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1.0 EXECUTIVE SUMMARY 

This report presents the results of a geotechnical Investigation for Project 
Unit A165 which will consist of the 7th/Flower Station. This facility will be 
part of the proposed 18-mile long Metro Rail Project in the Los Angeles area. 
The purpose of the investigation Is to provide geotechnical ihfOñnation to be 
used by design firms in preparing designs for the project. Although this 
report may be used for construction put'poses, it Is not intended to provide 
all the geotechnical information that may be required to construct the 
project. 

The subsurface conditions (see Drawings 3 and 4) consist..of Young alluvium (A 
and A9) overlying Fernando Formation slltstone bedrock (C). The thickness 
the Ybung alluvium ranges from about 35 feet at the nortwest end of the 
Station to about 50 feet near the southeast end. This variation is related to 
the alignment being near the margin of the Los Angeles basin. The Young 
allüviurñ consisted of an upper 15- to 20-foot thick medium dense/medium stiff 
fine-grainS alluvium (A ) underlain by 15 to 20 feet of dense granular 
alluvium (A1). The bed'ock consists primarily of clayey siltstone. In 

general, the static ground water table occurred within the bledrock. However, 
locally, areas of perched water occurred within the alluvium. 

Construction of the 7th/Flower Station will involve making a 50- to 60-foot 
deep excavation through the alluvium and into the underlying bedrocI. Que to 
the proximity of several large existing structures, it is our opinion that 
underpinning and/or construction of a stiff shoring wall will be required. 
The permanent ground water appears to be relatively deep and occurs within 
relatively impermeable bedrock. The permanent structUre will bear on bedrock 
and retain alluvium and bedrock. 

he geotechnical evaluations and design criteria presented in this report 
include: 

EXCAVATION DEWATERItIG: In our opinion, there will generally be only 
minor ground water inflows into the excavation during construction. 
Locally, zones of perched ground water may be encountered within the 
alluvium which will produce temporary increased inflows. 

UNDERPINNING: The report presents general guidelines 
need to consider underpinning. Based on this and 
existing structures, underpinning will ptobably be 
"ri.gt&' shoring is used. 

for assessing the 

the proximity of 

requi red uñl ess 

TEMPORARY EXCAVATION SHORING SYSTEM: We understand that the. eAcavation 
system will be chosen and designed by the contractor in accordance with 
specified criteria and subject to review and acceptance by the Metro Rail 
Transit Consultants. Due to the existence of deep basements adjac,t to 
the proposed Station excavation, it is unlikely that tiebacks will be 

used as the primary shoring support. In our opinion the cdrittactor will 

-1- 
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most likely propose a shoring system consisting of one of the following 
systems with internal bracing for lateral support: 

conventional Soldier Pile Wall: Significant buildings located 
within the underpinning zone would require underpinning. 

Conservative Soldier Pile Wall: This would consist of a conserva- 
tively designed and constructed soldier pile wall which would limit 
ground movements and may eliminate the need to underpin adjacent 
buildings. In general, this would consist of using higher design 
lateral loads and Implementing several destgn and constructiOn 
procedures intended to reduce ground movements to less than about 
3/4 inch. 

Slurry Wall.: Installation of a properly designed and constructed 
slurry wall should eliminate the need to underpin adjacent build- 
ings. This system would also require design and construction 
procedures to reduce ground movements to less than about 3/4 inch. 

Accordingly, the discussions and design criteria presented in the report 
pertain to these general shoring methods. Other systems may also be 
appropriate and should be considered by the contractor. The report 
provides technical support for the concept of the conservative soldier 
pile wall including a review of the performance of several shoring 
systems in similar ground conditions. 

° EXCAVATION INSTRUMENTATION PROGRAM: In our opinion the -proposed exca- 
vation should be instrumented. The recommended instrumentation program 
includes a preconstruction survey, surface survey control, inclinometer 
measurements, vertical settlement profiles, subgrade heave monitoring, 
convergence measUrements, tieback or strut load monitoring, and testing 
of slurry consistency (if slurry walls are used). In our opinion it is 

ithportant that the installation and measurements of the instrumentation 
devices be: under the direction and control of the Engineer. 

FOUNDATIONS: The Station structure can be adequately supported on the 
bedrock and dense alluvium expected to be axposed at the folundation 
elevation. The report also presents allowable footing bearing pressures, 
and estimates of foundation settlements for support of surface struc- 
tures. 

PERMANENT aRouN WAtER PROVISIONS: Selected design ground w3ter levels 
extend to sithin about 20 feet of the ground surface at the northwest end 
of the structure. We understand that the Station will probably be made 
Water' tight below the maximum anticipated hydrostatic pressures. An 
alternative would involve providing an unde.rdrain system around and below 
the Station. In our opinion, a dfainage system would be geotechnically 
feasible since the gFoimnd water inflows and pumping rates are expected to 
be small. 

0 
LQADS ON SLABS AND WALLS The report presents recommended lateral design 
loads dn the pernanent structures. 

-2- 
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LIQUEFACTION POTENTIAL: Based on existing data, the site Is not exp4cted 

S to have an extensive thickness of saturated granular soils, since 
measured perched water levels were near the bedrock surface. However, 
liquefaction of granular soils could affect foundation support at the 
southeast end of the structure as well as lateral wall pressures and 
shallow entrance structures. Thus, a simplified liquefaction analysis 
was p:erformed. Based on the results of the analysis, and our engineering 
judg'ement, it. is our opinion that te site would not be subject to 

liquefaction during ground shaking produced by the postulated earthquake 
motions. 

S 
-3-. 
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2.0 INTRODUCTION 

This report presents the results of a geotechnical invetigation for Design 
Unit A165 which will consist of the 7th/Flower Station. This facility will be 
part of the proposed 18-mile long Metro Rail Project (see Drawing 1, Vicinity 
Map). The purpose of the investigation is to provide geotechnical Information 
to be used by the design firms In preparing designs of the project. Although 
this report may be used for construction purposes, It is not intended to 
provide all the geotechnical information that may be required to construct 
the project. The work performed for this study included borings, laboratory 
testing, engineering analyses, and development of geotechnical recomenda- 
tions. 

Additional geotechnical information on the project is included in the follow- 
ing reports: 

"Geotechnical Investigation Report, Metro Rail Project", Volume I - 

Report, and Volume. .11 - Appendices, prepared by Converse Ward Davis 
Dixon, Earth Sciences Associates, and Geo/Resource Consultants, submitted 
to SCRTD in November 1981: This report presents preliminary geologic, and 
geotechnical data for the entire project. The report also comments on 

tunneling and shoring experience and practices In the Los Angeles area. 

°Seismological Investigation & Design Criteria, Metro Rail Project", 
prepared by Converse Consultants, Lindvall, Richter & Associates, Earth 
Sciences Associates, and Geo/Resource Consultants, submitted to SCRTD in 

May 1983: This report presents the results of a seismological investiga- 
tion and establishes seismic design criteria for the project. 

o "Geologic Aspects of Tunneling in the Los Angeles rea" (USGS Map No. 

MF866, 1977), prepared by the U.S. Geological 'Survey in cooperation with 
the U.S. Department of Transportation. This publication includes a 

compilation of boring data in the general vlcinit of the proposed Metro 
Rail Project. 

O "Rapid Transit System Backbone Route", Volume IV, Book 1, 2 and 3, 

prepared by Kaiser Engineers June, 1962 for the Los Angeles Metropolitan 
Transit Authority. This report presents the results of a Test Boring 
Program for the Wilshire Corridor and logs of borings. 

LTD 

Pertinent. data from these previous reports have been incorporated Ih this 

report. 

The design concepts evaluated in this gedtechnical report are based on the 
"Draft Report for the Development of Milestone 10: Fixed Facilities: dated 
March 1983 and revised plans A-18 through A-20 dated April 28, 1983. These 
documents were prepared for ScRTD by Harry Weese & Associates, 
Tippetts-Abbett-McCarthy-Stratton, Envirtrimental Collaborative., Inc. and Gin 

Wong Associates. 

-4- 
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3.0 PROJECT AND SITE DESCRIPTION 

3.1 SITE DESCRIPTION 

The proposed 7th/Flower Station structure, as shown on Drawings 1., 2 and 3, 

will be located within 7th Street, between Hope and Figueroa streets. The 
Station will extend through the intersection of 7th and Flower streets. Land 
use in the area includes high-rise office towers, street-level retail and 
coimnerclal space, departutent stores, and restaurants. Seventh Street Is a 

nMjor auto, bus and pedestrian artery through the Central Business District. 
The immediate area contains no un4eveloped land, with the exception of the 
southwest corner of Figueroa and 7th Stret. This site. is the loöation of the 
proposed Pacific Plaza Project which will contain over 3 million square feet 
of office and conunercial/retail spate. 

Several large existing buildings are located within 10 feet of the proposed 
Station. We understand that these buildings are supported on spread footings 
and have relatively deep basement structures. The major structures include: 

The Broadway Plaza Cbuiplex: a 33-story office complex and a 24-story 
hotel with about. a 40-foot deep basement. 

° The Barker Brothers Building: includes about a 30-foot deep basement. 

The Roosevelt Building: includes about a 25-foot deep basement1 

° The Global Marine Building: Includes about a 20-foot deep basement. 

The surface topography slopes gently to the. Southeast with the slope increas- 
ing somewhat at the east end of the proposed Station. The surface elevation 
ranges from about Elevation 275 at the northwest end to Eleyation 268 at the 
southeast end. Area vegetation is limited to trees planted in the. sidewalk 
along 7th Street. 

3.2 PROPOSED STATION 

the proposed Station structure will be about 640 feet long, 65 feet wide and 
40 feet high. The Station will include two surface entry structures and an 

underground entry from the Broadway Plaza Complek. The proposed top of rail 

is at an elevation of about 224. Assuming that the bottom of slab will be 
about 4 to 6 feet thick, construction of the Station will require an exca- 

vation extending to about Elevation 219. This will be about a 50- to 60-folot 
deep excavation. 

It is understood that the permanent structure will be designed as a rigid 
reinforced concrete box with one row of interior columns located along the 
longitudinal centerline of the Station. The roof slab will svpport about 7 to 
15 feet of fill. 

-5- 
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Assuming that the 7th Street cannot be. closed entirely to vehicular traffic, 
the planned construction sequence may.include: 

o TemporarIly closing one side of 7th Street; 

° Installing a shoring system, and center Street decking sUpport. piles.; 

o Excavating some. 10 feet and placing a concrete or wooden decking system 
as a temporary street; 

o Moving the traffic to the decked side, installing shoring on the other 
side and excavating; . 

o Decking Over the second side of the street and completing the excavation; 

o Constructing the permanent structure, backfilling, removing the decking, 
and reconstructing 7th Street. 

CCl/ESAIGRC 
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S4.0 FIELD EXPLORATION AND LABORATORY TESTING 

4.1 GENERAL 

The conclusions and reconflendations presented In this report are based pri- 
marily on the field. and laboratory investigations performed in 1983 for this 
study and those performed tn 1981 for the initial Geotechnical Investigation 
Report. In addition, the subsurface data compiled in 1977 by the USGS and by 
Kaiser Engineers in 1962 were. reviewed.. A comprehensive research of all 

existing boring data in the vicinity of the Project was beyond the scope. of 
this replort. Thus there may be additional boring data developed for specific. 
buildings adjacent to the. Station which may be reviewed by the designer and 
contractor. 

In general the field and laboratory geotechnical studies included borings, 
ground water observation wells, field gas measurements, water quality labora- 
tory tests, and soil/rock laboratory tests. 

4.2 BORINGS 

The 1983 field exploration included four borings (9-1. to 9-4) each drilled to 
about 85 feet. The 1981 exploration program In this Section included the 
200-foot deep Boring CEG-9. In addition, the USGS (Yerkes) identified four 
borings In the area. Ground water observation wells were installed In Borings 

S CEG-9, 9-1 and 9-4. Observation wells generally consisted of a perforated 
section within the lower 50 feet .f the boring with a gravel backfill placed 
to the surface seal. Section 5.4 presents a sumàry of ground water level 

measurerpents obtained from the observation wells. Detailed descriptions of 
the field procedures for both the 1981 and 1983 boring programs arE. Dresented 
in Appendix A. 

L. 

4.3 WATER QUALITY ANALYSES 

Water quality analyses were performed on water samples taken ftoñi boring 
CEG-9. The results are presented in Appendix C. The water was tested fo 
basic cations, anions, conductivity, total dissolved solids, pH, turbidity and 
boron. 

4.4 GEOTECHNICAL LABORATORY TESTING 

A laboratory testing program was performed on representative soil and rock 

samples. These consisted of classification tests., consolidation tests, 
triaxial compression tests, resonant coluñi tests, unconfined compression 
tests, direct shear tests, and permeability tests. 

Appendix 0 suninarizes the testing procedures and presents the results from 
both the 1981 a.nd 1983 programs. 
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5.0 SUBSURFACE CONDITIONS 

5.1 GENERAL 

Based on the field and laboratory data presented In Apendi.ces A, B and D, the 
geologic sequence in the site area (see Drawings 2 and 4) consists of arti- 
ficial fill, granular Young alluvium (A1), fine-grained Young alluvium (Ag.), 

Old alluvium (A. and A4) and bedrock bf the Fernando Formation (C). The 
geolo4ic units iliclude: 

Artificial fill: This includes man-made fills placed for construction of 
existing structures and strEets. 

Young alluvium (fine-grainS) - A This deposit is also of Holocene age 
but was deposited in re1ativej "quiet" water. The unit normally 
consists of silts and clayey silts. The unit Was often found interbedded 
with the granular alluvium. 

0 Old alluvium A1 and A5: These deposits are of Pleistocene age. At this 

location these materials consist of sand-clay mixtures ranging from 
clayey sand to sandy clay Consistency Is dense to very dense and stiff 

to very stiff. 

0 Young alluvium (granular) - A : us deposit, which is of Holocene age, 
is primarily sands and graeis deposited in swift-flowing streams. 
Locally, the unit may contain boulders up to 2 to 3 feet ui diameter. 

o 
Fernando Formation - C: The bedrock underlying the. proposed Station is 

Pliocene age and composed of well stratified, gently dipping, weak 
.siltstones and claystones. Local hard beds or nodules ranging from less 
than 1 inch to more than 3 feet thick may be encountered.. It is esti- 

mated that these hard zones comprise less than 1% of the Formation. 

The Los Angeles anticline (upfbld), a major geologic structure trending about 
N7OW., influences the dip of the bedrock strata. There aPe no knoWn active or 
potentially active faults identified in the Station area. 

Drawings 2 and 4 show subsurface. profiles and cross-sections through the site. 

ThIe thicknes.s of the Young alluviuth ranges from about 35 fEet at the northwest 
side of the Station to abdut 50 feet at the southeast side This variation is 

related to the alignment being near the margin of the Los Angels basin. In 

general., the static ground water table was observed to occur within the 
bedrock. However local areas of perched water may exist within the alluvium. 

5.2 SUBSOILS 

Specific descriptions of the soil units encountered in the borings include: 

° Fill: Although not positively identified in our borings, areas adjacent 
to existing buildings undoubtedly are underlain by fill within the zone 
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of the basement backfill. It is believed that the fill is probably 
variable Including both granular and fine-grained soils with possible 
building debris. 

Upper fine-.grained alluvium (A and A ): This upper unit was 15 tO 20 
feet thick and included interbeded sifty sands, claye9 sands, and silty 
clays. The Standard Penetration Resistance during sampling ranged from 
about 15 to 30 blows per feet. Based on these data and the laboratory 
densities, we believe that. the soil is generally medium dense or medium 
stiff. Although classified as alluvium in our boring logs, some of the 
materials encountered may be fill. 

Granular alluvium (A.1 and A ): All the borings encountered primarily 
dense sand and gravel below 2 depth of about 15 to 20 feet. and extending 
to the top of rock. In Boring 9-1, the material wasa clayey sand and 
gravel with as much as 20% fines. In the other borings, the. Unit was 
primarily clean sands and gravels. .At a depth of aboUt 25 to 35 feet, 
Borings CEG-9 and 9-3 encountered about. 10 feet of interbedded dense/ 
stiff sands, silty sands, sandy silts, and silty clays within the overall 
sand and gravel formation. 

5.3 BEDROCK (C) 

the bedrock encountered in the borings consisted predominantly of weak clayey 
giltstones, The bedrock contained occasional zones of concretlons and cOn- 
centrated shells up ,to 3 inc.Ies tj,ick. Scattered shells and hell. fragments 
occurred throughout the rock. The bedding observed in the boring samples was 
massive and with observed bedding dipping from about 5-degrees to 30-degrees 
(to the horizontal). Based on local geologic conditions, it is believed that 
the bedding strikes east-west and dips to the south. 

5.4 GROUND WATER AND GAS CONDITIONS 

the ite lies within the Los Angeles forebay area hydrologic unit which is 

part of the Central ground water basin. The term "forebay" refers to a 

recharge area where substantial infiltration qf surface water can occur.. 

Ground water occurs both in the alluvial deposits and within the sedimentary 
bedrock of the Puente and Fernando Formations.. However, in most locations in 

the forebay area, ground water levels within the bedrock are 50 to 100 feet or 
more below the bedrock surface. This indicates that ground water within the 
alluvium is "perched" over the bedrock surface. This conclusion has b.een 

verified by deep excavation into the Puente and Fernando Formations in the Los 
Angeles forebay area. Water can, however, occur in structural discontinuities 
within the bedrock such as joints, fractures, etc. 

Ground water levels measured in Borings CEG-9, 9-1 and 9-4 are presented 
below. Based on regional ground water data (Los Angeles County Flood Control, 
1975), the static, continuous ground water table. appears to Occur within the 
bedrock some 50 t.o 100 feet below the bedrock surface. Ground water levels in 

Borings CEG-9 and 9-4 were measured slightly below the top of the bedrock 
surfade. However, these piezometers did not include a seal between the 
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alluvium and the bedrock. Thus the readings may reflect some infiltration of 
perched water from the alluvium to the relatively impermeable bedrock. Ground 
water measured in Boring 9-1 was some 5 feet above the. top of the bedrock 
within a clayey sand and gravel unit. in our opinion, this ground water 
represents a "perched" ground water condition caUsed b infiltration being 
trapped In te relatively fine-grained clayey sand and gravel unit. Most of 
the borings drilled for the adjacent Broadway Plaza did not encounter ground 
water. The borings that did encounter ground water indicated seepage within 
the alluvium slightly above the bedrock surface. The alluvial interval 
between the top of the perched water table where. it occurs and the top of 
bedrock, is considered saturated. The interval from the top of bedrock to the 
permanent ground water level is judged to be near saturation but not sub.- 

merged. 

GROUND WATER ELEVATIONS Cf t 

BORING 3/07/81 6/17/81 4/28/82 4/04/83 4/27/83 6/08/83 .9/02/83 

CEG-9 216 215 214 216 

9-1 245 245 245 244 

9-4 204 202 201 205 

*Rounded to the nearest foot. 

The Union Station Oil Field a.nd Los Angeles City Oil Field are located 3000 
feet south and north, respectively, from the alignment. Littli Is known about 
these oil fields, but it apparently does produce from bedrock formations at 
shallOw depths. Hydrogen sulfide and hydrocarbon odors were detected (sub- 
jective observations without measurements) in all the borings except Boring 
CEG-9. However, lateral migration from 'the oil, field into the proposed 
Statton excavations is a distinct likelihood, and therefore based on these 
data it is' our opinion that the site should be considered gassy. It is 

understood that. gas monitoring facilities have been installed along S 
alignment by Engineering Sciences Inc. The report describing the results of 
the s monitoring should be consulted by interested parties for a more 
detailed view of gas conditions in this area. 

5.5 E}IGINEERING PROPERTIES OF SUBSURFACE MATERIALS 

5.5.1 General 

For purposes of our engineering evaluations and development of design rec- 
ommendations, the geologic units at the site were grouped as fill, upper 
fine-grained alluvium1 lower granular alluvium and Fernando Formation bedrock. 
This section includes engineering descriptions of each geologic unit and, in 

table 5-i, presents the engineering parameters used in our analyses. These 
parameters are based on the laboratory test reslults (Appendix 0), field test 
results' (Appendices A and B), data from previous investiations., and published 
data of observed and recorded field behavior on recent, construction projects. 
Therefore, the parameters are based on factual data and engineering judgement.. 
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U 
TABLE 5-1 

MATERIAL PROPERTIES SELECTED FOR STATIC DESIGN 

FINE-GRAINtD GRANULAR FE1ANOQ 
MATER I AL PROPERTY FILL ALLUV I UM. ALLUVIUM BEDROCK 

Moist Density Above Ground Water (pcf) 123 125 125 129 

Saturated Density (pcf) - - 132. 120 

Effective Stress Strength 
6' (degrees) 25 - 

c' (psf) 0 - 

Total Stress Strength** 
6 (degrees) - 15 
a (psf) - 1000 

Unconfined Compressive Strength (pst) - 

Permeability (cm/sea) 1O' to 

Initial Tingérit Mo4ulus (psf) 3 .x 10 

37 
0 

35 
0 

- _1O 

-. 5000 

- 10,000 

io2 to 10 to 

25O.a.t 2 106 

Poissons Ratio (dry) - Q.4 0,35 O.35 

* a,,, is the effective overburden pressure (psf) equal to effective d5nsity times 
overbur4en depth. Moist density should be used to determine a above the water 
table and submerged density (saturated density minus watir densitl nO used for the 
effective densit9 of soils below the water table. 

** The total stress strength was used in undrained strength analyses where 6=0° with the 
total stress friction angle used to determine the increase in undrained strength with 
depth. 

5.5.2 Fill 

Fill soils are exp:ected to be. variable and will probably include soil types 
such as sands, silts and clays with occasional building debris. Due to the 
expected variability and possible occurrences of soft/loose zones, relatively 
conservative strength parameters were used. In general, it was felt that 
drained (effective, strength) properties shoul,d be utilized in design since 
these materials are generally above the water table and only partially 
saturated. 

5.5.3 Alluvium (upper ftnegratned) 

The upper fine-grained soils were generally classified as silty clay, inter- 
beded with sandy clay, clayey sand and ilty sand, consistency of these 
materials is considered to be firm to stiff and medium dense to dense based on 
sampling resistance, density and Strength measurements. Compressibility is 

considered to be low based on the soil stiffness. Direct shear test data 
obtaihed for fine-grained soils at this Station and on similar soils 'from 

other sections of the Rail Project are presented in Figure 0-1. All samples 
tested were allowed to consolidate prior to rapid shearing. The test condi- 
tions were assumed to represent consolidated-undrained strength. Undrained 
strength was judged to be appropriate and generally conservative for these 
materials assuming little or no overconsolidation. Based on the estimated 
average consolidation pressure of the fine-grained alluvial materials at the 
site, an average undrained strength was selected for Use in ô00 analyses. 

Elastic constants for these materials were based primarily on published data 
and engineering judgement. 
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5.5.4 Alluvium (lower granular) 

The lower granular alluvium encountered consisted primarily of 
silt-sand-gravel mixtures, and these materials were generally classified as 
clayey sand, gravelly sand ad sandy gravel. Standard Penetration Test (SPT) 
results and laboratory densities indicate the lower sands are dense to very 
dense. Most of these materials lie above the water table; however, the lower 
portions of this unit are near or below the water table. Permeability of the 
sanq Is expected to vary significarly between the clayey sand materials 
(10 cm/sec) and gravelly layers (10 ) which may be. encountered. 

Strength tests performed on the sand soils included both direct s.hear ayid 

triaxial compression tests.. Considering that this unit is primarily high 
permeability gravel.s and sands, drained (effective.) strength parameters were 
considered appropriate for static design. Effective strength data. for this 
unit are summarized in Fjigure D-2 of Appendix D. Figure D-2 also Includes 
test data obtained on similar soils from other Sections of the Rail Project. 

Elastic properties for the granular alluvium were based on the laboratory 
triaxial and consolidation (oedometer) tests combined with published data and 
engineering judgement. Modulus data on soils samples from this Project 
Section and similar soil samples from other Rail Sections are summarized in 

Figure D-3 of Appendix D. The data indicate that the modulus increases 
linearly with confining pressure. This characteristic is consistent with 
published data. The modulus value is presented in terms of the effective 
overburden pressure. 

5.5.5 Fernando Formation Bedrock 

the Fernando Formation claystone and stltstone was considered to be a very 
stiff to hard overconsolidated fine-grained soil for the purpose of our 
engineering evaluations. Based on high stress clonsolidation tests (Appendix 
0), maximum past consolidation pressure may be on the order of 100 ksf. 

Due to the overconsolidated nature of the bedrock materials and the various 
loading conditions, both the drained (effective) and undrained (total) 
strength parameters were. considered in developing design recomendations. 
Strength parameters presented in Table 5-1 were intended to represent the 
relatively fresh bedrock encountered about 5 feet below the bedrock surface 
and were based on interpretation of triaxial , tinconfiried compression and 
direct shear tests combined with Our engineering judgement. Figures 0-4 and 
0-S in Appendix 0 sUmmarize both effective stress and total stress laboratory 
strength data on samples of bedrock obtained from the 7th/Flower Station and 
other Sections of the Rail Project. The total stress data on Figure 0-4 
indicate a relatively high undrained friction angle. However, experience and 
concepts of soil mechanics predict that the undrained strength of the bedrock 
should approach that of a pure cohesive material. Published data indicate 
consolidated undrained c/p (cohesion/vertical stress) ratios range from about 
0.15 to 0.25 even for normally consolidated low plasticity fine-grained soils. 
the undrained friction angle of 10-degrees i.s intended to reflect some 
increased undraineld strength with depth and corresponds to a c/p of about O2. 
Thus these undrained parameters were used in undrained analyses where 0=00 but 
undrained strength was assumed to increased with depth. 
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Bedrock elastic properties were selected based on consideration of field 
performance data, laboratory test data and published information combined with 
engineering iludgement. Figure 0-6 in Appendix 0 suimiarizes the bedrock 
modulus data for samples from this Design Unit as well as samples from other 

Desigmn Units. For this investigation, the highly overconsolidated bledrock 
matérial was considered to have no significant modulus increase Within the 
range of depth affected by the proposed station. The apparent variation of 
modulus values at! low confining pressures indicated by the laboratory data may 
be due to several factors including the effects of sample disturbance ad 
sample expansion after in situ stresses were removed. Very little data on in 
sitU modulus of the Puente/Fernando formation bedrock is available. Heave 
monitoring data for an excavation on the order of 50 feet. deep at the 
Equitable Life BuildIng, 3435 Wilshire Boulevatc, (Evans, 1968)were obtained 
and evaluated to determine the average bedrock modulus consistent with the 
observed heave. The selected constant modulus value presented in Table 5-1 is 
consistent with the observed bedrock. heave and laboratory measurements at 
higher confiing pressures. 

-13- 
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6.0 GEOTECHNICAL EVALUATIdNS AND DESIGN CRITERIA 

6.1 GENERAL 

In general terms1 cpnstruction of the 7th/Flower Station will Involve making a 
50- to 60-foot deep excavation through Recent Alluvium and into soft bedrotk. 
Due to the proximity of several large e1sting structures., underpinning and/or 
construction of a stiff shoring wall will be required. The ground water 
appears to be relatively deep, and occurs within the relatively Impermeable 
bedrock. The permanent r'einforced concrete structure will bear on bedrock and 
retain bedrock and alluvium. 

The primary geetechnical considerations at the 7th/Flower site Include: 

o Design and construction of the temporary shoriiig system; 

o Determining the need for and type of underpinning; this depends strongly 
on the. type of shoring; 

o Recommendations for soil and water loads on permanent structures; 

o Earthquake design criteria. 

6.2 EXCAVATION DEWATERING 

As discussed in Section 5.4, the regional ground water table is believed to 

occur deep within the bedrock below the Alluvium.. Boring 9-1 did encounter 
ground water within a clay . y sand and gravel alluvium layer. However, we 
believe that this does not represent a continuous condition but a zone of 
perched ground water. 

Based -on existing data, it Is our opinion that. there will generally be only 
minor ground water inflows during construction. We believe that these inflows 
could be handled with sumps frOm within the excavation. Considering the 
generally minor inflows expected, subsidence due to ground water lowering 
during excavation is epected to b.e insignificant. Although unlikely, local 
zones of trapped perched ground watë could result in a temporary large inflqw 
of ground water within the alluvium. Use of a slurry wall would eliminate 
this potential problem. 

High, temporary inflows cquld be a potentially serious problem if soldier 
piles are used in areas adjacent to existing structures. A possible solution 
might include installation of welipoints .duhng the excavation in areas where 
wet conditioni are encountered. The wellpoint could be installed withip the 
excavation between soldier piles to dEwäter specific zones. Once the excava- 
tion extends to the leel of the well points, they could be removed. The 
contractor should submit! in writing, his planned method of resolving this 

problem should it occur. 

As indicated in Section 5.4, hydrogen sulfid.e and hydrocarbon odors were 
detected (smelled) in the borings. It is possible that. gas production could 
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occur during excavation and dewatering. In addition, water quality results 
presented iii Appendix C should be reviewed by ttie contractor. 

The contractor should be prepared to deal with potential operational and 
environmental problems associated with ground water quality and/or gas produc- 
tion during excavation and dewatering. Water quality analysis results must be 
submitted to the Regional Water Quality Control Board fOr evaluatIon. A 
permit may be required prior to discharging water to the storm drain systems. 

6.3 UNDERPINNING 

6.3.1 General 

The need to underpin and the appropriate type of underpinning for! specific 
buildings located adjacent to the proposed excavation depend on many factors 
which cannot be generalized. Thus, each structure must be evaluated sepa- 
rate ly. 

Figure 6-1 presents guidelines for assessing when underpinning needs to be 
considered. Based on this figure, underpinning of several existing structures 
niay be required if a conventional shoring wall is installed. 

A relatively rigid shoring wall could be constructed which may sufficiently 
minimize ground movements to eliminate the need to unØerpin. Section 6.4 
presents rEcommendations for these types of walls which include a slurry wall 
and a conservative soldier pile wall. 

Several methods for underpinning are commonly used in the Los Angeles area. 
These include jacked piles, slant drilled piers, and! hand-dug pit or pier 
underpinning. Another tqhnique used at BART was the "column pick-up" method 
which provided a means of jacking up selected columns in the! event settlements 
did occur. 

6.3.2 Common Underpinning/Support Methods 

Several underpinning/supplort methods are considered feasible including: 

Jacked Piles:: These piles generally consist of H-sections or open end 
pipe piles 6 to 18 inches in diameter. These sections are normally 
preferred due to their relatively low volume of displacement which 
facilitates placement. Op!eil end pipe sections also have the advantage of 
permitting clean-out to reduce end bearing and shaft resistance during 
installation!. The piles are placed in 4- to 5-foot long sections by 
jacking against the underpinned footing. Jacked piles are commonly 
re-loaded individually to 150% of the! de-ign load and then locked off at 
the design load. 

Slant 
Qrilled Piles: This consist of placing a steel pile in a shaft 

(generally 12! to 24 inches in diameter) drilled from the side of the 
foundation. The shaft! is drilled at a small angle or slant under the 
foundation. The actual connection to the foundation is accomplished by 
excavating a vertical slot below the foundation and placing a steel pile 

-15- 

001/ES A / GR C 



/ila /6r4'CVf rsr -,csr,c'l -WztVV, 
i 

1 \ 1. Shoied Eccvation 

© .%,.® \ ® 
'S 

'S 
'S 

'5_ ' 
'S ' 
S.' 
'5\ 

Stable, Dewatered Subgrade 

NOTES: 1.) These guideUns are applicable only for sfl if or dense stable 
ground conditions.. 

2.) For structure foundations bearing in zones A, B or C,the 
following guidelines are presented: 

ZONE Special Provisions Required. f or Important Structures; 

Underpinning or construction of conservative shoring 

r'l system (designed to support lateral loads from 
building foundations with acceptably small ground 
movements) must be considered. 

ZONE® Generally.No Special Provisions Reguired: 

Properly designed shoring system generally adequate 
without Underpinning unless underlain by poor soils 

j. or adjacent to espeially ensltive structures. 

ZONE No Special Provisions 
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DESIGN UNIT 4165 rojectNo. 

Southern California Rapid Transit District 83-1101 
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Figüii No. 

Converse. Consultants .ndAppiIsS.nc.. 61 
Geotechnlct Engfnnttng 



under the foundation. The connection to the footing can be 'aøe by 
shimming or using "dry pack" concrete. Pre-loading could be accomplished 
using jacks an.d shims similar to jacked piles. In weak soils or in 
ground subject to sloUghihg this method could result in settlement if 
there is loss of ground into the drilled hole. 

Hand-dug Pits: This method consists of excavating an approach pit 
beneath the footing and advancing a square or rectangular shaft, normally 
3 to 5 feet Wide, down to the bearing stratum. The pier excavation is 

lagged for the entire depth with the lagging normally left In place. 
Reihforcement is placed in the shaft, and concrete is trernied in place. 
Prestressing can be provided by jacking and grout packing. 

Column Pick-up: This technique provides a method of releveling specific 
columns within an adjacent structure without underpinning. A structural 
break is made between the column or wall and -a special collar is used to 
tPansthit the load between the fécting and the building. If settlethent. 

occurs, a jack is used to relevel the column or wall. After completion 
of the excavation, a permanent connection between the building and foun- 
dation is re-established. Since this method does not transfer fOundation 
loads to a lower stratum, both shoring and permanent walls thUst be 
designed for surcharge loads imposed by the existing sfructüre.. 

All of the support methods discussed have their advantages and disadvantages; 
however, from the structural standpoint the jacked piles have a distinct 
advantage over slant drilled piles and hand-dug pits since the pile can be 
easily prestressed. With the othler types of underpinning, settlement can 
occur. when the load is transferred from the original foundation to the 
unloaded underpinning element unless prestresihg i.s implemented. 

. 

6.3.3 Design Criteria 

Figures 6-3 artd 6-4 present geotechnical design criteria for jacked piles and 
(slant) drilled cast-in-place piles. Figure 6-3 applies to jacked pipe piles 
which are cleaned out and subsequently concrete filled. Figure 6-4 applies to 
piles constructed by drilling a vertical shaft to the required bearing depth 
and filling with concrete (with steel reinforcement or W/H-pile Sections). 
Figure 6-2 illustrates the. procedures for determining the geometry of the 
support zofles required to use. Figures 6-3 and 6-4. No support should be 
allowed within the existing ff11 soil.s ô within the theoretical zone of 
influence of the excavation as shOwn on Figure 6-2. 

If jetting (or other methods which rethove soil ahead of the pile) is used, no 
shaft frictional resistance shoild be allOwed for jacked piles. Jetting must 
not be used for the final 5 feet of penettation to ensure proper bearing. 
Group action of piles or piers should be considered and an appropriate reduc- 
tion factor applied to determine the effective group capacity Appropriate 
reduction factors are pi'esented in the Los Angeles City Building Code Section 
91.2808b. 
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. Total capacity of hand-dug piers should be limited to end bearing only and 
must extend below the "no suppore zone shown on Figure 6-2. All piers are 
assumed to be 36:-inch square or larger i section. For design, an allowable 
bearing capacity of 12 ksf may be used for piers which bear on the alluvium 
and penetrate at least 10 fee; Delow the surface. Piers bearing on bedrock 
may be designed based on 15 ksf for piers whicfl penetrate at least 5 feet into 
the bedrock. These values apply Only if the bearing suPface is properly 
cleaned, observed and approved by a qualified engineer. 

Expected lathral ground movements adjacent to the excaVation are presented in 

section 6.4.6. The capability of the existing structure and underpinning 
piles to withstand these lateral movements should be evaluated. If necessary, 
additional lateral restraint could be provided by tiebak anchors. 

6.3.4 Underpinnina Performance 

Underpinning is not a guarantee that the structure will be totally free from 
either settlement or lateral movement. Some movement may occur during the 
uMerpinning process and additional movement may occur during the construction 
of the main excavation. However, movement can be minimized by proper monitor 
ing and maintenance procedures. 

6.3.5 Underpinning Instrumentation 

Elevation reference points should be established on each foundation elethent to 
be underpinned. The points should be monitored on a regular basis consistent 
with the construction process and may be required daily. Maximum allowable 
movements should be established for each element by the engineer prior to 
underpinning. If it appears that these limits rna9 be exceeded, inunediate 
measures should be taken such as restressing undefpinning elements, adding 
more supports1 changing the Underpinning Installation procedures, and/or 
others. 

[2 

Where a group of three or more jacked piles i:s used to underpin a foundation 
element, load relaxation of ptSidusly installed piles can occur. Methods 
should be implemented to evaluate thi. problem and restress piles if neces- 
sa ry. 

6.4 SHORINE SYSTEMS FOR STATION EXCAVATIONS 

6.4.1 General 

The required excavation for thle 7th/Flower Station will extend some 50 to 60 

feet below the adjacent street level. As discussed in Section 3.1, there are 
several existing large buildiflgs located within 10 feet of the required 
excavation. We understand that these buildings ae supported on spread 
footings on either the bedrock or the. Fef'nando Formation. These buildThgs 
have basements extending frdm about 20 feet (Global Marine Building) to 40 

feet (Broadway Plaza) below street level. 
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The proposed excavation will require shoring due to the space restrictions and 
to protect the existing adjacent structures. There are, several ways to 
construct the excavation including 'a shoring system witi underpinning of 
adjacent structures or a "rigid" shoring system which will minimize ground 
mo'èements and may eliminate the need to underpin. We understand that the 
excavation system will be chosen and designed by the contractor in accordance 
with specified criteria and subject to the' review and acceptance by the. Metro 
Rail Transit Consultants., 

In our opinion, the contractor will most likely prOpose. one of the following 
shoring systems with internal bracing for lateral support: 

o Conventional Soldier Pile Wall: Significant buildings loc'ated within the 
underpinning zone (see Figure 6-1) would reqUire underpinning. 

o Conservative Soldier Pile Wall : This would consist of a conservatively 
designed and constructed soldier pile wail which may limit, ground move- 
ments sufficiently to eliminate the need foP tinderpinning. 

o Slurry Wall: Installation of a properly designed and constructed slurry 
wall may eliminate the need for thiderpinning. 

Aciclordingly, the discussion and design criteria presented in this section 
pertain to these general shoring methods. Other shoring support systems may 
also be appropriate and should be considered by the contractor. We do not 
believe the contractor will propose driven sheet piles since it would be 
unfeasible. to drive sheets into the dense/stiff soils and bedrock underlying 
the site. 

C] 

6.4.2 CuPrent PPactice 

In the Los Angeles area, deep basement excavations have been constructed with 
a soldier pile, lagging, and tieback system. Several references are available 
which sumarizé these design and construction practices (CWDD, 1981; Nelson, 
1973; Crandall and Maljian, 1977; Maijian and Van Beveren, 1974). It is ou'r 

understanding that adjacent major structures have normally been underpinned if 
they fall within the 1H:1..5V zone defined on Figure 6-1. However, there have 
been 'projects where underpinning was not used, and the existing structures 
have transferred lateral loads to the shoring system. These have included St. 
Vincent's Hospital, Century City., a high-rise at 7th and Grand Avenue, and 
others. Appendix E..1 presents several case studies of soldier pile and 
tieback shred Excavation in the Los Angeles area. 

Appendix E..1 also surrunarizes the design shoring pressures for nine shoring 
systems in the general project area which have performed adequately. The 
design pPessuPes presehted in this report reflect the local experience. 

Rail projects in the District of Columbia, San Francisco, Boston, Atlanta, 
Baltimore, and New York have involved similar deep shored excavations in close 
proximity to existing structures. For these projects, both permanent and 
temporary slurry walls have been use'd to minimize and/oP eliminate the need 
for underpinning. 
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6.4.3 Technical Considerations 

The funtTlon of the shoring at the Station site will be twofold: 1) to provide 
a safe and stable excavation; and, 2) to limit vertical and later'al ground 
movemEnts. In Appendix E.2 we. discuss the primary factors affecting shoring 
performance and present data on the design and performance of several sharing 
systems in the Los Angeles area and In similar ground conditions in Seattle.. 

As applied to the proposed excavation, several important concepts can be drawn 
from the discussion presented in Appendix E.. 2: 

In terms of wall stiffness, a slurry wall may not offer a significant 
advantage over a more conventional soldier pile wall. This is because 
the subsurface materials at the site are relatively strong and stiff. 
The factor of safety against basal failure at the site is estimated to 
exceed 4.0. As s.bown in Figure E-1 in Appendix E.2, based on finite 
element analyses, there is virtually no theoretical difference between 
the movement of three walls of vastly different stiffness provided the 
factor of safety against basal failure exceeds about 3.0. 

In our opinion, the data support the concept that it may be feasible to 
construct a conservatively designed soldier pile wall that limits move- 
ments to magnitudes srSll enough to eliminate the need to underpin. This 
opinion Is based on the high strength and stiffness of the on-site soils 
and bedrock and the past performance of walls in similar materials 
(primar1l data from Los Angeles and Seattle). 

The. primary advantage of a slurry wall would be to minimize potential 
construction related problems. 

6.4.4 Soldier Pile Shorino System 

6.4.4.1 General: A soldier pile and lagging system installed in predrilled 
holes and braced with internal struts or tiebacks is a common method 
of shoring deep excavations. The soldier piles commonly consist of 
steel H- or WF-Sections installed in predrilled holes. Below the 
depth of the excavation the hole is filled with either structUral 
concrete or lean concrete depending upon the vertical load trans- 
mitted by the soldier pile. Within the fill and alluvium, support 
suèh as wooden lagging would be required between soldier piles to 
minimize loss of ground. The bedrock may not need to be lagged; 
however, it is recommended that some surface treatment be applied to 
control spalling and slaking and to protect workers from falling 
debris. 

In areas where existing structures are located within the 1H;1.5V 
underpinning zone shown on Figure 6-1, we suggest that two soldier 
pile alternatives be considered: 

o Conservative Soldier File Wall 
o Conservative Soldier Pile Wall. 
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.,. Due to the proximity of the adjacent deep basements., t-iebacks 

probably are not a feasible primary suport method. Thus the 

excavation will probably be supported primarily with internal 
bracing. Howeier, at the ends of the excavatiOn near the tunnel 

access, tiebacks may be proposed. Section 6.4.6 provides design 
criteria for both types of lateral support. 

6.4.4.2 Conventional Soldier Pile Wall: This alternative involves a conven- 
tional soldier pile system and would likely include underpinning of 
significant structures located within the 1H:1.SV zone indicated on 
Figure 6-1. 

Specific shoring design ërlteria include: 

Design Wall Pressure:. Figure 6-5 presents the reconmiended 

lateral earth pressure on the temporary walls. This figure 
includes the additional pressures induced by adjacent struc- 
tures not Underpinned. Appendix E.3 provides technical support 
for the recommended seismic pressures. 

The proposed shoring wall may be constructed in very close 

proximity to existing basement walls. We believe that the 

section of wall above the level of the basement will be subject 
to reduced lateral load. In addition, a large prestress load 

in the lateral supports could transmit large loads to the 

adjacent basement wall and potentially damage. the eAisting 
structures. Accordingly, we recbomend that the design pres- 

sures presented in Figure 6-6 be implemented. 

In some cases the adjacent building may be supported on piles 

or the contractor may be allOwed to excavate the soil between 
the proposed Station excavation and the. adjacent building 
basement, If the adjacent building is supported on piles, 
additional analyses will be required to determine appropriate 
shoring pressures. If the soil is excavated it would con- 

siderably reduce the. height of the shOring wall. We recomend 
that the wall be designed accth'ding to the design earth pres- 

sures on Figures 6-Sa and 6-Se with. h equal to the depth of the 

cut below the adjacent basement wall. Figure 6-Sc can be used 

to determine the earth pressure due, to the building surcharge 
using the full building load; i.e., riot reduced for depth or 

the 125d factor. 

The full loading diagram should be used to determine the design 
loads on the internal bracing and the required depth of 
embedment of thle..soldier piles. For computing design stresses 
in the soldier piles, the computed values can be multiplied by 

0.8: For sizing lagging, the earth pressures can be reduced by 
a factor of 0.5. 

Depth of Soldier Piles.: The depth of the soldier pile below 

the lowest anticipated excavation depth must be sufficient to 

safely carry both the lateral arid vertical loads' under static 
and dynamic loading conditions. 
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The required depth of embedment to satisfy vertical loading can 
be computed based on allowable vertical loads shown on Figure 
6-7. 

The. imposed lateral load on the embedded portion of the pile 
should be computed based on the contyibUting area of the 
earth pressure diagrams (see Figures 6-5a to 6-Se.) below the 

lowest strut. The allowable passive resistance developed by 
the pile should be based on the passiVe pressure minus the 
active pressure below the bottom of the excavation as shown on 
Figure 6-8. It should be noted that passive pressure is 

limited to 6000 psf In the bedrock due to consideration of the 
undrained strength of these materials. Due to arching effects, 
the effective pile diameter may be assumed equal to 1.5 the 
actual diameter or half of the pile spacing, whichever is less. 

The required depth to safely carry both the vertical and 

lateral loads should be computed with the greatest value 
controlling pile design.. 

Pile Spacing and Lagging: The optimum pile spacing depends on 

many factors including soil loads, member sizes and costs, 
ability for soils to arch, and other factors. At the 
7th/Flower site the upper soils will be granular and may 

contain pockets of water not fully drained by the construction 
dewatering system. Thus, it is recomended that the maximum 
horizontal pile spacing be limited to about 8 -feet and that 
continuous lagging be placed through the fill and alluvium to 

niinimize ravelling of soils and loss of ground between soldier 
piles. Use of geotextiles and/or limiting temporary epIo*d 
Eoil height should be implemented by the contractor to control 

ravelling problems. 

Support Spacing and Placement: Criteria are presented in 

Section 6.4.4.3. 

Use of Street Decking Beams: Criteria are presented in Section 
5.443 

Internal Bracing and Tieback Anchor Design: Design criteria 
are presented in Section 6.4.6 

6..4..4..3 Conservative Soldier Pile Wall: This alternative involves the 
installation of a conservatively designed and co!lstructed soldier 
pile wall which may limit ground movement sufficiently to eliminate 
the need to underpin. 

The decision to implement this alternative would depend on costs and 

the potential impact of g.roud movements on the adjacent structures. 
Underpinning also presents some risks and will result in some move- 
ments; We recorrunend that specific structures which are located 
within the 1H: 1.5V underpinning zone indicated in Figure 6-1 be 
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Recommended Unit Pressures 
ABOVE THE WATER TABLE: 

P1 = 550 psf/ft (for alluvium) W 450 pd/ft (for bedrock) 
6000 pd (for bedrock only) 

a1 
341'ft 

P 
1 

BELOW THE WATER TABLE: 

Ps=35OPsf/ft (foralluvium) 
= 450 pd/ft (for bedrock) 

P = 6000 pd (for bedrock only) 

= 15 pd/ft 

2' 

Active r1 r Pressure. 

;1(ft.)1X 4: 

I 1'a2 

7 11 

Where : P = Total allowable unit passive pressure. 

= Active Pressure. 

NOTES: 1.) For bedrock use either triangular (P & P2) 
ri or uniform (P3) pressure distribution whichever 

gives the lowest resultant force. 
2.) Available Passive Pressure = Total Passive - Active 
3.) Available passive pressure con be assumed to act on 1j pile 

diameters orj the pile spacing whicheverls less. 
4.) Active pressure shown is only for evaluation of available 

passive pressure. Lateral shoring pressurEs are presented on 

--. 
PASSIVE RESISTANCE - SOLDIER PILES 

DESIGN UNIT A165 Project No. 

Southern California Rapid Transit District 83-1101 
METRO RAIL PROJ E 

Figure Nc. 
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evaluated separately to determine the suitability of the different 
shoring and underpinning alternatives. The preferences of the City 
of Los Angeles Building Department and the adjacent property owners 
may also affect the decision. 

Specific shoring design criteria to limit ground movements are 
presented below. The extent to which some or all of these are 
applied depends on the specific situation. To avoid duplication, 
reference is ritade. to Section 6.4.4.2 where appropriate. These cri- 
teria should be applied in areas where adjacent significant struc- 
tures lie within the 1H:1.5V zone underpinning zone as shown on 
Figure 6-1. The criteria should apply for a minimum distance equal 
to the structure width plus 30 feet on both sides of the structure. 
The recommendations include: 

Design Wall Pressure: FIgure 6-5 presents the recommended 
lateral earth pressures.. The recommEnded pressures on braced 
shoring are about 30% greater than those recommended for the 
conventional wall with underpinning. This increase is intended 
to reduce the anticipated ground movements. Appendix E.2 
presents a technical bases for this recommendation. Figure 6-6 
presents recommended surcharge loads from adjacent structures. 
Other comments on wall pressures were presented In Section 
6.4.42 

Depth of Soldier Piles: Criteria for the depth of the soldier 
piles is presented in Section 6.4.4.2 

Support Spacing and Placement: The vertical spacing between 
supports (tiebacks or struts) should not exceed 8 feet. In 

addition, the contractor should not be allowed to extend the 
general excavation more than '3 feet belo.w the designated 
support level before placing struts or tiebacks. The coñtrac- 
tor may be allowed to. clolnstruct a trench within the excavation 
to facilitate operations provided the trench is more than 15 
feet horizontally from the shoring and does not extend more 
than 6 feet below the designated support level. 

Use of Street Decking Beams: The'transverse beams required to 
support the temporary decking should be used as the upper level 
of shoring support. The decking should be installed and struc- 
turally connected to the wall prior to the excavation pro- 
ceeding beyond a depth of about 8 feet. 

C Pile Spacing and La9ging: To reduce ground movement and 
minimize the risk of loss of ground between soldier piles, the 
maximum horizontal spacing of soldier piles Should be about 6 
feet. Comments On lagging are presented in Section 6.4.4.2 

6.4.4.4 Anticipated Ground Movements.: The ground movements associated with 
a shored excavation depend on many factors including the cntrac- 
tor's procedures and schedule. Appendix E.2 presents data on the 
performance of shoring excavation systems in the Los Angeles area 
and in similar ground conditions in Seattle. 
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The distribution and magnitude of grbuM movement is difficult to 
predict. Appeidix E.2 presents data on ground movement and the 
factors affecting it. Based on this information and engineering 
judgement, we believe that the round movements associated with 
properly designed and carefully cbhstructed soldier pile walls with 
internal bracing will ble approxintately as follows: 

Conventional Wall: The maAimuth horizontal wall deflections 
have been observed equal to about 0.1% to 0.2% of the excava- 
tion depth. The observed maximum horizontal movement generally 
occurs near the bottom of the excavation decreasing to about 
25% of the maximum at the top. The maximum vertical settlement 
behind the walls generally is about equal to 50% to 100% of th.e 

maximum hoizontal movement and occurs at a distance behind the 
wall equal to about 25% to 50% of the excavation depth. 

Conservative Soldier Pile. Wails: We believe that the design 
and. construction procedures presented above in Section 6.4.4.3 
viiIl reduce the maximum horizontal and vertical movements to 

about. 0.1% of the excavation depth. 

6.4.5 Slurry Walls 

A slurry wall installation consists of excavating a narrow trench or slot to 

full-depth along the temporary wall line in short sections typically 10 to 20 
feet long. The excavating is carried out using special diggi.ng tools with 

trench support being provided by the fluid pressure Of a carefully controlled 
bentonite slurry. Trench stability is normally evaluated based on flpePience 

and test sections. Once excavated, the usual Practice is to lower a reinforc- 
ing cage and place tremie concrete which displaces the slurry mixture. 

Alternately, precast panels can be placed. With precast panels special 
additives are mixed with the slurry after the panels are placed to produce a 

stiff clay material between the precast panel and the native ground. The 

slurry wall technique prodMces a relatively stiff and relatively water-tight, 
continuous wall which can provide the tnporary excavations support and/or 
become the permanent wall. As with soldier pile. walls, internal bracing or 

tiebacks are normally used to support the walls during construction. 

Slurry walls have been Used extensively in Europe and in the United States. 
Several subway station projects have utilized slurry wails including: 

BART (San Francisco area): Slurry walls were. Used for temporary support 
of excavations in difficult ground conditins and/or in close proximity 
to existing structures where ground movement was ctitical... The general 

design concept used the slurry walls to minimize oP elinfinate the need to 
underpin. 

o MBTA (Boston area): Slurry walls have been used both as temporary 
shoring only (avis Square) and in combination as the permanent wall 

(.Harvapd Square). 

o Baltimore Metro: Slurry walls were used as temporary shoring to elimi- 
nate underpinning requirements. 
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° District of Columbia and Atlanta Systems: Slurry walls have been Used at 
both of these projects. 

. 

There are several advantages to slurry walls at the 7th/Flower site including: 

Reduces Ground Movement: A properly designed and constructed slurry wall 
will generally result in less ground movement than a Qolriveptlonal soldier 
pile wall. This is probably due to several factors Including: greater 
wall stiffness, better sttiactural continuity and continuous soil support 
or "tight shoring" (which eliminates loss of ground between wall ele- 
ments). On many projects slurry walls have been successfully used in 
close proximity to existing structures, eliminating the need to t(nderpih. 

Use of slurry walls does not, however, eliminate potential problems 
associated with ground movements. Poor construction procedures, particu- 
larly associated with poor mud control and wide wall sectiOns, an result 
in excessive ground movement. There have also been cases where loss of 
soil occurred through tieback anchor holes in granular soil below the 
ground water table. 

Use as a Permanent Wall; We understand that the shoring wall will not be 
used by itself as the permanent wall. However, it could be designed to 
assist the station extePior walls in resisting lateral loads. All the 
soil and hydrtstatic pressUres can be resisted by the slurry wall while 
the station exterior wall would be designed to resist only the hydro- 
static pressure since the slurry wall cannot be assumed to be completely 
watertight. 

Difficult Ground Conditions: Slurry walls can probably accoiyunodate a 
wider range of soil and ground water conditions than soldier piles. 
Problems such as boulders, running ground, and obstructions can present 
serious pPoblems to a normal soldier pile installation. These conditions 
are more easily resolved with slurry wall construction and present a 
lower risk of "lost ground" damage to adjacent structures. 

Cutoff Wall: The slurry wall can be used as a deep ground water cutoff. 
Ground water inflows are not expected to present a significant problem at 
the site. However, perched water may be a construction nuisance requir- 
ing wells or well points.. With a slurry wall, construction dewatering 
problems should hot occur. 

Design critePia for slurry walls supporting the temporary excavation include: 

Design Wall Pressure: Figure 69 presents the recomended temporary 
design wall pressures for slurry walls. Since the slurry wall will be 
essentially water-tight, the wall must be designed to resist the antici- 
pated hydrostatic ground water pressures.. Figure 6-9 presents recom- 
mended surcharge loads including tJ,ose from adjacent structures. 
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SOIL AND WATER PRESSURES 
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° 
.Deptho.f Embedment: The slurry wall must be embedded sufflöiently below 
the maximum depth of the excavation to support applied vertical loads 
(decking loads and tieback vertical loads) and develop sufficient passive 
resistance. Figure 6-10 indicates the recommen4ed method to compute 
passive. resistance. Figure 6-11 indicates the allowable vertical loads 
on slurry wails for different embedment depths... The recormuended vertical 
capacities include both end blearing and side friction (only below the 
level of the maxiium excavation depth). 

Slurry Composition: An unsuitable bentonite slurry may lead to excessive 
viscosity,flocculation, attendart loss of fluid, and spalling of the 
excavated face. Some factors which affect. the slurry are pH, contamina- 
tion by salt, iron, calcium or organics. As indicated in Appendix C, the 
ground water is of relatively poor quality containing dissolved salts, 
gas and hydrocarbons. The slurry chemistry must accommodate the poor 
ground water coMitions. This might involve the use of special additives 
and/or saline resistant bentonite. 

Panel Length: Much of the stability of the slurry filled bentonite 
trench Is due to arching. Thus, the stability of the trench and asso- 
ciated ground movements prior to concreting are both related to panel 
length. We recommend that the panel length generally be lii1ted to 20 
feet. Where adjacent existing buildings are founded on the alluvium an4 
are located within the underpinning zone (see Figure 6-1), we recdmend 
that the panel width be limited to 12 feet. 

° 
Panel Location: In areas immediately adjacent to existing footings, a 

panel section should not extend adjacent to more than half the length of 
the footing. The intent is to ensure that major isolated etePior 
footings straddle the waJl pa.nels. This woUld minimize potential move- 
ments during the installation phase of the wall. 

Existing Basement Voids: Ypids from old basements could be encountered 
which could lead to loss of slurry. In such areas the voids would have 
to be filled, the section sealed off, or the top Of the slurry section 
lowered below the void. 

We expect that ground movements for a properly designed and constructed slurry 
wall will be sfAiilar to those anticipated for coñservätively designed soldier 
pile walls discussed in Section 6.4.4.4. 

S 

6.4.6 Tiebacks and Internal Bracin 

6.4.6.1 General: As discussed in Section 6.4.4, internal bracing will 
probably be used t.o provide the primary lateral support of the 
shoring wall. HQwever, tiebacks ma' be used at the ends of the 

st4tion to facilitate construction bf the tunnel junction. Thus 
this section includes design critePta for both internal bracing and 
ti ebac.ks. 

Prestrëssing of both t-iebacks and Internal bracing is essential to 
confirm design capacities and minimize ground movements. 
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Recommended Unit Pressures 
MOVE THE WATER TABLE: 

P =550 pd/ft (for alluvium) 
= 450 psf/ft (for bedrock) 

6000 sf (For bedrock only) 
P 34psf/ft al 
BELOW THE WATER TABLE: \ 
p2 = 350 pd/ft (for alluvhjm) 

Pa1 
= 450 pd/ft (for bedrock) 

1 p3 = 6000 pd (for bedrock only) \ P02 = 15 psf/ft 

c. 

2 

P 
p1 

1 

. ALt4' I II 1 

Where: P = Total Allowable Unit Pasiive Pressure 
p 

P0 = Active Pressure 

r Hydrostatic Pressure 

NOTES: 1.) For bedrock consider both triangular (Pi & P2) 
and uniform (Ps) pressure distribution dnd use 

the lowest rejultant force 
2.) Available passive Presiure = Total Passive- Active 

Hydrostatic 4iffrentfal 
3.) Active pressure shown is only for evaluation of available 

passive pressure. Lateral shoring pressures are presented 
on Figure 6-5 

PASSIVE RESiSTANCE SLURRY WALL 
DESIGN UNIT A165 ProjectNo. 

Southern California Rapid Transit District 83-1101 - A tI flfl#- tflt 

Converse Consultants Geotechnical Enqlneedng 
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6.4.6.2 Performance: Based on the available field data there does not 
appear to be a significant difference between the maximum ground 
moveme1tts of properly designed and carefully constructed tieback 
Walls or lntei'nally braced walls. Appendix E.2 presents a com- 
parison of the two types of support systems. 

6.4.6.3 Internal Bracing: The contractor should not be allowed to extend 
the excavation an excessive distance below a strut level prior to 
installing the next strut level. The maximum vertical distance 
depends on several specific details such as the design of the wall 
and the allowable ground movement. These details cannot. be gener- 
alized. However, as a guideline, we reconinend consideration of the 
following maximum allowable vertical distances between struts: 

o Conventional Soldier Pile Wall: .12 feet 
o Conservative Soldier Pile Wall: 8 feet 
o Slurry Wall: 12 feet. 

In addition, the contractor should not be allowed to extend the 
excavation more than 3 feet beiow the designated support level 
before placing the next level Of struts. 

To remove slack and linfit. ground movement, the struts should be 
preloaded. A prel.oad equal to 50% of the design load is normally 
desirable. The shOring design and preload procedures must provide 
for the effects of temperature changes. Several methods should be 
considered including: 

o Varying the preload stress depending on the temperature at the 
time of Installation. The preload stress could be based on 
developing 50% of the design load at some designated average 
temperature assuming a non-yielding shoring wall. The assump- 
tion of a non-yielding wall to compute temperature-induced 
stresses is conservative and may warrant refinement to include 
the estimated soil stiffness (Chapman, 1972). 

o Provide a method of minimizing temperature variations such as 
covering the excavation (street decking), painting the stPuts 
with reflective paint, cooling the struts with water, and/op 
Others. 

Provide a method of measuring and adjusting the lQads on the 
struts. The contractor could be required to maintain th 
struts within a specified stress range. A maximum stress equal 
to the elastic limit of the strut with a minimum stress equal 
to 25% of the design load may be appropriate. This method, 
although technically feasible, may be difficult to perform 
efficiently in the field. 

O Increase the load carrying capacity of the strUts (larger 
members and/or intermediate supports) such that the bracing can 
safely support the maximum anticipated temperature-induced 
loads combined with the earth pressure loads. 

S. 
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6.4.6.4 Tieback Anchors; There are nUmerous types of tieback anchors 
available including large diameter straight shaft friction anchors, 
belied anchors, high ptessure grouted anchors, high pressure re- 
groutable anchors, and others. Generally, in the Los Angeles area, 
high capacity straight shaft. or belled anchors have been used 

Tieback anchor capacity can be dEtermined only in the field based on 
anchor load tests. For Stimating purposes we recontuend that the 
capacity of straight shaft. friction anchors installed in drilled 
shafts be conipUted based on the following equation: 

P = IIDLq 

where.: 

P = allowable anchor design load in pounds 
0 = anchor diameter in fEet 
L = anchor length beyond no load zone in feet 
q = soil adhesion in psf 

The design adhesion value (q) can be assumed equal to: 

q = 750 psf (in bedrock) 

q = 20d 1000 psf (in alluvium) 

where: 

d average, depth of the anchor beyond the no-load zone; 
measured vertically from the ground surface. 

No reststance should be assumed within the fill. 

Allowable anchor capacity for tieback types other than straight 
shaft friction anchors cannot be generalized. Capacity of anchors 
such as high pressure grouted anchors and high pressure re'groutable 
anchors can be determined only in the field based on the results of 
test anchors. 

For design purposes., the potential wedge of failure or no-load zone 
behind the shored excavation is determined by a plane drawn at 45° 
with the vertical through the bottom of the excavation. Only the 
frictional resistance developed beyond the no-load zone should be 
assumed effective in resisting lateral loads. Based on specific 
site conditions, the extent of the no-load zone may be locally 
decreased to avoid underground obstructions. Section 6.4.4.3 
presents special criteria for the no-load zone for the Conservative 
Soldier Pile Wall. 

The anchors may be installed at angles between 20° to 50° below the 
horizontal. Based on specific sitE conditions, these limits could 
be epanded to avoid underground obstructions. Structural concrete 

-38- 

CCl/ ES Al 3 R C 



should be placed in the lower portion of the anchor up to the limit 
of the no-load zone. Placement of the anchor grout should be done 
by pumping the concrete through a tremie or pipe extending to the 
bottom of the shaft. The anchor shaft between the no-load ±one and 
the face of the shoring must be backfilled with a sand slurry or 
equivalent after concrete placement. Alternatively, speëial bond 
breakers can be applied to the strands or blars in the no-bad zone 
and the entire shaft filled with concrete. 

[.] 

The contractor shoul be required to use a tieback anchor installa- 
tion method which will minimize loss of ground due to caving. In 
general, anchors installed entirely within the Fernando Forthation 
should not experience significant caving problems. However, poten- 
tial caving problems in the overlying fill and alluviurn could be a 
problem particularly for anchOrs installed under buildings. 
Uncontrolled caving not only causes installation problems but could 
result in surface subsiderfce and settlement of overlying buildings.. 
To minimize caving, casing could be installed as the hole is 

advanced but must be pulled as the concrete is poured. Alterna- 
tively, the hole c.ouJd be maintained full of .slufry or a hollow stem 
auger could be used. This is particularly critical for anchors 
drilled through fill and alluvium under existing buildings. The 
contractor sh5uld be required to demonstrate adequate procedures to 
minimize caving before installing anchors below existing structures. 
Alternative anchor types such as small diameter high pressure 
anchors or driven anchO's could also be proposed. 

It is recommended that each tieback anchor be load tested to 150% of 
the design load and then locked off at the design load. At 150% of 
the. design load, the anchor creep should not exceed 0.1 inch over a 
15-minute period. In addition., 5% to 10% of the anchors should be 
test-loaded to 200% of the design load and then locked off at the 
design load. At 200% of design load the anchor creep should not 
exceed 0.15 inches over a 15-minute period. 

6..5 SUPPORT OF TEMPORARY DECKING 

We understand that, unless the Street is closed entirely tp vehicular traffic, 
the tEmporary Street decking will require center support piles. These piles 
must extend below the rnäximufti proposed excavation level for support. At these 
depths, the piles would be founded within the soft Fernando bedrock These 
material.s are suitable for Supporting expected pile loads. 

Since the shoring contractor will probably install soldier piles to support 
the excavation, we believe that he may use similar piles to support the center 
decking. Accordingly, we evaluated the allowable loads on these types of 
piles for several typical diameters. The recommended allowable design loads 
are shown on Figure 6-7. These values include both end bearing and shaft 
friction. 
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Due to the dense, gravelly composition of the alluvium, we believe that driven 
piles may be difficult to install and will probably need to be predrilled to 

achieve the re4uired tip elevation. The pile driVing noise. may be. unaccept- 
able. In addition, driven piles may induce settlements in the soil due to 
drt'dhg vibrations, particularly within the fill layer. Thus., we believe that 
dv'iven piles would probably not be used Accordingly, wE have not developed 
design loads for driven piles. 

6.6 INSTRUMENTATION OF THE EXCAVATION 

In our opinion instrurnentatioln of the excaVation is required at the proposed 
7th/Flower site. The information obtained will reduce liability (by document- 
ing performance.), identify and resolve problems before they become critical, 
validate design criteria, and aid in the design of future stations. Instru- 
mentation is partiQularly critical at. this site due to the proximity of 
adjacent structures. 

We recommend the following instrUmEntation program: 

Preconstruction Survey:. A qualified civil engineer should complete a 

visual and photographic log Of all streets and structures adjacent to the 
site prior to cOnstruction. This will reduce the risk associated with 
claims against the owner/contractor. If substantial cracks are ppted in 
the eisting structures, they should be measured and periodically re- 

measured during the construction period. 

° Surface Survey Control: It is recommended that several locations around 
the excavation and on any nearby structures be surveyed prior to any 

construction activity and then periodically monitored to detect Vertical 
and horizontal movement to the nearest 0.01 feet. These should include 
points on the adjacent buildings and on top of the shoring wall (every 

fOurth pile or a maximum distance of about 25 feet). The monitoring 
prograth should continue until after all construction and backfill is 

complete at the site. 

r 

Tiltmeters: Tiltmeters are used to monitor the verticality of buildings 
adjacent to the excavation and can provide a forewarning of distres. 
Normally, ceramic plates are glued to the building walls and read using a 
portable tiltmeter containing the same type Of tilt sensor used in 
inclinometers. It is recommended that a few tiltineters be placed on the 
exterior walls of buildings which are located within the underpinning 
zone defined on Figure 6-1. Baseline readings should be made prior to 

all construction activity, and subsequent readings should be made at 
several excavation/construction stages through the end of cbnstrUction. 

Inclinometers: It is recommended that eight irjclinometers be. installed 
and monitored around the excavation. One inclinometer should be located 
on each side of the excavation at four locations along the excavation. 
The casing could be installed within the. soldier pile holes or in 

separate holes immediately adjacent to the shoring wall. If a slurry 
wall is used, the inclinometer casing should be installed in separate 
boreholes olutside. the. proposed excavation prior to digging the slurry 
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trench, this would permit the performance of the wall to be monitored 
throughout the installation phase. The casing should extend at least 30 
feet below the final excavation level to ensure base fixity. Baseline 
readings of the inclinometers should be made immediately upon installa- 
tion, Subsequent readings should be made at regular intervals of exca- 
vation progress. 

Vertical Settlement Profiles: We reconrend that four to six devices be 
Installed to monitor the ground settlement pattern with depth around the 
excavation. There are several methods to obtain these data including a 

multi-point inductive coil settlement gage and vertical multi-point 
extensometers. In addition, subsurface vertical and lateral dEfonnatiOn 
data can be obtained within a single borehole by installing a special 
induct-ive coil system around the inclinometer casing. 

Heave Monitoring: The magnitude of the total ground heave should be 
measured. This information will be valuable in determining the ground 
response to load change and as an indirect chleck on the magnitude Of the 
predicted settlement of the station structure. 

We recommend that mechanical gages be installed along the longitudinal 
centerline of the excavation on aboUt 200-foot centers. The devices 
could consist of conical steel points, installed in a borehole, and 
monitored with a poDing rod that màtès with the top of the conical 
point The borehole should be filled with a thick colored slurry to 

maintain an open hole and allow for easy hole location. The top of the 
points should be at least 2 feet below the bottom of the final excavation 
to protect it from equipment yet allow for easy access should the hole 
col l.apse. 

The points should be. installed and surveyed prior to starting excavation. 
Once the excavation begins., readings should be taken at regular intervals 
of excavation progress until the excavation is completed and then at 

about two-week intervals until all heave has stopped:. 

Additional Measurements of Strut Loads.: We recommend that the lo.a.ds on 

at least four struts at each- support level be monitored periodically 
duPing the construction period1 These measurements provide data oh 

support loads and a forewarning of load reductions which would r?sult in 
eicessive ground movements. There are several methods to obtain these 
data.. A commonly used method involves vibrating wire strain gages 
mounted on studs welded to the struts. For full measurements of maximum 
stresses, a minimum of three gages is needed on a pipe strut and four on 

a wide flange strut. However, two gages are often used to simplify the 
installation and monitoring effort with acceptable results There should 
be a means of measuring the strut temperature at the time. of the strain 

readi ngs. 

Slurry Consistency: As a matter of routine, a slurry wall contractOP 
must test the slurry for consistency and chemistry. This may be particu- 
larly critical at the proposed Station site d.u.e to the qualit of the 
ground water. Chemicals in the ground water can affect the cohsiftency 
of the slurry and its ability to form a mudcake. Sectidns 4.3 and 5.4 

present information on the ground water quality. 
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° Frequency of. Readings: An appropriate frequency of instrumentation 
readings depends on many factors including the construction progress, the 
results of the instrumentation readings (i.e., if any unusual readings 
are obtained), costs, and other factors which cannot be generalized. The 
devices should be installed and initial readings should ble taken as early 
as possible. Readings should then be taken as frequently as necessary to 
determine the behavior being monitored. For ground ntovements this shOuld 
be no greater than one to two-*ek intervals during the major excavation 
phases of the wor Strut load. melasurements should be. mOre frequent, 
possibly even daily, when significant constrUction activity Is occurring 
near the strut (such as excavation, placement of another level of struts, 
etc.). 

The frequency of the readings should be increased if unusual behavior is 
observed. 

Supplementary Instrumentation:. In addition to the above preplanned 
program, additional instrumentation may be appropriate during construc- 
tioñ as a tool to aid in resolving specific construction concerns. 

In olur opinion, It is important that the installation and monitoring of the 
instrumentation devices be under the direction and control of the Engineer. 
Experience has shown when the instrumentation program has been included i,n the 
bfd package. as a furnish and install item, the quality of the work has often 
been Inadequate such that the data is questionable. 

6.. 7 EXCAVATION HEAVE AND SETTLEMENT OF MAIN STATION SThUCTtJRE 

The excavation will substantially change the ground stresses below and adja- 
cent to the excavation. The proposed maximum 60-foQt e*caatin will decrease 
the vertical ground stresses by about 7500 psf. This stress reduction will 
cause the soils below th eIcavation to reboiAnd or rise. This response is not 
due to the occurrence of any swelling type of soil.s but simply the response to 
stress unloading. In addition, even with a suitable shoring system, shear 
stresses will develop tending to cause the. soil adjacent to the excavation to 
heave into the excavation. The net effect will be to cause the bottom of the 
excavation to heave or defott Upward. Since the excavation will be open for 
an extended period, the heave is expected to b.e completed prior to construct- 
ing the. Station. The structure and subsequent backfilling will reload the 

soil: We estimate that the Station load will be about 4000 to 5000 psf. This 
load will cause the ground to reconsolidate or settle. Thus, even though the 
weight of the excavated soil exceeds the weight. of the final structure, the 
structure will cause ground settlement. 

We estimate that tbe maximum heave at the center of the. excavation will be on 
the order of 13 to 3 inches. We also believe that the majority of this will 
occur while thie soil is being eavated. Thts estimate is based on computa- 
tions of elastic shear deformation (elastic rebound) and volume changes within 
the bedrock underlying the proposed excavation. Due to the consistency of the 
bedrock, the majority of the heave deformation will be elastic rebound. These 
values agree well with observed behavior in similar excavations in the Los 
Angeles area (Evans, 1968). 
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It was computed that the imposed loads fro.m the structure and backfill will 
Induce settlenents on the order of I to 2 Inches. Due to the, long, narrow 
shape of the imposed load, the theoretical differential settlement in the 
transverse direction is relatively small, on the order of 1/3 inch over 32.5 
feet. This correlates to an angular rotation of only about 1:1200. These 
calculations are based an a uniform foundation bearing pressure which could 
only result from a uniformly loaded and perfectly flexible Structure. We 
understand that the Station will be strUcturallj quite stiff. Thus, the 
actual transverse differential settlement will be less than the theoretical 
flexible foundation case. Drawings 4 and 5 Indicate that the southeast 
portion of the structure (estimated 140 to 280 feet) will be supported on a 

wedge of alluvial soils up to 30 feet thick. However, the estimated range of 
total settlements given above are considered applicable to both the bedrock 
subgrade and alluvium subgrade portions of the structure. Differential 
settlements between the northwest (bedrock.) and southeast (alluvium) structure 
areas should not cause significant structural distortion due to the gradual 
subgrade transition (the bedrock slope is flatter than 12:1). For example, if 
one inch of settlement were to occur between the bedrock subgrade 
and the ma*imum depth alliiium subgrade, this would correlate to an angular 
distortion ratio in the range of 1:1700 to 1:3400. The differential settle- 
ments and distribution of the bottom slab bearing pressures could be estimated 
based on a soil-structure interaction analysis; however, such an analysis is 
beyond th scope. of this study. 

6.8 PERMANENT FOUNDATIONS 

6.8.1 Main Station. 

It is understood that the proposed Station Structure will be supporte4 On a 
thick base slab which will function as a massive mat foundation. At the 
proposed foundation level, the main Station mat will bear on the Fernando 
bedrock formation and dense granular alluvium. We understand that the aVerage 
foundation bearing pressures for the main Structure will be about 4000 to 5000 
psi. In our opinion the proposed mat foundation can ad*quately support the 
station on the Fernando bedrock and dense alluvium. Section 6.7 présénts a 
discussion of estimated total and differential settlements for the main 
Station structure. 

6.8.2 Support of Surface Structures 

Major surface structures such as a traction power substation and chiller plant 
should be supported below the the existing fills on the underlying alluvium. 
Alternatively, the fill may be excavated from below the stPucturé. and back- 
filled with compacted engineered fill for structural support. Generally, it 

is understood that foundation levels for the surface structures will extend to 
at least the top of the lower, dense granular ailuvitim (below about Elevation 
255 as shown on Drawings 4 and 5). Figure 6-1? presents recortiendEd maximum 
bearing pressures and anticipated settlements for footings bearing on either 
dense, undisturbed granular alluvium or properly compacted structural fill. 
Lower bearing values should be used for footinfl bearing on the upper fine- 
grained allu'ium above about Elevation 255. Figure 6'43 presents footing 
design values fot the fine-grained.alluvium. These figures are based on 
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analytical procedures and experience in the Los Angeles area. The values 
shown are for full dead load and frequently applied live load. For transient 
loads, including seismic and wind loads, the bearing values can be increased 
by 33%. 

Resistance to lateral loads imposed on footing elements can be assumed to be 
provided by passive earth pressure and foundation base friction. The allow- 
able passive pressure can be. computed based on a fluid weighing 250 psf in the 
natural dense soils and compacted fill. Base friction can be assumed equal to 
0.4 times the vertical dead load. Evaluation of allowable lateral resistance 
of dep station walls requires a lateral deformation analysis which depends on 
the height and depth of the wall. The allowable lateral resistance would be 
less. 

6.9 PERMAaENT GROUND WATER PROVISIONS 

6.9.1 Genertl 

As discussed.jn Section 5.4, the regional ground water table appears to occur 
deep within the bedrock below the sUe. However, p.erched ground water was 
encountered within the lower granular alluvium. 

Once the Station is constructed and the excavatiOn backfilled, the natural 
perched ground water levels within the alluvium will be re-established. The 
Station excavation could act as a 'bathtub' and tend to collect ground water. 
This could occur if the shoring wall provides a perimeter zone of higher 
permeability due to voids behind the shoring and/or placement of sand filler 
material.. 

The permanent ground water condition could be resolved by designing a water- 
tight Station or by providing for a permanent drainage system. Conven- 
tionally, the deep basements in the area have been provided with permanent 
slab a.nd wall drains draining to sumps. The pumping rates have been small due. 

to the small permanent inflow rates. However, conventional practice for 
subway stations may be to provide complete water-tight construction and design 
for the maximum hydrostatic pressures. 

We understand that the station will probably be designed to &e water-tight and 
to resist the full hydrostatic pressures. This preference is based on 
standard subway design practices and a cdncern that e'ien the best subdrain 
systems eventually clog. In our opinion, a permanent drainage system which 
would eliminate high h'drostatic pressures would be geotechnically feasible 
This opinion is based on the experience with deep basements in the. Los Angeles 
area and the anticipated small inflows. In fact, under normal conditions, the 
drainage system would probably be dry. 

6.9.2 Complete Water-tight System 

The Station could be designed to be water-tight below the level of the maximt4m 
anticipated ground water elevation. Thus the permanent structure below this 
level will need to be designed to resist hydrostatic pressures. 

. 
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We also recomend that full waterproofing be carried at least 5 feet above the 
anticipated maximum ground water levels. 

6.9.3 Complete Underdrain System 

A complete wall and slab underdrai system would eliminate the potential for 
hydrostatic pressures on the structure and would reduce waterproofing costs. 
We believe that this system is appropriate since the anticipted inflow and 
pumping rates wfll be very small. However, this system may not be. appr'opriate 
if a slurry wall is used as either a temporary or permanent wail. The, details 
of the drainage system depend on whether the permanent wall is poured directly 
against the temporary wall or if there Is a space between the walls. 

If the permanent wall is formed directly.against the shoring, a system includ- 
ing special fabric drains and/or perforated pipe drains discharging inside the 
wall could be used. If the permanent wall i.s formed away from the shoring., a 
system of vertical perforated dtain lines and collection lines at the base of 
the walls could be installed. The pace between the permanent and shored wall 
should be backfflled with free draining granular backfill. To prevent piping., 

a filter fabric (such as Marifi 140$) should be installed against the shoring 
wall. 

The slab underdrain system would include a layer of free draining granular fill 
dPained with a system of perforated pipes discharging to a disposal point 
Clean-outs should be provided at selected locations in the drainage system to 
allow for maintenance. 

A more detailed discussion of a complete underdrain system and de.sign criteria 
can be provided upon request. 

6.10 LOADS ON PERMANENT SLAB AND WALLS 

6.10.1 Hydrostatic Pressures 

As discussed in Section 6.9., there are two destgn alternatives for control of 
the ground water: designing a water-tight section; or installing permanent 
wall and slab drainage. 

If the slab and walls are permanently draind, the Station structure. does not 
need to be designed to resist hydrostatic pressures. If drains are not 
installed1 it is recomended that the maximum grolUnd water level be assumed at 
the elevations given below.. These elevations are bas . d on judgement and are 
intended to provide for possible increase in water levels over the existing 
measured levels. 

ELEVATION 
LOCAtION (ft.) 

Northwest end 255 
Southeast end .220 
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The hydrostatic pressures are included on the design pressure diagrams pre- 
sented on Figure 6-14 for static loading conditions. 

6.10.2 Pertnnent Static Earth Pressures 

We reconvnend that the permanent static lateral earth pressures be based on the 
anticipated at-rest condition. For this condition, we reconunend that the 
pressure be contputed on the basis of an equivalent fluid with a density of 55 
pcf above the ground water table and 30 cf below the ground water table (see 
Figure 6-14). 

The pressures on the roof should be assumed equal to the full weight of the 
overburden soil plus surcharge. 

6.10.3 Surcharge Loads 

Lateral surcharge loads from existirtg buildings not underpinned must be added 
to the lateral design earth prelssure loads. The latefal surcharge loads are 
identical to those recommended for temporar9 walls. Procedures for computing 
these. are presented on Figures 6-5 and 6-6. Vertical surcharge loads due to. 

surface traffic etc. should alsp be included in roof design. In addition, 
consideration should be given to loads imposed by earthmoving equipment during 
backfill operations. 

6.10.4 Seismic Wall Pressures 

Based on the analysis presented in Appendix E..3, an equivalent rectangular 
pressure distribution of 8 times the height of the structure is recommended as 

shown on Figure 6-14. 

6.11 SEISMIC DESIGN CRITERIA 

6.11.1 General 

Detailed seismic criteria for design of the Southern California Rapid Transit 
Metro Rail Project have been previously developed and are pPesented in the 
"Seismological Investigation and Design Criteria" report dated May, 1983. The 

Part I investigation of this report contains an evaluation of the sei:smo- 

logical conditions which may affect the project, and selection of 100-year 
probable and maximum credible earthquake ground motions and response spectra 
for the project. The Part II investigation provides geotechnical and strUc- 
tural seismic design criteria to be u,sed for design Of both undePgrbu'nd and 
above-ground structures 

For design purposes, two levels of earthquake ground sha,içing have been 
designated. The Operating Design Earthquake (ODE) corresponds to the level 

of ground shaking at which critical items maintain function so that the 

overall system will co,ptinue to operate normally. The Maximum Design Earth- 

quake (MDE) defines the level of gPound shaking at which critical items 

continue the function required to maintain publi safety., preventing cata- 

strophic failure an.d loss of life. Design ground motion parameters for these, 
two earthquakes are presented on Table A-2 and A-3 of Part II, Appendix A, of 
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. t.$ aforementioned report. Table A-3 gives values of displacements due to 
fault slip which must be accounted for in design at fault crossings. Design 
for fault displacement is required only for MOE conditions. 

Elastic free field design response spectra for use as input in seismic 
analysis of structural response are given in Figures A-2 and A-3 or Part II, 

Appendix A of the seismic design criteria report. 

Where. time-history type of analysis is to be. used, the District will provide 
aØpropriate digitized records in the form of computer tapes or decks for ODE 
and MOE level events. 

6.11.2 Dynamic Material Properties 

Values of apparent wave propagation velocities for use in travelling wave 
analyses have been presented in Table B-2 of Part 1.1, Appendi.x B of the 
seismic design criteria report. Other dynamic soil parameters will also be 
required for input into the various types of analyses reconunended in the 
seismic design criteria report. These include, values of dynamic Young's 
modulus, dynamic constrained modulus, and dynamic shear modulus at low strain 
levels. In addition, certain types of equivalent linear analyses required 
that the variation of dynamic shear rPo.duluE and soil hysteretic damping with 
the level of shear strain be known. 

Average, values of coniptession and shear wave velocities based on interpreta- 
tion of a limited downhdle geophysical survey performed in Boring CEG-9 and 
other boring's in similar nfateriãls during the 1981 investigation (see Appendix 
C) are presented at. the top of Table 6-1. These velocities have been used 
together with the corresponding values of density and Poisson's ratio t 

establish appropriate modulus values at low strain levels. Computed moduli 

Values for the Alluvium and Puente bedrock are tabulated in Table 6-1. 

TABLE G1 
RECOI41ENDED DYNAMIC MATERIAL PROPERTIES FOR USE IN DESIGN 

FINt-GRAINED 
ALLUVIUM 

GRANULAR 
PILLUV S UN 

PV81TE 
BEDROCK 

Average Compression Wave Velocity, V (ft/see) - moIst 2300 2350 5700 
- saturated 5000 

Aerage Shear Wave Velocity., Vs (ft/sac) 1100 1300 13d0 

*Polsson's Ratio 0.40 0.35 0.35 

**Young's Modulus, E, (psi) - moist 70,000 95,000 530,000 
- . - 5aturated 210,000 

**Constralned Modulus, E, (psi) - moist 145,000 150,000 850,000 
- saturated 800,000 

**Shear Modulus, Gmaxi (psi) 33,000 45,000 

* For saturated Alluvium, jse value 6f 0.45. 

** Saturated 'ólu'es of modulus should be used for undrained loading conditions In saturated 
Alluvium. 
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The variation of dynamic shear modulus, eApressed as the ratio of G/Gm , with 
the level of shear strain is presented in Figure 6-is for the various ologic 
units. Similar relationships for soil hysteretic damping are presented in 
Figure 6-16. 

6.11.3 Seismic Lateral Earth Pressures 

In Section 4.5.4.5 of Part 1.1, Appendl* A, of the seismic design criteria 
report, a discussion of the static md dynamic soil pressures which should be 
considered in the design of below grade walls to resist lateral earth pres- 
sures is presented. 1h analysis used to calculate seismic loadings on walls 
is based on the well known Mónobe-Okabe formulation as presented In Appendix 
E.3. This analysis is based on the Monobe-Okabe formulation but also includes 
various other assUniptions based on previous experience and engineering judge- 
ment. 

Result of the analysis presented in Appendix E.3 indicate that the temporary 
shoring system should be designed for a uniform seismic lateral earth pvessIuPe 
equal to 6H as shown in Figures 6-5 and 6-9. The permanent wall should be. 

designed for an equivalent uniform lateral earth pressure equal to 8K.. This 
value is based on a peak ground acceleration of O.30g corresponding to the 
Operating Design Earthquake (OPE). 

6.11.4 Liauefaction Potential 

The 7th/Flower site does not have an extensive thicknes of saturated granular 
alluvium. Locally, such as en.cduntered in Boring 9-1, zones of alluvium may 
contain perched ground water. Appendix E.4 presents a liquefaction analysis 
based on the very conservative assuthption that the site is underlain by a 

continuous thickness of saturated alluvium. The analysis indicates that the 
alluvium h.as a low risk of liquefaction due to its density and coarse. grada- 
tion. 

Based on the results of the analysis, the fact that the alluvium is npt 
continuously saturated, and engineering judgement, it is our opinion that the 
alluvium underlying the site would not be subject to liquefaction during 
strong ground shaki-ng produced by the postulated earthquake motions. 

6.12. EARTHWORK CRITERIA 

Site. developnferit is expected to consist primarily of excavation for the 
sIubte'ranean structure but will also include general site preparation, founda- 
tion preparation for hear surface structures, slab subgrade preparation, and 
backfill for subteh'anean walls and footings and utility trenches. Suggested 
guidelines for site. preparation, minor construction excavations, structural 
fill, foundation preparation, subgrade preparation, site surface drainage, and 
utility trench backfill are presented in Appendix F. Recommended spletifica- 
t.ions for compaction of fill are also presented in Appendix F. Construction 
specifications should clearly establish the responsibilities of the contractor 
for construction safety in accordancle with CALOSHA Pequirenients. 
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Excavated granular, alluvium (sand, silty sand, gravelly sand, sandy gravel) 
are considered suitable for re-use as compacted fill, provided it is at a 
suitable moisture content and can be placed and compacted to the required 
density. The ecavated bedrock material is not considered suitable due to its 
fine-grained nature which will make compaction difficult and could lead to 
fill settlement problenis after construction. If the granular alluvium mate- 
rials cannot be stockpiled, imported granular soils could be used for fill, 
subject to approVal by the soils engineer. 

6.13 SUPPLEMENTARY GEOTECHNICAL SERVICES 

Based on the available data and current design concepts, the following supple- 
mentary geotechnical services may be warranted. 

Observation Well Monitoring: The ground water obserVatio'n wells, already 
installed in this study, should be read several times a year prior to 
construction and more frequently during construction if the wells can be 
maintained. These data will aid In confirming the maximum design ground 
water levels. It will also provide valuable data to the contractor in 
determining his construction schedule and procedures prior to construc- 
tion and evaluating dewatering during construction. 

Review Final Design Plans and Specifilcations: A qualified geotechnical 
engineer should be consulted during the development of the final desgn 
concepts and should complete a review of the geotechnical aspects of the 
cbntPàt plans and specifications. 

o Shoring Plan, Review: Assuming that the shoring system is designed by the 
contractor, a qualified geotechnical engineer should review the proposed 
system in detail including review of engineering computations.. This 
review is not a certification of the contractor's plan but rather an 
independent review made with respect to the owner's interests.. 

. 

Construction Observations: A qualified geotechnical engineer should be 
on site' full time during installation of the shoring system, preparation 
of foundation bearing surfaces, and placement of structural backfills... 
The geotechnical engineer should also be aiailable for consultation to 
review recommended instrumentation data and respond to any spedific 
geotechnical problems that may occur. 
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GEOLOGIC UNITS 
SOFT GROUND TUNNELLING 

A YOUNG ALLUVIUM (Granular): lhcludes clean sands, silty sands, gravelly sands, sandy gravels, 
1 and locally contains cobbles and boulders. Primarily dense, but ranges from lo'ose to very dense. 

A YOUNG ALLUVIUM (Fine-grainS): Includes clays, clayey silts, sandy silts, sandy clays, clayey 
2 sands. Primarily stiff, but ranges from firm to hard. 

A OLD ALLUVIUM (Granular): Includes clean sands, silty sands, gravelly sands, and sandy gravels. 
3 Primarily dense, but ranges from tnedium dense to very dense. 

A OLD ALLUVIUM (Fine-grained): Includes clays, clayey silts, sandy silts, sandy clays, and clayey 
sands. Primarily stiff, but ranges from firm to hard. 

SAN PEDRO FORMATION: Predominantly clean, cohesionless, fine to medium-grained sands, but 
SP includes layers of silts, silty sands, and fine gravels. Primarily dense, but ranges from medium 

dense to very dense. Locally impregnated with oil or tar. 

FERNANDO AND PUENTE FORMATIONS: Claystone, siltstone, and sandstone; thinly to thickly 
C bedded. Primarily low hardness, weak to moderately strong. Locally contains very hard, thin 

cemented beds and cemented nodules. 

r'ROCK TUNNELLING 
(Terzaghi Rock Condition Numbers apply)* 

3a_.jTerzal1i 

Rock Condition Number 

Approximate boundary between terzaghi numbers 

2-5 TOPANGA FORMATION: Conglomerate, sandstone, and siltstone; thickly bedded; primarily hard 
and strong (Geologic symbol Tt). 

1-5 TOPANGA FORMATION: Basalt;1intrusive, primarily hard and strong (Geologic symbol Tb). 

TERZACHI ROCK CONDITION NUMBERS:* 

I Hard and intact 

2 Hard and stratified or schistose 
'F 

3 Massive, moderately jointed 

4 Moderately blocky and seamy 

5 Very blocky and seamy (closeI' jointed) 

6 Crushed but chemically intact rock or unconsolidated sand; may be running or flowing ground 

7 Squeezing rock, moderate depth 

8 Squeezing rock, great depth 

9 Swelling rock 

lnractice, there are not sharp boundaries between these categories, and a range of several 
Terzaghi Numbers may best describe some rock. 

,,,.? Geologic contact: approximately located; queied 
where interred 

Fault: approximately located; queried where inferred; a- 
_- -? arrows indicate probable movement; attitude in profile r is an apparent dip and is not corrected for scale 

distortion 

Dip of bedding: from unoriented core samples; bedding 
attitudes may not be correctly oriented to the plane of 

.si4r the profile, but represent dips to illustrate regional 
geologic trends; number gives trUe dip in degrees. as 
encountered in boring 

y. ........ Perched water level: approximately located; queried 
where inferred 

V. Permanent water level: approximately located; quiried 
where inferred 

Boring CEG (1981) 

Boring - CCl/ESA/GC (1983) 

Boring - Nuclear Regulatory Commission (1980) 

Boring - Woodward-Clyde (1977) 

(J Boring - Kaiser Engineers (1962) 

Boring - Other (USGS 1977 and various foundation 
studies) 

NOTES: 1) The geologic sections are based on interpolation 
between borings and were prepared as an lid in 
developing design recommendations. Actual condi- 
tions encountered during construction may be 
different. 

2) The locations of the tunnel line and stations are 
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APPENDIX A FIELD EXPLORATIN 

A.1 GENERAL 

Fteld exploration data preselnted in thi.s ?eport for Design Unit A165 includes 
information from borings drilled for the 1981 Geotechnical Investigation 
Report and additional borings drilled for this investigation. Qne boring 
(CEG-9) was drilled at Pesign Unit. A165 during the 1981 investigation and the 
log is reproduced in this appendix. Four additional borings (9-1 to 9-4) were 
drilled in 1983 for this investigation. Locations of the borings are shown on 
DraWings 2 and 3. Grtund water observation wells (piezometers) were installed 
in borings CEG-9, .9-1 and 9-4. A geophysical downhole survey was made at 
boring CEG-9 (see Appendix C). 

The borings were drilled to depths generally ranging front 85 to 200 feet, and 
all of the bor'ings penetrated through thefl iluvtum (Units A , A , A and A 
into th underlying bedrock (Unit C). All borings were dmplZd aQ regul2r 
intervals using the Converse ring sampler, pitcher barrel sampler and the 
standard split spoon sampler. Sample and core recovery was essenti:ally 100% 
in the siltstone and claystone. bedrock (Unit C.) blut Only about 78% in the 
all uv i urn. 

the following subsections describe the field exploration procedures and 
provide explanations of symbols and rfotation used in preparing the field 

boring logs. Copies of the field boring logs are ptesented following the text 
of this appendix. 

A.2 FIELD STAFF AND EQUIPMEIT 

A.2.1 Technical Staff 

Members of three fihns (CWDD/ESA/GRC) participated in the drilling exploration 
program. The field geologist continuously supervised each boring during the 
drilling and sampling operation. The. geologist was also respolnsible for 
preparing detailed lithologic log of the rotary wash cuttings and for 
sample/core identification, labeling and storage of all samples, and installa- 
tion of piezometer pipe, gravel pack and beritonite seals:. 

A.2.2 Drilling Contractor arid Equipment 

Drilling was performed by Pitcher Drilling Company of East Palo Alto, Cali- 

fornia, with Failing 1500 rotary wash rigs, each operated by a two man crew. 

A.3 SAMPLING AND LOGGING PROCEDURES 

Logging and sampling were performed the field by the geologist. The 
following describes sampling equiprnent and procedures and notations used on 

the lithologic logs to indicate drilling and sampling modes. 
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PI.3.1. Sampling 

In the overburden at about 10-foot intervals, the Converse ring sampler was 
driven using a down-hole 450-pound slip-jar hammer:. The Converse sampler was 
followed with the standard split spoon sample (SPI) driven with a 140-pound 
hammet with a 30 inch stroke. Where the Puente Formation was encountered, the 
botings were sampled using a Pitcher-Barrel and Converse ring sampler at 
20-foot intervals. 

The most common. cause for loss of samples or altering the sample interval was 
when gravels were encountered at the desired sampling depth. Standard pene- 
tration blqw count information can often be misleading In thi.s type of formä- 
tion, and it is difficult to recover an undisturbed sample. Therefore at some 
locations borings were advanced until drill Pesplohse and dutting suggested a 

change in formation. 

The following symbols were used on the logs to indicate the type of sample and 
the drilling mode: 

Log Sample 
Symbol Type Type of Sampler 

B Bag - 

3 Jai Split.Spoon 

C Can Converse Ring 

S Shelby Tube Pitcher Barrel 

Box Box Pitcher Barrel, Core Barrel 

Log 
Symbol 

AD 

Drilling Mode 

Auger Drill 

RD Rotary Drill 

PB Pitcher Barrel Sampling 

55 Split Spoon 

DR Converse Drive Sample 

C Coring 

A.3.2 Field Classification of Soils 

All soil types were classified in the. field by the site geologist using the 
Unified Soil Classification System". Based on the characteristics of the 

soil, t.his system indicates the behavior of the soil as an engineering 

S 
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construction material.* Although particle size distribution estimates were 
based on volume rather than weiqht, the field estirifates should fall within an 
acceptable range of accuracy. 

Table A-i shows the correlation of standard penetration information and the 
physical description of the. consistency of clays (hand-specimen) and the 
compactness of sands Used by the field geologists for describing the materials 
encountered.. 

IAflL- A-I correlation or li-values and conststency/cactness of Soil Obtained in the Field 

NValüis Hand-Spécimei Consistency Co"Watneis :N-Valuei 
(blws/footj (clay only) (ëlajr or silt) (sand only) (blows/foot) 

0 - 2 W{U squeeze between fingers when hand Is closed Very soft 
I I 

Very loose C - 4 

2- 4 Lastly màldid by fingen 
. Soft 

I 
Loose 4-10 

4 . 8 Molded by strong pressure of fingen Fin 
I 

8 - 16 Dented by strong pressure of fingers Stiff 
I I 

Medium dense 10 - 30 

16 - 32 DentS only slightly by finger prtsure Very stlff 
p I 

Dense 30 50 

32+ Dented only slightly by pinch point lard 
I I 

Very dense 50+ 

A.3.3 Field Description of the FormatioP 

The description of the formations is subdivided in two parts:. lithology and 
physical condition. The lithologic description consists of: 

o rock name; 
o color of wet core (from GSA rock color chart.); 
o mineralogy, textural and structur& features and 
° any other distinctive features which aid in correlating 

or interpreting the geolog'. 

The physical condition describes the. physical characteristics of the rock 

believed important !or engineeHng design consideration. The form for the 
description is as follows: 

Physical condition: fractured, minimum 
maximum ____________, mostly hardntss; 

strengtht weathered. 

Bedrock description terms used on the boring logs are given on Table A-2. 

* For a mOr complete discussion of the Unified Soil Classificatiop System, 
refer to Corps of Engineers, Technical Memorandum No. 3357, March 1953, or 
Department of the Interior, Bureau of Reclamation, Earth Manual, 1963. 

7 
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TABLE A-2 Bedrock Des&i$ion TerIt5 

PHYSICAL CONDITION* SIZE RANGE REMARKS 

Crushed -5 microns to 0.1 ft Contains clay 
Intensely Fractured .005 ft to 0.1 ft Contains ro clay - -- 

Closely Fractured 0.1 ft to 0.5 ft 
Moderately Fractured 0.5 ft to 10 ft - - 

Little Fractured 1.0 ft to 3.0 ft 
Mass1e 4.0 ft and larger 

HARDNESS" 

Soft - Reserved for plastic material 
Friable - Easily crumbled or reduced to powder b' finefs 
Low Hardness - Cart be gouged deeply or carved with pocket knife 
Moderately Hard - Can be readily scratched by a knife blade; scratch le5ves heavy trace of dust 

Hard - Can be scratched with difficulty; scratch produces little powder& is often faintly visible 
Very Hard - Cannot be scratched with knife blade 

STRENGTh 

Plastic - Easily deformed by finger pressure 

Friable - Crumbles when rUbbed with fingers 
Weak - Unfractured outcrop -would .czumble under lIght .hanmier blows. - 

Moderately Strong - Outcrop would withstand a few firm hammer blows before breaking 
Strong - Outcrop would withstand a few heavy ringing hammer blows but would yield, with difficulty, 

only dust & small frants 
Very Strong Outcrops would resist heavy ringing halmTler blows & will yield with difficulty, only dust 

& small fragments 

WEATHERING DECOMPOSITION DISCOLORATION FRACTURE CONDITION 

Deep - Moderate to complete alteration of Deep & thorough All fractures extensively coated 
minerals feldspars altered to clay, etc. with oxides, carbonates, or clay 

Màdérate - Slight alteration of minerals, cleavage Moderate or localized Thin coatings or stains 
surfaces lusterless & stained & intense - 

Little - No megascopic álteratibn in minerals 5ligh & inkrmltent Few stains bn fracthi'e sur'faces 
& localized- . - 

Fresh - Uñáltered, clea'agè surface glisteñinj None 

*Jolflts and fractures are considered the same for ph'sical descripti6n, and both aS referred to at" factufes" 
however. mechanical breaks caused by drilling operation were not Included. 

**Sca!e for rock hardness differs from scale for sail hardness. 

C 



... A.4 PIEZOMETER INSTALLATION 

Pjezometers were installed in boring CEG-9 in 1981 and two additional piezom- 
eters were installed in borings 9-1 and 9-4 in 1983.. Prcedutes for piezom- 
eter installation were the. following: 

A two-inch diameter plastic ABS pipe was installed in the boring and the 
anriulus of the boring around the pipe was backfilled with a coarse sand/pea 
gravel aggregate. A 5-foot thick surface bentonite seal was placed around the 
holes to prevent surface water from artificially recharging the gravel-packed 
hole or contaminating local ground water. After the pie±ornèter was installed, 
the boring was flushed usinq air lift provided by a trailer-mounted air com- 
pressor. The piezorneter was covered with a standard 7-inch diameter steel 
water meter cap held at surface grade by a grOuted in-place 3- to 4-foot long, 
5-inch diameter plastic sleeve. Ground water data obtained from the piezom- 
eter is presented in Section 5.4 of the text. 

-66- 

CCII ES Al G R C 



C] 

L 

Converse Consultants Boring Log 

tHIS 1.00 IS APPUCAflIS ONLY £1 THIS LOCATION AND T1 
coasmo.. NAY DWflN AT OTIlU Location os TWL 

PROJECT -H1 ''1 DATE DRIILFfl__2/2o-3/83Ho NO. '9-I 
LOCATION _ 7 "3 t4i-et4- Fi. roo. Msre ifr GROUND ELEV. _________ 
DRILLING CONTRACTOR Pi+Jr LOGGED BY . tho6eenDEPtH TO GROUND WATER_ 
TYPE OF RIG: HOLE DIAMETER _ 41¼" HAMMER WEIGHT a FALL _ iloib a .o " 
SURFACE CONDITIONS _ tone r-e+e.. scAeLc,.I Is TOTAL DEPTH _ NO. CORE BOXES _ ° 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
g 

0.0 
cc 

O.00.?. -Ca..c.rc.+t 
'(OQ4 

;n.oae. nd ce# i.ip 

:3;.bpt, ariiied 
04;1k .. 

qs% rotrn+C\7 p1n44-ic... n'cre'ct nc* 

0- G " 'th."4- ot-i.'4 
$4,-cc. ,ro%4+. O'r 
Z.5-Lj.7 SANO'? CLAY: - AC 
,oaei-c4-c brea.r ç5Y3/qC 
50% r"odertt4-etv p'.'s+"-. 

£4.0 - freA act0 ç- - - 

s4- Cc-; nio.s+. 

- h4. SAPJOYC.L-AY t ;-.......... 

vtedrrn4. brt.-r 1.5/1.5 

- S' i00% stc'aer'/ -î 
nt4 

very .*s4; 's*. 
1 

"" __________ 
Cc -n 

c-I 7 IAPI . -- /cc0 r.: 

Ttz COMflnS ctaye,y 5and -r 0.7/1.5 
Ier,5e5 40 

" 
4.. o; rt:r.ry 

H 
I 

.0- - - - - 

-- -- - 
H aD/is 

)7..539 cycY614A'L*S S 
15.;- C: m,e,--c r,.-.,r LktO. O7 r r D*er 

-< j-ja c - 

tO'k'o 5/!ycJ°)' -aer'/ 
; ,-., 

. 

c?'c..y ncI .H/. - . a/o.7 / 

?O' _ -"'c u" ,_SHEET _ I OF. _ C 



E1 

PROJECT 83-'l 8' DATE DRILLED z/zo-z//s3 HOLE NO. _ 9-I 
DEPTh CLASS. FIELD DESCRPT%ON 

- E' a Li REMARKS 

S 17.s-3q C.L.4Y.F1 5+'Uo - 

coil-k 

irxed rr.ck Ljj 

0.74g 

H60 
''TV 

2.Z.S $'W/ cJc\/ /arsc 

H H 

Z't5 orc.'ueAt/ acne. 

Z45 ti>/ t'J 
1W 

zs.o_Z 
jV.6 3" eonC 

0.5/0.5 

-- 
/00% re.:'JC7 

-- 

o.E/o.5 
Cr / 

Dt.q 100 

33' saray CI&t/ /eVISC. 

-FERNAh&t FottMAThM 
zqo 3JquZJFttLf?Q S'2rZtti5J - - - 

d51cy yenoo(sf 4/a) 
3'4.5 850'CL.#YEY scrsrc'u 
eiork. oa r'/ (SY3/,J. 
1!0'r. rrdrr-\, 
Cirr,-. ........ . 'nc.r..,ra. 

r4 An: 
'9nr*r.4 ttr.C. 

. ;..9' .r-- 
-: 

.. 

...: 

/o0/, rrc..a,er-/ 

-r C 

- - 
H 

._ 
c.c& ConcA,4-'on 

4(0,0 - 

&42 C 

/4* Crctc4jr:: 4-c c;)c 
ce.z -0 * - crr(r. 
rnlc,.4., .1,.. r"r,' - 
4re5I1. 

32/ ,i/ " o:ae.e#e' ea 

5&pec\ co.,c.rr4' on 
tnt ICiC 

Or ether 
Sapfe T- 

po,+ c\rcr" CPy 

7g'4A, 
r4 he!j 

su/Cor odor. 

- 

H 

/ 6 Zr 2. 
,0O. t/ 

- 

- I. S"i. 5 

r:.-qqr. 

SHEET _ . OF .5 

-.. 

1 

rz 

o zo 



C 

S 

PROJECT _ ''3 -'io'-' DATE DRILLED z/zo-ai/85 
. HOLE NO.__________ 

DEPTH 

-- 
CLASS.. FIELD DESCRIPTION 

- 

'. . La REMARKS 

4W.O 

- 

4'5.OH 

- 

çoH 

(e.o- 

6'cxo 

-. r.. - 
34'.5 35-O " rev it.rs7a,u 

La-plc. r- : 

decrea5e_ shell 
rOC¼fP.er4t 

- 

- 

ro&t, ;1-er 
- 

o# ...5A0 
c..'1#L- 

.d-r c55 

_,ccrXr/ 

- 

- 

- 

,cc7, rCC0QY 

H 

co - - 

- 
/oO 

H 

T 
,.s 

,]-:- ,--Jr 
SHEET OF S 

iv ' 

- 

_; 

C 

. 55$ - 

- 

,t' 4s 

4' 

- ;j - 53 

-. 



. 

S 

[TI 

PROJECT 3-t'O?-S, DATE DRILLED 2/z.O-ZJ/S HOLE No. 9-i 

DEPTH CLASS. FIELD DESCRIPTION 
S fl ó 54 

REMARKS 

(O6.O 3't5-SS' CLA1IEY 5n..rsroiuE:. _73 
H H 

7.O J007c '/ 

z 

tILs ar'j 14"/' 
skcprt. iiak4 

orset jre/&&4i-Y .: 

1.4 

rr 
- 

H 
.! 

- 

74.0 

HE 

c/;nr!y 

ICS dSC- -4' -- /OOo rec.OJe'/ is - 

P b crcr 
L e a 

- CC" 

:3 
h,'ok cn.,ntraOfl rkJO 

4 sheIla. 1.0/l.a 

ioa% 

- 
- 

1,. tt.0 -e 
dr, cd ou4 r.-,tdr-, / 

Cp0 n.) -:r 
ç'Jj .Zrr- 
,-J,'r-.4 a" ;tS5' .'/-as'. 

'I s_ '-v-I rc. L.J-'i... 

4t 4,r ... Car #op - - 

.: 

- 

..... cLr,/I;rc 

:c 
drer, te'Ic 

H ,rr,ricr & 

H co# cajrr aotp.t. 

- 

H is' a4 I0+fS c4.:' 

SHEET _ 7' OF5 



SUMMARY BORING NO. ____ 

PRo ECT _____ STATION HOLE 'tS DAtE DRILLED 

OVERBURDEN DEPTH (Ft) .0. TO _____ 

BEDROCK DEPtH (Pt) 39° TO as (tD.). 
WATER PRESS. TEST "s INTERVAL(S) TO _____ .10 _____ 

GROUND WAtER DEPTH -9 DATE Y/9/S3; DATE ____ 
4SoLlf.JE 

GAS SQL fv.9. DEPTH FIRST NOTICED , DATE 

E-LOG 

DOWN-HOLE SURVEY __________ 

CROSS-HOLE SURVEY 

PVC CASING (I.D.): 4° _____ TO ; 3" _____ 10 ____ 0- 10 _____ 

GROUND ELEVATION REF. C5!PA*a .L'A-! ("=Wb' £aaec.4 A.sa 

SKETCH 
. 

0 

61A41c 

Sb LI. 

zo 

'Is 

per4# 'C 

a 
85= eu 

ci 

f'c.ucrao S4 

Cft.yey 

N 

LcLw° Sf 

p-;. 4., 

SHEET _ 5 OF _ 5 



S 

n 

Converse Consultants 
Boring Log w THiS LOG IS AflUCAnA OflT ATTISS LOCATiON Afl TINS. 

caunmon Iuv wnn a ones. OcknONS Os TINS. 

PROJECT 83-iIp;-)j DATE DRILLED a/ip,v9/53 HOL.E NO. ____________ 
LOCATION L E10,.'l.e- ,d v"° M rk GROUND ELEV. 2.70 
DRILLING CONTRACTOR f4er LOGGED BY L- Scho _ er1v- DEPTH TO GROUND WATER........ 

TYPE OF RIG5' _ '-°° HOLE DIAMETER_____ HAMMER WEIGHT AND FALL p/C //j c2 30" 

SURFACE CONDITIONS_cnrt4c --1n\ k TOTAL DEPTH 8& NO. CORE BOXES O 

DEPTH CLASS. FIELD DESCRIPTION Q 3 I REMARKS 

0.0 . 3s ..o.. cn4-.. meà areA se# up 
Ci. 3.Z0.'i ct..PYY £c,A&UEL..: it:3Qnn. 3 ø4r.p# 

90L)M& 4LLj.J)iCfl . ; tt 
aL.-rYLL.#y: .q-s.o 

hLnk (Y 2/i) 4aet4e.S ii-:,r.- 

2.0 ,l., /00% - 1 kH. 
,Ct -c.--e as 
I',.:-. I 

q nrnAc:l Icr ck'Lt-..c. +0 
r'Iuk c5" v 

CL.YGy _ AQQ t. .:Zs.J3.0 
nA.r'- refl <' / 

- - 
I, rr:4-"r'-y j.:t'-u .C.,,p... 

A.r:c. .' 

.4 -i 

-- 5CR 
S- /00% rCsacry C) 9 

-c rc .nrfli2 0._. 

:. 

ae.. 
H 
-'" 

i3:aH.o y ense. CL 

M.o ZQ' /5,tA'JELLt _ $4nj0 tO 

ortc._'r\a"cI 

SO% n,erth..in'. 4- 

C0ct.t "CLtt' CtAJJ 
jS* tC -: rr-I,.)r- 
raurdecl orc'Je( - jrcri#.c.t'r - 

P v.' z, ;4 ::c:rcuo#n OSS 
-ri H -. e( nJc\ /5S / I -. 

- /trtrr./ 

20.0 SHEET ! or___ 



., 

. 
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Boring Log 9-3 Converse Consultants 
This LOG IS *PPtJCAO1S ONLY At 1141$ LOCATION' AND TINE. 
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DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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This LOG m *nuCmUiZ OflY AT THIS LOTION AID 71111. 

conmcus 11*7 CWflD AT OTHfl LOCATIONS ON 71111. 
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SUMMARY BORING NO. 9- 

PROJEcT"°'-7' STATION HOLE yeS DATE DRILLED 

OVERBURDEN DEPTH (Pt) o To ______ 

BEDROCK DEPTH (Pt) ,L' io 25' (T.D.). 
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Converse WardDavisDixon 
Earth Sciences Associates 
Geo/Resource Consultants 

Boring Log ¶ 

mis too is ONLY AT THW LOCATION AND TIME. 
CONDITIONS MAY DFFER AT OTHER LOCATIO 113 OR TIME. 

PROJECT ..-'r' DATE DRlLLEDJ-n-a//z-'/n HOLE NO. 

LOCATION - 7n.a... %...,- r4eej GROUND ELEV. Z6?' 
DRILLING CONTRACTOR/-I- Oeh4-. k LOGGED BY ín'fl7r4 DEPTH TO GROUND WATER........ 
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PROJECT DATE DRILLED 2-/R-fl/ HOLE NO.___________ 
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PROJECT______________________ DATE DRILLED 2'2.8/ HOLE NO.___________ 

DEPTh CLASS. FIELD DESCRIPTION 

- - 
1 
- - 

REMARKS '-ía! u" 
___ a 

.-9Fn nCimw..nM'am'nJ /6 1: 
cIn.c pnye'.fl'J/a) .ncaaw: 
b"-';.r.-ht' 02.. 

-r r" 

;/#,I1 fl rj4-A .aeVAy oa...e.es 
't!P 4.,F)4. 't..stst.11j .j ,ane...4. t.4.A-49. 

,'NS'Sfrf.j ecdVO,Oa..ceCOiV r) 6 

A. 7 0 'tS-n#ss/4/ea, £__,ns.. ti, 
,a6n4cha..eaI44esA( F .200,ng. 

vhO - _..... - 7 L= - fl Bojc 

'2. 
POelpn. 

H 

J.. 
t ?.Ct inea.e4t. 'i%" ;ac,<. -- it.?. ,- 
JO SI 

een,4s/ H z-,i7 1:: 

ft2.e -: T 

1,74Lh3 -eJ/8,.o' // 

N2. 

5/C 

.._... 
/ e.- her&..0/ 

3 

.o ç4 SHEET 9' OF ' 

n2c 



El 

Converse Consultants 
Boring Log 9-3 

THIS LOG IS APPIJCASLZ Ar THIS LOCATION' AND TIMI. 

couDrnoii Av DPfl AT 07111* LOCATIONS ON TINS. 

PROJECT 3- I/OI-?l DATE DRILLED_2/zZ-t43HO NO. 

LOCATION _ 7+/, S#re!e* p00' ') o rIo%.3er GROUND aEV. 2a-9. 0' 
DRILLING CONTRACTOR _ Pi4c1, er LOGGED BY L. St %, c.erkEpT TO GROUND WATER_._ 
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PROJECT _ S31ft)7! DATE DRILLED z/zz-M3 kOLE so. 9-3 

DEPTH CLASS. FIELD DESCRIPTION $ REMARKS 
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PROJECT _ P3-un,-71 DATE DRILLED Z/zz-ai/83 HOLE NO. 93 

DEPTH CLASS. FIELD DESCRIPTION I 
e 

REMARKS 
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PROJECT _ DATE. DRILLED z/n/Sa HOLE 

DEPTH CLASS. FIELD DESCRIPTION I fl 
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SUMMARY BORING NO. .9-3 

PROJECT _ 83-1.101-71 STAtION HOLE ___________ DATE DRILLED _________ 

OVERBURDEN DEPTH (Pt) 6 TO 3S 
BEDROCK DEPTH (Pt) TO (T.D.).. 

WATER PRESS.. TEST MO ; INTERVAL(S) TO _____ _____ TO _____ 
durn 

GROUND WATER DEPTH (FT.) 3" DATE /M; DATE 

GA5.su:cur; DEPTH FiRST NOTICED 5a' , DATE 12th3 

E-LOG MO 

DOWN-HOLE. SURVEY __________ 
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Converse Consultants Boring Log 

THIS LOG IS On! AT THIS Loc*nON AND TIML 

CONDfltONS NAT Dflfl AT 011111 LOCATIONS ON 11111. 

PROJECT 8Z-flO\ '-.8k DATE DRILLED Z/'7-.ls/eH0LE NO. ____________ 
LOCATION _ Sew* t) ç- GROUND ELEv..L2JL........... 
DRILLING CONTRACTOR tcer LOGGED BY L t?rJ6r DEPTH TO GROUND WATER_ 
TYPE OF RIG Ft'1rA HOLE DIAMETER _ 2.g' HAMMER WEIGHT AND FALL _ 1.9db :2. ZO' 
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PROJECT 8 DATE DRILLED 2//7p3 HOLE NO._________ 

DEPTH CLASS. FIELD DESCRIPTION 
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PRO.JECT &3-J.10 DATE DRILLED Z/r,-/S,IR HOLE NO. 9-V 

DEPTh CLASS., FIELD DESCRIPTION 
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PROJECT _ 83t10! S' DATE DRILLED ____________ HOLE NO._________ 

OEPm CLASt FIELD DESCRIPTION 
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SUMMARY BORING NO. 

PROJECT 1tQ1r77 STATION HOLE. _ yeS DATE DRILLED 2//7./3/83 

OVERBURDEN DEPTH (Ft) TO _____ 

BEDROCK DEPTH (Ft) '111' t ...S&II.. (tD.).. 

WAtER PRESS. TEST ; INTERVAL(S) TO _____ _____ TO _____ 

GROUND WATER DEPTH (Ft.) ' DATE _____ ____ DATE 
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Converse.WardDavisDlxon Boring Log 
Earth Sciences Associates r In ii a THIS LOG IS APPLICABLE ONLY AT 71415 LOCATION AND TIME. eo, nesourCe .onsuitants CONDITIONS MAY Dwrtn AT OTHER LOCATIONS OR TIME. 
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PROJECT Se..er, DATE DRILLED _ Zr/j. 8/ HOLE NO. 

DEPTh CLASS. rIEL.D DESCRIPTION il REMARKS 
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APPENDIX B GEOPHYSICAL EXPLORATIONS 

8.1 DOWNHOLE SURVEY 

8.1.1 Suninary 

A downhole shear wave velocity survey was plerfonned in Boring CEG-9 in Design 
Unit A165. Measurements were made at 5-foot intervals from the grOund surface 
to a depth of 200 feet. A description of the technique and a sumary of the 
results are attached. 

8.1.2 Field Procedure 

Shearing energy was generated by Using a sledge hammer source on the ends of a 
4-by-6-inch timber positioned under the tires of a station wagon, tangential 
to eac.b hcrehole. A 12-channel signal enhancement seismograph (Geornetrics 
Model ES1ZIO) allowed the summing Of several blows in one direction when 
necessary to Increase the signal-to-noise ratio. Shear waves were. identified 
by recordmg wave arrivals with opposite first motions on adjacent ctaniels of 
the seismograph. 

B.1.3 Data Analysis 

A typical record from a similar downhole survey is reproduced in Figure 8-1. 

The timing line shows a 20 millisecond (MS.) break at the end of the record, 
indicating that each vertical lie 

i. 
10 MS. The time of the first arrivals 

Of compresslonal shear energy Is i.ndicfl.ed by P and 5, respectively. Actual 
travel times versus depth from Boring CEG-9 are shown in Figure. 5-2. 

BJ.4 Discussion of Results 

Estimated velocities are summarized in Table. B-i. Velocity estimates are 
based on selection of linear portions Of the downhole arrival time cutves. 

The error analysis performed for these Surveys involved a least squares fit of 
these data by estimating the mean Of the slope (V) in Table B-I) and the 
star4ard deiatfon of this estimate of the slope. This estimate of the 
stajidard deviation was coijibined with an estimate of the overall accuracy to 

produce the best estimated elotity (V*). Vp* are the values to be used for 
stuldies of the rep.onse of these. sites. N is the number of data points used 
for the straight line fit for each velocity estimate. 

In general, near-surfacle shear wave, velocity was found to be ahout 1050 feet 
per secqnd to depths of 45 feet. The shear ve'lodty estithate increased to 
about 2.590 feet per second for depths of 45 to 200 feet.. 
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. TABLE 8-1 
DOWNHOLE VELOCItIES 

C] 

r 

CONPRESSIONAS WAVE - SHEAR WAVE 
Boring Depth 

No. (ft) Vp ° p Ep Np Vp* Vs s Es Ns. Vs* 

9 10-45 2330 163 111 6 2330+280 1044 89 52 5 1040+140 

45-zoo 4829 188 z4i 29 4830+430 1534 85 17 31 1530+160 

Vp - meal estimate of Ca ressienal ways velocity 

Vs meal estimate of shear wave velocity 
op standard deviation of estimated caipressional' üave velocity 
as - standard deviation of estimated sneer wave velocity 
Ep estimated accuracy of press ionai survey 

Es àitlmáted stricy of sheer jurvey 

Np - number of points used for straight in, fit of conpressional wave 

Vp' overall accuracy of ca%pressioaai wave velocity estimate 
overall accur acy of shear wave vet ocity estimate 

KS numbs- of points used fr straight line fit ot shear wave velocity data 

NOTE: Compression wave velocity of watir (afr5xlmately 5000 fps) may mask the 
actual compression wave velodty of the soil structure below the water 
table. 
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APPENDIX C WATER QUALITY ANALYSIS 

C.l RESULTS 

Water samples were taken from Boring CEG-9. The purpose was to evaluateS water 
chemtcals that could have significant influence on design requirements and to 
identify chemical constituents for .cOmpiiance with EPA requirements for future 
tunneling activities. Chemical constituents tested are attached. 

C.2 FIELD PROGRAM 

The borehole was flushed and established as a piezometer. At a later date 
(often several weeks) the established piezometer hole was again flushed and 
cleaned out. Upon achieving a clean hole, water samples were collected with 
an air-liftirg procedure from various depths within the borehole1 The water 
samples were collected in sterilized one-quart glass containers which were 
properly identified and marked in the field. The water samples were taken to 
the laboratory for testing. 

-101- 
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ConverseWardflavisDixon 
Earth Sciences Associates 
Ceo/Resource Consultants 

Jacobs Laboratéries 

Converse Ward Davis Dixon 
126 W. Del Mar Blvd. 
P.O. Box 2268D 
Pasadena, CA 91105 

Attention: Buzz Speliman 

Report of chemical Analysis 

Water Ouality 
-. 

April 6, 1981 

Lab No. P81'O2-123 
P81-02-142 
P81-02-159 
P81-02-186 
P81-03-017 

The enclosed analytical results are for thirty (30) samples of ground 
water received by this laboratory on February 12, 17, 18, 20 and March 
3, 1981. The samples were collected and delivered by Converse1 Ward, 
Davis, DiicOn personnel. 

Cation/Anion balance was not acheived on many of the samples due to the 
presence of an unmeasured cation, probably aluminum or barium. This fact 

r is reflected in the large difference between the milhiequiva]snts of total 
hardness, (Mifligrams CaCO3/l 50 milliequivalents) and the summed aifli- 
equivalents of calcium and rnagnesiifln. These samples balance electrically' 
using the total hardness in place of the calcium and magnesium. This 
indicates a cation (or cations) was not measured. The most coimnon ions 
áré aluminum and barium. If you so desired, we may analyze these samples 
for the missing element(s). 

Respectfully submitted, 

LkQOI 
WIlliam, ft. Ray 
Manager, Water Laboratory 

asl 



:_a Converse Ward Davis Dixon Lab No. P81-03-017-4 

No. Samples : 7 

Sampled By : Client 
Brought By : Client 
Date Received: 3-3-81. 

Sample labeled: HOLE 9_i!' 

Conductivity:. 853 u whoa/cm pH 7.7 @ 25°C 
pHs C! 60°F (15.6°C) 

Turbidity: Nit pUs C! 140°F (60°C) 

Milligrams per Milli-equivalents 
liter (ppm) per liter 

Cations determined: 

Calcium, Ca 1.60 
Magnesium, 7.5 0.62 
Sodium, Na 127 5.52 
Potassium, K 12 0.31 

Total 8.05 

Anions determined: 

Bicarbonate, as Rca3 202 . 3.31 
Ghloride, Cl 101 2.84 
Sulfate, $04 82 1.71 
Fluoride, F 0.7 0.04 
Nitrate, as N 0.4 0.02 

Total 7.95 

Carbon dioxide, CO2, Gala. 6 
Hardness, as CàCO3 lii 
Silica, Si02 20 
Iron, Fe < 0.01 
Manganese,Mn - C 0.01 
Boron, B 0.74 

Total DisEolve4 Minerals, 485 
(by addition: HCO3 -> Go3) 
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APPENDIX D GEOTECHNICAL LABORATORY TESTING 

0.1 INTRODUCTION 

Laboratory geotechnical tests were performed on selected soil and bedrock 
samples obtained from the borings. 

The soil tests performed may be classified into two broad categories: 

Index or identification tests which included visual classification, 
grain-size distribution, Atterberg Linfits, moisture content, and unit 
weight testing; 

Engineering properties testing which included unconfined compression, 
triaial compression, direct shear, consolidation, permeability, 
porosity, resonant column, cyclic triaxial, and dynamic triaxial tests. 

The laboratory test data from the present investigation are presented in Table 
0-2., while data from the 1981 geotechnical Investigation are presented in 
Table 0-3. The geologic units listed in these tables are described in Section 
5.0 of the report. 

0.1.1 Data Analysis 

The summary of laboratory test results is presented in Table 0-1. Figur'es D-1. 

through D6 summarize strength and modulus data for granular alluvium and 
bedrock at this site and other nearby station sites. 

Data from the various tests were organized by test type and geologic unit. 
Where the number of tests was sufficient to wárräflt, a statistical evaluation 
including averaging and computation of standard dfliation was performed. The 
arithmetic average, or mean, was computed for each test type except for the 
permeability tests. The geometric mean was Used for the permeability tests. 
The geometric mean, rn5, of a population of n samples is defined as: 

m5=a1xa2x... 

Data obtained for each geological Unit were summarized, averaged and evaluated 
for use ir eve3oping recommendations for the desi4n unit. Test results which 
were considered non-representative du to sample disturbance or other factors 
were not-reported or surnarized. 

D.2 INDEX AND IDENTIFICATION 

D.2.1 Visual Classifkation 

Field classification was ver9fied in the laboratory by visual examination In 
accordance with the unified Soil Classification System and ASTM D-2488-69 test 
method. When necessary to substantiate visual classifications, tests were 
conducted in accordance with the ASTM P-2478-69 test method.. 

-104- 
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0.2.2 Grain-Size Distribution 

Grain-size distribution tests were performed on representative samples of the 
geologic units to assist in the soils classification and to correlate test 
data between various samples. Sieve analyses were performed on that pottldn 
of the sample retained on the No4 :?O0 siev4 in accordance with ASTM 0-422-63 
test method. Combined sieve and hydrometer analyses were performed on 
selected samples which had a significant percentage of soil particles passing 
the No. 200 sieve. Results of. these analyses are presented in the form of 
grain-size distribution or gradation curves on Figure 0-7. 

It should be noted that the graIn-size distribution tests were performed on 
samples secured with 2.42. and 2.87-inch ID samplers. Thus, material larger 
than those dimensions may be present in the natural deposits although not 
indicated on the gradation curves. 

0.2.3 Atterberg Limits 

Atterberg Limit Tests were performed on selected soil samples to evaluate 
theiP plasticity and to aid in their classification. The testing procedure 
was in accordance with ASTM 0-423-66 and 0-424-59 test methods. Test results 
are presented on Figure 0-8 and Tables 0-2 and 0-3. 

0.2.4 Moisture. Content 

Moisture content determinations were performed on selected soil samples to 

S assist in their classification and to evaluate ground water location. The 
testing procedure was a modified version of the ASTM D-2261 test method. Test 
results are presented on Tables D-2 and D-3. 

0.2.5 Unit Weight 

Unit weight determinations were performed on selected undisturbed soil samples 
to assist in their classification and in the selection of samples for engi- 
neering ptop.erties testing. Samples were generally the same as those selected 
for moistur'e cbtitent determinations. 

The test probedure entailed measuring specimen dimensions with a precision 
ruler or micrometer. Weights of the sample were than determined at natural 
moisture cOntEnt. Total unit weight was computed directly from data obtained 
from the two pPevious steps. Dr'y density was calculated from the moisture 
content found in SectiOn 0.2.4 and the total unit weight. Results of the unit 
weight tests are pPesEnted as dry densities on Tables 0-2 and 0-3. 

D.3 ENGINEERING PROPERTIES: STATIC 

D.3..l Unconfined Compression 

Unconfined compression tests were performed on selected samples of cohesive 
soils and bedrock from the test borings for the purpose of evaluating tbe 
undrained, unconfined shear strength of the various fine-grained geologic 
units. The tests were perfoned in accordance with the ASTM D-2166 tast 

S method. Results of the unconfined compression tests are presented on Tables 
0-2 and D-3. 
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0.3.2 TrIaxial Compression 

Consolidated unldraired and unconsolidated undrained (quick) triaxial com- 
pression tests were performed on selected undisturbed soil samples. The tests 
were conducted in the following manner: 

0.3.2.1 ConsolIdated Undrained (Cu) Tests 

o The undisturbed test specinn was trintEd to a length to diameter ratio 
of approximately 2.0. 

o The specimen was then covered with a rubber membrane and placed in the 
triaxial cell. 

o 
The. triaxial cell was filled with water and pressurized, and the specimen 
was saturated using back-pressure. 

o When saturation was complete, the specimen was consolidated at the 
desired effective confining pressure. 

o After consolidation, an axial load was applied at a controlled rate of 
strain. In the case of the undrained test, flow of water from the 
specimen was not permitted, and the resulting pore water pressure change 
was measured. 

o 
The specimen was then sheared to failure or until a maximum strain of 15% 
to 20% was reached. - 

Some of the tests were performed as progressiye tests. The p.PoceduPe was the 
same as above except that, when the soil specimen approached but did not reach 
failure (usually to peak effective stress ratio), the axial load was removed 
and the specimen was consolidated at a higher confining pressure. The axial 
load was again applied at a constant rate Of strain; and the load was remove4 
before the specimen failed. This process was repeated a third time. at a Still 
higher confining pressure, and the sample was loaded until failure. occurred. 

Results of the triaxial compression tests are presented in Figures 0-9 through 
0-11. 

0.3.3 Direct Shear 

Direct shear tests were performed on selected Undisturbed soil samples using a 

constant strain rate direct shear machine. 

Each test speciUen was trimmed, soaked and placed in the shear machine.., a 

specified normal load was applied, and the specimen was sheared until a 

maximum shear strength was developed. Fine-grained samples were allowed to 

consolidate prior to shearing. The nfaximum developed shear strengths are 
summarized on Tables 0-2 and D-3. 
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Progressive direct shear tests were performed Q!' selected undisturbed sam pies 
of coarse-grained material. After the soil specimen had developed maximum 
shear resistance under the first normal load, the normal load was removed and 
the Specimen was pushed back to its original undeformed conf.guration. A new 
normal load was then applied, and the specimen was sheared a second time. 
This process was repeated for several different normal loads. Results of the 
progressive direct shear tests are sumarized on Table D-2 and 0-3. 

.0.3.4 Swell 

No swell tests were performed for this design unit. 

0.3.5 Consolidation 

Consolidation tests were performed on selected undisturbed soil samples placed 
in 1 inch high by 2.42-inch diameter brass rings, or 3-inch diameter Shelby 
tubes trinned to a 2.42-inch diameter. 

Apparatus used for the consolidation teSt is designed to receive the 1 inch 
high brass rings directly. Porous stones were placed in contact with both 
sides of the specimens to permit ready addition or release of water. Loads 
are applied to the test specimens in several increments, and the resulting 
settlements recorded. 

Results of consolidation tests on the undisturbed samples are presented on 
Figures 0-12 through 0-16. 

D.3.6 Permeability 

Permeability tests were performed on undisturbed specimens selected for 
testing, or in conjunction with the static triaxial tests, using the same 
selected undisturbed samples of soil. Permeability was measured during 
backpressure saturation by applying a differential Pressure to the ends of 
the sample and measuring the resulting flow. Results of the tests are 
tabulated on Tables 0-2 and 0-3. 

0.3.7 Porosity 

Porosity, or void ratio, of selected undlstutted samples was détehnihed by 
measuring the dry unit weight and splecific graity, then calculating the void 
ratio, e, and porosity, n, using the following foñnula: 

- e=l5whereVs=pxdwandna... 

w = unit weight of water 
d = unit dry weight of water 
G = specific graVity of soil solids. 

In some cases, an assumed average value for the specific gravity, based on the 
measured values for other specimens, was used for the porosity calculation. 

-107- 
CCII ES Al G R C 



0.4 E$GTNEERING PROPERTIES: DYNAMIC 

o.4.i Resonant Column 

The resonant column test evaluates the shear m%dulus anl damping of soil 
specimens at shear strains of approximately 10 to 10 inches per inch. 
A slolid cylindrical soil specimen is encased in a thin membrane, placed In a 
pressure cell and sUbjected to the desired ambient stress conditions. The 
specimen is caused to vibrate at resonance in torsion by ftxing one elnd and 
applying sinusoidally varying torque to the free end. The response of the 
soil spEcimen is measured using an accelerometer coupled to the free end. 
Shear modulus and damping values are calculated from tfre'response data. 

0.4.1.1 Sample Rreoaration and Handlin 

The test apparatus used for this procedure accepts a 1.4-inch dlanfler by 
approximately 3.5-inch length specimen. Undisturbed samples were prepared by 
trimming the 1.4-inch diameter samples from the larger Shelby, Pitcher or 
Converse ring samples. 

0.4.1.2 Test Conditions and Parameters 

The resonant column test is considered non-destructive becauEe the shear 
strain amplitudes are relatively small. Therefore, a single specimen may be 
used for several tests. For this test program, several of the specimens were. 

tested at confining pressures, (ac), varying from 15 to 50 psi. Although the 
apparatus is capable of applying anisotropic consolidation stresses, specimens 
for this program were consolidated Isotropically. The specimens were tested 
beginning at the lover confining pressth'es and progressing to the higher 
confining pressures. At. each confining pressure, shear modulus and damping 
data werE obtained at several different values of shear strain within the 
limiting range Of the test apparatus. Damping data were obtained for steady 
state. Vibration conditions. A sunnary of pertinent resonant column test data 
is presented on Figures 0-17 through 0-19. 

D.4.1.3 Apparatus 

The device used in this test program was designed and built by Soil Dynamics 
Instruments, Inc., of Lex'ington, Kentucky, and is sometimes referred to as a 

Hardin Oscillator, after Dr. 8.0. Hardln, the designer. Essentially, It 

consists of the main component groups listed Delow:. 

. 

Pressure Cell and Frame: The unit is aluminum with a transparent plexi- 
glass cylinder designed for maximum operz.ting pressures of approximately 
150 psi. The bottom specimen end cap is brass and affixed to the base of 
the unit. 

Pressure lines and fittings are provided to pressurize the cell and for 
back pressure or sample drainage, if desired. A pnethnatic device, is also 
provided to support tile weight of the excitation device during specimen 
setup. 
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° Excitation Device: This mechanism consists of a torque-producing appa- 
ratus mounted on the underside of a hollow stainless steel cylinder. Its 
mass is very large in comparison to the test specimen. The driving 
torque. is produced by a system of electromagnetic coils attached to tfle 

cylinder and permanefl magnets coupled to the top specimen load cap 
through a system of restoring springs. The device Is driven by an 
audiooscillator having a frequenc9 range of approximately 20 Hz to 40 
kHz. Because the device is designed to have a large mass In comparison 
to the specimen, a le'iet and weight system supports the weight of the 
devic.e during the test.. A strain gauge load cell is built into the 
excitatlon device to monitor the axial load applied to the specimen. In 

operation, the device applies a sinusoidal torque to the specimen. The 
driving torque is determined by measuring the voltage drop across a 

precision i'eistor In series with the electromagnetic coils. 

Accelerometer and Charge Amplifier: A Columbia Research Labs acceler- 
ometer is attached to the excitation device1 The accelerometer output is 

amplified by a charge amplifier, and the system is calibrated to produce 
output voltage in proportion to the amplitude of angular displacement of 
the excitation device, and thus of the specimen. Shear strains are 
calculated from the amplitude of angular displacement. 

Readout Devices: Output voltages produced by the acceleroster, load 
sell-bridge system, and driving torque are read bi a digital multimeter. 
Resonance of the specimen is determined using a cathode ay oscilloscope 
connected to display the Lissajous pattern. 

D.4.1.4 Data Reduction. 

Data obtained from the. resonant column tests were reduced in accordance with 
the ASTM "suggested Methods of Test for Shear Modulus and Damping of Soils by 
the Resonant Colunti"* using a proprietary computer program developed by 
Converse ConsUl tants. 

*ASTM Spletial Technical Publication 479. 
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TABLE D-1 SUMMARY OF UBORATORY TEST RESULTS 

TEST TEST - 
3: 
I- 

.4- 

.4 o - 

.4- 

I-. I-. - 
.4- 

o 
.4.- 

- a U. 
U 
I' 

C 
0. 0) Z - 

9; 
Iii 3 H___ 

I- 

0 o C C C 
r (dog) (ksf) (dog) (ksf) (dog) (kaf) a- 

COARSE-CHAINED ALLUVIUM 
NJJHBEROFTESTS: 3 3 3 ff 605 211 1.C+2TX 

HIGH 132 117 32 - 35 .6 - - - - 394 - 

LOW 119 90 13 - 31 .4 - - - - 160 - 
MEAN 125 105 29 - - - - - 35 .2 255 - 

STANDARD DEVIATION ±6.7 ±14 ±10 - - - - - -. - - - 

FINE-GRAINED ALLUVIUM 
NUMBEROFTESTS: 3 3 3 r 905 0 

HIGH 131 113 20 - 30 .7 - - - - - - 

LOW 128 106 17 - 27 .3 - - - - - - 
MEAN 129 109 19 - 28 .5 - - -: - - - 

STANDARD DEVIATjON ±1.9 ±3.4 ±1.9 - - - - - - - - - 

CLAYSTONE/S I LTSTONE 
NUMBEROFTESIS: 11 11 ii ir 605 4TX SIX 1C+5.TX 2 

HIGH 139 123 29 15.4 29 1.4 26 1.3 35 1.5 290 9.7 E-7 
LOW 1:1.9 93 13 .2.6 29 1.2 26 1.4 35 1.0 :55 5.1 E8 
MEAN 123 99.6 24.6 10.2 - - - - 35 1.2 195 - 
STANDARD DEVIATION ±2.1 ±7.5 ±4.2 ±4.4 - - - - .- .- - 
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TABLE D-2 LABORATORY TEST DATA 

_0. 
-j 

- (0.4- . Id) 
* - - 

ft. o a 0 _l. 
0. Ia Ui. u - - 1- :1 Ia 5. OIl- ., . - 

. 
010 00 = (0 

I Sit 
DIRECISMEAB 

JENVELOPE &o 
VISUAL CLASSIFICATION Li P1 6, dey c, ksf 

9-1 c-i iti iity Clay A2 107 20 29 11 

C-2 29 Silty Fine to Coarse Sand A3 108 15 

J-,4 31 SIlty Fine to Coarse Sand A3 

PB-i 1 Clayey Slltstone C 93 28 

C-3 50 Clayey Slltstone C 101 25 

P8-2 61 Clayey Siltstone C 97 26 43 11 

C-k 70 Clayey Siltatone C 104 19 

9-2 C-i 10 Clayey Silt A2 113 17 

C-2 53 Clayey Slltstone £ 96 27 

C-3 70 Clayey Siltstone C 101 25 

9-3 C-i 10 Silty Fine Sand A1 106 20 

C-2 33 Fine to I4èdiurn Sand 117 13 2.fl-6(15) 
C-3 'tO Clayey Siltstone C 91 32 

P81 50 Clayey Sfltstone C 93 27 

C-4 6O Clayey SIltstone C 99 27 

P8-2 61 Ciayey SIltstone C 97 26 

24 a65 

36 .62 
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14.3 -- -- 

11 7 

13.6 
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30 .70 

31 1.15 

33 .39 

27 1.35 

0.0 x 
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APPENDIX E TECHNICAL CNIDERAtIONS 

E. 1. SHORIJIG PRACTICES IN THE LOS ANGELES AREA 

E.1.1 General 

Deep excavations for building basements in the Los Angeles area are commonly 
supported with soldier piles with tieback anchors. Three case studies involv- 
ing deep excavations into materials sithilar to those anticipated at the 
proposed site are presented below. 

The pressures shown on Table E-1 are pressure envelops used to design tieback 
shoring walls and not actual measured pressures. The tiebacks were pre- 
stressed and locked ff at the tomputed design loads. The loads imposed on 

tM soil and experienced by the shth'ing wall were a product of these design 
lQads. Thus the soil and wall loads represent, in a sense, a self fulfilling 
prophecy. However, use of specific shoring pressures which result in accept- 
able ground mOvEments are generally considered to be appropriate. 

E.1.2 Atlantic Richfield Project. (Nelson, 1973) 

This project involved three separate shored excavations up to 112 feet in 

depth in the siltstones of the Fernando Formation. The project is located 
just north of Boring CEG-9, and the proposed location of the 7th/Flser 
Station. Key elements of the design and construction included: 

o Basic subsurface material was a soft siltstone with an confined com- 
pressive strength in the range of 5 to 10 ksf. It contained some very 
hard layers, seldom more than 2 feet thick. All materials were excavated 
without ripping, using conventional equipment. Up to 32 feet of silty 
and sandy alluvium overlaid the siltstone. 

o Volume of water inflow was small and excavations were described as 
typically dry. 

o Shoring system consisted of steel, wide flange (WF) soldier piles set in 

pre-drilled hols, backfilled with structural: clonlcrete in the "toe" and a 
lean concrete mix above. The soldier pile spaci?ig was typically 6 feet. 

o Tieback anchors consisted of both blelled and high-capacity friction 
anchors. 

° On the side of one of the excavations a 0.66H:1V (hotizdntai:vertical) 
unsupported cut, 110 feet in height, was excavated and spPayed with an 
asphalt emulsion to prevent drying and erosion. 

° Timber lagging was riot used between the soldier piles in the siltstone 
unit. However, an asphalt emulsion spray and wire mesh welded to the 

piles was used. 

. 
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° The garage excavation (when 65 feet deep) survived the Febrtiat' 9, 1971 
San Fernando earthquake (6.4 Richter magnitude) without detectable move- 
ment. The excavation is about 20 miles. from the epicenter and experi- 
enced an acceleration of about 0.1g. The shoring system at the plaza.. 

using belied anchors, moved laterally an average f about 4 inches toward 
the excavation at the tops of the piles, and surface subsidence was on 
the order of 1 Inch; surface cracks developed on the street, bUt there. 
was no structural damage to adjacent buildings. Subsequent shoring used 
high capacity friction anchors and reportedly moved laterally less than 2 
inches. 

E.1.3 Century City Theme Towers (Crandall, 1977 

This project involved a shored excavation from 70 to 110 feet deep in the Old 
Alluvium deposits. Immediately adjacent to the excavation (about 20 feet 
away) was a bridge structure supported on pIles 60 feet below the ground 
surface. The project is located about one. nfiie west of Boring CEG-20 and the 
proposed location of the Fairfax Avenue Station. Key elements of the design 
and construction Included: 

Basic subsurface materials were stiff clays and dense silty sands and 
san4s. The permanent ground water table was .below the level of the 
excavation, although minor seeps frOm perched ground water were encoun- 
tered. 

o Shoring system consisted of steel WF soldier piles placed in 36-inch 
diarnäter drilled holes spaced 6 feet on center. 

o 
As the excavation proceeded, pneumatic concrete was placed incrementally 
in horizontal strips to create the finished exterior wall. The concrete 
which was shot against the earth acted as the lagging between soldier 
piles. 

o Tieback anchors consisted of high-capacity 12- and 16-inch diameter. 
friction anchors. 

o Actual Toad imposed on the wall by the adjacent bridge was computed and 
added to the design wall pressures as a triangular pressure distribution. 

o Maximum horizontal deflection at the top of the wall was 3 inches, while 
the typical deflection was less than 1 inch.. Adjacent to the existing 
bridge, the deflections were essentially zero, with the tops of most of 
the soldier piles actually moving into the ground due to the high pre- 
stress loads in the anchors. 

o Survey of the bridge pile caps indicated practically no movement. 

E.1.4 St.. Vincent's Hospital (Crandall, 1977) 

This project itvolv'ed a shored excavation Up to 70 feet deep into the clay- 
stones and siltstones of t.he Puente Formation. Inunediately adjacent to the 
excavation (about 25 feet away) was an e*isting 8-story hospital building with 

. 
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TABLE El 

SHORING LOADS IN LOS ANGELES AREA 

cCAVATlON 
.w"en-w%,,vn 
DESIGN 

I 

DESIGN 
DEPTh PRESSURE PRESSURE 

YROJEaLOCAIION (tt) SOIL CONDITIONS (P) (P') 

Broadway Plaza 
Near ltfl/Fldwer Station 

15 to 30 Fill over Alluvium Sands 19.014 15.214 

500 South Hill 25 Fill over Sands & Gravel 22.014 17.6K 

TIsPm,an Building 
NearCEG-1k iS Alluvium-Clays, Sand, Silt 19.0K 15.214 

Equitable Llfe 
Near CEG 1k 

55 Alluvium Sand/Siltstone 20.014 l7.5H 

Arco 
NearCEG'9 70 to 90 Alluvium over Claystone 16.014 12.014 

Century City 
NearCEG20 70 to 110 Alluvium-Clays & Sands 18.OH 

- 

1.k.4A 

St. Vincent's Kospltal 
Niir 3rd &J.ankershlI 

70 Thin Alluvium over Puente l5.OH 12.OH 

Oxford Plaza 
Near7th/Flower '.0 Fill & Alluvium over Siltstone 21.OH 16.814 

Bank Building 
'.0 

Alluvium 
20K 17.514 

2nd & Ssn Pedro (including Sand & Gravel over Siltstone) 

* Considerable caving problems were encountered installing tiebacks In dry grivelly deposits in 
one section of excavation. 

Note: 

1. All shoring systems were soldier piles. 
2. AlT pressure diagrams were trapezoidal. 
3. Equivalent pressure equals a uniform rectangular distribution. 
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one basement level supported on spread footings. The project is located about 
1/3 mile north of Boring CEG-il and the proposed location of the Alvarado 
Street Station. Key elements of the design and construction Included: 

Basic subsurface materials were shale and sandstone, with a bedding dip 
to the south at angles ranging from 20° to 40°. Although the permanent 
ground water level was below the excavation level, perched zones of 
significant water seepage were encountered. 

Shoring system consisted of steel WF soldier plies placed in 20-inch- 
diameter drilled holes spaced at 6 feet on center. 

0 Tieback anchors consisted of high-capacity friction anchors. 

0 Theoretical load imposed on the. wall by the adjacent. building was com 
puted arid added to the desigi, wall pressure. The existing butldlng was 
not underpinned; thus, the Ehoring system was relied upon to support the. 

existing building badE. 

Shoring perforfld. well., with maximum lateral wall deflection of about 1 

inch and typical deflections less than 1/4 inch. There was no measurable 
movement of the reference points on the existing building. 

E.1.5 Desian Lateral Load Practices 

Table E-1 suimtarizes the design lateral loads used for nine shored excavations 
in the general site vicinity. Based on these projects, the average equivalent 
uniform pressure for excavations in alluvium is 15.6H-psf (H = depth of the 
excavation). For excavations in the Puente or Fernando the average value is 
14.5H-psf. 

According to Terzaghi and Peck's rules, the design pressure in granular soils 
would be equal to O65 times the active earth pressure. Assuming a friction 
angle of 37°, the equivalent design pressure should equal abOUt 22H-psf. Fo 

hard clays, the reconmiended value ranges from 0.15-.30 (equivalent rectangular 
distribution) times the soils unit weight or at least 1BH-psf. 

Thus, the local design practices are some 20% less than those indicated by 
Peck's rules. 

E.2 SHORING C0rTSIDEIRATIbNS 

E.2.1 General 

The function of the shoring at the Station sites will be twofold: provide a 

safe and stable excavation; and, minimize ground movements. In this Appendix 
section we will discuss the primay factors affecting shoring perfOrmance. In 

addition, we will develop the concept that, in the competent soils underlying 
the Station sites, either slurry walls or a conservatively designed soldier 
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. pile wall may limit ground movements sufficiently to eliminate the need for 
underpinning. Data is presented to support the recommended design procedures 
and estimated ground movements provided in Section 6.5. 

As p4rt of this study, we reviewed data from several soldier pile. shoring 
systems in both the Los Angeles area and the Seattle area. Seattle area data 
was included since the soil and excavation conditions are believed tO be 

similar to those anticipated for the Stations. Three Of the Seattle projects 
involved deep excavations into hard silty clays which have similar strength 
and stiffness properties to the Puente and Fernando Format.i Ons. Each project 
was instrumented with survey points on the wall and most included inclinometer 
dätä. Table E-2 summarizes the data from these projects and Include: 

° Soil Conditions 

O Excavation Depth 

o Wall Stiffness: This is represented by the modulus and moment of inertia 
of the stee.l soldier pile section per foot of wall length. 

Support Spacing: This represents the average vertical spacing between 
tieback supports. 

o Preload: This represents the lateral load design used to compute the 

tieback prestress loads. The value given on the table has been nor- 
malized to a unifprm pressure distr1bution for ease of comparing the 
resultant total design load for each system. - 

o Movements: Maximum movements at both the top and bottom of the walls are 
presented if the data was available. 

° Stiffness Parameters.: The stiffness parameters were computed according 
to methods proposed by Goldberg, et al. (1976,) and Schultz (1983). These 
parameters represent the total stiffness of the shoring including both 
the wall section stiffness and support spacing. 

o Deformation Mode: The general shape of the wall deformation as inferred 
from the available data are represented by idealized deformation modes. 

The data presented in Table E-2 is discussed in the following sections. 

E.2.2. Depth 

All other things being equal, the maximum ground movements seem to increase 
more or less linearly with the excavation depth. Thus the magnitude of 
niainiuin ground movement is generally expressed as 'a percentage of the exca- 

Vation depth. Typically in the excavations mmarized on Table. E-2, the 
maximum movEments have ranged from less than 0.1% to about 0.4%. Thus with a 

60 foot e*cavation, the range of' maximum movements epected would be on the 
order of less than 1 inch to about 3 'inches. 
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The depth of the excavation also determines the level of shear stress Imposed 
on the soil outiide the excavation. With increasing depth, the soil can be 
stressed beyond the elastic range going into plastic deformation and even- 
tually approach failure. 

E.2.3 Soil Conditions 

The. soil conditions have a significant effect on the behavior of the shoring. 
The wall movement decreases with increasing soil stre.ngth and stiffness. This 
is a consequence of two factors; the higher, the modulus, the smaller the soil 
deformations will be in response to the imsed stress changes; and, the 
stronger the soil the lower 'the magnitude of plastic yield. 

The relationship betweer wall movement, excavation depth, and soil strength 
has been well documented for soft to medium clays. The relationship consists 
of comparing the maximum wall strain (percentage of excavation depth) to the 
factor of safety against basal heave and/or a stability number. Figure E-1 
presents the results of a finite element analysis plotted in thi's manner 
(dough, 1980). Other similar data have been dec'eloped by Goldberg, et al., 
1976; Mana and Clough, 1981; Cording and 0'Rourke, 1977. The excavations 
presented on Table E2 were all believed to have a high factor of safety 
against basal heave. 

rn addition to the stress-strain behavior of the soil, the soil type affects 
the risk of loss of 9tOund due to sloughlng and piping between wall elements. 
A granular soil below the water table may have virtually no stand up time and 
slough Into the excavation before the lagging' can be placed.- Proper con- 
struction pPocedures are essential under these conditions. 

E.2.4 Ground Water tonditions 

The ground water condition can affelct movements if it proplotes loss of ground 
due to sloughing and piping. This problem can be significant in loose gran- 
ular soils below the ground water table. Slurry walls offer a distinct advan- 
tage under these types' of conditions. In the eXtreme case, high seepage 
forces can lead to development of a quick condition at the base of the excà- 
vation resulting 'in loss of passive soil support. 

E.2.5 Type of Shoring 

The type of shoring affects the wall movements. In general the stiffer the 
wall system, the smaller the movements. Goldberg, et al. (1976) have sug- 
gested the relationship EI/GwH+4 to describe the overall stiffness of the 
shoring system. The parameters include: E = wall modulus, I = wall mOment of 
inertial, Gw = 62.4 pcf, and H = vertical strut or tieback spacing. Schultz 
(1983) has proposed a similar relationship but used H+3 instead of H+4.. Thus 
a soldier pile wall with close support spacing can provide thore system stiff- 
ness than a slurry wall with large support sacing. The Significance of H is 
related to the observation that much of the wall movement Occurred while the 
excavation is' proceeding and- before the next lower level of supports are 
placed-. Figures E-1 through E-3 present wall movements as a function of 
shorin'g system stiffness baSed on both field observations and finite element 
analyses. Data frOm Table E-1 Is plotted on all three figures. 
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TABLE E-2 

SUMMARY OF WALL PERFORMANCE 

U SUPPORT 
DEPTH SPACING PRELOAD MOVEMENT 

0 MOVEMENT WALb_EL (1 PRESSURE AT TOP 
PROJECT NAME SOIL CONDITIONS (ft) MODE (10 1n2) (ft) (psf) (in) 

Arco-Los Angeles 20' Alluvium over Shale 90.00 1 1.15 8.00 14.00 4.00 

Theme-Los Angeles Old Alluvium, Clay & Sand 110.00 1 0.53 8.00 14.SD 3.00 

St. Vincent's-LA. Alluvium over Puente 70.00 1 1.00 7.00 12.00 1.00 

Bank Cailf.-Seattle Hard Clays 64.00 2 & 7 1.20 10.00 30.OD 0.50 

Columbia Ct.-Seattle Hard Clay & Tills 120.00 2 4.00 3.50 30.OD 0.10 

1st inter-Seattle Hard Clays & Tills 80.00 2 7.90 10.00 30.00. 0.10 

3rd & Broad-Seattle Hard Silts & Sands 42.00 2-7 3.80 12.00 24.OD 0.05 

NOTES: 
- See text for explanation 
- WaU El: Stiffness 
- Preload pressure. based on equivalent rectangular pressure distribution 
- Movement Mode: See. Figure .E.4 
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11w more competent the soil, the less Important Is the wall system stiffness. 
This effect Is shown on both Figures. E-l. and E-2 for clays where the soil 
strength and stiffness Is represented by thi factor of safety against basal 
heave (see dough, 1980, for definition of factor of safety). 

The method of shoring Installation can have a significant effect on ground 
movement. A properly installed slurry wall will caUse minimum ground distur- 
bance and provide good contact between the soil and the wall. A soldier pile 
wall is more prone to ground disturbance and may not provide uniformly good 
contact between the lagging and the soil. 

E.2.6 Tiebacks versUs Internal Bracing 

For the depth of excavation ptposed at. the Station site, the shoring will 
ruire either internal bracing or tiebacks. Based on the available field 
data, there does not. appear to be a significant difference. between the maximum 
movement of properly designed and constructed internally Draced walls ad 
tieback walls. There may, however, be a difference in the distribution of tile 
groUnd and wall movements. Figure E-i4 shows idealized ground movements 
adjacent to different types of walls. These differences are not always 
Observed as the type of soil, prestress loads and construction details can 
alter the distribution. 

Possible differences between tiebacki and internal braci.ng inclUde 

Tiebacks are. typically locked-off at 75% to 100%. of th designed loads 
whereas struts are seldom pre-stressed above 50%. The higher preltress 
load tends to prestrain the soil and with high prestress loads can 
actually pull the wall back into the ground. In granular soil, the 
higher prestress can increase the modulus of the soil mass in the active 
wedge. 

o With tiebacks, there is less incentive for the contractor tO excavate a 
significant distance below the designated support level prior to install- 
ing the supports. Thus the tieback wall i.s less prone to the contractor 
escavating too far .prior to installing supports (which can result in 

significant ground movement). 

o Tiebacks may be subject to creep which could result in additional move- 
ments particularly if the excavation is to be open for an extended 
period. In our opinion, provided the anchors are conservatively 
designed, creep will not be a problem in the. cOmpetent soils at the 
Station sites. 

S 

o Tiebacks require tn.stalltion under adjacent. properties.. This can 
sometimes be a problem due to the existence of adjacent underground 
structures and obtaining easements. 

o Struts transmit loads from One side of the excavation to the other side 
whereas tiebacks transmit the loads back into the soil mass. This 
diffevence tends to result in the difference in the distribution of the 
ground movements shown on Figure E.4. 
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° Struts are subjected to temperature changes which induce significant 
stress changes in the members. Temperature effects have little impact on 
tiebacks since they are buried in the groun4. 

E.2.7 Prestress Loads 

The magnitude of the tieback or strut prestressing appears to affect wall and 
ground movements. Figures E-5 and E-6 present maximS wall movements for both 
clays and sands as a function of the prestress loads. The plot is based on 
work by dough (198.0) with data from Los Angeles and Seattle added. The 

Seattle movements generally were about 1/3 to 1/2 those measured at the Los 
Angeles sites. This appears to fit the prestress relationships since the 
Seattle prestress loads were. typically two times the Los Angeles loads. 

E.2.8 SUrcharqe Loads 

Adjacent heavy surcharge loads, such as buildings not underpinned, will 
increase stress in the soil and tend to increase movernents This is somewhat 
compensated for by designing and prestressing for high earth pressures. 

E.2.9 Construction Procedures 

The construction procedures can have a significant effect on the performance 
ofa shoring system. A slurry wall has a distinct advantage In that is is 

less susceptible to poor workmanship. This Is particularly true In poor soil 
conditions where rapid placement of lagging can be critical with soldier pile. 
walls. Tiebacks also tend to be less prone than Internal bracing. With 
internal bracing problems of prestressing, Improper placement of wedges, and. 

over-excavating can result in increased ground and wall movements. 

E.2.1O Distribution of Ground Movements 

Figure E-4 presents general shapes of the horizontal and vertical movements 
adjacent to different types of shoring systems. 

The lateral movements of the Los Angeles excavations sumarized on Table E2 
generally fit Mode 1 with the maximum lateral movement occurring at the top of 
the walls. The Seattle cases generally fit Mode. 2 or Mode 3 with the maximum 
movement near the base of the excävatibn. Some of the Seattle cases included 
wall sections which were pulled into the excavation at the top. We believe 
that the primary differenOe between the Los Angeles and Seattle behavior is 
the higher prestress load used in Seattle. The size of the no-load zone used 
in Seattle, which e*tends flrther into the soil mass, may also contribute to 
the difference. 

Little ground settle data was available for the projects suninarized on Table 
E-2. The following comments ..are based on compilation of data by Schultz 
(1983) and Gcldber, et al. (1976). It appears that the. maximum vertical 
moVements are generally equal to 50-100% of the maximum lateral movements. To 

be conservative, the maximum settlement should be assumed equal to the maximum 
lateral movements. For dense soils the available dat.a in:dicates th4t the 
maximum settlement will generally occur at a distance away from the. wall equal 
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to about 50% of the excavation depth. In stiff clays the settlement trough 
appears to extend away from the wall a horizontal distance equal to about 2 
times the excavation depth. In dense san4s and gravels, the trbugh appears to 
extend a distance equal to about the depth of the excavation. 

E.2.11 Conclusions. 

As applied to the proposed excavations, several important concepts can be 
drawn from the above discussions: 

In terms of wall stiffness., a slurry wall may not offer a significant 
advantage over a more conventional soldier pile wall. This is because 
the soils are relatively strong and stiff. The factor of safety agaiist 
basal heae at the two sites is estimated to exceed 4.0. As shown in 

Figure G-1, based on finite element analyses, there is virtually no 
theoretical difference between the movement of three wails of vastly 
different stiffness provided the factor of safety exceeds about 3.0. 

In our opinion, the data supports the concept that It may be feasible to 
construct a conservatively designed soldier pile wail that results In 

small enoUgh movements to eliminate the need to underpin This opinion 
is based on the high strength and stiffness of the sils and the past 
performance of walls in Los Angeles and Seattle. 

The primary advantage of a slurry wall would be to minimize, potential 
construction related problems. 

Technical support for the specific design criteria for c'onsei'vativE soldier 
pile walls presented in Section 65 Include: 

WALL PRESSURES: The data shown on Figures E-5 and E-6 support the 
concept that increased preload will reduce ground movements. The lower 
line, suggested by dough on the plots appear to agree well with the data 
from Los Angeles and Seattle. In our Opinion the 40% preload increase 
reconinended will reduce ground movements by'25% to 50%. 

USE OF STREET DECKING: In Section 6.5, wE reconunend supporting the top 
of the wall with the street decking prior to initiating any significant 
excavations'. . Much of the ground novements appeaP tO ocdur when the 

shoring is: acting as a cantilever. We beliSe by providing lateral 

support prior to excavating, the wall nfovethents will be reduced. 

INCREASED NO-LOAD ZONE FQR TIEBACK ANCHORS: The no-load zone typically 
used in Los Angeles extends from the base Of the excavation into the soil 

mass at a 1:1 slope. The no_load zone in Seattle typically extends 
horizontally into the soil a distance equal to 1/4 to 1/3 and then upward 
at a 1:1 slope. We believe by increasing the. size of the no-load zone, 
the lateral loads will be trarsferPed fUrther back into the soil and 
reduce anchor and slubsequent wall moVements. 

MINIMUM 8 FOOT SUPPORT SPACING: As discussed in Section E.2.5, the 

overall stiffness of the shoring is a function of both the wall sectipp 
stiffness and the vertical support spacing Without knowing the wail 
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, stiffneEs that the contractor will use, it is .not theoretically possible 
to determine a specific support spacing. The recommended S-foot spacing 
was based on judgement and good engineering practice4 

PREDICTED GROUND MOVEMENTS: Based on the available data, we believe that 
a conservative soldier pile wall designed and constructed in accordance 
with the criteria presented In Section 6.5.4.3 will perform as follows: 

Maximum lateral and vertical movements will be equal to 0.1% of the 
excavation depth. 

0 
The angular rotation of adjacent buildings caused by ground move- 
ments will be about 1:10004 Thus a 6.0 foot deep excavation would 
result in about 3/4-inch of settlement over a distance of abdut 60 
feet. 

E.3 SEISMICALLY INDUCED EARTH PRESSURES 

The Increase in lateral earth pressure due to earthquake forces has usually 
been taken into cosideratlon by using the Monobe-Okabe method which is based 
on a modification of CoulornD1s limit equilibrium earth pressure theory. This 
simple pseudo-static method has been applied to the. dEsign of retaining struc- 
tures both in the U.S. and in numerous othe countries around the world, 
mainly because it is simple to use.. However, just as the use of the pseudo- 
statIc method is not really appropriate for evaluating the seismic stability 
of earth dams, those same shdrtcOniings are also applicable when using the 
method t.o evaluate dynamic lateral preEsures. 

S 

During an earthquake the inertia forces are cyclic in nature and are con- 
stantly changing thrthighout its duration. It is unrealistic to replace these 
inertia forces by a single horizontal (and/or vertical) force acting only in 
one direction. In addition, the selection of an appropriate value of the 
horizontal seismic coefficient is completely arbitrary. Nevertheless, the 
pseudo-static mEthod is still being used since it provides a simple means for 
assessing the additional hazard to stability imposed by earthquake loadings. 

Monobe-Okabe originally developed an expression for evaluating the magnitude 
of the total (static plus dynamic) active earth pressure acting on a rigid 
retaining wall backfilled with a dry cohesionless soil. The method was 
deYeloped for dry cohesionless materials and based on the assumptions that: 

The wall yields sufficiently to produce minimum active pressures. 

When the minimum active pressure is attained, a soil wedge behind the 
wall is at the point of incipient failure, and the maximum shear strength 
is mobilized along the potential sliding surface. 

The soil behind the wall behaves as a rigid blody so that accElerations 
are uniform throughout the mass. 
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. Monobe-Okabe's method gives only the total force acting on the wall. It does 
not give the pressure distribution nor its point of application. Their 
formula for the total active lateral force. on the wall, 

AE 
is as follows: 

= 12y H2(1_kv)KAE. 

Where: 

'KAE 
C0S2 (s-e-e ) 

____________________________ 2 

COS e C0528 COS (o+3+e) 
v'sIN (++&) SIN cse_iTl 
GOS (6+3+9) GUS (i-a) 

9 = tan1 
1-Ky 

0 
1 

8 

S. 

. 

unit weight of soil 
angle of internal friction of soil 
angle of soil slope to horizontal 
angle of wall slope to vertical 
horizontal earthquake coefficient 
vertical earth4uake coefficient 
angle of wall, friction. 

For a horizontal groUnd surface and a vertical wall, 

I = 

The expression for then becomes, 

KAE 
cos2(_e-s) 

COS a CUS (o+e) [i+'IN (e+o) SIN ( 
2 

(e+&) 

The seismic component, tP, of the total lateral load 
AE 

can be deter- 

thined by the following equttlon: 

Where: 

4AE = 1/2 total El2 

= KAE (static+selsmic) KAE (static) 
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Inspection of actual acceleration time histories recorded during strong motion 
earthquakes indicates that the acclelerations are quite variable both in 

amplitude and with time. For any given acceleration component the values 
fluctuate significantly during the elntlre duration of the record. Statistical 
analyses of the positive and negative peaks do indicate, however, that when 
one considers the entire record there are generally an equal number of posi- 
tive and negative peaks of equal intensity. In the past it has been connon 
practice to use the peak value of acceleration recorded during the earthquake 
as a value of engineering significance. However, this peak value might occur 
only once during the entire earthquake duration and Is usually not representa- 
tive 0 the average acceleration which might be established for the entire 
duration of shaking. 

It has been common practice In the past. to ignore the effects of the vertical 
acceleration and to set the value of the vertical earthquake coefficient, k 

equal to zero when using Monobe-Okabe's equation. This appears reasonable in 
the "light" of the above discussion since the vertical acceleration will act 
in upward direction about as often as it will act in the downward directiQfl. 
It has also been common practice to set the value of the horizontal seismic 
coefficient, kh. equal to the peak ground acceleration. 

This is extremely conservative since the peak acceleration acts only on the 

wall for an iñstaAt of time. In addition, fora deep excavation the soil mass 
behind the wall will not move as a rigid body and will have a seismic coeffi- 
cient significantly less than the peak ground acceleration (analogous to a 

horizontal seismic coefficient acting on a failure surface for an earth dam). 

For evaluating dynamic earth pressures for this study, we recommend that the 
value of the horizontal seismic coefficient be taken equal to 65% of the peak 
ground acceleration and that the vertical seismic coefficient, b.e slet 

equal to zero. 

In a saturated soil medium the change in water pressure during an earthquaKe 
has usually been established on the basis of the method of analysis originally 
developed by Westergaard (1933).. His method, of analysis was intended tb apply 
to the hydrodynamic forces acting on the fact of a concrete dam duting an 

earthquake. However, it was used by Matsuo and O'Hara (1960,) to determine the 
dynamic water pressure (due to the pore 'fluid within the spil) acting on quay 
walls during earthquakes, and has been used by various other engineers for 

evaluating dynamic water pressures acting on retaining walls backfilled with 
saturated soil. Unless the soil is extremely p'orotis, it is difficult to 

visualize that the pore water can actually move in and out quick enough for it 
to act independently of the. surrounding soil media. For most natural soils, 

the soil and pore water would move together in phase during the duPation Of 
the earthquake such that the dynamic pressure on the wall would be dUe to the 
combined effect of the soil and water. Thus, the total weight of the sat- 

urated soil should be used in calculating dynamic earth pressure values. 

'The recommended permanent wall unifor earth pressure (8H) presented in Figure 
6-14 gives' a seismic load P . This ValUe of P 

E 
was based on a peak 

ground acceleration of 0.3g = O.2g) corepOnding t the Operating Design 

-15 1- 

CCI! ES A/ G R C 



Earthquake (ODE). Results of the Seismological Investigation (Part I) indi- 
cate the probability of exceedance of O.3g peak ground acceleration during an 
average 100-year period is on the order of 20%. ThIs is an average recUPrence. 
of about 500 to 1000 years. 

The Allowable Building Code stress increases for seismic loadIng (33%) trans- 
lates into an allowable uniform seismic earth pressure on the temporary shoring 
of about magnitude 6H. This earth pressure corresponds to a seismic coeffi- 
cient (K,,) of about 0.15g and a peak ground acceleration of about O.23g (using 
the recdAtiended procedures). Data from Part I Seismological Investiôatioñ 
indicates the 0.23g peak acceleration to have a probability of exceedance less 
than 5% during an average two-year plerlod (a reasonable construction period). 
The average recurrence of this ground motion level was indicated to be about 
100 to 150 years. Based on consideration of the above, the 6H unifoñn seismic 
pressure was reconmended for design of the temporary wall (see Figures 6-5 and 
6-9). 

E.4 LIQUEFACtION ANALYSES 

E.4.1 Introduction 

The procedures used In this study to evaluate liquefaction potential are based 
mainly on field observations of the performance of soils during previous 
earthquakes. The. field observations made at the 7th/Flower site during this 

nd the previous geotechriical investigation (1981 Geotechnical Investigation 
Report) that were. used to establish the liquefaction potential of the. various 
soils include: 

o standard Penetration Test (SPI) resistance 
o Shear wave velocity measurements 
o Observed behavior of soil in the large diameter borehole1 

In addition to the field observations listed above, gradations of the soils 
obtained from the field were compared with gradations of materials which have 
liquefied during the past earthquakes and which are considered most sluscep- 
tible to liquefaction in laboratory tests. 

Each of the field observations (and comparisons) is described in the following 
text. It should be noted that the observations which have been made in the 
field only provide a basis upon which to judge the liquefaction potential Of 
the various soils. Our conclusions regarding the liquefaction potential of 
the soils are generally supported by these observations. However, our con- 
clusions are also based on engineering judgement. 

E.4.2 Standard Penetrati:on Resistance 

The use of the Standard Penetration Test (SPT) in estimating the liquefaction 
potential of saturated cohesionless soil deposits has been the topic of many 
previous investigations. Results of these investigations ha'e Pecently been 
summarized by Seed et al (1983). Basically, the method utilizes empirical 
relationships which have been developed from a cdmprehehs:ive collection of SPT 

. 
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blow count data obtained from sites where evidence of liquefaction or no 
liquefactionwas known to have taken place during past earthquakes. Empirical 
relationships that have been recently proposed by Seed et al (1983) are shown 
in Figure E-7. 

While results of the Standard Penetration Test have been generally accepted as 
a good index upon which to estimate the liquefaction potential of saturated 
sand deposits, it should be noted that the $PT results cannot be utilized to 
evaluate the liquefaction potential of soils containing gravels,cobbies or 
boulders. Much of the Young Alluvium which underlays the 7th/Flower Station 
contains gravels, and the SPT blow counts recorded in the soils cannot be 
specifically relied upon. However, for those granular soils which did not 
include significant percentages of gravel-sized particles (silty, sands and 
sand units), SPI blow count data weie utilized along with the relationships 
shown in Figure E-7. In general, the SPT blow count measurement's taken in the 
non-gravelly granu3ar Alluvium below a depth of 15 feet are. greater than 70 
blows per foot, indicating that these soils are generally dense to very dense. 
These blow counts along with the relationship shown in Figure E-7 .suqgést that 
liquefaction of the soil deposits during strong earthquake goiind shaking 
would be highly unlikely. 

E.4.3 Shear Wave Velocity Measurements 

Geophysical measurements used for the determination of seismic wave velocities 
alolig the proposed SCRTD Metro Rail Prbject tunnel alignment were performed as 
part Of the initial 1981 geotechriical investigation. One of the downhole sur- 
veys was pePforted at the east end of the proposed 7th/Flower Station site in 
Boring CEG-.9. Shear wave velocities measured in the Young Alluvium (approx- 
iniately the upper 45 feet of the borehole) were about 1,040+ 140 fps. 

While shear wave velocity in the past has not been as widely accepted as SPT 
blow count data for estimating the liquefaction potential of a soil deposit, 
it. has received recent attention (Seed et al, 1983). FiguPe E-7 suggests that 
liquefaction will never occur during any earthquake. if the shear wave velocity 
in the upper 50 feet of soil exceeds 1,200 fps. Since the shear wave veloci- 
ties measured close to the 7th/Flower Station site are approximately 1,040 
fps, this is an indicati'on that liquefaction at the site would be unlikely. 

E.4.4 Gradational Characteristics 

Another factor which may be considered in evaluating the liquefaction poten- 
tial of a soil is the gradati'on characteristics of the material. A com- 
pilation of the ranges of gradational characteristics of soils which have 
liquefied during past earthquakes and/or are considered most susceptible to 
liquefaction in the laboratory i's shown in Figure E-8. The ranges shown in 

this figure have been compiled by Lee and Fitton (1968), Seed and Idriss 

(1967), Kishida (1969), and Voud (1982) and appear to indicate that the soil 
types most susceptible to liquefaction consist primarily pf poorly graded 
silty sands and sandy silts. It is important to note that all the gradational 
ranges shown in Figure E-8 have less than 10% by weight clay size particles 
(i.e., particles less than 9.002 rn) suggesting that clayey (cphesive) soils 
have a low liquefaction potential. Gradational characteristics typical of 
gravels an,d gravelly soils are also absthit from Figure E-8 suggesting, in 
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part, that these types of soils may not be capable of developing high excess 
pore pressures either because they are capable of draining rapidly during the 
cyclic loading or because these types of materials are usually more effi- 
ciently packed (i.e., denser) in situ than soils that consist of uniformly- 
sized particles. While the liquefaction potential of a soil is dependent on 
many factors other than gradation (such as the relative density of t soil, 
the intensity and duration of cyclic loading, among others), comparisons of 
the gradational characteristics of a soil with those ranges shown in Figure 
E-8 provide a useful guide in establishing the liquefaction potential of a 
soi1. 

The gradational characteristics of two typical soils from the Yàung Alluvium 
were determined from laboratory tests performed during this investigation. A 
comparison of the gradations with the ranges of gradations of "liquefiable" 
sandy soils shown in Figure E-8 are presented in Figure E-9. 

Figure E-9 indicates that the gradation of the silty/clayey sand soil (.9-1 at 
31'-O" feet) falls within the range of gradations of soils considered "suscep- 
tible" to liquefaction. However, it should be noted that the clayey sand 
soils generally occurred at shallow depths above the water table, and those at 
or below the water table generally had high SPI blow counts. The gradation of 
the gravelly sand soil (9-3 at 29'-3" generally fall.s outside the "suscep- 
tible" range. The comparisons shown in Figure E-9 indicate that, on the basis 
of gradation alone, there appear to be some soils present at the site which 
may be considered liquefiable if they were below the wãtér level. 

E.4.5 Conclusions 

Although some silty/clayey sand. soils may be considered liquefiable strictly 
on the basis of gradation, these soils are generally located above ground 
water levels. Coarse granular soils encountered near or below ground water 
levels have high SPT blow counts and seisinic velocities. Based on the above 
considerations and comparisons, it ts 0th' overall judgement that the Young 
Alluvium soil deposits fOund at the 7th/Flower Station site would not be 
subject t.o liquefaction during strong ground shaking produced at the site by 
the postulated earthquake motions. 

E.G LATERAL SURCHARGE PRESSURES ON STATIONS FROM ADJACENT BUILDINGS 

E.5.L General 

Unless underpinned, existing buildings in close proximity to the proposed 
Stations will impose lateral earth pressure loads on both the temporary shoring 
and the permanent walls.. Figures 6-6 and 6.9 presents a simplified method for 
estimating the imposed lateral pressures from adjacent uniform area loads 
based on design ptactices from previous subway station projects. This section 
disdusses the application of this simple method and presents a theoretically 
more accurate solution which may be appropriate in some situations. 

A method for estimating surcharge loads from adjacent line loads is also 
presented. 
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E.5.2 Uniform Area Loads 

The method presented on Figures 6-5 and 6-9 is a function of the building 
average bearing pressure (q), the net building load at the foundation level 

(n = q-125d where d Is the foundation depth)., and the ratio of the distance 
from the wall (a) to the excavation depth below the foundation level (hd). 
The solution provides a uniform rectangular lateral load distribution W where: 

W = O.4n1_ 
(h-d)1 

for 
(h-d) 

from 0 to 1.0 

for 
(h-dJ 

>1 then W = 0 

For a deep basement, the net foundation load (n) may be small or even nega- 
tive. If negative, the effect of the building should be ignored. We do not 
recommend applying the surcharge as a negative load to reduce the wall 
pressures. 

The elastic solution for a strip load equals: 

= - SIN a COS 28) 

The appropriate parameters are shown on Figure. E-I0. The solution is affected 
by loads at considerable distances from the wall. This effect is really only 
valid for a totally non-yielding wall. In the case of a real shoring wall, 

some yielding does occur which probabl$' limits the effect of the building 
loads beyon4 a certaip zfle of influence from the wall. In our analysis we 
have limited the applied building load to a distance away from the. wall equal 

to 1.5 times the depth of the excEvätion below the foundation level as shown 
in Figure E-6. 

For some conditions, the results of the elastic solution should be doubled to 
account for the effect of a rigid boundary. In our opinion, since the build- 

ing loads e*isted prior to the station walls, the stresses should not be 

doubled. 

Figure E-ii presents the results of the elastic solution. The analysis 
Indicates that the wall pressures are hot. rectangular but vary with depth. 
Figure E-12 compares the Pesültant f,'om the elastic solution with the sim- 
plified method presented above and on Figure 6-5. In general, the resultant 
of the simplified solution compares well with the elastic solution except the 
cases where the adjacent building is very close to the excavation and at 
distances beyond about 80% of the excavation depth. The main difference 
between the. two methods is the distribution of pressure. With., the bluilding 

foiXndation close to the excavation, the simple rectangular solutioln appears tO 
underestimate the maximum pressure by about 50%. 
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In general, the simplified solution is adequate. However, for major buildings 
not urn4erpinhied and in close proximity to the station, we recommend that the 
elastic solution be used to ensure that the upper portions of the wall are not 
underdesl gned. 

E.5.3 Strip Loads 

Heavy strip footings not underpinned and adjacent to the station may impose 
higher lateral stresses than indicated by assuming a simple averge area 
foundation load. Figure E-13 presents a method for estimating lateral pres- 
sures from strip loads. 

S 

E.5.4 Pressures on Station Roof 

Shallow foundation loads in close proximity to the station could impose a 

vertical surcharge pressure on the station roOf. We reconmiénd that a suitable 
elastic stress method be used to compute imposed vertical roof loads if an 
imaginary line drawn downward from th base of the building foundation on a 

1:1 slope intercepts the station roof. In general this situation will not 
occur but should be checked. 
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APPENDI* F - EARThWORK RECOMMENDATIONS 

The following guidelines are recommended for earthwork associated with site 
development. 

Site Preparation çsurface structures).: Existing vegetation, debris, and 
soft or loose soils should be stripped from the areas that are to be 
graded. Soils containing more than 1% by weight of organics may be 
re-used in planter areas, but should not be ud for fill beneath build- 
ing and paved areas. Organic debris, trash, and rubble should be removed 
from the site. Subsoil conditions on the site may vary from those 
encountered Tn the. borings. Therefore, the soils engineer should observe 
the prepared graded area prior to the placement of fill. 

Minor Construction Excavations: Temporary dry ecavations for foun- 
dations or utilities may be made vertically to depths up to 5 feet. For 
deeper dry excavations in ekisting fill or natural materials up to 15 
feet, excavations thOuld be sloped no steeper than 1:1 (horizontal to 
vertical). Recommendations for major s:loped excavations are presented in 
Section 6.5. 

Structural 
Fill and Backfill: Where required for support of near surface 

foundations or where subterranean walls and/or footings require back- 
filling, excavated onsite granular soils or imported granular soils are 
suitable for use as structural fill. Loose soil, forniwork and debris 
should be removed prior to backfilling the walls. Onsite soils or 
imported granular soils should be placed and compacted in accordance with 
"Recommended Specifications for Fill Compaction". In deep fill areas or 
fill areas for support of settlement-sensitive structures, compaction 
requirements could be increased from the noral 90% to 95% or 100% of the 
maximum dry density to reduce fill settlement. 

. 

Whsre space limitations do not allow for conventional backfill compaction 
operations, special backfill materials and procedures may be required. 
Sand-cement slurry, pea gravel or other selected backfill can be used in 

limited space areas:. Sand-cement slurry shiould contain at least 1-1/2 
sacks cement per cubic yard. Pea gravel should be placed in a moist. 

condition or should be wetted at the tinE Of placement. Densification 
should be accomplished by vibratorly e4uipment; e.g., hand-operated 
mechanica1 compactor, backhoe mounted hydraulic compactor, or concrete 
vibrator. Lift thickness should be consistent with the type of compactor 
used. However, lifts should never exceed 5 feet. A soils engineer 
experienced in the. placement of pea gravel should observe the placement 
and densification procedures to render an opinion as to the adequate 
densification of the pea gravel. 

If granular backfill or pea gravel is placed in an area of sutface 
drainage, the backfill should be capped with at least 18 inches of 
relatively impervious type soil; i.e., soils containing at least 40 
pet ent passing the No. 200 sieve. 
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Fdundation Preparation: Where fOundations fOr near surface appurtenant 
structures are underlain by existing fill soils, the existing ff11 should 
be excavated and replaced with a zone of properly compacted structural fill. The zone of structural fill should extend to undisturbed dense or 
stiff natural soils. ilorzonta1 lirnts of the structural fill zone 
should extend out from the footing edge a distance. equal to 5 feet or 
half the depth of the zone beneath the footing whichever is larger. The 
structural fill should be placed and compacted as recommended under 
"Structural Fill and Backfill". 

FOUNDATION/SLJBGRADE PREPARATION 
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Sub.grade PrepaPation: Concrete slabs-on-grade at the. subterranean levels 
may be supported directly on undisturbed dense materials. The subgrade 
should be proof rolled to detect soft or disturbed areas, and such areas 
should be excavated and replaced with structural fill. If existing fill, 
soils are encountered in near surface subgrade areas, these materials 
should be excavated and replaced with pr'operiy corrfpatted stfuctural fill. 
Where clayey natural soils (near existing grade) are exposed in the 
subgrade, these soils should be excavated to a depth of 24 inches below 
the subgrade level and replaced with properly compacted granular fill. 
Where dense natural granular soils are exposed at slab subgrade, the slab 
may be supported directly on these soils. All structural 'fill 'for 
supplort o'f slabs o,r mats shIoIuldbe placed and compacted as recormiende'd 
under "Stftctur'al Fill and Backfill". 

Site Drainage: Adequate positive drainage should be provided away from 
the surface structures to prevent water from ponding and to reduce 
percolation o,f water into the subsoils. A desirable slope for surface 
drainage is 2% in landscaped areas and 1%' in paved areas. Planters and 
landscaped areas adjacent to the surface structures should be designed to 
minimize water infiltration into the subsoils. 
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° Utility Trenches.:, Buried utility conduits should be bedded and back- 
filled around the conduit in accordance with the project specifications.. 
Where conduit underlies concrete slabs-on-grade and pavement, the remain- 
ing trench backfill above the pipe should be. placed &nd cOmpacted in 

accordance with "Structural Fill and Backfill". 

Recommended Specifications for Fill. Compaction: The following specifica- 
tions are recommended to provide a basis for quality control duting the 
placement of compacted fill. 

1. All areas that are to receive compacted fill shall be observed by 
the soils engineer prior to the placement of fill. 

2. Soil surfaces that will recleive compacted fill shall .be scarified to 
a depth of at least 6inches. The scarified soil shall be moisture- 
conditioned to obtain soil moisture near optimum moisture content. 
The scaHfied soil shall be compacted to a minimum relatjve com- 
paction of 90%. Relative compaction is defined as the, ratio Of the 
inplace soil denstty to the maximum dry density as determined by the 
ASTM D1557-70 compaction test method. 

3. Fill shall be placed in controlled layers' the thickness of which is 

compatible with the type of cpmpaction equipment Used. The thick- 
ness of the compacted fill layer shall not exceed the maximum 
allowable thickness of 8 inches. Each layer shall be compacted to a 
minimum relative compaction of 90%. The field density of the 
cohipacted soil shall be determined by the ASTM D1556-64 test method 
or equivalent. 

. 

4. Fill soils shall consist of excavated onsite soils essentially 
cleaned of organic and deleterious material or imported soils 
approved by the soils engineer. All imported soil shall be gPanilar 
and non-expansive or of low expansion potential (plasticity index 
less than 15%). The soi'l.s engineer hal1 evaluate and/or test the 
impoft material for its conformance with the specifications prior to 
its delivery to the site. The contractor shall notify the soils 
engineer 72 hours prior to importing the fill to the, site. Rocks 
larger than 6 inches in diameter shall not be used unless they a'e 
broken down. 

5. The soils engineer shall observe the placement of compacted fill and 
conduct inplàce field density tests on the compacted fill to check 
for adequate moisture content and the required relative compaction. 
Where less than 90% relative compaction is indicated, additional 
compactive effort shall be applied and the soil moisture-conditioned 
as necessary until 90% relative compaction is attained. The con- 
tractor shall provide level testing pads for the soils engineer to 
conduct the field density tests on. 
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