 1740 | 89 | 1912 | 178 | 1912 | 295
21 7 0 0 68 | 08 | 136 | 62 | 155 | 187 | 272 | 500 | 272 | 1250
50 | 8 0 0 73 | 08 | 146 | 62 | 210 | 187 | 202 | 500 | 262 | 125.0
180 | 9 0 0 125 | 08 | 250 | 62 | 360 | 167 | 500 | 500 | 500 | 125.0
570 |10 0 0 66 | 06 | 336 | 47 | 484 | a1 | 62 | 375 | 672 | 937
240 | 11 i) 0 168 | 06 | 336 | 47 | 284 | 141 | 672 | 375 | 672 | 937
30.0 12 Q 0 222 0.6 444 4.7 63% 14.1 888 37.5 888 93.7
37 | 13 0 0 | 1308 | 14 | 6023 | 68 | 9952 | 135 | 11916 | 203 | 73094 | 406 | 13004 | 576
%1 | 14 0 0 448 | 04 | 896 | 31 | 1200 | 94 | 1752 | 250 | 1782 | 625
420 | 15 0 0 475 04 | 950 | 31 | 1368 | 94 | 1900 | 250 | 1900 | 625
506 | 18 0 0 33 | 04 | 726 | 31 | 1046 | 64 | 1453 | 25.0 | 1455 | 62.5
514 1 17 0 0 | 2346 | 17 | 10791 | 85 | 17826 | 169 | 21348 | 254 | 23460 | 508 | 23460 | 846
526 | 18 0 0 [ 3063 | 18 | 14091 | 9.0 | 23281 | 160 | 27876 | 26.0 | 30633 | 539 | 30633 | 89.8
31 | 19 0 0 780 | 04 | 1561 | 31 | 2248 | 94 | 3122 | 250 | 3122 | 625
810 | 20 0 5 615 | 04 | 1230 | 31 | 1771 | 94 | 2460 | 250 | 2460 | 625

COORDINATES of p-y CURVES
PIER EQ7 WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5
EMI Project No. 98-145

A Earth .
£ - o, Lot g tiristn
¢ Mechanics §'pemrtes

Pile Head Shear (MN)

Pile Head Moment (MN-m)

20

16

-
\¥]
I

! | l ! I L |

-200

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

0.25

-150 —

-100

| ! | | { ! {

0.00

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER EQ7 WESTBOUND
SFOBB East Span Seismic Safety Project

0.25

PLATE E07-WB.4




Gam-L03 d1vid

Depth Below Pilecap (m)

Y
0 T 0 I T E ! 0 I
20 — 20 — — 20 —
40 — 40 - 40
60 |~ — 60 |~ — 60 |-
80 — 80 — - 80 —
100 ] I 1 | 1 I ] 100 ) I | I | I 1 100 1
-0.1 ¢.0 0.1 0.2 0.3 -160 -80 .0 80 160 -10

Pile Displacement (m) Bending Moment (MN-m)

PILE DISPLACEMENT, BENDING MOMENT AND SHEAR
WITH DEPTH
PIER EQ7 WESTBOUND
SFOBB East Span Seismic Safety Project
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0 5 10
Shear (MN)

20
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SFOBB Task Order No. 5

EMI Project Na. 98-145

. Earth

> Mechanics

A

AR
S

Note

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)

DIS-X
7.804E+005
0.000E+000
0.000E+000
0.000E+000
-1.158E+007
0.000E+000

DIS-Y

.000E+000
LA441E+005
.000E+000
L127E+007
.000E+000
.000E+000

O OO N0

DIS-2Z

0.000E+00Q0
0.000E+000
1.624E+007
0.000E+000
0.000E+000
0.000E+000

ROT-X

.000E+000
.127E4+007
.000E+000
.047E+008
.000E+000
.000E+000

O 0O WO MO

PILE-GROUP STIFFNESS MATRIX (SERVICE CONDITION)

DIS-X

4 .038E+006
0.000E+000
0.000E+000
0.000E+000
~-3.302E+007
0.000E+000

DIS-Y

0.000E+000
3.996E+006
0.000E+000
3.266E+007
0.000E+000
0.000E+000

DIS-Z

0.000E+000
0.000E+000
2.191E+007
0.000E+000
0.000E+C00
0.000E+000C

All units are in kN & m.

ROT-X

.000E+000
.266E+007
.000E+000
.077E+009
. 000E+000
.000E+000

O K OWOo

ROT~Y
-1.158E+007
0.000E+000
1.863E-009
0.000E+000
7.567E+008
0.000E+000

ROT-Y
-3.302E+007
0.000E+000
0.000E+000
0.000E+000
8.748E+008
0.000E+000

x direction is longitudinal along the bridge
v direction is transverse
z direction is wvertical

Group stiffness condensed at pilecap top El.

-6.0 m

CONDENSED STIFFNESS MATRICES
PIER EO7 WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-Z

0.00CE+000
0.C00E+000
0.00CE+000
0.C00E+000
0.000E+000
5.887E+007

ROT-Z

0.000E+000
0.000E+00C0
0.000E+GOO
0.000E+COO
0.000E+000
2.285E+008

PLATE E07-WB.6



SFOBB Task Order No. 5
EMI Project No. 98-145

Coordinates: E1837605 N648086
CA State Plane Zone 3, NADS3, Mators

MATERIAL DESCRIPTION
MUDLINE ELEVATION: -5.3m {MSL)

2

m 1104

\-120

Fat CLAY (CHY), soft to firm, ofive gray

+sand fayer, 6.1m to 6.4m

; Mechanics &' s
W, STk

002 003 0.4 005 006 0.07 008 0.09

SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH

STRATUM NO,
UNIT

=
I3

YBM

~dense sand, 18.6m 1o 19.5m (19.5m)
fat CLAY {CH), very stiff to stiff, olive gray to gray
(25.6m)

Fat CLAY {CH), hard to very stiff, greenish gray

{33.8m)|

Fat CLAY (CH), very stiff to hard, gray
-with a silt fayer, 34.6m to 34.7m

£3¢.7m)

Fat CLAY (CH), very stiff to hard, gray

-sand layer, 46.3m to 46.6m (48.2m)

Intertayered hard to very stiff Fat CLAY (CH) and Dense Silty
SAND (SM)

~greenish gray sifty sand, with clay pockets, seams and layers,
50.3m to 52.4m

Lean to Fat CLAY (CUCH), hard to very stiff, gray
-with a sand layer at 57.6m

{61.6m)]

Fat CLAY (CH), hard, gray

{71.3m}]

Lean CLAY (CL), hard, gray

(79.9m)

Lean CLAY {CL), hard, greenish gray

~gray silty fine sand layer, 81.7mto 82.4m
ith sand layers, 83.1m to 83.8m

~dense sand with clay seams, 84.7m to 85.3m

1
'
&
s
¥
x,
hto0 |
-
5
L
1
Y.

TOTAL DEPTH: 99.2m

Silty Fine SAND (SM), dense, gray

o Y

OBM/UAM
03y
\

ypesy

(55.8m)

=}

{88 4m}

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E08 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

BACKFILLED W1ITH: Cement Growt

PLATE E08.1




SFOBB Task Order No. 5
EMI Project No. 98-145

1 . Earth

s Mechanics

UGra
B s
Mot

1w |

1'2 T § T L T 1 T
1.0 . %
0.8 e
o B o~ .
£ 0.6 -
N ; i
04 /.
N // ————— Sand |
0.2 L A Clay
/ o
0.0 ! 1 1 1 1 1 1 1 I
0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 20
Yy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth [Soil Type] &g Sy [ k Depth | py Yu p-y
(m) (kN/m?) (KN/m®) {m) |(kN/m)| (cm) { Criteria
0-3 Clay 0.02 10 0.0 |[37.684| 100.0 Clay
3-6 Clay 0.02 20 3.0 113 | 100.0 Clay
69 Clay 0.02 22 8.0 128 | 100.0 Clay
9-12 Clay 0.02 22 9.0 149 | 100.0 Clay
12-15 Clay 0.01 30 12.0 290 50.0 Clay
15-18 Clay 0.01 35 16.0 | 370 50.0 Clay
18-21 Clay 0.01 40 18.0 | 446 50.0 Clay
21-24 Clay 0.0051 105 210 | 446 50.0 Clay
24-27 Clay 0.0051 140 240 | 1173 | 250 Clay
27 -30 Clay 0.005 160 30.0 1561 25.0 Clay
30-33 Clay 0.005| 140 360 | 2126 | 25.0 Clay
33-36 Clay 0.005 1 190 42.0 | 1792 } 25.0 Clay
36-39 Clay 0.005 180 51.0 | 2239 | 25.0 Clay
39-42 Clay 0.005 | 200 63.0 | 2239 | 25.0 Clay
42-45 Clay 0.005 160 81.0 | 2126 | 25.0 Clay
45-51 Clay 0.005{ 200
51-57 Clay 0.0051 200
57-63 Clay 0.005| 200
63-69
69-75
75-81

LATERAL PILE DESIGN PARAMETERS
PIER E08 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E08.2
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-
D(en;:;h C::e Coordinates of p-y Curve Points (p in kN/m, y in cm)
p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 p6 y6 p7 y7
0.0 1 0 0 9 1.6 19 12.5 27 37.5 38 100.0 38 249.9
3.0 2 ) 0 28 1.6 56 12.5 81 37.5 113 100.0 113 249.9
8.0 3 0 0 32 1.6 64 12.5 92 37.5 128 100.0 128 249.9
9.0 4 0 0 37 1.6 74 12.5 107 37.5 149 100.0 149 249.9
12.0 5 0 0 72 0.8 145 6.2 209 18.7 230 50.0 290 125.0
15.0 6 0 0 92 0.8 185 6.2 266 18.7 370 50.0 370 125.0
18.0 7 0 0 111 0.8 223 6.2 321 18.7 446 50.0 446 125.0
21.0 8 0 0 111 0.8 223 6.2 321 18.7 446 50.0 446 125.0
24.0 9 0 0 293 0.4 586 3.1 844 9.4 1173 25.0 1173 62.5
30.0 10 0 0 390 0.4 780 3.1 1124 9.4 1561 25.0 1561 62.5
36.0 11 0 0 531 0.4 1063 3.1 1531 9.4 2126 25.0 2126 62.5
42.0 12 0 0 448 0.4 896 3.1 1290 9.4 1792 25.0 1792 62.5
51.0 13 0 0 559 0.4 1119 3.1 1612 9.4 2239 25.0 2239 62.5
83.0 14 0 0 559 0.4 1119 3.1 1612 9.4 2239 25.0 2239 62.5
81.0 16 0 0 531 0.4 1063 3.1 1531 9.4 2126 25.0 2126 62.5

PIER E08 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

COORDINATES of p-y CURVES
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20 ' l ' E ' T ' T '

12 =

Pile Head Shear (MN)

0 . 1 ; 1 . | : 1 .
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

'200 T 1 T { I T l T

-160 —

-100 - —

Pile Head Moment (MN-m)

0 . i 1 ! : | . | :
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER EO8 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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Depth Below Pilecap (m)

M

0 ! ! 0 T T I T 0
20 — 20 — =~ 20 i~
40 — 40 — 40 |-
60 — -1 80 [~ — 80
80 — ~ 80 |- — 80
100 1 I 1 [ 1 ] ! 100 1 i I I | I 1 100

-0.1 0.0 0.1 0.2 0.3 -160 -80 0 80 160 -10

Pile Displacement (m) Bending Moment (MN-m)

PILE DISPLACEMENT, BENDING MOMENT AND SHEAR
WITH DEPTH
PIER E08 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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arth

=" Mechanics ®

=
[

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-Y

DIS-X
5.972E+005
0.COO0E+000
0.000E+000
0.000E+000
-2.132E+006
0.000E+000

PILE-GROUP STIFFNESS (SERVICE CONDITION)

DIS-X

.620E+006
.000E+000
.000E+000
.000E+000
.170E+007
.000E+000

O~ OOOK

SO+ OWUnmMO

.000E+000
.596E+005
.000E+000
.811E+006
.000E+000
.000E+000

DIS-Y

OO OO

.000E+000
.573E+006
. 00084000
L131E4007
.000E+000
.000E+000

DIS-2

OO0 OO

.000E+000
.000E+000
. 660E+007
.000E+000
.000E+000
.000E+000

DIS-Z

0.

000E+000

0.000E+000

OO ON

.188E+007
.000E+000
.000E+000
.000E+000

Note : All units are in kN & m.
x direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top El.

ROT-X

COUVMORrOo

.000E+0Q00
.811E+006
.000E+000
.908E+008
- 000E+000
.000E+(0CO

ROT-X

COoOVOHO

.000E+000
.131E+007
.000E+000
.897E+008
.000E+000
.000E+000

.132E+006
.000E+000
.000E+000
.000E+000
.391E+008
.000E+000

ROT-Y

-1.

OO OO

170E+007

.0C0E+000
.000E+000
.000E+000
.887E+008
-000E+0Q00

-4.8 m

CONDENSED STIFFNESS MATRICES
PIER E08 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-Z

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.377E4007

ROT-2Z

.000E+000
.000E+000
.000E+000
. 000E+000
.000E+000
.491E+007

PLATE E08.6
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Coordinates: 1827757 N648111 g KCF 0.02 003 004 0.05 006 0.07 0.08 003] (KSF 2 4 6 . 10
T E“‘ CA State Plane Zone 3, NADA3, Melers =
‘a'.' E E MATERIAL DESCRIETION [ . SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
@ 818 |MUDLINE ELEVATION: -4.0m (MSL) E 5 | lknm 25 75 1 WPa
u ? Fat CLAY (CH), soft, ofive gray | T
L-10 '4
v 3k
o
B -sand layer, 12.2m to 12,5m
~sand layer, 13.9m to 14.3m
2 -medium dense siity fine sand, with cfay packets and organic
b-20 z pockels, 15.5m to 15.6m (16.8m)
Lean CLAY (CL), hard [
R oo, 13 5yte 17.6m (edmi—t « i I
Silty Fine SAND (SM}), very dense, gray n|% =35
3 -day layer, 19.7m to 20.0m = Clay Prdfie
(dlay layer, 20.4m to 20.Tm (22.8m)
Fat CLAY (CH), stff, greenish gray (Z50m)] ¥
p-30 Fat CLAY (CH), very stiff, groanish gray Vs
v A
5 . 31,3m)l |
Fat CLAY (CH), vety stiff, greenish gray I/
Vi
a arzm]| |
Fat CLAY (CH), hard 1o very sliff, greenish gray 7
i
[ =sitt layer, 40.4m to 40.7m {41.4m
Fat CLAY (CH), hard to very stiff, greenish gray i
s v
-
(48.2m)| | d
Fine SAND with silt (SP-SM), dense to very dense, gray x|z e
| (Sldm)| | <
Fai CLAY (CH), hard to very stiff, gray g »
%
sty fine sand tayer, 54.9m to 55.2m x1© r
b-50 -silty fine to medium sand with trace coarse sand and gravel, EEERRREEREENNERE HERERERR ]
below 56.1m {57.9m) Tiess iR -
Fat CLAY (CH), very stiff, olive gray (/
» \
70 ee.5my] | i}
Fat CLAY (CH), hard, dark gray 1A
B X
(735ml; ]
Lean CLAY (CL), hard, gray
480 -sifty sand layer, 74.2m to 75.3m
-sandy slit, with clay seams and layers, 75.3m to 76.2m i \
. (81.4m) \
Lean CLAY (CL}, hard, gray
v |
L-90 {85.4m); |
Silty Fine SAND {SM), very dense, gray =35
~clay layer, 86.9m ta 87.2m wid 4=
~clay layer, 89.0m t0 89.3m {20.6m) 54— [Clay Profi
I Lean CLAY (CL), hard, gray (92.4m)| xvt |
Fine to Medium SAND (SW-SM) with sitt and gravel, very dense,
plisd ¢ ) g td o 4240’
100 OYAL BESTHTES B BACKFILTED WITH: Comen Groot
110
b-120

SUBSOIL CONDITION AND SOIL PROPERTIES

PIER E09 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E09.1
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1.2 T T T 1 T 1 T T
L R e T P
038 e”
- /, .
=4 z
2 06
Q. 7
0.4 i
/ S0 1T 1 1T T - Sand ]
02 -« Clay
II -
00 i1 [ i 1 { 1 1 1
0.00 0.25 0.50 075 1.00 1.25 150 1.75 20
yhy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| &5 S, ¢ k Depth | p, Yu p-y
(m) (KN/m?) (kN/m®) (m) |&N/m)| (cm) | Criteria
0-3 Clay | 002 ] 10 0.0 38 [ 1000] Clay
3-6 Clay | 0.02 | 20 30 | 113 [100.0{ Ciay
6-9 Clay | 0.02 | 20 6.0 | 150 [100.0] Clay
9-12 Clay | 002 | 20 9.0 | 187 [ 1000 Clay
12-15 Clay | 001 | 25 120 | 183 | 50.0 | Clay
60 150 | 561 | 3756 | Clay
179 | 625 | 375 | Clay

63.0 | 1900 | 25.0 | Clay
81.0 | 2239 | 250 | Clay

LATERAL PILE DESIGN PARAMETERS
PIER E09 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E09.2
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D(erg;h C::e Coordinates of p-y Curve Points {p in kN/m, y in ¢m)
p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 p6 y6 p7 y7

0.0 1 0 0 9 1.8 19 12.5 27 375 38 100.0 38 249.9

3.0 2 0 0 28 1.6 56 12.5 81 37.5 113 100.0 113 249.9

6.0 3 0 0 37 1.6 75 12.5 108 37.5 150 100.0 150 249.9

9.0 4 0 0 46 1.6 93 12.5 135 37.5 187 100.0 187 249.9

12.0 5 0 0 45 0.8 91 6.2 131 18.7 183 50.0 183 125.0

15.0 6 0 0 140 0.6 280 4.7 404 14.1 561 37.5 561 93.7

17.9 7 0 0 156 0.6 312 4.7 450 14.1 625 37.5 625 93.7

18.1 8 0 0 303 0.6 1394 3.1 2303 6.2 2758 9.3 3031 18.5 3031 30.9
20.9 9 0 0 433 0.8 1992 3.8 3292 7.6 3941 11.5 4331 22.9 4331 38.2
21.1 10 0 o 291 0.4 583 31 839 9.4 1166 25.0 1166 62.5

24.0 11 0 0 309 0.4 619 3.1 891 9.4 1238 25.0 1238 62.5

30.0 12 0 0 336 0.4 672 3.1 969 9.4 1345 25.0 1345 62.5

36.0 13 0 0 558 0.4 1117 3.1 1608 9.4 2234 25.0 2234 62.5

42.0 14 Q 0 615 0.4 1231 3.1 1773 9.4 2462 25.0 2462 62.5

50.9 15 0 0 2395 1.7 11020 87 18207 17.4 | 21800 | 26.0 | 23956 | 52.1 23956 | 86.8
51.1 16 0 0 475 0.4 950 31 1368 94 1900 25.0 1900 62.5

63.0 17 0 0 475 0.4 950 3.1 1368 9.4 1800 25.0 1900 62.5

81.0 18 0 0 559 0.4 1119 3.1 1612 9.4 2239 25.0 2239 62.5

PIER E09 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

COORDINATES of p-y CURVES
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Ja Earth :-j —
Mechanics ¥

I

Pile Head Shear (MN)

Pile Head Moment (MN-m)

20 T I T T T T T I

16 i—

0 P E S S WU SRS

0.00 0.05 0.10 0.15 0.20
Pile Head Displacement (m)

0.25

‘200 T E T T [ T !

-160 —

-100 -

0 . | : | i | 1 1
0.00 0.05 0.10 0.15 0.20

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER EC9 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

0.28

PLATE E09.4
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Depth Below Pilecap (m)

-~
0 T 0 T T 1
1 0 NI R gg
Tw
§ [oe]
Z =
e
20 - 20 - 20 |- - g8
NS
(4}
40 | - 40 - 40 —
60 — 60 |- - 60 —
- - - .. . -
80 — 80 | — 80 |- -
100 I ] 1 ! 1 l 1 100 ! ] ! L ! 1 | ! 100 P T T A T N OO | !‘
041 00 04 02 03 160 80 0 80 160 40 5 0 5 10 15 20 | e
Pile Displacement (m) Bending Moment (MN-m) Shear (MN) §§
52
PILE DISPLACEMENT, BENDING MOMENT AND SHEAR g

WITH DEPTH
PIER EQ09 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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Jusna

WY mn e o
o~

PILE~GROUP STIFFNESS MATRIX (SEISMIC

DI

8
0
0.
0
4
0

S-X

.073E+005
.000E+000

000E+000

.000E+000
.609E+006
.000E+000

DIS-Y

OO OO

.000E+000
.699E+005
.000E+000
.291E+006
.000E+000
.000E+000

DIS-Z

OO OHOO

-000E+Q00
-.000E+0Q00
.67T4E+007
.000E+000
.000E+000
.000E+000

CONDITION)
ROT--X
0.000E+000
4,.291E+006

.000E+Q00

.255E4008

.000E+000

.Q00E+000

OO O

PILE-GROUP STIFFNESS (SERVICE CONDITION)
DIS-Y

DI

1
0
0.
0
1
0

Note

S-X

.844E+006
.000E+000

000E+000

.000E+000
.927E+007
.00CE+000

OO OO

.000E+000C
.798E+006
.000E+000
.486E+007
.000E+000
. 000E+000

DIS-2

0.
0.000E+000
2,188E+007
0.
0
0

000E+000

000E+000

.000E+000
.00CE+000

All units are in kN & m.
x direction is longitudinal along the bridge
y direction is transverse
z direction is vertical

Group stiffness condensed at pilecap top El.

ROT-X

0.000E+00C0
1.486E+007
0.0Q0E+000
8.377E+008
0.0GOE+000
0.0COE+000

ROT-Y

-4.

O OO0

609E+006

.000E+000
.0C0E+000
.000E+000
.T24E+008
.0G0E+000

ROT-Y

-1.
0

0.
0.
7.
0.

527E+007

.000E+000

00QE+000
000E+000
3639E+008
000E+000

-4.4 m

CONDENSED STIFFNESS MATRICES
PIER E09 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-Z

-.000E+000
.000E+000
.000E+Q00
. 000E+000
-000E+000
.659E+007

B OO0 0O

ROT-%

. 000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.088E+008

HOOoO o OO

PLATE E09.6




SFOBB Task Order No. 5

Earth -lm
EMI Project No. 98-145 o

9 Mechanics =
b ]

i AN
w Coordinates: E1837925 N648095 g KCF 002 003 084 0.05 006 0.07 0.08 0.09] [KSF 2 4 [ & 10
E HEN® e e : SUBMERGED UNIT WEIGHT o
A E o MATERIAL DESCRIPTION e SOIL UNDRAINED SHEAR STRENGTH
@ 818] {MuoLine eLevaTion: -3.8m sy é 5 | lnten 25 75 4 125 KPa 1 200
[ Fat CLAY (CH), soft to firm, gray I
i
L-10 é \
. {98my| | |
8 Fine SAND with siit (SP-SM), loose to medium dense, gray " [ 14725
firm clay layer, 10.5m to 10.8m {12.5m) ++—1 Clay Prodio|
¥ { | THirm clay below 12.2m
-_'.: Fine SAND (SP), very danse, gray [ § ‘:35',
p-20 =} | -with a stf clay layer, 12.8m to 13.7m 7 = ] Clay Profile
Eat CLAY (CH}, very stiff, gray B i
~siiff to very stiff dack brown organic dlay, with a few gray v f] [
- clay pockels, bekow 20.1m {21.9m) |
Fat CLAY (CH), very stiff, gray r
A\
- @1 Qm)1 \
Fat CLAY (CH), very stiff, gray
30
v
]
p-40 /
(39.0m ’_‘ ‘
Fat CLAY (CH), very stiff, gray
B vi
{44.5m)
50 Lean CLAY (CL), hard to very siiff, greenish gray i
0 7 | Fine SAND with sit (SP-SM), dense, greenish gray 15030yl X :E) | 4=35
o Fat CLAY {CH), hard, olive gray & / o
o
/
50
' /
60
(64.9my| |
b-70 Fat CLAY (CH), hard, olive gray \J
N
N
7 x
{74.7m),
.80 Lean CLAY (CL}, hard, gray
-sandy sift with cfay seams, 75.3m to 76.4m
/ xat
8014
i ] {82.3m) {
; Lean CLAY (CL), hard, olive gray to gray
X
[-00 f -dense sand layer, 85.5m to 85.6m (86.5m)
] 1 Silty Fine SAND {SM), dense, dark gray
by .
%i xwv 4=35
| 90‘;;_.; ~fine to medium sand, with silt and fine gravel, at 89.6m (91.4m) g
Lean CLAY {CL), hard, greenish
] ] oo CLAY (U, hard. groonish gray 93,7} XY l |
2| | Medi D (SW-SM} with si . s
100 l.!.r;- itm to Coarse SAND (SW-SM} with silt and gravel (96.0m ﬂ $=40
- A4 | Silty Fine to Medium SAND (SM) with coarse sand and fine gravel, 7T
x] | very dense, gray Xt 4=35"
topfax] |, hard. yellowish brown lean dlay layer with grave! and silt
L | pockets, 97.5m to 88.1m H
TOTAUGEPTH: 160 Ym BACKFILLED WITH: Cement Grout
b-110
1104
b-120

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E10 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE E10-EB.1
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LA
)
A
-}

1.2 —7 T T T T T T
1.0 7
0.8 ot
2 ’ R
g 06 2
a B 7 ]
0.4 i
A R N Sand ]
0.2 L/ Clay
/ =
O'O ! 1 [ [l 1 1 L ‘ ] ’
0.00 0.25 0.50 0.75 1.00 125 1.50 1.75 20
vy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES _ p-y DATA
Depth | Soil Type] &5 S, 9 k Depth Pu Yu p-y
(m) (kN/m?) (KN/m?) (m) | (kN/m)| (cm) | Criteria
0-3 Clay | 002 | 10 0.0 | 38 [ 1000 Clay
36 Clay | 002 | 20 3.0 | 107 [1000| Clay
25 6.0 | 129 | 500 | Clay
= 8.9 149 | 50.0 Clay
1518 | Clay | 0.005| 100
18-21 Clay | 0.005[ 115
21-24 | Clay | 0.005| 120
2427 | Clay | 0.005] 115
2730 | Clay | 0.005| 150
3033 | Clay | 0.005 | 140
3336 | Clay | 0.005| 140
3639 | Clay | 0.005| 140
3942 | Clay | 0.005 | 140
4245 | Clay | 0.005| 145
4551 Clay | 0.005 | 165
5157 | Clay | 0.005]| 195
5763 | Clay | 0.005| 200
6369 | Clay | 0.005| 210
69-75 | Clay | 0.005| 220
7581 Clay | 0.005| 225

LATERAL PILE DESIGN PARAMETERS

PIER E10 EASTBOUND

SFOBB East Span Seismic Safety Project

PLATE E10-EB.2
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i N
D(‘:_:;h C::ve Coordinates of p-y Curve Points (p in kN/m, y in cm}
p1 i p2 y2 p3 y3 p4 y4 p5 y5 p6 y6 p7 y7
0.0 1 0] 0 9 1.6 19 12.5 27 37.5 38 100.0 38 248.9
3.0 2 0 0 26 1.8 53 12.5 77 37.5 107 100.0 107 249.9
6.0 3 0 0 32 0.8 64 6.2 93 18.7 129 50.0 129 125.0
8.9 4 0 0 37 0.8 74 6.2 107 18.7 149 50.0 149 125.0
9.1 5 0 0 33 0.1 156 0.7 258 14 309 2.1 339 4.1 338 6.9
12.0 6 o 0 163 0.5 704 2.3 1183 47 1392 7.0 1530 14.1 1530 234
14.9 7 0 0 250 0.6 1153 3.1 1906 6.2 2282 9.3 2508 18.6 2508 31.1
15.1 8 0 0 220 0.4 440 3.1 634 9.4 881 25.0 881 62.5
18.0 9 0 0 275 0.4 550 3.1 792 9.4 1100 25.0 1100 62.5
21.0 10 0 0 304 0.4 608 3.1 876 9.4 1217 25.0 1217 62.5
24.0 11 o] 0 336 0.4 672 3.1 969 9.4 1345 25.0 1345 62.5
30.0 12 0 0 391 0.4 783 3.1 1127 9.4 1566 25.0 1566 62.5
36.0 13 0] 0 391 0.4 783 3.1 1127 9.4 1566 25.0 15686 62.5
42.0 14 o] 0 406 0.4 812 3.1 1170 9.4 1625 25.0 1625 82.5
51.0 15 0 0 461 0.4 923 3.1 1329 9.4 1846 25.0 18486 62.5
63.0 16 0 0 559 0.4 1119 3.1 1612 94 2239 25.0 2239 62.5
81.0 17 0 0 629 0.4 1259 3.1 1814 9.4 2519 25.0 2519 62.5

COORDINATES of p-y CURVES

PIER E10 EASTBOUND
SFOBB East Span Seismic Safety Project

Sv1-86 "ON 109014 N3
G "ON J8P40 d$E1 99048

25
&=
0=
=

soue




SFOBB Task Order No. 5
EMI Project No. 98-145

Earth :'E.’...‘..‘,Eﬂ
hanics B'==Ae=

Pile Head Shear (MN)

Pile Head Moment (MN-m)

25

20 -

16 |—

| 1 1 { I ! l

-200

0.05 0.10 0.15 0.20

Pile Head Displacement (m)

025

-150 +—

-100 —

{ L 1 L l I i

0.00

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E10 EASTBOUND
SFOBB East Span Seismic Safety Project

0.25

PLATE E10-EB.4




Depth Below Pilecap (m)

G'g3-013d 31V'1d

0 T 0 T o T T T T T T mw
! | ] I | = 8
Tl
S m
" ] i _ _ 2
= =
50
9§
20 - — 20 — 20 |- - 23
&°
o
40 = 40 -1 40 -
60 — 60 — 60 —
80 — 80 i— — 80 |- -
s
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i Earth

Lelas

\ - |
. Mechanics 2o

REEEETAS

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITIOCN)

DI

1
0
0
0
8
0

S-X

.127E+006
.000E+000
.000E+000
.000E+000
.050E+006
.000E+000

DIS-Y

0.000E+000
1.083E+006
0.000E+000
7.729E+006
0.000E+000
0.000E+000

DIS-Z

0.000E+000
0.000E+000
1.716E+007
0.000E+000
0.000E+00Q0
0.000E+Q00

ROT-X

.000E+000
. 729E+006
.000E+000
.801E+008
.000E+000
.000E+000

OO NO

PILE-GROUP STIFFNESS (SERVICE CONDITION)

DI

3
0
0.
0
3
0

Note

S-X

.656E+006
.000E+000

CO00E+000

.000E+000
.34 9E+007
.000E+000

DIS-Y

.000E+000
.613E+006
.000E+000
.312E+007
.000E+000
.000E+000

OO WO WO

DIS-Z

.000E+000
.000E+000
.190E+007
.000E+000
.000E+000
.000E+000

OQOONMOO

All units are in kN & m.
X direction is longitudinal along the bridge
y direction is transverse
z direction is wvertical

Group stiffness condensed at pilecap top El.

ROT-X

.000E+000
.312E+007
.000E+000
.127E+009
.000E+000
.000E+000

OO OWO

ROT-Y
-8.050E+006
.000E+000
.000E+000
.000E+000
.231E+008
.000E+000

OUNO OO

ROT~Y
—-3.349E+007
. 000E+000
.000E+000
.000E+000
.253E+008
.000E+000

WO OO

-5.25 m

CONDENSED STIFFNESS MATRICES
PIER E10 EASTBOUND
SFOBB East Span Seismic Safety Project

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
6.563E+007

ROT-2Z

.000E+000
-000E+000
.0C0E+00Q
.000E+000
.000E+000
-133E+008

NMNooOo oo

PLATE E10-EB.6




SFOBB Task Order No. 5
EMI Project No. 98-145

Coordinates: £1837925 N648095 g KCF 0.02 0.03 0.04 005 006 007 008 003 | |KSF 2 4 6 8 10
£ E|¥] |cA State Plane Zone 3, NADS3, Meters x
= E § MATERIAL DESCRIPTION E . SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
@ 813} |MUDLINE ELEVATION: -3.8m (MSL) 8135 e 25 75 5 12, %Pa 100
[ P Fat CLAY (CH}, soft ta firm, olive gray ml
/ i
Lo ]
-sand tayer, 6.1m {o 6.4m
3
" 'e =
20
-densa sand, 18.9m {0 19.5m {19.5m’ . \
| 20 Fat GLAY (CH), very stiff to stiff, olive gray to gray M l i
stiff to very stiff dark brown organic clay, with a few gray ~ (21.9my |
/ [ ctay pockets, below 20.1m
‘/ Fat CLAY (CH), very stiff, gray H f
- % 273m)| | \
/ Fat CLAY (CH), very stiff, gray
“¥
:;‘ v
/ {.
40
ﬁ (39.0md| |
40-/ Fat CLAY (CH), very stiff, gray
L ( v
% aasmy] |
5o / Lean CLAY {CL), hard to very stiff, greenish gray . v
P (48.3m) __| f
504 “r|  Fina SAND with silt (SP-SM), dense, greenish gray (50.3m)} Y¥ E ¢—_-35°
- ; Fat CLAY {CH), hard, olive gray % ol
/ s)
o A
ﬂ v
U
64 9m}l |
b-70 Fat CLAY (CH), hard, ofive gray N
/ N
N
70'? x
x {74.7m)
.20 [ | Lean CLAY (CL), hard, gray
/ -sandy siit with clay seams, 75.3m to 76.4m
X
1]
T {82.3m)
/ tean CLAY (CL), hard, olive gray to gray
[.£] X
e 7 -dense sand layer, 85.5m to 85.8m
% _{86.4m)l |
l1°4 | Silty Fine SAND (SM), dense, dark gray
| ®97.04 | -medium sand with sit, gravel and fine sand, at 89.6m (a1 4m)] X g $=35"
i Lean CLAY {CL), hard, gre.en[s4h gray . - _x;l ! ‘I l
v i; Coarse SAND (SW-SM) with sitt, gravel and medium sand (96.0m ﬂ ‘.,_40'
FL3 | Silty Fine to Medium SAND (SM) with coarse sand and fine gravel, TTT
P4 | very dense, gray Lid =35
aadia | -hard, yellowish brown lean clay layer with gravel and silt
L | [peckets, O Smw e m
(FOYAL DEFTH 168 1m BACKFILLED WitH: Cetnet Grolt
»-110
1101
L-120

SUBSOIL CONDITION AND SOIL PROPERTIES

PIER E10 WESTBOUND

SFOBB East Span Seismic Safety Project

PLATE E10-WB.1




SFOBB Task Order No. 5
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’ Mar h éﬁm

echanics
[N

1.2 T T T T T T T T
1.0 ==
0.8 <"
5 - // -
o 06
Q. " // R
0.4 -
_/ R R Sand |
0.2 34 —— Clay
’ J
00 ! 1 1 1 ] 1 1 , 1 ‘ 1
0.00 0.25 0.50 0.75 1.00 125 1.50 1.75 20
yiy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| &5 S, $ k Depth Dy Yu p-y
(m) (KN/m?) (KN/m®) (m) | (kN/m)| (em) | Criteria
0-3 Clay | 0.02 | 10 0.0 [37.684| 100.0 | Clay
36 Clay | 002 | 20 3.0 113 | 1000 | Clay
6-9 Clay 0.02 20 6.0 151 100.0 Clay
9-12 Clay | 0.02 | 20 9.0 189 | 100.0 | Clay
12-15 Clay 0.01 25 12.0 185 50.0 Clay
15-18 Clay 0.01 [ 30 15.0 336 50.0 Clay
18-21 Clay 0.01 35 18.0 392 50.0 Clay
21-24 Clay 0.005 | 110 21.0 382 50.0 Clay
24-27 Clay 0.005 | 11C 24.0 1227 25.0 Clay
27 -30 Clay 0.005 160 30.0 15612 25.0 Clay
30-33 Clay 0.005 135 36.0 1566 25.0 Clay
33-36 Clay | 0.005]| 145 420 | 1679 | 25.0 Clay
36-39 Clay 00051 140 51.0 1959 25.0 Clay
39-42 Clay 0.005 140 63.0 2239 25.0 Clay
42-45 Clay 0.005] 150 81.0 2519 25.0 Clay
45-51 Clay 0005 | 175
51-57 Clay §0.005| 195
57-63 Clay 1 0.005] 200
63-69 Clay | 0.005] 210
69-75 Clay 0.005 1 220
75-81 Clay 0.005{ 225

LATERAL PILE DESIGN PARAMETERS
PIER E10 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E10-WB.2




£am-0L3 31vild

-_=
D(en;:;h C::e Coordinates of p-y Curve Points (p in kN/m, y in ¢cm)
p1 y1 p2 y2 p3 y3 p4 v4 p5 y5 p6 v6 p7 y7
0.0 1 0 0 9 1.8 19 12.5 27 37.5 38 100.0 38 249.9
3.0 2 0 0 28 1.6 56 12.5 81 375 113 100.0 | ¥ 113 249.9
8.0 3 0 0 37 1.6 75 125 109 37.5 151 100.0 151 249.9
9.0 4 0 0 47 1.6 94 12,5 136 37.5 189 100.0 189 249.9
12.0 5 0 0 46 0.8 92 5.2 133 18.7 185 50.0 185 125.0
15.0 8 0 0 84 0.8 168 6.2 242 18.7 336 750.0 336 125.0
18.0 7 0 0 98 0.8 186 6.2 282 18.7 302 "50.0 392 125.0
21.0 8 0 0 98 0.8 186 6.2 282 18.7 392 50.0 392 125.0
24.0 9 0 0 306 04 613 3.1 883 8.4 1227 25.0 1227 52.5
30.0 10 0 0 378 0.4 756 3.1 1089 9.4 1512 25.0 1512 62.5
36.0 11 0 0 391 0.4 783 3.1 1127 9.4 1566 25.0 1566 62.5
42.0 12 0 0 419 0.4 838 3.1 1209 9.4 1679 25.0 1679 62.5
51.0 13 0 0 489 0.4 979 3.1 1410 9.4 1959 25.0 1959 62.5
63.0 14 0 0 559 0.4 1119 3.1 1612 9.4 2239 25.0 2239 62.5
81.0 15 0 0 629 0.4 1259 3.1 1814 9.4 2519 25.0 2519 62.5

COORDINATES of p-y CURVES

PIER E10 WESTBOUND
SFOBB East Span Seismic Safety Project

oe
=9
3(13
g
22
=
o 0
oa
@2
—
=
50
()]
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i Earth = = e
: Mechanics E'Smisw

TR AR

Pite Head Shear (MN)

Pile Head Moment (MN-m)

20

16

I t | 1 l t l

0.65 0.10 0.15 0.20

Pile Head Displacement (m)

0.25

-200

-150 —

-100 —

n
o
I

| ! 1 L { 1 |

0.00

0.05 0.10 0.15 0.20

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E10 WESTBOUND
SFOBB East Span Seismic Safety Project

0.25
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-01 0.0 0.1 0.2 0.3 -160 -80 0 80 160 -10
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PILE DISPLACEMENT, BENDING MOMENT AND SHEAR
WITH DEPTH
PIER E10 WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5
EMI Project No. 98-145

PILE-GRCUP STIFFNESS MATRIX (SEISMIC CONDITION}
DIS-X bIS-Y DIS-Z ROT-X ROT-Y ROT-2Z

1.127E+006 0.000E+000 0.000E+000 0.000E+000 -8.050E+006 0.000E+000
0.000E+000 1.089E+006 0.000E+000 7.729E+006 0.000E+000 0.000E+000
0.000E+000 0.000E+000 1.716E+007 0.000E+000 0.000E+000 0.000E+000
0.000E+000 7.729E+006 0.000E+000 6.801E+008 0.000E+000 0.000E+000
~8.050E+006 0.000E+000 0.000E+000 0.000E+000 5.231E+008 0.000E+000
0.000E+000 0.000E+000 0.000E+000 0.000E+000 0.000E+000 6.563E+007
PILE-GROUP STIFFNESS MATRIX (SERVICE CONDITION)
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z
1.844E+006 0.000E+000 0.000E+000 0.000E+000 -1.508E+007 0.000E+000
0.000E+000 1.797E+006 0.000E+000 1.467E+007 0.000E+000 0.CO0E+000
0.000E+000 0.000E+000 2.188E+007 0.000E+000 0.000E+000 0.000E+000
0.000E+000 1.467E+007 0.000E+000 9.341E+008 0.000E+000 0.000E+000
-1.508E+007 0.000E+000 0.000E+000 0.000E+000 7.333E+008 0.000E+000
0.000E+000 0.000E+000 0.000E+000 0.000E+000 0.000E+000 1.083E+008

Note : All units are in kN & m.
x direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top El. -5.25m

CONDENSED STIFFNESS MATRICES
PIER E10 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E10-WB.6
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i Earth o] o

e
EMI Project No, 98-145 ¥ Mechanics &=t
w. Nz
Coocdinates: E1638079 N648123 E] KCF  0.02 0.03 004 0.05 006 0.07 0.08 0.09 | [KSF 2 4 G 3 1
T EE CA State Plare Zone 3, NADS3, Meters z
‘a:‘ E £ MATERIAL DESCRIPTION E e SUBMERGED UNIT WEIGHT SOl UNDRAINED SHEAR STRENGTH
& 6l2] [MUDLINE ELEVATION: -3.9m (MSL) %135 | e 25 75 4 KPa_ 100 200
= Fat CLAY (CH), very soft to firm, olive gray \
slity sand with clay pockets, 4.6m to 5.5m 1z
p1o -madium dense olive gray silty fina sand, with clay pockets, &
partings, and seams, 8.5m to 10.1m
-daylayarwm many sand pockets, partings, and seams, 9.3m to
2 { l.um).w 1 X
Fat CLAY {CH), very stiff, olive gray to dark gray (13:3m) n
Fine SAND (SP), very dense, dark gray I é -
20 wl= $=40
g {7.4m Nl
Fat CLAY (CH), hard ta very stiff, dark greenish gray w rz I
{206m) | (
i Fat CLAY (CH), very stiff, gray L = P
-greenish gray lean clay, 21.3m to 23.2m v P
p-20 (26.8m) \
Fat CLAY (CH), hard to very stiff, oliva gray /-’
g
v
o ~siit layer with clay seams, 30.2m to 30.5m
{33.5m) |
Lean CLAY {CL), hard to very stitf, dark greenish gray - |
40 {36,9m}: I
Fat CLAY (CH), hard to very stiff, dark greenish gray |~
VIH 1
o {41.5mil__¢
Fat CLAY (CH), hard to very stiff, greenish gray- // ///
X L ot
Lso ean clay below 44.2m (46.2m) = i
Sty fiio SAND (SM), derse, dark gray 2 .
-clay layer, 46.5m 1 46.8 (9.5m x § 435
-I-ﬁne to ooarse sand, with sEE( and gravel, below 48 6m - I)-—-— 8
- Fal CLAY (CH), hard, dark greenish gray 4
50
x
(646m)f | \
{70 Fat CLAY (CH), hard, dark greenish gray
-sand layer, 64.9m to 65.7m ‘
| X
-gilt layer, 71.0m to 71.3m
p-30 (759m)] |
Lean CLAY {CL), hard, dark greenish gray xan
{78.9m)
Lean CLAY {CL)}, hard, greenish gray
xv
p-90 ~silt fayer, 85.3m to 86.1m (86.9m)
Fine to Medium SAND with siit {SP-SM), dense, gray
b § ¢=35]
- ~gravel with sand, siit and clay pockets, below 90.8m {917y |
Fat CLAY (CH), hard, ofive gray
p 1!
L100 {859m); |
Fine SAND with medium sand (SP), very dense, light brown to 3
olive gray v $=40
POTAL BESTH 9 3m BACKFIULED WITH! Comeal Groul
110
L-120

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E11 EASTBOUND
SFOBB East Span Seismic Safety Project

PLATE E11-EB.1
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i Earth ?_‘.“FBM“
Mechanics E st
oA

12 T T T T T T T T
1.0 e i
08 el ]
- /, i
= s
£ 06
o, i
R g i
0.4 /-
B /l ————— Sand i
02 L e — Clay
/ —
’ | |
00 1 Fl 1 { 1 1 1 t
0.00 025 0.50 0.75 1.00 1.25 1.50 1.75 20
vhy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth [ Soil Type| &so S, ) K Depth | p, Yu p-y
(m) (KN/m?) (kN/m®) m) | (kNim)| (cm) | Criteria
0-3 Clay | 002 | 12 0.0 45 [1000] Ciay
3-6 Clay | 6.02 [ 20 30 | 113 ] 100.0| Clay
6-9 Clay 0.02 20 6.0 156 | 100.0 Clay
9-12 Clay | 0.01 | 40 90 | 197 [ 1000 Clay
87 Clay

Clay | 0.005| 105

21-24 Clay 0.005 | 145
24-27 Clay 0.005 1 145
27 -30 Clay 0.005 | 160
30-33 Clay 0.005 | 150
33-36 Clay 0.005 | 180
36-39 Clay 0.005 | 210
3942 Clay 0.005 | 200

Clay | 0.005| 205

57-63 Clay 0.005 | 210
63-69 Clay 0.005}| 215
69-75 Clay 0.005 | 225
75-81 Clay 0.005| 230

LATERAL PILE DESIGN PARAMETERS

PIER E11 EASTBOUND

SFOBB East Span Seismic Safety Project

PLATE E11-EB.2
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D(er:;h Cﬁ:ve Coordinates of p-y Curve Points (p in KN/m, y in ¢m)
p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 p6 y6 7 y7
0.2 1 0 0 12 1.6 23 12.5 33 37.5 46 100.0 46 249.9
3.0 2 0 0 28 1.6 56 12.5 81 37.5 113 100.0 113 249.9
6.0 3 0 0 39 1.6 78 12.5 112 37.5 156 100.0 156 249.9
9.0 4 0 0 49 1.6 98 12,5 142 375 197 100.0 197 249.9
11.9 5 0 0 61 0.8 123 6.2 178 18.7 247 50.0 247 125.0
12.1 6 0 0 241 0.7 1109 3.7 1833 7.4 2195 11.0 2412 22,1 2412 36.8
15.0 7 Q 0 396 1.0 1823 4.9 3012 9.7 3606 14.6 3963 29.2 3963 48.7
17.9 8 0 0 585 1.2 2691 8.0 4447 12.1 5324 18.1 5851 36.2 5851 60.3
18.1 9 0 0 260 0.4 520 31 748 9.4 1040 25.0 1040 62.5
21.0 10 0 0 286 0.4 573 31 826 94 1147 250 1147 62.5
24.0 11 0 0 405 0.4 811 3.1 1168 9.4 1623 25.0 1623 62.5
30.0 12 0 0 419 0.4 839 3.1 1209 9.4 1679 25.0 1679 62.5
36.0 13 0 0 588 0.4 1176 3.1 1693 9.4 2352 25.0 2352 62.5
42.0 14 0 0 559 0.4 1119 3.1 1612 9.4 2239 25.0 2239 62.5
509 15 0 0 2549 1.8 11726 9.2 19374 18.5 23198 | 277 25492 55.4 25492 92.3
51.1 16 0 0 574 0.4 1148 3.1 1653 9.4 2286 250 2296 62.5
63.0 17 0 0 588 0.4 1176 3.1 1693 9.4 2352 25.0 2352 62.5
81.0 18 0 0 643 0.4 1286 3.1 1852 8.4 2573 25.0 2573 62.5

COORDINATES of p-y CURVES

PIER E11 EASTBOUND
SFOBB East Span Seismic Safety Project
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R

30 T 1 T | T I T T T

25 —

20 —

16 — -

10 —

Pile Head Shear (MN)

0 H | 1 I L ! 1 I i
6.00 0.05 0.10 0.16 0.20 0.25

Pile Head Displacement (m)

-250 1 . , : ] . |

-200 — —

150 -

-100 - -

Pile Head Moment (MN-m)

0 . | ; | . 1 . | .
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E11 EASTBOUND
SFOBB East Span Seismic Safety Project
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Pile Displacement (m}) Bending Moment (MN-m)
PILE DISPLACEMENT, BENDING MOMENT AND SHEAR
WITH DEPTH
PIER E11 EASTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5

EMI Project No. 98-145

i Earth
: Mechanics

prae |
F

]

X

e

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-Y

DIS-X
1.152E+006
0.000E+000
0.000E+000
0.000E+000
-6.661E+006
0.000E+000

OO0 O

.00CE+000
.101E+006
.000E+000
.229E+006
.CO0E+000
.C00E+000

DIS-Z

OCOoOOoONOOC

.000E+000
.000E+000
.273E+007
.000E+0Q00
.000E+000
.000E+000

ROT-X

0.000E+000
6.229E+006
0.000E+000
8.368E+008
0.000E+000
0.000E+000

PILE-GROUP STIFFNESS (SERVICE CONDITION)
DIS-Y

DIS-X

.404E+006
.000E+CQ0Q0
.000E+000
.0GCE+000
.028E+007
.000E+000

ONOOON

OO rOoONO

. 000E+000
.35%E+006
.000E+Q0Q0
. 991E+007
.000E+000
.000E+C0O0

DIS-Z

0.

000E+000

0.000E+000

OO ON

.188E+007
.000E+G00
.000E+000
.000E+000

Note : All units are in kN & m.
x direction is longitudinal along the bridge
y direction is transverse :
z direction is vertical
Group stiffness condensed at pilecap top El.

ROT-X

.000E+000
.981E+007
.000E+000
.868E+008
.000E+000
.000E+000

OCOWOHO

ROT-Y

-6.

CHNOOO

661E+006

.000E+000
.00CE+000
.000E+000
.291E+008
.000E+000

ROT-Y

-2.

OO0 O0O

028E+007

.000E+000
.000E+000
.000E+000
. 855E+008
.000E+000

-3.1lmn

CONDENSED STIFFNESS MATRICES
PIER E11 EASTBOUND
SFOBB East Span Seismic Safety Project

ROT-Z

C.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.602E+007

ANO OO O

ROT~Z

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.429E+008

HOOOOO

PLATE E11-EB.6
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R0
Earth lmi"
EMI Project No. 98-145 SV

Mechanics &' mmmmerm:
5. et

Coordinates: E1838072 NG648163 g KCF 002 0.03 004 005 006 0.07 0.08 0.09| [KSF 2 4 6 8 10
£ E]¥| |cAstate Plane Zone 3, MADS3, Meters s
s E E MATERIAL DESCRIPTION E i SUBMERGED UNIT WEIGHT SOl UNDRAINED SHEAR STRENGTH
o ala | |[MUDLINE ELEVATION: -3.8m (MSL) o | S| ikNim .
d_ 8|8 5 | avim® 25 75 0 12 ka1 w00
[ ? Fat CLAY (CH), soft to fiom, olive gray \\
p-10 / (3 i
é g
10-#.‘4 dense fina sand with slit, & fow clay pockets, and a few shell |.4=30
- # fragments, 9.1m to 10.1m {11.9rm}] I
P/ | Fat CLAY (CH). siff to very stift, alive gray (13.7m)] ¥ }— ] N
-4 | Fine SAND (SP-SM) with sitt, very danse, gray by
b-20 B o 4=35
&4 (ramy | =
¥/ | Fat CLAY (CH), stiff to very stff, gray 7
20-7 N {(
L ’ 21,5m) \
/ Fat CLAY {CH), very stff, gray L
PM ﬁ
w.? v /
A Hean dlive gray clay below 34.4m !
p-40 ; 3 (367my | |
/ Fat CLAY (CH). hard, greenlsh gray
<0
! ﬁ v
NP
% {ad 2my] | o LT |
Lean GLAY {CL), hard, greenish gray 1
p-so 4‘_" wegm)| | 2 I
- | i Y
i;i Silty fine SAND {SM), dense to very dense, greenish gray 20,20 Y | g =30
50 / Fat CLAY (CH), hard, greenish gray to gray ‘ou -
- f ,/
60 ﬁ 1x
7y
| ﬂ \
f {64.2m} :
/ Fat CLAY (CH). hard, dark greenish gray
b0
Vi ol
Tﬂ'ﬁ X
a0 ; ssml |
Lean CLAY (CL), hard, dark greenish gray « i
z {78.8m),
o :// Lean CLAY (CL), hard, greenish gray I
4 . /
> 872my| |
. Sandy SILT (ML), very dense, gray Yt g 4 =3¢
| 907 & | Fine to Coarss GRAVEL with medium to coarse sand (GW), very 4=40
ﬁ densa, dark greenish gray w f:
- Thard geay fat clay below 91.7m {93.0m 1 HE|
_*-;“ Modium SAND (SW-SM) with sift and fine gravel, very dense, B ] Ik i ke . S kB
p-100 171 1 yatiowdsh to reddish brown xv =46
1
w0 | [FOTAC BESTH: §95m BATKFILED WITH! Coment Grolt
h-110
1104
120

SUBSOIL CONDITION AND SOIL. PROPERTIES
PIER E11 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E11-WB.1




SFOBB Task Order No. 5
EMI Project No. 98-145

Ji Earth ﬁ.&xﬂ
; Mechanics E'smmmro
LA

1.2 T T T T T T T T
10—t tt===
0.8 B
E] » /, E
o 06
o 7
L g |
04 .
/ A Y R PR Sand |
0.2 L A Clay
4 -}
0.0 ! 1 1 1 1 i 1 l 1 I {
0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 20
vy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| &5 S, ¢ k Depth Py Yo p-y
(m} (kN/m?) (kN/m®) (m) | (kN/m) | (em) | Criteria
0-3 Clay 10 0.0 38 100.0 | Ciay
3-6 Clay 20 3.0 113 100.0 Clay
6-9 Clay 20 6.0 157 100.0 Clay
9-12 Clay 22 9.0 198 100.0 Clay
12-15 Clay 100 12.0 481 25.0 Clay
et Sand g 14.9 508 25.0 Clay
18-21 Clay 90 : 5 e .
21-24 Clay 125 7
24-27 Clay 105 18.1 914 37.5 Clay
27 -30 Clay 110 21.0 1006 375 Clay
30-33 Clay 115 24.0 1399 25.0 Clay
33-36 Clay 180 30.0 1286 25.0 Clay
36-39 Clay 220 36.0 | 2462 25.0 Clay
39-42 Clay 220 42.0 2016 25.0 Clay
42-45 Clay 180 51.0 | 2462 25.0 Clay
45-51 Clay 220 63.0 | 2296 25.0 Clay
51-57 Clay 205 81.0 | 2462 250 - Clay
57-63 Clay 205
63-69 Clay 240
89-75 Clay 220
75-81 Clay 220

LATERAL PILE DESIGN PARAMETERS

PIER E11 WESTBOUND

SFOBB East Span Seismic Safety Project

PLATE E11-WB.2




€' dM-113 31V1d

Dg:;ch C;::re Coordinates of p-y Curve Points {p in kN/m, y in cm)
p1 y1 p2 y2 p3 y3 oL} y4 p5 y5 p6 bis) p7 y7
0.0 1 0 0 ] 1.6 19 12.5 27 37.5 38 100.0 38 249.9
3.0 2 0 0 28 1.6 56 12.5 81 375 113 100.0 113 249.9
6.0 3 0 0 39 1.6 78 12.5 113 375 157 100.0 157 2499
9.0 4 0 0 49 1.6 99 12.5 143 37.5 199 100.0 199 249.9
12.0 5 0 0 120 0.4 240 3.1 346 9.4 481 25.0 481 62.5
14.9 8 0 0 127 0.4 254 3.1 365 9.4 508 25.0 508 62.5
15.1 7 0 0 263 0.8 1212 3.2 2002 6.4 2397 9.7 2635 19.3 2635 32.2
17.9 8 0 0 382 0.8 1761 3.9 2909 7.9 3484 11.8 3828 23.7 3828 39.4
18.1 9 0 0 228 0.6 457 47 658 14.1 914 375 914 93.7
21.0 10 0 0 251 0.6 503 4.7 724 14.1 1006 37.5 1006 93.7
24.0 11 0 0 349 0.4 699 3.1 1007 9.4 1399 25.0 1399 625
30.0 12 C 0 321 0.4 843 3.1 926 9.4 1286 25.0 1286 62.5
36.0 13 0 0 615 04 1231 31 1773 9.4 2462 25.0 24862 62.5
42.0 14 0 0 504 0.4 1008 3.1 1451 9.4 2016 25.0 2016 62.5
51.0 15 0 0] 615 0.4 1231 31 1773 9.4 2462 25.0 2462 62.5
63.0 16 0 0 574 0.4 1148 3.1 1653 9.4 2296 25.0 2296 62.5
81.0 17 0 0 615 0.4 1231 3.1 1773 9.4 2462 25.0 2462 62.5

COORDINATES of p-y CURVES

PIER E11 WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5
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25 T I T I T l 3 '! T

15 |- -

10 |- -

Pile Head Shear (MN)

O i l £ 1 1 l i i i
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement (m)

"200 T I T ] T I T I

150 |- -

100 —

Pile Head Mement (MN-m)

0 . | . | . ! . 1 1
0.00 0.05 0.10 0.15 0.20 0.25

Pile Head Displacement {(m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E11 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E11-WB.4
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PILE DISPLACEMENT, BENDING MOMENT AND SHEAR
WITH DEPTH
PIER E11 WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5 IE\:fErctl'lllanics gﬁ-u'-—rw—..ffﬂ
EMI Project No. 98-145 =g Wm
PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-X DIS-Y DIS-2 ROT-X ROT-Y ROT-7Z
1.152E+006 0.0COE+000 0.000E+000 0.000E+000 ~6.661E+006 0.000E+000
0.000E+000 1.101E+006 0.000E+000 6.229E+006 O0.000E+000 0.0C0E+000
0.000E+000 0.000E+000 2.273E+007 0.000E+000 0.000E+000 0.000E+000
0.000E+000 6.229E+006 0.000E+000 B8.368E+008 0.000E+000 0.000E+000
~6.661E+006 0.000E+000 0.000E+000 0.000E+000 6.291E+008 0.000E+000
0.000E+000 0.000E+000 0.000E+000 0.000E+000 O0.000E+000 6.602E+007
PILE-GROUP STIFFNESS MATRIX (SERVICE CONDITICN)
DIS-X DIS-Y p1Is-2 ROT-X ROT-Y ROT-Z
2.410E+006 O0.000E+000 O0.000E+000 0.Q00E+000 -2.040E+007 0.000E+000
0.000E+000 2.364E+006 O0.000E+000 2,003E+007 0.000E4000 0.000E+000
0.000E+000 O.00OE+000 2.18BE+007 O0.000E+000 0.Q00E+000 0.000E+000
0.000E+000 2.003E+007 O0.000E+000 9.878E+008 0.000E+000 0.000E+000
-2.040E+007 (.000E+000 O0.000E+000 O0.000E+000 7.865E+008 0.000E+000
0.000E+000 0.000E+00C0 0.0Q00E+000 O0.,000E+000 0.000E+000 1.433E+008
Note : All units are in kN & m.

x direction is longitudinal along the bridge

y direction is transverse
z direction is vertical

Group stiffness condensed at pilecap top EL.

-3.1m

CONDENSED STIFFNESS MATRICES
PIER E11 WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E11-WB.6




SFOBB Task Order No. 5

A Earth Imi‘““_
EMI Project No. 98-145 . & Mechanics 5

Coordinates: E"E™-1838220, “W"-648187 N'E™-648187, "W"-648170
CA State Plane Zone 3, NADSI, Matets

MATERIAL DESCRIPTION
MUDLINE ELEVATION: -3.6m (MSL)

KCF 002 003 004 0.05 006 007 0.68 0.09 ] |KSF 2 4 [ 8

SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH

ELEV., (m)
EFTH {m)
STRATUM NO

UNIT
M

Fat CLAY {CH), very soft {o firm, olive gray

|kNfm~ 2.5 . 15 125 lin 400

)-10 with & sand layer, 5.5m to 5.9m I

with a very dense sand layer, 8.4m {0 9.1m {9.8m} g 1

104 bt
Fat CLAY (CH), stiff to very stff, dark greenish gray 17 e

-sitt layer, 11.7mto 12.0m [
~dense to very dense sand layer, 12.2mto 12.8m

NN\ LS
=

{16.0m); 3

MPSA

Fine with Medium SAND (SP), dense, gray (=35
~clay layer, 16.5m to 16.8m L}
| -clay layer, 18.3m to 18.6m (19.8m);

Fat CLAY (CH), very stiff, dark greenish gray 4

b-30

-t layer with clay pockets, 34.7m to 35.1m (26.6m)! 3 \

Fat CLAY (CH), very stiff to hard, gray

50
-with a sand layer, 46.6m to 46.9m (47.9m)|

Fat CLAY (CH), hard to very stiff, gray

OBM/UAM
Y
N

{71.3m),

-l

Lean CLAY (CL), hard, greenish gray N
i h

b-80 {76.8m}} N

Sitty Fine SAND (SM), very danse, greenish gray |
(80.3m}

s

=
Y
)}

(AN

Lean CLAY with sand {CL), hard, greenish gray e

Fina to coarse SAND (SW) with fine gravel, very dense, gray

-hard, greenish gray sandy fean day layer, with sand and

A]
g
T
H
|
v
T
1
i
T
T
1
I
0
1
f
v
1
|
-
|
T
i
)
T
T
)
|
H
v
T
|
T
)
]
¥
7
‘
-
s
Oy

arganic pockets, 94,9m 1o 95.9m ©@r.Ami |
rd, sandy lean clay layer below 96.5m

CWRAT
LY

Silty Fine to Coarse SAND {SM) with fine gravel, very dense, x
gray to yeliowish brown
<hard, #ight olive gray to greenish gray dlay, with slit and

N

. reddish brown mettiing, 101.2m to 103.3m

| -orange brown sity fine sand, with medium and coarse sand, fine |
: gravol and clay pockets, below 103.3m H
TOTAL DEPTH: 104.4m BACKF(LLED WITH: Cement Grout

p-110

1107

A-120

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E12 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E121




SFOBB Task Order No. §
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] cC =
ANICS & Bechme e

GO
Led B Noisisinn ]

PRI

1 '2 1 ] i 1 ¥ T T
10 oo
0.8 s
= B // n
£ 08
o B 7 |
0.4 i
_/ 2 D N R Sand i
0.2 L ,' Clay
/ 4
0.0 ! { 1 [ 1 i ] I 1 I
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 20
yly,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Sail Type| &5 Sy ¢ k Depth Py Yu p-y
(m) (kN/m?) (kN/m®) (m) |N/m)| (cm) | Criteria
0-3 Clay | 0.02| 15 0.0 54 | 1000 | Clay
36 Clay | 0.02 | 20 30 | 117 {1000 Clay
6-9 Clay | 0.02 [ 22 6.0 | 139 [ 1000 Clay
9-12 Clay | 0.005] 100 9.0 [ 169 [100.0] Clay
12-15 | Clay | 0.005| 100 12.0 | 787 | 250 | Clay
1518 | Clay | 0.005] 100 150 | 891 | 250 | Cray
18-21 Clay | 0.005 [ 100 180 | 996 | 250 | Clay
2124 | Clay [0.005] 110 21.0 | 1100 | 250 | Clay
2427 | Clay | 0.005| 120 240 | 1232 | 250 | Clay
27-30 | Clay | 0.005| 120 30.0 | 1345 | 250 | Clay
30-33 | Clay | 0.005| 120 36.0 | 2686 | 250 | Clay
33-36 | Clay | 0.005] 120 42.0 | 1566 | 25.0 | Clay
3639 | Clay | 0.005{ 240 51.0 | 2686 | 25.0 | Clay
3942 | Clay | 0.005| 175 63.0 | 1847 | 250 | Clay
42-45 | Clay | 0.005[ 140 81.0 | 2686 | 250 | Clay
4551 Clay | 0.005] 240
51-57 | Clay | 0.005| 200
5763 | Clay | 0.005| 165
63-69 Clay [ 0.005] 170
69-75 | Clay | 0.005] 240
7581 Clay | 0.005| 240

LATERAL PILE DESIGN PARAMETERS
PIER £12 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E12.2




£Zi3 31vd

D(er:;h Cx:ve Coordinates of p-y Curve Points (p in kN/m, y in ¢m)
p1 y1 p2 y2 p3 y3 p4 y4 p5 yS pbé y6 p7 y7

0.0 1 0 0 13 1.6 27 12.5 39 375 54 100.0 54 249.9
3.0 2 0 0 29 1.6 58 12.5 84 37.5 117 100.0 117 2499
6.0 3 0 0 34 1.6 69 12.5 100 37.5 139 100.0 139 249.9
9.0 4 0 0 42 1.6 84 12.5 121 37.5 169 100.0 169 249.9
12.0 5 0 0 196 0.4 393 3.1 566 9.4 787 25.0 787 62.5
15.0 6 0 0 222 04 445 3.1 641 9.4 891 25.0 891 62.5
18.0 7 o; 0 249 0.4 498 3.1 717 9.4 996 25.0 996 62.5
21.0 8 0 0 275 0.4 550 3.1 782 94 1100 25.0 1100 62.5
24.0 9 0 0 308 0.4 616 3.1 887 9.4 1232 25.0 1232 62.5
30.0 10 0 0 336 0.4 672 3.1 969 9.4 1345 25.0 1345 62.5
36.0 11 0 0 871 0.4 1343 3.1 1934 9.4 2686 25.0 2686 62.5
42.0 12 0 0 391 0.4 783 3.1 1127 9.4 1566 25.0 1566 62.5
51.0 13 0 0 871 04 1343 3.1 1934 9.4 2686 250 2686 62.5
63.0 14 0 0 461 04 923 3.1 1330 9.4 1847 25.0 1847 82.5
81.0 15 0 0 671 04 1343 3.1 1934 9.4 2686 250 2686 62.5

PIER E12 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

COORDINATES of p-y CURVES
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i Earth f i
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hanics E's==mue
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Pile Head Shear (MN)

Pile Head Moment (MN-m)

20

16 —

f i | | f 1 }

-200

1 0.05 0.10 0.15 0.20

Pile Head Displacement (m)

0.25

-180 -

100

f : ! | | 1 |

0.00

0.05 0.10 0.15 0.20

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E12 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

0.25

PLATE E12.4
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Depth Below Pilecap (m)
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=0
o @
2@
=z =
°9Q
20 — 20 - — 20 |- 8 e
58
[&;}
40 — — 40 - — 40 -
60 — 60 — 60 —
80 — 80 - 80 [ —
100 L i 1 | 1 | 1 100 ] | ! | 1 I I 100 P IR S R TN L "'Ju"“ e
-0.1 0.0 0.1 0.2 0.3 -160 -80 0 80 160 -10 -5 0 5 0 15 20 —
Pile Displacement (m) Bending Moment (MN-m) Shear (MN) §§
22
PILE DISPLACEMENT, BENDING MOMENT AND SHEAR g

WITH DEPTH
PIER E12 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Crder No. 5

EMi Project No. 98-145

echanics ¥

RO
e | o

Wonm———
i

PILE-GROUP STIFFNESS MATRIX (SEISMIC

DI

OO O OCW

5-X

.865E+005
.000E+000
.000E+000
.000E+0C0
.131E+006
.000E+000

DIS-Y

COWOoOWwo

.000E+000
.382E+005
.000E+000
.723E+006
.000E+0CC
.000E+000

DIS-Z

0.

000E+000

0.000E+000

oo oN

.152E+007
.C00E+0Q0
.000E+000
.000E+000

CONDITION)
ROT-X

.000E+000
.723E+006
.000E+000
.621E+008
.000E+000
.000E+000

CONOWo

PILE~GROUP STIFFNESS (SERVICE CONDITION)}
bIS-Y

DI

3
0
0
0.
3
0

Note

S-X

.629E+006
.000E+000
.0G00E+000

Q00E+000

.449E+007
.000E+000

OO WO WO

.000E+000
.586E+006
.000E+000
-412E+007
.000E+000
.000E+000

DIS-Z

0.
0.000E+000
2.181E+007
0.
0
0

000E+000

000E+000

.000E+000
. 000E+QQ0

: All units are in kN & m.
¥ direction is longitudinal along the bridge
y directiocn is transverse
z direction is vertical
Group stiffness condensed at pilecap top El.

ROT-X

-000E+000
.412E+007
. 000E+000
.150E+009
.000E+0QC0
.000E+000

QOO WO

ROT-Y

-4.

(=R NoNe No]

131E+006

.000E+000
.000E+000
.000E+0Q00
.652E+008
.000E+000

ROT-Y

~-3.

CWwoO oo

449E+007

.000E+000
.000E+000
.000E+000
.489E+008
.000E+000

-6.1m

CONDENSED STIFFNESS MATRICES
PIER E12 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-2

.000E+000
-000E+000
-000E+000
-.000E+000
.000E+0Q00
-467E+007

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.141E+008

PLATE E12.6
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GO
Earth lmil
EMI Project No. 98-145 N

Mechanics &' St
ks, emmsstatrim

f ]
Coordinates: E1838363 N648170 g KCF 0.02 0.03 0.04 005 006 007 008 0.09] |KSF 2 4 6 8 10
£  E|¥| [oA state Plane Zone 3, NADSS, Meters =
E E g MATERIAL DESCRIFTION B £ SUBMERGED UNIT WEIGHT SOIL UNDRAINED SHEAR STRENGTH
@ &|8] [MUDLINE ELEVATION: -3.4m (MSL) E 5 | lou® 25 75 125 «Pa
i Fat GLAY (CH), soft o firm, olive gray K ]
-dark gray sitty fine sand, with a few day pockets, shells and =
p-1¢ / shet fragments, 4.6m to 5.2m & }
'“"7 -sand {ayer, 8.6m 1o 10.1m ‘
(13.7m} I\
Fat CLAY (CH), stiff to very stiff, greenish gray P §
b-20 -sand fayer, 15.4m {0 15.7m {16.8m), =
[Jsand ayer below 16.5m i J P
Fat CLAY (CH), vety stiff, greanish gray ] I {
]
L {219m} | \
Fat CLAY (CH), very stiff, greenish gray -]
b-30
v
40 dntedayered st and dlay, below 35.7m '_I I
(38.7myf |
Fat CLAY (CH}, very stiff to hard, greenish gray — .
— v ‘
=
<
s (46.0myt | §
P Fat CLAY (CH), hard, greenish gray = |37 .
(s s </
! \
I E30m) | \
Fat CLAY (CH), very stiff to hard, ofive gray L1
o vit \
- 1.7m) |
Fat CLAY (CH), very stiff to hard, oli .
o ot 1o p gy Y s o hard, ofive gray i <<
-sitt layer, 64.6m to 65.2m (65.5m) |
L-70 Silty Finé SAND (SM), medium dense o dense, dark greenish N
gray X $=35
~Clay layer, 65.8m to 66.4m (89.5m); |
Ndaminated sand and clay at 66.4m I e
- Fat CLAY {CH), hard, dark greenish gray (72.7m} X l
Interlayered SAND (SP), dense, and CLAY {CL), hard EE =358 1 bil
o Sandy CLAY (CL}, dense, dark greenish gray (76.2m)] Xt T :%=F‘=
o Fine to Coarse SAND (SW) with fine to coarse gravel, dense, gray | xm =35
! 7.9myrT 1
Laan CLAY (CL), hard, dark greenish gray (80.5m} T |
- Fat CLAY {CH), hard, yellowish brown XV
-sand layer, 80.9mto 81.2m (@83.8m)__|
- Silty Fine to Coarse SAND (SM) with fine gravel, very denss, g
{90 *1 | yollawish brown
~ -with a clay layer, £7.2m to 87.9m
xv 4=40
100 =1 ITOTAL DEPTH: 84.9m BACKFILLED WITH: Cement Grout
| 2
100
p-116
1104
j-120

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E13 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E13.1
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GRO

I

12 T 1 T T T T T T
1.0 o
08 e
= B // N
L 086
o, N // |
04 i
_/ A e B e Sand i
02 - Clay
f
00 ! £ ! L 1 1 t 3 l |
0.00 025 0.50 0.75 1.00 125 1.50 1.75 20
vy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| €5 Sy ¢ k Depth Py Yy p-y
(m) (kN/m?) (kN/m?) (m) | &N/m)| (cm) | Criteria
0-3 Clay | 002 | 10 0.0 38 | 100.0| Clay
36 Clay | 0.02 | 20 30 | 113 [ 1000 Clay
6-9 Clay | 001 | 25 60 | 181 | 500 | Clay
9-12 Clay | 001 | 30 90 | 221 [ 500 | Clay
12-15 | Clay | 0.075] 90 120 | 296 | 50.0 | Clay
15-18 Clay | 0.005] 110 150 | 799 | 375 | Clay
18-21 Clay | 00051 110 18.0 | 1063 | 25.0 | Clay
2124 Clay | 0.005| 140 210 | 1176 | 250 | Clay
2427 | Clay | 0.005] 120 240 [ 1561 | 250 | Clay
27-30 | Clay | 0.005| 120 30.0 | 1399 | 250 | Clay
30-33 Clay | 0.005| 125 360 [ 1736 | 25.0 | Clay
33-36 Clay | 0.005| 140 420 | 1561 | 250 | Clay
36-39 Clay | 0.005| 155 510 | 2462 | 25.0 | Clay
3942 Clay | 0.005| 155 63.0 | 2239 | 250 | Clay
42-45 Clay | 0.005[ 140 81.0 | 2686 | 2560 | Clay
45-51 Clay | 0.005| 220
5157 | Clay | 0.005| 200
57-63 Clay | 0.005| 200
63-69 Clay | 0.005| 220
69-75 Clay 0.005] 240
75-81 Clay | 0.005| 24G

LATERAL PILE DESIGN PARAMETERS
PIER E13 EASTBOUND & WESTBOUND
SFOBB EastSpan Seismic Safety Project

PLATE E13.2




€el3 31vid

P
D;s)th C:Lve Coordinates of p-y Curve Pgints (p in kN/m, y in cm)
p1 yi p2 y2 p3 y3 p4 y4 p5 y5 p6 y6 p7 y7
0.0 1 0 0 9 16 19 12.5 27 37.5 38 100.0 38 249.9
3.0 2 0 0 28 1.6 56 12.5 81 37.5 113 100.0 113 2499
6.0 3 0 0 45 0.8 90 6.2 130 18.7 181 50.0 181 125.0
8.0 4 0 0 55 0.8 110 6.2 159 18.7 221 50.0 221 125.0
12.0 5 0 0 74 0.8 148 6.2 213 18.7 296 50.0 296 125.0
15.0 6 0 0 199 0.6 399 4.7 575 14.1 799 375 799 93.7
18.0 7 0 0 265 0.4 531 3.1 765 9.4 1063 25.0 1063 62.5
21.0 8 0 0 294 0.4 588 3.1 847 9.4 1178 25.0 1176 62.5
24.0 9 0 0 390 0.4 780 3.1 1124 9.4 1561 25.0 1561 62.5
30.0 10 0 0 349 0.4 699 3.1 1007 9.4 1399 25.0 1399 62.5
36.0 19 0 0 434 0.4 868 3.1 1250 9.4 1736 25.0 1736 62.5
42.0 12 0 0 380 0.4 780 3.1 1124 9.4 1561 25.0 1561 62.5
51.0 13 0 0 615 04 1231 3.1 1773 9.4 2462 25.0 2462 62.5
63.0 14 0 0 559 0.4 1119 3.1 1612 9.4 2239 25,0 2239 62.5
81.0 15 0 0 671 0.4 1343 3.1 1934 9.4 2686 25.0 2686 62.5

PIER E13 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

COORDINATES of p-y CURVES
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Pite Head Shear (MN)

Pile Head Moment (MN-m)

20

12 —

{ 1 i | | 1 |

0.05 0.10 0.16 0.20

Pile Head Displacement {m)

0.25

-200

-150 -

-100 |-

| L ! L | | ]

0.00

0.05 0.10 0.15 0.20

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E13 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. & Earth :FIW_MGRWD
as . % TOS =
EMI Project No. 98-145 Mechanics B A
PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS—-X DIS-Y DIS-Z ROT-X ROT-~Y ROT-Z
1.017E+006 0.000E+000 0.000E+000 O0.000E+000 -6.750E+006 0.000E+000
0.000E+000 9.816E+005 0.000E+0060 6.448E+006 0.000E+000 0.000E+000
0.000E+000 0.000E+000 1.626E+007 0.000E+000 0.000E+000 0.000E+000
0.000E+000 6.448E+006 0.000E+000 6.364E+008 0.000E+000 0.000E+000
~6.750E+006 0.000E+000 0.000E+000 O0.000E+000 4.879E+008 0.000E+000
0.000E+000C O0.000E+000 0.000E+000 O0.000E+0Q00 0O.000E+000 5.863E+007
PILE~-GROUP STIFFNESS (SERVICE CONDITION)
DIS-X DIS-Y DIS-2Z ROT-X ROT-Y ROT-Z
4.873E+006 0.000E+000 0.000E+000 O.0C00E+000 -4.514E+007 0.000E+Q00
0.000E+0Q0 4.833E+006 0.000E+000 4.480E+007 0.000E+000 0.000E+000
0.000E+00C O0.000E+000 2.196E+007 0.000E+Q00 0.000E+000 0.000E+000
0.000E+000 4.480E+007 0.000E+000 1.248E+009 0.000E+000 0.000E+000
~4.514E+007 O0.0GOE+000 0.000E+000 O.CO00E4+000 1.046E+009 0.000E+000
0.000E+000 0.0C0E+Q000 0.000E+000 O0.000E+000 0.000E+000 2.818E+008
Note : All units are in kN & m.

x direction is longitudinal along the bridge
y direction is transverse
z direction is vertical

Group stiffness condensed at pilecap top E1.

-8.0 m

CONDENSED STIFFNESS MATRICES
PIER E13 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E13.6
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SFOBB Task Order No. 5

. Earth
EMI Project No. 98-145

Mechanics &

I

Li

Coordinates: E1838475 N648229 g
£ E g CA State Plane Zone 3, NAD83, Meters. 5 SUBMER: uner 1
g g £ MATERIAL DESCRIPTION £ GED UNIT WEIGHT (ki) SOIL UNDRAINED SHEAR STRENGTH (kPa)
@ 8] [mubune etEvanion: a.om (MSL) E S 25 7.5 10 125 )
Fat CLAY (CH), very saf{ to firm, dark gray to ofive gray L
5
21 1 -gray sitty fine to fine sand with iay pockets and seams, 4.6m V13
L 10 0 58m g [
-sand layer, 7.9m f0 8.4m |
i -sand layer, 10.1m fo 10.4m (12.9m) ]
Interdayered Silty Fine SAND (SM), dense, gray, and Fat CLAY o k]
(GH). very st gray a|® CivProtte 4 4=39)
-] | -clay with sand seams, 13.4m to 13.7m 16.8m) =
20 : lay with sand seams and pockets, 14.3m to 14.8m @8 =
with clay packels af 14.8m ¥
donse fine sand below 15.1m [ \
L Fat CLAY (CH), stiff to very stiff, gray {21.6m
dense gray sand, 18.4m to 18.7m % L
donse sand with clay seams, 18.9m o 19.5m (
- Fat CLAY (CH), vory =i, gray w
{28.3m)| |}
Fat CLAY (CH), hard to very stiff, gray LA =
st tayer, 30.0m to 30.5n v
(34.7m} \
Fat CLAY (CH), hard ta very stiff, greenish gray v | s
P (38.4my | iE
Fat CLAY (CH), hard to very stiff, greenish gray to ofive gray -
- Vil
usTmyl | % 1
b-50 Fat CLAY (CH), haed to very stift, greenish gray g I |
a l
“with siittayers at 49.1m and 49.4m ° y
B %
Vit <
60
50 (604mY |
5 Lean to Fat CLAY (CUCH), hard, greenish gray LT
" {
L70 {66.6mY | \
Fat GLAY (CH), hard, yellowish brown \
T X \
i @asm) | \
~*3 | Lean GLAY (CL), hard, greenish gray -
o | -sand layors, 74.2mto 75.6
| 50 with clay layers, mto 75.6m a7 Am)
Lean CLAY (CL). hard, yellowish brown with light gray mottling //
r/
" XK
L-90
{882m)] |
- Fine to Coarse SAND (SW-SM) with sitt and fine grave!, dense to
<o | very denss, yellowish red g
~ an .
s 4340
=100 @ | -hard lean clay, with iron oxide stalning, silty fine sand
,-', L, partings and fine grave! pockets, 95.7m to 96.3m (9'5-1""1_‘
1 [ - -
10074 § Silty Fine SAND (SM), densa to very dense, yellowish red cotzm ] =h
- Fat CLAY {CH)}, hard, brown X 1
|: -sand below 103.6m i
110 OTAUDEPTHY 103 9m BREREITES WiTH! Eament Grom
1104
b-120

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E14 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E14.1




SFOBB Task Order No. 5
"EMI Project No. 98-145

i+ Earth
> Mechanics

:l 2 T 1 1 T 1] T 1
10 ——rrfpreoronm————————>
08 el
- /’ R
=3 7
L 06
o B // i
04 S
B // ————— Sand |
02 L L Clay
I -
0.0 ‘ 1 1 I { 1 i I i I
0.00 025 0.50 075 1.00 1.25 1.50 1.75 20
Y1y,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| €5 Sy ¢ k Depth Py Yy p-y
(m) (KN/m?) (KN/m®) (m) | (kN/m)| (cm) | Criteria
0-3 Clay 18 0.0 67 100 Clay
3-6 Clay 18 3.0 103 100 Clay
6-9 Clay 20 6.0 151 100 Clay
e cenanliran il sAg 8.9 193 100 Clay

1518 | Clay |0.0075] 90

1621 | Clay |0.0075] 90
2124 | Clay | 0.005| 115

24-27 Clay 0.005| 105

27 -30 Clay 0.005 | 140

30-33 Clay 0.005| 130

33-36 Clay 0.005 | 200

36-39 Clay 0.005| 200

39-42 Clay 0.005 | 150

42-45 Clay 0.005 | 150

45-51 Clay 0.005 | 220

51-57 Clay 0.005] 180

57-63 Clay 0.005{ 180

63-69 Clay 0.005| 210

69-75 Clay 0.005 | 260

75-81 Clay 0.005] 280

LATERAL PILE DESIGN PARAMETERS
PIER E14 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E14.2
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-~
Dfn‘:;h C;::"e Coordinates of p-y Curve Points (p in kN/m, y in cm)
p1 y1 p2 y2 p3 y3 p4 v4 p5 y5 p6 y6 p7 v7
0.0 1 0 0 17 1.6 34 12.5 48 37.5 67 100.0 67 2499
3.0 2 0 0 25 16 51 12.5 74 375 103 100.0 103 2499
8.0 3 0 0 37 1.6 75 12.5 109 37.5 151 100.0 151 249.9
8.9 4 0 0 48 1.6 96 12.5 139 375 193 100.0 193 2498.9
9.1 5 0 0 96 0.4 441 1.9 729 39 873 5.8 960 11.7 960 19.5
12.0 8 0 0 168 0.5 776 26 1283 52 1536 7.8 1688 15.5 1688 25.9
14.9 7 0 0 407 1.0 1876 5.1 3089 10.1 3711 15.2 4078 30.3 4078 50.5
15.1 8 0 0 204 0.6 409 4.7 590 14.1 819 37.5 819 93.7
18.0 9 0 0 228 0.6 457 47 658 14.1 914 375 914 93.7
21.0 10 0 0 262 0.6 504 4.7 726 14.1 1009 37.5 1009 93.7
24.0 11 0 0 321 0.4 643 3.1 926 9.4 1286 250 1286 62.5
30.0 12 0 0 363 0.4 726 3.1 1046 9.4 1453 25.0 1453 62.5
36.0 13 0 0 559 0.4 1119 3.1 1612 9.4 2239 25.0 2239 62.5
42.0 14 0 0 419 04 839 341 1209 9.4 1679 25.0 1679 62.5
51.0 15 0 0 615 0.4 1231 3.1 1773 9.4 2462 25.0 2462 62.5
63.0 16 0 0 504 0.4 1008 3.1 1451 9.4 2016 25.0 2016 62.5
81.0 17 0 0 726 0.4 1453 3.1 2093 9.4 2907 25.0 2907 62.5

PIER E14 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

COORDINATES of p-y CURVES
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SFOBB Task Order No. &
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Pile Head Shear (MN)

Pile Head Moment (MN-m)

30

25 -

20 -

15 |-
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| ! I 1 l ! |

0.05 0.10 0.15 0.20

Pile Head Displacement (m)

0.25

-200

-180 —

-100 —

| ! I 1 | t |

0.00

0.05 0.10 0.16 0.20

Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E14 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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PLATE E14.4
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SFOBB Task Order No. 5

EMI Project No. 98-145

. Earth "l

; Mechanics B s
o —e]

PILE~-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)
DIS-Y

DIS-X

.077E+006
.000E+C00
.000E+000
.000E+000
.304E+007
.000E+000

O OOOoON

OOrRrOoONO

.000E+000
.030E+006
.000E+000
.265E+007
.0C00E+000
.0Q00E+000

DIS-Z

SO ONOO

.000E+000
.000E+000
.194E+007
.000E+000
.00CE+000
.000E+000

ROT-X

.000E+000
. 265E+007
.000E+000
.548E+008
.000E+000
.000E+000

OO RNO=O

PILE~-GROUP STIFFNESS (SERVICE CONDITION)
DIS-Y

DIS-X
5.821E+006
0.000E+000
0.000E+000
0.000E+000
~4.827E+007
0.000E+000

SO OWULMO

.000E+Q00
.783E+006
.000E+000
.794E+007
.000E+C00
.000E+000

DIS-Z

OO OoONMNOO

.000E+000
.000E+000
.195E+007
.000E+000
.000E+000
.000E+000

Note : All units are in kN & m.
® direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top El.

ROT-X

.000E+000
.T94E+007
.000E+000
.248E+009
.000E+000
.000E+000

OO OO

ROT-Y

~1.

[N N NoNel

304E+007

.000E+000
.000E+000
.000E+000
.544E+008
.000E+000

ROT-Y

-4.

O OOO

827E+007

.000E+0Q0C
.000E+000
.000E+000
.045E+009
.000E+000

-9.5 m

CONDENSED STIFFNESS MATRICES
PIER E14 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-2

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.145E+008

HFOOoOOoOOoOo

ROT-Z

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.257E+008

wWwWoOoOocCoo

PLATE E14.6




SFOBB Task QOrder No. 5
EMI Project No. 98-145

| [Coorsinates: E1838578 Nesg248 : ]
E & & Chsue 3 : E SUBMERGED UNIT WEIGHT (kN/m } SOIL UNDRAINED SHEAR STRENGTH
2 £l MATERIAL DESCRIPTION E . : (Pa)
@ 83| [muoune ELEVATION: -34m (MsL) 5 25 15 12
| Fat CLAY {CH), very saft to firm, ofive gray \\
fina sand, with clay pockets and seams, 4.0m to 4.7m ' E »
L10 intermixed sand and clay, 4.7m to 5.0m Lot
10 (10.2m) \
| kitedayered Fine SAND (SP), dense to very dense, gray, and Fat |
CLAY (CH), very stiff to stiff, olive gray g
5 | vecy stit clay, 10.8m to $4.4m LB Y
= -stiff clay, with slity sand pockets and a few calcareous =
20 packets, 11.9m to 13.4m (16.3my
iff clay with orgaric packets, beiow 15.fm [ w |/
201#% [k CLAY {CH), very stiff, olive gray (19.5m} . = P _
) e
i 2 |5ty Fina SAND (SM), dense, gray rax- ] [ o Tt
Fat CLAY (CH), very stiff, gray ta ofive gray
v
50 27 Imi | \
Fat CLAY (CH), hard to very stiff, greenish gray /’
304€
| -with a siity sand tayer, 30.3m to 30.9m
vi
40
{38amy 4
© Fat CLAY (CH), hard to very stiff, yellowish brown LA
2 wil F
{44.6m)} | g
Fat CLAY (CH), hard, gray i/
P 8 b J
50 » / |
o . Vi A LA
60
S8.Am)| |
Lean CLAY (CL), hard, greenish gray
60 x
L &2.0m) |
i} | Fine SAND with sift (SP-SM), vary dense, olive gray x
o (es5myl | 4335
W70 _1Lean CLAY {CL), very stiff to hard, greenish gray (67.1m,1__)ﬂ_
Fat CLAY (CH), hard, greenish gray //’
70 it .
{73 8m)|
Lean CLAY (CL), hard, greenish gray T
p-80 rtedayered clay and siit, 75.6m to 76.8m xi /
B ] . fug) 1
- l'{ Silty fine SAND (SM), dense to very dense, yellowish gray to v 1 4.4
| olive gray (s3.4m) "™ =30
:?" [ Foiay layer with sand searns, 80.9m to 81.2m v I
Lo 4 Ffean CLAY(CU), hard i s B :
H Fine SAND with sift and medium sand (SP-SM), dense to very p=4.0:
T dense, gray -
- 17 | -hand dlay layer, 20.5m to 81.1m
£ (93.6m
EE [ Fat GLAY (CH). hard, yellowish gray (95 1myl XVl I
L-100 21 | Fineto Coarse SAND with clay and fine gravel (SP-SC), very ’
4 | dense, yellowish brown to olive gray y 435
w0 ] FOTALBEFTIF 86 5m HRCKALED WITH Gament Grout
b-110
1104
120

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E15 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E15.1
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H . i ] o s
EMI Project No. 98-145 echanics &'t
T AN

1.2 T T T T T T T T
10 e b
08 S
e} B -~ -
g 08
o3 | %G i
04 A~
_/ S0 0t |- Sand i
02 L L Clay
7 —
0.0 ! 1 1 | 1 1 [ I 1 1 1
0.00 025 0.50 0.75 1.00 1.25 1.50 175 2.0
yiy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES py DATA
Depth [Soil Type| &5 Sy ¢ k Depth | py Yu py
(m) (KN/m?) (KN/m®) (m) | (kN/m)| (cm) | Criteria
0-3 Clay 0.02 | 10 0.0 38 [ 1000 Clay
3-6 Clay 0.02 | 20 30 | 113 | 1000] Clay
6-9 Chay | 002 ] 22 6.0 | 167 | 1000| Clay
9-12 Clay | 0.005[ 120 90 | 794 | 250 Clay
12-15 Clay 0.0075| 90 12.0 | 921 | 25.0 Clay
15-18 Clay | 0.005| 120 15.0 | 1049 | 25.0 Clay
18-21 Clay | 0.005| 100 18.0 | 1004 | 25.0 Clay
21-24 Clay [0.005| 110 21.0 | 1200 | 25.0 Clay
24-27 Clay [ 0.005| 110 240 | 1232 1 250 Clay
27 -30 Clay [ 0.005] 160 30.0 | 1566 | 25.0 Clay
30-33 Clay [ 0.005| 140 36.0 | 1792 | 25.0 Clay
33-36 Clay | 0.005] 140 420 { 1566 | 25.0 Clay
36-39 Clay [ 0.005[ 160 51.0 | 2686 | 250 Clay
3942 Clay [ 0.005| 140 63.0 | 2462 | 25.0 Clay
42-45 Clay | 0.005[ 140 81.0 | 3337 | 25.0 Clay
45.51 Clay | 0.005[ 240
51-57 Clay | 0.005| 180
57-63 Clay [0.005| 220
63-69 Clay | 0.005[ 220
69-75 Clay [ 0.005] 220
75-81 Clay | 0.005[ 300

LATERAL PILE DESIGN PARAMETERS
PIER E15 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E15.2




€613 31vid

D(er:’;h C:;ve Coordinates of p-y Curve Points (p in KN/m, y in ¢cm)
p1 y1 p2 y2 p3 v3 p4 v4 ps ¥5 p6 y6 p7 y7
0.0 1 0 0 9 1.6 19 12.5 27 37.5 38 100.0 38 249.9
3.0 2 0 0 28 1.6 56 12.5 81 375 113 100.0 113 249.9
6.0 3 0 0 41 1.6 83 125 120 375 167 100.0 167 249.9
9.0 4 0 0 198 0.4 397 31 571 9.4 794 25.0 794 62.5
12.0 5 0 0 230 0.4 460 3.1 663 9.4 921 | 25.0 921 62.5
15.0 6 0 0 262 0.4 524 3.1 755 9.4 1049 25.0 1049 62.5
18.0 7 0 0 251 0.4 502 3.1 723 9.4 1004 25.0 1004 62.5
21.0 8 0 0 300 0.4 600 3.1 864 9.4 1200 25.0 1200 62.5
24.0 9 0 0 308 0.4 616 3.1 887 9.4 1232 25.0 1232 62.5
30.0 10 0 0 3N 0.4 783 3.1 1127 9.4 1566 25.0 1566 62.5
36.0 11 0 0 448 0.4 896 3.1 1230 9.4 1792 25.0 1792 62.5
42.0 12 0 0 391 0.4 783 3.1 1127 9.4 1566 25.0 1566 62.5
51.0 13 0 0 671 0.4 1343 3.1 1934 9.4 2686 25.0 26886 62.5
63.0 14 0 0 815 0.4 1231 3.1 1773 9.4 2462 25.0 2462 62.5
81.0 15 0 0 834 0.4 1668 3.1 2403 9.4 3337 25.0 3337 62.5

COORDINATES of p-y CURVES
PIER E15 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5
EMI Project No. 98-145

i Earth Lreo
' Mechanics _F'

Pile Head Shear (MN)

Pile Head Moment (MN-m)

30

25 —

20 —

15

10

| 1 | L ] I |

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

0.25

-200

=150 |—

-100 |~

I ! i L | L |

0.00

0.05 0.10 0.15 0.20
Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT
PIER E15 EASTBOUND & WESTBOUND
SFORB East Span Saismic Safety Project

0.25

PLATE E15.4
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PILE DISPLACEMENT, BENDING MOMENT AND SHEAR

WITH DEPTH
PIER E15 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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SFOBB Task Order No. 5

EMI Project No. 98-145

.. Earth

RO

e IR

A - o T ——
: Mechanics = mmeerm

ol S

PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)

DIS-X DIS-Y

5.577E+005 0.000E+000
0.000E+000 5.577E+4005
0.000E+Q00 0.000E+000
0.000E+000 ~1.440E+006
-2.636E+006 0.000E+000
0.000E+C00 0.000E+000

PILE-GROUP STIFFNESS (SERVICE CONDITION)
DIS-Y

DIS-X
3.030E+4006
0.000E+C00
0.000E+000
0.000E+000
2.924E+007
0.000E+000

0.

000E+000

3.030E+006

OO NO

.000E+000
.590E+007
.000E+000
.000E+000

Note : All units are in kN & m.
% direction is longitudinal along the bridge
y direction is transverse
z direction is vertical
Group stiffness condensed at pilecap top ElL.

DIS-Z ROT-X ROT-Y

0.000E+000 O.000E+000 -2.636E£+006
0.000E+000 -1.440E+006 0.000E+000
1.464E+007 O0.000E+000 0.000E+000
0.000E+000 6.935E+008 0.000E+000
0.000E+000 O.0QCQ0E+000 2.517E+008
0.000E+000 0.000E+000 0.000E+000
DIS-Z ROT-X ROT-Y

0.000E+000 0.000E+000 -2.924E+007
0.000E+000 2.590E+007 0.000E+000
1.457E+007 0.000E+000 0.000E+000
0.000E4+000 1.018E+009 0.000E+000
0.000E+000 0.000E+000 5.634E4+008
0.000E+000 0.000E+000 0.000E+000

~4.0m

CONDENSED STIFFNESS MATRICES
PIER E15 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-Z

0.000E+000
0.000E+000
0.CO0E+000
0.000E+000
0.000E+000
3.469E+007

ROT-2Z
0.000E4+000
0.000E+000
0.000E+000
0.000E+4+000
0.000E+000
2.002E4008

PLATE E15.6
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ELEY, (m}
PTH (m]
SOILTYPE

[=Y

Coondinates: E1838664 N§48259
CA State Plane Zone 3, NADS3, Maters

MATERIAL DESCRIPTION
MUDLINE ELEVATION: -3.4m (MSL}

STRATUM NO
uNiT

=

§ ]

KCF

002 003 004 005 0.06 0.07 008 0.09

SUBMERGED UNIT WEIGHT

kPa

2 % 3 ]
SOIL UNDRAINED SHEAR STRENGTH

1 200

L10

|40

L7o

b-50

LA

T
A

[T

L-100

£

100

L110

110

120

Fat CLAY (CH), very soft to firm, ofive gray to gray

-gray {o olive gray sitty fino sand with clay pockats, 4.0mto 4.7m
-with gas biisters, 4 7Tm to 7.5m

YBM

Fat CLAY (CH), stiff to very sfiff, greenish gray

{11.8em
L}
{15.2m

MPSAL

Fat CLAY (CH), very stifl, greenish gray
~sand {ayer, 15.8mto 15.86m

-sand with clay seams and layers, 19.8m to 20.6m

Fat CLAY (CH), very stiff, gray
-sand layer, 30.0m to 30.5m

Lean CLAY (CL), hard, gray

Fat CLAY (CH), very stiff to hard, ofive gray

~sand layer, 39.9m to 40.2m

Fat CLAY (CH), hard, greenish gray

Fat CLAY (CH), hard, greenish gray

-inforlayered clay and silt, 65.2m to 67.7m
-sandy lean clay, 68.6m to 70,1m

-sand fayer, 70.1m to 70.3m

-sand with clay seams below 70.4m

Fat CLAY (CH), very stiff to hard, olive gray

~sand layer below 73.9m {74.7m}/

(28.0m) |

(32.9m) |

(36.6my) |

46.3m3 |

(57.9m}y |

{o9my |

L]

Vi

it

OBM/UAM

Fat CLAY (CH), hard, brown

nferlayored clay and sitf, 79.4m to 82.3m

-sandy fean clay, 81.7m to 82.9m
-sand layer, 82.9m to 83.4m

-lean clay befow 83 4m

-ty fine sand layer, 84 9m to 85.2m

Fine to Medium SAND with sitt {SP-SM), dense to very dense, gray

-very stiff, brown clayey sand with gravel, 95.4m to 96.3m
-clay fayer, 96.3m o 96 6m
-reddish brown ta gray, sitly fine to medium sand with coarse

sand and fine gravel, at 88.0m (98 5m)

(67.3m} |

Fat CLAY (CH), hard, ofive gray

Lean CLAY {CL), hard, olive brown
-siit layer, 101.2m (o 101.5m

(100.9m}! = |

X

[FOTAL DEPTH: 104.2m BACKFILLED WiTH: Cement Groul

SUBSOIL CONDITION AND SOIL PROPERTIES
PIER E16 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E16.1
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0.00 0.25 0.50 075 1.00 1.25 1.50 1.75 20
yiy,
NORMALIZED p-y CURVE
SOIL STRATIGRAPHY AND PROPERTIES p-y DATA
Depth | Soil Type| &5 S, ¢ Kk Depth Py Yy p-y
(m) (KN/m?) (KN/m®) (m) | &N/m)| (cm) | Criteria
0-3 Clay 0.02 10 0.0 38 100.0 Clay
3-6 Clay 0.02 20 3.0 113 | 100.0 Clay
6-9 Clay 0.02 22 6.0 167 100.0 Clay
g9-12 Clay 0.02 30 9.0 255 | 100.0 Clay
12-15 Clay 0.075 80 12.0 652 37.5 Clay
15-18 Clay 0.005| 130 150 | 1121 | 25.0 Clay
18-21 Clay 0.005| 100 18.0 | 1004 | 25.0 Clay
2124 Clay 0.005 110 21.0 1200 | 25.0 Clay
24-27 Clay 0.005}1 115 240 | 1232 | 250 Clay
27 -30 Clay 0.005| 140 ‘ 30.0 | 2126 | 25.0 Clay
30-33 Clay 0.005{ 190 36.0 | 1623 | 25.0 Clay
33-36 Clay 0.005§ 180 420 | 1735 | 25.0 Clay
36-39 Clay 0.005 1 145 51.0 | 2126 | 25.0 Clay
3942 Chay 0.005 160 63.0 2352 } 25.0 Clay
42-45 Clay 0.005{ 155 81.0 | 2798 | 25.0 Clay
45-51 Clay 0.0051{ 190
51-57 Clay 0.005 ] 190
57-63 Clay 0.00571 210
63-69 Clay 0.005 | 220
69-75 Clay 0.005 | 240
75-81 Clay 0.005| 250

LATERAL PILE DESIGN PARAMETERS
PIER E16 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

PLATE E16.2
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Dfnﬁ;h ngve Coordinates of p-y Curve Points (p in kN/m, y in c¢m)
p1 al p2 y2 p3 y3 p4 y4 p5 y5 pé y6 p7 v7
0.0 1 0 0 9 1.6 19 12.5 27 375 38 100.0 38 249.9
3.0 2 0 0 28 1.6 56 12.5 81 375 113 100.0 113 249.9
6.0 3 0 0 41 1.6 83 12.5 120 37.5 167 100.0 167 249.9
9.0 4 0 0 63 1.6 127 12.5 183 37.5 255 100.0 255 249.9
12.0 5 0 0 163 0.6 326 4.7 469 14.1 852 375 652 93.7
15.0 6 0 0 280 0.4 560 3.1 807 9.4 1121 25.0 1121 62.5
18.0 7 0 0 251 0.4 502 3.1 723 9.4 1004 25.0 1004 62.5
21.0 8 0 0 300 0.4 600 3.1 864 9.4 1200 25.0 1200 62.5
24.0 9 0 0 308 0.4 616 3.1 887 9.4 1232 25.0 1232 62.5
30.0 10 0 0 531 04 - 1063 3.1 1631 9.4 2126 25.0 2126 62.5
36.0 11 0 0 405 0.4 811 3.1 1168 9.4 1623 25.0 1623 62.5
42.0 12 0 0 433 0.4 867 3.1 1249 94 1735 25.0 1735 62.5
51.0 13 0 0 531 0.4 1063 3.1 1531 9.4 2126 25.0 2126 62.5
63.0 14 Q 0 588 0.4 1176 3.1 1693 9.4 2352 25.0 2352 62.5
81.0 15 0 0 899 0.4 1399 3.1 2015 9.4 2799 25.0 2799 62.5

PIER E16 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

COORDINATES of p-y CURVES
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Pile Head Shear (MN)

Pile Head Moment (MN-m)

30

25 |~

20 |~

16 [~

10 |~

L | i i 1 I

-200

0.05

0.10 0.15 0.20
Pile Head Displacement (m)

-150 |~

-100 +

1 | 1 i t !

6.00

0.05

Q.10 0.15 0.20
Pile Head Displacement (m)

PILE HEAD SHEAR AND BENDING MOMENT

PIER E16 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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WITH DEPTH
PIER E16 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project
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PILE-GROUP STIFFNESS MATRIX (SEISMIC CONDITION)

DIS-X DIS-Y DIS-2 ROT-X
5.065E+005 0.000E+000 0.000E+000 0.000E+Q00
0.000E+000 5.065E+005 0.000E+000 -6.771E+005
0.000E+000 0©.000E+000 1.281E+007 0.000E+000
0.000E+000 -6.771E+005 O0.000E+000 6.208E+008
-2.881E+006 0.000E+000 0.000E+000 0.000E+000
0.000E+000 0.000E+000 0.000E+000 0.000E+000

PILE~GROUP STIFFNESS (SERVICE CONDITION)

DIS-X DIS-Y DIS-Z ROT-X
2.115E+006 0O.000E+000 0.000E+000 O.00QE+000
0.000E+000 2.115E4+006 0.000E+000 1.750E+007
0.000E+000 (Q.000E+000 1.456E+007 0.000E+000
0.000E+000 1.750E+4007 O0.000E+000 9.406E+008
-2.110E+007 0.000E+000 0.000E+000 0.000E+000
0.000E+000 O0.000E+000 0.000E+000 0.000E+000
Note : All units are in kN & m.

ROT-Y
-2.881E+006
0.000E+000
0.000E+000
0.000E+000
2.338E4+008
0.000E+00Q

ROT-Y
-2.110E4007
.000E+000
.000E+000
.000E+000
.908E+008
.000E+000

O OO Q

x direction is longitudinal along the bridge

y direction is transverse
z direction is vertical

Group stiffness condensed at pilecap top El.

-4.5 m

CONDENSED STIFFNESS MATRICES
PIER E16 EASTBOUND & WESTBOUND
SFOBB East Span Seismic Safety Project

ROT-Z

.000E+000
.000E+000
.000E+000
-000E+00Q0
.000E+000
.236E+007

WO COOoOO

ROT-Z

.000E+000
.000E+000
-.000E+000
.000E+000
.000E+000
-423E+008

RPOOOoOOO

.

-1
»
.

LE

PLATE E16.6
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