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Gentlemen: 

We are pleased to submit the accompanying report presenting the. results of our 
geotechrdcal engineering study for the Great America Park Overflow Parking Lot in 
Santa Clara, California. This study has been conducted in accordance with our 
proposal for· geotechnical services dated May 24, 1990, as authorized by Ruth and 
Going, Inc. Agreement for Subconsultant Professional Services dated August 3, 
1990. Our geotechnical recommendations presented in the.attached report are 
based on our engineering experience and judgment, as well as the results of the field 
investigation and laboratory testing. All field and laboratory data are also 
ptesented in this report. 

It has been a pleasure working on this project. Please contact our office if you have 
any questions or comments regarding this project, or if you need additional 
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Project Engineer 
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GEOTECHNICAL INVESTIGATION 
GREAT AMERICA PARK OVERFLOW PARKING LOT 

Santa Clara, California 

INTRODUCTION 

This report presents geotechnical design recommendations at the site of the 

proposed Great America Park Overflow Parking Lot located in Santa Clara, 

California. The location and general layout of the property are shown on the 

attached Site and Boring Location Plan, Figure 1. 

In addition to three borings taken in 1986 for the proposed bridge over San Tomas 

Aquino Creek, the soil conditions at the site were investigated in 1990 with 17 

borings and 7 test pits. Detailed descriptions of the 1990 field investigation and 

laboratory testing are presented in Appendi" A. This report includes the results of 

the 1986 and 1990 field and laboratory investigations, together with conclusions and 

recommendations for the design and constructiot.l. of asphalt concrete pavements. In 

addition, this report includes conclusions about the stability of the eDsting levees of 

San Tomas Aquino Creek if additional fill is placed on them at the new bridge 

location. 

PREVIOUS :INVE3STIGATION 

Applied Soil Mechanics, Inc. previously performed a geotechnical study of the 

proposed bridge over San Tomas Aquino Creek, located about 1,000 feet south of 

Tasman Drive. The results of that study, inCluding the logs of three borings, are 

contained in· a report entitled, "Great America Bridge at San Tomas Aquino Creek, 

Santa Clara, California, Soil Investige.tion, .. dated November 7, 1986 (File No. A6-

0125-J49). 
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PROJECT DESCRIPTION 

As shown in Figure 1, the site is located on both the east and west sides of San 

·Tomas Aquino Creek, south of Tasman Drive and west of Centennial Boulevard. It 

is understood that a new 12~acre parking lot will be. constructed on the east side of 

the creek. The project also includes a new bridge to connect the existing parking lot 

located on the west side of the creek with the proposed lot. Construction of the 

bridge will require placement of additional fill on both sides of the creek and on the 

existing levees to create approaches to the bridge. Foundation recommendations for 

the bridge are beyond the scope of this study; they were addressed in the previously 

referenced report prepared by Applied Soil Mechanics, Inc. 

It is understood the parking lot will be paved with an asphalt concrete pavement, 

subject only to automobile traffic. No moderate or heavy trucks or buses are 

anticipated. It is also understood that grading to prepare the area for paving will be 

relatively minor, with maximum cuts of about 1 foot and fills on the order of 2 to 3 

feet with a maximum 5 foot thick fill section required at the northwest corner of the 

site. Approach fills on both the west and east sides of the creek will be placed as a 

part of the site grading operations. This will result in raising the creek levees by 

about 4 feet. Maximum approach fill height will be about 11 feet. On the west side 

of the creek, the approach fill side slopes will either be flat enough to allow parking 

up to the edge of the roadway or be at a slope of 2 to 1 (horizontal to vertical). On 

the east side of the creek, the approach fill side slopes will be flat enough to allow 

parking up to the edge of the roadway. The stockpiles of soil at the site will be used 

in grading for the project. 

SITE AND SOIL CONDITIONS 

Site Conditions 

West of the creek, the site is used as a parking lot for Great America Park, and is 

paved with asphalt concrete. A visual observation of the pavement surface indicated 
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that it is in relatively good condition, with no obserted rutting, heaving or other 

undulations present. It is understood this pavement was constructed prior to 1975. 

There are no available structural pavement section drawings of this existing 

pavement. Borings 1 and 2, recently drilled through this pavement, exposed 

sections consisting of 2 inches of asphaltic concrete over 5 to 6 inches of aggregate 

base over 4 to 1 Q iriches of aggregate subbase. 

San Tomas Aquino Greek passes through the site, and is flanked by flood control 

levees. According to the topographic information provided by Ruth and Going, Inc. 

the top of the levees are approximately 15 feet. above the bottom of the channel and 

7 feet above the surrounding ground surface. The side slopes appear to be between 

2 to 1 and 3 to l (horizontal to vertical). Water was present in the creek at the time 

the present field exploration was conducted. 

The portion of the site located east of the creek is a trapezoidal shaped parcel 

bounded by San Tomas Aquino Creek on the west, Tasman Drive on the north, 

Centennial Boulevard on the east and an electrical substation on the .south. This 

area is a grass covered field, parts of which have been disced. According to the 

topographic plan provided by Ruth and Goingi Inc~; the existing grade in this ar~a 

ranges from about Elevation 12 at the toe of the levee to Elevation 9 along 

Centennial BoUlevard. An approximately 400 foot by 400 foot parcel located at the 

northeast corner of the site is not included in this project. 

Several stockpiles of soil are present at the site. The largest is located at the 

northwest corner of the site, with approximate plan dimensions of 280 feet by 400 

feet. Based on the topographic information and visual reconnaissance in the field, it 

appears that the stockpile is approximately 6 to 8 feet high. The second stockpile is 

located on the adjacent 400 foot by 400 foot parcel at the northeast corner of the 

site. This pile appears to be approximately 70 feet by 180 feet in plan dimensions, 
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and about 12 feet high. The third stockpile, located at the southeast corner of the 

site, has plan dimensions of approximately 60 feet by 400 feet and is about 6 feet 

high. All of these stockpiles were investigated either by exploratory borings and/or 

pits. A description of the soils contained in these stockpiles is presented in the 

following section. 

Elevations given in this report for ground surface were interpolated from 

topographic contours shown on the previously described topographic survey of the 

site. 

Soil Conditions 

Subsurface information regarding the soil conditions at this site was obtained from 

exploratory borings and pits excavated at the site in 1990. Detailed descriptions of 

the soil and groundwater conditions are given on the Logs of Borings, Figures 3 

through 19, and the Logs of Exploratory Pits, Figures 20 through 26, respectiv-ely. 

Subsurface information obtained from the 1986 study are given on the Logs of 

Borings, Figures 32 through 34. These borings are noted as Borings 86-1, 86-2 and 

86-3. 

At the west side of the creek, Borings l and 2. were. drilled at the proposed location 

of the approach ramp to the bridge. These borings encountered a pavement section 

consisting of 2 inches of asphalt concrete over 5 to 6 inches of aggregate base over 4 

to 10 inches of aggregate subbase. Below the pavement section, the. borings 

encountered 3 to 3-1/2 feet of highly plastic stiff silty clay overlying 2 to 4-1/2 feet of 

low to moderately plastic silty clay. The lower clay layer is stiff to hard in 

consistency. T~e borings were terminated in the lower plasticity silty clay at depths 

of 6-1/2 to 9-112 feet. 
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At the east side ofth~ site, the borings and exploratory pits encountered 1-1/2 to 5 

feet of highly plastic silty clay at the ground surface. R-values for surface clays and 

fills ranged from less than 5 to 11. This stratum generally graded into a low 

plasticity silty and sandy clay throughout the site in which the borings were 

terminated at depths_ofbetween 6-1/2 feet and 10 feet. At the location of Boring 14, 

the low plasticity silty clay was underlain by 2-1/2 feet of gravelly, clayey sand and 

a stratum of sand with a little gravel, which extended to the terminal depth of 10 

feet. 

At Boring 3, drilled at the location ofthe east side bridge approach fill, the boring 

encountered 6 feet of hard silty clay of high plasticity overlying 2 feet of stiff silty 

clay of lower plasticity. Below the silty clay, the boring encountered 5 feet of 

medium dense clayey sand. Below a depth of 12 feet, the boring was advanced 

through a stratum of silty clay with a little fine sand. This stratum appears to have 

low to moderate plasticity and moderate compressibility. The boring was 

terminated at a depth of 30 feet in this stratum. 

Borings 16 and 17 and Exploratory Pits 1 and 2 were advanced into the fill stockpile 

located at the northwest corner of the site. The fill comprising the stockpile consists 

of a combination of highly plastic silty clay, similar. to that occurring naturally on 

the site, with some silty clays oflower plasticity. However, a 1-1/2 foot thick layer 

of silty sand fill was found at the. location of Boring 16 at a depth of 1 foot. 

The stockpile-located at the northeast corner of the site was investigated by 

Exploratory Pit 3. This excavation revealed approximately 10 feet of sandy to silty 

clay fill of moderate to high plasticity. This soil contained roots and grass 

throughout the excavated section, indicating that it is likely topsoil stripped from 

another site. 



Woodward· Clyde Consultants 

6 

The stockpile located at the southeast comer of the site was investigated by 

Exploratory Pit 5. A visual examination of the soils present at this location revealed 

approximately 5.-112 feet of moderately to highly plastic silty clay which contains 

roots. and grasses in the lower 3 feet. This material also appears to be topsoil 

removed from another site. 

Groundwater was encountered in only two borings, Borings 3 and 14 at depths oflO 

feet and 8-1/2 feet, respectively. These levels approximate the water level in the 

creek at the time the subsurface investigation was conducted. Cohesive soils, which 

dominate the project site, require a long time for the groundwater to seep into the 

borehole and attain an equilibrium position with the present hydrostatic 

groundwater table. Thus, the immediate readings obtained during drilling may or 

may not be representative of the actual groundwater level. It is anticipated that 

water may travel through the thin sandy layers in the soil and that the water level 

at the site may fluctuate seasonally. 

DISCUSSION 

Existing Fill Material 

The existing fill material present on the site in the three stockpiles is moderately to 

highly plastic silty clay, similar to the upper stratum present naturally at the site. 

This material is generally difficult to compact and provides a very low strength 

subgrade on which to construct pavements. It is. understood that it is desired to use 

this mater;ial for site grading. The stockpile located at the northwest corner of the 

site can be used as fill under the proposed pavement section. Because of the very 

limited amount of low plastidty material in this stockpile, it would be impractical to 

separate it for use as higher quality pavement subgrade. The fill material located in 

stockpiles. at the northeast and southeast corners of the site contains organic 

materials and is inadvisable for use as fill under pavements. Specific 

recommendations for site grading are. presented in following sections of this report. 
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Pavements 

In areas to be paved with asphalt concrete, there is a moderate to high potential for 

volume change of the su,bgrade soils if they are subject to moisture content 

fluctuations. As discussed previously, the existing pavem~nt section (west of the 

creek) appears to be in relatively good structural condition; this observation inters 

the .pavement has not undergone cyclic differential vertical movements (heaving) 

associated with moisture content changes. It appears the moisture content of the 

subgrade soils below the pavement section has remained relatively constant (with 

time) for the following reason(s): 

• Periodic sealing of asphalt concrete pavement surface cracks with a slurry 
seal, minimizing rainfall infiltration 

• Surface drainage features such as adequate pavement slopes and catch 
basins to minimize ponding of surface water 

• Four year drought period in the Santa Clara Valley 

• Moderately thick pavement structural sections 

With regard to the proposed pavement section, several alternatives including lime 

treatment of the subgrade soils have been considered. Lime treatment is usually 

effective in reducing the plasticity of the soil, which in turn normally reduces the 

expansion potential of the soil. 

Over th~ past 20 years or so; municipalities in the Santa Clara Valley and adjacent 

areas have constructed some pavement sections consisting of asphalt concrete placed 

directly on lime treated subgrade soils, with varying degrees of success. (No 

aggregate base was included.) This practice is being phased out in this area. The 

experience gained from using this pavement section indicates that some pavements 

constructed in this way have experienced long term distress. The reasons for this 

distress and damage are as follows: 
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• This pavement section has no provision for drainage of water that seeps 
through the asphalt and saturates and softens the subgrade soils 

• It appears that there may be some long term reversibility of the chemical 
reaction which occurs between the soil and the lime; some soil stabilized by 
lime undergoes short term increase of stren~ followed by long term. 
degradation of the strength 

For these reasons, a pavement section consisting of asphalt concrete placed directly 

on lime treated soil is not recommended. 

The two pavement sections recommended in the following section of this report 

consist of the following: 

• Asphalt concrete over aggregate base 

• Asphalt concrete over a reduced aggregate base section placed on a section · 
of lime-treated soil 

The selection of the final pavement section should be based on economic 

comparisons. If the costs are comparablet the lime treated section is recomme.nded 

in order to take advantage of the incidental reduced swelling potential of the native 

soils. 

Levee Stability 

Stability of the existing levee with an addition of 4 feet of fill placed on it ·with a 

maximwn side slope of 2 to 1 (horizontal to vertical) was estimated using a 

computer aided slope stability analysis program. Subsurface information was used 

from both this investigation and the 1986 report. Based on results of this analysis, 

as well as engineering judgment and local experience, it is concluded that the 

enlarged levee should remain stable under both static and dynamic (earthquake) 

loading conditions. 



Woodward-Clyde Consultants 

9 

RECOM:MENDATIONS 

Pavement Design. - Asphalt Concrete 

Near-surface soils in the area of the proposed asphalt concrete parking lot have low 

support capacity when used as pavement subgrade. An R-value of 5 was selected for 

pavement design based on the results of the laboratory R-value tests. R-value test 

results were less than 5, 8, 10 and 11 on bulk samples of near surface soil taken 

from selected locations in Borings 6, 2, 9 and 17, respectively. The test results are 

shown in Figures 28 through 31, 

Based upon these subgrade soil conditions and our engineering judgment and 

experience, the following pavement structural sections are recommended: 

Alternative. 1 

Asphalt Concrete (Type B): 

Class 2 Aggregate Base: 

Compacted Subgrade: 
(92 percent minimum relative compaction) 

Alternative 2 

Asphalt Concrete (Type B): 
Class 2 Aggregate Base: 
Lime treated Compacted Subgrade: 
(95 percent minimum relative compaction) 

3 inches 

8 inches 

6 inches 

3 inches 
4 inches 
7 inches 

It is recommended that the pavement materials and construction conform to the 

applicable sections of the Caltran~ Standard Specifications {latest edition), as 

follows~ 
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Pavement Material 

Asphalt Concrete 

Aggregate Base 

10 

Type of Material 

Class B, 1/2 inch maximum, 
medium gradation 

Class ·2, 1-1/2 or 3/4 inch 
maximum size 

Specification Section 

39 

26 

If the lime treatment alternative is selected, the soils should be thoroughly 

pulverized to a depth of 7 inches. The pulverized soil should be thoroughly mixed 

with at least 5 percent (by dry weight) lime and compacted. It is rec.ommended that 

the lime treatment construction for this altemative also conform to the Caltrans 

Standard Specifications (latest edition) Section 24, Lime Treatment, including 

compaction to at least 95 percent relative compaction. Scarification of the subgrade 

beneath the lime treated section for this alternative is not required. If the lime 

treatment alternative is selected, it is recommended that a laboratory testing 

program be perfonned in accordance With California Test 37.3 to verifY lime content 

prior to construction. 

Settlement ~ Bridge Approach Fills 

Construction of the bridge approach fills will cause relatively small settlement due 

to the compression of the foundation soils. For an :J;1 foot high embankment, the 

maximum long term consolidation settlement is estixpated to be of the order of 1 to 2 

inches. Most of this settlement 'is estimated to occur over a period of about 5 years. 

Site Preparation and Grading - Pavement Areas 

It is recommended that all site preparation and earthwork construction be done 

under the observation of the Geotechnical Engineer and in accordance with the 

applicable sections of Caltrans Standard Specifications. 
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Stripping - In general, all areas to be excavated or to receive fill should be stripped 

of all surface vegetation, organic materials, existing fills and any deleterious 

substances that may be present. It is estimated that stripping will be on the order 

of 3 to 6 inches below the existing site grade. Final stripping depths should be 

determined by the Geotechnical Engineer in the field during site preparation. 

Subgrade Preparation - After the site surface in the proposed pavement areas has 

been properly cleared, the exposed native clay soils (if lime treatment is not used) 

should be scarified to a depth of at least 6 inches, moisture conditioned. to about 3 

percent above optimunl, and compacted to at least 92 percent relative compaction. 

The exploratory pits excavated for this investigation were not backfilled with 

engineered fill. For that. reason, all ~xploratory pits should be completely re~ 

excavated during construction and recompacted to the requirements of engineered 

fill. 

Fill Material - It is expected that the majority of the existing on,. site material can be 

reused as engineered fill, provided it is free from debris or organic materials, and 

meets the fill requirements. Any import material should be a low plasticity material 

with a plasticity index of 15 or less. All fill materials should be approved by the 

Geotechnical Engineer prior to the placement of materials as fill. 

The stockpile located at the northeast corner of the site and the stockpile located at 

the southeast corner contain fill that should only be used for landscaping purposes. 

Fill Placement and Compaction - All engineered fill should be placed in lifts not 

exceeding 8 inches in uncompacted thickness, moisture conditioned to about 1 to 3 

percent above optimum and compacted to a minimum relative compaction of 90 . 

percent. Pavement subgrade and aggregate base placed as part of the pavement 
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structural section should be compacted to a minimum relative compaction of 92 and 

95 percent, respectively. Final subgra.de compaction should be accomplished 

immediately prior to placement of aggregate base. The maximum dry density, as 

determined in the laboratory, should be performed in accordance with Caltrans 

Method 216-F. The fill should be brought to a wrlform moisture conW,nt bY aerating 

the material ifit is too wet or spraying and mixing the material with water if it is 

too dry. Fill slopes should be no steeper than 2 to 1 (horizontal to vertical). 

Drainage - The aggregate base to be placed under the pavement will be somewhat 

permeable, allowing rainfall infiltration through the asphalt concrete or surface 

pavement cracks and collection of water within the aggregate base in low areas. For 

this reason, it is recommended that the sides ofdrop inlets placed in low areas be 

perforated with holes to relieve water pressure. The. holes should be placed at a 

level near the bottom of the aggregate base layer, with a diameter of about 3/4 inch 

and spaced at about 6 inches. A geotexti.le filter fabric should be placed over the 

perforations to prevent migration of material from the aggregate base. At the 

perimeter areas where the pavement slopes downward toward the nonpaved areas, 

the aggregate base should extend at least 2 feet beyond the pavement edge and 

daylight at the gravel surface. The purpose is to allow water to drain from the 

aggregate base. At the perimeter areas where the pavement slopes downward into 

the paved areas, the aggregate base. should not extend beyond the asphalt surface. 

This will minimize the potential for inflow of surface water into the aggregate base 

section. Alternatively, an underdrain system could be provided near the pavement 

edge in low areas. It is also recommended that good surface drainage be provided, 

including a surface slope in excess of 1 percent. It is recommended that the 

Geotechnical Engineer review grading and drainage drawings, when available, to 

determine the need, if any, for underdrains. 



Woodward•Ciyde Consultants 

13 

LIMIT ATIO:NS 

The recommendations made in this report are based on the assumption that 

subsurface conditions at the site do not deviate appreciably from those encountered 

in the borings and test pits. They are also made for the specific site development 

described in the report. If changes are anticipated or if any variations or 

undesirable conditions are encountered during construction, the Geotechnical 

Engineer should be consulted for further recommendations. 

It is recommended that the Geotechnical Engineer review the foundation and 

grading plans and specifications to ensure that the intent of the recommendations 

presented herein has been properly interpreted and incorporated into the contract 

documents. A representative of the Geotechnical Engineer should also observe the 

foundation excavations and the subgrade preparation and fill placement to verifY 

that the subsurface conditions used as a basis for design are encountered 

throll.ghout the site. 

The recommendations presented in this report were developed with the standard of 

care commonly used as state of the practice in the profession. No other warranties 

are included, either expressed or implied, as to the professional advice included in 

this report. 
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APPENDIX A 
FIELD EXPLORATION AND LABORATORY TESTING 
GREAT AMERICA PARK OVERFLOW PARKING AREA 

Santa Clara. California 

FIELD EXPLORATION 

Seventeen (1 7) exploratory borings were drilled and seven (7) exploratory test pits 
were e~cavated in the project area, to explore the subsurface conditions. The 
exploratory borings we.re advanced to depths ranging from 6-1/2 to 30 feet. The 
drilling equipment used was a 8-inch diameter hollow stem auger.. The exploratory 
pits were excavated with a tractor-mounted backhoe. The drilling was done on July 
20, 1990; whi1e the exploratory pits were excavated on August 7, 1990 under the 
~upervision of a representative ofWoodward .. Clyde Consultants. Visual 
classifications of the soils encountered were made from the cuttings at the time of 
drilling. Samples of the underlying soils taken from the borings were obtained 
using a modified California drive sampler (2 inch inside diameter and 2-112 inch 
outside diameter). 

The modified California sampler was driven into the soil with a 140 pound hammer 
falling freely through 30 inches. 

When the sampler was withdrawn from the hole. the samples were carefully 
removed, sealed to prevent moisture loss and returned to our laboratory for testing. 
Soil classifications made in the field were verified in the laboratory after further 
examination and testing. The attached Boring Log Legend Sheet, Figure 2, 
illustrates the notation used for the types of samplers and methods of advancing 
them are presented on the Logs of Borings, Figures 3 through 19. 

LABORATORY TESTING 

The water content, dry density and unconfined compressive strength were 
determined for select.ed samples to estimate the strength and compressibility of the 
underlying soils. The results ofthese tests, together with the resistance to 
penetration of the sampler, are shown at the corresponding sample locations on the 
Logs of Borings. 

Atterberg Limits (liquid and plastic limits) were determined for fine grained soil 
samples. The results of these tests are presented on Figure 27. 

Four (4) R~value tests were made on selected surface samples to assist in pavement 
structural design. The results of these tests are presented graphically on Figures 28 
through 31. 
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Pro)e.ct: GREAT AMERICA PARKING ~OT 
Santa Clara; Califomla Bori·ng Log Legend Sheet 

Date Drilled: Remarks: 
Type of Boring: 
Hammer: 

·:« 0:: ;!a:. ~ j MATERIAL DESCRIPTION j ~ 
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2-inch I. D. Modified California Sampler 
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~ falling 30 inches per blow 
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Plasticity Index 

.... 
1

LL=B6 J 
-• ..... ~11 PI=56 
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Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Boring No. 1 

Date Drilled~ 7 •20-90 

Type of Boring: ·s." Hollow Stem Auger 
Hammer: 140 lb 

Remarks: 

! I MATERIAL DESCRIPTION I! "$. 
~ m ~l 

r---_.--~~~------------------------------------------~ ~00 Surface Elevation: 

-
2" Asphalt Concrete, over 5" Aggregate Base over -i FILL 

t---... 4" Subbase ~ -
-
- t? 

1 ~ F-

5- r; 
2 

21 

35 

SILTY CLAY (GH) 
Stiff, moist, gray-brown and 
light brown mottled 

SILTY OLA Y (CL) 

I LL=821 
P1=63 

Hard, damp, tight brown gray mottling with ~ 
1-~-1-~1--.... , sand and gravel ./ 

. 

. 
10-

-
-
-
-

15-

-
-
. 
-

20-

-
-
-
. 

25-

-
-
. 
. 

30-
Project: SOC-0397-R I 

Bottom of bOring @ 6-1/2 feet _) 
Boring dry upon completion 
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Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Boring No. 2 

Date Drilled: 7-20-90 

Type of Boring: s• Hollow Stem Auger 

Hammer: 140 lb 

Remarks: 

!.: I I MATERIAL DESCRIPTION i ~ 
~_.~~~~~~--------------------~~8~ Surface Elevation: 

-
-
- 1 ~ 24 
... '-

5-
2? - 36 
~ -

- ~ 
- 3 ~ 16 

10-

-
-
-. 
-

15-

-
-
-
-

20-

-
-
... 

-
25-

-
-
-
.., 

30~ 

Pavement Section F)-LL 
~ 2" Asphalt Concrete, over 6" Aggregate Base·over -
1 ""'- 1 0" Select Subbase -

SILTY CLAY (CH) 
Stiff, moist, dark gray-brown 

SILTY CLAY (Cl) 
Very stiff, moist, brown and gray mottled trace 
fine sand and gravel 

Stiff 

Bottom of boring@ 9-1/2 feet _) 
Boring dry upon completion 

- 26 

-
·-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

-' 

-
-
-
-

1-

Project: ,goC-0397-R I Woodward~Clyde Consultants 
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Project: GREAT AMERICA PARKiNG LOT Log of Boring No. 3 Santa Clara, canfornla 

·- Date Drilled: 7-20-90 .Remarks: 
Type of Boring: a• Hollow Stem Auger 
Hammer: 140 lb 

.r; ! ~ '#- f ~ ·~~ are ~ MATERIAL DESCRIPTION ·~,.:; 
~ = Ol lil fii. a-s. c c'S_ 

CD ~§ 8 g-1!! 
Surface Elevation: d .c:r o liS 

:::>0 

v 
1 ~ 26 SIL TV CLAY (CH) - ~ - -

f-' Hard, damp, dark gray-brown to black 
- -
- urn -
- ~ 17 105 11890 

2 31 T Dark gray brown mottled 
-

~ 
38 

5- 1-

- SIL TV CLAY (CL) 
Very stiff, moist, light brown with white mottling -

- CLAYEYSAND (SC) -.., 18 111 1420 - ~ Medium dense, very moist, light brcwn, -3 / 17 little fine gravel 
10- ::sz -

ATD --
- -
- Sit TY CLAY (CL) -,_ 
- 4 ~ 20 

Soft, very moist, gray and brown mottled - 24 101 970 

15- ~ !-

--
- -
- -

17 23 103 1240 
- 5 ~ 11 -

20- I-< 1-

--
--
-- T Gray and brown mottled Silty Clay (CL) moist, stiff, - 7 -6 /43 

~ sandy - - -

25- -
--
--
--

- 7 
[/ 

56 
Bottom of bering@ 30 feet , ·- - - -

~ 
30 

Project: 90C-03~7-R I Woodward-Clyde Consultants Figure 5 



ProJect: ·GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Boring No. 4 

Date Drilled: 7·2D-90 Aemarks: 
Type of Boring: 8" Hollow Stem Auger 
Hammer: 140 lb 

- 1 ~ 
/ 

- 2 ~ 
L 

5-
/ 

3 ~ 
-
-
-

10-

-
-
-
-

15-

-
-

-
20-

-
-
-
-

25-

-

-
.3o-

~-
0 co 

37 

45 

65 

MATERIAL DESCRIPTION 

Surface Elevation: 
SIL TV CLAY (CH) 

Hard, damp, dark brown-black, porous, fin~ root hairs 

SILTY CLAY (CL) 
Very stiff, moist, light and dark brown mottled, sandy 

Gray mottled 

BOttom of boring @ 6·1/2 feet _) 
BOring dry upOn completion 

Project: 900~0397-R I Woodward-Clyde Consultants 

~~ 
:>. i ul • = r:! ~ !t~ tnE ~'B. 0~ 

::E8 ~ c8li) c ::J. 

- - - -
-
- - - -

-
1-

- - --
-
~ 

-
,-
-
-
-
...; 

-
-

-
1-

-
-
.. 

1-

-
-

-
Figure 6 



Project: GREAT AMERICA PARKING LOt 
Log of Boring No. 5 Santa Clara, California 

Date Drilled: 7·20-90 Remarks: 
Type of Boring: 8" Hollow Stem Auger 
Hammer: 140 lb 

!a: ! •fti #. >. ~ ·..: 
MATERIAL DESCRIPTION "" ! ~lf rn dfR c 

OJ. m ~~ ~'S. 

Surface Elevation: ~8 ·~ .:58 0 
/ 

1 I 32 StL TY CLAY (CH) 13 91 -
~ 

Hard, damp, gr'ay-btack, porous, many fine -roots and root hairs 
" 2 ~ 26 ~ 

" - - -
~ 

Gray mottled 
- -. 

5- ~ 1-

- 3 ~ 45 SILTY CLAY (CL) -L. - - -
Hard, moist, brown and gray mottled, some fine sand -

- -7 - - -4V 18 T Medium, very moist -v 
10- ....... . _.;" ·-

- Bottom of boring @ 9-112 feet _) 
~ Boring dry upon completion 

- -
-

15- -
-
- -
-
- -

20- (-

-
- -
- -

-. 
25- ..., 

-

-
- -

30- -
Project: 90C·0.397·R I Woodward-Clyde Consultants Figure 7 



ProJect: GREAT AMERICA PARKING LOT Log of Boring No.6 Santa Clara, California 

Date Drilled: 7·20"90 Remarks: 
Type of Boring: 8" Hollow Stem Auger 
Hammer: 140 lb 

..c Ill i 2! ~- ~ ig~~ !re g MATERIAJ_ DESCRIPTION <II 

a~ 
c: c;::l!!'5 

c?l ~ ~'[ 8 g.·~'! 
Surface Elevation: ~~ ~ c:oU) c .:::::10 

- 1 ) 34 SILTY CLAY(CH) 15 82 -
/ . 

"" 
Hard, damp, dark brown to black, porous, many fin/ 

... roots and root hairs . -
2 ~· 32 - 18 106 4100 

- IL SIL TV CLAY (CL) .. 
5- ~ 

Stiff, damp, moist,. brown and tan mottled, little 
1-

sand 
3 
~ 43 - - -

. 
SANDY CLAY (CL) . 

7 - 4 ~ 12 
Stiff, very moist, brown . - - -

10- ""'- _.;!' -
-. 

Bottom of boring@ 9-1/2 feet _) 
. 

. Boring dry upon completion -
- .. 
- -

15- ·-
- -
- -
. -

--
20- 1-

--
-
-
-

25- ....... 

. -
-
... . 

30- 1-

Project: 90C-0397-R I Woodward-C~y4e Consultants FigureS 



- Project: GREAT AMERICA PARKING LOT Log of Boring No. 7 Santa Clara, California 

Date Drilled: 7·20~90 Remarks: 
Type of Boring: 8" Hollow Slam Auger 
Hammer: 140 lb 

£ 18 a: !II#- f ! ,~ !ii l l MATERIAL DESCRIPTION i~ _g 
0~ ~R § . ~~ aJ 

Surface Elevation: ::t8 ~ ::::l8(i) c 
1.1 SILTY OlAV (CH) 

- 1 ~ 41 
Very .stiff, damp, dark brown-black porous, - 14 91 5840 

F-. manv root hairs -
2 

t; 
23 

SIL TV ClAY (Ol) - 26 97 3590 v Stiff, moist, brown and gray mottled . ~ -
5- t;; Little sand -

- 3 ~ 26 ~ 

~ - -

Bottom of boring@ 6-1/2 feet _) 
-

. -
Boring dry upon completion . -

10- 1-

- ~ 

- . 
- . 
- . 

15- -
-
. 

. 
-

20- 1-

. 
. . 
. 

25- !-

~ 

~ 

30-
,_ 

Project: 900-0397-R I Woodward-Clyde CQD$ultants Figure 9 



Project: 'GREAT AMERICA PARKING l-OT Log of Boring No. 8 San~ Clara, California 

Date Drilled; 7-~0"90 Remarks: 
Type of Boring; s• Hollow Stem Auger 
Hammer: 140 II) 

-a~ 
j! i !;;e ];> "0 • 

g-. MATERIAL DESCRIPTION 
CD Ul • 

! ccn"" 
~l,l.. ji ·- ~'61 

OJ ~ ~'B. 'E g- c '!. 

Surface Elevation: 
~8 ~ ~0~ 

0 :::>0 

7 SIL TV CLAY (CH) 
- 1 ~ 32 17 93 5940 

Very stiff, damp, dark brown-black, porous, many 

- finA rootR :~nrf mnt h:~in:: . -
- ~ SILTY CL.A Y (CL) 

25 94 4060 
2 [j 24 

- [.::! Very stiff, moist, brown•tan and gray mottled 

s- ,.... 
THard 

-
3 ~ 40 - - -- / 

-
--

- T Soft, very moist, gray and rust mottled 
-

4 ~ 10 - - -- / -
10- ........ ~ -

- Bottom. ot boring @ 9-1/2 feet ··~ -
- Boring dry upon completion -

--
--

15- :-

--
-

--
-

20- 1-

-
--
-
-

25- -
--
--
--
-

so- 1-

Project: 900-0397-R I Woodward-Clyde Con~t®.ts Figure 10 



Project: GREAT AMERICA PARKING LOT Log of Borirt·g No.9 santa Clara; California 

Date Drilled: 7-20-90 Remarks: 
Type of Boring: 8" Hollow Stem Auger 
Hammer: 140 lb 

s ! I "if. ~ i~Z.c ga: MATERIAL DESCRIPTION I!!..,: ·~ j~ ;;:: i Cl 
~ Ol B'R. 8. ~!. 

Surface Elevation· ~8 s §8ti> 

- 1 ~ 38 SILTY CLAY (CH) l LL ... 65 I 14 88 4340 / Very stiff, damp, dark gray..!Jrown to PI• 45 
. 

- bl!ick -
. 

2 
t;: SILTY CLAY (CL) - - - -
~ 34 Very staf,moist, light brown and little fine . sand and tan mottled 

5-
~ 

Hard, sanely -
3 - - -

- / 
56 

-- ~ -
-

Bottom of boring @ s~ 1/2 feet _) - Boring dry upon completion 
10- -

- -
- -

-
-

15....; 1-

-
-
-
--

20- 1-

--
-. 
-~ 

--
25- . --

--
..: 

--
-

ao- ;-

Project: 90C-0397-R I Woodward-Clyde Consultants Figure 11 



Protect: GREAT AMERICA PARKING LOT 
Log of Boring No. 1 0 Santa Clara, California 

Date Drilled: 7 •20~90 Remarks: 
Type of Boring: 8" Hollow Stem Auger 
Hammer: 140 lb 

!~ 
j i -1- ~ ':tlu; 

~ MATERIAL DESCRIPTION e'E !!! i Jflt m .9 I! 8'S. lXI 

Surface Elevation: 
C':' c:o(i) 

() 0 ::>() 

II SlLTY CLAY (CH) 
1 ~ 33 15 88 5380 
~ 

"" 
Very stiff, damp, dark brown~bla01< many fine 

~ roots and root hairs -
- 2 1/ 28 -

~ 
- - -

SILTY CLAY (CL) . 
Very .stiff, moist, brown and tan mottled 

5-
3~ 

1-

. 36 . - - -
~ - . 

. 
4~ 

SANDY CLAY (CL) . 
. 

[/ 
12 Stiff, very moist, light brown dark brown mottled - - -

10-
Bottom of boring@ 9-1/2 feet __} . 

1-

. 

- Boring dry upon completion -
.. 
. -

15- :_ 

- .. 
- . 
. 
. 

20- 1-

.· 
. 

. 

25- I~ 

. 

. 

. . 

. -
30- 1-

Project: 900-0397-R I Woodward-'Clyde ConsUltant$ Fgure·12 



Project: GREAT AMERICA PARKING LOT 
.santa ·Clara, Callfornta Log of Boring No. 11 

Date Drilled: 7·20·90 Remarks: 
. Type of Boring: 8" Hollow Ste~ Auger 
Hamm(lr: 140 lb 

-
5-

-

-
10-

15-

-
-

20-

25-
. 

-
. 

so-

l3' l ! 
lJj .2 

~ 

17 
1 ~34 

""" 

2 ~ 
~ 

48 

3 
/ 

23 ~ 

MATERIAL DESCRIPTION 

Surface Elevation: 
SILlY CLAY (CH) . 

Hard, damp, dark brown, porous, many fine roots and 
grass, roots hairs 

SILlY CLAY (CL) 
Very stiff, moist, brown and· tan mottled 

Bottom of boring @ 6-1/2 feet -:J­
Boring dry upon completion 

Project: 90C-0397-R I Woodward-Clyde ConsUltants 

l!!a: >. ~ ui -.1::1 
rn 

~~~!. i!C: c; 

·- ~ S'R 8 ~@ 
~8 i!' §8ti5 0 

10 8S -

. 17 108 6610 

-
- - -

. 

1-

-
-

:-

-
,. 

.. 
;.. 

1-

-
-
-

,_ 

-
-
-
-

·-
Figure 13 



Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Boring No. 12 

Date Drilled: 7~20-90 Remarks: 
Type of Boring: 8" Hollow Stem Auger 
Hammer: 140 lb 

1/ 
- 1 I/ 47 

~ -

5-

-
-
. 
. 

10-
. 

. 

. 
15-

20-

-
. 
-

25-

-
-
. 
-

.so-

3 ~ ~ 37 

MATERIAL· DESCRIPTION 

Surface Elevation· 
SIL TV CLAY (CH) 

Hard, damp, dark gray-brown to black, 
trace•fin.e roots. 

SILTY CLAY (Cl) 
Very stiff, moist, brown and gray mottled, 
trace fine sand 

light brown and gray mottled, some fine sand 

Bottom of boring @ 6-1/2 feet _) 
Boring dry upon completion 

Project: 90C-03.97-R I Woo~ward-Clyde Consultants 

e!r i "C • 
~g!..C 

jl 
c:: ~l!!t ~"[ 8 g. '! 

8 g c::o(ij 
:::>0 

- 16 90 10370 

-
. - - -

1-

- - - -

-
. 
. ,_ 
-
-
~ 

~ 

1-

~ 

-
. 
. ,_ 
-
. 
-
. 

1-

-
-
. 
-,_ 

Figure14 



Project: GREAT AMERICA PARKING L.OT 
Santa Clara, California Log of Bori·ng No. 13 

Date Drilled: 7 ·20-90 Remarks: . 
Type of Boring: a• Hollow St~m Auger 
Hammer: 140 lb 

~ 
jl i e~ f "0· 

i MATERIAL DESCRIPTION ~ :g -
,!!Jii ~i 8~~~ ffi 

~~ 
C!l'[ 

Surface Elevation: 
~ c:oti) 
0 ::>0 

. 1 ~ 28 SILTY CLAY (CH) ~ . v Hard, damp, black, trace fine roots 
- - -

F-
- . 

1.- SILTY CLAY (CL-CH) 2~ 23 
. 27 94 2960 

~ 
Stiff, moist, light brown and dark brown mottled -

5- r; SILTY CLAY (CL} 1-

- 3 ~ 53 Very stiff, moist, light brown, trace fine sand · - - - -

-
Bottom of boring@ 6-1/2 feet .J -

- -
Boring dry upon completion . -

10-
,_ 

- -
- . 
- . 
. -

15- -
-
-
-. 

. . 
20- 1-

. 
-
. 
--

25-
,_ 

-
-

. -

. -
30- 1-

Project: 90C·0397·R J Woodward-Clyde Consultants Figuret5 



Project: GREAT AMERICA PARKING LOT 
Log of Boring No. 14 Santa Clara, California 

Date Drilled: 7 -2o.:so Remarks: 
Type of Boring: a• Hollow Stem Auger 
Hammer: 140 lb 

J: ! a: 
~~ ~ 

"tJ • 

!at ~ Q) ~ • MATERIAL DESCRIPTION c i~l~ ~ ..9 ~'[ CD ·- J!! 

Surface Elevation: ~8 ~ c: 0 c :;>·(,) 

1 
~ SIL TV ClAY (CH) ·- ~ 31 - 15 88 4640 

Very stiff, damp, black 
- -,.. 
- 2 ~ as SILTY CLAY (CL·CH) 21 101 5810 

- L 
Moist, very stiff, light brown and dark brown 

5- mottled -
3 ~ 66 - - -- -L GRAVELLY ClAYEY SAND (SC) - Very dense, moist, brown -

- -
/ SAND (SP) "'0' 

·- 4 - -~ 46 Dense, wet, brown, some fine gravel - -
10 

Bottom of boring @ 10 feet ~ -
- -
- -
- .... 

15- -
-· 
- -
- -
- -

20- 1-

-
--
--

-
25- -

--
--
--
--

so- -
Project: 90C-0397-R I Woodward-Clyd~ Con,aulta,nts Figure 16 



ProJect: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Boring No. 15 

Date Drilled: · 7-20-90 RemarkS: 
Type of Boring: 8" Hollow Stem Auger 

Hammer: 140 lb 

1 ~ y 

lr 
- 2 ~ 

IL -
5- t; 

- 3 ~ 
-

.. 
10-

-
-
-

-
-

20-

-
-
-

25-

-
30-

30 

29 

59 

MATERIAL DESCRIPTION 

Surface Elevation: 

SILTY CLAY (CH) 
Medium, damp, dark gray to black, trace fine roots 

SILTY CLAY (CL-CH) 
Hard, ~ray-brown mottled, trace of fine gravel 

Light brown, white mottling 

Bottom of boring @ 6-1/2 feet. ~ 
Boring dry upon completion 

Project: SOC-0397-R I Woodward;.CJyde Consultants 

0 

e!a: 
:::J't: 
~~ 
::E8 

>- "0 . 
:t: ~ VI • 
~ VIS: 

~;::e!'I5!'S. 
~'R. ~g.~ 
2:' 
0 ::>8qs 

17 80 1600 -
-

21 97 8640 
-
-

1-

-

-
-

1-

-
-
-
-
-
-

-
-
-

-

-
-

-
-
-

Figure 17 



Project: GREAT AMERICA PARKING LOT 
Santa Clara, Californ1a Log of Boring No. 16 

Date Drilled: 7-20-90 Remarks: 
Type of Boring: 8" Hollow Stem Auger 
Hammer: 140 lb 

s:: ! 9i fij.u: MATERIAL DESCRIPTION E :5: 
0 ~ .Q 

CD 

Surface Elevation: 

- 1 / 24 SANDY CLAY FILL (CL-SC) ~ 
Moderate compacted, moist, trace gravel 

- SUty Sand from 1' to 2-1/2' 

- 7 

~ 2 ~ 30 Sl LTV CLAY FiLL (CH) 
5- 1-" Poorly compacted, moist, dar1< brown 

!FILL. 

- -
~ 3 38 SIL tv CLAY (CH) 
~ Very stiff, moist, dark brown with white mottling -

10....; 
~ SIL TV CLAY (CL) 

4 60 - ~ Very stiff, moist, brown, and light brown mottled 
... 

-
... 

5 ~ 20 Tstiff 
/ 

15 _) - Bottom of boring @ 15 feet 
- Boring dry upon completion 

-
-

20-

-
-
-
-

25...., 

-
-
-
-1 

30_, 

Project: 90C-0397-R I Woodward-Clyde Consultants 

~o: ~ -o . 
~!Z..C:: 

fA~ ~R :e i g;a ·a 1: 8 1!1 

::!:8 ~ §8li5 0 

- - -

-
17 102 7440 

1-

-
- - -

-
-
- - - -

-
-
- - - -

-

-

-

-
-

-

-
-
-

Figure 18 



Project: GREAT AMERICA PARKING LOT 
Log of Boring No. 17 Santa Clara, California 

Date Drilled: 7-20-90 Remarks: 
Type of Boring: 8" Hollow Stem Auger 
Hammer: 140 lb 

.r::. j 
~ '/{!. ~ "0 . 

!li ~ 
CD UJ • 

MATERIAL DESCRIPTION !!! • UJ .so m ~ 
.j i &:: 

c?j 0 ~'[ §g.e-a ffi 
::E8 ~ c:o(i) 

Surface Elevation: 0 ~0 

v 
1 - ~ 20 SILlY CLAY FILL (CL) - - -

- Poorty compacted, moist, brown and gray mottled 

- . 
- I? 

TBrown 
15 99 5030 2 ~ 38 ! FILL 5- f-1 1-

- .. , 
SILlY CLAY (CH) -

t7 Very stiff, moist, dark gray-brown 23 99 7840 
3 ~ 49 -

- r-.: 

10- ,_ 
. 
- t7 SILTY CLAY TO CLAYEY SILT (CL·ML) - - -

4 V: 12 Soft, very moist, light brown, some fine sand v 

Bottom of boring @ 13 feet _) 
15- Boring dry upon completion -

-
-

... -

20-
,_ 
. 

25-
,_ 

-

-
.. 

so- -
Project: 90C-0397-R I Woodward-Clyde Consultants Figure 19 



-

Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Exploratory Pit No. 1 

Date Excavated : 8· 7-90 

Type of Excavation : Backhoe 

Remarks: 

!B a: - ~ ~~ i ~ MATERIAL DESCRIPTION ~ E 
£; 

~---------m~----------------------------------------~ ·a~ :::!:8 

o.u: 
·CS 

-
-
-
-

5-

-

10-

-
-

15-

-

20-

ao-

Surface Elevation: 

-
CLAYEY SAND FILL (SC) 

Moist, light brown, ·little fine gravel -
r-~--------------------------------------------~. -SIL TV CLAY FILL (CH) i 
~olst, dark brown 1 FILL~ -

SILTY CLAY (CH) 

Moist, dark brown, some fine root hairs 

Bottom of exploratory excavation at 7 feet 
Excavation dry upon completion 

- I-

-

1-

-
-
-

1-

-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

Project: 90C-0397-R I Woodward-Clyde Consultants Figure 20 



-. 

Project: GREAT AMERICA PARKING LOT 
Santa Clara, .California Log of Exploratory Pit No.2 

Date Excavated: 8~7-90 

Type of Excavation: Backhoe 

Remarks: 

~It f .I MATERIAL DESCRIPTION j ; 
~--~--------------------------------------~~8~ 

-
-

5-

-
. 

10-

-

-
15-

-
-
-
-

20-

-
-
-
-

25-

-
-
-
-

30-

Surface Elevation: 

CLAYEY SAND FILL (SC) 
Moist, light brown, some gravel, somedebris 

Sll TY CLAY FILL (CH) 
Moist, dark brown 

~ TY CLAY (CH) 
Moist, dark brown-black, root hairs and grass 

Bottom of exploratory excavation at 8 feet 
Excavation dry upon completion 

"""-­! (FILL) 

Project: 90C-0397-R I Woodward-Clyde Consultants 

-
-
-

1-

1-

-
-

-
-
-
-
-
-
-

-

-
i-
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Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Exploratory Pit No. 3 

Date Excavated : 8-7-90 

Type of Excavation: Backhoe 

Remarks: 

MATERIAL DESCRIPTION m"*-
a~ 
~~ 

r-----------~------------------------------------~ ~8 Surface E.levation: 

-
10-

-

-
-

-
-
-
-

20-

-
-
-
-

25-

-
-

30-

SANDY CLAY FILL (CL-CH) 
Moist, dark brown, 

-
-

~----------------------------------------------------------~ ~ 

Sll TY CLAY FILL (CL-CH) 
Moist, dark brown, some grass and roots, 
organics 

-
-
-

i (FILL) 

~----------------------------------------------------------~1-SILTY CLAY (CH) 
Moist, clark brown, rQOt hairs and grass 

Bottom of exploratory excavation at 12 feet 
Excavation dry upon completion 

-
-
-
-
-
-

1-

-

1-

-
Project: 90C-0397·R I Woodward-Clyde Consultants Figure 22 



Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Exploratory Pit No. 4 

Date Excavated : 8~ 7-90 

Type of Excavation : Backhoe 

$ 

Remarks: 

I .c. g. !rt MATERIAL DESCRIPTION 
~ ID 

Surface Elevation: 
SIL TV CLAY (CH) - Damp, dark gray-brown -

-
-

Moist@ 1-1/2 feet -
~-------------------------------------------------~ -

5 

-
-
-
-

10-

-
-
-

15-

-
-

20-

-
-
-
-

25-

-

SIL TV CLAY (CL) 
Light brown and, gray mottled 

Bottom of exploratory excavation at 5 feet 
Excavation dry upon completion 

Project: 90C-0397·R I Woodward-Qlyd~ CQnsultants 

-

1-

-

-
1-

-
-
-

-
-
-
-

·~ 

-

-

.. 

~ae ~ "C· 
(/). Hh ~1:! c:: 

CD 8'[ o'E 
==a ~ ::> tiS 0 
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Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Exploratory Pit No. 5 

Date Excavated : 8-7-90 

Type of Excavation : Backhoe 
Remarks: 

MATERIAL DESCRIPTION 
'#. 

~ -
.'!ii j 
0 r:;: 

~--~--~~--------------------------------------~ ~.8 Surface Elevation: 

-
-

15-

-
-
-
-

20-

-
-
-
-

25-

-
-
-

-
ao-

SILlY CLAY FILL (CH) 
Damp, black..clarkbrown 

Roots and grass below 1-112 feet 

_!(FILL) 

SILlY CLAY (CH) -
Damp, black-dark brown, becoming moist with depth 

Bottom of. exploratory excavation at 7 feet 
Excavation dry upon completion 

Project: 90C-0397·R I Woodward-Clyde Ponsultants 
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-

-
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1-

-
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Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Exploratory Pit No.6 

Date Excavated: 8-7-90 

Type of Excavation : Backhoe 

! i 

Remarks: 

MATERIAL DESCRIPTION ea: 
:::~c: ~~ tJj co lii~ 

~~~~~------------------------------~~8 Surface Elevation: 

- -SIL 1Y CLAY (CH) 
- · Damp, dark brown-black -
- -
- ~---------------------------------------------~ -

5 
SIL 1Y CLAY (CL) 

-;--++--+--""' Moist, light brown and gray mottled 
-
-
-
-

10-

-
-
": 

-
15-

-
-
-
-

20-

-
-

. 
25-

so-
Project: 90C-0397-R I 

Bottom of exploratory excavation at 5 feet 
Excavation dry upon completion 

Woodward-Clyde Consultants 
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Project: GREAT AMERICA PARKING LOT 
Santa Clara, California Log of Exploratory Pit No. 7 

Date Excavated: 8--7-90 

Type of Excavation : Backhoe 

.c: ! ~ 
cu .Q 

Remarks: 

MATERIAL DESCRIPTION 
'1!­e -

iiifii !ti en m 
~~~-.~~------------------------------~~~ Surface Elevation: o 

-! 

-: 

., 
-

5-

-
-
-

10-

-
-

15 ..... 

-
-

20-

-

25-

.-
-
-

30-

SIL TV CLAY (CH) 
Damp, dark brown-black, loose and blocky 

Becomes moister with depth 

SILTY CLAY (CL) 
Moist, light brown and gray mottled 

Bottom of exploratory excavation at 6 feet 
Excavation dry upon completion 

Project: 90C-0397-R T Woodward-Clyde Consultants 
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w HIGH PLASTICITY 
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MEDIUM PLASTICITY . (CL) 
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(Cl-ML) • v I \ I :., 
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·~~ 7 
CLAYEY SILTS 
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0 10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT 

SAMPLE I DENT I FICATI'ON ATTERBERG 

LETTER BORING NO. DESIG'N 

A 1 

B 3 

c 5 

D 9 

E 12 

F 13 

G 16 

Project No. 90C·0397-R 
Woodward-Clyde Consultants 

SAMPLE NO. DEPTH, FT. LIQUID 
LIMIT 

1 3-1/2 82 

2 4 56 

2 3 57 

1 1 65 

2 3 34 

1 1 66 

2 4-1/2 50 

ELASTICITY CLASSIFICATION 
GREAT AMERICA PARKING LOT 

Santa Clara California 

PLASTIC 
LIMIT 

19 

18 
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20 

19 

22 

17 

110 120 
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PLASTICITY 
INDEX 
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45 
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TESTING ENGINEERS, INCORPORATED SANTA CLARA 
MONTEREY/SALINAS 

OAKLAND 
STOCKTON 

SACRAMENTO 
DIABLO VALLEY 

4Q1 ALDO AVENUE • SANTA CLARA, CALIFORNIA 95050 • 40S.988-8888 

LABORATORY NUMBER L0457-1 
TEl PROJECT NO. 02636 

Job Data: Woodward Clyde Consultants 
Great Amerir;a Parking Lot 
Job 90C-0397-R 

800 

Resistance Value Test 
exudation Pressure, PSI 

600 400 

nu· 
fU! 

200 

-· .. 80 

~ un ~~n ~~g ?!J ~~~~ .~n~ HH -HH !H· un ~n.; !nf :~E ~~;~ n.t~ ~1n ~ili€ 
20 

±; ~~F~:.~ g1~ ~~-:;·i g~~.·~1~t :Hli~~ff~1 JF :ti~ nn n;~ t.f~ rr:-f Edt~;:~~ 

Compactor Pressure psi 75 
Moisture @ Compaction % 21.2 
Dry Density @ Compaction pel 104.9 
Exudation Pressure, psi 600 
Resistance Value "R" 16 
Expansion, Dl;ll Reading .00 89 
Expansion, psi 385 

U•JtVf! Mr .. ""' •••t .. .,.,.._, -g:g 
.. - t :t I~:··- .,., .. ·~ "t' ..... - . 
n;t :...; f't":! :7}: ~;:l .: : ·.:;'· ,. 

50 0 
23.7 26.3 
100.3 97.2 
390 210 
10 7 
27 12 
117 52 

3cc: Woodward Clyde Consulting 
Attention: ~1r. Scott M. Leek 

Form T<JO 
Figure 28 

0 

Sample Dala: 

Very dark grayish brown clay 
Borin9 2, D~pth 18" 

Sample Reccivec!: 7-26-90 

Sieve 
:;Jize 
3" 

2'12 

2 

1'h 

314 

112 

318 

#4 

8 

16 

30 

50 

100 

GRADING ANALYSIS 

Percenl Passing 

As Rcvd. As Tested 

200(wash) 

Sand Equivalent Test (Aver. or 3) 

S.E. SPECIFIED (MINIMUM) 

(I> 

"' A-Value ro 
~ (By Exudation Pressure) 
a: 
c: 
[J) 

·;;; Specified Minimum 
C1l 
0 

Coarse Durability 

:::: Fine Durability 
=:x 
:0~ 
e!c: Durability Index 
::.-
0 

Specified Minimum 

As Acvd. 
Specified 

Limits 

----

_8_ 

-·----

TESTING ENGINEERS, INCORPORATED .. 

. _ tl (\ 0 I 
Reviewed by(W~--~ 

Walter C. Leondrd 
laboratory Supervisor 



TESTING ENGINEERS, INCORPORATED SANTA CLARA 
MONTEREY/SALINAS 

OAKLAND 
STOCKTON 

SACRAMENTO 
DIABLO VALLEY 

401 ALDQ AVENUE • SANTA CLARA, CALIFORNIA 95050 • 408·988-8888 

LABORATORY NUMBER L0457 _ 4 
TEl PROJECT NO. 02636 
Job Data: Woodward Clyde Consultants 

Great America Parking Lot 
Job 90C-0397-R 

Sample Data: 

Dark brown clay with 
organic materia 1 
Boring 6 
Depth 12" 

sample Received: 7- 26-90 
==============================================9~~· 

Resistance Value Test 
Exudation Pressure, PSI 

w 
3 
c( 
> 
w 
(.) 

~ 
i3 
a: 

800 

Compactor Pressure psi 

Moisture @ Compaction % 
Dry Density @ Compaction pcf 
Exudation Pressure,. psi 

600 

0 
24.5 
98.0 

Resistance Value "R" <5 
Expansion, Dial Reading .00 16 
l:xpansion, psi 69 

400 200 

3cc: Woodward Clyde Consultants 
Attention: Mr. Scott M. Leek 
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Form T·30 Figure 2~ 

Sieve 
SizE~ 

3" 

2'h 
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1'h 

314 

112 

318 
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16 

30 

50 

GRADING ANALYSIS 

Percent Passing 

AS RCVd. .As Tested 

tOll 
200(wash) 

Sand Eqliivale!'lt Test (Anr. ol 3) 

S.E. SPECIFIED (MINIMUM) 

<1> 
::J 

A-Value 1ii 
> (By Exudation Pressure) 
ci: 
c: 
Ol 
'iii Specified Minimum 
Q) 
D 

Coarse Durability 

~ 
::x 

Fine Durability 
·- <1> 
.0-u Durability Index ~c: 
::J-
D 

Specified Minimum 

As Rcvd. 
Specified 

Limits 

<5 

TESTING ENGINEERS, INCORPORATED 

. . , " r\ n 
Reviewed by cvJ~ \,:.. ~ 

Walter C. Leonard 
Laboratory Supervisor 
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STOCKTON 

SACRAMENTO 
DIABLO VALLEY 

401 ALDO AVENUE • SANTA CLARA, CALIFORNIA 95050 • 408·988·8886 

LABORATORY NUMBER LO 
·TEl PROJECT NO. 

Job Data: 

02636 

Woodward Clyde Consultants 
Great America Parking Lot 
Job 90C-0397-R 

Resistance Value Test 
Exudation Pres$ure, PSI 

800 600 400 200 

3 ~~~~~+;~~~ll~+.+~+.t~~~~~~HfHf.4f.*H~~ 
4: 
> ~~~~~~~~~~~~~~~~~~~~~~~P.~~T±m 
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0 ~~~~~~~~~~~~~~~~~~:+~~~~~~~~~ 

~ ~~~~~~7.t~~~~~~ij~~~~~~~~~~~~~~ 
~ ~~~~~~~-~~~~~~~~~~~+.+.~~~~~~~~ 

3cc: Woodward Clyde Consultants 
Attention: Mr. Scott M. Leek 
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Figure 30 

8-9-90 
Sample Data: 

Very dark brown clay with 
orga inc materia 1 
Boring 9, Depth 12" 

Sample Received: 7-26-90 

Sieve 
SiZe 
3" 

2V2 

2 

1'/2 

3/4 

1/2 

3/8 

H4 

B 

16 

30 

50 

100 

:!OO(wash) 

GRADING ANALYSIS 

Percent Passing 

As Rcvd. A$ Testlld 

Sand Equivalent Te$1 (AVIlr. of 3) 

As Rcvd. 
Specified 

Limits 

TESTING ENGINEERS, INCORPORATED 

1\ I \.L_ (\ .D. 0 
Reviewed by!~~'-.. • ~ 

Wa ter . ~onard 
Laboratory Supervisor 



TESTING ENGINEERS, INCORPORATED SANTA CLARA 
MONT~REY/SALINAS 

OAKLAND 
STOCKTON 

SACRAMENTO 
DIABLO VALLEY 

401 ALOO AVENUE • SANTA CLARA, CALIFORNIA 95050 • 408·988-8888 

LABORATORY NUMBER 

TEl PROJECT NO. 02636 

Job Data: Woodward Clyde Consulting 
Great America Parking Lot 
Job 90C-0397-R 

Resistance Value Test 
Exudation Pte&$ure, PSI 

800 600 400 200 

~ ~~~~f:t+W~~~~?:t~ft#HH~~~~*M~~M*~~~~m 
~ ~~~~t~~~~~:~~~~~~~tttt~~htt~~~~ 
~·. ~~~~~$.t.~W.@M~~~~ !B~ 
m ~~~~~~~~~~~~~~~~~~~~~~~~~~M 
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Compactor Pressure psi 
Moisture @ Compaction % 

Dry Density @ Compaction pcf 
Exudation Pressure, psi 

Resistanc~ Valu!l "A" 
ExpanS"ion, Dial Reading .00 

Expansi()n, psf 
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18.6 
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21 
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3cc: Woodward Clyde Consulting 
Attention: Mr. Scott M. L~ck 
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Figure 31 

8-9-90 
Sample Data: 

Olive gray clay 
Boring 17, Depth 2'-3' 

Sample Receoved: 7- 26-90 

Sieve 
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GRADING ANALYSIS 
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As Rcvd. As Tested 

S11nd Equivalent Test (Aver. of 3) 
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Specified Minimum 

TESTING ENGINEERS, INCORPORATED 

1\ ' \L (\ ~ \ 
Reviewed by\WcJ...}.J\.J...r ~ • \~' 

Walter C. Leonard 
Laboratory Supervisot 



26 

19 

68 

13 

LEVEE. FlU.:· . 
with gravel and trace ·tlay. · 
moist. numerous rocks J• to :4• · 1n ·d1illlle~ 

LEVEE FILL: Brown SANDY CLAY (CL) with 
gravel, moist, very stiff to hard, 
PP =- 4.5+ ksf. 

(CH) 

Brown SANDY CLAY (CL), moist .• stiff to 
very stiff, TV =.2.6 ksf, PP = ~.8 ksf. 

tlrown SILTY SAND (SM.) with gravel, wet, 
dense. 

Becoming loose to medium dense. 

Brown and grey mottled SILTY CLAY (CL) 
(Continued on Figure A2) 

Figure A1 -Test Boring No. 1 (O.to 28 feet) 

22 

133 9 

103 23 

114 18 

127 12 

105 21 

Project No. 90C-0397 -R 

Woodward-Clyde Consultants e LOG OF BORING No. 86-1 Figure 
32a 



13 

12 

24 

;~B~ .:and ·gr.ey·mottled SILTY ClAY (CL),. 
:moist, ·very stiff. 'TV = 3.0 tsf. 
,:pp ·•· 2.3 ksf. 

Brown and grey mottled SilTY CLAY (CH), 
very moist, firm~ ll "' 60%, PI "' 34%. 

PP = 0.8 l<sf. 

Brown with grey mottling SILTY CLAY 
moist, stiff to very stiff. 
TV = 2.6 ksf, PP = 1.5 ksf. 

Brown SILTY SAND (SM) with gravel, 
dense. 
No sample recovered 50- 51.5 feet. 

70 No sample recovered 55 - 56 .. 5 feet. 
(Continued on Fi re .A3 

Figure A2 - Test Boring No. 1 (28 to 56 feet) 

23 

119 17 

85 35 

96 27 

106 23 

Project No. 900-0397-A 

!Woodward-Clyde Consultants~ 
LOG OF BORING No. 86-1 Figure 

32b 



80 

29 
82 

84 

.Brown~SILTY~D.1( 
moist. ·mediLJD1•1lense:1:oltdE~ns~~:<-· 

Grey SILTY CLAY CH), moist. stiff 
to very stiff. 
LL = 54%, Pl = 33% 

TV = 2.~ ksJ, PP = 3.3 ksf·. 
l. 

Greenish grey CLAYEY SAND (SC), fine 
grained, moist, medium dense. 
PP = 1.6 ksf. 

Grey with brown mottling SILTY .CLAY 
moist. stiff, TV., 1.1 ksf, PP = 1.5 
Ll = 30%, PI = 14%. 

(Continued on Figure A4} 

figure A3 - Test Boring Ho. 1 (56 to 84 feet) 
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.112 17 

93 28 

97 27 

1 

105 22 

Project No. 90C·0397-R 

1\Voodward-Clyde Consultants e LOG OF BORING No. 86-1 Figure 
32c 



NoVember 7 •. 1986 

Brown;land~rey·JIIIOttled .SILTY CLAY (CL) • 
·moist~ '.st1ffi:;to-.overy stiff. 
.;lV .... ·z.1 .. ksf;. PP = 1 .8 lcsf. 

TV= 1.2 ksf. PP = 1.8 ksf. 

Contains fine sant:l. PP = 1.8 ksf 

27 TV = 1.1 ksf. PP ~ 1.5 ksf. 

Bottom of Boring = 101.5 feet. 

NOTES: 

1) The depth to free groundwater could 
not be measured due to the use of 
dril.ling flui'd. 

2) TV = Torvane shear strength . 
p.p = Pocket penetrometer shear streng 
ll = liquid limit 
PI = Plasticity Index 

Figure A4 -Test Boring No. 1 (84 to 101.5 feet) 
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Project No. 90C-0397 -R 

!woodward-Clyde Consultantse 
LOG OF BORING No. 86-1 
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Figure 
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File No. A6-0125-J49 

IPT" 
•• 110. 

ra:T 

2 

4 

6 

8 

10 

12 

14 

20 

24 

Date Drilled: 7-1-86 
logged By: HG 

LEVEE FILL: Brown SANOY CLAY (CL) with 
gravel, damp, very stiff. 

Brown SILTY SAND (SM), mostlY fine 
gra1ned, very moist, loose. 

9 2-1 nch thick s i1 ty clay seam at 11 feet. 

13 

42 

Brown SILTY CLAY (CL), moist, very 
stiff, TV = 2.3 ksf, PP ; 2.0 ksf, 
LL • 43~, PI = 24%. 

Brown SlLTY CLAY (CL) 
(Continued on F1gure A6) 

figure A 5 • Test boring No. 2 ( 0 to 28 feet) 
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November . • 198t 

.. __ ,. 
Df:WtiT't' ~ott' 

-t ......... 

98 21 

105 22 

129 11 

110 19 

Project No. 90C-0397 -R 

[woodward-Clyde Consultants e LOG OF BORING No. 86-2 Figure 
33a 



34 

43 

41 

22 

36. 

... ;.;.._. 

, ..... 

Brown SilTY :CtAY'· (CL) • U~oist~ 'VerY ' 
stiff. TV = 2.3 ksf. PP = 2.5.:ksf. 

Brown and grey mottled SILTY CLAY ( 
moist, stiff. TV= 1.7 ksf, PP = 1.3 

Brown and grey mottled SILTY CLAY (CL), 
moist, very. stiff, TV = 3.1 ksf, 
PP = 3.5 ksf. 

~ . . ·, 

Becoming mottled brown. TV .. i. 7 ksf. 
pp-:;-·2.3 ksf. 

Becoming brown, stiff, LL = 26%, 
PI = 12%. 

Brown-grey CLAY SILT (CL-ML}. very 
moist, very stiff, PP = 2.3 lcsf. 

{Continued on figure A7) 

Figure A6 - Test Boring "o. Z {28 to 56 feet) 

?7 

113 ·'19 
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112 20 

112 19 
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Project No. 9DC-0397-R 

1\Voodward·Clyde Consultants~ 
LOG OF BORING No. 86-2 Figure 

33b 



File-c-No. A6-0~9: 
. i :~;:. ·:.: .•. 

56 

40 

33 

Brown Slf-iY 'CLAY (Cl.). moist, .:.hard. 
PP = 4.5+ ksf. 

Grey SILTY SANO (SM with gravel, moist, 
medium dense. · 

Greenish grey SILTY CLAY (CH). moist. 
stiff to very stiff, TV = 2.5 ksf. 
PP = 2.5 ksf. 

2!J TV= 1.8 ksf, PP = 1.3 ksf. .. 

· .... __....,. . 

45 TV= 2.8 ksf. PP = 1.8 ksf 
~· 

29 TV= 1.2 ksf, PP = 1.0 ksf. 

Mottled brown-grey SILTY CLAY (Cl) 
(Continued on Figure A8) 

Figure A7 - Test Boring No. 2 (56 to 84 feet) 

?0 

116 

102 

105 

105 

108 

Project No. 90C·0397-R 

Woodward-Clyde Consultants e LOG OF BORING No. 86- 2 

17 

25 

23 

24 

22 

Figure 
33c 



30 

'' Mottled brown-grey SILTY CLAY (Cl).,. 
m(li$t, very stiff, TV= 2.8 ksf. 
PP .. 2.5 ksf. 

Grey CLAY SILT (Cl-ML), mo.ist, stiff, 
PP = 1.1 ksf. 

Grey with brown mottling SILTY CLAY 
moist, stiff. PP ., 1.8 ksf. 

Grading to grey 

PP = 1.0 ksf. 

BqJt.Q.m of Boring :. 101.5 feet. 

NOTES: 

1) The depth to free groundwater could 
not be measured due to the use of 
drilling fluid. 

2) TV = Torvane shear .strength 
PP = P6cket penetrometer shear s 
ll = Liquid limit 
PI "' Plasticity Index. 

Figure A8- Test boring No. 2 ( 84 to 101.5 feet) 
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Botto• of 

figure 119 - Test Borl~g No. ' 

I 

Project No. 90C-0397-R 

!woodward-Clyde Consultants@ 

CLAY (CHi. wet, soft. 75 

SAND (SM), "ery 111ois''t• 111odiua 115 

(.CL), •c:~ is.t, stiff. 110 

• 10.5 teet. 

30 

LOG OF BORING No. 86-3. 
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I . 
Figure 
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July 14, 1993 
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Mr. Bruce Augason 
City Engineer 
City of Santa Clara 
1500 Walburton A venue 
Santa Clara; CA 95050 

Re: Geotechnical Study 
Santa Clara Convention Center Expansion 
Santa Clara, California 

Dear Mr~ Augason: 

As authorized, we have ·performed a geotechnical study for the subject Convention Center 
Expansion. The purpose of this study was to review available data and develop 
recommendations for foundation design and associated geotechnical aspects of the planned 
construction. · 

We have reviewed available data in our files and. visited the project site to familiarize 
ourselves with the conditions in the vicinity of the project site; we also reviewed grading 
records for the existing building provided by· the City of Santa Clara, During our study, 
we consulted with Mr. Michael Shekhner of Ellerbe Becket· regarding the geotechnical 
aspects of the various possible types of foundation systems. Our findings, engineering 
opinions and recommendations are presented in the accompanying report; they are based 
on the results of our review and engineering analysis, as well as our experience at the site 
and engineering judgement. 

We are pleased to have been of service on this project. If you have any questions 
regarding this report, or we may be of further service, please contact our office. 

Sincerely, 

/;4'P/~ 
S. Stephen Huang 
Project Engineer 

SSH/PJB/sk 

Paul J. Boddie 
Consultant 

iT9 
.. i NETDOC\SANDY\30ZSOOBO,RPT\7/14/93 
·•~ 55SouthMarketStreet,Suttc1650 • SanJose,CA95113 • (408)297-9585 • Fax:(408)297-6962 
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1.0 
INTRODUCTION 

We have performed a geotechnical study for the proposed expansion at the existing 

Convention Center in Santa Clara, California. The expansion site is located in the southern 

portion of the Convention Center complex as shown in the Site Layout Plan, Figure 1. 

Based on a review of data available in our files, as well as our experience at the 

Convention Center site and engineering judgement, we have developed geotechnical 

recommendations for the foundation design and slab~on-grade floor preparation. These 

recommendations. were developed in consultation with the Project Structural Engineer, Mr. 

Michael Shekhner. Our findings and recommendations are presented in this report. 

1.1. PROJECT DESCRIPriON 

The proposed expansion of the Santa Clara Convention Center will be a triangular shaped, 

two-story building located adjacent to the southern wing of the existing main building. 

Based on an undated project plan prepared by Ellerbe Becket, entitled "First Level Plan," 

the expansion is about 12,000 square feet in plan. 

The new building will be structurally separated from Ute main building. It will be a. steel 

frame structure with a lightweight concrete second level. Ellerbe Beeket estimate the 

maximum column loads will be 320 kips due to combined dead plus live loads; the 

maximum additional braced column load due to seismic forces will be 145 kips. 

It is planned that the finished floor grade of the expansion building will match that of the 

main building at Elevation 12.5 and will have a slab-on-grade floor. An elevator pit is 

planned near building line T, between lines 4 and 5. The pit bottom will be about 4 feet 

below the finished floor, which corresponds to about Elevation 8.5. An escalator pit is 

planned near building D, between lines 5 and 7; its bottom also will be about 4 feet below 

finished floor at about Elevation 8.5. 
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1.2 BACKGROUND 

Woodward-Clyde Consultants performed the original geotechnical studies for the project. 

The results of the investigations and our construction related services are presented in the 

following reports: 

• "Preliminary Geotechnical Investigation, Santa Clara Convention Center, Santa 

Clara, California;" Project Number 15582V, dated June 6, 1983; 

• "Geotechnical Investigation, Santa Clara Convention Center, Santa Clara, 

California," Project Number 16029A, dated March 30, 1984; 

• "Indicator and Load Test Program, Santa Clara Convention Center, Santa Clara, 

California," Project Number 16029X, dated January 15, l985i 

At a meeting on March 25, 1993, Mr. Paul Boddie of our office met with Messrs. Bruce 

Auguson, Sho Yoshida, and Eric Chin of the City of Santa Clara, and Mr. Michael 

Shek.hner of Ellerbe Becket. The advantages and disadvantages of various types of 

foundation systems were discussed. 

In our original geotechnical investigation for the Convention Center, settlement was a 

primary concem because of the heavy foundation loads and long spans. A driven pile 

foundation ultimately was selected to minimize post-construction settlement and reportedly 

has performed well. Since the Expansion foundation loads are moderate, by comparison, 

it was agreed at the meeting that other foundation types, such as spread footings and piers, 

should be considered. In this way, the disruption associated with pile driving could be 

minimized. However, it also was agreed that a driven pile foundation should not be ruled 

out i.f settlement of .the alternative systems would exceed tolerable limits. established by 

Ellerbe Becket 
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1.3 SCOPE 

We performed our geotechrtica.J. assessment based on existing available data. Specifically, 

our study has included the following: 

• Reviewed existing subsurface boring and cone penetrometer data in the geotechnical 

reports listed above; 

• Reviewed production pile driving records of adjacent driven piles for the 

Convention Center; 

• Compared original topographic base maps with as-built drawings supplied by the 

City of Sartta Clara to assess the areal extent and thickness of fill placed as part of 

the original mass grading; 

• Visited the project site to review the performance of the existing building, roadways 

and concrete flatwork in the expansion area; 

• Performed engineering analysis based on available data to develop geotechnical 

design parameters and provide recommendations for other aspects of development, 

including: 

foundation type, depth and parameters for alternative systems, including 

spread footings, drilled piers and driven piles 

settlement 

lateral and uplift resistance, as required 

·slab-on-gra~e floor preparation 

• Consulted with Ellerbe Becket and the City of Santa Clara regarding feasible 

foundation systems. 
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2.1 SITE CONDITIONS 

2.0 

SITE AND SUBSURFACE CONDITIONS 

On June 1, 1993, we visited the project site. Tbe site is currently covered with concrete 

flatwork which slopes down away from the building. An as-built drawing entitled ,;Surface 

Improvements Area 18, Santa Clara Conference and Convention Center, Assessment 

District No. 183," Sheet Number 26, dated January 26, 1986, indicates the finished floor 

is at Elevation 12.5; the penmeter roadway curb slopes slightly upward from Elevation 

10.95, near Building Corner Tll (southwest comer of the project site), to about Elevation 

11.64, near Building Comer Vl9 (northwest comer of the project site). An area between 

the perimeter roadway curb and the edge of the concrete flatwork of about 10 feet wide is 

landscaped With grass and mature trees. At the time of our visit, we did not observe any 

apparent sign~ of cracking or distress in the exposed portions of the interior floor slabs and 

columns, as well as the exterior concrete flatwork, walkways and walls. 

2.2 EXISTING FILL 

2.2.1 Existing Building Area 

Based on a review of construction data provided by the City of Santa Clara, including 

construction grading plans, results of laboratory compaction and field density testing 

performed by the City of Santa Clara, we understand that imported select fill was used in 

the main building areas as specified. In accordance with an untitled grading plan, the fill 

section was over-built slightly near the corner at BUilding Lines T .4 and 16.2. Reportedly, 

2 feet of imported select fill was placed to form the floor support. As recorded, the import 

material was a clayey gravelly sand from the Curtner Pit in Milpitas, California. The City 

of Santa Clara laboratory data indicates the plasticity index (PI) is between 7 and 10. The 

native subgrade. and the imported fill were compacted to a minimum degree of compaction 

of 90 percent based on Caltrans Test Method 216F. 
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2.2.2 Existing Concrete Flatwork Area 

Landscaping is present between the flatwork and the roadway. No records are available 

regarding the nature or compaction of the fill in the flatwork or landscaped area. We 

expect it to be about 2 feet thick near the building and decreases in thickness towards the 

roadway. 

2.3 SUBSURFACE SOIL CONDITIONS 

For our 1983 and 1984 studies, one exploratory boring and three cone penetrometer tests 

(CPT) were made within 100 feet of the perimeter of the.expansion site as shown on Figure 

1. Boring 10 extended to a depth of about 80 feet, whereas the CPTs, C9, C10 and Cl2, 

extended to depths of 120 to 130 feet. Logs of these boring and CPTs are presented in 

Appendix A as reference. 

Below the floor slab and fill, the native soils were found to consist of thick deposits of · 

clays and silts with interbedded sand layers. The upper 3 to 4 feet of clay was hard and 

desiccated. The underlying 8 to 10 feet of low plasticity silty clays .were found to be very 

stiff to medium in consistency; occasional clayey silt zones were noted to occur in this clay 

stratum. A medium plasticity silty clay was found to extend to a depth of about 110 feet 

and was described as variable in strength and found to grade occasionally to clayey silt. 

This clay stratum was found to be interrupted by two apparently continuous sandy zones. 

The shallower stratum of medium dense sand occurred at about Elevation -12 to -16. The 

deeper sand stratum was also ·medium dense and occurred at about Elevation -35 to -50. 

Between Elevations -100 and -110, a zone of sand, silty sand and silty clay was revealed. 

Below that depth to the terminal depths of the boring and CPTs, a medium to high 

plasticity clay of very stiff consistency was encountered. 

Laboratory consolidation tests and field pressurem~ter tests indicated the subsurface clays 
were overly consolidated; the over-consolidation ratio was found to be about 2 to 3. These 

soils were considered somewhat compressible with respect to the existing building loads. 

NBTDOCISANDY\302SOOEO .RPTI 7/14/93 2-2 



2.4 GROUNDWATER 

The groundwater level measured in Boring 10 of the preliminary study was at a depth of 
about 6-1/2 feet, which corresponded to approximately Elevation 3-1/2. Subsequently in 

the 1984 study, groundwater levels measured in other exploratory borings were about 9 feet 
below the ground surface (Elevation 1 ±) at that time. Th.is suggests some seasonal 
changes in the ,groundwater level. 
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3.0 
DISCUSSION 

Since the native soils beneath the fill are relatively strong and only moderately compressible 

under the estimated column loads, we believe a shallow type foundation such as spread 

footings will be capable to support the building. Foundation settlement remains to be the 

main geotechnical issue; in particular, the differential settlement between columns in the 

expansion building and the differential movement between the new and existing buildings. 

Considering that the soils are highly overconsolidated, it appears all compression caused 

by new building loads or fill will be recompression. We have estimated the settlement for 

the anticipated foundation loads and we discussed them with Mr. Shekhner, Structural 

Engineer. It is his opinion the estimated settlement would be structurally tolerable. 

The existing fill within the expansion area was placed in two stages. The fill near the 

existing building was placed as a part of the original pad construction. Records indicate 

the fill is probably of select quality and is well compacted. The fill beneath the existing 

concrete flatwork and landscaping was placed in the latter part of the Convention Center 

construction. There are no records regarding its thickness, quality, or compaction. The 

transition between the two fill areas is not well defined. 

Because of the uncertainties regarding the nature and density of the existing fill, we 

recommend that the existing fill be recompacted as a part of the grading for the new 

addition. The quality of the existing fill and its suitability for re-used should be reviewed 

by a representative of our firm as it is being excavated. 
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4.1 SPREAD FOOTINGS 

4.0 
CONCLUSIONS AND RECOMMENDATIONS 

We recommend the expansion building be supported on spread footings bearing on native 

soils or engineered fill. The bottom of the footings should extend to a minimum 

embedment depth of 2 feet below the minimum adjacent finished grade. Where applicable, 

the engineered fill section beneath footings should be at least equipment width and should 

extend at least 2 feet horizontally beyond the perimeter of the footings. 

Spread footings should be designed for bearing pressure not to exceed 2,000 psf due to 

dead load, 3,000 psf for dead plus live loads, and 4,000 psf for all loads including wind 

and seismic. ·These values are net values and represent the supporting capabilities above 

and beyond the weight of the footing concrete. If the weight of the footing is included, the 

values can be increased bY 20 percent. These recommended values are lower than those 

provided in our 1985 study for a footing width less than or equal to 10 feet. The main 

reason is to minimize the induced foundation pressures that may cause settlement. A more 

detailed discussions of settlement is presented in the following section. 

Lateral load resistance for the foundations can be mobilized by a combination of passive 

pressure against the adjacent soil and frictional resistance between the base of the footings 

and the soils. It is recommended that the passive resistance of the on-site soils be 

determined using the lateral pressure .of an equivalent fluid weight of 400 pcf. Frictional 

resistance between the soil and foundations placed against undisturbed soil should be 

determined using a coefficient of friction of 0. 3, with the total resistance not to exceed 

1;000 psf. 

4.2 SETTLEMENT 

Total settlement occurring in the area of the proposed expansion building will be due to 
loads imposed by the fill and that due to the building. Based on the proposed finished floor 

elevations, the net increase in fill thickness will be about 1-1/2 feet near the roadway curb 
and taper gradually toward the existing building; no additional fill is anticipated near the 

NETDOCISANDY\302500EO.RI"n7/14/93 4-1 



existing building. Using the design bearing pressures presented above, we first estimated 
the size of the individual footings using estimated column loads provided by Ellerbe Becket. 

Then, the foundations pressures corresponding the estimated footing size at the column 
locations were used for estimating settlement. 

Based on subsurface information, we estimate the native clays are overly consolidated with 
an over-consolidation ratio (OCR) of about 3. The foundation pressures that may be 
induced by the column loads are. expected to be within the recompression range as the clays 
consolidate. Since the upper 3 to 4 feet of clays are strong and unsaturated, we expect 

consolidation settlement of this upper layer is unlikely. For the estimated footing size (9 
· to 12 foot square), We expect the footing pressures will 'influence the subsoils to.about 20 

to 30 feet below ground surface. The maximum long term settlement under the anticipated 
loading conditions is estimated to be 3/4 to 1 inch. Maximum differential settlement 

. . 
between adjacent columns is expected to be about 3/8 to 1/2 inch. Mr. Shekhner has 

confirmed these estimated settlements will be within tolerable limits of the structure. 

4.3 SLAB-ON~GRADE FLOORS 

All concrete slab-on-grade floors and sidewalks should be supported on a minimum of 24 
inches of select quality import fill. The select fill should be non-expansive material having 

a maximum plasticity index of 15. The fill should be placed and compacted as described 

below in Section 4.5, Site Preparation and Grading. External concrete walkways also will 

be subject to movement due to swelling and shrinking of the·native soils. To minimize this 

disturbance, external walkways also should be supported on a minimum of 24 inches of 

select import fill. 

Moisture will come into contact with the floor slabs due to moisture vapor migration and/or 
capillary water rise through the soil. If floor coverings that will be placed on the slabs 
which will be susceptible to damage by moisture contact, moisture barriers should be used 
under the slabs. Any sand ,or gravel placed as a part of the capillary break/moisture 

barrier system can be used as part of the recommended select fill section. 
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4.4 ELEVATOR AND ESCALATOR PITS 

Below grade elevator and escalator pits walls will experience lateral pressures due to the 

unbalanced horizontal thrust of the soil in contact with the walls. We expect that walls will 

be designed as restrained type walls and the walls should be designed to resist lateral earth 
pressure corresponding to the "at-rest" condition. We recommend that an equivalent fluid 

·pressure of 55 pounds per cubic foot (pcf) be used. Surcharge loads such as loading 

equipment and foot traffic could apply additional loads to the walls. For design purposes, 

it should be assumed the force· on the wall resulting from a uniform surcharge would be 

equal to one-third of the surcharge load. 

The recommended design earth pressure has been based on a compacted backfill consisting 

of Structure Backflll material as defined. in the Cal trans Standard Specifications. This zone 

of permeable material should ·be 18 inches wide and extend from the base of the wall up 

to within 24 inches of finished grade. 

·Since the groundwater levels measured were below Elevation 3-1/2 whereas the bottom of 

the pits is about Elevation 10-1/2, we expect buildup of hydrostatic pressures behind the 

wall be unlikely. Uplift at the bottom of the elevator and escalator is also unlikely, 

Retaining wall footings should be designed in accordance with the criteria presented above 

for spread footing foundations. 

4.5 SITE PREPARATION AND GRADING 

The fill section for concrete floor slab support should be constructed as a uniform unit to 

minimize potential for differential movements due to inconsistent compaction and irregular 

composition of flll material. Therefore, we recommend over excavating the existing fill 

and recompacting the new fill section as a continuous uni~. 

Prior to any site grading, the existing concrete flatwork, pavement and landscape area 

should be removed in their entirety. When demolition and removal is completed, the 

existing fill materials should be excavated; we expect the bottom of the fill section to be 
at about Elevation 10. To avoid undermining the existing grade beam along the main 
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building perimeter, we recommend the excavation horizontal limits be maintained no closer 

than 2 feet from the perimeter. When the fill materials are excavated, the exposed 

subgrade conditions should be examined by the Geotechnical Engineer. If soft subgrade 

is encountered, it should be overexcavated and backfilled with bridging rock. Bridging 

rock is defined in the attached Guideline Specifications (Appendix B). The need to over­

excavate the subgrade will be determined at that time. We expect the over-built section of 

imported select fill near the existing building and the aggregate base section beneath the 

asphalt concrete will be reusable as the recommended select fill section. The existing fill 

beneath the conrete flatwork and landscaping also may be of select quality and suitable for 

re-use. The suitability of the existing fills should be determined during grading by the 

Geotechnical Engineer. 

After demolition and excavation have been completed, the exposed subgrade surfaces to 

receive fill should be scarified to a minimum depth of 6 inches, rnoistur~ conditioned and 

recompacted to the requirements of engineered fill. The native soils should be compacted 

at .a moisture content of 1 to 3 percent above the optimum. Fill then can be placed to 

provide the desired finished grades. When the subgrade compaction has been approved by 

the Geotechnical Engineer, fill Ca.n be placed to provide the desired finished grade. 

4.5.1 Fill Material 

All fill placed for the building pad should meettl)e requirements for select material. Select 

material is a soil having a plasticity index of 15 or less meeting the requirements outlined 

in the attached specifications. All fill material should be approved by the Geotechnical 

Engineer prior to placement. 

4.5.2 Fill Placement and Compaction 

Fill should be placed in lifts not exceeding 8 inches in uncompacted thickness and should 

be compacted to a minimum relative compaction of 90 percent. Relative compaction is 

defined in the attached specifications. The finished grade surface of the compacted fill 

under concrete flatwork or pavements should be kept in a moist condition prior to the 

placement of concrete. 

NETDOCISANDYI30250GBO.RP1i7/14/93 4-4 



; i. 

5.0 
LIMITATIONS 

Our opinions and conclusions have been based on a review of available data from the 
original geotechnical investigation and subsequence geotechnical studies for the construction 

of the Santa Clara Conve.ntion Center. They are also based on previous experience at the 
site and engineering judgement. If the proposed construction will be different from that 
planned at the present time, the Geotechnical Engineer should be notified so that 
recommendations can· be modified as needed. 

The opinions expressed in this report were developed with the standard of care commonly 
used as state of the practice in the profession. No warranties are included, either expressed 
or implied, as to the professional advice included in this report. 
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......... 
Ellerbe Becket 



APPENDIX A 

LOGS OF EXPLORATORY BORING AND CONE PENETROMETER TESTS 

FROM PREVIOUS STUDIES 
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Project: SANTA CLARA CONFERENCE CENTER Log of Boring No. 10 Santa Clara, California 

Date Drilled: Aj!ri 1 52 128~ Remarks: 
Type of Boring: 6" Auger 
Hammer Weight: 140 Jbs. (See Legend Sheet for sompler types ond hammer weights) 
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-
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-
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10- -
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- 1'\ 
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-
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Proj. No. 15582V I Woodward·Ciyde Consultants Figure 12a 



Project : SANTA CLARA CONFERENCE CENTER 
Santa Clara, Ca 1; forni a Log of 
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Proj. No. 15582V I Woodward-Clyde Consultants Figure 12b 



Project: SANTA CLARA CONFERENCE CENTER Log of Boring No a 10 Santa Clara, California 
(Continued) 
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Proj. No. 15582V J Woodward-Clyde Consultants Figure 12c 
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I • GENERAL CONDITIONS 

A. Definition of Tenns 

APPENDIX B 

GUIDELINE SPECIFICATIONS 

Eil.l • is a soil or soil-rock material placed to raise the existing grade of the site or to 

backfill excavations. 

Import Materia,l - is hauled in from off-site borrow areas. 

Engineered .Fill,.. is a fill that has-been constructed to specification requirements, in the 

opinion of the Geotechnical Engineer. 

Standard Specifications - are the 1988, or later, edition of the Standard Specifications of 

the State of California, Department of Transportation, latest revision. 

Materials Manual - is that of the--State of California, Department of Public Works, Division 

of Highways, latest revision. 

Relative CompactiQn - is the ·ratio of the in-place dry density of constructed fill to the 

maximum dry density determined by Test Method ASTM Designation D 1557. 

In-Place Density- is the dry density of the constructed fill determined-in accordance with 

the moisture-density gauge method, ASTM Designation D 2922-71. 

B. Geotechnical Engineering Services 

The GeOtechnical Engineer will be the Owner's representative to observe the grading 

operations both during preparation of the site and the compaction of engineered fill. He 

will make visits to the site to familiarize himself generally with the progress and quality 

of the work. He will make field observations and tests to enable him to form an opinion 

rcganling the adequacy of the site preparation, the acceptability of fill materials and the 
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extent to which the earthwork construction .!ifld the relative compaction comply with the 

specification requirements. 

II- SITE PREPARATION AND EXCAVATION 

A. Site Preparation 

The fill section for concrete floor slab support shall be constructed as a uniform unit to 
minimize potential for differential movements due to inconsistent compaction and irregular 
composition of ftll material. · Therefore, the existing fill shall be over excavated, and the 

new fill section shall be CQmpacted as a continuous unit. 

Prior to any site grading, the existing concrete flatwork, pavemeritand landscape area shall 
be removed in their entirety. When demolition and removal.is completed, the existing fill 
materials shall be excavated; we· expect the bottom of the fill section to be at about 
Elevation 1:0. To avoid undermining the existing grade beam- along the main building 
perimeter, the excavation horizontal limits shall be maintained no Clo.ser than 2 feet from 
the perimeter. When the fill materials are excavated, the exposed subgrade conditions shall 
be examined by the Geotechnical. Engineer. If soft subgn\<,le . is encounter¢, it shall be 
overexcavated and backfilled with bridging rock. The need to over-excavate the subgrade 

will be determined at that time. We expect the over~built section of imported select flll 

near the existing building. and the :aggregate base section beneath the asphalt concrete be 

reusable as the Select fill section. The existing fill beneath the concrete flatwork and 
landscaping also may be of select quality and suitable for re-,use. The suitability of the 

· existing fills shall be detennined during.grading by the Geotechnical Engineer. 

After demolition and excavation have been completed, the exposed subgrade surfaces to 
receive fill shall be scarified to a minimum depth of 6 inches, moisture conditioned and 
recompacted to the requirements of engineered fill.. The native soils shall be compacted 
at a moisture content of 1 to 3 percertt above the optimum. When the sub grade compaction 
has been approved by the Geotechnical Engineer, fill then can be placed to provide the 
specified finished ·grade. 
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B. Excavation 

Excavation is unclassified and shall be done to the lines, grades and dimensions indicated 
on the Drawings regardless of the character of the materials encountered. 

When the required excavations have been made, the Geotechnical Engineer shall examine 

the exposed conditions. If pockets of debris or soft, weak soils are encountered at the 
required subgrade, carry the excavations deeper to the limits designated in the field by the 
Geotechnical Engineer . 

c. Subgrade Preparation 

After the site has been properly prepared,· all necessary excavations shall be made to allow 

for construction of the recommended sections of engineered fill beneath the floor slab. The 

·exposed subgrade soils shall be scarified, moisture conditioned to between 1 to 3 percent 

over optimum moisture content and compacted to the requirements of engineered fill to a 
minimum depth -of 6 inches. When the subgrade has been compacted and approved by the 
Geotechnical Engineer, fill can be placed to provide the desired finished grades. The 
Contractor shall obtain the approval of the Geotechnical Engineer of subgrade compaction 
before further grading is done. 

lll • MATERIAL USED FOR Fll..L 

A. General Fill Materials 

All fill material shall be approved by the Geotechnical Engineer. The material shall be a 

soil or soil-rock mixture which is free from organic matter or other deleterious substances. 
· The fill material shall not contain rocks or lumps over 6 inches in greatest dimension, and 
not more than 15. percent larger than 2-1/2 inches. It is expected that materials from _the 
site, but below the strippings, may· be reused as engineered fill. 

NBTDOC\SANDY\302SOOBO.RP'I'\7/14/93 B-3 



, __ I 

I 

I 
. I 

I 
i_l 

' 
·- i 

' I 
'_j 

J 
Lj 
I 

L.J 

B. - Import Fill Requirements 

In addition to the General Fill Requirements presented in III-A; import fill shall have a 

plasticity index of 15 or less. 

c. Bridg_ing Rock 

Bridging rock shall consist of coarse granular mixture of rock fragments having a maximum 
particle size of 3 inches. It is anticipated that bank run or crusher run materials may be 
satisfactory. The material shall be well graded between the maximum and minimum size 

with no more than 15 percent passing the U.S. Standard Number 200 sieve. 

IV - PLACING AND COMPACTING FJLL MATERIAL 

All fill material shall be compacted as .specified below or by other methods, if approved -
by the GeOtechnical Engineer. Fill material shall be spread in uniform lifts of not more 
than 8 inches in uncompacted thickness. Soil comprising the required fill section shall be 
compacted to a minimum relative compaction of 90 percent. 

Before compaction begins, the fill shall be brought to a water content near the optimum by 

either (1) aerating the material if it is too wet; or (2) spraying the material with water if 
it is too dry. Elich lift shall be thoroughly mixed before. compaction to assure a uniform 

distribution of water content. Native materials shall be compacted at a moisture content 

of 1 ~o 2 percent above the laboratory optimum. It shall be the responsibility -of the 

Grading Contractor to attain the proper moisture content during oompaction. No fill shall 
be placed during the rain or when saturation will hinder proper compaction. Jetting or 
flooding of .the -fill will not be permitted. The finished grade surface of the compacted fill 
under concrete flatwork should be kept in a moist condition prior to the placement of 
concrete. 

NETDOC\SANDY\302SOOEO. RPT\7/14/93 B-4 
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V - TREATMENT AFI'ER COMPLETION OF GRADING 

After grading is completed and the Geotechnical Engineer has finished his observation of 

the work, no further excavation or fllling shall be done except with the approval of and 

under the observation of the Geotechnical Engineer. 

It .shall be the responsibility of the Grading Contractor to prevent erosion of freshly graded 
areas during construction and until such time as permanent drainage and erosion control 
measures have been installed. 
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Attention: Mr. Jame-s Gleeson 

Gentlemen: 

Woodward·Ciyde ~onsultants. 

'., 
As authori~ed, we have provided geotechni,qpl eng1nee-r~ing 
services during the install~tion of the foundation piles for 
the santa Clara donvention Center. The accompanying report 
presents the results of the indicator pile and load test 
program along with a s·ummary o-f the .opinions and recom­
mendations which were provided during the course of our 
geotechnical review of the production pile d-riving. 

It has been a pleas.ure to have ·been a par:t:, of such a signifi­
cant project. If any questions should arise re9arding the 
inforlllation presented in this report, or if we can be of 
furthe~ assistance, please contact ou~ office, 

Sincerely; 

~V·~· 
Paul J. Boddie 

~::;;::;: 
William ~~ 
Vice President 

PJB/WAB/rm 

Consulting Engineers, Geologists 
and E:nvironmental Scientists 

OHices in Other Principal Cities . 
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INDICATOR PILE AND LOAD TEST PROGRAM 

SANTA CLARA CONVENTION CENTER 

Santa Clara, £!!!fornia 

INTRODUCTION 

This report presents the results tif an indicator pile and 

load test program which was conducted for the santa Clara 

Convention center project in ~anta Clara, California. The 

p~imary purposes of the program were to refine our engineeri~g 

estimates regarding the ca~acity of dri9en pile foundatio~~ 

at the site and to recommend the lengths of piles to be cast 

and driven for the final production work. 

Upon completion of the testing program, geotechnical~~onsult-
. '•' 

ation was provided to the City of Santa q~ara's on-site 

representativ~s on an -as-needed" basis during the production 

pile driving. Opinions and recommendations provided during 

the course of the geotechnical review also are iummarized herein. 

GEOTECHNICAL INVESTIGATION AND FOUNDATION DESIGN 

A geotechnical investigation was made by Woodward-Clyde 

Consultants to provid• geotechnical parameters for the 

design~of tbe subject project. Th~ re~ults of that investi­

gation and recommended design parameters were contained in a 

repo~t entitled "Geotechni~al Investig~tion, s•nta Clara 

Conference Center" (Project 16029-A) and'dated March 30, 1984. 

In that report, it was reco~mended that the heavy building 

loads be supported using precast, prestressed concrete pile 

foundations 4riven into the stiff clay apd dense sand strata 

which underlie the,project site. Recommended axial compression 

and ten~ion load capacities versus embedment depth were 

provided. '• 

Subsequently, 12-inch square prestressed c~n~orete piles were 

selected by Ellerbe Associates for the design foundation 

support sy~tem. Two lengths of piles, 40 feet and 70 feet, 
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were specified to be capable of individual downward load 

~~pacities of 40 tons ·and 80 tons, and tipiift capacities 

20 to~s and 50 ~ons fo~ the respective lengths. 

INDICATOR PILE AND LOAD TEST PROGRAM 

General 

A t6tal of 21 piles were driven at selected locations within 

the building footprint for· the indicator pile and load ttl~t 

program. The driving of these piles was done between the 

dates of September 15 1 1984 and October 12, 1984 by Riedel 

International, pile driving contractor for the project. Th~ 

piles cortsist~d of 12 inch square prestressed concr~~e piles ... 
which were driven at structural pile locA-.~ions selected in 

the field by a representative of Woodward-Clyde Consultants 

and staked by aensel Phelps, General contractor. The 

~pproximate locations an~ field numbering of the indicator 

and load test piles ar~ shown on Figure 1. The corresponding 

pile numbers~ in accordance with the numbering and lettering 

system adopted by the City of santa Clara, are summarized in 

Table 1 along with the pile lengths, approximate embedment 

depths,· and tip elevations. 

The piles were driven using two separate driving systems. . . 
The first driving system consisted of an ICE 520 double-acting 

diesel hammer with a maximum rated energy of 30,000 ft-lbs. 

The second system consisted of a larger ICE 64ti double-acting 

diesel unit with a maximum rated energy of 40,000 ft-lbs. 

Each of the diesel hammers were positioned within a set of 

fixed leads. During driving of the indicator and load test 

piles, our field repre~entative recorded the penetration 

resistances through the various spil st~ata for comparison 
' • 4 with the nearby previous g~otechnical explorations. .The 

installation of ~iles C9-BF4-1, 2, 3 and 4 also was obse~ved 
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by our field representative subsequent to the indicator and 

load te~t pEOgra~. Copies of those driving records are 

attached. 

Dynamic Monitorin9 

All 21 p~les were dynamically monitored during initi~l 

driving and/or restrike with the assi~tan~e Of Goble, 

Rausche, Likins and Assocla~~s. The monitoring consisted.~£ 

the measurement of pile top force and acceleration in the 

field during l'lammer. impact using the closed form Case Method 

solutions, and d~ta processing ih the laboratory using the 

CAPWAP/C Method of analysis. Descriptions of these ~P,alytical 

procedures are presented in Appendix A. 'i'r 

Measurement of force and acceleration were obtained using 

two strain transducers and two accelerometers mounted on 

opposite sides of the piles about 3 feet below the pile 

tops. Signals from t.hese gages were conditioned and field 

processed with a Model GB Pile Driving Arialyzer (PDA), and 

re~orded in analog form on a 7-c~annel cassette recorder. 

Maxima 'of forbe~, tran~ferred energies and est~mated piie 

capacities were computed by the PD~ for each recorded 

blow. 

The data recorded in the field us~ng the PDA then were 

returned to the labor a tory for reanalysis. Eight selected 

data $ets were digitized and processed by a minicomputer in 

a manner comparable to the PDA method. One blow from each 

of the digitized data sets then was selected for a CAPWAP/C· 

(Case Pile Wave Analysi!il Program) analysis. In this method· - - - - - . 
of analysis, the field measured acceleration values are used 

'l:.f .. • 

as input a~d the assumed soil resistance prope~ties ~re 

chan~ed in an iterative process until a best match is 

achieved between the ~om~uted and measured pile top forces. 
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Ca~acities estimated by ~he CAPWAP/C and Case Method then 

w~re correlated to obtain a Case damping factor, J, jud~ed 

· ~o be representative 6f the proj~ct sit~. In most cases, a 

J factor of o.s was juaged to be reasonable for piles 

deriving th~ir capacity principally through frictional 

resista~ce •. However, at Test Pile Location EF-2 (revised), 

a J faotor of 0.25 was selected since this pile derived its 

capacity through a combination of end bearing and .frictio~. 

Next~ each of the field data sets was preprocessed through 

the PDA ,using the selected damping factor to confirm or 

adjust the field results. 

. .. 
!!.!..!._Load Tests . ,. 

' t'l 

Vertical Compression: Four vertical compression load tests 

were performed at the project site in general accordance 

with ASTM Desig~ation 01143-81, ~standard Method of Testing 

Piles Under static Axial Compression Load•. The tests were 

performed between the dat~s of October 1, 1984 and October 

16, 1984, under th• observation of a representative of 

Wo6dward-Clyde Consultants. The standard loa~ing and 

mea sur i·ng procedures of the method were used. 

At each of the test locations the pile driving contractor 

erected a reaction frame to apply the test loads to the 

piles. The reaction frame consisted of a system of steel 

!-beams anchored by reaction piles (a total of 4 reaction 

piles for each test pile). A hydraulic jacking system with 

a calibrated pressure gage was used to apply the axial 

compr~ssive load to the tops o~. the test piles. vertical 

movements of the pile ~ops were measured by either two or 

four dial gages fixed to a pair of reference beams positioned 

adjacent to two opposite sides of the tes; ~ile. The 

assembly and operation of the load test equipment were 

performed by Northwest Testing Labs, Inc. 
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In ge.neral, the t.est piles were loaded in increments of 10 

and 20 tons for the 40 and 70 foot design lengths, resp~ctively, 

(increments o~ 25 p•~c~nt of design load) to 200 percent of 

the design load~ These loads were sustained for a period of 

12 hours. The piles then were unloaded in decrements of 20 

and 40 tons for the 40 and 70 foot lengths (25 percent of 

the total applied load) and allowed to rebound under zero 

. load for 12 hours. Subsequ~ntly, the piles were reloaded.Jn 

increments consistent with the ASTM Method until rapid 

settlement (plunging) occutxed or a maximum applied load of 

200 tons was attained. Two hundred (20~) tons was considered 

by the manufacturer to be the maximum load the pile could , ... 
safely sustain without risk of compressiQ,·failure. "iach 

pile then was unloaded and a final rebound reading taken 

after 12 hours. 

Uplift: Uplift tests also were performed on each of the 

vertical compression test piles. The uplift tests were 

conducted iri general accordance with ASTM Designation 

3689-78, •standard Method for Testing Individual Piles Under 

Static·Axial Tensile Load". The standard loading and 

measuring procedures of this ~ethod •lso were used. 

F~r each of the uplift tests, the load was applied to the 

test pile by a hydraulic jacking sys~em having a calibrated 

pressure gage and automatic load maintenance mechanism. A 

steel I-beam centered over the test pile and supported at 

its ends on beams bearing directly on the pad grade was used 

as the main element of the reaction syste~. Parallel 

atee~ th~eadbare coupl~~ with two smaller l-beams then 

were used to provide a connection between the prestressing 
<,l 

strands of the test pile and the hydraulic )~eking system. 

Vertical movements of the pile top were measured by either 

two or four dial gages fixed to a pair of reference beams 
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po~itioned adjac*nt to two Opposite sides of the test 

pile. 

Test piles AF-1 and DF-3, each with embedment depths of 

about 41 feet, were loaded in eight increments of 7-1/2 tons 

to a total applied uplift load of 60 tons. The load then 

was sustained for a period of 24 hour~. After the holding 

period, the load was removed in decrements of 15 tons and 

the pile wa~ allowed to rebound under zero load for 12 

hours, Test pile EF-2 revised (S27-EF2-7), which had an 

embedment.of 49-1/2 feet, was loaded in the same general 

manner using increments of 9 tons to a total load of 72 

tons, and load decrements of 18' ~ons. Test Pile BFi171 ,. it; . . 
feet of embedment) was loaded in increments of 17-1/2 tons 

until one of the prestressing strands failed while the 

applied load was being increased from 70 to 87-1/2 tons. 

·DXSCUSSION 

Resulte of Pile Load Tests 

Vertical Compression: . The r.esul ts o.f the vertical comp.re~sion 

load te~ts are presente.d graphically on Figures 2. through 5. 

The short load test Piles AF~1 •nd DF-3 (N.s-9.5-AF1-5 and 

M26-DF3-5) each sustained twice the design load (80 tons 

total applied load) with a vertical movement of the pile top 

of abottt 0.1 inches~ After the pile was unloaded and 

subsequently reloaded beyond the 80 ton load,. rapid settlement 

occurred, ~ndicating that the respect~ve failuxe loads had 

been reach~d. Based upon the load deflection results 

pzesented on Figures 2 and 3, it is estimated that the 

ultim~te capacities of. ·Test Piles AF-1 and DF-3 wex:e about 
•• 

126 and 142 tons, respectively. 

'i 
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Test Piles BF-3. an~ EF-2 revised (B9-BF3-1 and S27-EF2-7), 

each of which was designed to carry axial loads of ao tons~ 

sustained twice that design loadin~ (160 tons) with a 

vertical movement of the pile top of about o.s inches. Eacb 

of these piles subsequently was load•d to 200 tons without 

indication of failure (Fi~ur~s 4 and 5). 

Q.plift: The results of uplift tests on the four load test 

piles also a~e presented graphically on Figures 2 and 5. 

Test Piles AF-1 and DF-3 each had embedment lengths of 

.. 

about 41 feet below grade ~t the time of the uplift tests. 

T~ese piles sustained tension loads of 60 tons with •ertical 

pile top movements between about 0.2 and 0.4 inches. 
r( 

\ 

Althdugh rapid upward movement indicative of failure 

loa~ing was not achieved, the straining which occurr~d 

during the sustained lo.ading period and shape of the load-

deformation plots (Figures 2 and 3) for these two piles 

suggest that the 60 ton applied load was near the ultimate 

uplift load capacity. 

Test Pi.le EF-2 revised had' an embedm~nt length of about 

49-1/2 feet at the time of uplift testing and.sustained a 

total applied load of 72 tons without failure. However, the 

shape of its load-deflectio~ plot (Figure 4) also suggests 

that the applied load was approaching the ultimate uplift 

load capacity. Test Pile BF-3, which had t~e deepest 

embedment of the pil~s tested at 71 feet, had a pile top 

movement of less than 0.2 inches when one of the prestressed 

stral'lds failed while the applied load was being increased 

from 70 to 67-1/2 tons \Figure 5). 
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Results of pynamicMonitoring 

The results of the dynamic pile testing performed using the 

Pile Driving Analyzer are summarized in Tables 2 and 3. 

'l'abl~ 2 contains the results of dynamic monit~ring which was 

performed on piles driven with the ICE 520 diesel hammerJ· 

whereas, Table 3 presents the results of testing of piles 

driven with the 1CE 640 diesel hammer. In order to easily 

compare the amounts of setup which were estimated to have,, 

developed bet~een the initial 4riving condition and restrike, 

Table 4 has been prepared with a listing of only the estimated 

case Method capacities. The results of the CAPWAP/C analysis 

are summarized in Table 5. 
l. 
I, 

case Method capacity Estimates: The pile capacities estimated 

during the end of initial driving (EOID) for the 40 and 45 

foot pile lengths ranged from 0 to 85 tons7 \olhereas, after 

waiting perio4s varying from 17 to ~2 hours, the estimated 

capacities at the beginning of restrike (BOR) increased to 

between so and 115 tons. A second restrike (B02R) was 

· pe~formed on Indicator Pile X-3 after an additional waiting 

period'of 15 days and revealed a further s~tup gain of about 

35 percent, from 115 tons (BOR) to 155 tons (B02R). 

'l'he estimated capacities for the longer (70 to 75 foot) 

piles ranged from 65 to 135 tons at the end of initial 

drive and increased to between 130 and about 242 tons during 

restrike after waiting pe~iods of typically about 14 hours 

to one day. The exception to the typical waiting period was 

Test Pile EF-2 revised, which was re~truck after only a 4 

hour waiting period. qn several cases, relatively high blow 

counts {20 blows/inch or more) and low transferred energies 
i (less than 7 kip-feet) were recorded during1restrike. 

Considering these data, it is likely that the pile$ were not 

fully mobilized by the hammer during restrike. In addition,. 



-

-· 

-.· 

-

-. 

Woodward-Clyde Consultants 

-9-

only partial set~p gain ~as likely to have occured within 

the re~trike waiting period. For ·these reasdns, it is 

expecte.d that· the Case Method capacity es'timates summarized 

on Table 4 are somewhat conservative. This opinion is 

sup.por ted by the fact that the loa.ds sustained by each of 

the static compres~ion load 'test piles exceeded the 

cor;responding case Method capacity estimate$. 

' '• 
Hamme~ Performance: It is estimated that the teE 520 hammer 

transfer~ed between 6.7 and 10.3 kip-feet of ener~y to the 

piles during initial driving and between 6.6 and 12.2 

kip-feet during restrike testing using either 2 or 4.inch 
·~ ... 

thick plywood cushion blocks. The averag~ energies 

transfer.red during initial drive and restrike for t~is 

hammer were about 8. 9 and 9. 1 kip-feet, respectively. These 

average transferred eriergies co~respond to ~ transfer 

efficiency of about 2~ percent of the manufacturer's energy 

rating which is considered to be very good for a double-acting 

diesel hammer. 

Dur~ng 'initial driving with the ICE 640, it is estimated 

that an average of 7.9 kip-feet of energy was transferred 

to the piles when a 4 inch thick plywood cushion was used, 

and an average of about 12.4 kip-feet when a 2 inch thick 

plywood cushion was used. These averages correspond to 

transfer effi~iencies of about 20 to 31 percent of the 

manufacturer's energy ;rating. During restrike, all dynamic 

measurements were taken while a 2-inch thick cushion was 

used in orde;r to maximize the energy output. During restrike 

testing, the ICE 640 t"qmsferred an average of about 10.1 

kip-feet to the piles. The general average,s of transfer· 
< • 

energy dUring installation and restrike correspond to 

transfer efficiencies ~f 24 and 26 percent of the rated 

energy which are considered to be average. 
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!!!!_Stress Leve!!_and Damag~: The maximum measured compressive 

stressjs developed in the piles du~ing driving with the ICE 

52Q h~mm~r a~eraged about 2.9 ksi and did not exceed 3.8 

ksi~ During the ~nstallation of Test Pile EF-2 (V20-EF2-2), 

damage was detected and reported at about so feet below the 

gage location. The pile driving contractor elected to 

continue driving the pile and three additional brea~s at 39, 

33 and 16 fee~ below the gage location were detected and 

reported at the time of monitoring. At the completion of 

the installation, the top of the pile als~ was out of plumb 

and visibly d~maged. The average stress levels recorded 

during the installation of this pile did not exceed 1.0 ksi .•. 

in compression and 0.54 ksi in tension, ~,lthough these 

stresses represent dynamic level~ and do not account for 

prestr~ssing, it is unlikely that they would have caused 

pile damage providing that proper hammer-pile alignment was 

maintained, It is believed that Test Pile EF-2. probably had 

been damaged during handling prior to its installation. 

Whe·n the ICE :640 hammer was used, the ma~imum measured 

compre~sive stresses varied between 1.7 and 4.0 ksi in all 

piles monitored and the maximum computed tensile stresses 

did not e~ceed o.so ksi. 

CONCLUSIONS AND RECOMMENDATIONS 

!evi.!!:£_Pile capaci!X,_Estimates 

Based upon the results of the compression load tests, 

dynamic monitoring and engineering judgment, it was concluded 

that the ictual compression load capacities of the piles are 

somewhat higher than those which had been estimated based 

upon the original subsurface investigation ~rogram and 

pre~ictive procedures published in the teohnlc~l literature. 

Revised estim~tes of dead plus live load pile capacities 

versus embedment length are presented graphically on Figure 6. 
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Although the ulti~ate uplift capacities of the load test 

piles were not deter•ined, the' lo~d~ sustained were in 

exc~ss of the values used for design. It is exp~cted that 

the design uplift capacity estimates pres en ted in the 

geotethndGal report remain applicable. 

Production Pile Order Lengths 

The following lengths were recom•ended for the ordering and 
•,, 

casting of piles to be driven for the balance of the 

production work: 

Pesi2n Pile Capacit_y (tons) Re_commended Length (feet) 

40 

80 

' 

35 

55 

···:... .. 

These recommended lengths are expected to. be capable of 

resisting the design uplift loads. 

Driving Criteyia 

In the ~vent·of hard driving in a dense sand stratum near 

the design embedment depth, it was recommended that the 

piles be stop~ed only when. •refusal• driving of 200 blows/foot 

for 3 consecutive feet was encountered. In addition, it was 

recommended that the driving resistanc~ necessary for 

terntinatipn should indicate a trend of increasing blow count of 

at least 20 blows/inch for the last 4 inches of penetr~tion. 

The~e criteria were established for the ICE 640 hammer using 

a 4 inch thick plywood cushion block and were in addition to 

tbe project •nri~ing• specifications. 
'•. 
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Production pile driving was begun on October 23, 1984 and 

completed on December 19, 1984, under the observation of the· 

resident engineering staff and pile driving inspectors of 

the City of santa clara. During the course of the produ~tion 

work; geotechnical review and c6nsultation services were 

provided bn an •on-call• basis when the City of Santa Clara's 

representatives perceived problem conditions existed 

or driving conditions were encountere~ which differep, from 

those expected. As p~rt of the consultat4on, opin~ons and 

recommendations were provided regarding damaged or broken 

piles, the use of other pile hammers, and the selection of 

pile length~ for pedestrian bridge connections to the 

convention center. Those topics are discussed below. 
I 

Damaged Piles: During production pile driving, several 

piles were spal~ed near their tops. Recommendations were 

developed in consultation with Mr, Shekhner and the City of 

Santa Clara's representatives to deepen the excavation for 

the pile caps at these locations such that the spalled 

por~ion would fully extend into the cap. 

Replacement of Broken Pile: As discussed previously in this 

report, Test Pile EF-2 (V20-EF2-2) was broken during instal­

lation. This .situation was. reported to Mr. Mike Shekhner, 

Structural Engineer for the Project, and a replacement pile 

location was .selected: •• Prior to the install~tion of the 

replacement pile and other piles of the group, the potential 
< . 

< " for driving into the broken pile was discussed with Mr. Guy 

Harrison of Riedel Intern~tional and Mr. Ken Kratz of the 

City of Santa Clara. It w~s suggested that pred%illing of 
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the pile be eonsid~red by the piling contractor to minimize 

the risk of damaging those piles. This approach was adopted 

and pile l~cations ~20-EF2-1, 3, 4 and 8 were predrilled 

with a 12 inch diameter auger to depths of about-45 feet 

prior to pile installation. Aftez the locations were found 

to be clear, piles in the cap were driven to the design 

embedrne~t depths. 

Other E..!l:.! Hammers: During the course of production pile 

driving, the contractor submitted requests to use Delmag 

D16-32 and D22-23 diesel hammers. Each of the$e single 

~cting diesel hammers was a~proved for production pi~p . · .. 

\ . 

drivin'g following· review of the rnanufa.ctu'·J;'.er 's specifications. 

f!.!:!s for PedestJ:ian Bridge Conne-ct~: Near the end of 

the producion pile driving, three groups of piles for 

pedestrian bridge connections to the conventlon center were 

added for installation as a change order to the contract. 

gased upon our review of the pile group locations and desigri· 

loads (60 tons fo.r d .. ead plus live load), we concluded that 

piles SS feet l~ng also would be applicable for these 

found-ation-s. This recommendation was transmitted verbally 

to Mr. Bruce Augason of the City of Santa Clara. It is 

understood that these piles subsequently were driven. 

Opinions and Conclusions 

Information s~pplied by the City of santa Clara's ~epresentatives. 

indicates that the production pile installation generally· 

progressed in the manner expected and con~istent with our 

design recommendations\, Our firm was not retained by the 

City of santa clara to review the installation conditions for 
~ . 

each and every pile. Therefore, specific op'inions cannot be 

provided regardihg the capacity of every pil~ driven. 

However, if all piles were installed consistent with the 
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recommended lengths, and i~ the driving conditions were 

consistent with those cibserved by ou~.repr~senta~ives,_ then 

it is exp~cted that the piles will be capable o~ supporting 

the design loads. 

LIMITATIONS 

The opinions, conclusions and recomm~nda~ions presented in 

this report have been based ·upon the results of dynamic and 

static testing of piles at widely spaced locations across 

the project site, engineering analysis Of tbe test results, 

and judgment. This report has been prepazed i~ accordance 

with generally accepted geotechn leal engineering prac~,~ces. 

No other varranty, expr~ssed or implied, ~~ made as to the 

pr~fessional advice included • 

• • 

< t 
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STRAIN TRANSDUCERS AND ACCELEROMETERS 

Strain Transducers: Strain Transduc:;ers are reusable frames to which foil 
gages are attached. They can be quickly attached to any type of 
pile under any kind of weather condition. Calibration of strain 
transducers is done by application of a known strain to the trans­
ducer and by measurement of its corresponding voltage output. 
Amplification is made such that a known· shunt resistance produces 
a certain reference signal, a process that is repeated in the 
field. This method of calibration eliminates the need to deter-. 
mine the actual strain in the transducer and is independent•of the 
strain gage type used. The known strain is usually applied 
through a pipe of known cross section under a calibrated load or 
through a calibration bar whose strain is monitored by resistance 
strain gages. · 

Accelerometer:"s: Pile top motion is most easily measured usi~g accelero-
meters. Most commonly used are the piezoelectric accelerometers 
because of their high natural frequenc~ and ruggedness. These 
units consist of a quartz crystal which is subjected to a pressure 
of a mass when that mass is accelerated. The quartz cry~tal will 
produce a voltage linearly proportional to the pressure. In order 
to allow for an output under decelarations, the quartz crystal is 
prestressed by a spring which is the accelerometer housing itself. 
Piezoelectric transducers are dynamic instruments whose output 
tends towards zero under constant pressures (accelerations). A 
block is used for ease of bolting to a pile and for cable clamp­
ing. 

An accelerometer Oeft) and 
a strakl transducer (right) 
botted to a plpe pile 



ACCElERATION 

Schematic of Equipment Setup 
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DETERMINATION OF PilE PROPERTIES 

Dynamic measurements used to determine bearing resistance require that 
elastic properties, such as the modulus of elasticity, E, or stress wave 
speed, c, be known~ For steel piles this is a simple matter since steel 
is a homogenious medium and its stress wave speed and elastic modulus are 
known to be 16,800 ft/s·ec (5120 m/se<;) and 30,000 ksi (210 kn/ll1112 ). How-

. ever, the elastic properties of concrete depend upon the amount of cement 
used, qua 1 ity of aggregate, curing ·methods., and a number of other factors. 
this non-uniformity is also corm1on among wooden piles, therefore, it becomes 
necessary to measure either the stress wave speed or elastic modulus. 

The most convenient property to measure in the field is the speed of 
wave propagation. Since it is known that the elastic modulus is related 
to the stress wave speed through the specific mass, p, as: 

E = pc2 

There are two procedures which are coll1ilonly used to detennine wave speed. 
The fi-rst is measurement of longitudinal waves; the second is the measurement 
of transverse waves. In both cases a force is suddenly applied to the pile. 
Since the effects of this action are not transmitted insta11tly to all parts 
of the pile, the more remote ·sections remain undisturbed. A str~ssed .. region" 
is generated which propagates through the length a~. a specific sp'eed, c. 
When the stressed region reaches a free end a reflection occurs and the wave 
propagates back to the end where the force was applied. In most cases an 
accelerometer is placed near the end which is struck with a light harm1er. 
An oscilloscope is used to monitor the accelerations and the first observed 
maximum peak is referred to an impact. Additional peaks occur each time the 
wave returns. Thus, knowing the pile length and time difference between peaks 
(as given by the oscilloscope), the stress wave speed becomes: 

C = nZL 
A1il 

where "n" is the number of cycles corresponding to time, Atn. In general, the 
first peak is ignored since non-uniform"imjlacts and slightly different cycle 
times are usually present. This is exactly the procedure u~ed to estimate 
longitudinal waves. 

Transverse measurements are usually performed when free piles are not 
available or, since concrete properties can vary along the length, to deter­
mine local properties. In this method, an accelerometer is attached perpendi­
cular to one side of the pile and the opposite side is struck with the harrmer. 
Since the traveled length in this case i.s actually the width of the pile• re-
flections occur at a high frequency. Tape· recorders are therefore prohibited · 
in this technique as they usually possess filters which dramatically alter 
these frequencies. Thus, it is best to use the latest noticeable. reflection 
for wave speed calculations and count the number "n" of peaks after imoac-;. 

t 
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·DETERMINATION OF PILE PROPERTIES 

LONGITUDINAL MEASUREMENT_METHOD 
,~Impact point 

·r-1 ,~_,__:;:A!..!::..cc~eul..s.er~o!!,!;m!£..et!o:.5e:.!..r ___ 100 ft (JO .S m) ---------~ 

.t0 (impact) 
. ~1 

Oscilloscope Trace 
loo4---_;;;...-- 62.5 msec 

Note: If impact poirit is on same 
end as accelerometer, signal 
at t 0 should be ignored and 
timea cycles start with tr 

'i n "' 4 
t :::: 62.5 msec 
c = {4)(2}(100)/62.5::::. . 

12.8 ft/msec (3.90 m/m 

TRANSVERSE MEASUREMENT METHOD 
t 0 (impact) 

. tl t 
2 

f+2 ft. (0.61 m)~ 

Impact point 

Accelerometer 

Oscilloscope Trace 
t-o-:-=-=--....... ·-=·· ......... .......,.,., .. _ 2...5... mse<:.;.-=--,......,.._ ~----+-t 

n=8 

At=2.5 msec 
• c= (8l(2)F) = 12.8 ft/msec (3.90 m/rnsec~ 

2.5 

P= 4.72 lb-s 2/ft4 

E=~c2 = ~1a~~~(lffi~) 2 = 5370 ksi (380 Mp/cm
2
} 



WAVE MECHANICS 

When a pile is suddenly loaded by a force, P, at one end, a stress wave is 
generated which begins to travel at a speed c down the pile. The wave 
Speed, c, is a function of the material properties of the pile since it can 
be shown, U~ing Newton's Second Law, that 

c2 .. E/rho (1) 

whe.re E is Young's modulus and where rho is the mass density, both of the 
p11e material. Using Hookes Law, the chan~e of particle velocity, du', for 
a specific point on the pile can be shown to be related to the pile force, 
P, at that point. 

du' = Pc/EA (2) 

It is important to distinguish between the "Wave Speed .. (speed of the 
compression or tension wave moving along a pile) from the "Particle Speed .. 
(speed of a particle in the pile as a wave passes by). 

Often velocity, u•, instead of change of velocity, du', is used, but then 
proportiona11ty holds if only one wave traveling ·;n a .given dir~.ction 1s 
present. The force-velocity proporttonality constant is also ca11ed the 
.. impedance·". This term implies that the pile o'f·fers a resistance to 
(impedes) the change in velocity (the term Zu' has units of force). Note 
the following alternate fonrts of impedance. 

Z = EA/c = rho{c)A = Mc/l 

The basic one dimensional wave equation ts 

rho( 42u~t2 ) = E( "'(lut?Jx2) 

and has a general solution for the p1le particle displacement 

u = g(x+ct) + f{x-ct) 

(3) 

(4) 

{5) 

consisting of two components, g and f with time; thi g and f waves merely 
shift positively and negatively without chan9tng shape at a speed c. 
Within the downward input wave (f), there are compressive forces, causing 
proportional downward particle velocities {denoting the wave forces by F) 

F d = Zu' (down) (6) 

With no soil resistance, as the wave arrives at the pile tip it has no mass 
to accelerate and a reflettfon occurs. rn fact, because the pile tip is 
free, the tip force must be zero, and due to force equilibrium an equiva­
lent upward wave in tension 1s generated which pulls the pile particles 
downward. We can stat.e that COJIIPressive .wave particle velocities ·"lave ::-:e 
same direction as the wave propagation while for tension ·.,aves, ;larticle 
velocities and wave propagation have the oooosi:e sign ,(velocity is pos­
itive downward and compression is a ;:~osi-:i ve force). 1 Thus, for upward 
trave 11 ng waves 
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fu = -Zu'(up) (7) 

The total force, P, and velocity, u', mea.sured at any location in a pile is 
the result of superposition of all down'tlard and upward traveling waves 

(8) 
u' • u• + u• d u 

Multiplying the velocities by the impedance Z, the forces in the upward and 
downward waves can be obtained. from these two simultaneous equations 

CAPACITY. 

Fd = (P+Zv)/2 

F • (P-Zv )/2 u 

(9) 

If a resistance force starts to act at time t • x/c at some intermediate 
point,· x, along the pile (caused by. an impact at time t = 0 at the pile 

· top). then two waves are created, e~ch having a magnitude of'~.Rx/2. To 
satisfy equll ibrium and continuity, the upward wav,e 1s in compression and 
the downward wave in tension. The upward compressive resistance· wave 
reaches the top at time .t • 2x/c. The tensile resistance wave reaches 
first the pile bottom at time t = L/c where it is reflected in compression. 
It then travels upward to the .top where ft arrives at time t = 2L/c. 

If a resistance force~ Rb• starts to act at time t = L/c at the pile 
b~ttom, then it will create a compressive upward travelil')g .wave of mag-
nltude Rb• which arrives at the pile.top at timet • 2L/c. . 

If all resistance forces act constant throughout the tfme x/c<t<2(L-x}/c, 
then·at time 2L/c the force and velocity records contain the effects of 

.(1) the upward traveling tension wave due to reflection at the 
pile bottom of the ·initial downward moving compression input 
at a tfme 2l/c e·ar11er, -Fd(t1) 

(2) the summation of all upward traveling compression resistance 
waves (Rx/2) 

(3) the initially downward traveling tension resistance waves now 
traveling upwar~ 1n compression after reflection at the 
bottom (Rx/2) and the upward wave from the tip resistance 
(Rb), both arriving at. the pile top together with (1) . 

(4) all downward traveling waves, Fd(t2 ) • .. 
Wave (2) and wave (3) have a total magnitude, R {R = ~ ... Rb) since they 
contain both half waves of skin fric:ion ana tne full'~e~d bearing. Thus, 
the combination of all upward traveiirig waves contains the resistance and 
the bottom reflected {negative) impact wave of time t 1• 
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(P 2 - Zu' 2 )/~ • -(P1+zu• 1)/2 + R 

Rearranging, we can now solve for the total resistance 

where the indices 1 and 2 refer to time~ t 1 and t 2 = t 1 + 2L/c. · 

(10) 

(11) 

R is the total resistance encountered during a complete passage of the wave 
(during a time period of 2L/c). There are differences between this resis­
tance and the ultimate static capacity of the pile and various consider­
ations are necessary to predict R5 • 

(1) Elimination of sofl damping 

(2) Proper choice of time t 1 such that R is already at full magnitude 
when P and u' samples are taken 

(3) Correction for an R that decreases during 2L/c because of early 
pile ·rebound (negatiqe velocity before 2l/t) . . 

(4) Time dependent soil strength changes {setup or. relaxatiQ.n). Since 
the dynamic methods give the resistance at .. the time of testing, it 
is a 1 ways recommended to test pi 1 es at the end of driving for the 
strength of remolded soil, or by restrike after a wait period for 
the long-term service load, and at both times to determine strength 
changes. It should not be surprising that the capacity at the end of 
driving may not be equal to the service capacity after a wait due to 
reconsolidation, dissipation. of excess pore pressures, etc. S.tatic 
test correlations should always be made with restrike data. 

(5} The pile must experience permanent set during the testing. If noo 
(or very little) movement is achieved then the indicated capacity 
relates to the mobilized value only, roughly analogous to a static 
proof test not run to failure but rather. still in the elasti.c range. 

Considerations 4 and 5 above are self explanatory. The first three 
considerations will now be investigated in more detail. 

Damping is associated with velocity. We can obtain the tip velocity from 
our top measurements as 

u'b(t) = Fd(t-L/c}/Z- Fu(t+L/c)/Z :(P 1 + zu• 1 - R)/Z (12) 

By defining the. damping force R = J z u' (J ;s a dimensionless damping 
constant) , we can a 1 so so 1 ve tSr thee damp~g. c Si nee the tot a 1 resistance 
is the sum of the static and damping forc·es, the static reslStance can be 
obtained from . 

R5 (t) = R(t) - Rd(t) = R- ;_:?.-::::.~· 1 -~) (13) 

or expanding into terms of only·? ana u', 
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Rs =(1-Jc)(Pl-+Zu' 1)/2 + (l+Jc)(P 2-Zu'z]/2 (14) 

The damping constant relates to the soil grain st.ze near the pile tip or 
can be computed directly from this R:S equation if measurements and the 
failure load {from static test or total static resistance from CAPWAP) are 
known, since Jc is the only unknown in the equation. 

Resistance mobilized is also a function of displacement. The usual 
assumptions of elasto-plastic resistance are valid and have a resistance 
which increases linearly to a maximum at some specified displacement 
(termed the "quake") and then remains constant (plastic) until the dis­
placement decreases .. Typical quakes are 0.1 inch (2.5 nm), although values 
up to 1.0 inch (25nvn) have been observed. 

For each time t, a resistance R may be determined. Usually, the tiin!! of 
the first major velocity peak is selected for time t 1• In most cases, the 
integral of the velocity (i.e. displacement) at the first arrival of the 
peak input at any point along the pile is larger than the soil quake, 
assuring that the full resistance is mobilized. However, it may be necf:!S­
sary to delay tMs .time to get to a (a) second major peak or (b) wait 
until a maximum resistance, Rmax, is found. Item (a) is always applicable 
if a second major velocity peak is still at a time where force and velocity 
are proportional. Item {b} is applicable if a lafge quake soil condition 
exists, i.e., if it takes a considerable compression of the soil before its 
ultimate capacity is reached. Large quakes ar~ most often observed for 
displacement piles with large diameters or in saturated soils. Item (b) 
may also be necessary if the velocity integral fs small (low input or sharp 

. rise time) at the initial peak. 

If the expression for Rd (damping forces) is set to zero, this implies that 
the pile tip velocity 1s zero and ·any resistance which is present at this 
time is static and ·therefore independent of a damping constant. This solu­
tion occurs when graphically the resistance versus time curves for R(t) and 
Rs(t) are for the first time equal. Since this equation assumes resistance 
to be at the pile tip, it is generally applicable when the resistance. is 
primarily end bearing. This is the basis for the Rauta Method. For piles 
with qttle skin friction, the pile toe force, .velocny and displacement 
can be computed directly from the pile top measurements and one dimensional 
wave theory. · 

Pb(t) .. Fd(t-L/c) + Fu(t+L/c) 

u•b • [fd(t-L/c) - Fu(t+l/c)]/Z 

ub = J u'bdt 

(lSa) 
(lSb) 
(15c) 

A static toe resistance force-displacement graph inay be obtained by re­
duclng Ptoe by the damping Jzu• and plotting this force for eac:,. ;::ne 
increment against the displacemenlt of the toe (integral of ~cuat~on :..:D). 
This is the PESWAP procedure. 

~ 
The Case Method of capacity preoic:ion "illeasures" the resistance (capacity) 
acting simultaneously. For long piles having a significant portion of 
resistance coming from snaft friction, the Case Method may underpredict 
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during hard driving, i.e., whet') the pile top velocity becomes negative 
before time 2L/c; the pile top is moving upward and some skin friction 
begins to unload. The basic Case Method can be "corrected" for this situa­
tion by adding the resistance in this upper portion of the pile that has 
un 1 oaded. The dynamic component is then subtrac.ted. 

STRESSES 

Pile damage is usually the result of either poor ha~m~er alignment (high 
local contact stresses) or high driving stresses. For concrete piles, 
tension stresses are important. From the upward wave, we can easily in­
vestigate whether tension is present. The input compression stress wave 
will be reflected as an upward tension wave from the pfle bottom at time 
L/c and will arrive at time 2L/c. This upward tension .force has been 
transmitted along the entire pile shaft. but is not necl;!ssarily the· net 
tension at any location since downward waves exist. The maximum iiit 
tension (CTN) occurs when the downward compression stress fs a minimum 
(time force) .and can be found mathematically by 

CTN = Fu(tt••2L/c) + Fd(t3<2L/c)min i 0 (16) 

High cqmpression stresses can also be of concern. ,.In general, the maximum 
compression force at the measuring location is ver,y close to the maximum 
force 1n the pile (absolute upper limit is the total resistance R if it is 
greater than the maximum pile top force). 

DAMAGE DETECT! ON 

For a uniform pile, an upward traveling tension wave should be observed 
only after reflection from the pile tip and should therefore come at time 
2L/c. If· an upward tension wave is observed prior to 2L/C, it must be due 
to a .. change in impedance (reduced section area, modulus, or possible 
dama.ge). Consider the equilibrium conditions for downward ~d ,l and Fd,l 

and upward·fu,l and F.u,Z waves at a cross section change with impedance z1 
z2, respectively. 

F d , 1. + F u , 1 = F d , 2 + F u , 2 ( 17) 

Requiring velocity continuity, and solving for the input wave reflection 
{Fu 2 will be zero), we obtain for the relative cross sectional change 
BElA = z2tz1 

{18} 

The force Fd at any location x can be found from the superposition of the 
inittal down~lrd wave with the downward resistance tension waves • 

• 
Fd,l = Fd(tl} - Rx/2 \19) 

• The upward wave at time 2x/c = :, is the sum of the resistance effects 
above location x and the ::--oss sec-::1on change effect (negative if z2<z1) 

(20j 



(P2 - Zu'z)/~ = -(P1+Zu' 1)t2 + R 

Rearranging, we can now solve for the total resistance 

(10) 

R = (P 1+Zu' 1+P 2-Zu' 2)/2 (11) 

where the Indices 1 and 2 refer to times t 1 and t 2 = t 1 + 2L/c. 

R is the total resistance encountered during a complete passage of the wave 
{during a time period of 2L/c). There are differences between this resis­
tance and the ultimate static capacity of the pile and various consider­
ations are necessary to predict R5 • 

(1) Elimination of soil damping 

(2) Proper choice of time t 1 such that R is already at full magnitude 
when P and u' samples are taken · 

(3) CorrecUon for an R
5 

that decreases during 2L/c because of early 
pile ·rebound (nega.tive velocity. before 2L/c) . 

(4) 

(5) 

Time dependent soil strength changes (setup or relaxatiori). Since 
the dynamic methods give· the resistant(! at ·the time of te.sting, it 
is a 1 ways recomltlended to test pi 1 es at the end of driving for the 
strength ·of remolded soil, or ·by restrike after a wait period for 
the long-term service load; and at both times to determine strength 
chan~es. It shoUld not be surprising that the capacity at the end of 
driv1ng may not be equal to the service capacity after a wait due to 
reconsolidation, dissipation of excess pore pressures. etc. Static 
test correlations should always be made with restrike data. 

The pile must experience permanent set during the testing. If noo 
(or very little) movement 1s achieved then the indicated capacity 
relates to the mobilized value only, roughly analogous to a static 
proof test not run to failure but rather. still in the elastic range. 

Considerations 4 and 5 above are self explanatory. The first three 
considerations will now be investigated in more detail. 

Damping is associated with velocity.· We can· obtain the tip velocity from 
our top measurements as 

u'b(t) = Fd(t-L/c)/Z - F0{t+L/c)/Z ={P 1 + zu• 1 - R)/Z (12) 

By defining the damping forceR = J Z u'h (Jc is a dimensionless damping 
cons.tant). we can a 1 so so 1 ve fgr thee dampillg. Si nee the tot a 1 resistance 
is the sum of the static and damping forees, the static res1stance can be 
obtained from 

R5 (t) • R(t) - Rd(t) = R 

or expanding into terms of only'? ana u', 

• '? - . "l) - ',j_, .--:..!.1 ,-1'\ 
¥ - t 

(13) 



Rs •(1.-Jc)[P 1+zu• 1]/2 + (l+Jc}[P 2~zu• 2]J2 (14) 

The damping constant relates to the sofl grain size near the pile tip or 
can be computed directly from this R.s equation if meCJsurements and the 
fa.ilure load (from static test or totar static resistance from CAPWAP) are 
known, since Jc is the only unknown in the equation. 

Resistance mobilized fs also a function of displacement. The usual 
assumptions of elasto-plastic resistance are valid and have a resistance 
which increases linearly to a maximum at SO!Ile specified displacement 
(termed the "quake") and then remains constant (plastic) until the dis­
placement decreases. Typical quakes are 0.1 inch (2.5 mm), although values 
up to 1,0 fnch (Z5nm) have been observed. 

For each time t, a resistance R may be determtned. Usually, the time of 
the first major velocity peak. is selected for time t • In most cases, the 
integral of the velocity (i.e. displacement) at the1 first arrival of the 
peak. input at any point along the pile is larger than the soil quake, 
assuring that the full resistance is mobilized. However, it may be neces­
sary to delay this :time to get to a (a) second major peak or (b) wait 
until a maximum resistance, Rmax, is found. Item (a) is always applicable 
1f a second major velocity peak is still at a time where force and· velocity 
are proportional. Item (b) is applicable if a large quake soil condition 
exists, i .e., if it takes a cons i derab 1 e compression of the soi1 before its 
ultfmate capacity is reached. Large quakes are most often observed for 
displacement piles with large diameters or in saturated soils. Item {b) 
may also be necessary if the velocity integral is small (low input or sharp 
rise time) at the initial peak, 

If the expression f~r Rd (damping forces) is set to z~ro, this implies th~t 
the pile tip veloc1ty fs zero and any resistance wh1ch is present at th1 s 
time is stat 1 c and therefore 1 ndependent of a damping constant. This so lu­
tion occurs when graphically the resistance versus time curves for R(t) and 
Rs(t) are for the first time equal. Since this equation assumes resistance 
to be at the pile tip, it is generally applicable when the resistance is 
primarily end bearing. This is the basis for the R ut.o Method. For piles 
with little skin friction, the pile toe force, velaocl'ty and displacement 
can be computed directly from the pile top measurements and one dimensional 
wave theory. · · 

Pb(t) • fd(t-L/c) + F0 (t+L/c) 

u'b • [Fd(t-l/c) - Fu(t+l/c)]/Z 

ub = J u'bdt 

(15a) 

(15b) 
(15c) 

A static toe resistance force-di sp tacement graph may be obtai ned by re­
ducing P toe by the damping JZu' h and p 1 ott i ng this force for eac!l :~me 
increment against the displacement of the toe (integral of ~oua:~on ::o). 
This is the PEBWAP procedure. 

i 
The Case Method of capacity pre<lic:ion ":nea~ures" the resistance (capacity) 
acting simultaneously. :=or iong piles having a significant portion of 
resistance coming from snaft friction. the Case Method may underpredict 



We can then solve 

BETA = [(F{down,t1) - Rx + F(up,t 4)]/(F{down,t 1) - F(up,t4)] (21) 

~here t 4 is the time of a loc~l minimum fn F. after a peak Rx(2 ~ompress~on 
1ncrease. For a uniform p11e, ~u.(t 4 ) wf91 be ·a monoton1c- 1ncrea.s1ng 
function equal toR /2 and BETA w1r1 tnen be equal to 1.0. If a un1form 
pile should indicale a BETA less than 1.0 prior to 2l/c. the pile ts 
damaged ai location X = ct 4/2 and the cross sectibn reduction can be 
calculated. The following classification scale has been proposed: 

BETA = 

HAMMER PERFORMANCE 

1.0 
o. 8-l. 0 
0.6-0.8 
below 0.6 

uniform 
slight damage 
damage 
broken 

The energy in the pile can be found from the work done on the pile whiCh we 
can obtain if we integrate the product of force. P and velocity u' over 
time. 

W =[Pdu =]P u' dt (22) 

The maximum value iS tM maximum transferred energy EMX. It is important 
to realize that· only this ·transferred value EMX is capable of actually 
doing work on pile and soil, rather than the hammer's rated energy. 

For air steam or drop hammers with ram mass, m • the principle's of impulse 
and momentum can be used to obtain the maximumr ram ve.l oc1ty, u' r• prior to 
impact from • \.CiiO 

· MFO = jP(t)dt • M u• 
0 r r (23) 

From this the ram k.inetic 'energy, KE, may be calculated and compared with 
the ram potential energy, PE, to obtain hanmer effici~ncy. Comparing the 
kinetic energy with the maximum transferred energy EMX will demonstrate the 
effectiveness of the driving system (capblod::, helmet. cushion). 

Three energy ratfos.of importance are: 

eh = hammer efficiency .. KE/PE 

ed = drive system efficiency = EMX/KE (24) 

et = total transfer ratio or efficiency = EMX/PE 

For diesel hammers, the maximum kinetic energy is not as ~eaninofui aue to 
the compression of the gasses just prior to imoac-;. 7his is ~especially 
true in cases with preignition. 
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CASE METHOD - EXAMPLE 

700 2L 
c 

FORCE 

350 

Fl = F(t1) = 601 kips 
F2 • F{t2) = 17 kips 

Vl = Mc/L [V(t1H • 589 kips 

vtr = Mc/L [V {t2)] = 111 kips· 

A} Total Capacity, RTL "' l/2 (Fl + Vl) + l/2 (F2 - V2) 

B) 

C) 

= 1/2 (601 + 589) + 1/2 (17 - 111) 
.. 548 kips 

Total Capacity = Static Resistance + Dynamic Resistance 
RTL • RSP + RON 

RON • J (F1 + V1 - RTL} 
= 0.1 (601 + 589 - 548} 
.. 64.2 kips 

RSP = RTL - RON 
= 548 - 64.2 = 483.8 kips 

for sand J = 0.1 

By comparfson, a static test was run which failed at .t7iJ <ips. 
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DATA PROCESSING 

Goble Rausche Likins and Associates, Inc. {GRL) has provisions for addi­
tional analyses. The equipment used contains both mint or micro computers 
with disk storage. Further hardware of th~ system in-clude an optional 
analog to digital converter (A/0), including multiplexer, printer and 
plotter. A schematic of the data processing system is included. The 
standard pile data processing is as follows: 

1) The tape recorder data i.s replayed into the Pile Driving Analyzer 
where the force and velocity are digitized at 10,000 Hz each. The 
data is then sent by an RS 232 port either directly into the computer 
or throl!gh telephone conununfcations (modem) from remote job sites. 

. ' 

2) Optional provisions to replay tape recorded velocity and force 
through a multiplexer and A/0 directly into a computer are provided. 
A third quantity like another force record, ha11111er pressure, or other 
dynamic quantities may also be'digitized. 

3) Store the digitized data on disk. 

4) Integrate velocity to obtain pile displ'acemen~, · differentiate 
velocity to obtain acceleration. 

5) Check final displacement and compute an acceleratoin shift for 
agreement of final ·displacement with blow count; alternatively shift 
acceleration for a zero velocity at end of record or do no correction 
at all. 

6) Reintegrate acceleration including correcti,on from 5 and plot the 
result, the pile velocity, as a function of time together with the 
force record. Integrate the velocityto obtain displacement. 

7) Integrate the product of ve 1 oci ty and force to obtain energy. 

8) Determine the maxima of force, velocity. energy, acceleration and 
displacement. 

9) Determine capacity from Case-Gable Method for different J-values. as a 
function of time. 

10) Print results. 

11) For piles with little skin friction, compute and plot pile tip force 
displacement relationship (formerly the Pile End ~aring Wave 
~alyses frogram, PEBWAP). 

Of course, variations of these' procedures are possible. Great :1exioility 
of the speci a 1 purpose software is i ncorporatea. 'Jari ous types of plots 
and output tables can be made. 4 



TAPE RECUKUt:H 

r- - - - - - - -t=~li=~ 
I 
I 
I 

I 
I. 
I 
I 
I 
I 
I. 

MULTIPLEX 

AID 

OSC lllOSCOPE • • • • 6 

6 ! 
' 6 Ot--------i 
• o·o 

116 

6 :: • 

RS 232 

PTIONAL TELEPHONE LJ~K 

OSCILLOSCOPE 

nmm::::J 
-----iE;3~1 

Schematic of Data Processing 



SXJKlPS 
UIOF$.1 

Data Processing Results 

0 ' r 2L/C '.....__,_ J 
....__} 

---FORCE 
--- VELOCITY 

1DIM.1 ___ DlSPLACEMENT 

ZDKIPS-F l __ """'-_.,_.,_.r---_-r--·_ .... _ ... _ .... -_..;::::--.-----E-N-ERGY - e= ~ ...... '~ -·~ -.. ·-----~ 
___ WAVE DOWN 
---WAVE UP 

___ TOTAL RESISTANCE 
---STATIC RESISTANCe 



. 24FS.1 
:aac:sKIPS 

2lM.1 

f .... 
~ 

LU 
0 .... 
.... 
< 
~ 
0: 

ft 

[L~ 

1200 

10!50 . 

900 

r.:o . 

sao 

450 . 
sao 

150 

0 

0 

/i 
VJ 

• • 
1 2 3 4 s 
DISPl.ACEJ.(ENT AT TOE 

a 7 
.liN 

a 

___ J- 0/100 



The CAPWAP Method (CAse f.ile ~ave ~nalysis f_ro9ram) 

Either pile top force or pile top velocity can be used in a dynamic analysis 
as a boundary value (both together would not lead to satisfactqry results). 
An analysis can then be performed either in closed f.orm or in a so-called 
wave analysis procedure, i.e., in a discrete form. Of course it is then 
necessary to describe the soil resistance forces. 

T~e soil reaction forces are passive and up to now it has been found suffi­
ciently accurate to express them as a function of pile motion only. It is 
fu.rthermore assumed that the soil reaction consists of a static (elasto-
plastic) and a dynamic (1 inear damping) component. In thi.s way the $Oil · 
model has at each point three unknowns (elasticity, plasticity and viscosity). 

The dynamic analysis is performed in the CAPWAP Method after the procedure 
that was introduced by Smith. This procedure divides the pile in a number 
of mass points and springs. In this way there are three. times as many un­
known soil parameters as pile elements. First, a reasonable assumption is 
made regarding the soil parameters, and then the motion of the'pile is assumed 
using the measured pile top acceleration as a boo'ndary value. Output results 
are not only the pile element motions and soil resistarice forces, but also 
the computed pile top force, all as a function of time. 

The computed and the measured pile top force will in genera 1 not agree with 
each other. It is .necessary to improve this match iteratively by changing 
the assumed soil resistance parameters. Finally, a computed pile top force 
wi 11 be obtained which cannot be further improved. The corresponding para­
meters of the soil model are then considered the correct values. The results 
of the CAPWAP analysis then are the magnitude and location along the pile of 
bath static and dynamic resistance forces. Static computations can be used 
to predict the static load test curve of the pile. 

In 1970 a program was written that performed the necessary computations ·and 
decisions automatically. This program resulted in satisfactory solutions 
for piles which were not more than 75 feet in length. For longer piles 
computation times became excess.ive. A recent program performs the com­
putations· "interactively". In the interactive mode one analysis is obtained 
using a minicomputer, and then the engineer detennines the necessary changes 
of soil parameters for the next analysis. This method uses a machine with 
approximately l6k core memory. Of course, one also needs a plotter to draw 
the measured and the predicted pile top force curves. Even for longer piles 
ft is usually sufficient to analyze 10 to 20 times. 

A reverse analysis, called WAPCAP. is often done as a check on the CAPWAP 
results. WAPCAP uses the measured pile top force as an analysis inou-:: .!na 
produces a match of computed with acteleration derived veloc~~y. jAPCAP 
gives also very reliable force predictions in the :Ji1e at 1ocations other 
than the top. 
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CAPWAP/C 
(Capwap Analysis using the Continuous Pile Segments) 

CAPWAP/C is a program that in general works like CAPWAP, except that it 
uses the characteristics method r.ather than the lumped mass approach for 
analysis. The characteristics methOd divides the pile into Np segments 
which are of uniform cross-section. Each element, i, has a length, dti, 
equals the analysis time increments, dt. Thus for variable pile properties 
Ei, Wi (elastic modulus, specific weight), the wave speed of a segment is 

g/W.) l/2 
1 

where C i •. E i and Wi , may be average properties over a segments 1 ength if 
the properties change within the corresponding length increment, dli, and g 
is the earth gravitational constant. 

Note that the segments are not of equal length. Resistance forces Rk may 
act at the bottom of any segment. They are the sum O·f the usua 1 
elasto-plastic and linearly viscous resistance values. 

Real CAPWAP 

Material [ 

Material [I 

;; e:r.en::; Ji ~::)Ja I t.engt:.., 
'/ar~aoie :-tass, ;n ana 

Stiffness, k 

Une-:!ua 1 i'r~ve 1 Time • .;::;; 

CAP'IIAP/C 

l 

Elements of :~ual iravel ifme 
'/ari ao 1 e !mce'Jance 

lJne~Jual 



3.5 

3.0 
X 

...... :z 
::E X 

' t: 
2.5 z 

)( 

0 ·-1-
- (.) 

X 
X 

c 
w 2.0 
0: 
a. 
>-
t::: 
0 

1.5 < 
0.. 
< 

X ' 
.,. X 

X x+< *~c X 

Xx X 

Xx XX x'l( X 

X 
.... 

x· 

0 X 

a. X X 
)( 

< 
B: 1.0 a. 

X x )C )« _'}{_X 

X IX 
,. 

X 

< 
0 

xx .) 
X x; x X X 

0.5 x > ~~~ 
XX 

.. 
X 

X 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

STATIC LOAD TEST .RESULTS IN MN 

-
1 MN • 112 TO-NS 

CAPWAP CORRELATION 



STATIC 

After a CAPWAP analysis has been performed the complete pile and soil 
model is available for static analysis. This analysis is a.nalogous to a 
static load test and is therefore often referred to as a ''simulated load 
test". The static analysis is done by incrementally loading the pile at 
the top and computing the resulting element penetrations and associated 
static soil resistance va 1 ues. The fi na 1 res·ult of this analysis is the 
applied pile top force and the pile top penetration. 

Usually the static analysis uses the same pile and soil model as in 
CAPWAP. Modifications are, however, possible. First, the pile model may 
be shortened, corresponding to a cutting off of the real pile. Second, for 
pile materials other than steel a different, usually lower, pile elastic 
modulus may be used. Finally.,. rather than using the dynamic quakes a static 
one may be introduced in order to include creep effects. Of course 1such 
static quakes are generally.not known and the dynamic ones are theref'ore 
introduced. Then the resulting laad-deformatiqn curve· excludes creep. 

en 
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0 100 ....J 

LOAD· TEST CURVES 
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\ 
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TABLE 1 -------
summary of Indicator and. Load Test Pile o•ta 

Pile Numb~r Length Embedment Approximate 
Depth(2) Tip Elevation 

Field Plan(1) ( 3) 
De!.!_~~~.!.£!: Loca t i.on .i.!!:!:~l __ _lf~.!:!l_ ___ 1f~~l ____ -------

X-1 A.2-BF1-1 75 '68-1/2 -57 
x-2 A.6-BF2-1 75 70 -62 
X-3 F9-EF1-1 40 38-1/2 -26-l/2 
X-4 CE-BF4-1 70 62 -54• 
X-5 F6-BF2-1 75 70-1/2 -59 
X-6 E1-BF1-1 70 63-1/2 -55 
X-7 E19-CF4-2 40 36 -25 
X-8 H19-EF3-4 70 50 -44-1/2 
x-9 J • 5 - 7 • 5·- A F 2- l 70 66-1/2 -58 
X-1 0 Q19'"'"EF4-8 70 62 ' -53 
x-1 1 Q28-EF3A-8 70 65-1/2 -57-1/2 

r 
-65-1/2 X-12 Q11-EF2-B 75 7 1 

X-13 S11-EF2-8 75 69-1/2 -64 
x-14 S19-EF2-8 75 66 -60-1/2 
X.-15( 4 ) ---------
X-16 U28-EF2-8 75 65 -56-1/2 
X-17 U19-EF2-4 70 66-1/2 -58-1/2 
A.F-1 N.S-9.5-AF1-5 45 41 -29-1/2 
DF-3 M26-DF3-5 45 41 -30-1/2 
EF-2 V20-·EF"2-2 75 ( 5) ( 5) 

EF-2(~evised)S27-EF2-7 75 49-l/2 -42 
BF-3 B9-BF3-1 75 7 1 -59-1/2 

Notes: 

(1) Based upon numbering system adopted by the City of Santa Clara. 

(2) Depth below existing pad grade or bottom of excavation 
at time of driving. 

(3) Based upon existing pad grade of Elevation 11-1/2~ 
(project datum). 

(4) Indicator pile X-15 was deleted. 

(5) Pile broken during installation. Embedment depth and tip 
Elevation uncertain. 
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Summary ot Pile Orivin9 Analyzer Results - ICE 520 aiesel Ham-~r 

Estimated 
Length Max Measurt!d Max Computed M<;~xim.um Ult.i·matt! 
Below Pene- Pi low Comp·r·e ss i ve Tensile Trans f. Transfer I 1) ;Pile 

Pile Data Gages tration Count Force Stress Force Stress Energy Efficiency Capa.cityl2) 
Null\b!.!_ ~- .1~!.!1 J~L lbl/ft) 1 ides> .l~.!L 1~£2.1 _ _!~ tkiE-f.tl -. _1!.1 __ .lkifS) _ ( ton.!l_ 

X-11 EOfo (3) 67 65 69 410 2.9 30 0.21 8. 9. 29 270 ( 135) 
BF-3 EOID 72 70 28 400 2.8 57 0.40 9.1 29 230 ( 1 1 5 l 
EF-2( 4 1 EOID 72 -- --- 430 3.0 78 0.54 9.5 31 --- (---} 

AF-1 EOID 42 40 32 350 2.-4 10 0.01 9.3 30 tOO ( 50) 
DF-3 EOID -42 40 17 294 2. 0 15 o. 10 10.3 33 54 ( 271 
X-11 BOR (5) 67 65 156 366 2.5 -- ---- 10.2 33 360 (180) 
X-10 BOR 67 59 53 470 3.3 -- ---- 11. 1 36 300 ( 150) 
x-4 BOR 68 67 75 501 3.5 38 0.26 11 • 8 38 320 ( 160) 
x-s BOR 73 63 132 467 3.3 56 0.39 .9 .• 4 30 340 ( 170) 
x-6 BOR 66 63 200 4( 1 3. 1 -- ---- 11., 36 3tl0 (150) 
x-3 EOID 42 40 40 375 2.6 13 0.09 8.4 27 170 ( 85) 
X-7 EOID 37 37 --- 226 1. 6 25 0.17 6.7 28 0 ( OJ 
DF-3 BOR 42 41 100 370 2.7 -·- ---- 6.5 21 208 ( 1 04) 
AF-1 BOR 42 41 60 470 3. 3 -- ---- 7.2 23 230 ( 1, 5 J 
X-7 BOR 37 37 228 327 2. 3 -- ---- 6.6 21 160 ( 80) 

X-3 BOR 37 3& 88 415 2.9 '· -- ---- 8. 1 26 23ll ( 11 5) 
BF-3 .. BOR 72 72 280 370 2.7 -- ---- 6.5 21 380 ( 19 0) 
X-1 BOR 72 70 85 432 3.0 -- ---- 7.6 25 30 0 (150) 

-------
NOTES : 

(1) Based on the maxi~um rated en~cgy of the ICE 520 diesel hammer. 

(2) Based on the Case Method of an.alysis. 

(3) Dynamic Testing perfor~ed at the End Of Initial Driving (EOID). 

(4) Pile broken during installation (see report text for discussion). 

(51 Dynamic Testing Performe<l. at the Beg inning Of Restrike (BOR). 
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Summary of Pile Driving Analy~er Results - ICE 640 Diesel Hammer 

Estimated 
Length Max Meas.u.red Max Computed Maximum Ultimate 
Below Pene- Blow Colllpr;essive Tensile T·r ans f. Tr.anafer ( 1) Pi1e 

Pile Data Gages tr a tion Count Force Stress Force Str·ess Energy Effid.ency Capacity1 2 l 

~ set (feet) (teet} (bl/!.!1. (kiJ2S) (ksi) ~ (ksi) Qi.E=lli __ _ill __ 1~ (tons) 

x-t4 ~oro!3l 72 66 29 250 1.7 12 o.os 5. 7 14 130 ( 65) 
X-13 EOID 72 68 23 28Q i. 9 35 0.24 8.2 21 190 ( 95) 
EF-2: 
(revised}BOR(4) 53 48 640 350 2. 4 -- ---·- 10.0 25 380 ( 190} 
X-12 EOID 72 69 so 4110 2.8 38 0.26 10.9 27 155 I 77) 
X-9 EOID 67 67 23 29·0 2.1) 17 0.12 7.7 19 140 I 70) 
x-il EOID 67 46 91 470 3.3 so 0.35 12.2 31 330 (1651 
X-2 EOlD 72 70 20 51'0 ).5 72 o.so 12.8 32 160 ( 80) 
X-2 BOB 72 72 84 550 3.8 -- ---- 12.2 31 360 t 1 1!0} 
X-9 BOR 67 66 60 570 4.o -- ---- 12.2 31 260 { 1 30) 
x-8 BOR 67 45 240 430 3.0 -- ---- 11.5 29 40·0 (200} 
x-3 B02R(S) 37 35 144 4 24 2.9 -- ---- 12. 1 30 310 ( 1 ss l 
x-12 BOR 72 71 10 1 560 3.9 -- ---- 12. 1 30 415 {2071 
x-13 !lOR 72 67 280 460 3.2 -- ---- 9.11 25 485 {242) 
x-14 BOR 72 67 20 4 340 2.4 -- ---- 6.6 17 3.00 ( 1 so) 
X-17 !lOR 72 66 120 330 2.3 ---- 6.8 17 260 ( 1 30) 
X-16 BOR 72 65 340 400 2.8 -- ---- 9. 5 24 420 {210) 

NO'fES: 

(1) Based on the ma)<imum rated energy of the ICE 640 die·sel ham.mer. 

(2) Based on the Case Method of analysis. 

( 3) Dynamic testing performed at the End Of Initial Driving {EOID). 

(4) Dynamic testing performed at th.e Beginning Of Restrike (BOR). 

(51 Dynamic testing performed at the Beg innin<J Of a 2nd Restr i k.e {B02R). 



TABLE 4 -----
summary of Case Capacity Results 

...... 

Estimated Estimated Estimated 
Len9th Ultimate Ultimate Ultimate 
Below Capacity capacity Capacity 

Pile Gages EOID BOR B02R 
Number .1!.!!~1 _.1!£.!!~-- _1!£.!!~-- _J.!~!l-------

X-11 67 135 180 
BF-3 72 115 190 
EF-2(1) 72 
AF-1 42 so 1 1 5 
DF-3 42 27 10 5 
X-10 67 150 
x-4 68 160 
X-5 73 170 
X-6 66. 150 
X-3 37 85 1 , 5 . I 155( 2 ) 
X-7 37 0 80 
X-1 72 --- 150 
X-14 72 65 150 
x- 13 72 9.5 24 2 
EF-2(revised)53 190(3) 
X-12 72 77 207 
X-9 67 70 130 
X-8 67 165 200 
x-2 72 80 180 
X-17 72 130 
X-16 72 210 

NOTES: 

(1) Pile broken during initial installation. 

(2) 2nd restrike after an additional waiting period of 15 days~ 

(3) Restrile after only 4 hour waiting period. 



l 

TABLE 5 

Summary of CAPWAP/C Results 

Estimated Ultimate 
Quakes Smith Damping Static Resistance 

Pilt! Data Skin Toe Skin Toe Case Damping Skin Toe Total Total 
Numbt~r Se:t (inch) ----- (inch) (s/ft) { s/ft) Skin Toe {!_<ips)_ (kips) (kips) (tons) 

BF-3 BOR ( 1 ) 0.05 0.06 0.26 0.30 1.70 0.10 365 20 385 (192.) 
DF-3 BOR,. 0.05 o.a6 0.24 0 •. 09 0.60 0. 1 0 143 67 210 ( 1 0 5) 
X-7 BOR 0.05 0.02 0. 1 1 0.2G 0.25 0. 15 135 35 170 ( 8 5) 
X-12 BOR 0.06 0.05 0. 19 0.18 1 • 3 8 0.03 403 1 0 413 (206) 
X-9 BOR 0.05 0.10 0.17 0.24 0.60 0.25 200 61 261 (130) 
EF-2 
(revised)BOR 0.13 o. 15 0.10 0.28 0.45 0.64 245 135 380 ( 1 9 0) 

X-3 BOR 0.05 0.15 0.15 0.19 0.45 0.20 164 66 230 ( 1 1 5) 

X-3 B02R(2) 0.05 0. 15 o.os 0.19 0.35 0.20 247 63 310 ( 1 55) 

NOTES: 

;:) Data obtained at Beginning Of Restrike (BOR). 

(2) Data obtained at Beginning Of 2nd Restrike (B02R). 



PILE DRIVING RECORDS 
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P Il E N 0 . 1\':t. .. ,n-

' 

. ;· 

PILE INSPECTION RECORD 
RECORD NO. }(L 

Project Name SANTA CLARA CONFERENCE· CENTER · . Project No~ 16029-X 

~--

Ground Elev.(.< \·\,~ ~ ~\ ( 'P} ~·· b~ ~~~) · . : . · ,. · :. 
_-7F E:;E:-:T~B~L~o.;w.;..s ~R:;f;;MA=R=K==s~-F-E-E T__,...-B_L_o w..!:s~~R E~M~A~R~Ks!!L.. P 1 L E TV P E : · ~2 A:t P c.. 

0-1 40-4\ !Lb' . ,r-::2------t---+----~~4~2:2...!..-J-.~1..;-'d~~';l------l . pIlE LOCATION : . . ")(. j... (A'Z. .. BF.I--1 

----T-3 -----+--t-----lii-=!4L3 --t-_:_·1.;.!:::.. :4z.· -+------1 l ~I\\\-\ &~). Ur~b~ . ~ . 
1---;[4:---Jr--+----1~_::!.42.4 --+-_::::.1'2-::::z_:'\;1-----1 p +!: E cAp~ I TY: . B 0 . 

- 5 I 45 '2.' . ~9'-\16.{ bl\- f-. ~'tJ,(') 'J 

.......,_76 _ _, __ -r-:----:---U-:;.:lt6~-. +-.....;I'L::_=~~---~ LENGTH AS CAST:_·_"\_'? ___ _ 

I 7 47 · 1..~ 
- 8 48 3<b· ,. 

9 49 . t;"?, 

I 10 50· 5\o 
- 11 - 51--+--~"l,,"--+------1 ti., 

. . 
TIME pRIVEN·: HY·.Ilro .j 10~56 

1.~ 
t)!L'• 

14 Sit ~J-\., · \e, 
IH 
\l\-' • 

I 15 55 '1.-?l 
- 16 . 56 'l,;f) PLUMB NESS :_........;.....:_0_~ '-"---"""----

17 57 \ \ 
\lb 1_-718~~~~1------~~58~~--~~----~~ HEAVE:~---------------

- 19 59 ·-'!.. ~ L-:-1 ~ 7n ~ 9'b.bi bl!r-, I \.\ 
\ \ 

. \At 
t--:2:-:-0--t----l.:-l-l-------l~6..::..o _·_1---:z:.J... t;c::,_·

1
t.,:f:-p..!!· =---·---1 CUT- 0 F F . El E V • : ------

r 21 61 4-6 
\"V 
\'tr . 
~4--

25 65 ~~ \V 
\cP I 26 66 31 

- 27 67 3q ___......... _11 

LENGTH CUT OFF:_·~---­

.FI.NISHED T~·P. ELEV ~-: .. :-: O? .:b 
.. . . . 

PAY LENGTH: ______ _ 

'1-~ 
lq. 

r---;2~8---t---7::_-'--lf------jiJ--;67-8 ---J:,..-.::!.r.; .l.j\ __....~J..;;:~-;::;·rl--\+.:.-1 PI L E A P P R 0 V ED : DATE : 
...... r --tr2~~~~~t----:---jf--:6~9:-~(fl'?~-~"~li.\.l:.CQ···~''· .,~~~~~110;;·'·~;~ -- --

\C1 

14--' 
· I I 

\'1,...--

30 70 "'-·~ ~ '- -A~ PILE REJECTED: 
1 J) ]1 (~:~;~. 1;f;j:.f'l' ------
-~)~2--;-~~r-----~~7~2--~----~~~~ 

INSPECT 0 R i __ ...:..\~_._:;t._._· _. -----

l'l/' 
'1-:?, 

~lo 
10 
\L... 
l_t, 
w 

... 



r&L.'- ••v···'"'r-•• L.. 
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PILE INSPECTION RECORD 
RECORD NO. X-L 

Project Name SANTA CLARA CONFERENC~ CENiER -Project No~ 16029-x 

( 
-r;' b" below ~ qMoJ.A., • · 

Ground Elev. \ \.~ .!:- 10' bc)..ow bo~ ,ri .. ~~) . - . -v . . \' ~ 

~FEET BLOWS . REMARKS FEET BLOWS REMARKS PILE TYPE: ·\ 't> ~ {?c ~ -

l_-=~---'1"---t-~-r-----11-..:!:~~~-..2~ '~--~kt~""\-L-' +-.....:._: Y\.1'0:"'(:.!.·~y,.-.=~~:....;...,..j:\ p ll E L 0 cAT I 0 N : ,_ ( --:y,._ ~ (A ~-6FZ-' 
. 3 1t3 ~: .. a _ _-·"\ 
I :. ltlt J>r PILE CAPAC·ITY: 0-.J 
I s ~ts 'Lt.~- .., -g 1-V11 e,4o ~-__..::~ .. ---
:-6 46 rz.-1 LENGTH AS CAST:' __ """~_EJ-1-. __ _ 

7 47 1.? 
UAT E 0 R 1 V EN : _t_o_'J_n_;_·J_~_'f---:---

' 9 lt9 lo-1 
TIME DRIVEN·:_"'_!.\._;_. _1 '-=t::-;_;_P_· _""-_: __ 

' 12 '" 5? ~9 
I 13 1c.. 53 ?t> 
r 11t ,(., stt -;"' 

HAMMER: \ c..:e:. -b~ 

~NEkGY:® ~J ~ ~-\~. 
I 15 '"" 55 1\.LI-

16 \"1 . 56 I'} P L U H B NESS : _ ___.:_____::0:-.. ...:..'-<.:=-;;;,..· ---

i 17 \\o 57 14 
l. \8 \__'-\:. 58 \ ~ HEAVE:~-------------------

CUT-OFF ELEV.: ______ _ 

I 22 '1,..'\..-. 62 \"\ · 

23 'l-4> • 63 ~ 
LENGTH CUT OFF=----~-

. -f:-
FINlSHED TIP ELEV.:"· ~(ot,-: 

' 25 '4> 65 \\4-
26 \l~J- 66 \ ~ 

~ 27 \'1 67 1\\-
PAY LENGTH: ____ ---:-·---

28 \C, 68 \\o' 
29 1..:-t 69 \ -1· 

PILE APPROVED: __ DATE: __ 

31 . \."J 71. X1 
PILE REJECTED: ______ _ 

32 \I 72 \Q INSPECTOR: __ __...,JC_· ...!~ (_. -· <'*"=..--

-35 \<\ 75 \ q J ·'1 ,o]rv/ tH' 
NOTES: . . ·, 

36 \\a 76 "\ 
37 \"] 77 \ 
38 fl..\ 78 

79 
79-80 



riLL. nv•• • r• • • 

) ) 

PILE INSPECTION .RECORD 
RECORD NO. X~ 

Project Name SANTA CLARA CONFERENCE. CEN.TER .Project ~o~-1 6029 -x 
. . . 

(
. ~sy 4" w.-r ~ 'l~ . . . 0 

Ground Elev. \\.~±. ~t.· ~ b-o~ cllr~~~oln'\ ~e>/~"LI~_) 0
0 

o . 
..... FEET BLOWS REMARKS FEET BLOWS REMARKS PILE TYPE:. 

0 (2.'~ ocp f"c. 

o-1 · 4o-lt 1 Ked?~ 1){, 6?Allle lA ,.c:;;_ 
I 2 42 11-g--9 "'/fte'l'/() 0 PILE LOCATION:··~ (F"f-e:t:"• . .:.t_ 

- 3 ,3~ /Z}1 . . 
4 «r1i . ) 1 S'j PIlE CAPAC I JY: _,· . __ · ~-· _-r_. --'---

1 5 16 ?8 (9/\oJ b~ \ ~'br. 
- 6 - ~ lt6 n. LENGTH AS CAST ! __ 4o_~ ---

t7 9 Jr1 ;J9 
- 8 l¢> . . W8 "J 3 UATE DRIVEN:. 9 ('Lt.. ~BAr. 

-----'---~--

-:9:-=---t--U7l<D::._,;-.,..----II-~~h~...1.'~ tjo-4---....:.....-:.~ 0. 0 • 

I lO \d> • 4o f) TIME DRIVEN·: ''~u.-s ~0 

0 • 

- 11 \ d> 51~-+...:...::...-....J-----,---1 

12 \ l 52 
I 13 _, 53 

I 16 \o . 56 
17 '\ 57 

I 18 \o 58 ,. 

..... 19 1 59 
20 9J 60 . 

I 21 . 1 61 
- 22 \b 62 0 

23 q 63 
I 2lf Q 64 

25 ~ 65 
I 26 q 66 
- Z1 q 67 

28 9 68 
I 29 q 69 

- 30 ~ 70 
}1 P1 71 

r- 32 \cb 72 
33 \~ . 73 

HAMMER:· . · ~ C.t:;- 5U::, 

ENE.RGY :® -,~~~ · ft:o- 1b 

. PLUMB NESS: o:''-

HEAVE :· 

CUT-0 FF ELEV.: 

LENGTH CUT ~FF =------:-
0

-

FlNISHED T~-p ELEV~:·:o·: ~U~J.f 
(.{)W)t~o~~~ 

PAY LEHGT~~ .. ---------------
PILE APPROVED: __ ·_. DATE: __ 

PilE REJECTED: ______ _ 

I.NSPEr.To . If- U. · . · 0 
,: 

~ ~:~-~----------------
.. 

•• ••• ••• j • 1' ,· •• • .,. 



P lL E N 0 • uz I !:!'1:t..' 

PILE INSPECTION . RECORD 
RECORD NO.~ 

Project Nam.e SANTA c.r.ARA ·coNFERENCE. eENTBR. · . Project Ho~·l.6029-x 
( ~b' ~~~11M<~ G ~ ·. 

b'Z.' ~ loott.owt "t1 -:·....,..;.---~; .1>\.t..- ~ r ~ ~ tr : 4§ . . :. 
• • • . 1 I ·. Ground Elev. \ \,~y •, 

- FEET BLOWS REMARKS 
l 0-l 
r 2 - 3 
l 4 
f 5 - 6 
l 7 

- 8 

I 9 
10 

- 11 l? 

} 12 lt"b 
f 13 \'2., - lit \., 
I 15 \Cb 

- 16 \1,., 

l 17 \ ') ...... l--~~ 
f l8 ,() - 19 q 

20 ?J 
r 21 .9, - 22 ?.: 
I 23 /) 

24 ~ 
25 .PJ 

I 26 ?> 
27 9 
28 q 

r 29 a 
30 0 

I 31 \ \ 
r 12 

\ ' 33 \--l, 
I 34 ·\~ 

35 . ";"Z, 

)6 ~ 
r 37 '?A 

38 ~'\..,.. 

I 39 '},C, 
r 39-40 I}J 

·FEET· BLOWS 
lf0-41 '2. ""L,.l 
42 ..Z....l ,.3 7Ab 
lt4 ,Z:..\ 
lt5 \9 
46 \g . 
47 . cz..q_,. 

liS ').....\ 
li9 1..'0 
50. .z.~ 

51 . ~ 4-
52 . ~' 
53 ~~ 

Sit 34> 
55 . s\ 

. 56 '3,d> 
57 3> 
58 ':)tr ', 
59 3\ 
60 . . ':zit 
61 7n 
62 3\' 
63 .. '1b 
64 3tt-
65 . ~'6 ~ 
66 4-rt./"' t: 
67 
68 
69 
70 
n 
72 
73 
74 • 

75' 
76 
17 
78 
79 
79-80 

REMARKS 

b.-~· 

tr1 ~'cMV. 

Y. \ \;.'""'Q'I\J:: 
11~~ II 

.. 

P ll E T"Y P E : . l . .Z. ·lfl Pc... 

PILE LOCATION: .. @ (C~\\ ... Bf4'-
. . 

' ... ·. 1 
P~-C_APA~ITY: · -~0. 
~f\ol~~~ ~~of 

LENGTH AS CAST:' lo' _ __::: ___ _ 
U ATE DR I V EN : . g t ~s i: 86s 
' ' . . .· ·.. . . . '\-z..:~l-:lt·~ 

T.iME ~RIV~·N·: \¢ · . . fi;b · 6? ~ 
HAMMER.:· ·. \- <;:_.t=:; sz~ : 

ENERGY:® .;,Me Fr~~ \ il 

PlUMB NESS : _ ___:_;· 0::...:.....;.. \'--""":=:;:;_· ----

HEAVE:~: ______________________ __ 

CUT -OFF EtEV. : _____ _ 

LENGTH CUT OFF: _____ _ 
·.· . . ' .. . . + ~ 

~ lN'ISHED. TI.P ELEV •· :<~ro'f·,-· ,. fl.l ': :, . • 
~ .. · 
p AY LENGTH: ____ -.,. __ 

p ILE APPROVED: DATE:_ 

p ILE REJECTED: ------
I N SPECTOR: _____ .L-l~_,)oc;.,_· ·:::.._.·_· __ _ 

N OTES: .. . .. ··, 

I·· 
I 
I 
i 



Pllt:. NU. ro~ 

) ) 
RECORD NO. ~-; 

PILE INSPECTION RECORD 

p roj eC t Name SANTA CLARA CONFERENCE- CENTER -Project ~ 0 ~·16029-x 

L·'d ~r" ~ • ~ '\~ "\ 
Ground Elev. ~ \.::JJy · ~ ~.e...-r<oN · · ) · · 11 ;.+, ·· 

- J;:_EET ·BLOWS REMARKS FEET BLOWS REMARKS PILE TYPE: \2- ~T" Pc · 
I 0-1 40-41 -z,L, • ~ . 1~2~-lr--+--~~~,.~2.:.'-1-t-...:::'Jn.~"?,~~---1. p ll E LOCAl I ON: .. ®. { F' -~F~~ ~ 

- 3 : 43 '3 \ 

-·-rJ 6;;--t~o~+----~J--:....;5~6--J--_524r::z_"St-r-r---~· 
17 \ ~ 57 G \ 

··~- .. 
PL UMBN E SS : _ __,:..-_0_· \_<-___ _ 

HEAVE:_· __ _ 
19 ·€>. . 59 91 
ZO ~ \D 60 .-"'\ J!, CUT-OFF. ELEV. :_.,;__ ___ _ 

I 21 . In 61 '7-4 
- 22 · . I 0 62 '? I . LENGTH CUT ·oFF: _____ _ 

23 .., 63 4-CJ ....-t'l' +. 
Fl HI SHED TIP ELEV •· :< .""t7-, -

25 P> 65 . '3<h . . .. 
I 26 ~ 66 -~~ 

27 q 67 ~ 
PAY LENGTH: ____ ---:·--

28 ~ 68 ~q PILE APPROVED: __ DATE: 
I 29 a 69 ·39. 



PILE NQ.t::'I-'Vr'-
\. 

PILE INSPECTION .RECORD 
RECORD NO. X6 

.. 
Project. Name SANTA CLARA CONFERSNC'E- CENi,ER .Project No~·l60 2 9-x 

"' . . . 
FEET BLOWS REMARKS PILE TYPE~. \Z:' Lf'7 pc. 

( 
fotd&" ~ ~ q~,\ ---
b?'b" ~ \)o~ ~ tl.(~6~~~. 

Ground Elev. \ \~'Y) / · · 
- FEET BLOWS REMARKS·-

~.--::-~3-_
1_+---l~'-_:__-i""....:;~!!:~:.....-z._14_~.=:-~2--· +-----1· PILE L oCA TI oM, . @J/:,-tJri _, 

lt3 ~- \ 
1 4· 44 'l..'l.-" '. PILE CAP.ACITY:,· 'bO\ 

..... 5 ,r. 4 5 1.J.o , . ( q I \1) L '(,~ 1\\-~ ') 
6' !t6 1.4- . . l·ENGTH AS CAST'f_·~__:o:_' ___ _ 

I 7 47 ·?.A-
..... 8 ItS 11..:; 

• I 

UATE DRIVEN: Cf{'Lr:::J'I 6'\-
9 49 ~~ -

TIME DRIVEN·: I\:''?-{ 11.: 3 ,f 
• . . '3.: 0 """"t ~ : 1$ P.,L. _ 

1 ~ - . , 'Z;!. .• ~,~~\&.. . 5~ 'l..S 

H·AMMER:· . \ c -~ Ef.,tp 

~N~RGY: (§)-~pep Ft--U?• 

- ){, "1 : . 56 4-d> \ PLUMB NESS: 0 .\L,. 

l7 g I 
0 57 -44> 

I 18 '"1 I 58 ~ ·. HEAVE: __________ ~------

- 19 --1 I 59 2. " 
2{) b 60 t\-tb CUT- OFF ELEV.: -------

~ 21 . 1~ 61 A-\ 
22 ..., 62 l\-" LENGTH CUT OFF: _ ____;_ ___ _ 

, 23 a . 63 . ¥J 
.FI_N.ISHED T~-p ELEV .·:< ~fSS"t-

25 fL\ 65 4rv 
I 26 ~/P 66 2a 

, . 
. . . 

PAY LENGTH:---,....----,-·--

PILE APPROVED: __ .. DATE: __ 

1 3) \"2, J1 V 

-

r 32 ";., / ,;.,,- · ~ ._ ruv ]2 'l,.::y\11 r'\.v- ~ .~ 

PILE REJECTED: _____ _ 

INSPECT 0~ : .....:.-· __ \:_:,_-~_.;;C-;;;...: _· ·_· •---

NOTES: 
., .· ._. . . . ... . . ·~ 



PILE INSPECTION RECORD 
RECORD NO. X7 

Project Name SANTA CLARA coNFERENCE· CENTER . Project Ho~·16029-x 

Ground Elev. ' ,.c,t. 
-FEET BLOWS REMARKS 

~ 
0-1 
2 

-3 
t ·4 
I 5 

6 
[ 7 
-8 ...., 

I· 
9 "1. 
10 "'I 

-n -t; 
I 12 ....-"'\ 
r 13 9 .Q. f-\~ _;. 
-lit <\- ¥~ 
I 15 9=, 

-16 h 
17 -1 

l. 18 \o 
...... J9 ...., 

I 20 ~-

I 21 .\...., 

-"2.2 'P 
I 23 \o'' -· 

f 24 \o 

I' .25 'o 
26 "'\ 

-27 ·'1 

t 28 en 
29 '0 
30 9-. 

l 31 q 
r 32 '1 
I . . 33 "'\ 

r 3lt '\~ 

,-35 . · \~ 

' 36 \"2, 

I 37 \br ~I 

,.-J8 -~ . • \\,., i.J /y ,x 

I 39 /.-\ ~-~ ~- . m '7(/).L 

r j 9-411 f-'" \"V ,......,_·.\-;\£.,\.J~ 

~ i.hc&.&V&~ 

FEET BlOWS REMARKS 

(~: ~ ~. q"\"4'~ -~·' . 
"i>b!> ,. ~· .. 

ILE TY.PE ~ . v·z.'!.\p \Oc..-

lt0-41 {CJ ..... \" ~~ 
42 ~ '-i' 1 '-U_T ~ '~) ,..-tl' 

43 
44 
45 
46 
47 
48 
lt9 
50 
51 
52 
53 .. ~ 

54 
.$. 
. 56 
57 

~ 

58 
59 . .. 

6.0 
61 . 
62' . 

•· 

63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 • 
75' 
76 
77 
78 

tv'J9 
79•80 

. 

. PILE LOCATION: .. @wl'l.o:.'f-2 
'.A-\ PILE CAPACITY: __ .. __ ::T"-" ____ _ 

l '}/\& l bt\- l 
' LENGTH AS CAST: 

-~----. . 

UATE DRIVEN: 9/~bl~ . . ... . .· 

TIME pRIV EN·: 
'' 

HAMMER: . \ c:.. e:: 5't-4 
-----~.--~~-------

~NERGY: ®· 
------~-----------

PLUMB NESS=---=-· _0....:.·..::'<...==-------

HEAVE: ___________ _ 

CUT-OFF ELEV. : ______ _ 

LENGTH CUT OFF: _____ _ 

' ' ':"""_ !')'/"". ± FINISHED TJ.P EL.EV. :·_· ·-----"'~~ ·--
. .· 

PAY LENGTH! 
~-----------------

PILE APPROVED: __ DATE: __ 

PILE REJECTED: ____ "'--___ _ 

I H_S P E CTO ~: __;__.!-l~_c...._-. _· _. _· · _-_.: __ 

NOTES: .. ... 

;----· 
• I • 

--:~-~'r;IU --· 
~~-----~ ~~ 



r.1LL. ••v •. ,.,.,.._, 

PILE INSPECTION RECORD 
RECORD NO. Xf? 

Name SANTA CLARA CONFERENCE· .CENTER . Project NO". 16029-X 

(
?6" ~ ~ ql'"~ . J•. .·. _· 

G d E 1 
\ \ It:-..!;.. . tf>o 'f b4J.....rW ~~· ~ .... -/JIC~ . ·. . . ." • roun · ev. :_J -v 

4 ~ ~4 I!1V .. PILE CAPACITY: _---J.f.L.j·~o:_~ __ _ 
~-;s=----t~-+------l~~s!.,_. -+-'L..:..!.! .... ...,~~----~ l q \ '~h I~"") . . ' 

6 46 '!./\ LENGTH AS CAST : _ _;fJ_o ___ _ 
I ] 47 '",C, 

UAT E DR~ V EN : __ \_a:>...!./ ...... · \..:..\ ..L-1-=S~L+~--
. . . . 

TIME pR IV EN ·:_3.~.-~_s_~_"_M_. ___ _ 

L. 1a c:. sa J \~l~'~\ 
·- 19 ~lo 59 '\\)th~ \ . 

HEAVE: _________________ _ 

20 g 6o · nhfii"\ CUT-OFF ELEV. : ______ _ 

t 21 
22 q 62 \ '(1r"\~ \ LE.NGTH CUT OFF: _____ _ 

~2~3--~\~~~~..:.._---4~~6~3--~~\~v~~~~'~~~ . v+ 
' 24 , l . 64 \ "'~l,.h"} FINISHED TIP ELEV. :· · ~12- ....... 
-~-2-5---t-~l'l..-....!---+-------U--..::..c....:..c --1--~-....,1-=-...:.....yA-1---~ ( 1';-T~ r ~ ~ . 
' 26 tiP IP/ed[fi..kYo ~ ~~:r/S .... ~? ,AY LENGTH: ____ -'":-__ _ 
. -- 2 7 I \ 'S"I S8 6 i · 'fl . 

26 t\ f""i % 'Z n 1 PILE APPROVED: __ DATE: __ 
! 29 \ l ..,. 

53 .n 6~ 'IS' 
-30 HP !JY '6 6Y 

'ILE REJECTED: ______ _ 

5'5' 6s- 6> 
~ ~!I 66 
S7 ~ 67 

I NS'P ECTOR: __ _!_F_.._J,c__·~---
"' 

.2 '17 6&' NOTES: . . ·, 

S9 ¥' 69 
60 1/tf 70 

-~: I ~ I ·· 1 

,., ,,,.,,.. ,..,.,.,,..,,, ......... .,... ... 



PILE INSPECTION RECORD 
RECORD NO. )<8 

Project Name SANTA CLARA CONFERENCE· CENTER . Project No;.. 160 2 9-x 

( 
G}' b''.·~ ~0.~ .·. .· 

\ \·~~ ~· &'' ~ ~~ Cl\::) .ex~.) .. 
........ 

Ground Elev •· 
P I L E TY P..E : .;.,..___.:_::;:.,_..'~--..;,__, __ _.;... 

~LE LOCATION: .. 
_._l,-I-::.......L.,~~,;;...._-

i. FEET BLOWS REMARKS FEET BLOWS REMARKs· 
0-l 4o-4l , ~L.\~ ~c 

l 2 42 .,. 
;..3 43 z'.P.s.. 

·:. 44 ,,~ 
r 5 45 \ro ._... 
-6 0. -;0"' 46 \t; 

PIlE CAPACITY: _ _.:::.f>..::..D ..... ___ _ 

q I "'IC21 '01.+ l U.'lj-'0-'P ) ., 

LENGTH AS CAST : __ l...:..;o=-----

I 7 (;,.YJ' .l- 47 \"1 
UATE DRIVEN: tof ,11 '04-_a Ill . l1V 48 

9 49 
I \0 50 
-11 - I I 51 

12 9 52 
I 13 \d> 53 
- 14 ~· 54 

\5 9 . 55 
_:_, I 6 9 56 

17 & 57 
I 18 A 58 

...... 19 \b 59 
20 \ \ 60 

I 21 11/J 61 
~ 22 1¢ 62 

23 9 63 
r 2.lt 9 64 
~ 

25 9 65 
I 26 q 66 
...... 27 q 67 

28 \I 68 
I 29 I'L 69 
- 30 \~ 10 

31 ~~ 7l 
I 32 \\ 72 -- n \4- 73 
1 3lt '1\o ]It ( 
.:._ 35 \b 75. 

36 w 76 
I 37 lrl'J 77 
' 38 tUQ 

_,., 
/0 

···---····-- ,.,,,_,.. .... - •• ,.. ••• .,. •• ,.,..11"1 

\q 
\\Q. 

\~ 

\'1 
\ 1 
le> 

IY> 
l'b 
\'1.1 

'"" \~ ·. 

~' 
'Z..tb 

ut> 
\q 
\C) 

1.1:> 
rz..? 

'1.1\..1 
'\Jl., 

'1.-~ 

'1.-";,.• o~N-"7 

l:;h''' -~-·~'~ 
~h'' 

\ 

-veil~\:· \• ,.,v-A-' 

7, ~.\\"'- '/~ 
·~o.?,',, fV' wl\~T~ 

l ;~j,\i \ \t~n:i"~ 

\ 
., \ IJ ....__..... 

~ 

' 

HAMMER: . \ c... E:- ~q, 

~NE'RGY :~ ~d>·~ ~~ct> 1t.--\ ~ 
PLUMB NESS: Q,\(...... 

HEAVE: _________ _ 

CUT ... QFF ELEV. : _________ _ 

LENGTH GUT OFF: __________ __ 
+ 

FINISHED TIP ELEV.: · -:'5EJ~ 

PAY LENGTH! _______ ~------

PILE APPROVED: __ DATE: __ 

PILE REJECTED: __________ _ 

INS P EC.TOR: _ __lr.._.-_'-"=· ~· ._· ---

·NOTES: . .•. .. , 



PILE INSPECTION RECORD 

.) 
P J L E N 0 .~ • ' -· · -

RECORD NO. /(\0 

Project Name SANTA CLARA .CONFERENCE· CENTER 

..-. ( E.'S",b'' bd.ow ~ q~ 

-Project ~o~-16029-x 

\)'l,.:• ~ ~ ~ . .£Jli.V<W'31~ "?I q, . . . 

S9 ~ . ''\~'I( .. ~ loln·JM-)-' 1 ~ ' 
Ground El ev \ ·~ ;/ · · __.:--- · · · ·· 

PILE TYPE~ .. iz/*-pc... _ . 
-FEET BlOWS REMARKS FEET 

Q ... l 40-41 
I 2 42 
-3 43 

4 44 _s 45 
6 46 

I 7 47 
-a 48 

9 49 
I 10 50 
- \ 1~ r--s1 

12 52 
13 53 
14 54 

I 15 ~ . 55 
- 16 s . .56 

17 5 57 
I 18 c; 58 
- 19 .., 59 

20 9,' 60 
I 21 .R 61 
-- 22 

\ ' 62 
I 23 \-{) 63 
~ 

24 ?> 6'+ 
25 ~ 65 

I 26 '& 66 
--. 27 ~ 67 

28 '"'1 68 
I 29 '-0 69 

30 'h 70 
I 31 ~ 71 
..... 32 '1 72 

l3 Jh 73 
I 34 . ~) 74' 
~ 35 ·o 75. 

36 ?') 76 
r 37 .-'\ 77 ...-...-----·-

BLOWS 
-~, 

f., 

\v 
\ fJ 

\C:, 

\V 
. \cP 

G} 

'b 
\dJ 
-€ 
9 
~ 
q 
\'1/ 

\'2, 
)t·> 
ru:O'· 
~Lf) 

\q. 

tb 
1"'?3 . 
.~4f 

S.z.. 
\-49 

\ 

REMARKS 

. PILE LOCATION~~(tQI'f-~4~t 
·ao~ P-I~· CAPACITY: 

·9 -\b.-86,.~ 
. ·A.-frO,~ _, Q I 

LENG H AS AST: ____ •-.,..----
. ' 

UATE DRIVEN: g 1\-s·l ~\ .. 
TIME DRIVEN·: l~us / \ -=-\& 

• I 

HAMMER: . \ C-- E:;.. VJW 
I 

~NERGY:® ~o,~ fr ... ~. 
PLUMB NESS: · . 0 ,yt;,./ 

HEAVE: -------------------
CUT -OFF ELEV. : _____ _ 

7' 1\lb<'l ~ q/ ~. f!lli-ENGTH CUT OFF: _____ _ 

~ 
\ .FI-~ISHED T~·P ELEV _-·:< -:5?> t 
~' . . :. 

/ 
' .. 

PAY .~ENGTH: _______ _ 

PILE APPROVED: DATE: __ 

PILE 'REJECTED: _____ _ 

INSPECTOR i ~-· -'r..-:::~::::·;:.._. _·. __ _ 



' .... - .. -.... 

PILE INSPECTION RECORD 
RECORD NO~ X \ l 

-
.• roj e c t Name ---=s..:.;;A;;.;...N~TA~C=LA=R=A:........::..:CO=N:..:.F=ER:.!..!E=N=c.:::.E·....::C~E=N,:...!T E~R.__ __ _ ·Project ~o~-160 2 9-~ 

...iround Elev. · \ \.V) ~ 
~EET SLOWS R'EMARKS 

)-1 
2 

~ 

• -
5 

''")· 

7 
_ a 

;) 

10 
-ll "l7) 

12 t; 
13 ~ 

--14 4 
15 \lb 
16 \IV 
17 \d:> 
18 q. 

-J9 Q 
20 ~ .. 
21 q 

--zz ~ 
23 ~ 
24 ...., 
25 ~ 
26 '-A 

-.27 '"'? 
~8 \a 
29 k> 

-30 ·C; 
31 .. \o 
32 -~ 

)3 q 
34 lib 

.-.35 ·q. 

36 Q .. 
37 ?;-

~-38 \~ ~Wv.~ 
39 Q 

39-40 ,·"!, , 

r f.)" b' ~ ""\ 
\. ~ ~ ~~\fa~) 

FEET BLOWS REMARKS 
40-41 '2.b, 
42 '(.,_"""\ 
43 '*~· 
44 'LV"\ 
lt5 l'lJb 
46 \vl 
47 -,~ 

ItS \I.D 
49 '1...'\ 
50 fhq· 

51 ~'\..; 
52 (o'3 
53 Ia'; 
54 ~v 

55 . \lh d;l 
. 56 \~4-
57 \."%., "-, 

58 \~~: 

59 \ c;-r, 
60 . \ e, ""\' 
61 \W 
62 \.. ~-s.; 
63 . \!,tO 
64 \..,?., 
65 t...A cAti;~ . 

.....,.,.; tt>;,·"" 
66 'e',i,_ 

·r 

67 ~"'\ 
68 ~'t; 

F. 

. . . '· 

PILE TY.PE~. ·. \·~' d;i ~L/-
. \ (Qll'"~r:3-A 

PILE LOCATION:·· )<.. \ \ . · 
\ 

Pl L.E CAPAC I I,Y: ---=· .8::;..:· 0==-:'"'f ___ _ 
q J\t:t> 1 e~ _: , 
LENGTH AS CAST! __ "'\~Q=t..----

. . 

UA T~ DR~ V EN : _g..:;...·...J.f_.;,1-t?...:::·~)J-::8~· '-¥...:.... __ _ 

TIME pRIVEN': \ ~ Lr7.> 'f·M.. ·. 

HAMMER: . \ (.... ~ S?-4' 
ENEJfGY :® ~1~ Pr-lb 

PLUMB NESS =-~~0....:..'\.l.::::·~=---.....,--

HEAVE: _________ _ 

CUT -OFF ELEV. : ______ _ 

LENGTH CUT OFF: _____ _ 

F I.NISHED T~-P ELEV~·: .. ·-:-57Yz.± 
p A Y LENGTH:------:-----

p ILE APPROVED: DATE: __ _ 
69 "2,~ 1-

() 70 . ' \''J/ i \.. \~'{!\ : ;'1.U 
71 ....... '- \0. e;,•~.t 

ILE REJECTED: ______ _ 

. . 
72 I 
73 

N SPECTOR:~---!,.\-_. J,.(_..,..~.-.!· ··---..--

74 • 
75. 

N 

76 
77 
-.o 
/0 (; 79 
79-80 

i 
( 



t'llt. NU • ..,,-~,_c..-. 

PILE INSPECTION RECORD 
RECORD NO. X\(!-

Proj.ect Name SANTA CLARA CONFERENce. cENTER · . Project N_o ~ 1602 9-X 

' . 
( 

,, ~ p-.c)... q~ ' . . ""'' 
\ \ ·~ \:::.. . -,,· ~ 'oowpm ot' Vl~~ c.~ ~o-\'t.-~ 1 : . . 

ILE TYPE;, ·l'Z.''·l:p Pc.. 

-
·Ground Elev .... .. . 

-FEET BLOW.S REMARKS ·F-EET BLOWS · REMARKS p 

ILE LOCATION=.. ')(..-\.'L c~~~~-
. 0-1 40-ltl 1..1 • 

I 2 42 '1...\ 'L'fu.ft~ 
·p 

- 3 4)' \g ~~~ ~\""~' .. ... 4~ \""\ p ll E CAPAC· I TY: _.· . .__....~.8~o::...."i ___ _ 
I 5 45. \b 
-6 46 '" l ENGTH AS CAST: __ ,_s ___ _ 

7 47 ., I.e:> 

8 lt8 \C, u 
. 

ATE DRIVEN:_-__ 1_0_,_,.,_,_·~-~~---

'9 49 \C.,· 

I. 10 50 llo T 

. . . . 
. " f'·N---lH E DRIVEN : --=--~...-' _0 "....:"""::..:....._ ____ _ 

....... 11 - r- 7 51 \I; 

12 7 52 \lo H 
I 13 t., $3 \C.. 
- llt -r· 54 \ ~') E 

AMMER :- . \ c.-& lo*"gi 
NE,RGY :® ~-, c;Pg, g, ~~-\b 

15 lo 
. 55 ,_, 

I 16 7 .56 \'b .P L UH B NESS : _ __:.._0;..;... -lo;v;:...,......:=:.,__.--:--
17 PJ 57 \2> 

I 18 . -~- sa \9 H EAVE: __________________ __ 

-•. 19 q 59 1...\ 
20 q 60 1~ c UT •OFF ELEV. : _______ _ 

I 21 tiP 61 11...'\., ---- 22 \I.+- 62' \Q- -L ENGTH CUT OFF: _____ _ 
23 lti . 63 'l'L-

I 24 19 64 't./v F 
. . ./ IL ~ 

HUSHED TIP ELEV. :· · ~>.H'-
~ 

25 le> 65 'Z.:l.. . .· .. 
I 26 'W:> 66 'L~ p AY LENGTH: ____ ~,.---
-- 27 \q 67 '1.'1... 

28 \~ . 68 7..4- PI LE APPROVED: __ DATE: __ 
I 29 \lo 69 '1./v 

-30 \\..1- 70 . "-7 PI 
31 ~~ 71 '1.9 

LE REJECTED: ______ _ 

I 32 \'V 72 'L~ IN ..... 33 \0 73 >d> 
sPEcTOR: _:.._-.:'r~L~-.J==----­

I 34 '\£1 74 ';<; 
N 

35 ' l b>. .75· . "' 
OTES:. '.; .. 

I 
36' lie 76 c;<P~· .II fi " 

~ I 37 \lc 77 ( ~~ ~"'':!.'1~ ... l 
--1R \PI 78 ... -



I" 1 l. t; 11 v .... .., .. "'' .. "": 

P llE INSPECT I ON RECORD 
RECORD NO.~ 

Pro j e c t Name ---=S~A..:.c.N.::.:T A:.:.__;C:.=L:.:.:A.;:.:.R:.:..A _..:C~O:..:.:N~F~E!!.;R E~N~C:.,2E:,_· .!::..c ~E NuT'-:l·E~R ___ _ .Project ~ 0 ~ 16029-x 

~· . "-\ 
Of. (N,~·~tt.m) . . . ,; 
PILE TYPE: . vt.> f Pc.. 

. PILE LOCATION:. ~. c~·t-~z-s; 

' ..... I \4- b" ~·~(\· 

Ground Elev. \\,~": 
. ' (:17' b" ~ ~~ 

-FEET BLOWS REMARKS FEET BLOWS REMARKS 
0-1 . 40-41 ?_'h. 

! 2 lt2 1C... 

PIlE CAPACITY: · &o"" 
<:... q 1.'1-~ I b4) 

LENGTH AS CAST :' __ _,__~L-'----

-l lt3 'L-d> 
·• 44 !-"* \l-7 

5 45 \4-
6 46 \'l..-

UATE DRIVEN: 1·o1·1\ I iJ4-
I 7 47 . \~ 

-8 48 \ \ 
9 49 \"l/ 

I 10 50 \'\_... 
TIME DRIVEN·: _______ _ 

-11 tcb 51 \~ 

12 ld> 52 I'V 
I l3 \fl.. 53 \'1,.. .... 

14 l'l.:. 54 ll.l-

HAMMER:. . \ c_ (:; bU.¢> 

~NERGY :® ~4>, ·~ 4> ct>. ~t.- t~.o 
I 15 \ ~. 55 1~"1.. 

_16 \U.. . 56 ltJ\., 
PLUMBN:EsS : ____ o_-\_<-_-___ _ 

17 I~ 57 \t., 
I \8 \( 58 \1...- . HEAVE: _________ _ 

.-. 19 \~ 59 \I:? 
20 _1.b_ 60 \'? 

r 21 ?~ 61 \\o 

CUT-OFF ELEV. : ______ _ 

-22 "i.~ 62 \"1, LENGTH CUT OFF: _____ _ 

I 23 % 6 \\..\-l 

- 2lt ~ . 64 14- . /_ q.! 
FINISHED TlP ELEV. :·: ~ -----

25 .lrl"1., htol<- "i" 65 'I»--
,; 

··1-. ·~ 

I 26 'Lt.. 
I 66 'LV:, 

-27 'L"'l 67 '1/v 
PAY LENGTH=---------~---

28 '1.1 68 tW- PILE APPROVED: __ DATE: __ 
I 29 '1-d. 69 .,..,\' 
~ 30 '1.1 70 '/'{.,"{.,. 

31 \q 71 '" 
PILE REJECTED=----~--

32 'L~ 72 ., _J"!) 

33 7;Q.. 73 .,.,., INSPECTOR: __ ~~·~~=--·-------

I 34 ~ 74 1A 
-35 "loll. 75. ~~· 

NOTES: . ·. 
36 "'\I 76 ~'SS/\),. '<lv~ ' ',· Y.lu;' k' 

r 37 ~\ 77 ..._ ~ '"'I ~ 
~ 

··- 38 lt-t-. 78 !F~v 

39 "1.4> 79 
~- 39-lto f\k) 79-80 



t"1Lt. nu • ..,., '"'' .. 

PILE INSPECTION RECORD 
RECORD NO.~ 

Project Name SANTA CLARA coNFERENCE- CENT.ER . Project No:.· 16029-x 

...... 
(
/, .. ,-,1.', ~ ~ q~. . . . ·.· 

Ground El ev. \ \ • 11 'r · \ y bb b.Ww- ~ o(" ..<-!<Ui.va.t:i.;;.,} · . . 
....: FEET BLOWS REMARKS FEET BLOWS REMARKS PILE TYPE~ \'i.' f ?-~ 

0-l 40-~1 -~~, 

I 2 42 ~\ 

I 5. 45 !tel> 
- 6 46 Ll\.... · 

L 7 ' 47 • 'U\_. 

'~170--~--~------~1~50 ~~ 
-- 1 1 \ L.\- 5 1 1\..t.. 

12 \"3 52 c1SI 
I 13 \t., 53 ~ 

~. 14 \~ 54 ~ 

15 \~ 55 L."" ... 

I 18 'L!:.o 58 ~ ·. 

I 21 \~ 61 f1..1.o 
..... 22 \. '0 62. 'l .. t'\ 

23 \'~ . 63 '1.-t:, 
-~ 24 \b 64 ~· 

25 \q 65 '1..Ct. 
I 26 \G 66 rt¥i, 
. 27 'Ld:> 6 7 ~·\ 

28 \ ~ 68 "'ZA 

I 29 \ 1..1. 69 1,'1· 

P 1L E CAPAC· I JY: _. __ ·_,.6.-o.=o-r __ _ 

l C} \. '1.-~-1\ ~ d _...,c.~ 
LENGTH AS CA T : __ ___: ''~--

UATE DR.~VEN :_\_o_J_\ '...:.I_B_~---

TIME DRIVEN·: \0~ 7~ ~aoo,..,.._ . ----~--------

HAMMER:_·=----\_c~~--~~~~~---­

ENERGY: (j) ~I cP4>ci> 't;..- \.~ 
------~~~-----

PLUMB NESS : _ __:...._0_-'-~----

HEAVE: ________________ _ 

CUT-OFF ELEV.: _____ _ 

·LENGTH CUT OFF=------.-. + 
F I N I S H E D T I P E L E V • : . · -:- fd:;> ~'1-"' 

. .. · 
PAY LENGTH: _______ _ 

PILE APPROVED: __ DATE: __ 

JO \-; 70 · .. ·" 
.31 

.,, PILE REJECTED: ______ _ 
\C., 71 1..q \\:1.."\~ 

INSPECTOR: --~f--=c._,-=· :::..__._. ---



?roject Name 

Ground Elev . 
-FEET BLOWS 

)-1 
2 .. 

-"3 
~ 

5 
6 
7 

···-

-~8 
9 
10 

-l 1 II 
12 II 
13 I I 

-14 \d> 
15 9. 

_16 \1 
17 I I 

18 I I 

··~19 II 

20 IlL-
21 \4-

...... 22 \\..1---

23 17 
24 Ill--

25 \C, 

26 ,;, 
-~27 IS 

28 \l.r. 

29 \\o 
-30 \~ 

31 \lP 
32 II\ . 

33 \4 
34 '\1 

-35 . \--1 

36 \"I -
37 \\n 

I' 1 L c. n v • "f- -· - -

PILE INSPECTION RECORD 
RECORD NO. X\ to 

SANTA CLARA CONFERENCE· CENTER ·Project No~ 16029-x 

Ll:l..' l.._f_. 

( go~ ~-9~- . '.· 
\\ ·1 ~ . f:J!J' ~ ~b~ ·"b £'!(,~ J .. · 

PILE TYPE : __ I 1..._'_' ·r+· _\?_v_·_. ----=--REMARKS FEET 
40-~l 
42 
43 
44 
~5 
46 
47 
~8 
49 
50 
51 
52 
53 
54 
55 

. 56 
57 
58 
5~ 
60 . 
61 
62 

. 63 
6~ 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

I# 

. BLOWS REMARKS 
\ "1 , 

\b 
\Q 

~ 
f\,..1'\,. 

11,.}\...-. 

V'v 

'\...\ 
1\...'\;.. 

"\:.~ 

't"';, 

b<P 
t-,"1 

t,'\,.. 

'11..-
1..1-lo 

llt::P 
'!>f 
IL'h 
'l...b 
1.1~ 
II.. -z, . 

'L7, 
'11, 
'l,'l, 

IL1., 
1\}b 

~q'"'\o'' -
. t:; 1-'bll \\~~!\;. 
-~1-1,.. ~)\0 ,._;~) 

• 

' 

. ~--., . 

PILE LOCATION:·· 1 )<tb (t~UJ-EfZ.~e:J 

P ll E CAPAC 1 TY: -----=~..:::;0_:-r ___ _ 

(~Y!..h/ ~) 
LENGTH AS CAST ; __ "'~_t?~" ----

U ATE 0 RIVEN : ' o /'" I cb~ 

TIME DRIVEN·: <j:u,C7..:, 9:7c:1:>. """'-

HAMMER: . \ C..~::; bt.o 

~NEF{GY: ® 4-o, ct>c>~ ~ ... \b 

PLUMBNESS: o •\""-
--~----~-------

HEAVE: _________ _ 

CUT-OFF ELEV. : _______ _ 

LENGTH CUT OFF: ______ _ 
-+­

FINISHED TIP ELEV~:"· -~~-

PAY LENGTH: _____ :----

PILE APPROVED: __ DATE: __ _ 

PILE REJECTED: ______ _ 

INSPECTOR: _:__y..\..........:C..,.,=-·· _. ---~-

NOTES: 



Project Name 

'Ground Elev . 
j-.FEET BLOWS 
I 0-1 
I 2 
~) 
I 1 

L 'i 
J $ I 

! .6 
. '~ I 1 14 

l,...8 \ \,... 

I 9 I\ A. 
I 10 '\/\.... 
! ...... 11 'Lt. 
i 12 '1..1,.¥ 
! 13 "LU. 
~ llt '\.."2, 

I 15 '\....'L 

' l6 '1:'1-. . 

17 'lA> 
I 18 {q 

i...-..19 ILl 
20 \I? 

r zt \~ 
---22 lb 

23 \C} 

I 24 \q. 

' 25 1~ 
I 26 I'L\ 
; __ 27 

\0) 
I 28 \-"I 
I 29 ,'r) 
r- 30 ,u,. 

I 3l \t-, 
r 32 ve-. I 

I 3J \U. l '34 . \V, 

1--:35 . \\n 

I 36 \!0 
. 37 ,co 
1~38 

t"lLL nu ..... ,. -·-. 

PILE INSPECTION RECORD 
RECORD NO. ;6\_. 

SANTA CLARA CONFERENC~ CENtER ·Project No~ 1E029-X 

( 
;o' ~ ~ '\~ . . ) 

\ \.~ l;.. ,.. b~ ~\1 ~ ~~ ~ ~~va.~: 
PILE TYPE:. ,~·. tP P (..._ REMARKS · FEET 

40-41 
lt2 
43 
44 
lt5 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

. 56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 .( 
71 ..... 

72 
73 
74 
75. 
76 
77 
iB 

BLO.WS REMARKS --~~~~--~~ : .~ .... , 

·PILE LOCATION:.. Y... \"\ (ul'f-.~z-"Lb.. • 

1\...-""t, 

<"jj\ 

1\.o"Z., PILE CAPACITY: · f?61 

IQ 
ll..t:b 

C)\'\;"7\~ ,..., o' 
LENGTH AS CAST:· __ ...:....:::::..'----

·~ 
\\.--:7 

0 ATE 0 R I V EN : \ o /• \ I 194-

\'I 

\l TIME pRIVEN·: lt{)\U ~ \Q: ~~ :r-.·tv-
,~,... 

\~ 
HAMMER: \ <--'8 ~ 

\\.I. 

\t, ~N ERGY: ~ 46>, d:>cf-4- £c~ \k. 

\~ 
\C) 

PLUHBNESS: o.\..c_ . 

\C., 
\~ .. HEAVE: _________ _ 

\t.. 
\ln 

\\a 

\\:,.? 

..,t, 

\..-'\ 

'\_~ 
~'\.... 

"\..(... 

tL.\' 
l...- tib 
\;%• \?{w 

' v-,, 
z.·;;, .. ' 
~~\" ' 
ll'j 
---11 
-~ 

~·· J<i• "'X" .~t· ) 
-'=X ~. ¥." f::_ 

...,.. 

" I?~ _l.._\.._ l.l 

~cy,:z.J~. 
B' 4-?P. 

~:.. "h 
• •J -~-
.\\~U«il!i: · ·-

CUT-OFF ELEV.: -------
LENGTH CUT OFF: _____ _ 

+­
FINISHED TIP ELEV.: · :-c;B~.z.-

PAY LENGTH: 
---------~-----

PILE APPROVED: __ DATE: __ 

PILE REJECTED: ________ _ 

INSPECTOR: \ot;..~ 

NOTES: . \ . ·, 



t' 1 L t rcu • .....,-y -m-1. • 
) 

PILE INSPECTION RECORD 
) 

RECORD NO. Af- . 

Project Name SANTA CLARA CONFERENCE. CENTER · .Project Ho~·l6029-x 

·,·. 

Ground Elev • 
. -FEET BLOWS REMARKS 

t -:;-;---1-tl--_ .. --ll'?--G-t-__;_--...JJ.--~46~-t.------+-:.----1 LENGTH AS CAST : __ .:V.:_I-?.:_' ___ _ 

-.a ,'b, . 
47 

UATE DRIVEN:. 9 I ~I o4-. 
l't- lt8 

I 12 2.4> 52 
I 1) li 53 

I 
14 \1 54 
15 \C7 55 

,_) 6 \1... . 56 
I ·!~ ~;\ . ~~: ... 
I 20 \¢> 60 

~~ . 
I'L 
\4-
I'L 
13 -·27 67 
II 
\ l 
l'L 
\I'}_ 

\'2, 

\'l 
. \IL 

ll; 
'l.tj) 

tz.cb 

~~I 

I ' 

.. · ··.. .· 

HAMMER:·_·_·· _·_\·_c..._\# __ S_·-z.4:>--=-----

eN ERG v : __ '9----..:o,~o_co_· -~---'b_. __ _ 

PLUMB NESS : _ _..:;.._a_._''"--=-----

HEAVE:-------"---­

CUT-OFF ELEV. : ....... ........------

. ·.· 
PAY LENGT~! . · ..;__-----:-----
PILE APPROVED: ___ DATE: __ 

' .. 
PILE REJECTED: ______ _ 

' ": ... . 
NOTES: .. <· ... · 
• 

I , ~• o 

.·.• . ·~ 
·' .• 



'"''- ........ v. 

) 

PILE INSPECTION RECORD 
) 

RECORD _NO. DE-~ 

Project Name SANTA CLARA CONFERENC? CEN~ER. -Pr~ject ~o~·16029-X 

-. 
Ground Elev. \\•C,1:- ·l. ,...,Lit'L ~ ·.q~'\ .. ·· 

.-FEET BlOWS REMARKS FEET BLOWS REMARl<S PJILE TY.PE~: ."z'' *· pc. . 
0-1 40-41 \---1" 

5 
~ 6 • ____ _._·· & 

7 

. . 
HAMMER~- . . ~ C:.:0 --"5-z.o 

. 13 \'V 53. 
L 14 \·\ 54 ~ N E R G y : rs> 30) ,;oo'. ~\;....: ~};, 

15 \~ 55 
. 16 8 . 56 PLUMB'N E SS : _ _..:;.··......:o:...:";..:...~~-----

17 I<P 57 · · 
t. 18 'l 58 

HEAVE: _________ _ 

l.._ 19 1 59 
zo '"1 60 CUT-OFF .ELEV.: ______ _ 

I ZJ 9 61 
-zz 8 ~· LENGTH CUT OFF: _____ _ 

23 kb . 63 
L 24 q 64 ..... .FI.NISHED. TIP ELEV ... :··.:...zoi'z.i 

25 9 65 . . '.· 
PAY LENGTH: ____ --:-·---

L. 27 ~ 67 
" . 

28 q 68 PILE APPROVED: DATE: __ 
I 29 g 69 
L 30 -r 70 PILE REJECTED: ______ _ 

31 q 71 
[32 \Cb 72 

33 \\ 73 

.. 
INSPECT OR i ~----.lt~.-=-.....:C:::::. ·::_· ----

', ••• 1 •. 

NOTES: .... ··. · ·' . . ·, 
l 35 \Ct.--_ ]5 · \ -·~-+-~·-~ 

36 \b.- 76 
I 37 \~ 77 

~~~;~~~4-or~~~~~-~~--~!~;~t-ao~l--~---c~~~ 



) . 

PILE INSPECTION RECORD 
. RECORD NO. !IF .. 2. 

. ~',A)I/7. .9l.f~-t:V£ 
·· t - . ;., . l!i T().tee4-1 - . . Ml-/,., ... -

Project Name SANTA CLARA CONFBRENC~ CENiER ·Projett N ~ 16029-x 

-
·.· 

Ground El ev. \ \• ?±. 
I-FEET BLOWS REMARKS FEET BLOWS REMARKS PILE TY.PE;_· ;_~'Z.._''.J.cfr_···_. P_<-_ __,...---'=--

~ ~-l ~~c41 . :· PILE toCAnoN, · "'I'-<- ( VZO~E(z-z 
~::-3 ---t---+-------II---:4;_=:3:__-I---=:!.:;L_cf-+*--,'Z.-~-~--:~I-..,-_;~~~<;, /\d' . 6. Q \ 

l 4 z,z, 2~ PILE C.APACITY:_-------
: 5 45 \ 1'1 ( 9/14J ~, ~fl-f' 
I ~ ~~ 
·· 6 LENGTH AS CAST! ' ~ I 1 - . \~ ~~ ·~~ -----=:..----
1-s -. l'<.? Z,B '2-cb UATE DRIVEN: q I~ I~\ 

' ~0 ~~ ~~. ~ !-n \ ~o 51----+-z....a.. tp,-=-+-----t 

t 12 \Cf 52 3d> 
13 \ t; 53 rz..4-

...... J 6 \P., 56 \ b 
I 17 2d> 57 2.( 

I 18 tlo 58 '1.."\-·· 
~)9 \4- 59 \E> 
I 20 \~ 60 l p., · 

·~-. 2 1 , 1 6, . , e., 
22 lA- 62 · '1-Y>. 

__ 24 I I 6lt 3 ~ 
I 25 II 65 # 
i 26 \A.. 66 % 
-27 ICo 67 "::33 
I 28 \1... 68 ~-b 
I 2~ Vz..... 6~ 3-L-
.... 30 VL 70 ?-J !~ ,, 
I 31 ,~ 11 
..... 32 \ l,.. • 72 

HAMMER :· ___ \_c..._& __ S...L.'Z4~-.!....----

P lUHB NESS : __ o...:..· ·-'<--=------

HEAVE: _________ _ 

CUT-OFF ELEV.: ______ _ 

LENGTH CUT OFF: _____ _ 

FINISHED TIP ELEV. :<un~ 
.. ·­-~ .. -

PAY LENGTH: _____ ~---

PILE APPROVED: __ DATE: __ 

INSPECTOR:--'---\-\-(---=~~-·_. _· _-__ _ 



) ) 
PILE INSPECTION RECORD 

PILE NOSo47-E"EZ .. 'L 

RECORD NO. f.F-'L 
IQ.v1~ 

Project Name SANTA CLARA CONFERENC& CENiER -Project ~0~·16029-X 

( 
Sll'· ~ q~. . 

Ground Elev · \ \ ·~!:. · ~" ~~~ ~- "'~ -t ~~~~) . ~, · 
PILE.TYPE:· ·\'L·'f ~~ -

.. . \~v-1~~ .. 
. PILE LOCATION:·· Sf'l.. (SZ?ffl-7 

. -' 

. 
-FEET BLOWS R'EMARKS FEET BLOWS REMARKS 

o-1 lto-41 \Q .• 

2 42 \~ _.,3 43 \~ 

4 44 \.~. 
PILE CAPACIJ'Y: ·. ··f2Q-<r 

_5 lt5 \4-
6 46 \'o 

·(_ C} .\ '1n ~ tA- J ...-'\ t:., I 
LENGTH AS CAST: __ __. \_.1'-----

7 47 . \"""\ 
.... a 48 \"C. 

UATE DRIVEN: \.0/-\\ I&\;\-
. .. 

9 49 \.., 

10 so \l,\ ill 

.. . .. 

T.l ME p R IV EN·: __ ,..,_;~~·~-~.;....~~-o· _.,...._"""'-__ . _ 
...... , 1 51 "''o/b' + r~f'® ~t~A AA 

12 52 I ~~ 
13 53 ~ li' I (if) \\ ~ r.l"\ 
14 54 

HAMMER :·..,.·....---~::__·...:;;.~...:::~:;:___9;._~-· .:.-· __ _ 

~NE~·GY:@ 4<?,c?d:»cP ~1;, .. \'ro> 
----~~---~-----

\5 . 55 
-16 56 PlUM 8 NESS : -----:..---=0=--· \__;< =·__.:....· ---:-

17 57 
18 58 HEAVE:_·----------
19 59 
20 6o CUT -OFF ELEV. : _______ _ 
Zl _q 61 
22 e, 62' l.ENGTH CUT OFF: _____ _ 
23 ..., 63 

· ...... 24 ., 64 FI.NISHED TI.P ELEV. :" .. :+z..± 
.25 b 65 .. 
26 ..., 66 

--'1.7 --1 67 
PAY LENGTH:---------:----

28 t; 68 PILE APPROVED: DATE: __ _ 
29 ., . 69 . 
30 1 70 
31 4 71 

PILE REJECTED: ______ _ 

_J2 ld> 72 
33 q 73 

INSPECTOR :.....;.__\l--::::._c.....-:....· _. ___ _ 

34 ·q 74 
45 \tfl 

I 
75. I I J6 ~ 76 

37 \'l,.. 77 
sa \U 78 . 
J9 \1 79 

.39-40 \"Z., 79-80 



) 

PILE INSPECTION RECORD 

' 

.. 
) 

PILE NO. M--er:~-1 

RECORD HO. ~f .. "$ 

~)roject Name SANTA CLARA CONFERENC~ CENTER ·Project Ho~·l6° 29 -X 

iround Elev . -;FEET BLOWS ·REMARKS 
0-1 

-2 
'3 
:. 

-s 
6 . ~~ 

1 \R 
"'""' 8 \It 

9 \~ 
-.10 \1> 

11 f24>. 

12 \"7 . 
-13 \9' 

14 \-"I 
: 15 ,c.; 
..... ,6 \3 
I 17 \"~ 

L 18 \ \ 
19 \cb 

I 20 \cb 
-21 \cb 

22 \ \ 
I 23 \ l 
j_ 24 

. 
\ \ 

I 25 \tb 
L... 26 liD 

27 \ \ 
I 28 \$ 
.... 29 \cP 

'30 td> 
r 31 \lb 
._ 32 \ I 

:n \A. 
,- )4 '\ l? 

35 . "2....q 

I ·36 2A-.. .., rz._-. - :JI 

(~ -,\' ~ .. ·"'~· )· .·. 

FEET BLOWS 
40-41 1,'(,.,' 

42 ~., 

43 ·4-r 
lt4 4\ 
45 3cb 
46 '2&; 

47 ''ZA 

48 'l.'L 

49 Z...1 
50. 3-P. 
51 '2..'3> 

52 '24-
53 2.\ 

54 Z..\ 
55 'l..~ 

. 56 t;cp 
57 'Zi 
58 .Z.iz... 

59 ·'ZA-
60 IZ.tj 

61 2\ 
62·' Z4 
63 11..'1-

64 e<P 
65 '2.'3> 

66 '2.1... 

67 'l'L 
68 z.E> 
69 '2..P\ 
70 . 'L.'h 
71 .-35} 
'72 I ,1-l-'\t~ 
73 ~ ~~ 
74 r-... I 

75. 
76 . 

77 

R.EMARKS 

-.c 

. 

+ 
~;~·~""" 

~t~\~ .. 
~ It;~ o$'\,.._M 

L./ 

PILE TYPE : ----' 2.._''_t.-p.._f_~ _ ___..:;=--

·PILE LocATION:·· ~f:, ('.A·eF'~·t) 

PllE CAPACITY:· · 86-r 
(_ q I 14- j bAr '\ l\+~3 P) 

) \C.. " LENGTH AS CAST: __ ~J---
. . 

UATE DRIVEN: q l2b I 'b!.t 
' .. 

' . ., .· . . . .....--...... . . ---·-. 
TIME ORIVE·N·:--CJ:Eo~~ (~='Zo A-~ 

• j 

HAMMER:· . . I c...\::; ")'2-<J> 

~NE~GY: ® Jq,OOO· ~-lr... 
PLUMBNESS: o. \<-· 

HEAVE: ~o 

CUT-OFF ELEV.: ______ _ 

LENGTH CUT OFF·: _____ _ 

i=i'NISHED TI.P ELEV~::<-.6·'fyz.± 

PAY LENGTH: _______ _ 

PILE APPROVED:_____:_ DATE: __ 

J:ILE REJE.CTED: ______ _ 

INSPECTOR:~·--~-·_c ___ . _____ .. ___ __ 

NOTES:' '.; · ... , .. . ·, 



PILE N 0. C9 ·IF'!-!. 

PILE INSPECTION RECORD 
RECORD NO. __ _ 

?roject Name SANTA CLARA CONFERENCE· CENT.ER -P~oject ~o~ 16029-x 

'iround Elev. ,,,c., 
~EET BLOWS REMARKS FEET BLOWS REMARKS 

. . . 

PILE TYPE~ . .,~'''.tjl P {._. 
-

u-1 Ao. ~.l 40-41 ?7 • 

...l f\v ·,vw t' v.~··" 42 ~"-
. PILE LOCATION:·· Cf/~e'l-1 

~ ,··· -~- 43 ~.\) . 
. Lt 44 "l,oz; PILE CAPACITY: _ ___,(!)=c=-' ----

--'; 45 ~0 ·./ 

, 
~ . I! .b y 46 "'l,f\... 

g I rz.r;;, I & Ar y 

LENGTH AS CAST: __ -_.TO~----
7 \C. .., 47 .'\..4-

'"") \IJ ., 48 'l"\ 0 AT E DR l v EN :_.:...;I CO::...J..( _· \!....;"):.......!..f ..~..~b~4-"-,--__ 

) ,_\ J 49 7~. \ 

J.O 1\..h .;- 50 c;-, ./ 

. "'"·•·•\ 
T lM E ~ R 1 V EN·: _9_, _, ..,_,.._""'---l.::L~g-~ t;._&;:;..__ 

l <1-\ J 51 \>')~ . 
12 \"'Z., v 52 ?)\.lr HAMMER:· . \ G ~ b 4-{> 

-n \~ .:/ 53 \'L.ll?. 
14 \1....\- "-- 54 \1..Q . . 

EN ERG'( : _. _ __:4-:..:::d:J:...:..• _d>.....:b_Jr~......:~c..::-:....-_1_~ __ 

15 \? ..; 55 \ ~'-\-
-6 \'1...- v . 56 \(') \' PLUMB NESS : _ __:..· .::.::0..:...· J<:;tc::..-=------~ 

.] 

'"'"' 
\/ 57 \.vv 

18 ' \, v 58 ~(., ·. HEAVE:----'---------
'9 \\1. II 59 ~l..f -
2.0 IV\.. tl 60 'A .. CUT-OFF ELEV.: ______ _ 

-21 ,/'\ ...; 61 "7/\..-
Zi ...,, iJJ 62 ~~ LENGTH CUT OFF: ______ _ 

. 
23 \C.., ../ 63 . <,..V 

-z4 \'-0 \.1 64 7.i\:> .FI.NISHED TIP ELEV .·: --~1 i 
_..;;..__-~-

l5 \'I 65 ~ 
26 \'"t., ./ 66 )'1...-

1.1 ,r"'\ v 67 '?/v 
PAY LENGTH: ________ ~-------

- .za \0) J 68 ~4-
-29 '1..-b- v 69 'l.'V-

PILE APPROVED: __ DATE: __ _ 

30 f\..~Si 70 ."1 '"\.....--- ru.v 31 71 ":Jq 
PILE REJECTED: ______ _ 

42 (\.,\). 72 )q 
n ·~ 73 ·."V' '\,; 

INSPECTOR : __ ...:..F_._c___.__:·_· ·---

Jlt ") 74 
35 . "\,'h 75. 

. . 
NOTES: . . ·, 

-
j6 1'._).{) 76 

-11 ,...\l.._ 
''-'V 77 , , 

- l8 1\-'tl 78 
" 

39 1"\,..'t) 79 
~.9-40 'l,h_ 79-80 



r 1 L.. ·'- n v • v, ...,, , .. 

PILE INSPECTION RECORD 
RECORD NO·--

Project Name SANTA CLARA CONFERENC~ CENiER .Project No~ 16029-X 

-
Ground E1 ev · \ \·S.!:. ~ . 

-FEET BLOWS REMARKS ~EET BLOWS REMARKS PILE: Tv P E: _. __ l_L_· '_' f...L.-_r_c...-__ =-

0-1 40·41 \ "1 , 
I 2 1\ \~ ~ ~OV\ 42 I I" . 

. PILE LOCATION:Jf-8P/-Z.. 
-3 ""'1 v--·- 43 \"1 -:,· ltlt \Q 

5 45 \"\ - 6 - r?, 46 \ .), 

Plt E -cAPACITY: ---""~~Q-r::.....·----
ql't.~ J·~~ 1 

lENGTH AS CAST £_-".__;__C:f_,_: ___ _ 

L 7 \~ 47 ......... , 
-8 t:. 48 'LG UAT E DRIVEN : _'_0 _1 _' cr_. '1....;~;;..:4-~-:----

.9 \-t;' 49 '~~· 
I 10 \6 50 /') /l.· 

e>:u:~ ...., 9: ro ,..._,...._ 
TIME ~RIVEN·: _______ _ 

--11 ll 51 lb7 
12 \ "\.; 52 \\ b HAMMER: _____ ,~G~~~·~b~4~£~-----

I 13 t-t., 53 \ ·t\)~· 

- 14 1-z, 54 \~~ 
I 15 \ l\-. 55 ~~1., 
- 16 \'\,... . 56 'o'h PLUMB NESS: o. ,.,_ . 

17 '7 57 ~~ 

I 18 I'\; . 58 --:.-"\. ·. 
HEAVE: ________________ __ 

~ 19 1'\... 59 !.\-~ 
. 

20 ld> 60 ~ 
CUT-OFF ELEV.: ______ _ 

I 21 _l'V 61 YL. 
22 \ \ 62 'l..G. 

'' 
LENGTH CUT OFF: _____ _ 

I 23 \ \ .. 63 t9 
24 q 64. 2,b FlNI SHED TIP ELEV. :< ~65' J"Li. 
25 '7 65 ').."'\ 

I. 26 -~ 66 'lH PA'Y LENGTH! ----------------- 27 ltD 67 1.b 
28 I I 68 ~\ 

r- 29 t' 69 -z., \ . 
PILE APPROVED: __ DATE: __ 

30 \1'\; 70 "-::!,(\) 

31 I \ 71 '"lr\ 
PILE REJECTED: ______ _ 

~ 32 \I 72 "<,'"'\ 

33 \U. 73 11M-
INSPECTOR : _ ___L\~.....:u:::.__.. ____ _ 

I )4 ,. 'a 74 --'?7 
35 '),~ 75' '-~Cj 

NOTES: ' .. 
J6 ''1 76 "19> 

I 37 \\o 77 'lNJ 
38 _\\a ..... 

. /0 

'r 
~. \ 4- ~ ?-a I"'"J',;,.. 

riJ e,-.,( t.li.\Ji,\t,:::,._., 

I 39 \t, 79 
I 39-40 \'-.o 79-80 



PILE INSPECTION RECORD 
RECORD NO. __ 

-
Project Name SANTA CLARA CONFERENCE· CENTER .Project ~o~ 16029-x 

.v4 

GroundElev 1~·~\-: . -
-.FEET BLOWS REMARKS 

0-1 
I 2 0 '.1"'}1\ 
-3 \\ ,,/ 

:. Jy ul/ 
I 5 \ ,.. 

.6 

I 7 
-.8 

9 
I 10 
;....... 11 

12 
I 1) 
..... 14 

15 -
16 -
17 

I 18. 
....:., 19 

20 
I 21 
- 22 

23 
I 24 

25 
I 26 
- 27 

28 
I 29 
. -- 30 

31 
r 32 ..... 

33 
I 34 
~lS 

36 

' 37 i- 38 
39 

r 39-40 
-·----

FEET 
40-41 
42 
43 
lt4 
45 
46 
47 
48 
lt9 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 .. 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
iS· 
76 
77 
78 
79 
79-80 

BLQWS 
• 

\~ 
\ ,v, 
\)'\· 

~~ 
~· 

"\~ 

~l'l.. 
1s1 
1.."1 

.'l_g 

14> 
1-9 
~·'\ 
-z,. ·t 
)tL 
~9 . 
-~, 

>b 
~4-
'it; 

>9 
~'"$ 

"$7 

:.9 

REMARKS 
. 

. PILE LOCATION: .. Cf-..8M-3. · 

PILE CAPACITY: -801' 
C.. q 1-'LS I 2>1\. ) 

LENGTH AS CAST: 7?' 

UATE DRIVEN: tc:b I .'~q I~~ 

HAMMER : ...,..._ __ l_c........;.E::;_____:.b_A-...:..¢ __ 

EN E. R G y : ___ 4-....;..._¢_,:. ,_d>_d>_ct.> __ ~t_-_l_b 

PLUMB NESS :_-....:...· _o_:. k...._;;:·~· __ _ 

HEAVE:_. ----------

CUT -OFF ELEV. : _____ _ 

LENGTH CUT OFF=-----'-"-­

·f'l·N I SHED T~·p ELEV .·:· : -4S":Ja..:t 

PAY LENGTH: _____ ~---

PILE APPROVED: DATE: __ 

PILE REJECTED: _____ _ 

INSPECTOR: ____ ...:..F_._;;:~~·-·------

NOTES: . ·, 

~-"\A-~. ~~ ~~. a"\:J 
2./i.~ 

u,.:.' 



- PILE INSPECTION RECORD 
RECORD NO. __ 

_ P roj ec t Name QA~1("-- CLJo..i;.b (~Nvc~;r,oN (' r;;N-r t13---= Project No~ ~ b{?'Z..<] -:><. 
} 
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GI;OTECHNICAL INVESTIGATION 

SANTA CLARA PARKING STRUCTURE AND PEDESTRIAN BRIDGE 

TASMAN DRXVE 

SANTA CLARA, CALifOl{NXA 

1.0 INTRODUCTION 

In this report we present the results of our geot-echnical Investigation for the santa 
Clara Parking Structure and Pedestrian Bridge to be located In Santa Clara, california. 
The location of the site is shown on the VIcinity Map, Figure 1, The purpose of our 
Investigation was to evaluate the subsurface conditions at the site and to provide 
geotechnical recommendations for design of the proposed parking structure and 
pedestrian bridge, 

For our use we received the following: 

Y several topographic plans (electronic file) 1 prepared by BKF= Engineers. 

Y A preliminary Foundation Plan (electronicflte), prepared by International 
Pa'rkin!;J Design, Inc. (IPD) 

We have also recently provided a Phase I Environmental Site Assessment for the 
project, dated January 27, 2003. Environmental services for the project are being 
provided under a s~parate contract with the City of santa Clara. 

1.1 Project Deserlptlon 

As presently planned, the project consists of constructing a six-story, ~oncrete frame 
parkrng st.ructure and a pedestrian bridge. we under5tand that the parking structure 
wm be constructed at-gr~de. The pedestrian bridge will be constructed over the San 
Tomas Aquino Creek to allow foot traffic from th.e Santa Clara Convention Center to 
the new parking structure. There are two locations being considered at this time; one 
Is near the center of the structure and the other Is at the south side, near Tasman 
Drive.. At the time our field exploration program was performed, only the southern 
location was p.lanned. Associated undetground utllltles1 pavements1 and landscaping 
are also planned. 

Preliminary structural loads, provided by Mr. Ed Workman of IPD, the project 
structural engineer, Indicate interior column dead plus sustained live loads will be on 
the order of 800 to 1,200 kips and perimeter column dead plus live loads will be on 
the order of 630 ktps. The 1,200 kip column loads are associated with the Interior 
columns, at the ends of the Interior rows (i.e. at cOlumn tine 2 at D, shown on the Site 
Plan, Figure 2). Based on the plan provided, we understand that exterior and Interior 
columns are spaced at about 18 feet on center and the rows of Interior columns 
spaced at about 60 feet on center. The span between the interior columns at the ends 
of the rows to the perimeter columns Is about 30 feet. 

LDIIIIM!Y.ASS:nATES 
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1.2 Scope: of Services 

Our scope of services was presented in detail in our agreement with you dated 
December 13, 2002. To accomplish this work, we provided the following servtces: 

.., Exploration of subsurface condltiot'ls by drilling five borings, advancing five 
Cone Penetration Tests (CPTs), and retrieving relatiVely undisturbed and bulk 
soH samples for visual observation and laboratory testing. 

Evaluation of the physical and engineerin_g properties of the subsurface soUs by 
vlsually classifying the samples and performing various laboratory tests on 
selected samples. 

Interpretation of the subsurface soils by correlating our CPT data with the 
boring logs and laboratory data. 

Engineering analysis to evaluate site earthwork, building foundations, slabs~on­
grade, retaining walls and pavements. 

Preparation of this report to summarize our findings and to present our 
conclusions and recommendations. 

2.0 SITE CONDITIONS 

2 .. 1 EXploration Program 

Subsurface exploration was performed on December 1l to 13,. 2002; using 
convEntional, truck-mounted CPT and rotary~wash drilling equipment. We 
hydraulically pushed five CPTs to depths ranging from so to 80 feet. W~ also drilled 
five exploratory borings to depths ranging from 40 to SO feet. The CPTs and borings 
were backfilled with cement grout In accordance with Santa Clara Valley Water DIStrict 
guldellnes. Two representative bulk samples of the near-surface soil were obtained for 
pavement design purposes. The approximate locations· of the CPTs, bdrings, and bulk 
samples are shown on the Site Plan, Figure 2. As discussed above and shown on 
Figure 2, the pedestrian bridge is deptcted at two alterm~te locations. At the time we 
executed our exploration program, we understood that the bridge woufd be located 
near the south side of the structure. Our boring and CPT logs; Log of Test Boring 
Sheets, and details regarding our field lnvestl.gatlon are ihcluded In Appendix A; our 
laboratory tests are discussed In Appendix B. A son corrosion evaluation is presented 
in Appendix C. 

2.2 Surface 

We also performed a brief surface reconna4ssance during our site exploration. The site 
Is bordered by Tasman Drive to the south, San Tomas Aquino Creek and the Santa 
Clara Convention Center (across the creek) to the west, a vacant lot and Stars and 
Strips Drive to the east, and tennis courts and a City of Santa Clara landfill to the 
north. The site Is currently being used as an overflow parking tot for the Santa Clara 
Convention Center. The parking lot Is about 10 to 15 feet below the existing 
pavement grade of Tasman Drive. Topographic information provided by BKF 
Engineers, the project civil engineer, indicated the existing parking lot gently slopes 
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down to the east with a grade change from about Elevation 11 to 9 feet. At the time 
of our exploration; a 4-lnch-diameter monitoring well was observed near the 
southwest corner of the site. We understand that the monitoring well is related to 
activities at the former landfill facility located north of the site. 

2.3 Site History 

As part of our environmental services under a. separate contract, our representative 
contacted Mr. Rick Mauck, Director of Streets and Automotive Services, and Mr. Jim 
Parissentl, Principal Engineer of Field Services, for general Information regarding past 
and current site usage. 

Mr. Parissentl indicated that, prior to 1985, the slte had been part of the adjacent 
landfill and used for waste disposal. Soil at the site had Initially been excavated in a 
series of trenches, relatively parallel to Tasmt:~n Drive, which were then filled with 
waste materials. Based on a 1985 map showing the site topographyi the landfill 
mt:~terlal appears to have been placed to elevations approxime~tely 15 feet higher than 
the current site elevation. Subsequently, lh 1985, the lanafill debris was reportedly 
removed from the site. During the debris removal, the trenches were reportedly 
located and. the debris Within and overlying tne trenches was moved to another portion 
of the landfill. The bottom portion of the trenches extended below ground water and, 
after the waste materials were removed, the trenches were reportedly backfilled with 
rock and other fill material that was not well compacted. Approximately three feet of 
additional fill material were reportedly placed above the trenches and compacted prior 
to construction of the existing overflow parking lot. The source of the fill material 
used to backfill the site is not known. 

Based on our ex;perience with a nearby site overlying similar slat fills, the performance 
of the fiJI material has ·been relatively poor. The building, which was supported on 
shallow foUndations, has experienced significant differential settlements. 

:2.4 Subsurface 

Our explorations EB-1 through EB-4, and CPT-1 through CPT-5, were a.dvanced In the 
vicinity of· the proposed parking structure (east side. of the creek). Boring EB-5 was 
drilled on the driveway of the Santa Clara Convention Center (west side ofthe creek). 
As discussed above, we understood at the start of our Investigation that the bridge 
would be located near the south side ofthe structure. The current site plan (also used 
for our boring location plan, Figure 2) depicts the bridge at two alternate locations. 
Based on recent conversations with IP.D, the final location of the pedestrian brldge will 
be decided pending review with the City of Santa Clara. At this time we are assuming 
that the bridge subsurface conditions near the center of the structure will be similar to 
that enc:ountered In Boring EB-5. 

The pavement structural sections encountered varied, but generally consisted of about 
2 Inches of asphalt concrete over 6 Inches of aggregate base In the overflow lot and 
about 7 inches of asphalt concrete over 6 inches of aggregate base In the convention 
center driveway. Below the pavement sections, our borings generally encountered 
about 21!2 to 20 feet of undocumented fill. The deepest fill was encountered at the 
northwest portion of the site in Boring EB-4. The fills encountered generally consisted 
of stiff to very stlff1 moderately to highly plastic clay w!th some layers of med!um 
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dense ctayey sand. The lower 5 feet of day fill encountered' in Boring EB-4 was soft to 
medium stiff, Below the fill, our explorations encountered predc>rnlnantly medium stiff 
to very stiff, low to moderately ,Plastic clays with occ;;~stonallntetbedded Jayers of 
mediUm dense to very dense sand to the maximum de·pth explored of 80 feet. The 
sand layers encountered contained variable quantities of slit and clay fines. The 
general soil profile Is depleted in Cross-Sections A-A' and· 6-B', Figures 3A and 38, 
respectively. 

A Plasticity Index (PI) test was performed on a near-surface soli at a depth of 2 feet 
and resulted in a PI of 33, Indicating high plasticity and expansion potential. 

2.5 Ground Water 

Free ground waterwa_s encountered during drilling tn Boring EB-1 and OIJr CPis at a 
depth of about 10 feet. The upper range of historic ground water fluctuations in the 
vicinity Is generally considered to be at the depth of approximately 7 feet according to 
mapping by the California DIVIsion of Mines and Geology (CDMG, 2002). Fluctuations 
In the level of the ground water may occur due to variations In rainfall, perched water 
conditions, and other factors not In evidence at the time our measurements were 
made. For our analyses, we assumed a design ground water level of 7 feet below 
existing site grades. 

2.6 Sfte Infiltration 

Our borings indicate the site is blanketed by a't least 10 feet of moderately plastic to 
highly plastic clay$ and clayey fills. Generally, the higher tne· PI of the clay, the rower 
the permeability and hydraulic conductiVIty of the soU. Therefore, we judge the site 
Infiltration rate will be low for any proposed site detentlon{retentlon facilities. As 
discussed above, ground water was encountered at a shallow depth. The Re,gional 
Water Quality Control Board (RWQCB) requires that a minimum of 10 feet be 
maintained between the seasonal high ground water level and the bottom of any 
Jnfiltr~~lon facilityt which would require pre-treatment of pavement runoff water and 
potentially roof runoff prior to entering any infiltration facilities. 

3.0 GEOLOGIC HAZARDS 

A brief qualitative evaluation of geologic hazards was made during this investigation. 
Our comments concerning these hazards are presented beJow. 

3.1 Fault Rupture Hazard 

A Regional Fault Map Illustrating known active faults- relative to the site ls presented In 
Figure 4. The site Is not located Within a currently designated Alquist-Priolo 
Earthquake Fault Zone (known formerly as a Specla1 Studies Zone). As shown on 
Figure 4, no known surface expression of active faults Is believed to cross the site. 
Fault rupture through the site, therefore, is not anticipated. 
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3,.2 Ground Shaking 

Strong ground shaking can be expected at the site during moderate to severe 
earthquakes in the g~eneral region. This is common to all developments In the San 
Francisco Bay Area. The ''Seismicity" section that follows summarizes potentiat levels 
of ground shaking at the site. 

3.3 Liquefaction 

3.3.1 General Background 

The site Is located within a State of California Seismic Hazard Zone fi;>r liquefaction 
(CDMG, 2002 - Mflpltas Q.uadrangle). sou· liquefaction results from loss of strength 
during cyclic loading, such as imposed by earthquakes. Soils most susceptible to 
liquefaction are loose to moderately dense, saturated granular soils with poor 
drainage, such as sflty sands or sands and gravers capped by or containing seams of 
Impermeable sediment. 

When seismic ground shaking occurs, the soli is subjected to cyclic shear stresses that 
can cause increased hydrostatic pressure that induces liquefactlo:n. Uquefaction can 
cause soft~nlng, and large cycllc deformations. can result. In loose granular soils, 
softening can also be accompanied by a loss of shear strength that may lead to large 
shear deformations or even flow faHure under moderate to high shear stresses, such 
as beneath a foundation or sloplng ground {NCEER/NS.F, 1998). 

Loose gn;~nulat soli can also settle (compact) during liquefaction and as pore pressures 
dissipate following an earthquake. Very limited field di:!ta is av~llable on this subject; 
however, In some cases, settJement on the order of 2. to 3 percent of the thickness of 
the liquefied zone has been measured. 

3.3.2 Subsurface Conditions Encountered 

The granular soils encountered In our explorations were generally medium dense to 
very dense. Several sc:rnd rayers encounten;!d below the design ground water depth of 
7 feet were considered In our liquefaction analyses. Those layers, where the corrected 
blow counts were greater than 30 or where the corrected trp resistance. was greater 
than 160 tons per square foot (tsf), have been screened in accordance with guidelines 
In Special Publication 117 and are not included In the following table. aoring EB~l was 
performed adjacent to CPT-1 to ptovtde correlating visual observations and laboratory 
data. Our liquefaction analyses are presented befow. 

Table 1. Granular Le~yers Consid.ered In Liquefaction Analyses - Boring Logs 

Depth to Top of Thlqkness *Total Fines 
Bortng Soil Type Sand Layer of LavE!r Content 

Number {feet)" (feet) (%) 
EB-2 SP"SM 10 1.5 11 
EB-2 SM u.s 5.0 36 
EB-5 sc 39 2.0 25 

*Total fines content basec! on washed sieve testing 
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Table 2, Granular Layers. Considered In Uquefaafon Analyses - CPT Logs 

•soli 
Depth to Top of Thickn•s$ Behavior 

CPT Sand Laver ~1La~~r Type Index 
Number Soil Type {feet) feet . fie) 

CPT-l SP·S~ 26.0 1.0 2.0 
CPT'-2 SP,SM 26.5 1..5 2.1 
CPT~4 SP-SM 26.0 0.5 2.3 
CPT-4 SP·SM 34.0 1.0 2.1 
CPT-4 SP-SM so.o 1.0 2.0 
CPT-5 SP-SM 26.0 0.5 2.0 
CPT-5 SP·SM 30.0 3.0 2.1 
CPT-5 SP-SM 34.0 1.0 2;2 
CPT-5 SP 41.0 3.{) 1.8 
CPT·S SP-SM 50.0 5.0 2.0 

* Calculated from normahz;ed cone resfstance anc;l n:onn<;~llzed friction rat1o 
**The presence of plasttc or non-plastic fines determined from Ic values 

3.3.3 Methods of AnalySi$ and Results 

**Pia"~<: or 
Non-plastic 

Flnes 
Non-plastic 

Non-plastic 

Ntln·plastic 
filon~plastlc 

Non-plastic 

Non-plastic 
Non~PI~sttc 

Non-Plastic 
Non-olastic 
Non-ol<~sflc 

Our flquefaction anaJyses followed the methods presented by the 1998 NCEER 
Workshops (Youd, et al., 2001) In accordance with guidelines set forth in CDMG 
Special. Publication 117 (CDMG, 1997). The NCEER methods for SPT and CPT analyses 
update sltnpll_fiE!d procedures presented by Seed and Idrlss (1971). The analysis 
method compares the cyclic reslstam:e ratiO (CRR) with the earthqu'ake-lnduced cyclic 
stress ratio (CSR) at different depths due to the estimated earthquake ground 
motions. The relationship for CSR Is presented as follows;. 

CSR "" 0,65 (amaxl9)(avo/o'vo)rd 

where amax Is the peak horizontal acceleration at the ground surface generated by an 
earthquake, g Is the acceleration of gravity, ova and o;vo are total and effective 
overburden stresses, respectively, and rd Is a stress reduction coefficient. CRR is a 
function of the soil density and grain characteristics. 

The factor of safety (FS) against liquefaction Is ex:pressed as the. ratio of the. cyclic 
resistance ratio (CRR) to the cyclic stress ratio (CSR). If the FS Is less than 1.0, the 
sallis considered to be potentially liquefiabJe during seismic shaklng. 

FS = CRR/CSR 

we evaluated the liquefaction potential of the medium dense sand strata encountered 
usfng both an estimated peak hor1zontal9round acceleration (PGA) of 0.34g, resulting 
from a 7. 9 M..., event on the San Andreas Fauft. As discussed In the "Seismicity" 
section that follows, these are estimated peak horizontal ground accelerations based 
on acceleratlon-attenuatlon equations presented by Campbell and Bozorgnla (1994). 

LOVINEYAffir!ATES 
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We cqrrected the field SPT blow counts from our borings for overburden, stress 
reduction versus depth, fines content, hammer energy ratio, boring diameter, rod 
length and sampling method (SPT sampler without liners). our CPT tip pressures were 
corrected for overburden and<flnes content. The CPT method utilizes the soil behavior 
type Index (Ic) and the exponential factor "n" applied to the Normalized Cone 
Resistance "Q'' to evaluate how likely a layer Is to contain significant plastic fines and 
have a low liquefaction potential. 

Cyclic Resistance Ratios (CRR) were calcUlated for both SPT and CPT methods using 
normalized "N" values and CPT tip pressures corrected to clean sand values and the 
SPT anct CPT clean sand bc;~se curves presented in the NCEER method. The CRRs were 
then corrected for the design ground water level and magnitude scaling_ factf;)rs. The 
factor of safety aga,lnst !Jquefactlon is· the ratio of the eRR to the CSR (cyclic stress 
ratio) or seismic demand on a soli layer based on tlie Seed and ldrlss (1971) equation. 
Estimates of volumetric change and settlement were determJned by the Ishihara a.nd 
Yoshfmlne (1990) method. As discussed in the SCEC report, differential movement for 
level ground, oeep soli sites, will be on the order of half'thetotal estimated 
settlement. The results of our analyses are presented below. 

Table 3. Results of Liquefactron Analy"es - SPT Method 

Dttpth to 
Topor Estimated Estimated 

sand/Slit Layer Factor Total Differential 
Bortng Lay.er Thickness SPT *SPT of Potential for Settlemttrit Se~ement 

N.umber (feet} (feet} CN1} (Nilsocs· SafetY Liquefaction (In,} · · In,) 

EB-2 10 1.5 13 23 0.8 Uquefactlon 0.20 0.10 
Possible 

EB-2 11.5 5.0 11 26 0.9 Liquefl!ctlon 0.48 0.24 
Possible 

Total.= 0.6.8 0.34 

EB-5 39 2.0 17 26 0.7 Uquefactlon ., 0.31 0.15 
Ukely 

"' SPT blow counts corrected for overburden and fines content Tot.l = 0.31 0.15 

Table 4. Results of Uquefac::tlon Analyses - CPT Method 

D•pth to Estimated Eitlmated 
Top of Faetor Total DJfter.entJal 

CPT Sa.nd/SHt Layer qc; *qa.N ot Potential for Settlement Settlement 
Number Layer Thickness (tsf) (tsf) Safety Liquefaction (ln.) (ln.) 

ffeet} (feet) 
CPT-l 26 1.0 92.7 107.5 0.4 Liquefaction Likely_ 0.26 0.13 

Total= 0.26 

CPT-2 26.5 1.5 8.8.6 I 122.3 I 0.7 I Liquefaction Ukety I 0.36 0.18. 
Total::: 0.36 0.18 

~~~TIS ______________________ __ 
Environmental/ Geotoehni<;al/ Eng'rlaering S.ervtCGfl 
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Table 4. Results of Liquefaction Analyses - CPT Method, con't 

CPT~4 26.0 0.5 73.4 124.2 0.6 Liquefaction Ukely O.il 0.05 
CPT-4 34;0 1.0 121.6 140.6 0.7 Liquefaction Ukely 0.16 0.08 
CPT·4 50.0 1.0 1613.3 iS4.0 l.O Low - -

Total= CU7 0.13 

CPT-5 26.0 0.5 100.6 126;0• 0.6 Liquefaction Likely 0.11 0.05 
CPT-5 30.0 3.0 96.3 121.4 0.5 Liquefaction Ukely 0.72 0.36 
tPT-5 34.0 1.0 80.0 108.0 0.4 Uqo~ctlon l.J.kely 0.26 0.13 
CPT"!) 41.0 3,0· 176.1 148 .. 1 0.9 Possible *"' -
CPT-5 50.0 5.0 185.8 159.3 l.i i..ow .. - -

.. 

* CPT tip pressur~ corrected for overburden and fines content Total= 1;09 0.54 

*"'The potential settlement from this layer was excluded due to Its depth and confinement above and below by 
relatiVely thick clay layers 

Our ani;~ lyses tndipate that some of the sand layers theoretically can liquefy, resulting 
In about%- to l-Inch oftotal settlement. Post-liquefaction volumetric strains and 
settlements were estimated ustng Ishihara and Yoshlmlne (1990) using "N" values 
corrected to clean sand values for the SPT analysts. For the CPT analysis, we 
determined equivalent "N" values from normalized tip pressures, corrected to clean 
sand values and son benavlor type (Robertson, 198S). As discussed In the scec 
(1999) report, anticipated differential settlements for level sites with deep sediments 
will be on the order of half of the total estimated settrernents, resuttlng In differential 
settlement estimates of less than Y4- to about Yi-irtch over a span of about 100 feet. 

As the methods of analysis used to determine liquefaction potentla1 do not take Into 
account the capping action of the st~ff clay stratum overlying liquefiable strata, we 
tonsldered the effects of a capping tayer. In order for liquefaction Induced sand bolls 
or fissures to occur, the pore water pressure Induced within the liquefied strata must 
exert a large enough force to break through the surface layer. Based on work by Youd 
and Garris (1995), a capping layer of non,..llqueflable material on the order af 4'12 to 5" 
feet,.thlck fs adequate to preventthe occurrence of ground surface rupture for a 
liquefiable Jayer on t:he order of 2 to 3 feet in thickness. Since the localiz:ed potentially 
liquefiable sand strata Is capp~d by at h~ast .10 feet of medlum stiff to very stiff clays 
and clayey fills, we Judge the potential for sand bolls or surface venting to be low 
during an earthquake. 

3.3.4 Summary of Results 

To summarize the results of our liquefaction analyses,. some sand layers encountered 
are theoretically liquefiable. Theoretical total llql.lefactlon~lnduced settlements are 
estimated to be on the order of Y4- to l-Inch. As dJstussed in the SCEC (19-99) report, 
anticipated dlfferentral settlements for level sites with deep sediments will be on the 
order of half of the total estimated settlement. Therefore, surface differential 
settlement 1~ estimated to be less than about 1M- to 112-inch over a span of about 100 
feet. 

LOINNEY~lA.1ES 
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3.4 Differential Compaction 

If near-surface soils vary In composition both vertically and laterally, strong 
earthquak~ shaking can cause non-uniform compaction of soil strata, resulting in 
movement of the near-surface soiJs. ln our opinion, provided the parking structure Is 
supported on one of the foundation alternatives presented in the following sections of 
this report, we judge the probability of differential compaction Impacting the structure 
to be row. 

3.5 Lateral Spreading 

Lateral spreading typically occurs as a form of horizontal displacement of relatively 
flat-lying alluvial material toward an open or ''free" face such C;lS an open body of 
water, channel, or excavation. 

As shown on the Site Plan, Figure 2, the closest slde of the parking structure is located 
a.bout 40 feet east from the top or the San Tomas Aquino Creek bank. Since the sand 
layers encountered in our borings and CPTs near the creek were encountered at least 
10 feet ~elow the creek bed,, were typically Isolated and relatively discontinuous, we 
judged the probability of lateral spr:eadlng Impacting the structure during a seismic 
event to be low~ however, some cracking and/or minor displacements along the 
creekbank is possible. 

4.0 SEISMICITY 

4 •. 1 Regional Active Faults 

The San Francisco Bay Area Is one of the most seismically acttve regions in. the United 
States. The significant earthquakes that occur In the Bay Area are generally 
associated with crustal movement along well-defined, a(:tive fault zones of the San 
Andreas Fault system, which regionally trend In a northwesterly direction. The San 
Andreas Fault, which generated the great San Francisco earthquake of 1906, passes 
about 12 miles southwest of the site. Three othe·r major active faults In the area are 
the Hayward Fault, located about 8 miles northeast, the Calaveras Fault, located about 
9 miles northeast, and the Monte Vista-Shannon Fault, located about 8 miles 
southwest. 

Maximum Estimated ·Ground Shaking 
. ' 

We performed a Deterministic Seismic Hazard Analysis (OSHA) for this site. This 
analysis utilizes tlie maximum Moment Ma·gnltude (Mw) for the controlling faults, 
published attenuation curves, the shortest distance to the fault, and site-specific 
response characteristics. Based on· the attenuation methods of Campbell and 
Bo~orgnla {1994), the mean peak ground acceleration (PGA) expected for this site Is 
0.399 from a magnitude 7.9 Mw event on the San Andreas Fault, located 12 miles to 
the southwest. If a 7.1 Mw event were to occur on the. closest portion of the Hayward 
Fault, located about 8 miles northeast, the expected PGA at the Site would be 
approximately 0.34g. 

L.OVVNEY~lES -· -·- --· ---Environmental/ GIK>I..ohnioal/ Engineeri19 Son~lc .. -·-· · -· · --
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4.3 Fut1.1.re Earthquake Probabilities 

A1though research on earthquake prediction has greatly Increased In recent years, 
seismologists cannot predict when or where an earthquake will occur. The U.S. 
Geological Survey's Working Group on Californle Earthquake Probabilities {1999), 
referred to as WG99, determined that there Is a 70 percent chance. (:1:10%) of at least 
one magnitude 6.7 or greater earthquake stnklng the san Francisco Bay region 
between 2000 and 2030. This result Is the most important' outcome of WG99's work, 
because any major earthquake can cause damage throughout the region. 

This potential was demonstrated when the 1989 Lorna Prieta earthquake caused 
severe damage in Oakland and San Francisco, more than 50 miles from the fault 
rupture. Although earthquakes can Inflict damage at a considerable distf;mce, shaking 
wlll be very intense near the fault rupture. Therefore, earthquake located In urbanlzed 
areas of the region have the potential to cause much more damage than the 1989 
Lorna Prieta earthquake. 

4.4 U.BC Site Coefficients 

The CDMG has recently issued maps -locating "Active Fault Near-Source Zones;; to be 
used with the 1997 Uniform Building Code (''Maps of Known Active Fault Near~S.ource 
Zones rn California and Adjacent Portions of Nevada," CDMG/ICBO February 1998). 
Faults are classified as either "A," "B," or "C" as shown below,. Only faults classified as 
"A" or ''B" are mapped' slnce faults classified as "C" do not Increase the near-source 
factor. 

Ta-ble 5. Sei5mic Source Definitions 

Seismic So.urc:e Definition* 

Seismic Maximum 'Moment Slip Rat8t Sit 
So~rce Type seismic Source Description lrtaarUti.lde. M (mm/vtl 

Faults that are ~pable of producing large 
A magnitude events and that have a high rate of M ~7.0 SR ~ 5 

seismic actlvltv. · 
M ~ 7.0 SR< 5 

B All fa.ults other tllan Types A and C. M < 7.0 SR > 2 
M ~ 6.5 SR < 2 

Faults that are not capable of producing large 
c magnitude earthquakes "nd that have 11 

relatively low rate ot' seismic activity. 
M < 6.5 SR.!( 2 

*Note~ Both maximum moment magnitude and shp rate conditions must be satisfied concurrently when 
deterrn~nlng seismic source type. 

The following table lists Type A and Type B faults within 25 kilometers of the site: 

1.0\VNEY.Am:c'AIES 
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Table 6, Approximate Distance to Seismic Sources 

Fault 

**Havward. !Southeast Extension) 
*Havward ITotal Lenoth) 
·Monte VIsta - Shannon 
calaveras 
San Andreas (1.906) 
Szm Andreas (Santa cruz. Mountains} 

*Nearest type· A fault 
**Nearest 'Type B fault 

Seismic Soul"(;e Distance 
~TYpe lkUorn•rltl 

B 9.4 
A 13.1 
B 14 
B 15 
A 19 
A iS 

Based on our bori'ngs, CPTs, and alluvium thickness maps of Santa Clara CountY 
(Rogers and Williams, 1974), the site Is underlain by alluvial deposits extending to 
depths In excess of 500 feet. Based on this infortm!tlon, the ~lte may be characterized 
for design based on Chapter 16 of the 1997 UB.C using the Information In Table 7 
below. 

Table 7. 1997 UBCSite Categorization and Site Coefficients 

Categor1:zatlonfCoeffldent Design Value 

Soli Pr<>flle Tvoe CTable 16·J) Si2: 
Seismic Zone·(Figure 16·2) 4 
Seismic Zone Factor fTable 16'"U OA 
Seismic Source Name HaYward 
Seismic Source Type (Table 16~U) A 

J)lstance to Seismic Source CkUomet~) 13.1 
*Neat Sot~rce factor N,. (Table 16 .. S) 1.00 
Near Source. FactorNv (Table 16-T} U!.B 
Seismic CoefflcientCaJTable f6cQJ 0044 
seismic Coefficient Cv (Table 16·R) 0;69 
*Ko~: For Seismic Zone 4, the near-source factor Na used to Q.etertrune 
Ga need not exceed 1.1 for structures c:omplylng wlth all the cotl'l:iltlons 
within UBC Section 1629.4.2. 

5.0 CORROSION EVALUATION 

To evaluate the corrosion potential of the subsurface soils at the site, we submitted 
four sam!Jles collected during our ~ubsurface Investigation to an analytical laboratory 
for pH, soluble sulfate and chloride content testing. We also subcontracted with JOH 
Corrosion Consultants, Inc. to evaluate the laboratory testing results and prepare a 
report summarizing the site corrosion potential. Their report Is presented in 
Appendtx C. 

l.01NNEYPS3:CIATES Page 11 
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6.0 CONCLUSIONS AND DEVELOPMENT CONSIDERATIO~S 

6.1 General 

From. a geotechniec~l engineering viewpoint the proposed development may be 
constructed as planned, provided design and construction are performed in accordance 
with the geotechnical recommendations presented In this report. 

The primary geotechnical concerns at the site are as follows: 

T Significant shallow foundation settlements 
T Undocumented fills 
T Highly expansive near-surface soils 
T Potentially liquefiable sand layers 
T Relatively shallow ground water 

These concerns are briefly discusSed below. 

6.2 Foundatfon·~ttlements 

We performed settlement analyses for a conventional spread footihg foundation 
system bearing at about 4 feet beloW eXIsting grade. We considered both footings 
over native materials and over engineered fill (i.e. assuming all the existing 
undocumented fill was removed and replaced as engineered flU). Ovr analyses were 
performed using exterior dead plus sustained column loads of 630 kips, lnter•or dead 
plus sustained column loads of 805 to 1,.200 kips, and an allowable bearing capacity of 
3,000 pounds per square foot for dead plus llve loads. AS the column .Joads resulted in 
about 18~foot~square interior footings on an 18-foot-·bay spa<:lng, we considered the 
interior columns to be sUpported on uniformly loaded strip footings. 

Our analyses Indicate these building loads would result In total Interior strip footing 
settl.ements of about 3 to 5 inches and exterior footlng settlements of ;about 2 to 2Y4 
Inches. Considering the column spacing and total sett'lement estimates, we juc;lge 
differential settler.nen.ts to be about 1/:z .. t9 :%-Inch between adjacent exterior columns~ 
dlffe~ntlal settlements between adjacent interior columns are anticipated to be about 
Y:z· to l-inch; differenUal settlement between the exterior columns and the columns at 
the ends of the Interior rows Is anticipated to be about 11h Inches. As previously 
mentioned, an additional V4- to about Y:z-lnch of llquefactlon-li'lduced differential 
settlement across a-span -of about 100 feet may occur followln~ strong selsmlc 
shaking, as discussed In the "Liquefa-ction" se.ctlon, 

If these total or cllfferenttal settlements are not tolerabte from an architectural or 
structural viewpoint, alternative foundation types should be considered. In our 
opinion, due to the significant estimated total and diff.erentlal settlements, supporting 
the proposed parking structure and pedestrtan bridge on footrngs over engineered flll 
Is a high-'risk option. Detailed recommendations for foundation alternatives, Including 
footings over engineered fill, footings over Improved soli such as stone columns or 
Geoplers, and deep foundations are presented In the "Foundations" section of this 
report. 

LOWNEY~tATES _ . Page 12 
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6.3 Undocumented Fill$ 

As previously discussed, undocumented fills on the order of 2Y2 to 20 feet were 
encountered at the slte. If sh.allow foundations are desired and It is determined that 
total and differential 'settlements are tolerable from an arc:hltettural and/or structural 
viewpoint, all undocumented fills within the footing Influence zone should be removed 
down to native soil and replaced with engineered fill, A minimum lateral distance of 
10 feet beyond the building perimeter may be used for the deep fUI areas. However, 
please note that construction dewatedng will be required. In addition, aeration of so.ils 

.... removed from excavations below ground wa.ter wfll require considerable 
drying/aerating prior to reuse as engineered filL 

The fills should not be .a significant geotechnical concern to a deep supported 
foundation system. However, measures should be taken to re~uce the potential for 
distress to the floor slab If this fill were to settl.e over time. Po~sl.ble measures would 
include designing lower level garage slabs as structural slabs, or providing indiVIdual 
deep support for floor slabs {I.e. piles). Partial mitigation measures could include 
removjng ~nd recompactlng the upper portion ofthe fill. However, partla1 mitigation 
measures will present a significant risk of poor performance. In our opinion, removing 
and recompactlng the. upper 4 feet of the fill. would reduce the potentfal for slab 
distress, but some future settlement and slab cracking may stiH occur. 

If an ·increased potential for future maintenance IS acceptable to exterior 
improvements; such as pavements, then the fill located outside Of the recommended 
excavation limits need not be removed and recompacted. Otherwise, this fill should 
also be removed and recompacted, as discussed above. 

6.4 Expansive Solis 

The near-surface soils have a high plasticity and expansion potential. To reduce the 
potentfal for damage to the proposed parking structare, we recommend that any non­
pavement stabs-on-grade have sufficient reinforcement and be supported on a layer of 
non-expansive fiH. The slab-on-grade p~vernent subgrade should be prepared as 
discussed In the "Ea·rthwork" section below. Detailed recommendations addressing 
this concern are presented In the following sections of this report; No mitigation 
measures would be necessary for foundations due to the considerable gravity loads. 

6.5 Liquefiable Sand Layers 

As 'previously discussed, our borings and CPTs encountered predominantly medium 
Stiff to very stiff clays with occasional interbedded layers of medium qense to very 
dense sand with variable quantities of srtt and clay to the maximum depth expiored of 
eo feet, Based on our analyses, theoretically, some of these sand layers may llqi.Jefy, 
causing differential settlement across the structure. Llquefactlon-lnduced differentlaf. 
settlements are estimated to be of less than %- to about Y2·inch over a span of about 
100 feet. If sha-llow foundations are used, they should be designed to resist or 
accommodate this movement In addition to the estimated static settlements. If the 
combined settlements are not structurally tolerable, soU improvement or deep 
foundations should be used. Detailed recommendations addressing this Issue are 
presented In the "Foundations" section ofthls report. 

~~J.~~~--~--------------------------- -------- Page 13 
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6.6 Shallow Ground Water 

Ground water may significantly impact grading and below-grade construction. These 
Impacts typically consist of potentially wet and unstable subgrade solls1 difficulty 
achieving compaction, and difficult underground utility lnstallatton. As previously 
discussed, the seasonal high ground water at the site Is generally considered to be at 
a depth of,approximately 7 feet according to mapping by the CDMG. We encountered 
ground water at a depth of about tO feet, which will fluctuate seasonally. Therefore, 
the contractor should be aware that excavations extending near or below ground water 
rtlay need to be stabilized and/or dewatered to facilitate placement and compaction of 
structures and fill, and that materials removed from excavations may need 
considerable aeration,. condltloning1 or chemical treatment prlorto reuse . 

6.7 Plans, Specifications, and Construction Review 

Bec~~.~se subsurface conditions may vary from those encountered In our borings and 
CPTs, and to check that our recommendations have been properly Implemented, we 
recommend we be retained to 1) review final construction plans and specifications and 
2) observe the earthwork and foundation construction. Also1 geotechnical conditions 
can be a~ffected by the construction process. For the abOve reasons our geotechnical 
recommendations are contingent upon our firm providing geotechnical observation and 
testing services during ·construction. If the City of Santa Clara chooses to provide 
geotechnical observation and testing during construction, we have provided our 
requirements for review and oversight in Appendix D. If our requirements cannot be 
met, we will not be able to co.ntlnue through construction as Geotechnical Engineer-of~ 
Record. 

6.8 Additional Subsurface Exploratron 

Additlonal subsurface exploration may be useful In helping. delineate the locations and 
depths of the previous slot fills reportedly present at the site. Once these slo.t fills are 
identlfled 1 the fill depths of Zones A and B, as discussed In deep foundation sections 
below, may be revised to reflect the actuai site conditions. In addition, ihhe 
pedestrian brld~e location has permanently changed to near the center of the 
structure, we recommen(l that an additional boring be drilled at the new location on 
the west side of San Tomas Aquino Creek to confltm the subsurface conditions. 

7.0 EARTHWORK 

7.1 Clearing and Site Preparation 

The site should be cleared of all surface atid subsurface improvements to be removed 
and deleterlous materials Including existing pavements, debris, burled utility lines, 
shrubs and associated roots. Removal of site fills and abandonment of existing burled 
utllltles are discussed below. Excavations extending below the planned finished site 
grades should be cleaned and backfilled with suitable material compacted as 
recommended In the "Compaction" section of this report. We recommend that 
backfilling of holes or pits resulting from demolition and removal of burled structures 
and utilities be carried out under the Geotechnical Engineer's observation and that the 
backfill be tested during placement. Alternatively, the loose backfill locations should 
be careful!y documented dLJr!ng demolition for excavation and re-compaction during 
site grading. 
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7 .2. Removal of Existing Fill 

If shallow foundations are chosen without soli Improvement such as stone columns or 
Geoplers, all fills should be removed down to native soil. The geotechnical engtneer 
should be present during excavation to determine the required depth. Ifthe till 
material meets the requirements In the ';Material for Fill'' section below, It may be 
reused as engineered fill. Side slopes of fill excavations iii building and pavement 
areas should be sloped at Inclinations no grea,ter th~r'! 3:1 (horl~ontal to vertical) fn 
the upper 8 feet of the excavation to minimize abrupt varl.ations in fill thickness. All 
fill should be compacted In accordance with th.e recommendations for fill presented In 
the "Compaction" section of this report, 

Ground water is anticipated at depths of 7 to 10 feet. As fill was encountered below 
ground water, the contractor should anticipate dewatering and subgrade stabilization. 
Even after the ground water level at the site Is lowered by dewatering, the soils 
exposed by at the bottom of the excavation are expected to be wet and unstable undet 
the weight of construction equipment. To provide a stable working platform for 
construction, a minimum of 18 inches of crushed rock will probably need to be placed 
across the excavations on a woven stabilization fabric, such as TC Mlrafi SOOX or 
equivalent prior to beginning backfill operations. The actual sections needed for 
subgrade stabilization should be determined at the time the excavations are 
completed. 

If deep foundations are utillzed for the project, ahd provided lower level pavements 
are designed as structural slabs or supported on deep foi.mdatlons, the deeper site fills 
do not need .to be removed and replaced as engineered fill. If soli improvement 
methods such as stone columns are usedt the upper 3 feet below footing and slab 
depths wilt need to be sub-excavated and recompacted as the vibratory pla~ement 
method for stone C:oiUnin placemtmt needs overburden confinement for suffiCient 
denslfication of fill to occur. Additional information regarding stone column 
construction Is provided in the "Foundations" section. 

7.3 Abandoned Utilities 

7.4 

Abandoned utilities within the proposed building area should be removed In their 
entirety. Utilities within the proposed building area would only be considered for in­
place abandonment provided they do not conflict with new Improvements, that the 
ends and all laterals are located and completely grouted, and the previous flits 
essodated with the utility do not pose a risk to the structure. 

Utilities outside the building area should be removed or abandoned in-place by 
9routlng or plugging the ends with concrete. Fills associated with utilities abandoned 
in-place could pose some risk of settlement; utilities that are plugged could also pose 
some risk of future collapse or erosion shoUld they teak or become damaged. The 
potential risks are relatively low for small diameter pipes (4 Inches or less) abandoned 
In-place and increasingly higher with increasing diameter. 

SUbgrade Preparation 

After the site has been properly cleared and necessary excavations have been made, 
exposed surface so liS !n those areas to receive fill, slabs-on-.grad·e1 or -pavements 
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should be scarified to a depth of 6 lnches1 moisture condlt!oned, and compacted in 
accordance with the recommendations for fill presented In the "Compaction" section. 
The finished compacted subgrade should be firm and non~ylelding under the weight of 
compaction equipment. · 

7 .s Material for Fill 

All on-site native soils having an organic content of less than 3 percent by weight are 
suitable for use as fill at the site. In general1 fill material should not contain rocks or 
lumps larger than 6 Inches In greatest dimension, with no more than 15 perc:ent larger 
than ZV2. Inches. Rocks or lumps larger than 41nches should not be allowed to nest 
together. Rocks that nest together CQn cause bridging effects resulting Jn inadequate 
compaction. Imported and non-expansive fill should be a low plasticity material with a 
Plasticity Index of 15 or less. 

Consideration should also be given to the environmental charactertstlcs as well as the 
corrosion potential of Import soils. Laboratory testing, Including pH; soluble sulfates, 
chlorides, and resistivity will provide Information reg~rding corrosion potential. 
Imported fill should not be more corrosive than the natlve materials. 

The contractor snould provide at least five working days notice prior to importing 
material to enable the Geotechnlci:!l Engineer to sample and test the geotechnical 
characteristics of the material. If environmental or corrosion test data Is not available 
for review, sampling, testing, arid evaluation of materials may require additional time. 

7.6 Re1.1se of On-!!lite Recycled Materials 

If desired to reuse existing asphalt pavements. as. general fill or as engineered fill 
below sidewalks or pavements; we recommend that it be ground up to meet the 
gradation requirements of its Intended use. If laboratory testing of the recycled 
material Indicates that it meets Cal trans Class 2: specifications, it may be used as 
aggregate base beneath pavements and sidewalks. We should eva.luate the proposed 
u$e of recycled materials prior to the work being performed. R:ecyc;:led fill containing 
asphalt should not be used within 2 feet of finished grade In enclosed and habitable 
building areas such as any ground floor offices. 

7. 7 Compaction 

All Imported fill, as well as scarified surface soils with moderate plasticity In those 
areas to receive fill or slabs-on-grade, should be compacted to at least 90 percent 
relative compaction at a moisture content slightly above laboratory optimum as 
determined by ASTM Test Designation 01557, latest edition, except for the expansive· 
clays. The expansive on-site clays should be compacted to between 87 and 9.:2 
percent relative compaction at a moisture content at least 3 percent above laboratory 
optimum when placed within 3 feet of finished grade. Fill should be placed in lifts no 
greater than 81nches In uncompacted thickness. Each successive lift should be firm 
and non~yieldlng under the weight of the compactlon equipment. 

SinCe the on~slte Clayey soils have relatively high mofsture contents, earthwork 
contractors should anticipate that these soils may require drying (aeration) prior to 
use as engineered f!l! or subgrade preparation even during summer months. Based on 
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our laboratory test resultS and engh'leerlng experience; we jUdge the on~stte clayey 
solls are ;:tbout 5 to 10 percent over the estimated laboratory optimum moisture· 
content. Consideration should be given to the use of light weight grading equipment. 
The use of heavy vibratory equipment will tend to de-stabilize clays with high in-situ 
moisture contents. 

In asphalt pavement and concrete slab areas subjected to vehicular traffic and wheel 
loads, the Upper 6 Inches of subgrClcle· and fun depth of aggregate base should be 
compacted to at least 95 percent relative compaction (:ASTM 01557, latest edttion) 
exGept for the native clays, which. should be compacted as noted above. ·Aggregate 
base should be compacted at a moisture content near the laboratory optimum. 

7.8 Wet We;:ath_,r Conditions 

Earthwork contractors should be made aware of the moisture sensitivity of clayey soils 
and potential compaction difficulties. 1f constru£tion Is undertaKen during wet weather 
conditions, the surficial soils and other stockpiled backfill materials may become 
saturated, sort and unworkable. Subgrade stabilization. techniques mtght lnclude the 
use of engineering fabrics and/or crushed rock or chemical treatment. Therefore, we 
recommend that consideration be given to construction during summer months, from 
late April to early October .. As discussed in the "Compaction" section, the In-situ 
molstures are about 5 to 10 percent over anticipated laboratory optimum. Contractors 
should be aware that operation of heavy grading equipment, especially large vibratory 
equipment, can destabilize wet clays. COnsideration should be given to the use of 
lighter weight equipment and sheepsfoot compactors to prepare the site subgrade. 

7.9 Trench Backfill 

Bedding and pipe embedment materials to be used around underground utility pipes 
should be well graded sand or gravel conforming to the plpe manufacturers 
recommendations and should be placed and compacted In accordance with project 
specificati.ons, local requirements or governing jurisdiction. General fill to be used 
above pipe embedment materials should be pl_aced and compacted in accordance with 
local requirements or the recommendations contained In this sectton, whtchever is 
more stringent. 

The surffcial soils encountered during this Investigation may be used as general fill 
above pipe embedment materials provided they meet the requirements. of the 
"Material for Fill" section of thls report. General fill should be placed In lifts not 
exceeding 8 Inches in uncompacted thickness and should be c;:ompacted to at least 90 
percent relative compaction (ASTM 01557, latest edition) by mechanical means <!nty. 
Water jetting ottrench backfill should not be allowed. If the expansive clays are used 
as-trench backfill, the expansive clay compaction requirements Stated above should be 
followed, The- Upper 6 Inches of low plasticity general fill in all pc;~vement areas subject 
to wheel toads should be compacted to at least 95 percent relative compaction. 

Where granular backfill is used in trenches, we recommenc:! that a cut-off plug of low 
permeability material be placed where suc:h trenches· enter the building and pavement 
areas. This reduces the likelihood of water entering the trenches from the landscaped 
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areas and seeping through the trench backfill into the bulldlng and pavement areas 
and comlng into contact with expl;'nslve subgrade materials. 

If ground water is encountered In d.eeper utility trench excavations, crushed rock may 
be used as pipe bedding and i.nltlal backfill (If approved Qy the local jurisdiction and ln 
conformance with the pipe manufacturer's recommendations) In order to provide a 
stable working platform for utility Installation and backfill. The crushed rock ·should be 
co·nsolldated in place by vibratory methods until no further volume t'eductton IS 
observed. 

7.10 Temporary Slopes and Trench Excavations 

The contractor should be responsible fo-r all temporary slopes and trenches excavated 
at the slte and destsn of any required temporary shoring. Shoring, bracing, and 
benching should be performed by the contractor In accordance with the strictest 
governing safety standards. 

7.11 Surface Drainage 

Posttive surface water drainage gradients should be provided adjacentto the building 
to direct surface water away from foundations and slabs towards suitable discharge 
facilities. We recommend a slope of at least 2 percent away from the building in 
landscaping and/or asphalt concrete pavement areas. Landscaping blo-swales and/or 
concrete swales ·In asphalt pavement areas should have a minimum slope of 1 percent. 
Pending of surface water should not be allowed on or adjacent to structures, 
slabs-on-grade, or pavements. Roof runoff shouh:l pe directed away from foundations 
and slabs--on~grade In a closed collection system that discharges to the storm drain 
system or paved surface that drains to storm drain System. 

7.12 Storm Water Management 

AS discussed In the. "Site Conditions" section of this report, the surficial, high plasticity 
clayey soils are anticipated to have a very low Infiltration rate. In addition, ground 
water at the site was encountered at a relatively shal1ow depth of about 10 feet below 
the ground surface and can be expected to fluctuate seasonally~ The Regional Water 
Quality Control Board (RWQCB) requires that a mtnnnum 'Of 10 feet be m_alntained 
between the seasonal high ground water level and the bottom of any Infiltration 
facility. Since this requirement cannot be met, inftltrati.on fadlitles, If required, would 
r'equlre pre-treatment of pavement runoff water, a.nd potentially roof runoff, prior td 
entering any Infiltration facilities. Due to the low infiltration rate and regulatory 
restrictions, significant \nflltration of storm water may not be feasible as part of a 
storm water retention/detention program. In addition, as discussed below, due to the 
high plasticity surficial soils, It Is recommended to restrict surface water Infiltration 
adjacent to foundations and pavements. 

7.13 Landscaping Considerations 

Asthe near-surface soils are highly expansive, we recommend restricting the amount 
of surface water Infiltrating these soils near structures and slabs-.on-g.rade. This may 
be accomplished by: 
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,. Selecth'lg landscaping that requires little or no watering, especially within 5 feet of 
structures, slabs-on-grade,. or pavements, 

T Providing surface grades to drain rainfall or ~andscape watering to appropriate 
collection systems and away from structures, slabs-on-grade, or pavements, and 

,. Preventing water from draining toward or pondfng n.ear building foundations, slabs­
on""grade, or pavements. 

We recommend that the landscape architect Incorporate these Items Into the 
landscaping plans, and that we review the plans before co.nstructlon. 

7.14 Construction Observation 

All grading and earthwork should be performed under the observation of our 
representative to check that the site Is properly prepared, that selected fill materials 
are satisfactory, and that placement and compaction of fills is performed In accordance 
with our recommendations and the project specifications. sufficient notification to us 
prior to earthwork is essential. The project plans .and specifications should Incorporate 
all recommendations contained in this report. 

we understand that the City of Santa Clera may choose to provide geotechnical 
observation and testing during construction while requiring that we remain as 
Geotechnical Engineer-of-Record. We have provided our requirements for review and 
oversight in Appendix D that must be met; otherwise we will not be abte to continue 
through construction as Geotechnical Engineer-of-Record. 

8.0 FOUNDATIONS 

Provided the site Is prepared as described in Section 7.(), "Earthwork", the proposed 
parking structure may be supported on the following foundation systems. While we 
are providing the recommendations for footlngs over engineered fill, please note that 
the estimated settlements are significant. This foundation option, In our opinion, 
should not be chosen due to the high risk associated with future building distress. 

T Shallow spread foundations supported on engineered fill 
..,. Shallow spread foundations supported on Geoplers or other ground 

Improvement methods 
T Friction piers 
,. Friction pre-cast concrete piles 
T Friction Auger-cast plies 

We have assumed that due to the depth of fill noted. in Boring EB-5 (on the Convention 
Center side ofthe creek) ~nd the proximity to the Convention Center, that the 
pedestrian bridge will be supported on either shallow footings on ground improvement 
or deep foundations. Detailed recommendations are presented below. 
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8.1. Footings over Engine-ered FlU 

Provided the estimated static and .seismic settlements provided below are determined 
to be tolerable, the proposed parking structure may be suppowwd on conventional 
continuous strip footings bearing on engineered fill. We do not recommend that 
Isolated column footings be used due to the magnitude ofthe settlements and the 
overlapping settlement influence zones. 

As discussed previously, the site fills should be removed in their entirety and be 
replaced as engineered fill. Based on our conversations with the City ofSianta Clara, 
the fill was placed in slot trenches roughly parallel with Tasman Drive. We anticipate 
that abrupttransltlons In fill depth wlll be encountered. To reduce the potential for 
additfonal differential settlement due to abrupt cha-nges in fill thickness, we 
recommend that fill thickness transitions be limited to no more than 3 feet. In 
addition, native materials should be sub-excavated to provide at least 2 feet of 
engineered fill beneath all footings. 

8.1.1 Vertical Loads 

All footings should have a minimum width of 24 inches and should extend at least 
24 Inches below lowest adjacent finished grade. Lowest adjacent finished grade may 
be taken as the bottom of Interior slab~on-grade or the finished exterior grade, 
exctuding landscape topsoil, whichever Is lower. 

Footings constructed In l=!ccordance with the above recofTlmendations would be capable 
of supporting maximum allowable bearing pressures of 2,000 pounds per square foot 
(psf) for dead loads, 3,000 psf for combined dead and live loadsr and 4,000 psf for all 
loads including wind or seismic. These allowable bearing pressures are based upon 
factors of safety of 3 .. 0, 2.0~ and 1.5 for dead, dead plus live, and seismic loads, 
respectlvely. 

These maximum allowable bearil'lg pressures are net values; the weight of the footing 
may be neglected for design purposes. Afl footings IQcated adjacent to utility trenches 
should have their bearing surfaces below an Imaginary 1:1 (horlzontal:vertlcal) plane 
projected upward from the bottom edge of the trEmch to the footing. UtlUtles that pass 
through or shallowly beneath footings should cross perpendicular to the footings. 
These utilities should also be protected from anticipated foundation pressures and 
movement by sleevlng through footings or extending the concrete depth to 
encapsulate the utility and place the foundation bearing surface below the utility. 

All continuous footings should be reinforced with top and bottom steel to provide 
structural continuity and to permit spanning of loc;;~llrregularitles. Footing 
excavations should be kept moist by regular sprlnktlng with water to prevent 
desiccation. If footing excavations are alloWed to dry out pri,orto pouring concrete, 

· the soil will shrink and potentially cause the footings to heave once the soli Is re· 
moisturized during the winter rains. It Is essential that we observe the foott·ng 
excavations before the reinforCing steel Is placed. 
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8.1.2 Estimated Settlements 

Based on the preliminaty loads provided by Mr. Ed Workman of IPD, the project 
str1,.1ctural engineer, we estimated the folloWing total and differential static footing 
settlements. Our analyses Indicate these building •oads would result In total interior 
column footing settlements of about 3 to S inches and exterior column footing 
settlements of about 2 to 2V4 Inches. Considering the column spacing and total 
settlement estimates, we judge cllfferential settlements to be about '112- to ~/4·inch 
between adjacent exterior columns; differential settlements calculated between 
adjacent interior columns based on structural loading are anticipated to be about Y2-
to l•inch; dlffer:-ential settlement between the exterior columns and the columns at the 
ends ofthe Interior rows Is anticipated to be about iY2 Inches. Due to the variability 
of the subsurface conditions and engineered fill thicknesses, differential settlement 
estimates are typically consid~red to be up to about one-half of the total settlements. 
The static settlements are summarized below for clarity. 

Table 8. Summary of Estimated Footing Settlements 

Footing *Diffl!rentlal 
Loc:atlon Dead+ Totill Static Static 
(Example Su$1:afned Live Settlement Settlement 
Co.l.~mns} Load (kl~) · nnches} (lnches} 

Exterior 630 2 tc> 2l/; Y2 (B- 2 to 3) 
2 at B $J4 (1- Bto C) 

Interlbr 1,200 31!4 to 4 1112 (2 - B to D) 
2 atD 1 (2- D to E) 

1h (D.- 2 ~o 3) 
Jntei1or aos 4to 5 i/2 {2 - E to F) 
2 atE !/; (E : i to 3) 

'. "' Calculated bas~d o.n Idealized spll profiles. Due to variable soil cond1t1on~, 
differential settlement could be up to a boot one-half of the estimated total 
settlement. 

An additional of about 1/4- to about V2-lnch of liquefaction-Induced differential 
settlement across a span of about 100 feet may occur following strong seismic 
shaking, a.s discussed In the "Llquefaqiori" section. We .should be retained to revlew 
the final foundation plans and structural loads to verifY the above settlement 
estimates. 

We also estimated modulus of subgrade reaction values (referred to as the subgrade 
modulus) for the Interior strip footings. In develqptng our estimates of modulus of 
subgrade re~Gtlon values, we considered all loads to be uniformly distributed over the 
interior strip footings. Our analyses Indicate a modulus value of 10 pel at the edge of 
the footing (I.e. co.Jumn line 0 at 2), and a modulus of s pci 10 feet from the footing 
edge (i.e. column line 2. from 0.6 tri L.4). Our estimates are Gonsidered reasonable 
Initial values for finite element structural analysis, such as RISA or SAFE analyses. We 
would be pleased to provide supplemental consultation In refining the soli subgrade 
modulus values1 if desired. In· order to proceed with further analysis, we would need 
the output from the next Iteration the SAFE analysis or other finite element analysis of 
the mats and large footings indicating contact pressures and verified settlements . 

LOWNE'f~,IES Pag~21 
cnvlronmanlaliGeolwhoicqj/ Et•wit•-•·~~ • .....,. ---------------------



... 

ln~rnatlonal Parking Design, Inc. 1'883-i, Santa Clara Parking Structure 

8.1.:3· l..atert:ll Loads 

Lateral loads may be resisted by friction between the footings and the supporting 
subgrade. A maximum allowable coefficient of friction of 0.3 may be used for design. 
lh addttion, lateral resistance may be provided by passive pressures acting against 
foundations poured neat against competent soli. We recommend that an allowable 
passive soli resistance based on an equivalent fl.uld pressure of 300 Pol.lnds per cubic 
foot be used In design. The upper 12 inches of soil should be neglected when 
determining lateral passive resistance . 

8. 2 Footings over Soli Improvement 

If the estimated total and seismic settlements are not tolerable, or if excvation and 
replacement of existing fllls Is not deslrable1 spread foundations may be supported on 
improved soil. Soil improvement methods can consiSt of Geopiers, stone columns, jet 
grouted soil-cement columns, and/or other similar methods. Any of the soli 
Improvement methods discussed Will be design-build contracts. The performance 
crlterl~ should be based on reducing the estimated foundation settlements to tolerable 
levels. We should review ali deslgn .. bulld submittals prlorto construction. 
Conventional slab,.on-grade pavements may be used with the methods d~scrtbed 
below; however, measures should be t~ken to reduce the potential. for distress to the 
floor slab If this fill were to settle over time. Possible measures would include 
designing lower level garage slabs as structural slabs'( or providing, Individual deep 
support for floor slabs (i.e. Geoplers). Partial mitigation ml'!asures could lnclud·e 
removing and recompactlng the upper portion of the fill, However, partial mitigation 
measures Will present a significant risk of poor performartce. In our opinion, removing 
and recompactlng the upper 4 feet of the fill would reduce the potential for slab 
distress, but some future settlement and slab cracking may still occur. 

8.2.1 Footings· over Geopiers 

We contacted a representative from Geopiern.; Foundation company of Northern 
CallfornJa (GFCNC) who provided the preliminary recommendations below. Geopier™ 
foundation elements are constructed similarly to drilled piers in that a volume of 
material is excavated by augerlng, however, they are backfilled by compacting well­
graded aggregate In lifts using a modified hydraulic hammer. Below the ground water 
table, clean crushed rock Is used. This method pre-stresses the soil and provides 
increased stiffness In the composite soil zone. If caving conditions are encountered 
during excavation through sand layers, caslhg may be required. 

$.2.2 Geopler Vertical Loads 

We contacted Geopier™ Foundation Company.of Northern California (GFCNC) to 
provide preliminary recommendations. Based on the preliminary design, a 30-lnch 
Geopler element, extended to the bottom of the fill or to the minimum ~epth to reduce 
total settlements, could potentially provide an allowable composite bearing pressure of 
6,500 psf for dead plus live loads, which may be increased by one third for short term 
transient or seismic loads. The preliminary analyses are based on a 90-kip Geopier 
with the varying shaft lengths. Geopler elements eqUipped with a steel uplift anchor 
cart provide 60 to 75 kips of allowable uplift capacity depending on design length. The 
foiiowing table presents some preliminary criteria for geopier foundation system. 
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Table 9. Geoplers Supported Footing Sizes 

Maximum Length Footing footl~g FC»ot:Jng 
Total Number Geopltar Width Length Bearing Total 
Loads Geopler Elements Dlm. olm. Pre$5ure Settlement 
Cklosl Elements ffeet} _(feet) {feet) _(psf} _{lnchesJ~ 

630 7 16 10 10 6,300 1 
.810 9 16 11.5 u.s Q,100 1 
1260 14 18 11 18 6,400 3/4 

Shallow founoatlons placed on the GeoplerTM. elements wm have similar embedment 
criteria as those stated in the "Footing" sectton above. Based on the preliminary 
analysis as shown on iable 9,. the total and differential settlements are estimated to 
be Jess than l-Inch and Y2-inch, respectively. 

8.2.3 Geopier Load Testing 

We recommend that modulus and uplift toad tests be performl;ld to verify the bearing 
and uplift capatlties of the Geopler. Due to the variability of fill depths, we suggest 
one load test In the deep fill area and one In the shallow flU area. In addition, we 
recommend that a 24-hour load test be performed to confirm settlement .estimates. 
We should observe and monitor lnstaftatlon of all Geopters on a· full-time basis. 

8.2.4 Stone Columns 

the Installation of stone columns would increase the density .of the fms and we.aker 
native soils by laterally displacing the existing ln·place soH. The degree to which the 
density is Increased will depend on the diameter and spacln~ of the stone columns. In 
addition to Increasing the density~ stone columns Would provide an additional increase 
In bearing capacity at the Individual stone column locations and reduce the potential 
for detrimental total and differential settlements across the Improved are:a. The stone 
columns.should be designed by the design/builder, suc:;h as Hayward Baker, to meet 
maximum settlement criteria of 1-inch post constructh::m total settlement and V2.·inch 
post construction differential settlement between adja'cent co.lumns under static and 
seismic loads. We recommend that the stone column design ltldude, but not be 
limited to: l) drawings showing the layout, spacing and diameter-of the stone 
columns, 2) column length, 3) top and .bottom etevatlon of the column, and 4) 
minimum post CPT tip criteria to be achieved hi the sand atter installation and refusal 
criteria. We should be retained to review the des.lgn/bullders stone column 
Installation plan and settlement estimates prior to construction of the stone columns. 

Due to the lack of confining pressure, the effectiveness of stone columns Is anticipated 
to be mfnimal near the ground surface. Additionally, we anticipate that the upper few 
feet ofground surface will be disturbed due to installation of the stone columns. 
Therefore, It will be necessary to sub-excavate and recompact the surficial soils in 
those areas Improved with stone columns in order to provide a uniform bearing 
s.urface. 
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Stone columns would generally be constructed as follows: 1) clear the :site of existing 
demolition debris and excavate the building pad to the design pad grade~ 2) install 
stone columns on e~n approximately 6~ to 8-foot~square ·and/or triangular grids 
beneath the footings. Installation of stone columns beneath the garage slab should be 
considered to reduce- the potential of settlement of the floor slabs during selsmlc 
shaking. Alternatively, maintenance, repair and replacement of the concrete slab 
should be anticipated following a seismic event. The stone columns would be installed 
to a depth of 4 feet below the bottom of the footings, 3) excavate the existing flll to a 
depth of 3 feet below the bottom of the proposed footings, 4) recompact the subgrade 
salts, 5) replace the excavated soils as compacted engineered fill to build a compacted 
son mat over the stone columns, and 6) construc;t the footings. 

8.2.5 Stone Column Performance Testing 

Performance testing typtcally consists' of a test section with post-installation CPT 
testing to confirm that the nec;essary composite soli strength increases were achieved 
to meet the settlement criteria. Post-lnsta.llation CPT testing is also r~qulred during 
production Installation. We should observe and monitor installation of all stcme 
columns ·on a full-time basis and review the post-instatlatlon settlement analyses 
provlded by the contractor. 

8.2.6 Footings over Jet Grouted Soli-Cement Columns 

The design use of jet grouted soil-cement columns is slm'llar to the other mitigation 
methods discussed above. Jet grouting $h0uld be designed by the design/bUilder 
working In conjunt;tlon with sec technology, Inc. to meet settlement criteria of l~lnch 
post constructk>n total settlement and 'lh-inch post construction differential settlement 
between adjacent columns under static and seismic loads. 

-... 8.3 Friction Piers 

As an alternative to spread footings or spread footings supported on Improved soJl, the 
proposed parking structure may be· supported on drilled, castwin-place, straight-shaft 
friction piers. Due to shallow ground water and the requirements for pier bottom 
observations, end bearing piers are not recommended. Conventional slab-on-grade 
pavements may be used With th~ methods deScribed below; however, measures 
should be taken to reduce the potential for distress to the floor .slab lfthfs fill were to 
settle over time. Possibl.e measures wot.~ld include designing lower level garage slabs 
as structural slabs, or providing IndiVidual deep support for floor slabs (i.e. piers). 
Partlat mitigation measur~s could Include removing_ ano r~compactlng the upper 
portion of the fill. However, partial mitigation measures· will present a significant risk 
of poor performance. In our opinion, removing ·and recotnpattlng the uppar 4 feet of 
the flU wo.uld redi.Jce the pOtential for slab distress, bllt some future settlement and 
slab c~a'Cking may still occur. 

8.3.1 Vertical Loads 

The piers should have a minimum diameter of at least 18 Inches and extend to a depth 
of at least 40 feet below the existing ground surface. Piers may be designed for the 
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allowable skin friction values presented below for combined dead plus live loads with a 
one"third Increase allowed for either transient wind or seismic loading. These 
allowable skin friction values are based upon factor of safety of 1.5 for dead plus live 
toads. 

At this time, the slot fill depths are not well known. We have broken the Site into two 
zones of fltl thickness. Zones. A and B are shown on the S'lte Plan, Figure 2, and 
represent 15 and 20 feet of fill, respectively. The vertical capacity of the existing site 
fills shoUld be neglected. Downdrag forces a.lso could be experienced due to future 
consofldation of the existing fills. As a result of the settlement or consolidation of the 
fill, negative skin frictlon or downdrag will act on the piers; The downdrag- force or 
negative skin friction and allowable skin friction for drilled piers are presented below. 
If additional site Investigation Is performed to better determine the slot fill locations 
and depths, these recommendations may be revised. 

Table 10. Allowable Drilled Pier S)(in Friction Values 

Depth Below oowndragor Allowable Skin 
IExlltlng Grade NE!gathtti! Sk'n .Friction 

(fee~ Friction Cusfl (PSf) 

Sto i2 850 ·-
12 to 18 425 --
15 to 20 .. 330 
20 to 30 -- 650 
30 to so -- 900 
so to ao -· 1000 

Plers should have a minimum center-to-center spaclng of at least three pier diameters. 
Grade i::)eams should be designed to span between piers In accordance with structural 
requirements. Resistance to uplift loads will be developed In friction along the pier 
shafts. We recommend that an allowable uplift frictional resistance of80 perct;lnt of 
the allowable skin friction be used. 

The bottoms of pier excavations should be dry, reasonably clean, and -free of loose soil 
before reinforcing steel Is Installed and concrete ·IS placed. We recommend that the 
excavation of all piers be performed under direct observation oJ the Geotechnical 
Engineer to establish that the piers are founded In suitable materials and constructed 
·In accordance With the recommendations presented in this report. 

Due to the high ground water and the nature of some of the sand layers, casing of 
each shaft may be necessary. If water cannot be removed from excavations prior to 
concrete placement, then concrete will need to be placed by tremie pipe. The concrete 
should be tremied to the bottom of the hole keeping the tremle pipe below the surface 
of the concrete to avoid entrapment of water In the concrete. As concrete is poured, 
water Is displaced O!Jt of the hole. If permanent steel casing Is required, the frictional 
capacity should be reduced by 20 percent over the length of casing used. 

Total settlement for the recommended pier foundations should not exceed 1h-lnch and 
post construction differential settlement across the building founded on piers should 
be less than V2-lnch due to static loads. Since the length of the pier extended beyond 
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th~ potentlatly liquefiable sand layers, no liquefaction-induced differential settlement 
should be added. 

8.3.2 Lateral Loads 

To estimate the lateral capacities of the plers we 1,1sed the computer program LPILE 
that models the soil response In the form of toad-deflection (p-y) curves to estimate 
the capacity of the piers to resist the expected lateral loads. The magnitude of the 
lateral load resistance is dependent upon many factors, Including pier stiffness and 
embedment length, conditions of fixity at the pier c;ap, the physical properties of the 
surrounding soils, the tolerable top deflection and the yield moment capacity of the 
pier. The proposed piers would gain their lateral support primarily from the existing 
fill and should be designed for the deflections and maximum bending moments shown 
In Table 13 below. We performed our analysis for 18-inch, 24-inch, and 36-inch piers 
with a free-head condition. 

Table 11. Lateral Capacitle$ of Drilled Piers 

Lateral Pier Capacities • Free Hoad Olllclltlon 

1f4~lnc:h DeflectiQtJ .Vz-lnch Deflection 
Depth to Qepthto 

Maximum Maximum Maxlm'Pm MiJxlmttm MaXimum Maxl,n.um, 

Pier Diameter Shei$r Moment MoriUiltt Shear Moment Mome.nt 
(kip$) (kiiJ-Iil) (feet) 'kips) (kip-'lh) {feet) 

lB-Inch 34 875 4.5 46 1,380 5 
24-lnch 49 1,600 5.5 65 2,360 6 
36-lnch so 3,460 7 .105. 5,000 9 

The above results represent the probable response of the piers under short-term 
loading conditions and Include no factor-of-safecy. Pier stiffness values (EI) of 1.6 x 
to10 lb·ln2, 5.1 x 1010 lb-in2, and 25.7 x 1010 lb-Jn"2 have been assumed In our 
calculations of load deflection for the 18-, ~4-, and :36-lnch plerst respectively. A 
minimum compressive strength of 3,000 pounds per square inch was assumed for 
concrete modulus calculations. If desired, we can modifY our analysis, If necessary. 

For calcuiation of allowable passive soil resistance against pier caps poured neat 
against native soils, for the free-head .condition, we recommend a uniform pressure 
(rectangular distribution) of 350 psf for a pile head deflection of %-inch, and 700 psf 
for .a pile head deflection of V:dnC:h. These values were developed .to maintain strain 
compatibiUty between the piers and pier caps. Because of the potential for 
disturbance, the top foot of soU against the pier caps should be neglected when. 
calculating passive resistance. 

8.4 Friction Pre-Cast Concrete Piles 

Precast, prestressed; driven concrete piles could be used to support the anticipated 
building loads With only minor settlement. Random and difficult driving conditions 
should be antiCipated due to the presence of dense to very dense sands at variable 
depths and locations on the site. Where pre-drilling Is needed, the maximum diameter 
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of pre-drilling should not exceed .the Width of the piles. Pre-drilling should not be 
all.owed within 10 feet ·Of the specified tip elevation of the ptles. 

Conventional slab-on-grade pavements may be used with the methods described 
below; however, measures shoutd be taken to reduce the potential for distress to the 
floor sl.ab If this fill were to settle over time. Possible measures would include 
designing lower level garage slabs as structural slabs, or providing Individual deep 
support for floor slabs (l,e. plies). Partial mitigation measures could Include removing 
and recompac,;tlng the upper portion of the fill, However, partial mitigatton measures 
wltl present a slgnmcant risk of poor performance. In our opinion, removing and 
recompactlng the upper 4 feet of the fill would reduce the potential for slab distress, 
but some future settlement and slab cracking may still "Occur. 

8.4 .1 Vertical loads 

Our exploration indicates there is no significantly thick or cont!nuous dense sand layer 
that WQuld provide suitable end-beating support. Therefore, pile support is expected 
to come predominantly from frictional along the sides of the pile. 01.1r borings and 
CPTs did Indicate, however, that there Is a dense sand layer approximately 5- to 10-
feet•thlck that occurs at a depth of about 45 to so feet below grade; Due to the 
thickness, driVen piles may experience high driving stresses and may encounter 
shallow .refusal on the sand layer Without achieving the design tip elevation, should it 
be lower~ 

Column loads on th-e orcJer of 630 to 1,200 kips for dead plus Hve loads are expected. 
We computed allowable downward ve~l<::al capacities fo.r 12 .... , 14-, and 16-lnch-square 
corn:rete piles, the results of which are presented on Figures SA and SS. As discussed 
in the "Drilled Pier:'' section and C!S shown on ~lgures SA and 56, the upper 15 feet In 
Zone A and 20 feet In Zone B from existing site grades should be neglected when 
determinlr:tg vertical pile capacity. In addition, downdrag forces should be included In 
pile design when evaluating the vertical pile capacity. If addlttonal site Investigation Is 
performed to better determine the slQt fill locations and depths, these 
recommendations may be revised. The Indicated capacities are for dead plus Uve 
loads. Dead loads ShOuld not exceed two-thirds of the computed capacities. Uplift 
lo~:~.ds should also not exceed 80 percent of the computed downward capacities. The 
pile capacities shown on Figures SA and 56 and uplift loads may be increased by one­
third under transient loading, Including wind and selsmli:. 

Gross capacity of the piles should not exceed the structural capacity, which is 
estlmat~d at 12.51 170, and 220 tons for typlcal12-,. 14-, and 16-lnch-square 
pretensioned, prestressed concrete piles, respectively (Santa Fe-Pomeroy, Inc.)~ We 
h~ve ass1,1rned a base of pile cap at 5 feet below existing site grades for our analyses. 
To effectively minimize pile group effects and reduction hi indiVIdual pile capacity, 
piles should be located with a minimum center-to-center spacing of three times the 
pile width. 

Based on the maximum allowable loads for a single pile on Figures SA and 56, we 
estimate total settlements of about Y2-inch to mobilize allowable static capacities. 
Therefore, post-construction pile foundation settlements of about 1/4-lnch should be 
considered. 
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8.4.2 Lateral Loads On Piles 

Lateral load resistance for pile~supported structures may be developed through pile 
bendiilg/solllnteractlon. The magnitude .of the laterallo.ad resistan-ce is dependent 
upon many factors, ihcludlng pile stiffness and embedment length, tonditlons of fixity 
at the pile cap, the physical properties of the surrounding soils, the tolerable top 
deflection and the yield moment capacity of the pile. 

To estimate lateral c;;{pactties of piles, we used a computer program that models the 
soil response in the form of load~deflection (p~y) curves to estimate the capacity of the 
piles to resist the expected lateral loads. The lateral load characteristics for 12~, 14-, 
and 16-lnch-square, driven concrete piles With free-,.head conditions are presented In 
Tables 1.2 and 13. The reported values represent the probable response of the plies 
under short~term loading conditions and do not Include a factor of safety. A minimum 
concrete compressive strength of 6,000 pounds per square inch (psi) and pile stlffnes.s 
values (El) of 7.4 x to9 lb~in2, 13.9 x 109 lb~Jn2, and l3.6 x 109 lb~Jn2 were used rn 
our calculations of Joad deflection for 12-; 14~, and 16~1rtch plies, respectively. 

The above lateral load characteristics are for sln~le piles and may not be characteristic 
of the lateral load capacity of piles in a group. Group effects may reduce the allowable 
lateral load for a given deflection. We recommend that a plle group efficiency of 0.75 
be used for pile groups 3-by-3 and smaller under lateral loading. A group reduction 
would not be necessary for groups of 1 or 2 piles. For pile groups larger than 3~by~3, 
we recommend that we review the final pile group layout and structural loads to 
further evaluate the pile g·roup effidency under lateral loading. 

For calculation of allowable passive soU resistance against pile caps poured neat 
against native soils, for the free~ head condition, we recommend a uniform pressure 
(rect!;lngular dlstributlon) of 350 psf for a pile head deflection of1/4~inch, and 700 psf 
for a pile head deflection of Y~·inch. These values were developed to maintain strain 
compatibility between the piles and pile· caps, and Include a factor~ of-safety of at least 
1.5. Because of the potential for dis~urbance, the top foot of soil against the pile caps 
should be neglected when calculating passive resistance. 

Table 12 .. Pile Lateral Load Characteristics 
(1/4·1nch Deflection) 

L,.ateral Pile Capacltle5 • Free Head condition 

t/4-:lnc;h Deflection 

"aximum Flexural Depth to Depth to 
Shear Length* Zero Maximum 
(kip&) {feet) Moment Moment 

{feet) (feet) 

12·1nch Piles 25 6 u.s 4 
14-lnch Piles 30 6;5 13 4.5 
16•1nch Piles 36 7.5 i4.5 5 

Maximum 
·Moment 
{klp~ln) 

550 
780 

1,050. 
*Note: Defined as length of ptle from the. first point or. zero lateral deflection to the 

underside of the pile cap. 

L0WtEY,A$)81ATES Page 28 
Envlll>nl'llon1al/ Gootoctmlotll ~og~ring bllrvio<lo ---------------------



-

International Parkins Design, Inc. 1883·1, Santa tiara Parking S.truct-..re 

Table 13. Pile Lateral Load Chara~cteristlcs 
(111-lnch Deflection) 

Lateral Pll~ Capacltlu - Free Head Condition 

'1/:~-htch Deflection 
Maximum Flex"ral Deptll to Depth to 

Shear Length* zero Maximum 
(kips) {teet) Moment MOmeil1t 

(feet) ('eet) 
12-lnt;h Plies 34 6.5 1'3 4.5 
14"1nch Piles 42 7.5 14.5 5 
16~1nch Plies 49 9 16 5S 

Maximum 
Moment 
(kip-In) 

970 
t.240 
1,600 

- .. *Note: Defined as length of p1le from the first point uf zero ·lateral deflectlon to the 
underside of the pile cap. 

8.4.3 WEAP An~lysls 

At a minimum, we recommend that the pile contractor have a wave equation analysis 
of piles (WEAP) performed to confirm compatibility and driveab,IHty of the pile driving 
system with the pile type and soil conditions at the site. The WEAP analysis results 
should Include at least: 

1. A Bearing Graph 
2. A Drivabillty Graph 
3. A completed copy of the pUe dr!vlng information form 
4. An ECHO print of the WEAP analYsis Input data, and 
5. A copy of the printed output data for both the Bearing Graph and Drivability Graph. 

The WEAP ana.lysis results shoutd be transmitted to the Geotechnical Engineer for 
review at least 72 hours prior to mobfllzation of pile driving equipment to the site. 

8.4.4 Indicator Plies 

It has been our experience that uncertainties :associated with production pile driving 
can 'be reduced considerably by implementing an indicator pile program. An Indicator 
pile program wilt also provide a better means of confirming the llm.lts of layers where 
high driving resistance may be encountered, and to more accurately estimate ·nnal pile 
lengths. 

We recommend that at least five Indicator piles be installed before the final pile 
casting lengths have been selected. The lndlcetor piles should be driven with the 
same- equipment that will be used to drive the production piles. We s.hould review or 
select the Indicator pile locations when structural dtawlngs are made available. The· 
indicator pile cast lengths should be based on the design lengths required to meet the 
desired capacity, plus 5 feet. lt Is expected that some lndlcetor plies may not be 
driven to their entire length and will requli'e cutting to provide the desired butt 
elevation. Indicator piles can be used for support of the structure and, therefore, 
should be located appi'Qpriately. We also suggest that one or more spare piles be 
delivered to the site during the !nd!cator program. 
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8.4. 5 PDA Monltorrng 

We recommend PDA monitoring during the indicator pile program and CAPWAP 
analyses to determine approximate pile capacities. through dynamic testing. PDA 
monitoring may allow a reduction ln prodUction pile lengths and thus cost savings to 
the project. PDA monitoring should be performed during indicator driving and on 
selected piles for restrikes, It Is preferred to have restrikes perform no sooner than 
seven days after Initial driving. Please rlote that restrike testing more than one day 
after installation may significantly' alter the contractor's sequendng. Therefore, if 
restrike testing fs selected for this project, is should be clearly Identified on the plans 
and specifications to avoid unexpected costly change-orders for out of sequence 
moves. PDA monltortng would also be especially benef.ltlal for checking tensile 
stresses In the piles and for evaluating pile Integrity on any piles suspected of being 
damaged during Indicator or production driving. Plies designated for PDA monitoring 
during Indicator pile Installation should be at least 10 feet longer than design length so 
that the gauges are not driven into the ground. 

8.4.6 Production Pile Installatton 

We recommend that a pile hammer capable of del'lvering a minimum rated driving 
energy of 601000 foot-pounds. be used. If Indicator pUes are installed, the sa:me 
hammer should be used for both the indicator piles and the production piles. The pile 
contractor should perform wave equation analysis to confirm the compatibility and 
drlv.eabitity ofthe pile driving system wlth the pile type and soli conditions at the site. 
We should review the wave equation results -prior to mobilization of ptte driving 
equipment to the site. 

Since the plies are designed for skin friction support, they should be driven to the 
desired tip elevation. lf difficult driving conditions are encountered, we should review 
the driving record and evaluate potential tip capacity to allow reduction In pile length. 
We may also recommend that a Pile Driving Analyzer (PDA) be used during production 
driving to determine approximate pile capacities through dynamic ;:tnaly!;ies. PDA 
monitoring would be especially beneficial for checklng restrike capacities of any piles 
short o.f requtred tip etevat.ion or for evaluating pile lntegrtty on any piles suspected of 
being damaged during driving. We should observe all Indicator .and production pile 
Installation on a full-time basis. 

8.5 Augercast Piles 

Alternatively, the proposed parking structure may be supported on the Augercast pile 
foundation system. Augercast piles are c.ast-ln-ptace concrete piles that are drilled 
L!slng a hdllow·stem auger and pumping sand~cement grout through the bottom of the 
auQer as the auger is retracted. Two types ofaugercast plies are available~ APG plies, 
Which like piers, remove the soil column and replace It with grout; ahd the APGD plies, 
which displace the son prior to grout placement, Augercast piles are a low n.olse and· 
vibration instc;~llatlon compared to driven piles, and would not require pre-drilling 
through the dense sand layers. At this time, Berkel & Company Is not sure that 
displacement (APGD) piles are suitable with the subsurface profile; however, they 
were successfully installed rn downtown San Jose In similar conditions . 
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Var=ious types of steel reinforcing including rebar cages or H-plles may be Installed Into 
the still wet grout after drilling. If you d~slre design parameters, please contact our 
office and we can put you and the project structural engineer in contact with Berkel & 
Company, a licensed Augered Cast-in-Place Piles design-builder. 

Conventional slab-on-grade pavements may be used with the methods described 
below; however, measures should. be taken to reduce the potential for distress to the 
floor siab If this fill were to settle over tfme. PosSible measures would include 
designing lower level garage slabs as structural slabs, or providing Individual deep . 
support for floor slabs (i.e. piles). Partial mitigation measures could Include removing 
and retompactlng the upper portion of the fiJI. However, partial mitigation measures 
will present a significant risk of poor performance. In our opinion, removing and 
recompactlng the upper4 feet of the fill would reduce the potential for slab distress, 
but some future settlement and slab cracking may still occur. 

8.5.1 Verticalloads 

Based on the preliminary Information provided by Berkel & Company, conventional 
APG piles will have about the same vertical capacity as driven concrete piles, and 
APGD piles will have about 20 percent higher vertical capacity compared to APG piles. 
The typical diameters for APG piles are 14-, 16~, 16-, and 24-lnch plies; the typical 
dia-meters for APGD piles are 14-, 16-, and 18-lhch piles. We understand from Berkel 
& Company that 24-lnch APGD piles are not available. 

As disGussed In the "Drilled Pier" sectton and as shown on Figures SA and SB, the 
upper 15 feetir\ Zone Aand 20 feet In Zone B from existing stte g_rades should be 
neglected when determining vertical pile capacity. In addition, downdrag forces 
should be Included In augercast pile design when evaluating the vertlcal.pile capacity. 
The design-build contractor should Incorporate this Into the design. 

Augercast piles should have a center-to-center spacing .of at least three pile diameters. 
Grade beams and floors should be designed to span between the plies in accordance 
with structural requirements. 

Total settlement of properly constructed auger-cast piles constructed with the 
minimum dimensions recommended above ,should not exceed l-Inch wlth estimated 
post construction diffe.rentlal settlement between pile caps of less than 112-~nch due to 
static loads. Estimated pile capacities and settlements shoUld be confirmed In the field 
by load tests as described In Section 8.5.3. 

8.5.2 Lateral Load Capacity 

Lateral load resistance for pile-supported structures will be developed through pile 
bending and soil interaction. The magnitude .of the lateral load resistance ·ts 
dep.endent upon many fa.ctors, Including pile stiffness and embedment length, 
conditions of fixity at the pile cap1 the physical properties of the surrounding soils, the 
tolerable top deflection and the yield moment capacity of the pile. Assuming there Is 
similarity In these variables to pre-cast, prestressed concrete piles, lateral load 
capacrty should be similar. As our lateral load analyses for pre-cast piles were based 
on a concrete compressive strength of 6;000 psi and augercast piles are typically 
constructed wlth a grout compressive strength of 4, 000 psi, the lateral capacities will 
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be less than provided for pre-cast. We shovld review these parameters to estimate 
lateral load capacities lfaugercast piles are the preferred foundation type. 

8.5.3 Pile Load Testlng 

9·0 

We recommend that pile load tests be performed on at least three plies at the 
beginning of pile Installation to confirm the capacity ~nd settlement behavior of the 
augercast plies. The loc<~tlons and specific piles to be tested should be selected by 
Lowney Associates with Input from the pile contractor so as to address pile behavior in 
the· various subsurface condltions that are present at. the site. Installa.tlon of all 
augercast piles should be continuously observed and monitored by a member of our 
staff. 

CONCRETE SLABS 

As previously dls<;;ussed, undocumented fills on the order Of 2112 to 20 feet were 
encountered at the site. New concrete slab-on-grade pavements and.flatwork 
constructed over undocumented fill may experience distress over time, such as 
localized settlement and/or irregular surface grades. If desired to reduce the potential 
for slab cracking and future maintenance/repair, we recommend that consideration be 
given to removing and recompactlng the upper portion of the· undocumented fill as 

·discussed In "Removal of Existing Fill" section. If complete mitigation of the potential 
for distress Is desired, then complete removal and replacement wou•d be required or 
In-situ treatment. Alternat.lvely, a structural slab may be· designed. 

9•1 Portland Cement Concrete PavementS 

Portland Cement Concr¢te (PCC) pavements supporting autoinOblle Wheel loads shouJd 
be a mintmutn of 5 Inches thlc.k, If heavier vehicular loading Is anticipated (i.e. 
garbage trucks), the concrete thickness should be increased to at least 6 Inches. Our 
design Is based on an R-value of :10 and a 28.-day unconfined compres~lve strength for 
concrete of at least 3,500 pounds per square. inch. ln addition, our design assumes 
that pavements are restrained Jaterally by a concrete shoulder or curb and that an PCC 
pavements are underlain by at least 6 inches of Class 2 aggregate base, We 
recommend that adequate construction, controlr and expansion joints be used In 
design of the Portland Cement Concrete pavements to control the cracking Inherent In 
this .construction. 

9.2 Interior Slabs-on-Grade (Non-Pavement) 

At thls time we are not aware of any interior sJabs~on-gracJe other than stairwells. 
Due to the high expansion potential of on-site surfac::e sons:; we recommend that 
concrete'interior slabs-on-.grade be underlain by at least 12 lhChes of non-expansive 
flU {N!:F) to reduce the likelihood of slab damage from heave. If a moisture barrier 
system as described below is used, the thickness efthe gravel·layer can be included 
as part of the NEF requirement. ln addition; we recommend that the contractor take 
special measures to protect the subgrade from any inflow of water during 
construction, especially after the floor slab has been cast. Before slab construction, 
the subgrade surface should be proof-rolled to provide a smooth and firm surface for 
slab support. The slab thickness and amount of reinforcing steel should be 
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determined by the project structural engineer In accord.aoce with the anticipated use 
and loading of the slab. 

·Post-construction cracking of concrete slabs-on--grade is inherent in any project, 
especially where soil Is expansive. In our opinion, consideration should be given 
toward a maximum control joint spacing of 10 feet tn both dlrections for conventional, 
Interior slab-on-grade construction. 

9.3 Moisture Protection Considerations 

Since the long-term performance of concrete slabs~on-grade depends on good design, 
workmanship, and materials, the following general guidelines are presented for 
consideration by the owner, design team, and contractor. we note that some of these 
guidelines are dl.fferent from local practice, and emphasize that they should be 
considered as an owner's option. 

The purpose of these guidelines IS to aid In producing concrete slabs of $Ufficlent 
quality to allow succ;;essful Installation of floor coverings and re.duce the potential for 
floor covering failures due to molsture·related problems associated with slab 
construction·. These guldeltnes may be supplemented, as necessary, based on the 
specific project requirements. 

T We recommend a minimum 10-mil-thick vapor barrier or better be placed 
directly below the slab·on~grade floors. A higher quality vapor barrier may be 
used at the owner's option. The vapor barrier should extend to the edge of the 
slab~on-grade floors and mat foundation. At least 4 Inches of free-draining 
gravel, such as 1h-inch or 3/ ... -inch crushed rock with no more than 5 p.ercent 
passing the ASTM No. 200 sieve, should be placed below the vapor barrier to 
serve as a capillary break. The crushed ro:ck should be consolidated In plac;e 
with vibratory equipment. The crushed rock. may be Included in the required 
NEF thickness. The vapor barrier should be sealed at all seams and 
penetrations. 

T The concrete water/cement ratio should not exceed 0.45. Midrange plasticizers 
could be used to facilitate concrete placement and workability. · 

T Water should not be added after Initial batchlng, unless the slump of the 
concrete is less than specified, and the resulting water/cement ratio will not 
exc;eed 0.4S. 

T If possible, hard troweling to a polished finish should be avoided since it can 
seal the slab surface and trap excessive moisture Inside the concrete to be later 
released. Wood-ftoatlng followed by a light broom finish is recommended. 

· T When using Type I cement, all concrete surfaces to receive any type of floor 
covering should be moist cured for a minimum of 7 days. When using Type II 
cement, all concrete surfaces to receive any type of floor covering should be 
moist cured for a minimum of 14 days. The Initial curing time for Type II 
cement concrete can be reduced to. 5 days by reducing the concrete 
water/cement ratio to less than OAO. 
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.., Moist curing methods may Include frequent sprinkling, or using coverings· such 
as burlap, cotton mats, or carpet. The covering should be placed .as soon as 
the concrete surface Is firm enough to resist surtace damage. The covering 
should be ·kept continuously wet and not allowed to dry out during the required 
curing period. The use of chemical curing compounds Is not advised In areas 
where moisture-sensitive floor coverings Will be placed, unless the slab surface 
Is shot blasted prior to placing tile floor covering. 

T Water vapor emission levels and pH should be determined as required by the 
manufacturer's of the floor covering materials before floor Installation. 
Measurements and calculations should be made according to ASTM F1869-98 
and F710•98 protocol. 

rhe. guidelines presented above are based on Information obtal.ned from various 
techri.Jcal sources, Including the American Concrete·lnstitute (ACI) and Portland 
Cement Association (PCA), and are Intended to present information that can be used 
to reduce potential long-term Impacts from slab moisture Infiltration. 

9.4 Exterior Flatwork 

Due to the high expansion potential of the, surface soils, we recommE:nd that exterior 
concrete flatwork and sidewalks are at least 4 r·nches thick a.nd supported on at least 6 
Inches of Class 2 Aggregate Base. Recycled,granulat niaterlals may be reused as 
discussed in the "Reuse of On•slte Recycled Materials'' sectron. The subgrade and 
aggregate base should be p~pared and compacted In acc::;qrdance with the 
recommendations presented In the "Earthwork" section. If concrete flatwork is subject 
to wheel. loads, the recommendations presented Jh Sect:ron 9.1 should be used. 

The contractor ·should take special care that the subgrade beneath structural soil, and 
especially beneath adjacent standard flatwork sections, does not dry out and 
dessicate. Differential expansiOn can occur atthe transitions; 

9.5 Concrete Pavers 

If PCC paving blocks are planned for entranceways, we recommend that concrete 
pavers and bedding sand be supported on a 6-lnch-thick PCC section designed In 
accordance with Section 9.1 above. The PCC sub-slab should be constructed to also 
provide edge rest~lnt for the overlying pavers and bedding sand. ln addition, the l­
Inch leveling course placed beneath pavers may shlft after construction. It would 
therefore be beneficial to check that no more than approximately 1-inch of bedding 
sand Is placed during construction. 

9.6 Pavement Cutoff 

B~cause the native soils at the site are moderately to highly expansive, surface water 
Infiltration beneath exte.rlor pavements could slgnlffcantly reduce the pav!'lment design 
life. While the amount of reduction In pavement life ls difflcultto quantify, ln our 
opinion, the normal design life of 20 years rnay be reduced to les5 than 10 years. 
Therefore, long-term maintenance greater than normal may be required. 
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To limit the need for additional long-term maintenance, it would be beneficial to 
protect exterior at-grade pavements from landscape water Infiltration by means of a 
concrete cut-offwall, deepened curbs, redwood header, "Deep-Root Moisture Barrier," 
or equivalent. However, If reduced pavement life and greater than normal pavement 
maintenance are acceptable1 the cutoff barrier may be eliminated. If desired to Install 
pavement cutoff barriers, they should be considered where pavement areas lie 
downslope of any landscape areas that are to be sprinklered or irrigated, and should 
extend to a depth of at least 4inches below the base rock layer. 

9.7 Aggregate Base and 'Subgrade 

Aggregate base shoUld conform to and be placed In accorda'nce With the requirements 
of caltrans Standard Specifications, latest edltlon1 except that ASTM Test Designation 
01557 should be used to determine the relative compaction of the aggregate base. 
Pavement subgrade should be prepared and comp~cted as des(:rlbed In the 
"Earthwork" section of this report. 

10.0 .RETAINING W ~LLS 

10.1 Lateral Earth Pressures 

Any proposed conventional retaining walls, such as block masonry, wood walls, or 
cast-in~place concrete should be designed to resist lateral earth pressures from 
adjoining natu~l materials and/or backfill as well ~s from any surcharge loads. 
Provided: that adequate drainage is provided as recommended beiow, we recommend 
that walls be designed to resist the lateral earth pressures presented in Table 14 
below. 

Table 14. Conventional Retaining Wall Lateral Earth Pressures 

Backfill Inclination 
Equivalent Fluid Pressure'~< 

(horlzontal:vertical) unrestrained ReStrained 

Level 4Soa 45 OCI' + Bli osf 
3:1 55 PC1' 55 PCf + SH osf 

2.5:1 60 pet 60 ocf + 8H psf 
2:1 6Sbd 65 oct + B.H osf .. *Assumes drained condtbons; add 40 pcfto the ab()ve values for 

undrained. conditions. 
H Is the dlStance In feet between the bottom c.if the footing and the 
top of the retained soli. 

unrestrained walls should also be designed to resist an additional uniform pressure 
equivalent to one-third of any uniform surcharge loads applied at the surface; 
restrained retalntng walls should also be designed to resist an. additional uniform 
pressure equivalent to one-half of any uniform surcharge loads. 

The above lateral earth pressures assume sufficient drainage behind the walls to 
prevent any build-up of hydrostatic pressures .from surface water infiltration and/or a 
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rise In the ground water level. If adequate drainage Is not provided, we recommend 
that an additional equivalent nuld pressure of 40 pcf be added to the values 
recommended In Tabl.e 8 for both restrained and unrestrained walls. Damp proofing of 
the walls should be included .In areas where wall moisture would be undesirable. 

10.2 Drainage 

Adequate drainage may be provided by a ·subdraln system behind the walls. Walls 
supporting less than 4 feet of material; Including soli and concrete slabs, do not need 
to be. drained. ThE: drainage !;;ystem should consist of a 4-fnch minimum .diameter 
perforated pipe placed near the base of the wan (perforations placed downward). The 
plpe should be bedded and backfilled with Class 2 Permeable Materii;ll per Caltrans 
Standard Specifications, latest edition. The permeable backfill should extend at least 
2 feet out from the wall and to within 2 feet of outside fin1shed grade. Alternatively, 
Yz-inch to 3A·Inch crushed rock may be used In place of the Class 2 Permeable Material 
provided the crushed rock and plpe are en~losed ln filter fabric, such as Mlrafl 140N or 
equivalent. The upper 2 feet of wall badkflll should consist of relaUvely Impervious 
compacted on-site clayey soil. the subdraln outlet should be connected to a free­
draining outlet or sump. 

Miradrain, Geotech Drainage Panels, or Enkadraln drainage matting may be used for 
wall drainage as an alternative· to the Class 2 Permeable Material or drain rock backfill. 
The drainage panel should be connected to the perforated pipe at the base of the wall, 
or to some other closed or through-wall system. Miradraln panels should terminate 18 
to :24lnches from final exterior grade. The Mlradraln panel filter fabric should be 
extended over the top of and behind the panel to protect It from Intrusion of the 
adjacent soli. 

10.3 Backfill 

Backfill placed behind the walls should be compacted to at least 90 percent relative 
compaction using light compaction equipment. If heavy compaction equipment is 
used, the walls should be temporarily braced. 

10.4 Foundation 

Retaining walls may be supported on a contfnuous spread footing designed In 
accordance with the recommendations presented in the "Footfngs" section of this 
report. Lateral lpad resistance for the wa.lls may be developed In accordance with the 
reaommendatlons presented in the "Lateral Loads" section. 

12.0 LIMITATIONS 

This report has been prepared for the sole u~e of International Parking DE!Sign, Inc., 
specifically for design ()f the Santa Clara Parking Structure and Pedestrian Bridge in 
Santa Clara, California. The opinions presented In this report have been formulated In 
accordance with accept;ed geotechnical engineering practices that exist In the San 
Francisco Bay Area at the time this report was written. No other warranty, expressed 
or Implied, Is made or should be Inferred. 
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The opinions, conclusions and recommendation$ contained In this report are based 
upon the Information obtalned from our investigation, whiCh Includes data from widely 
separated discreet locatl:ons, visual observations from our site reconnaissance, and 
review of other geotechnical data provided to us, along wltn local experience and 
engineering judgment. The recommendations presented In this report are based on 
the assumption that soli and geologic conditions at or between borings do not deviate 
substantially from those encountered or extrapolated from the Information collected 
dUring our Investigation. We are not responsible for the data presented by others. 

We should be retained to review the geotechnJcal .aspects of the final plans and 
specifications for conformance with our recommendations. The recommendations 
provided in this report are based on the assumption that we will be retained to provide 
Observation and testing services during construction to confirm to at conditions are 
slmtlar to that assumed for design and to form an opinion as to whether the work has 
been performed in accordance wtth the project plans and specifications. If we are not 
retained for these services, Lowney Associates cannot assume any responsibility for 
any potential claims that may arls.e during or after construction CIS a result of misuse 
or misinterpretation of Lowney Associates' report by others. Furthermore, Lowney 
Associate$ will cease to be the Geotechnlcat-Engineer-of-Record If we are not retained 
for these services and/or at the time another consultant Is retained for follow up 
service to this report. 

The opinions presented in this report are valid as of the present date for the property 
evaluated. Changes in the condition of the propertY Wllllike1y occur with the passage 
of time due to natural processes and/or the wotks of man. In addition·, chang_es In 
applicable standarc::ls of practice can occur as a result of legislation and/or the 
broadening of knowledge. Furthermore, geotechnical issues may ar.tse that were not 
apparent at the time of our Investigation. Accordingly, the opinions presented in this 
report may be invattdated, wholly or partially, by changes outside of our control. 
Therefore, this report Is subject to review and should not be r¢11ed upon after a period 
of three years1 nor should it be used; or Is It applicable, for any other properties. 
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APPENDIX A 

FIELD INVESTIGATION 

Our field investigation consisted of a surface reconnaissance and a sUbsurface exploration 
program using conventional, CPT and drilling equipment. Five 8-lnch-dlameter exploratory 
borings were drilled on December 1l to 13, 2002 to a maxlmum depth of 50 feet. ln 
addition, five CPTs were hyciraullcally advanced to a maximum depth of 80 feet. CPT data 
was obtained at 0.16 feet intervals, and consisted of cone tip reslstant:e, local friction, pore 
pressure and other parameters. The data obtained was correlated using the references dted, 
to determine the tnd~cated son type, shear strength, equtv,alent Standard Penetration Test 
(SPT), N,-value (blows per foot), and other parameters. The approximate lo~tlons ofthe 
borings and CPTS are shown on the S\te Plan, Figure 2. The soils encountered were 
continuously logged In the field by our representative and described in accordance with the 
Unified Soil Cfassificatlon System (ASTM 02488). Our boring and CPT Jogs, as well as. a key 
to the classification ofthe soil, are Included as p;;~rt ofthls appendix. 

The boring and CPT locations were determined by using portable Global Positioning system 
(GPS) hartd·held equipment and existing site boundaries for reference.; Elevations of the 
borings were Interpolated from survey plan contours. The locations and/or elevations of the 
borings and CPTs shou:ld be considered accurc;~te only to the degree Implied by the method 
used. 

Representative soil samples were obtained from the borings at selected depths·. AU samples 
were returned to our laboratory for evaluation and appropriate testing. The standard 
penetration resistance blow counts were obtalned by dropping a 140-pound hammer through 
a 30'-lnch free fall. The 2-lnch 0.0. split-spoon sampler was driven 18 Inches and the 
number of blows was recorded for each 6 inches of penetretion (ASTM D1586). 2.5·1nch I. D. 
samples were obtained using a Modified Callfornla Si:!mpler driven Into the soH wlth the 
140:-pound hammer previously described. [Relatively undisturbed samples were also 
obtatned wlth 2.875-lnch I. D. Shelby Tube sampler wM:h were hyd~ullcally pushed.] unless 
Otherwise. indicated, the blows per foot recorded on the boring log represent the accumulated 
number of blows required to drive the last 12 inches. The vartous samplers are denoted at 
the appropriate depth on the bortng logs and symbolized as shown on Figure A-1. 

Field tests Included an evaluation of the unconfined compressive strength ofthe soli samples 
usih9. a pocket penetrometer device. The results of these tests are presented on the 
individual boring logs at the appropriate sample depths. 

The attached boring and CPT logs and related Information depict subsurface conditions at the 
locations Indicated and on the date designated on the logs. Subsurface conditions at other 
locations may differ from condlUons occurring at these boring and CPT locations. The 
passage of time may result in altered subsurface conditions due to environmental changes. 
In addition, any stratification lines on th~ logs represent the approximate boundary between 
soil types and the transition may be gradual. · 

* * * * * * * * * * * * 
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LOGGED BY: MQL 

STARTDATE: 12-11-02 

PROJECT: SANTA CLARA PARKING STRUCTURE 

LOCATION: SANTA CLARA, CA 

FINISH DATE;: 12-12-02 COMPLt.TlOf"l DEPTH: 50.0 FT. 

~ 
0 

~[ ~ !({ 
~· .... 

·~ MATERIAL OESC~IPTION AND REMARKS 

SURFACE ELEVATION: 11FT. (+I·) 

.. ..,..,.:.on_. 

! ~~~~~~~~ kll~~~~· ~=:=--~ ~~ei!J~a ~~ • u~ed~essiln 
AU..UTrlaxilll~ 

1.(} 2.0 3.0 ~.0 

1~:~· -.., N Inch asohalt 1 
SAND'f.pLA~ WITH """""EL (CL)[FILL] ~ 
very $1tlf(molst; brown and dark brown mottt~. fihe to 111 ~ 
coarse sand, fine to coarse-gravel, low plasticity "ICL. AU ~ 

17 106 

' ~ I 

23 ~24 96' IC: ' ' 
~ ' 

~33 
' ' 

19 97 1 <......; 

,__ ! 
.25 ~ ,29 97 cb 

'--

: 

6~'8- -~tlff 

.... ~ ::f.',!.:'l..,. b"""', h~b ~astic;ty 

2.5· ~l:EAR'c;:LA y (~Lt .. 
.• ,__ very stlff,_T..~: ':q.!,l!e~wn· some fine to coarse sand, 
· •"' low to moderate '"J -

~ stiff 

-

CH 

~~I 
·-

-

.,(1.0· 

-~ 
... , 

-

(p 

~ ·16.0· ~ l:EAff CLAY (CL) 
~ stiff, moist, brown, some fine sand, lOw plasticity . 

l 19.0- 30"-~~ .. v~~"''" -
Continued Naxt Page 

G~OUNDWATER ,JIUN:S: 

Sil: FREE GROUNDWATER MEASURED DURING DRlLLINGAT 10.0 FEET 

I.OYINEYASSCX:lAlES 
Envlronmentat/GI;K>technleai/Englneerlng servlce5 · 

Northing: 1,973,065 

Eastlng: 6,134,063 ~ 

EB-1 
1883-1 



I 
i 
j 

~. 

·~ 

EXPLORATORYR(lKlNG: EB-1 Cont'd Sheet 2 of 2 

DRILL RIG: FAILING 1500 

BORING TYPE: ROTARY WASH 

.LOGGED BY: MQL 

PROJECT NO! 1~83-1 

PROJECT: SANTA CLARA PARKING STRUCTURE 
LOCATION: SANTA CLARA, CA 

START DATE; 12-11-02 fiNISH DATE: 12-12"02 COMPl-ETION UtF'TH.: 50.0 FT. 

-19.0 

-26.0-

MATERIAL DESCRIPTION AND REMARKS 

LEAN CLA~ (CL) . . 
stiff, moist, brown, some fine sand, low plasticity 

SMV! -~ClAY {CL) 
ue~.!ltitJ ·moist, brown, fine to medium sand, low 
plasticity 

41 
-32.o- ,:. ? PQOJU. v , ._... .. .; WITH CLAY (SP..sc) V (>( dense to 'lery d';n$;;·~t. gray iiln. d brown, ~lum 

4
5-(:_;1,'( sand, some fine and cOarse: s~nd 

·t\~~ 
.. : 

J\: 
~··~ r:\ 

.,,. ,.._ sQrne fine gravel .,.,.u- i>V' 

Bottom of Boring at 50 feet 

55-

60-

!"mt.:tl •WATER Utl;>t:twATIONS: 

-

-

. 

-

-

-

~ : FREE GROUND WATER MEASURED DURING DRIU,JNG AT 10.0 FEET 

undralne<l S'- snngth 
(ksl) 

~~ !i i ~ I~. ~.~ 0 Pocket Penetrometer 

~ r,~:! 11 ~~ ~ ~=..-
.... AU-UTrlaldal~ior1 

Cl 

CL 

SI=>.SC 

k-

65 ~ 21 111 

f-

38 ~ 18 117 

f-

00/ff' ~ 14 
F-

~ 

54 ~ 11 

f-

1.0 . 2.0 3.0. 4 .. 0 

: 

l 

l 
: 

I 

·~ 

5 

8 

! 
' 

Northing: 

Eastlng: 

IC 

1 

I 

!O 

' 

' 

' 
' 

j 

I 

1,973,065 

6,134,063 

: 

' 

1.0\YNEYASSOClAJES 
Envlronmentai/Geotechnloai/EnglnMrlng Services 

EB-1 
1883-1 



EXPJ.ORA.TOR1 u·uKl.NG: RR-2 SMet 1 of 2 

DRILL RIG: FAILING 1500 PROJECT .NO: 188.3'-1 

BORING TYPE: ROTARY WASH PROJECT: SANTA CLARA PARKING ·StRUCTURE 

LOGGEDI3Y: MQL LOCATION: SANTA_ CLARA, CA 

I START DATE: 12-11-02 FINISH OATE: 12-11-02 COMPLETION DEPTH: 50.0 FT. 

Thlflog Is a poll of a rllpCNt.!>\' ~Aasodate!o. 111\d.llflll!Ad no! lie used aaa 
~~-t l111s~ .... CC11)'10 ~kl<;iii!DIJ of 1111 ""P'\l\Biiln 

i 
atlhltUr)lll ol~ Sub!I\Ufl0c8 coodliOOa !llll)'<lifer at -IDc:alk>iiJ 81111 ~ 

ii llid ~~ 
chenoe al1hl6 1oca11on with~ Tile dllatpUoti pmeril!id Is a.~QI14! 

~ ~t §~ 
a¢IUiit cOI'1dll!oo1o -~- Tl'llr'oOIIOno:- ooillll* mavbegradlal. 

m ~ 
=!. 

MATERIAL OESCRIPfiON. AND REMARKS 1il ~-

SURFACE ELEVATION 10FT. (+f-) 
~-~= ~5:--Y SANP l~ft;'.!!:~ne 

1-, co~ ~s~~.-~ne to coarse ~~:Tium sand, !cH, FILL ~ .25 20 104 
7.3· 

r;~~~~~~ lg~orown m-·· I r-;...; 
t-

\!!.~"'"' "'"" tnctex = ~'g_h uoold Limit I;< s2 ~ I 
37' 26 102 

CH 
. FATC~Y 

t.-

s- ve.ry stiff,:Ym~~ dark bi'QWI'), high plasticity - r-

3.!)- 25 ~ 21 112 

-WN_~~i*!b, 
.._ 

VeJY stiff, . . With light brown mottles, trace 

~ 
fine sand, low moderate plasticity Cl 

r-

-0.3· ....... n1 .. ., stlf( 19 ~ 20 110 

10'l;j ~~v;:~~~~~~·sa~ 
E-

SP..SM Z2 ~ 14 
-1.8· SILTY SAND (SM) F- 19 

medium dense, moist, brown with gray mottles, fine 
sand 

~ SM 
11 25 

15--. - r-;...; 

-7.fr 
SANDY1~ !~Y(CL) ~ medium . . with gray mottles, fine sand, 
:low plasticity 

~20 15 112 

:O:V' - .,__ 

Cl 

- ~ ,..... 

stiff 23 ~ 22 107 

La' 

~ 
-

~ 
30 92 

ii ~ 
18.5-

,J ~~t:.~ WITH SAND (CL) """' ~ ;:.i:.:.; . gray and br:own mottled, fine sand, low Cl Zl ~ 24 1015 

~ -20.5-
:::: '# - '--' 

Continued Next Page 

~ 
noni~VVA) 

·~ ·-· ·~ 

NOT APPLICABLE DUE TO ROTARY WASH CIRCULATION ... 

Und!lllned s-Slrength 

"' 
(k3f) 

~~ 0 Pocka1 f'enelrome(i!f 

ii 
6 Torvane 

g .Unconfi1141d~ 
0. A l}.U Trtaldal ~on 

t.D 2.0 !.0 4;0 

' 
' : 

' P. : 
' 
! 

' ~ 
' 

' 

~~. : 
! ! 
' i 

: 

!,C ' ! ' 

11 ' ' ' I ' 
39 ' 

' ' : ' ' 

i 
: 

34 ' 
: ' 

! ! 
i I 

I 

l ! ' ! 
' ! ' 

' 
' 

~- i ' 
'· ' 
' ! ' : 
i ! i 

' ' 
' ' 

: : 

'il-

' 

p 
I ' 

I 

l ~~ I 

1 

Northing: 1,973,167 

Easting: 6,134,304 

EB-2 
1883 1 



Sheet 2 of 2 

PROJECT NO:. 1883-1 DRILL RIG: FAILING 1500 

BORING TYPE: ROTARY WASH 

LOGGED BY: MQL 

PROJEC'T: l;)ANTA CI,.ARA PARKING STRUCTURE 

LOCATION: SANTA CLARA, CA 

STARTDATE: 12-11-02 FINISH DATE: 12~11-02 COMPLETION DEPTH: 50.0 FT. 

-20.5 

-23.0· 

•34.5· 

-37;5· 

MATERIAL DESCRIPTION AND REMARKS 

"" ~ ~ ~CLAY WITH~ (CL) 
;::;; stiff, moist, gray and b({)Wn mottled, fine sand, lOw 

plastiCity 

SANDYLEANI C ~LA=Y~~~-~t stiff to very stiff, · . brown, fine to' medium 
sand, trace fine gravel, plasticity 

,...,.,_ I SAN[) Wffii SILT,. . 
dense, wet, light brown, fine to medium sand 

POORLY ·. ·~u_!'fHI1SI~~J::'.'~"'''"'I 
very dense, wet; 9i'I!!Y and bi:'QWJ'i, meu•~m to coarse 
sand, some fine sand, some·flne gravel 

ct.. 

Cl. 

67 ~ 19 117 

-
SP'-SM 

• SP-sM 
._ 

S(Wrx 
40.~ ~~~~------------------~------~-----4--~ ~ 

Bottom of Boring at 50 feet 

-

-

GROUNO:-WATEff ·- ·-··· IIIUN~: 
NOT APPLICABLE DUE TO ROTARY WASH CIRCULATION 

I.OVINEYASSOClAICS 
Envlronment(li/Geotechnle<i/Englneenng Se~ 

! ! \ 

' 

! ·: 
6 

l 
Northing: 

Easllng: 

! I 

' ' ' ' 

\ ' 

' 

' ' ' : 
l : 

1,973,167 

6,134,304 

EB-2 
1883-1 
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EXPLORATORY EB-3 Sheet 1 of 2 

PROJECT NO: 1683-1 DRILL RIG: fAILING 1500 

BORING TYPE: ROTARY WASH 
LOGGED BY: MQL 

PROJECT: SANTA CLARA PARKING STRUCTURE 

lOCATION: SANTA ClARA, CA 

START DATE: 12-11-02 COMPLETION 

MATERIAL OESCRIPTION AND REMARKS 

stiff to mediUm stiff, moist. brown .and gray mottled, fine 
sand; low to moden'lte plastiCity 

Increased sand 

1.0\YNEYASSOCl/\TES 
Envlrornr!&ntal/G~Ilnlcai/Englneering .Servlces 

~ ..... 
0 
Ol 

CL 

CL 

CL 

23 

20 

30 92 

23 107 

24 102 

18 117 

24 104 

Undrained Sheolc Stn!!lQin 
1:!1 {ksf) 

~i 0 f'oQ<el Penelraneler 

{j, TOMIIle 

~~ • IJncanlilad eon.-siOn 

A U·UTriaXIel~ 

7 

Northing: 1,973,340 

6,134,044 Eastlng: 

EB-:3 
1883-! 



EXPl.OJU:TORY BORING: EB-3· Contt d Sh(il~t_ 2 of 2 

DRILL RIG: FAILING 1500 

BORING TYPE: ROTARY WASH 

LOGGED BY: MOL 
START DATE: 12-11-0? FINISH DATE: 12-11-02 

Pft¢Jt;;CT NO: 1883-1 

PROJECT: SANTA CLARA PARKING STRUCTURE 

LOCATION: SANTA CLAM, CA 

COMPLETIO~_ DEPTH: 40.0 fT. 

MATERIAL DESCRIPTION AND REMARKS 

-19.5 
RANnv 1 J:AN. CLAY fGL\ ~ -~ed·.-· _,.. ,--, ' ' 

• ,., m 1umstiff, wet, brown, fine sand, low plasticity 
z 

•21.5-
LEAN CLAY WITH S~ ~~~)_ 
very stiff, moist, brown, fine sand, low plasticity 

-2$.5-
stiff 

Bottom of Boring at 40 foot 

55-

.... 

-! 

-

-

-

-

a. 

a. 

47 ~ 17 117 l •• I-' I 

\ 

~1 M :l2 109 t:n .._.., 

' 

! 

! 

' ' 

I 

: 

i 
! 

l 
i 

' 
' 

' 

l 
Northing: 1,973.340 GRoUND WATER llUNS', 

NOT APPUCABLE DUE TO ROTARYWASH CIRCUlATION 
.Eastlog; 

1.0\VNEVASSOCLA.TES 
Envlronmentai/Geotechnleai/Engll")eertng Service$ 

6,134,Q44 

EB-3 
1883-1 



- EXPLORATORY BORING: EB .. 4 Sheet 1 of 2 

PROJECT NO: 188a:-1 DRILL RIG: FAILING HiOO 
BORINGTYPE: ROTARYWASH 

LOGGeD BY; MQL 

PROJECT: SANTA CLAM PARKING STRUCTURE 

LOCATION: SANTA CLARA, CA 

START DATE: 12-12-02 FINISH DATE: 12·12.;()2 'COMPLETION DEPTH: 50.0 FT. 

MATERIAL DESCRIPTION AND REMARKS 

SURFAGE ELEVATION: 12FT. (+/·) 1!·!. 
11.:y 
11.0-' 

!!:!!. t\~~hes asphalt ""''l.il"'"'j ·over !:finC!le5 • .,.:, .,. 1-+~. --1 

8.2· 

u-

IV 

~CLAY ~~L).lALLJ 
v~ry stiff, . dart< gray, some flne sand, some nne 
to coarse , some asphalt fragments, low plasticity 

~l.E.y.l CLAY WITH ~DAU.::1 .lCL)JA.~LJ~ 
stiff, _m~ist. brown with gray mottles; fine t coarse 
sam!, fine to coarse gravel, low plasticity 

PAJ CLAY (gtf)[ALL] . 
su .. , moist, dark brown with blwsh gray mottles, somu 
fine sand, trace fine gravel, high ·plasticity 

~·3" '" 0< FAT CLAY VVII t1 SAND. (~fi)~[FIU} 
soft to medium stiff, wet, gray, fin~ sand, 
mOderate to hlgll plasticity 

encountered wood and cloth debris 

-8.8- w · olasUc debris 
1:;_y· POORLY ~..: SAND (SP) -

18;3- 30-

·:'{.:·~~ medium dense, wet. gray and brown, fine to medium 
·::,r~ sand, some fine to coarse gravel .......... 

~ 
CLAYI:Y ~AND (5~) 
medium dense, light brown, fine sand, trace flne 
gravel 

Cont/nu~d Next Paga 
tmri••rJnWATER ·· IIIVl'li:i.; 

NOT APPLICABLE DUE TO ROTARY WASH CIRCULATION 

[CL, FILL 

lcH, FlU 

-
SP 

- CL 

sc 

-

Iii'~ ~~[lll;t ~=..:_--
~~~~~~~-~lb :~ ·~~ 

• 1J.U Tria><lal ~slon 

1.0 ~ .0 3.0 1.0 

! ! 
14 11& ' ! 

I 

' {~' ~ 
" 20 117 
L.._C : 

' 

I 

p 
' 

' 

I 
I 

' D 
' 

I 
' ' . 
I . 

I l.ti 
i 

24 102 

!r' i\... f 

! l 
4 

! 

I<D 

: ' 

' : . 
. 

~ 22 24 45 ' 
i r--;; 

l ' 

Northing; 1,973,362 

Eastlng: 6,133,898 

' 

1.0\YNEVASSOC~S 
Env1tonmentai/G~technkXli/Eng!M$rlngServ1c&$ 

EB-4 
1883-1 
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EXPLORATORY BORIN,G: ER-4 Cont'd Sheet 2 of 2 

PROJECT NO: 1'883-1 [DRILL RIG: FAILING 1500 

BORINGTYPE: ROTARYWASH 

LOOGJ:D BY; MQL 

PROJECT: SANTA CLARA PARKING STRUCTURE 

LOCATION: SANTA CLARA, CA 

START DATE: 12-12-02 FINISH DATE: 12~12..()2 I COMPLETION DEPTH: ,50.0 FT. 

MATERIAL DESCRIPTION AND REMARKS 

·18.3 
uu ~ 

"19"8- .......\P ....... ;vvJTH~~P{Cl) 
very irtiff, moist, light brown, flne sand, low plasticity 

sc 

35- -

Cl.. 

.. , -

•38.3- ~5( .... )f~~+-----~----c'-'---~---+---4 
Bottom of Boring at 50 feet 

55- -

-
60- -

~Pn!' I WATER AbQ!=c\ IIIUNt>: 

NOT APPLICABLE DUE TO ROTARY WASH CIRCULATION 

1.0\VNEYASSOClATES 
EnVll'onmentai/Geotechnlcai/Englneertng Services 

57 ~ ,., 10 121 

~ 

21 112' 

r-
43 ~ 23 10S 

"--

1-

30~23 
1-

...., 
I'-' 

' ' ' 

! 

l D 

' ' 

' ' 

' 
' ' 

J 
l 

Northing: 

Eastlng; 

: ! l ! 

: 

! 
: 

' 

: 
' 

' 

: 

: IC 

' 

! 
! 

I 
' ' 

' ' 

' 
' 

I 

: 

I 

' 

' ' 
' 

' ' ' 
' ! ' ' 

1 
' 

i 
I 

' 

' i 
l 
l 
i 

1,973,362 

6,133;898 
~ 

EJ3..4 
1883-1 
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!i 

EXPJ,OM'l'URY BORJN{;: EB-.5 Sheet 1 of 2 

DRILL RIG: FAILlNG 1500 PROJISCTNO: 1 IJSJ-'1 

BORING TYPE: ROTARY WASH PROJECT: SANTA CLARA PARKING STRUCTURE 

LOGGED BY: MQL LOCATION: SANTA CLARA, CA 

START DATE: 12-13-02 FINISH DATE: 12·13-02 COMPLETION DEPTH: 5.0.0 FT. 

Thloklgio. portofltl'flllllii!>Y~-1\eJodalOI, andiiJouldno\bOj,~)Sil 
ttan<l'akile= Thlo~pllOn joppl!jlo oni)I!!Jh10C!Itlori I# tn. ~IIQn 

-~ 
attne-tll .SW.urtaee·<OO<ifi.Ollilflii!Ycllfferafotlito'ioCatlo«is;~!lll~ 

~ .!-2 

IIIIi i~ ~f 
~IIIHslooallonwllh-. ibe~~lo astnJ)IlllcatiOci 

~ ;~ ~ 
ll<:hla!Cilll<ilfono-veo:ed. 'rtanaNor>s bo\Weeovol1lf181 Maybegrad..-t. 

i l ~- ='· i ~g :! 
MATERIAl.DESCRIPTION AND REMARKS 2 2 

t9.5_ n· 
SUI={fAGE ELEVATION: 20FT.(+/-) 

18.9- v ~ 7 inones. asphalt com;re1e over 12 ihcl'\es ......... 
.':\ base 5016" 8 

r.9-
3 

FAT C~~~=l.~ . very . dark gray; some flhe to coarse sand, 
high plasticity 

~ [CH. FILL 52. 1.9 113 

5- - ~ 

13.0-
SANDYLEANC~Y (~t.;J ~!LLJ -very_ stiff, moist, dark g·ray, fine sand, some fine to 

. coarse gravel,. low plasticity 

~ 16 $7 f21 

10- -ICL, FILL f-' 

-
6.0-

,~I 
LEANCLAYwtT 1 ;)IVW1CL)_ . ~ very stiff, moist, brown. sand, low plasticity 37 19 113 

- CL ~ 

2.5-

~- SANDY
1 
~v CL.A~~f~~ medium · , wet, llg fine sand; low plasticity 

,--

11 H26 911 

- CL 

21 ee 

~ -3.5-

~ ~ ~~~y~~~~~rown, Jow plasticity 
t-

25-~ 
16 ~ 34 91 

~ - a.. ~ 

~ 

~ -7.5-

.J 
~ SANDY LEAN CLAY1 ~~t~ fl1 very stiff, wet, brown gray mottles. fine sand, low 

CL 

~ 
~ plasticity 
~ 46 18 114 

-10.5-
:::; - f-

Continued Next Page 
GROUNDWATER OBS~RVATIONS: 

NOT .APPLICABLE DUE TO ROTARY WASH CIRCUlATION 

LOVINEYASSOClATES 
Environmental/Geotechnical/Engineering Services 

llodla!n<id She;lr Slrengih 

~ 
.(l<sl) 

~~ 0 Pocket Penilllorn8ter 

A TctVane 
!i~ 

i~ 
• l,.\'1ton1\ned ~ 

AU.iJTrisx'al~ 

1.0 2.0 M ~.0 

: 

\ 
' . 
! ' ' ' 

i I~ ' 

I 

' : 

' • ! p 
' 

' 

r 
f 

CP 
1 

' ' 
\ 
l 

: 

I [0 
i 

• ! 

' 
' p 

' : 

' ! 

! lO ! 
' : ' i ' 

Northing: 1,9.72,942 

EastlDQ: 6,133,833 

BB-5 
1883-1 
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J£,XPJ JORATORY BOllWG: EB ... S Cont'd Sheet 2 of 2 

PROJl;CT NO; 1883-1 DRILL RIG: FAlLING 1500 

BORING TYPE~ ROTARY WASH 

LOGGED BY: MQL 

PROJECT: SANTA CLARA PARKING STRUCTURE 

LOCATION: SANTA.CLARA, CA 

!·sTART DATE: 12~13·02 FINISH OATE: 12-13"02 I CO~PLETION OE~TI1: 50.0 FT. 

MATERIAL DESCRIPTION AND REMARKS 

~~ 
·19.8· ~ 1 fine sand 

4o-~ Cl.AYEY ~D (;;C) 
~ medium dense, wet. brown, fine-sand . 

·21.5- ~ ~CLAY 
~ stiff, moist, ~~;~nd brown mottled, some fine sand, 
~ low plasticity 

~ 

-
CL 

- sc 

-

~ 

27 ~ 33 94. 

r--" 

22 100 

c--

50/6" ~ 22 111 

~ 
very stiff to hard :._ 

47 :x 21 

~o.s- ~ro·rif=~----------------------~~- ~ 
.. Bottom of Boring at 50 feet 

55- -

eo- -

t:l~n•• ... n WATER '1 LUI'Io:i: 

NOTAPPLICABLE DUE TO ROTARY WASH CIRCIJLATION 

1.0\'lNEVASSOCIATES 
Envtronmentai/Geotechnlcai/Englneerlng Services 

' 

4~ (~ 

. 
! ! 
l : 

I CD: l 
! 

: j \ 

f i l ' 
: 

(p 

; 
' 

~· p : 

l b: 
: 

I 

! ! 
' 
' ' ' 

' 

j 
l ' ' 

Northing: 1,972,942 

Eastlng: 6,133,633 ~ 

EB-5 
1883-1 
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A 
& 
f!I. 
z: 
ii 
ii5 m 

·~· 0 
0 

SIMPLIFIED SOIL BEHAVIOR TYPE.CLASSIFICATtON 
FOR STANDARD ELECTRONIC CONE PENETROMETER 

teoo 

100 

0 

1 
2. 
3 
4 
5 
6 
7 
8 
9 

10 ,, 
12 

11 

1 2 3 4 5 6 7 

FRICTION RATIO, Rf ('/G) 

2 
1 
f 

1 ,!j 
z· 

2.5 
. ·. 3 

4 
6 
6 
1 
2 

Su Fact!Jr (Nkt 

15 (10 tor·Oc <"' 9 t1fl 
16 (10fot0C <• 9tstl 
15 (tO for Oc < = 9 taf} 

15 
15 
16 

16 

(•) Ov.etconsolidated or Cemented 

Qc, = Tip Bearing 
F.1 • Sleeve Friction 

· Rf • FslQc• 1 00 "' Friction Ratio 

SOli.. BEHAVIOR TYPE' 

sansrtlve Fine Grained 
Org~ l\llatatlal 

CLAY 
Silty Cl,A Y 'o CLAY 

Ciayay SILT to Silty ClAY 
Sandy SILT til Clayey SILT 
SDtY SAND to Sandy SILT 

SAND to Silty SAND 
SAND 

Gr~elly SAND to SAND 
VfiiY Stiff Fine Grained (•) 
SAND to Clayey SAND ("I 

Raferancat: 1Robertaon, 1986, Olten, 1988 

alJonaparta & Mitchell, 1979 (young bay mud Qc <"" 9) 
2ESthnated ffomlocw expertance (ftna grained aoll10c ;> 91 

Nota: TaUing performed In 80Cordance with ASTM 0344, 

KEY TO CONE PENETROMETER TESTS .,. 

LO\'INEYASSOCIATES 
Envlronm&ntai/G~technicai/Englneerlng Services 

8 

APPENDIX A 



1103'EB 

~ 
(ft) 

J ) 

1lp Relill8nee l.OCil F1lc:loa 
fli;(T~ fi(T~2) 

0.0 400.0 lUI . 
O.D(l j H j i I I J I I I .P¥:1 I I. 

l• 

90:00 .._........_ ____ __._..._ ............... 

1~-~ •z ~~~~~~~e~~e~ .3 day 

~o.p..-aomiMI 

•• ,;ifydaytodly 
as~aa·to-*Y'*r 
., U!Miys&to~.M 

IGI~ 

~~ 
f&.'Qc~) 

0.4 ;o.o 
I I t'1!llla i I· I i I i 

l ) 

I!QIWhMitatTJ!W SPT·N' 

Jorw uac-• tlftltllrrlmtr 
OJi f2.0 0.11 IOCI.O 

- I ·I F&l f.; I I .I I 

Dilpl'llnerelilent•O.tS._ 

.7 ~MIICIIO~sil .• 10 v-'11 And to Mild 
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APPENOIXB 

LABORATORY PROGRAM 

The laboratory testing program was directed toward a quantitative and qualitative eva~uatlon 
- of the physical and mechanical properties of the soils underlying the site and to aid in · 

verifying soli classlflcation. 

Moisture Content: The naturaf water content was determined (ASTM D2216) on 63 samples 
of the materials recovered from the borings. These water contents are recorded on the boring 
logs at the appropriate sample depths. 

Dry Densities: In place dry density determinations (ASTM 02937) were performed on 49 
samples to measure the unit weight of the subsurface soils. Results of these tests are shown 
on the boring logs at the appropriate sample depths. 

Plasticity Index: Plasticity Index determination (ASTM 04318) was performed on a sample 
of the subsurface soil to measure the range of water contents over which this material 
exh~blts pfastlclty. The Plasticity Index was used to classify the soli In accordance With the 
Unified Soli Classification syst.em and .to evaluate the soil exp.anslon potential. Results of thls 
test are presented on Figure B-1 and on the logs of the borings at the approprtate sample 
depth. 

Washed Sieve Analysis: The percent soil fraction passing the No. 200 steve {ASTM 01140) 
were determined on i 1 samples of the subsurface· soils to aid in the classification of these 
soils. Results of these test_s are shown on the logs of the borings at the appropriate sample 
depths. 

Unconfined Compresslon: Unconfined compression tests (ASTM 02166) were performed 
.on six relatively undisturbed samples of the cfayey subsurface soils to evaluate the undrained 
shear strengths of these materials. Samples tested had a diameter of 2.5 InChes and a 
height-to,..diameter ratl~ of at least 2. railure was taken as the peak normal stress, Results 
of these tests are presented on the boring logs at the appropriate sample depths. 

Unconsolic:lated Undrained Compression: Unconsolidated undralned triaxial compression 
tests (ASTM 02850) were perfOrmed on five undisturbed samples of soli to evaluate the 
undrained shear strengths of these materials. Samples tested had a diameter of 2.8 inches 
and a height-to-diameter ratio of at least 2. Failure was taken as the peak normal stress. 
Results of these tests are· presented on the boring logs at the appropriate sample depths. 

Consolidation: Consolidation tests (ASTM D2435) were performed on three undisturbed 
samples of the subsurface clayey soils to assist In evaluating the compressibility properties of 
these soils. Results of the consolidation tests are presented graphically on Figures B-4 
through B-6. 

R-Values: R-value tests (California Test Method No .. 301) were performed on two 
representatlve samples of the surface soils at the site to provide data for pavement design. 
The tests indicated R,.values of 8 and 16 for bulks 1 and 2, respectlvelyl at an exudaticm 
pressure of 300 pounds per square inch. The results Of the tests are presented on Figures 
B-2 and B-;3. 

* * * * * * * * * * * * 
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:8 
Natural Liquid Plastic Plasticity Passjng Depth Water 

~ Boring No. (ft.) Content Limit Limit Index No. 200 Unified Soil Classification Description 
(/)" {%) {%) (%) (%) Sieve 

• EB·2 z.o 20 52. 19 33 FATCLAY (CH) [FlLL] 

~ 
~:~------------------------~-.--------------------------~ 
~ j PLASTIC.ITY CHART AND DATA 

I .... , .. ~~}. ~~I'""'V""'~I A-n-~ 1! Pro ___ ject: SANTA CLA~A PARKING STRUCTURE 
~ I.VW IIWiiW/"'\~~\...J\-IAI C~ § Envtronmentai/Geotechnlcci/Endlneerlng Services 1 Location: SANTA CLARA, CA 
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Date: .!!_:N_~~ 

Tested MD 
Reduced DC 

Sample Bulk-1 1 1' Checked DC 
~oil Type: brown Ish arav CLAY w/sand 

Specimen Num:ller A a c .D 
Exudation .Pressure, psi ~ 272 03~ 
Prepared Weight, grams 1200 1200 1200 
Final Water Added, gramstcc 70 9.2 49 
!Weight of sou & Mold, grams 3105 aoee 3126 
weight of ~ld, g~s · 2096 2097 2101 
Height After Compaction, in. 2,51 2<48 2.51 
Moisture C.ontent, %. 2~.2 27.4 23;1 
Dry Density, pcf 972 93.1 100.4 
Expansion Pressure, psf 36.7 8.6 47.3 
Stabllometer tm 1000 
Stabllometer @ 2000 140. 146 13.5 
Turns .Displacement 2.9 .2.95 2 .. 8 
R-value 11 8 14 
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Date: 09/16/03 
Tested MO 
Reduced DC 

Sa~ple BJJ1k~2~ 1' Checked DC 
Soli ~=g_~y brown sandy CLAY w/gravel 

Spa~llnen Numt)er A B c D 
Exu~tion Pressure, psi 234 367 183 

- Prepared Weight, gram$ 1200 1200 1200 
Final Water Added, gramslee 52 28 74 
Weight of$qil& Mol~, grams .3153 3159 3100. 
!Weight of Mold, grams 2115 2089 2001 
Height After Compaction, in. 2;53 2.5 2.52 
Moisture Content, % 19.1 16.8 21.2 
Oiy De11$ltyi pef 104.3 110.9 101.0 
~nslon Pressure, psf 86.0 253~0 77.4 
Stabllometer@ 1000 
Stabllometer ® 2000 140 120 144 
Turns bisp~cement 3.25. 2.9. 3.45 
R-value 10 22 7 -
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Boring: 
Sample: 

Project: P11'974 Depth: 

t;B--2 By: .DC 
----~9A~----ome: __ 1~/1~&~2~00~3~ 

26.0' 
Soil Type: mottled. olive brown CLAY w/sand 

Strain-Log~P Curve 

Effective Stress, psf 
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DC oring: ----=e:;::a-,.:a;__ __ By: 
sample: 4A Date: 
Depth, tt ::::=:-...1.:.;;.2~::::: 

9/16/2003 
Project: P11974 
Soil Type: olive brown CLAY W/flne ravel 
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APPENDIXC 

SOIL CORROSION EVALUATION 
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H 
JDH Corrosion Consultants 

Incorporated 

January 21, 2003 

Lowney Associates 
405 CJyde Av~nue 
Mountain View, CA 94043~2209 

Attention: 

Subject: 

Dear Mr. Lee, 

Mr. Minh Q. Le 

Soil Corrosivity Evaluation 
Santa Clara Parking Structure 
Santa Clara, CA 

Pursuant to your reques1, JDH Corrosion Consultants, Inc. has reviewed the son chemical 
analysis provided by CERCO Analytical, Inc. dated ·1/20/03 and we have provided herein, 
-a site corrosivity evaluation for materials of con$truction that will be In contact with these 
soils based on thls informatiOn. 

SOH.. TESTING AND ANALYSIS 

Six {6) soil samples from the site w~re ttansported to a state certified testing laboratory, 
CERCO Analytical, Inc. (certificate no. 2153) located in Pleasanton, CA for chemical 
analysis. Each sample was analyzed for pH, chlorides, conductivity, and sulfates using 
Caltrans test methods as detailed in the table be)ow. The-preparation of the soil samples for 
chemical analysis was in accordance With the applicable specifiCations. 

Soil Analysis Test Methods 

·CT417 

The results of the chemical analysis are provided in CERCO Analytical, Inc. report dated 
1/20/03. The results are summarized as follows: 

•M Quail Court, Suite 204, Walnut Creek, CA 94596 • Tel: 925.927.6630 • Fax: 925.927.6634 



Site Coaosivity Evaluation 
Smta Cl~ Parking Structure 

CERCO Analytical, Inc. 
Soil Laboratory Analysis 

Brief Explanation of Chemical Para..oieters 

Chlorides: Chloride ions are cathode dep<jlarizers whfch enha~ the rate of corrosion. The 
hlgher the concentration, the greater the rate of corrosion. 

pH: Acidic soils are more conducive to galvanic corrosion of ferrous materials than 
alkaline soils. The more acidic the sOli the greater the rate of anticipated 
corrosion. 

Resistivity. Measures the overall resistance of the soil to electric current flow. Since corrosion 
is an electrochemical process requiring the flow of electric current through the soil, 
thfs parameter relates directly to the degree to which specific soils allow corrosion 
currents to flow. 

Sulfates: Sulfates i.n the soil can be· extremely detrimental to concrete structures due to 
combined chemical C!nd physical attack. They can react with the binding 
compounds such as calcium aluminate hydrates tb effectively soften the concrete 
and they can also react physically through crystallization and resultant expansion 
and contraction processes to crack and weaken concrete structures. Under 
anaerobic soil conditions sulfates can be reduced to sulfides which can cause 
corrosion to buried steel structures. 

Chemical Testing Analysis 

The chemical analysis provided by CERCO Analytical, Inc. indicates that the soils are, in 
general, considered to be "corrosive" to steel and ductile iron based l!POn the minimum (i.e. 
saturated) resistivity measurements. Water soluble chloride ions are relatively low as are 
the sulfate Ions, therefore these soils are considered to be "mildly-corrosive• with respect to 
concrete structures placed into these soils with regard to sulfate attack. The pH of the soils 
are slightly alkaline which classifies them as "non-corrosive· to buried steel and concrete 
stn.Jctures. 

JDII Corrosion Conswt:m~ Inc. 2 



Site CorrosiVity Evaluation 
Santa Clara Parking Structore 

Reinforced Concrete Foundatjons 

EVALUATION 

There are Jow levels of water~sollible sulfates in these soils, tMrefore, the type of concrete 
used should be resistant to these measured lev~ls of water soluble sulfates. The type of 
cement used should be Type 1 or u witJl a· maximum water;..to-cement ratio of 0.55 and the 
minimum depth of cover for the reinforcing ,S1eel should be as specified in UBC. 

Underground Metallic Pipelines 

The soils at the project site are considered to l:)e "corrosive• tq ductile/cast iron, steel and 
die1ectrie coated. steel. Therefore, we recommend the use of coatings, ancllor polyethylene 
encasement, supplemented with cathodic proteation for direct buried metaUic pressure 
piping such as domestic and fire water pipelines. All underground pipelines should also be 
electricalfy isolated from above grade structures, reinforced concrete structures and copper 

. lines in order to minimize potential galvanic corrosion problems. 

LIMITATIONS 

The conclusions and mcommendatlons contained in this reporl are based on the 
information and assumptions ref9renced herein. AIL seiVIces provided herelil were 
performed by persons who are experienced and skil/ed fn proViding these types·of 
seTVices anct in accordance With the standards of workmanship in this profession. 
No otherwarrantees expressed or implied are prov;ded. 

We appreciate the opportunity to be of service to Lowney Associates on this project and 
trustthat you find the analysis and recommendations contained, herein satisfacto.ry. 

If you have any questions concerning the contents of this ~wrt or lf we can be of any 
additional assistance, please do not hesitate to contact ~;~sat (925)927-6630. 

Resp~ubmL .. 
. oamy~~/£ 

JOH CORROSION CONS~S, ~C. 
Principal 

cc: File 23007 

JDH Corrosion Consultants, Inc. 3 
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CERCO Analytical, Inc.. 
J 

3942-A Valley Avenue, Pleasanton, CA 94566-4715 (925) 462-2771 Fax(925) 462-2715 

Client: 
Cliettt's Project No.: 

Client's Proje¢ NaJm:: 
AuthoW;ation: 

·Job/Sample-No -
0212211...(}()1 

01.12:211-()()2 

0212211-003 
0212211..()04 

02122H-'005 - {)212211...006 

~~ 
~-Uodt 

late A1lal}'Zell; 

01 -
Laboratory Director 

Lowney Associab 
PU974 

Satrta Clara Pmtiog Stnwlure 
~Chain of Custody 

SamplcLD. -
E.B-1 @ 3SilA 

EB-2@~.~~ 

fiB.,l@ 9.S'/4B 
EB-3@ S.5'13A 
EB4@ l_sl/lA 

EB--5@ 14'/4A 

FINAL RESULTS 

Moisbue 
(%) 

•,• -
-
-
-
-
-

226 

pH -
1!) 

8.6 
8.1 
8.0 

8.0 

85 

Min.Resistivity 
(ohms-em)•• 

6?0 
710 
900 
500 
800 
620 

cr 532/643 I CT 532/643 

17.Jan-2003 I 9-Jan-2003 

Sulfide 
(OJ81kg)• ... --

-
~ 

-
-
-
~ 

50 

• lt5dts ~ 011• •As Received" Buis 

~lilll180x;usedinlituofCtllnmsSoilBoxductolimifed---.to£d. 

ltD.-~ Dctlmd 

S>••litJCtptml Su111111!!0'- Alllltltonltaq qutity COlltt'ol pa~ were fOod to be witldJI ~timiD 

Date Sampled: 

DaJe Received: 
Date of.Report: 

Matrix: 

Chloride 
(mg&g)• 

31 
N.D. 
1[, 

110 

N.D. 
21 

20-Deo-2002 

2()-IJcc:-.2002 

20-lan-2003 

sulf~ 

(rog/kgr'· 

43() 

170 

320 

520 

340 

190 

Soi.l 

I 

ct 422/.A,STMD43.2J l CT 417/JSI'M D·4l27 

15 15 

15-Jaa.-lOOJ 15-Jan-2003 
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APPENDIX D 

LOWNEY ASSOCIATES REVIEW AND OVERSITE REQUIREMENTS 

We understand that the City of Santa Clara may choose to retain another testing firm to 
provide geotechnical observation and testing during construction whlle requiring that we 
remain as Geotechnical Engineer-of-Record. The following presents our requirements for our 
review and oversight of the other firm's work that must be met; otherwise, we wlll not be 
able to sign off as Geotechnical Engineer-of-Record at the end of construction. For the tasks 
listed below where we will agree to provide review ahd oversight, the testing .firm must 
provide· resumes for qualified personnel for our review. Only those persons ·approved by our 
office will be allowed to perform the observation and testing, lf ltls determined that other 
staff has· performed portions of the work, the work in questiciil will not be approved. our 
office must approve all staff changes before they begin work on the project, Please note that 
we are not responsible for data reported by others. 

General Utility Construction: Review and approval of Import backfill materials will be the 
responsibility of the Geotechnical Engineer-of-Record. Density testing should be performed 
on the backfltl materials such tl:lat the full backfill depth over the pipes Is tested at lateral 
frequencies no greater than 100 feet. Dally field reports (DFRs} transmitted to our office at 
the completion of the days work shall be required. The field reports should include the 
following information: field-determined moist and dry density, field-determined moisture 
content, any moisture corrections with backup laboratorY test data1 percent compaction, 
applicable compaction curve reference, probe depth, lift thickness, test elevation, and gauge 
calibration date. A plan indication all test locations Is required. We will require all backup 
laboratory data for compaction curves and any Plasticity Index tests. An er~glneering 
technician from our staff will independently observe- and test the trench backfiU at least once 
every third day of trench conStruction. 

Deep Fill Sub~ Excavation and Backfill: If sub-excavation and recompactlon of the 
undocumented fills Is. chosen, a member of our staff wUI be required to determine the 
excavation depth to confirm that the excavation extends Into native materials and that the 
requirements for creating gradu!'ll changes rn eng"ineered fill depth .are met. We will review 
the testing firms DFRs for the backfill operation. DFRs should include the same information 
as discussed In the "General Utility Construction" section above. Density testing should be 
performed on each lift of backfill. The contractor should not be allowed to pro<:eed without 
documented passing tests. DFRs transmitted to our office at the completion of the days work 
will be required. The field testing and document review requirements will be as discussed 
above and will be sJmllarfor the shallower sub~excavatlon and backfill operations. An 
engineer~ng technician from our staff wUiindependently observe and test the trench backfill 
at least once every other day of excavation backfill. 

Subgrade Preparation and Pavement Aggregate Base Compaction: Review and 
approval of Import materials will be the responsibility of the Geotechnical Engineer-of-Record. 
The testing firm should plan on performing one or more Pl'astlclty Index (PI) tests to 
determine where pavements will overlie expansive clays to determine the subgrade 
preparatlcm requirements from our report,· All backup lab'oratorytest data should be 
forwarded to our office for review. Density testing should be perf'Ormed for the subgrade and 
aggregate base compaction. The minimum testlns frequency Is one test per 1,000 square 
feet for each material. DFRs transmitted to our office at the completion of the days work will 
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be required. DFRS should Include the same Information as. discussed ln the ",Gener'!l Utility 
Construction" section above. DFRs should also comment on the stability of the subgrade and 
aggregate base sections prior to constructing the next section. The field testing and 
do·cument review requirements will be as discussed above. 

Shallow Footing Construction: bFRs transmitted to our office at the. completion of the 
days work will be r~qutred. DFRs slwuld include the foUndation location (I.e. column line), 
the bearing material, if the material Is expansive, whether dessication cracks are noted, 
whether the bottom of the excavation Is uniformly firm when probed and free of loose 
deleterious material, whether the excavation sides are neat and vertical, and whether the 
excavation dimensions generaUy tonform to project specifications. A master map shall be 
kept on site Indicating the footing locations and date observed. 

Geopier Solllmprovement Construction: As not many testing firms are familiar with this 
foundation system, observation will be the responsibility ofthe Geotechnical Englneer-of­
Record. 

Stone Column Soli Improvement Construction: As not many testing firms are familiar 
with this found~tion system, observation wm be the responsibility of the Geotechnical 
Engineer-of-Record. 

Drilled Pier Construction: DFRs transmitted to our office at the completion oHhe days 
work will be requrred. DFRs should Include the pier location (i.e. column llne), the depth of 
fill materia1, overall drill depth, the tip elevation, the final shaft length, the pier diameter, 
depth to ground water, method of concrete placement (I.e. tremie when ground water cannot 
be removed), any casing required, caslng depth and length, if any casing will be permanent, 
whether drilling fluids are used to stabilize the excavation; and whether the excavation 
generally conform to proj'ect specifications. A master :map shall be kept on srte Indicating the 
pier locations and date observed, A staff engineer from our staff will Independently observe 
at least one pile Installation every other day. 

Driven Pre~Cast Concrete Pile Construction: Observation of the Indicator pile program 
and review of a11 POA data will be the responsibility ofth~ Geotechnical Engtneer~of-R~cord. 
Once the plle lengths, refusal criteria, and allowable drtvlng stresseS are flnallzed 1 the testing 
firm may provide fuli-tlme observation. DFRs transmitted to our office at the completion of 
the days work will be required. DFRs should Include the pile location (I.e. column line), the 
blows per foot, pile dimensions, cast date, reinfor-cing type, refusal depth if appl1cable, any 
spalllng, and whether the pile Installation generally conform to project speclflcatlons. A 
mc,tster map shall be kept on site lndJcatlng the pile locations and date observed. A staff 
engineer from our staff will Independently observe .at least one pile Installation every other 
day. 

Augercast Plle Construction: As not many testing firms are familiar with this foundation 
system, Observation will be the responsibility of the Geotechnical Engineer-of-Record. 

LOWNEY~TES 
EIIVIrom!enlal/ Geotectmlciiii.Engineemg6efVi.;., -------~------------
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URS 

June 28, 2006 
Project No. 28649762 

City of Santa Clara 
Engineering Department - Design Division 
1500 Warburton A venue 
Santa Clara, California 95050 

Attention: 

Subject: 

Mr. Noel Lozano, CE I 

Technical Memorandum 
Preliminary Foundation Recommendations 
Convention Center Ballroom Expansion 
Santa Clara, California 

Dear Mr. Lozano: 

As authorized, we have prepared a summary of the anticipated subsurface conditions and 
existing foundation types at the Convention Center, and developed preliminary foundation 
recommendations for the proposed ballroom expansion. URS' predecessor firm, Woodward­
Clyde Consultants, provided geotechnical design and construction services at the Convention 
Center, beginning with preliminary studies in 1983 and up to as recently as 1994 for the 
addition to the lobby area. Recommendations for driven piles and spread footing foundations 
were included in those reports. We understand the City, Project Manager (Gilbane Building 
Company), and the Structural Engineer (Biggs Cardosa Associates) will utilize the 
preliminary information contained herein, to evaluate feasible foundation support options for 
the proposed ballroom expansion before we conduct any further site-specific exploration for 
final design. 

PROJECT DESCRIPTION 

We understand that the City intends to expand the Ballroom space by approximately 24,000 
square feet. The expansion will be contiguous to the west wall of the existing Ballroom, as 
shown on Figure 1. At this time, a one-story structure is planned with long spans to transfer 
rigging and roof loads to the perimeter walls. We understand that consideration has been 
given to designing the structure to support a future second story, although the approach is 
unlikely to be adopted. Column and wall loads have yet to be determined. A uniform floor 
load on the order of 250 pounds per square foot (psf) is anticipated, based on criteria for the 
existing Convention Center. A loading dock may also be constructed. The area of the 
proposed expansion is covered with landscaping and paved automobile parking. 

URS Corporation 
55 South Market Street. Suite 1500 
San Jose, CA 95113 
re1: 408.29/.9685 
Fax: 408.297.6962 
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SUBSURFACE CONDITIONS 

Three borings and two cone penetration tests (CPT) were previously performed within or in 
close proximity to the footprint of the proposed Ballroom Expansion during our 
aforementioned 1983 and 1984 studies. These explorations, labeled 1 and 5 (1983 ), and B-1, 
C-1, and C-4 ( 1984 ), on Figure 1, extended to depths ranging from 401;2 to 141 1/z feet. Logs 
of these previous borings and CPTs are presented in Appendix A. 

We believe that the proposed ballroom expansion area may be covered by fill placed to raise 
the site grade during construction of the Convention Center and adjacent hotel. The 
thickness, nature and density of this fill are unknown. Below existing pavements and existing 
fills, the site is generally blanketed by 3 to 4 feet of medium to hard, lean to fat clay, 
underlain by thick deposits of medium to very stiff silty and sandy clay with interbedded 
strata of medium dense to very dense silty sand to the maximum depth explored of 141 Y2 feet. 
The sand layers typically range from 5 to 10 feet thick and were encountered as shallow as 
approximately 20 feet below the ground surface at the time of exploration. These granular 
layers were encountered in each of the five previous explorations; however, the depths and 
thicknesses of the layers varied considerably between locations. 

Laboratory consolidation tests and insitu pressuremeter tests conducted for the previous 
studies indicate that the subsurface clays are generally overconsolidated, with an 
overconsolidation ratio (OCR) of approximately 2 to 4. An OCR in this range suggests the 
clays are of moderate compressibility under relatively high building loads. 

Insitu and laboratory testing were also performed to evaluate the corrosion potential of the 
clayey soils at the site. Results of these tests indicate that the native soils are moderately to 
severely corrosive to buried concrete and steel. 

Water level measurements taken in borings drilled across the Convention Center site indicated 
groundwater at a depth of approximately 6 feet (Elevation 31;2 feet) in April 1983, and 9 feet 
(Elevation 1 foot) in September 1983. This suggests some seasonal changes in the 
groundwater level. 

DISCUSSION 

The primary geotechnical consideration at the site is the moderate compressibility of the 
native clays under relatively high building loads. At this time, column and wall loads have 
not been determined. Spread footing foundation settlement estimates presented in our 
previous studies for a range of typical column loads and feasible bearing pressures are 
discussed in the following section; these parameters could be used for preliminary sizing of 
shallow foundations. Ifthe estimated shallow foundation settlements are deemed intolerable, 
from a structural engineering standpoint, a deep foundation system will need to be considered 
as discussed below. 

Because much of the proposed expansion site is currently landscaped, the quality and relative 
compaction of any existing fills will need to be evaluated with regard to support of building 
and floor loads. It is likely that most, if not all, of the existing till may require removal and 
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replacement. Measures also will need to be incorporated to minimize the potential for 
shrinking or swelling of the underlying moderately to highly expansive native clays. 

Finally, the sand stratum generally encountered in previous explorations at a depth of 
approximately 25 or 35 feet is potentially liquefiable. However, because a thick blanket of 
generally stiff to hard clay caps this layer, we believe the most likely consequence would be 
post-liquefaction induced ground surface settlement. We estimate such settlements will be 
less than l-inch. 

FOUNDATION ALTERNATIVES 

Both shallow and deep foundation systems have been used successfully at the Convention 
Center site. Below, we present a discussion of preliminary foundation alternatives that could 
be considered for the proposed Ballroom expansion. 

Spread Footings 

In our 1984 report for the Convention Center, we provided recommendations for spread 
footings and estimated that settlements due to building loads would be on the order of Y2 inch 
per 100 kip column load increment. Design bearing pressures of 3,000 psf for dead loads, 
4,000 psf for dead plus live loads, and 5,000 psf for total loads were recommended for 
footings less than 10 feet wide. For footings wider than 10 feet, the design pressures were 
reduced by 1 ,000 psf for each loading case. Similarly, shallow foundations at the 1994 lobby 
addition were designed for bearing pressures of 2,000 psf for dead loads, 3,000 psf for dead 
plus live loads, and 4,000 psf for total loads, and estimated footing settlements on the order of 
less than 1 inch. These recommendations were for anticipated column loads on the order of 
320 kips for dead plus live load and 465 kips for total loads. 

For preliminary footing sizing and foundation comparison purposes, we recommend bearing 
pressures of2,000 psffor dead loads, 3,000 psffor dead plus live loads, and 4,000 psffor 
total loads be used for footings bearing on engineered fill, with an estimated Y2 inch of total 
settlement for each 1 00 kip column load increment. Footings should be a minimum of 2 feet 
wide and extend at least 2 feet below lowest adjacent finish grade. 

Rammed Aggregate Piers 

Rammed aggregate piers (RAPs) represent an intermediate foundation type; they are typically 
much shorter than driven piles and can be used to increase the allowable bearing capacity for 
shallow foundations, since they transfer building loads to stronger, less compressible strata. 

RAPs typically are constructed by pre-augering a 2 to 3-foot diameter shaft to the required 
depth and then backfilling with densely compacted thin lifts of high quality crushed rock. 
The vertical ramming action increases lateral stresses in the surrounding soil, which results in 
reduced foundation settlement and enhanced design bearing pressures; typically design 
bearing pressures of two to three times the unreinforced design allowable bearing pressure of 
the insitu soils are feasible. The noise and vibration levels associated with the ramming 
action are relatively low. RAPs can be installed individually or in groups to reinforce the soil 
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in the zone below spread footings, where stresses due to building loads are highest. They are 
typically installed to depths of one to two times the foundation width. It should be noted that 
RAPs are delivered through a proprietary, design/build process. 

Once foundation loading information becomes available, we will advise whether RAPs might 
be a viable alternative for the Ballroom Expansion project. 

Driven Piles 

Because of the relatively high column loads, both the Convention Center and Parking Garage 
were supported on deep foundations consisting of 12-inch square driven precast, prestressed 
concrete (PCPS) piles. Based on the results of static load tests performed on 40 and 70-foot 
long, 12-inch square piles, and dynamic monitoring during indicator pile installation, the 
following design axial compression capacities were assigned for production piles at the 
Convention Center: 

Design Axial Compression Capacity (tons) Length (feet) 

40 35 

80 55 

A graphical plot of pile capacity versus depth was presented as Figure 6 in our 1985 report 
entitled, "Indicator and Load Test Program, Santa Clara Convention Center;" a copy of Figure 
6 attached for convenience of reference. We believe Figure 6 provides a reasonable basis for 
developing preliminary estimates of pile lengths that might be required for the Ballroom 
Expansion. Since 14-inch square PCPS piles are more commonly used at this time, we 
recommend the axial compression load capacity values plotted on Figure 6 be adjusted 
upward by 15 percent to account for the increased surface area of the pile shaft. The 
settlement expected for piles supporting axial compression loads of this order of magnitude is 
expected to be less than Y2 inch. 

It should be noted that pile capacity at the Convention Center site is developed primarily 
through skin friction. Therefore, an efficiency factor will need to be included account for pile 
group action. We recommend that a group efficiency factor of0.70 be assumed for 
preliminary estimating purposes. This group efficiency factor is based on the assumption that 
piles would be spaced at least three diameters (pile widths) on center. Further refinements of 
these preliminary pile parameters should be made during final design. 

Drilled Piers 

Cast-in-place concrete drilled piers having a minimum diameter on the order of 30 inches also 
could be used to support the proposed structure. Based on shear strength data from previous 
explorations at the site, we suggest that a preliminary design side adhesion of 500 psfbe used 
for estimating the embedment depth of drilled piers. The settlement of drilled piers supported 
in the primarily stiff to hard alluvial soils should not exceed about 12 inch. 

URS 
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The soils at the site consist primarily of clay to a depth of 141 Y2 feet, with 5 to 1 0-foot-thick 
sand interbeds as shallow as approximately 20 feet. Groundwater has been encountered at the 
site at depths as shallow as 6 feet. Therefore, drilling probably would require the use of 
temporary casing or slurry to prevent caving during construction. If casing is used and the 
holes are dewatered, the casing would have to be withdrawn from the hole slowly as the 
concrete is being placed; a minimum head of concrete of 5 feet typically must be maintained 
above the bottom of the casing at all times. Alternatively, excavating and depositing concrete 
under slurry could be considered. Concrete deposited under slurry would require careful 
placement in a compact, monolithic mass and by a method that would prevent washing of the 
concrete. 

Auger Cast Piles 

Auger cast piles arc installed by rotating a continuous flight hollow-stem auger into the soil to 
a specified depth. High strength cement grout then is pumped under pressure through the 
hollow shaft as the auger is slowly withdrawn. The grout pressure keeps the hole open so no 
casing is required and the grout displaces the existing soil for the entire length of the pile. 
The resulting grout column hardens and forms an auger cast pile. Reinforcing is installed 
while the cement grout is still fluid or, in the case of full length single reinforcing bars, 
through the hollow shaft of the auger prior to the withdrawal and grouting process. Typical 
ultimate pile capacities for auger cast piles can range from 10 to 50 tons for 12-inch diameter 
piles, and 75 to 100 tons for 16-inch diameter piles. Axial compression and tension pile load 
tests generally are conducted to verify the selected design load capacities. Although noise and 
vibration are of less concern with auger cast piles than driven piles, workmanship is an 
important consideration for achieving sound, non-driven piles in interbedded alluvial soils 
below groundwater. 

SLAB-ON-GRADE FLOOR SUPPORT 

For preliminary planning purposes, we recommend that the slab-on-grade floor be supported 
on a minimum section of 2 feet of non-expansive engineered fill. The fill is intended to 
provide a cap over the native lean to fat clay, and to minimize the risk of seasonal shrinking 
and swelling. It is conceivable some of the existing fill placed at the time of the original 
grading for the Convention Center might be reusable for support of the Ballroom Expansion 
floor. The nature of the fill and its suitability for reuse should be evaluated prior to final 
design. In any case, fill material used beneath the new slab-on-grade floor should be of select 
quality, having a plasticity index of 12 or less. 

FUTURE EXPLORATION 

As discussed in the scope of services included in our agreement, we plan to advance two 
additional cone penetration tests (CPTs) at the locations shown on Figure 1 to better define 
the subsurface conditions within the footprint of the proposed ballroom expansion. In 
addition, we will collect samples of the surficial soils in the landscape area using hand auger 
equipment for plasticity and other index property tests. 
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LIMIT AllONS 

The information provided in this technical memorandum is preliminary in nature, and the 
recommendations presented are for general planning use only and to evaluate general 
technical feasibility. The attached graphical plot of pile capacity versus depth was developed 
for the existing Convention Center, based on a combination of static pile load tests and 
engineering judgment. The plot is intended for preliminary sizing of precast, prestressed 
concrete piles for the Ballroom Expansion. Selection of design axial and lateral load 
capacities for piles, as well as design criteria for other geotechnical aspects of the site 
development, should be determined during final design studies, after additional site-specific 
subsurface data have been collected. 

This preliminary assessment has been completed in accordance with the standard of care 
commonly used as state of the practice in the profession. No other warranties are included, 
either express or implied, as to the professional advice offered. 

Sincerely, 

c)~~~~~~ 
Anne-Marie Moore, G.E. 
Geotechnical Engineer 

~~4 
Paul J. Boddie, G.E. 
Geotechnical Department Manager 

Attachments: Figure 1 -Site and Exploration Plan 
Appendix A- Logs of Previous Explorations at Site 
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URS 

May 18,2007 
Project No. 28649762 

City of Santa Clara 
Engineering Department- Design Division 
1500 Warburton Avenue 
Santa Clara, California 95050 

Attention: 

Subject: 

Mr. Tom Supan, Principal Engineer 

Geotechnical Engineering Report 
Convention Center Ballroom Expansion 
Santa Clara, California 

Dear Mr. Supan: 

This report presents the results of our geotechnical investigation for the Convention Center 
Ballroom Expansion in Santa Clara, California. It presents our opinions and 
recommendations regarding foundation types, depths and design parameters, site preparation 
and grading, and other geotechnical aspects of site development The opinions and 
recommendations presented herein have been based upon existing historical subsurface 
information, the results of our supplemental field investigation, engineering judgment, and 
local experience. 

BACKGROUND 

URS' predecessor firm, Woodward-Clyde Consultants, provided geotechnical design and 
construction services at the Convention Center, beginning with preliminary studies in 1983 
and up to 1994 for the addition to the lobby area. Recommendations for driven piles and 
spread footing foundations were included in those reports, respectively. More recently, we 
provided preliminary information in our June 28, 2006 Technical Memorandum, to assist the 
Design Team in evaluating feasible foundation support options for the proposed ballroom 
expansion. 

PROJECT DESCRIPTION 

We understand that the City of Santa Clara (City) intends to expand the Ballroom space by 
approximately 24,000 square feet. Ancillary space such as a Prefunction Room, Finishing 
Pantry, Services Corridor and Restrooms is proposed to be located around the perimeter of the 
Ballroom. The expansion will be contiguous to the west wall of the existing Ballroom, as 
shown on Figure 1. At this time, a one-story structure is planned with long spans to transfer 
rigging and roof loads to the perimeter walls. Based on discussions with Mr. Angelo 
Spiliotis, Project Structural Engineer with Biggs Cardosa Associates, we understand that a 
uniform floor load of about 200 pounds per square foot (psf) and column loads of about 200 
kips dead load plus live load (DL+LL) along the perimeter walls are anticipated. No below 

URS Corporation 
55 south Market Street, Suite 1500 
San Jose, CA 95113 
Tei: 408.297.9585 
Fax: 408.297.6962 



SCCC Ballroom Expansion 
May 18,2007 
Page 2 

grade structures are cuirently planned. We understand that the finished floor of the Ballroom 
Expansion is currently planned to be positioned as close to existing grade as possible to 
minimize earthwork. 

SCOPE OF WORK 

Our principal objective during this phase of the project has been to assist the City and Design 
Team with selection of a practical foundation support system for the proposed Ballroom 
Expansion that will be compatible with the subsurface conditions. We have advanced new 
explorations at strategic locations to supplement existing information in our files, evaluated 
the engineering properties of the soils, and developed site-specific geotechnical 
recommendations and design criteria for the following items: 

• Geologic hazards update; 

• Foundation design parameters; 

• Estimated settlements for the selected foundation system; 

• Resistance to lateral loads; 

• Pavement structural sections; 

• Support of slab-on-grade and concrete flatwork; 

• Preparation of areas to receive fill; 

• General site preparation and grading; 

• Liquefaction assessment; 

• Evaluation of expansive soils; and 

• California Building Code (CBC) seismic coefficients. 

SITE GEOLOGY AND GEOLOGIC HAZARDS 

The following information sources were reviewed as part of our geologic hazards update: 

• Geologic maps and reports published by the U.S. Geological Survey; 

• Geologic maps and reports published by the California Geological Survey; 

• Alquist-Priolo zone fault maps published by the California Geological Survey; 

• On-line seismic hazard zone maps from the California Geological Survey; 

• On-line geologic hazard zone maps from Santa C1ara County; and. 

• On-line flood hazard maps from ABAG. 

Geologic Setting 
The project site is located one to two miles south of the salt evaporation ponds in south San 
Francisco Bay, within the northern portion of the Santa Clara Valley. Santa Clara Valley is 
an alluvial basin located between the Santa Cruz Mountains to the southwest and the Diablo 
Range to the northeast. The Santa Clara Valley is located between the active San Andreas 
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fault to the west, and the Hayward and Calaveras faults to the east. Each of these faults has 
produced damaging earthquakes during historic time. The valley margins are marked by belts 
of active thrust faults- the Foothills fault system to the southwest and the East Va11ey thrusts 
(Southeast Ex: tension of the Hayward fault) to the northeast (Fenton and Hitchcock, 2002). 

The Foothills fault system is a series of southwest-dipping thrust faults located along the 
range front of the Santa Cruz Mountains (Btirgmann et al., 1994). The Monte Vista-Shannon 
and Sargent faults are the main active faults in the Foothills thrust system. The Monte Vista­
Shannon thrust is approximately 41 krn long and dips at a moderate angle to the southwest, 
merging with the San Andreas fault at depth. The Sargent fault is approx:imately 56 km long 
and merges with the San Andreas fault near Lorna Prieta. 

The East Valley thrusts are a series of northeast-dipping thrust faults that mark the junction 
between the southern end of the Hayward fault and the southern and central segments of the 
Calaveras fault. These faults, which include the Quimby, Piercy, Evergreen and Silver Creek 
faults, are relatively short, less than 30 Ian long, and appear to merge with the Hayward and 
Calaveras faults at relatively shallow depths (Jones et al., 1994 ). Recent geologic and 
geomorphic investigations along both the Foothills and East Valley thrust systems indicate 
that they are active and may be capable of generating damaging earthquakes (Hitchcock and 
Kelson, 1999; Fenton and Hitchcock, 2002). 

The geology of the Santa Clara Convention Center site area has been mapped by Witter et al. 
(2006) as Holocene alluvial fan deposits. The geologic map of Santa Clara County, 
California (Brabb and Dibblee, 1974) maps the area as interfluvial fresh water basin deposits. 
These materials are described as organic clay and silty clay. 

Geologic Hazards 
Geologic Resources 

Resources consulted for geologic hazard assessments included: 

• Geologic maps of the U.S. Geological Survey; 

• Alquist-Priolo Earthquake Fault Zone maps; 

• On-line seismic hazard wne maps from the California Geological Survey; 

• On-line geologic hazard zone maps from Santa Clara County; 

• On-line flood hazard maps from the Association of Bay Area Governments 
(ABAG); and 

• Maps of Quaternary deposits and liquefaction susceptibility in the central San 
Francisco Bay region: U.S. Geological Survey, Open-File Report 2006-1037, in 
cooperation with the California Geological Survey. 

Fault-Related Ground Rupture 

Surface fault rupture tends to recur along existing fault traces. The highest potential for 
surface faulting is along existing fault traces that have had Holocene fault displacement. The 
California Geological Survey (formerly Division of Mines and Geology) has produced maps 
showing Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity 
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that pose a potential surface faulting hazard. There are no Alquist~Priolo (A-P) zones mapped 
in the vicinity of the site. In addition, the Santa Clara County Fault Rupture Hazard Zones 
map does not identify any fault hazard zones in the project area. The nearest mapped A~P 
zoned fault is the southern extension of the Hayward fault, located 9.3 km northeast of the 
site. A concealed trace of the northern extension of the Silver Creek fault (part of the East 
Valley thrusts) is mapped about 3.2 km northeast of the site by Bortugno et al (1991). The 
San Andreas fault is located about 19 km southwest of the site and the Calaveras fault is 
located about 15 km northeast of the site. Therefore, the potential for surface fault rupture at 
the site is considered low. 

Landslide and Slope Failure 

The project site is not within the mapped Santa Clara County Landslide Hazard Zone or the 
California Geological Survey Earthquake-Induced Landslide hazard zone. Due to the 
relatively flat topography at the site, Jandsliding is not a hazard. 

Liquefaction 

Soil liquefaction is a phenomenon in which saturated cohesionless soils undergo a temporary 
decrease of strength during earthquake ground shaking and acquire a degree of mobility 
sufficient to permit ground deformation. In extreme cases, the soil particles can become 
suspended in groundwater, resulting in the deposit becoming mobile and fluid-like. 

The project site is within the mapped Santa Clara County Liquefaction Hazard Zone and the 
California Geological Survey Liquefaction hazard zone (CGS, 2001) for the San Jose East 
Quadrangle; it also is located in an area shown with a "high" liquefaction potential on the 
liquefaction susceptibility map (Witter, et al, 2006). Historic ground failures occurring as 

I 

ground settlement from both the Lorna Prieta and the 1906 San Francisco earthquake have 
been recorded by Knudsen, et al, (2000) along the margins of the Guadalupe River, located 
about 2 to 3 km east and northeast ofthe project site. 

As described in more detail later in the report, the soil materials within approximately the 
upper 20 feet of the site are predominantly cohesive and generally not susceptible to 
liquefaction, although there is an interbedded zone that contains medium dense silty sand 
below depths of approximately 18 to 39 feet. These silty sand interbeds are potentially 
liquefiable under strong earthquake shaking. However, because the site is blanketed by a stiff 
to hard clay cap, we believe the risk of ground failure is low. Rather, the most likely 
consequence would be post-liquefaction induced ground surface settlement. We estimate 
such settlements could be up to about llh inches. A more detailed discussion of static and 
earthquake related settlement is presented in the section entitled, "Estimated Settlements". 

Flooding 

The project site is located immectiately west of San Tomas Aquino Creek. However the creek 
is channelized at this location and flooding at the site is not a potential hazard. The site is 
located outside of the FEMA 100-year flood zone as shown on the ABAG flood hazard zone 
maps. The site is also outside of the Dike Failure Hazard Zone as mapped by Santa Clara 
County. 
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SITE AND SUBSURFACE CONDITIONS 

Site Conditions 
The project site is located within an area that is partly covered by parking lot and a landscaped 
area. The existing parking lot, located on the southern half of the site, is paved with asphalt 
concrete and has trees and shrubs along the borders. The landscaped area, located on the 
northern half of the site, is predominantly grass covered with trees at the northeastern end. 
Based on preHminary topographic information received from Steinberg Architects, the site 
area is relatively flat, ranging in elevation from about Elevation 9 to 11 Vz. The landscaped 
area at the north end of the site is depressed to about Elevation 9, or about 2Y2 feet below 
adjacent grade (at about Elevation 11 Y2 feet). 

Subsurface Conditions 

Field Exploration 

Three borings and two cone penetration tests (CPT) were previously performed within or in 
close proximity to the footprint of the proposed Ballroom Expansion during 1983 and 1984 
studies for the original Convention Center project. These explorations, labeled 1 and 5 
(1983), and B-1, C-1, and C-4 (1984), on Figure 1, extended to depths ranging from 40V2 to 
141 V2 feet. Logs of these previous borings and CPTs are presented in Appendix A. 

In order to supplement our existing subsurface information, we completed two (2) additional 
CPTs to a depth of 70 feet below the existing ground surface (bgs). In addition, three shallow 
(3 feet deep or less) exploratory borings were completed using a hand auger in order to better 
evaluate the characteristics of the near surface soils in the landscaped area. The approximate 
locations of the existing and new explorations are shown on the Site and Boring Location 
Plan, Figure 1. Samples of the soils retrieved from the hand auger holes were carefully sealed 
in the field and returned to our laboratory for testing. Soil classifications made in the field 
were verified in the laboratory after further examination and laboratory testing of selected soil 
samples. These tests included moisture content and Atterberg Limits. The results of these 
tests are presented in Appendix B. 

Logs of the exploratory borings were prepared based on review of field logs, visual 
examination of the soil samples, and results of laboratory tests. The Unified Soil 
Classification System and guidelines summarizing soil consistency and relative density 
terminology used in preparation of the boring logs are presented in Appendix B as Figure B-1. 
Figure B-2 illustrates the notation used for the types of samplers and methods of advancing 
them. Descriptions of the soils encountered at each location are presented on the Logs of 
Borings in Figures B-3 through B-5. 

A more comprehensive discussion of the subsurface exploration techniques and the laboratory 
testing program is presented in Appendix B. 

Soil and Groundwater Conditions 

We believe that the proposed ballroom expansion area was covered by a thin layer of fill to 
raise the site grade during construclion of the Conv~ntion Center and adjacent hotel. Based 
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on our 3 shallow hand auger borings, it appears that the fill consists of about 1 to 1 'h feet of 
moderate to high plasticity clay. However, poorly graded sand also was noted at the terminal 
depth of Boring B3 (1% feet deep). Below existing pavements and existing fills, the site is 
generally blanketed by 3 to 9 feet of medium to hard, lean to fat clay of moderate to high 
plasticity, underlain by thick deposits of medium to very stiff silty and sandy lean clay. This 
lean clay layer extends to depths ranging from about 18 to 39 feet below the ground surface 
(bgs). Below the lean clay, about a 5 to 16-foot thick "upper" interbedded zone of medium 
dense to very dense silty sand and medium to stiff lean clay was encountered. Below the 
upper interbedded zone, the soils consist primarily of medium to very stiff lean clay to depths 
ranging from about 61 to 75 feet. This deeper clay layer is, in turn, underlain by a "lower" 
interbedded zone of dense to very dense silty sand and medium to very stiff lean clay to the 
maximum depth explored (I41Vz feet). The sand layers in this lower interbedded zone 
typical! y range in thickness from about 2 to 11 feet. 

Idealized soi1 profiles A-A' and B-B' graphically present the subsurface conditions 
encountered in the field explorations completed in the vicinity of the Ballroom expansion and 
are presented in Figures 2 and 3, respectively. 

Water level measurements taken in borings drilled across the Convention Center site indicated 
groundwater at a depth as high as approximately 6 feet (Elevation 3'12 feet) in April1983, and 
9 feet (Elevation 1 foot) in September 1983. Although this indicates that some seasonal 
changes could occur with water levels rising during the winter months, the design high 
groundwater level should be 6 feet bgs. 

DISCUSSION 

The primary geotechnical considerations at the site are the moderate compressibility of the 
native clays under the anticipated building loads and the potentia] for liquefaction of 
interbedded sand deposits positioned below the groundwater table. The majority of the 
existing Convention Center is supported on driven piles. Driven piles were selected due to 
the heavy column loading. However, the Lobby addition completed in the mid-1990s had 
significantly lower column loads in the range of 200 to 320 kips DL+LL and was successfully 
supported on shallow spread footing foundations. Considering the similarity of subsurface 
conditions beneath the Lobby area and the current project site, as well as the loading of the 
structures, we believe that spread footing foundations also should be feasible for the Ballroom 
Expansion. Settlement estimates based on column loads provided by the Project Structural 
Engineer are discussed in the following section. 

Because moderately to highly expansive clay is present across the site, either as fill in the 
landscaped area or native clay under the pavement, measures to minimize the potential for 
shrinking or swelling below the Ballroom Expansion floor also will be required. 
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RECOMMENDATIONS 

Building Foundations 
Shallow Foundations 

Depending upon the final grading plans, engineered fill might be required to raise the site 
grade at some locations. Based on the anticipated column loads, we believe that the 
subsurface soils can support shallow foundations. Therefore, we recommend that the 
proposed Ballroom Expansion be supported on either spread footing or mat foundations 
bearing directly on the native soils or well compacted engineered fill. All existing fills 
located beneath the shallow foundations should be removed. Engineered fill sections beneath 
shallow foundations should extend a minimum of 5 feet outside of foundation plan areas. 

Due to the moderately to highly expansive near surface clays, shallow foundations bearing on 
native soils or engineered fill should be embedded at least 30 inches below the lowest 
adjacent-finished grade taken as bottom of interior slab-on-grade or lowest exterior grade, 
whichever is lower. Shallow foundations should be designed for bearing pressures not to 
exceed 2,000 pounds per square foot (psf) due to dead load, 3,000 psf due to dead plus live 
loads, and 4,000 psf for all loads including wind and seismic. 

We understand that a shallow mat type foundation is currently being planned for storage racks 
at the project site. Typically, mat foundations are designed for initial deflection using a 
computer program that models the maHoil interaction as a plate on an elastic foundation. We 
recommend a modulus of subgrade reaction (k) of 125 kips per cubic foot be used in these 
analyses. 

Estimated Settlements 

We estimate that the maximum consolidation settlement of spread footings designed as 
recommended herein should not exceed % inch throughout the entire site. These settlement 
estimates assume a maximum column load of 200 kips (DL+ll). As discussed in the 
geology section of the report, we estimate that liquefaction settlement up to about 1\12 inches 
could occur in the event of a strong earthquake. However, potentially liquefiable sand was 
absent in the exploration made in the north part of the building footprint. Based on the 
conditions revealed in the borings and CPTs, we estimate the liquefaction settlement could be 
distributed as follows: 

Building Area Estimated Liquefaction 
Settlement (inches) 

North Comer 0 

West Comer Yz 

East Comer 1 

South Comer 1~ 
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Based the variable thickness of potentially liquefiable sand across the project site, we estimate 
that a maximum differential settlement on the order of 1 inch per 150 feet cou1d be realized at 
the site. Since the potentially liquefiable sands are overlain by a thick clay cap, we expect it 
will gradually distribute the effects over this length. 

Foundation Resistance to Lateral Loads 

Resistance to transient lateral loads from wind or earthquakes can be developed by friction 
between the bottom of the footings and the soil, and passive resistance on the front face of the 
footings. An ultimate coefficient of friction of 0.3 should be used between the bottom of the 
footings and underlying soil, with the total resistance not to exceed 1,000 psf; this assumes 
that the footings are cast neat against undisturbed native soil or engineered fill. Ultimate 
passive resistance of the soil should be estimated using an equivalent fluid weight of 400 
pounds per cubic foot (pet) acting against the footings. The upper 12 inches of embedment 
should be neglected for design. The recommended values presented above are ultimate 
values, and should be used with an appropriate factor of safety. 

Slatron-Grade Floors and Concrete Ratwork 
All concrete slab-on-grade floors and flatwork should be supported on a minimum of 2 feet of 
select non~expansive engineered fill meeting the requirements presented in the "Fill 
Materials" section of this report. The fill is intended to provide a cap over the existing 
moderately to highly plastic clay, and to minimize the risk of seasonal shrinking and swelling. 
Due to the highly plastic nature of the existing fill in the landscaped area, we recommend that 
the material be removed and hauled offsite or to another landscaping area within the 
Convention Center area. In any case, fat clay should not be reused within the engineered fill 
section under the Ballroom Expansion floor. 

Moisture will come into contact with the floor slab due to moisture vapor migration and/or 
capillary water rise through the soil. If floor coverings susceptible to damage by moisture 
contact will be placed on the slabs, moisture barriers should be used under the slabs. We 
recommend that Stego Wrap (minimum 15 millimeters thick) or equivalent vapor barrier be 
used in accordance with the manufacturer's specifications. Granular material placed 1) as 
damage protection above the vapor barrier, and/or 2) as part of a capillary break/moisture 
barrier system below the vapor barrier, can be considered as part of the recommended select 
fill section beneath the slab-on-grade floor. 

For sidewalks and entryways, the top 6 inches of the engineered fill sectjon should consist of 
Class 2 aggregate base. The fill should be placed and compacted as described later in this 
report. 

Seismic Data and CBC Recommendations 

The site is located in the seismically active San Francisco Bay region and will likely be 
subjected to strong shaking during the life of the project (Seismic Zone = 4 ). Several known 
faults in the region have the potential to generate strong shaking at the site. Those faults are 
listed in the table below along with the distance from the site, classification based on the 
California Building Code (CBC, 2001), and calculated peak ground acceleration (PGA). 
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Fault Distance (km) Fault Type per CBC PGA (g) 

East Valley Thrust 3.2 c 0.53 

HaywardSE 9.3 B 0.28 

Hayward fault 24 A 0.19 

San Andreas fault 19 A 0.32 

Calaveras fault 15 A 0.27 

The subsurface conditions underlying the project site consist of relatively stiff cohesive soils 
with interbedded lenses and thin layers of medium dense to very dense sand. We recommend 
a CBC Soil Profile Type So be used to represent the subsurface conditions. The following 
near source factors should be applied due to the proximity of the site to SE extension of the 
Hayward fault: 

• Na = 1.0 

• Nv = 1.03 

Pavements 

Based on field observations as well as discussions with City of Santa Clara staff, the existing 
pavement areas in the vicinity of this project site have been in place for about 20 years, or 
their typical design life. We understand that these existing pavement sections remain in 
reasonably good condition. Since similar traffic is anticipated for the areas adjoining the 
Ballroom Expansion project, we recorrunend the same pavement sections be used where new 
pavement is required. The following pavement sections are based on placing the pavement on 
the existing native soils or engineered fill. 

Recommended Pavement Section (inches) 

Traffic Type Class 2 
Portland Cement Asphalt Aggregate 
Concrete (PCC) Concrete 

Base 

Automobile Traffic and Parking - 4 9 
Lot Area 

On-Site Access Road - 6 12 

Truck Access and Parking* 7 - 6 

* We recommend that Portland Cement Concrete pavement be used m heavy truck traffic areas such as 
loading docks. 
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All pavement sections should be constructed in accordance with Caltrans Standard 
Specifications, latest edition, except that the relative compaction should be based on ASTM Test 
Designation D 1557. In particular, the asphalt concrete pavements should conform to Caltrans 
Section 39, the concrete pavements should conform to Sections 40 and 90 and the Class 2 
Aggregate Base should conform to Section 26 of Cal trans Standard Specifications. The top six 
inches of the pavement section subgrade should be compacted to at least 95 percent relative 
compaction. Additionally, all aggregate base should be compacted to at least 95 percent relative 
compaction. 

Additional recommendations for PCC pavement are as follows: 

• Concrete should have a minimum modulus of rupture of at least 550 pounds per square 
inch (equivalent to a compressive strength of 3,700 psi) before the pavement is subjected 
to traffic. 

• Provide expansion joints between buildings and pavements; the Contractor should provide 
a shop drawing indicating the proposed joint material. 

• Provide weakened plane contraction joints at maximum 12-foot grid spacing by either saw 
cutting to a minimum depth of 3 inches or installing preformed material full depth; the 
purpose of these joints is to relieve tensile stresses, thereby minimizing the potential for 
volunteer cracking elsewhere in the pavement. 

Saw cut width should be the minimum possible and less than 1/4 inch. 
- Saw cut should occur within the time period specified in Caltrans Standard 

Specifications Section 40-l.OSB (1). Timing of the saw cutting is of the utmost 
importance, since it is necessary to saw the joint before volunteer cracking occurs. 
Typically, this is within 12 to 24 hours after concrete placement. 
All joints should be sealed with joint filler in accordance with Caltrans Standard 
Specifications Section 40-l.OSB (1). 

• Length of any given panel should not exceed its width by more than 25 percent. 

• Provide 6X6-W1.5XW1.5 welded wire mesh. 

- Place in middle of slab. 
- Do not place across joints. 

A representative of URS should be retained during construction to review the soil conditions 
encountered and the construction procedures used. 

Site Preparation and Earthwork 

All site preparation and earthwork should be done under the observation of a representative 
from our firm and in accordance with the recommendations presented herein. In addition, a 
URS representative should review all earthwork, foundation, shoring, and geotechnical related 
specifications prior to contract bidding. 

Demolition 

Existing improvements designated for demolition should be removed within the project area. 
Existing structures, asphalt, concrete, buried utilities and the root systems of existing trees 
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should be removed in their entirety. Depressions resulting from the demolition operation or 
tree removal should be left open for ease of identification during site preparation prior to 
construction of the building pad. 

Site Preparation 

Following the completion of demolition, areas to be graded should be stripped and cleared of 
surface vegetation, including all roots 1 inch diameter or larger, debris, and organic-laden 
topsoil. Materials resulting from clearing and stripping operations should be removed from 
the site. Organic topsoil that does not contain debris may be stockpiled, if desired, for re-use 
in landscape areas if approved by the Landscape Architect. The stripped materials should not 
be used as compacted fill or blended with other materials. Recycled asphalt and baserock 
from the existing pavement sections can be reused as engineered fil1 provided that it meets the 
requirements for select fill as described below in the "Fill Materials" section. However, no 
asphalt should be located under or within 5 lateral feet of any buildings proposed at the site. 
A URS field representative should review the general site preparation. 

Excavations 

After the site surface has been cleared, the building areas should be excavated as required to 
bring those areas to their finish sub grade elevations and to allow for construction of the 
recommended sections of engineered fill beneath the floor slab and footings, as applicable. 
All existing fill at the site located below or within 5 feet horizontally of structures should be 
removed in its entirety. Where new fill is required, foundation excavations should extend 
laterally a minimum of 5 feet outside of the edge of the footings. Because it is currently 
planned to keep the finished floor near existing grade, only minor cuts and fills should be 
anticipated. 

Preparation for Filling 

After demolition, stripping, and subgrade excavations are complete, the exposed surface to be 
filled should further be prepared by scarifying the top 6 inches, moisture conditioning the 
material to near the optimum moisture content, and recompacting it to a minimum relative 
compaction of 90 percent of the maximum dry density in accordance with ASTM Test 
Designation D 1557. It should be unnecessary to scarify the native soils exposed in footing 
excavations. However, all loose and/or disturbed materials should be removed prior to the 
placement of reinforcing steel and concrete. 

Fill Materials 

Soil materials, whether from sources on or off site, should be approved by a URS 
representative for the intended use and specifically for a required location or purpose. 

Due to the relatively high plasticity of the existing fills and native soils at the site, their use 
should be avoided as these materials become difficult to compact when wet and have 
expansion potential that can be potentially damaging to structures, pavements and slabs. Less 
plastic onsite materials considered for reuse as general fill should not contain rocks or lumps 
over 6 inches in greatest dimension and not more than 15 percent greater than 2~ inches. The 
material should also be free of organic matter, rubble, or other deleterious substances. 
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In addition to the above requirements for general fill materials, select material should be a 
non-expansive soil or soil-rock material having a plasticity index not greater than 12. All 
imported fill material should meet the requirements of select material. In addition, fill 
material to be placed within a horizontal distance of 5 feet of any structure should be of select 
quality. 

All imported fill material should be tested and approved by URS prior to being brought to the 
site. The Landscape Architect should also confirm the proposed import fill, when used near 
the finished grade of landscaped areas, is suitable for horticultural purposes with respect to 
both chemical makeup and drainage characteristics. 

Fill Placement and Compaction 

Fill material should be spread in uniform lifts not exceeding 8 inches in uncompacted 
thickness. If placed with hand operated equipment, the lift thickness should be reduced to 4 
inches. Before compaction begins, the flU should be brought to a moisture content that will 
permit proper compaction by either aerating the material if it is too wet, or spraying the 
material with water if it is too dry. The native moderately to highly expansive clays should be 
compacted at 1 to 2 percent over the laboratory optimum moisture content. Each lift should 
be thoroughly mixed before compaction to ensure a uniform distribution of water content. To 
prevent drying of the sub grade soils, placement of fill should start immediately after surface 
preparation and should proceed in a continuous operation until the site is brought to grade. It 
should be the responsibility of the Grading Contractor to attain the proper moisture content 
during compaction. No fill should be placed during rain or when saturation will hinder proper 
compaction. The finished grade surface of the compacted fill under floor slabs or exterior 
concrete flatwork should be kept in a moist condition prior to the placement of concrete. 
Jetting or flooding of the fill should not be permitted. 

All fill material below the bottom of footings and all other structural elements should be 
compacted to a minimum relative compaction of 95 percent. All other fill materials should be 
compacted to a minimum relative compaction of 90 percent. A URS representative should be 
present to observe all grading operations during both preparation of the site and compaction 
of engineered fill. 

Utility Trench Backfill 

All trench backfill should be placed in accordance with the compaction requirements and 
procedures for engineered fill described above and the additional recommendations presented 
in this section. For trenches deeper than 10 feet, compact the entire trench to 92 percent 
relative compaction. 

The material should be compacted thoroughly as it is placed, to provide uniform support for 
the pipe barrel, and to completely fill aU voids under and around the pipe. The bedding 
materials surrounding the pipe should be brought up at substantially the same rate on both 
sides of the pipe, to balance side pressures. The difference in backfilJ elevation between the 
sides should not exceed 6 inches. 

The material surrounding the pipe should be carefully compacted by hand operated 
mechanical compaction equipment only, to prevent disturbance of the trench subgrade and to 
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avoid overstressing the pipe. As an alternative, a sheepsfoot compactor mounted on the end 
of a backhoe boom might be used for compaction. Heavy equipment operating over the pipe 
could result in damage to the pipe where soil cover is not sufficient. General guide 
specifications developed by pipe manufacturers recommend that, in order to prevent excessive 
live loads on the pipe (rigid RCP), not less than 3 feet of compacted soil cover should be in­
place before power operated equipment travels over the pipe. It is recommended that the 
minimum soil cover requirements specified by the manufacturers be used. The trench backfill 
materials below this level should be carefully compacted with hand operated compaction 
equipment to avoid overstressing the pipe. Jetting or flooding of backfill should not be 
permitted. 

Treabnent after Completion of Grading 

After grading is completed and our field representative has finished observing the work, no 
further excavation or filling should be done except with the approval of and under the 
observation of a representative of our firm. If, after the grading is complete the subgrade is 
disturbed or an extended period of time has elapsed, we should be notified to re-evaluate the 
subgrade conditions prior to construction of overlying aggregate base or structures. 

It should be the responsibility of the Grading Contractor to prevent erosion of freshly graded 
areas during construction and until such time as permanent drainage has been installed 

Temporary Construction Excavations 

Safety standards set by OSHA limit the height of unshored vertical excavations to 5 feet if 
construction personnel will be working in the excavations. In the event excavations greater 
than 5 feet are required, we recommend using the guidelines published by OSHA. The 
guidelines classify soiJs in detail as Type A, B, or C. In general, Type A soils are stronger, 
Type B soils are intermediate, and Type C soils are weaker. Based on the soil type, depth, 
duration the excavation is open, and sequence of soils exposed in excavation, OSHA 
recommends maximum allowable slopes. For example, for excavations in homogeneous soils 
20 feet or less in depth, they state that maximum allowable slopes (horizontal to vertical) 
should be% to 1, 1 to 1, and IYz to 1 for Type A, Band C soils, respectively. Based on the 
strength of the soil where temporary cuts will be made, the soils at this site are considered to 
be OSHA Type B. 

Sloughing, raveling or erosion could require shoring or flattening of the temporary excavation 
slopes. Equipment and stockpiles should not be located within 10 feet from the edge of 
excavations. 

The Contractor should be responsible for shoring if excavations are located within 5 feet of 
any existing utilities, structures or traveled roadway. 

LIMITATIONS 

The opinions, conclusions, and recommendations contained in this report are based upon the 
information obtained from exploratory borings and CPTs made at widely separated locations, 
review of available data, and upon local experience and engineering judgment. The 
recommendations presented in this report are based on the assumptions that the soil and 
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geologic conditions at or between borings do not deviate substantially from those encountered 
or extrapolated from the exploratory borings and CPTs. In addition, our geotechnical 
opinions, conclusion and recommendations are based on currently available design 
information. Geotechnical issues may arise during design that are not apparent at this time. 
A URS representative should review any design changes that could impact our 
recommendations. 

If any variations or undesirable conditions are encountered during construction, URS should 
be contacted so that supplementary recommendations can be made. Also, if the construction 
is changed from that presently conceived, URS should review the changes and make any 
necessary modifications to the original reconunendations presented in the report in order to 
meet the project needs. 

No investigation of subsurface environmental contamination was performed. 

URS should review the final specifications and drawings when they are available, to verify 
these documents are consistent with the intent of the geotechnical recommendations. 

The recommendations presented in this report were developed with the standard of care 
commonly used as state of the practice in the profession. No other warranties are included, 
either express or implied, as to the professional advice included in this report. 

We are pleased to be of assistance to the City of Santa Clara. Please contact us if any 
questions arise. 

Sincerely, 

I~ 

Attachments 
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FIELD EXPLORATION PROGRAM 
Three (3) exploratory borings and 2 Cone Penetration Tests were performed for this investigation 
at the locations shown on the Site and Boring Location Plan, Figure 1. The borings were 
advanced to a maximwn depth of 3 feet on August 14, 2006 using hand auger equipment. The 
CPTs were advanced on August 17, 2006 to a depth of70 feet. The explorations were made 
under the supervision of a URS representative. At the completion of the work, the holes were 
backfilled with cement grout in accordance with Santa Clara Valley Water District requirements. 

Exploratory Borings 

Samples of the soils encountered in the exploratory borings were hand augered and collected 
with either a modified California sampler (2-inch inside diameter, 2-112-inch outside diameter) 
or as cuttings from the hand auger and placed in a sealed plastic bag. After advancing the 
sampler to the desired depth, the sampler was withdrawn from the borehole. The exposed soil 
was examined, classified, and the samples were sealed to preserve the natural moisture. The 
samples were taken to our geotechnical laboratory for further examination and testing. 

Preliminary soil classifications were made in the field in accordance with the Unified Soil 
Classification System as shown on Figure B-1, and were verified by further examination of the 
samples in the laboratory and by testing. A legend of drilling and sampling operations is 
included as Figure B-2. Logs of the borings were prepared based on the field and laboratory test 
data and are presented in the Log of Test Borings, Figures B-3 through B-5. 

Cone Penetration Tests 

The CPT consists of pushing a cone-tipped probe into the soil deposit while simultaneously 
recording the cone tip resistance and side friction resistance of the soil to penetration. The CPTs 
described in this report were conducted in general accordance with AS 1M specifications (ASTM 
D3441-79) using an electric cone penetrometer. 

The CPT equipment consists of a cone assembly mounted at the end of a series of hollow 
sounding rods. A set of hydraulic rams is used to push the cone and rods into the soil while a 
continuous record of cone and friction resistance versus depth is obtained in both analog and 
digital fonn at the ground surface. A specially designed all-wheel drive truck is used to transport 
and house the test equipment and to provide a 25-ton reaction to the tluust of the hydraulic rams. 

The cone penetrometer assembly consists of a conical tip and a cylindrical friction sleeve. The 
conical tip has a 60-degree apex angle and a projected cross-sectional area of 15 square 
centimeters. The cylindrical friction sleeve has a surface area of200 square centimeters. Both 
the conical tip and the cylindrical friction sleeve have outer diameters of 4.37 centimeters (about 
1 :Y. inches). The interior of the cone penetrometer is instrumented with strain gauges that allow 
simultaneous measurement of cone tip and friction sleeve resistance during penetration. 
Continuous electric signals from the strain gauges are transmitted by a cable in the sounding rods 
to analog and digital data recorders in the CPT truck. 

Data obtained during a CPT consist of continuous stratigraphic information with close vertical 
resolution. Stratigraphic interpretation is based on relationships between cone tip resistance and 
friction resistance. The calculated friction ratio (CPT friction sleeve resistance divided by cone 
tip resistance) is used as an indicator of soil type. Granular soils typically have low friction 
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ratios and high cone resistance, while cohesive or organic soils have high friction ratios and low 
cone resistance. These stratigraphic material categories form the basis for all subsequent 
calculations that utilize the CPT data. 

Computer plots for the reduced CPT data acquired for this investigation are presented in 
Figures B-6 and B-7. 

LABORATORY TESTING 
Samples recovered from the hand auger holes were sealed to prevent moisture loss. The samples 
were then transported to our San Jose laboratory for examination and testing. Laboratory tests 
were performed on selected samples as an aid in classifying the soils and to evaluate the physical 
properties of the soils. Descriptions of the laboratory tests are presented below under the 
appropriate test headings. Test results are presented in the figures that follow. 

Moisture Content 
Moisture content determinations were made on selected samples. The samples were first 
weighed and then were dried in accordance with D 2216- 98, Standard Test Method for 
Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass and D 2937 
- 94, Standard Test Method for Density of Soil in Place by the Drive-Cylinder Method. After 
drying, the weight of each sample was measured, and moisture content was calculated. The 
results of the individual tests are presented in the boring logs at the respective locations of the 
samples. 

Plasticity Index 

Plasticity characteristics were detennined for selected samples by performing Liquid Limit 
and Plastic Limit tests generally in accordance with ASTM D 4318 - 98, Standard Test 
Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils. 

URS 
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SCCC BALLROOM; Santa Clara, California 
BORING LOCATION: 

GROUND SURFACE ELEVATION (ft): 
TOP 01= WELL CASING ELEVATION !ttl: 

DRILLING DRILLER 
DATE STARTED: 

AGENCY DATE FINISHED: 

DRILLING COMPLETION BORING: 45.0 lftl 
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METHOD DROP 
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No.2: No.4: (Sheet 1 of 11 

FIELD TESTS SAMPLES INDEX PROPERTIES 
z z ~ 
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~ ~ ~ li::., ~~ ><:; \!! "3 li:., ~~ ~ !E:.: NOTES 
DESCRIPTION "" - rr~~ ~~i w• ~1! u- u.., OC- <r:(ij wm U- oO!!! 

0~ oa: 2~ O" t-<( ::J> w~ _,oo 
(I)C} w- o...S. U>U. 3;_, 0:=. Z>- "'- OJ~ ::t ~ co.e UU>-

Artow denotes bottom of fill layer ·1 
FILL 

----- 2 inch inside diameter Modified ~ 5- CaHfomia sample 5~ 

It-- 2 Inch outside diameter Standard [ - Split Spoon sample !Standard 

10- Penetration Test) 1Q-

~ Bulk Sample IX 
::< 
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psi 

20- ._____ 
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I faling 30 inches for 12 inches of 29 

penetration 

f-- Blow count with 140-lb hammer I 50/ 
25- faiHng 30 inches for 5 Inches of 25- 5" 

penetration 

'5l-
Groundwater level at time of drilling 

30- 3Q-

~ 
Groundwater at a time after drilling (as 

~ , specified) • 
·-------------------~ 

35 ~ KEY TO LABORATORY TESTS 35-

PP = Pocket Penetrometer reading in tons PP•3.0tsf 
per square foot (tsfl 3.0 

LL = Liquid Limit I%) LLQ42 
PI= Plasticity Index ('lb) Pf=21 

40- I 
NOTE: PI~ LL - (Plastic Limit [%]1 I I I 40-j 

- + !!4 ~ Percentage of mater1a' re'te.~~d on . 1 14=13% 
#4 slave 

I 

-11200=10% 
-11200 = Percentage of material passing 

11200 sieve 

I ... ~ ~PROJECT NO. 28649762 jFigure: B-2 



31' 4107 JGtMftt.tA 9712E 

SCCC BALLROOM; Santa Clara, California 
BORING LOCATION: Santa Clara Convention Center BaDroom I ~~~L CASI~~f~te~~~.g~:(ftl: N/A 

DRILLING DRILLER S.Ball g: ~~ ~~ ~~'fEP= :f~ tJg; 
AGENCY 

[ ~~~~Wj~NT Hand Auger ~~ETION B~~~L~:N7A0 ~~r 
DRILLING Hand Auger DRIUBIT ? -~ 

NJA 
METHOD 

I glt~~~~JYPE N/A ~~~E~sOF DIST: lJNDlST: 

TYPE OF N FROM N/A TO N/A ~ FIRST: N/A ~COMPL.: N/A ~24 hr.: N/A l 
PERFORATION /A 

I g·~~.t~~ TYPE N/A FROM N/A TO N/A ~$GGED S.Balf J~ECKED A.Moore 

TYPE OF 
TYPE FA TO TYPE FR ITO 

LOG. OF BORING B 1 INo. 1:N/A N/A N/A [N~A_ N/A IN/A 
SEAL I No. Z: NIA N/A N/A [No.4: N/A_ N/A IN/A (Sheet 1 of 1) 

FIELD TESTS §_M~ ~ >s_~ 'l't:l riES 
z z 

li; (.) 
0 ~ ~~~ ~!z 

:r 
I 5: MATERIAL ~~ f-

~~~ ~~~ 
I L ~ !(! ~ 

,_ 
(!) 

li:- =:!~ ~ I-

~1 ~ li~ 
z NOTES wz DESCRIPTION WG> Uc fu~ z_ ~~! ~;;: oa: ..liD 0 ., ~~~ St f-8_ 0~ CI)CJ w ..... a.. - 0~ co UJ-

~ 
~ lean to fat CLAY Ct;;UU1J wnn I>\ 

~ 
Soft, wet, dark brown, some organics ~' 

~ 
(grass) c~ 

i 1[~ 
~ 37 

N 
~~ IX 

IX 

1 -
~ ~ 

Le ... to fat CLAY ICUCHJ 

Soft to medium, wet, dark pray brown !" with brown mottling, irrigatoon water 12~ 
[\ 

!"-
I> 
J;~ 

P-1 
. 131>\ 30 Ll=44 

~'.( P1=25 
2- -

~~ 
f! 

[>( 
+Gray with Ught red brown, sand r< 

~ 
mottling 41;{ 28 

D{ 

3 
~li 

LBOTIOM OF BORING AT 3 FEET 

TnR:" li>R,-, NO. 28649762 Figure: 6-3 
I' 



3114J07 JG04BHA 9712E 

SCCC BALLROOM· Santa Clara California ., , 
BORING LOCATION: Santa Clara Convention Center BaUroom I ~~~~~0;E~~Ft~~~~~E~j,~~~6~:1ftt ~ 
DRILLING DRILLER S.Ball I g~i~ STARTED: B/14/06 
AGENCY 8/14/06 

~~~~~~NT Hand Auger i g~r,.~5ETION BORING: 2.5 lftl 
WELL: N/A 1ft) 

DRILLING Hand Auger DRILL BIT 7 HAMMER/ NIA 
METHOD DROP 

l51n:~~JVPE N/A ~~~~E~sor= DlST: UNDIST: 

T~:Jo%rtoN NIA FROM N/A TO N/A 6"~1~R(ft) FIRST: N/A ~COMPL.: NIA ~24 hr.: N/A 
.),1 

~~~~~~TYPE N/A FROM N/A TO N/A 
LOGGED S.Ball I ~~t:(.;l\tv A.Moore BY 

TYPE OF 
TYPE FR TO TYPE FR TO 

INo.l: N/A IN/A IN/A INo. 3: N/A NIA IN/A LOG OF BORING 82 
SEAL ~ N/A IN/A I No.4: N/A N/A IN/A IShaet 1 of 1} 

FIELD TESl~ SAMPrp:; I INDEX PHUf'l::HI rt:> 
z z 

I ~ u 0 w 

ti~ 
l~<t: ~ i~ffi MATERIAL i= Q. 

I!~ 
I :t < 

I~~ ~~~ li~ 
I 

!! ~ li::- ..JQ. ><J 1-

~~ Is~! NOTES 
we _<( DESCRIPTION wa> n.; ~~~- ~~;:-
0~ oa: ..JO> WJ?. 0"1' w" 

(/)(!} w::= o_ <>- oc.e 

~~ ~::::i:.::t':::.:: 
~ brown, some fine grevel 

~ 
~ 
~ )( 

1 lx 29 LL•46 
1'1•26 

1 - - 12~ 
lean to t• CLAY (CUCHI 

~ 
Medium, wet, dark gray with light 
red-brown sand mottling 

[)1 

1>1 

13~~ 29 

~ 
c~ 

2- - 1:~ 

+ Hit gravel at 2-1/2 feet j41\ 
1\ 29 

LBOTTOM OF BORING AT 2-112 FEET 

3- -

-

I IN~ [PROJECT NO. 28649762 jFigure: B-4 



:U141C17 JG04a1A. 9762£ 

SCCC BALLROOM· Santa Clara California , , 
BORING LOCATION: Santa Clara Convtlmion Cemer Ballroom ~~~~D WEUrCASI~~E~~~~~g~:{ftl: N/A 

DRILLING DRILLER S.Ball g~ :::~ ~:~~~~:: 8114/06 
AGENCY 8/14106 

~~~~~~JT Hand Auger 5~t'4';isETION BORING:~A" (m) 
WELL: 

ORIUING Hand Auger DRILL BIT 7 HAMMER/ Nf'A 
METHOD DROP 

g~~:~~~VPE N/A ~1'~~E~"OF DIST: UNDIST: .,,. 
TYPE OF 
PERFORATION N/A FROM N/A TO N/A ~E~~~R{ft) FIRST: N/A 1coMPL.: N/A ~24 hr.: NJA l 

51~~.:~~ TYPE N/A FROM N/A TO N/A ~~GGED S.Ball I svl::"'l\1::1.1 A. Moore 

TYPE OF 
TYPE FR TO TYPE FR TO 

SEAL 
No.1: N/A N/A- N/A INo. 3: NJA N/A N/A LOG OF BORING 83 
No.2: NJA N/A N/A No.4: N/A_ N/A N/A (Sheet 1 of 11 

FIELD TESTS C::AUPII=C:: INDEX tiU 't:HIIE§ 
:z z 0~ 

u 0 If ~ ~" >-

it ~i:lj: 
MATERIAL i= 

I!~ ~ I :r ~;: 
1- g! ~~ ~~ 

I 

I!~ 
~ ~~~ li:, =~ 

w li::; ~~ 
NOTES 

DESCRIPTION 
~ >~;: 8~"'-UJ" oa: ~! U.;:; UJ"' 58~! 0~ 0 .. 0~ 8~ a:w u 

(/)(.!) w- o...t: <nu ocS 

Sandy lean to tafcr.ATICUCHI 
Medium, moist to wet, dark gray brown, rx 
trace fine gravel 

1N 
I)( 26 

IX 

I• 

r" 

1 - - 12~ 24 LL~51 

- ~ Pl-29 f;: 
3~ 18 111 

- ~ 
- ~ll~i!ll! 

POOfiv graded SAND (SP) 

-
Medium dense, moist, light brown 

~ 
"HU r I UM OF BORING AT 1-3/4 FEET 

2- -1 

-

..., 

-

3- -

-

IIIJZ" 'I IP~o~~~ N0.2B649762 JFigure: B-5 -



80 

70 

:H or OH 

60 v a: 

~ 50 

~ 0 
" !; 

/ > 
1- 40 v (} 

/ 
j::: 

CL or OL (/) 
<( 
..J 
c.. 30 v .1%] 

_/ 
20 

/ 
/ 

1\1 H or OH 

10 v 
CL=i\1 / ML or C L 

0 
:> 10 .:!:0 ;Q ~-0 50 ~·o /0 ~::o ~10 1JO 

LIQUID LIMIT, LL 

Boring Sample Depth Test Moisture LL PL PI Description 
Number Number (feet} Symbol Content 1%) 

61 3 2 • 30 44 20 24 Sandy lean CLAY (CL) with gravel 

82 1 1 1::1 29 46 20 26 Sandy lean CLAY (Cl) 

83 2 1 • 24 51 22 29 Sandy lean to fat CLAY {CL/CHI 

Project: SCCC BALLROOM PLASTICITY CHART Figure B-6 
Project Number: 28649762 

)/l4107 JATT94 9762f 1JRS" 



!JII! ll' URS SitE?: SANTA CLARA BALLROOM Eng 1 neE?r-: R.KRESS I 
Loca!lon:CPT-01 DatE?:08:17:06 08:43 ~ 
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fs ( tsf) 

0,0 5.0 

Rf (%) 

0 10 

Hand Augs>l' 

r: 
--~ 
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. ··---~ 

I 
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SPT N(60) 
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Hana fugE?r­
! 
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r!"! I [ uRS ------:·t ~: SANTA CLARA BALLROOM U l.ocatlCJn: CPT-01 

Er:g1 nee.-: R. KRESS 

Date:08:17:06 08:43 

,......._ 
+> 
Cj.. 

.c 
+> 
a 
Cl 
C) 

qt ( tsf) 

0 
ot---:- 1 

-10 

-40 

-50 

-60 

-70 

Hand Auge.-

(' 
.... (/ .. ········ .... , ....................... . 

(_~ 

··--··--·r···············--··········-1 

.......................... -i- ····-···-·····--·····-· 

. --:=p-
~i 

( 

L 
c> 

) t·r·· . 
.=== i 1 1 : , 

-;········ .. f .... .. l 
(>- l 
6. ' I I I 

Ma>-:. Depth: 70.21 (ft) 

Oepth [nc.: 0.164 (f t) 

fs (tsf) 

0.0 5.0 

I I .+--T ' i I LJ 

U (psi) 

0 50 

··r·········-··· 

rfi·--+······--: 
i ' 

-~:--~ ............. . 
; . 

t 
l 

-L·--··· 
'' 

Rf (%) SBT 

0 10 0 12 
! I I I iJ 

Hand ~uge.- j L I ~"o<nnad 
~~7.4&-Y Sll t 

Ci..iilll,IPtJ Stlt 

Stltu Ci.ily 

~~~4 
.::~Yii'Y S1lt 
Stlty Cl~y 

1 

r-:::- 1 ~~~y 

Cl~L,ic:>y S1lt .. ll -""""" ''" . ·:· ~;".._ , Stl t 

i l 
Stlt 

Stl t y Soano...-S~nd 

S:and 

~~~..,li'l.,l S1lt 

Stlty Cl•y 

Cl.iilly 

Cll!!!llJ•t..~ S1.lt 

':~~Y•l,l St 1• 

~~~4 
tlay&P>y S1lt 

C~.;n,tfil'"oo S1l r 

Sdt 
~:~YP4 S.lt 

Sllty Cl•y 
Cl01~ 

Stlty Cl.ii~I.J 

C.:.•y•y Stl: 

Stlf 

f ~ j nr'~ I =~~Y~~ s.c' 

I I~ I I I ~'lillflj~~ 
SST: Soll 8e"lavlot' Type CRobertscn 1990) 



i!U, I 1 URS S1 te: SANTA CLA~A BAL~ROOM U Locatlon:CPT-02 

Eng1neer: R.KRESS 

Date: OS: 17:06 1~:03 
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+> 
"--
'--~ 
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+> 
(l 
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qt (tsf) 

200 
I 

I I I I ! I I I 
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7--··· -.! ........... --·· -~ 
> < 

-2DlF·············· 

~ 
-3o+--·E·T= 

-40--·-

-50 

-60 

M.3x. Depth: 70.21 ( f:) 

0;?pth Inc.: 0.164 (ft) 

fs (tsf) 

0.0 0 

Rf (%) 

10 

..... J 

-~ 
~~ I 

c::···············-1 

. ······-····---

~ 
)h 
"-: 1 

~ ·····-~---- ---

SPT N(60) 

0 50 0 

···~···· 

~ 

.. ·:····--··--·······j 

: l 
j 

····1 

SBT 

12 
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Cl•...r 
~:_~ty Cl ;;JY 
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:~!Y 

Cl.;y 
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Clay Iii'~ Sll, t 
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Cl•y 
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Cl ~~J 
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Cl~o..,~ 
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ct~y .. y s, 1 [ 

~~~"" 
Cl.,I.J 
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!'! ll- URS S1te: SAN;A CLARA BALLROOM [ng 1 neer-: R.KQESS -~ 
Loca'lon:CPT-02 Da:e:OB: 17:06 11:03 _______j 
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~-
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0 200 
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