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1, INTRODUCTION

This report describes the activities and results of the
investigations of the correspondence between Cone Penetrometer
Tests (CPT) and Standard Penetration Tests (SPT) performed

under USGS Contract No. 14-08-0001-17780. The program involved
performance of CPTs and SPTs at several sites in California and
at one site in Oklahoma. The comparison of the correspondence
between those test results has as a primary goal the development
of a data base facilitating the use of the CPT for use in
liquefaction potential assessments. The scope of investigations

was defined in proposal P78-310 in response to USGS RFP 460W.

1.1 CURRENT METHODS OF LIQUEFACTION POTENTIAL ASSESSMENT
Current methods of liquefaction potential assessment are in
general limited to either extensive field sampling, laboratory
testing, and dynamic analyses, or rely upon the simplified,
empirical SPT-based method developed by Seed (1979). The
former method has the disadvantages of high cost and time
commitment, the need for field borings and sophisticated
laboratory equipment, and advanced computational capabilities.
In addition, taking high-quality samples of liquefiable soils
(loose, saturated, sands and silts) is a difficult procedure,
and almost invariably results in changed sample structure and

density.

In addition, the idealization of the soil profile based upon
lab test results usually requires selection of some average

or bounding properties for use in subsequent analyses. It
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is never known which properties are most important for trans-
mission of shear waves and, therefore, parametric studies

usually need be performed.

The second routine method, the Standard Penetration Test (SPT),
avoids the extreme costs of the more analytical approach, yet
still suffers from the need for expensive field operations

and some laboratory work. Although the test is dynamic, and
should therefore provide some direct indication of dynamic soil
properties, the results can be taken as only general indica-

tions of site conditions.

It is well known in the geotechnical industry how error-plagqued
is the SPT, with some 30 different error sources having been
defined (Fletcher, F. A., 1965; Kovacs, et al, 1975). A survey
of equipment and procedures in use throughout the U.S. reveals
that not only equipment but also procedure suffers from lack of
standardization. Efforts by many, notably Schmertmann (1976)

and Kovacs (1978), to standardize the test have met with only
limited success. One of the major impediments to standardization
results from the importance of maintaining the SPT data base

that has been developed in the last forty years. This data

base is found in publications as well as in design guidelines

for use at national or local levels. Further, most practitioners
have developed a "feeling" for SPT results, and are able to

make valid engineering judgments from such results. Many of
these practitioners feel that by standardization (such as using

controlled-energy, or velocity, mechanical hammers) the data
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base developed over the years will be invalidated. This is a
realistic concern, and several researchers have responded by
instituting a nationwide program of hammer-energy measurements.
Once such measurements have been made, it should be possible
to correlate the average energies represented by any particular
data base with the energy of the standardized hammer (Kovacs,

1978).

1.2 MICROZONATION OF EARTHQUAKE HAZARDS

In recent years there has been an effort, in response to
-recognized need, to develop procedures for regional-level
microzonation of earthquake hazards, in particular with respect
to liquefaction potential. With regard to liquefaction hazard
assessment, the usual method involves qualitative definition

of tﬁo necessary conditions: a sufficient driving source and
snsceptible soils (Youd, et al, 1978; Youd and Perkins, 1977;
Kennedy, et al, 1977). 1Ignoring the delineation of zones
having potential to receive sufficient strong motion shaking,
the delineation of susceptible soil zones has been based upon
existence of high ground water levels (liquefaction is primarily
of concern in the upper 40 feet of a soil profile) in cohesion-
less, young (Holocene age) soils. The delineation of water’
ledels is usually through records of ground water investiga-
tions, and provides adequate information for regional assess-
ments. Site specific investigations still need more accurate
definition of water level, but this factor is relatively easily

determined.
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The delineation of susceptible soils (young, cohesionless) has
been through recourse to published data. These data are
usually either geologic or soils maps, or boring information
from previous investigations. The shortcoming of using geo-
logic maps is their overly generalized nature. Certainly such
generalization is necessary for microzonation efforts covering
hundreds of square miles of land surface; however, the method
provides only an indication of actual extent of susceptible
materials. On a regional basis, it is possible to define zones
of clearly nonsusceptible materials, such as clays or gravels,
as differentiated from susceptible materials such as beach or
river sand. The primary difficulty arises in those intermed-
iate and mixed soils: silts, silty sands, clayey sands, sands,
sandy silts, and even silty and sandy clays. The liquefaction
potential of a soil depends, for a given driving energy, upon
the grain size and distribution, and the amount and activity

of any clay size components. In addition, the in-situ stress
conditions and soil density have a significant influence on
liquefaction potential. Although some qualitative estimates

of stress state and density can be made on the basis of geologic

history, it becomes difficult to attach any quantitative

information to such estimates.

The difficulty in quantifying microzonation delineations
reinstates the need for some field measurement. The cost and
time associated with a boring-type measurement likely becomes
prohibitive. This is where the Cone Penetrometer Test (CPT)

is seen to be of value. The test is very rapid, with up to
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800 feet of measurements being made in a single day, as compared
to a maximum of about 100 feet of comparable SPT measurements

in a like time. Further, the CPT is standardized, is not
operator or technique dependent, and provides a repeatable

set of continuous measurements of soil resistance.

The primary concern in using CPT for microzonation efforts is
establishing some correlation between CPT results and liquefac-
tion potential. Such correlation exits for SPT results (Seed,
1979). The SPT-liquefaction potential correlation is based
upon SPT measurements made at sites which subsequently lique-
fied during earthquake shaking. The correlation was extended
through use of "shaking-table" tests. Knowledge of the magni-
tude and acceleration characterizing the actual or artificial
earthquake allowed development of a set of values, for any
specific earthquake, bounding the soil cyclic strength dividing
liquefiable from non-liquefiable soils. The soil cyclic

strength was then represented by a normalized SPT blowcount.

Because no extensive data base of this type exists for CPT
measurements, a possible approach is to first compare the CPT to
liquefaction potential through the intermediate use of the SPT
data base. Thus the current program is designed to further
study correspondence between the CPT and SPT as a step toward

the eventual goal of a CPT-liquefaction potential correlation.

1.3 FACTORS AFFECTING LIQUEFACTION POTENTIAL, SPT, CPT
Several questions arise when considering such a correlation

program. First, for any empirical "index" to be valid for
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prediction of some other property, such as liquefaction poten-
tial, the index and the property should be similarly dependent
upon the same variables. Typical variables include soil type,
stress state and stress history, soil density, and soil structure.
Given the range in parameter variation in-situ, it is not sensible
to try to account for the effect of variations producing only a
small change in the correlation. Rather, major changes should

be investigated. The variables accepted as having major affect
upon liquefaction potential are: soil type, degree of satura-
tion, effective overburden pressure, density or relative density,
lateral stress, and soil structure or fabric. It is assumed

that location of permanent ground water can be established, thus
eliminating degree of saturation from concern. This leaves, as
of primary importance, the influences of soil type, structure,

and density and effective stress history.

These variables are not easily rated in terms of their effect
upon either liquefaction potential or SPT measurements. First,
it is in general true that increasing clay content results

in decreased liquefaction potential and decreased blowcounts.
Increased sand content results in increased blowcount and
increased liqueféction potential as compared to clayey soils.
However, for a given soil, an increase in blowcount results
in decrease of liquefaction potential. Further, the effect
of intermediate fines content upon liquefaction potential is
not known. It is generally assumed that some value of Plas-
ticity Index (PI) can divide susceptible from nonsusceptible

soils (Donovan and Singh, 1976). This value has been assumed
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at from 5 to 12 percent. It is unlikely, however, that the SPT
varies inversely proportional to liquefaction potential as
fines content increases up to this point of low PI. Further,
there is no certainty that the criteria is applicable on other

than a case-by-case level,

The same type of arguments can be advanced relating liquefaction
potential to median grain size (Dgg). Although the trend in

the relation between Dgg and liquefaction potential holds for
comparison of extremes, it is not wvalid for comparisons within

the range most commonly of concern: sands and silts.

L

A second primary factor, effective overburden and lateral pres-
sures, is likewise difficult to assess. The cyclic strength

of a soil (or liquefaction potential) certainly varies with the
effective stress in the soil in that increased driving energy
is required to generate sufficient shear strains to result in
increased porewater pressure at increased confining pressures.
Thus for a sand at a constant relative density, the blowcount
measured would non-linearly vary proportional to the effective
pressure at the location of the blowcount. 1In order to elimi-
nate the influence of this variable, both cyclic strength and
blowcounts are normalized by either the effective vertical
stress or some measure of that stress. For blowcounts, the
measure is the factor Cy, which is intended to normalize a
blowcount to that which would be obtained at an effective
overburden pressure of one ton per square foot. This factor

is appropriate for normally consolidated soils only.
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being of different ages. In particular, the correlations are
examined as dependent upon soil type, resistance, and overburden
pressure, as these are the primary, presently quantifiable,

factors affecting liquefaction potential.

Considerable attention is placed upon the method of data
comparison. The primary reason for this attention is the
essential difference between the data of the CPT and SPT.
The CPT provides continuous, repeatable measurements, while
the SPT provides point data dependent upon edquipment and
method. The variability of SPT measurements is clearly
evidenced in examination of the data presented in this report.
Such variability further emphasizes the need for SPT hammer
energy measurements, as discussed previously. This need,
as well as other research needs related to field methods of
liquefaction potential assessment, are further discussed in

Chapter 4, Summary and Conclusions.
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2. FIELD AND LABORATORY INVESTIGATIONS

2.1 INTRODUCTION

Field investigations supported under this research program
included Standard Penetration Tests and electric Cone Penetrometer
Tests performed at several sites in California. 1In addition,
data from other projects are also included, in particular, from
a project in Oklahoma. Samples taken from California sites
during the SPT program were returned to the Long Beach soils
laboratory for classification testing. All classification data
and SPT measurements from the Oklahoma site were developed and
provided by the Tulsa District U.S. Army Corps of Engineers,
who also allowed use of the CPT data from the site. A summary

of field investigations is given in Table 2.1.

2.2 PROCEDURES

The testing procedures used in this program were in general
accordance with those procedures recommended by the ASTM.
Applicable standards used in the program are: D1586 for SPT
procedures, D3441-75T for CPT procedures, and D422 for labora-
tory grain size analyses. Corps of Engineers field and
laboratory tests were performed in accordance with U.S. Army

Corps of Engineers Testing Standards.

The CPT soundings were performed using a truck-mounted electric
cone penetrometer. The electric CPT system consists of a
40,000 pound truck equipped with a hydraulic loading system
capable of applying 40,000 pounds of force onto the end of

1.4 inch diameter, hollow "sounding" rods. The electric
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friction cone tip is mounted on the end of the rod string with
an electrical cable threaded from the cone, through the trailing

rods, and into the electronics located in the truck.

The electric friction cone tip essentially consists of a strain-
gage-instrumented body enclosed within a cylindrical friction
sleeve of 150 square centimeters surface area, and capped with

a 60-degree apex angle conical tip of 10 square centimeters
projected surface area. An inclinometer is located within the
cylindrical body. A description of this friction cone and the
general CPT methodology is given by de Ruiter (1971); a schematic

diagram of the electric friction cone is shown in Figure 2.1.

The sounding rods with attached friction cone are pushed into
the soil at a constant rate of two cm/sec in one-meter runs.
At the end of each one-meter run, an additional one-meter
length of rod is added, and the sounding continued. This
process is repeated until reaching refusal or a specified
depth. Additional information about the general procedures
used for CPT site investigations are described elsewhere

(Sangerlat, 1972).

A continuous analog record of the forces on the end (cone end
bearing, q.) and friction sleeve (side friction) of the cone
is taken on a strip-chart recorder located in the penetrometer
truck. The chart recorder is driven by an optical encoder
controlled by the advance of the sounding rods; the length of

the cone record is directly and exactly proportional to the

length of extended sounding rods. Inclinometer readings (taken
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during rod breaks) showed inclinations of no more than 3 degrees

during any of the sounding.

The Standard Penetration Tests at California sites were performed
using Failing 750 drill rigs and drill pipe having an I.D. of

1.5 inches and an 0.D. of 2.375 inches with a weight of 55

pounds per 10.5 foot long rod section. Drill bits were 5-7/8"
fishtails baffled to prevent any jetting-induced soil disturbance.
Particular care was taken to thoroughly flush the hole prior to
slow removal of the drill bit. Drilling mud was maintained at

ground surface in all borings.

SPT hammers were of two types: a rope-around-the-cathead
"donut" hammer provided by the drillers (total weight of 225
pounds), and a "free-fall", mechanical trip hammer (total
weight of 210 pounds) manufactured by Pilcon Engineering
(Figure 2.2). The trip hammer uses a rocker arm cam release
system which provides a constant hammer drop height of 30+ 1
inches. ©No measurements of the energies delivered by these

hammers were obtained.

Sampling spoons were newly constructed following ASTM guide-
lines with the exception that space for liners was provided,
but liners were not used. Schmertmann (1976, 1979) notes that
liner samplers used without liners is the common practice, and

represents a de facto change to ASTM D2586.

The Corps of Engineers SPT procedures follow ASTM guidelines

with the exception of hammer type. The hammer used in this
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program is of the type described by Marcuson and Bieganousky
(1977) and is a free-fall hammer with hydraulic drive. More
information about the effects of such free fall hammers is
given in later sections. The rate of application of hammer
blows with this device was about five per minute, while the
rates with both the standard and the Pilcon mechanical hammer

were about 40 blows per minute.

2.3 SITE DESCRIPTIONS

The sites investigated during this program were generally
selected on the basis of having saturated, cohesionless soils.
Sites were located in San Diego, Seal Beach, Salinas, Moss
Landing, and San Jose, California, and Edmond, Oklahoma. The
following sections provide brief description of site geology
and soil profiles based upon the boring, sounding, and labor-

atory investigations.

2.3.1 San Diego, California

The site is located at the Naval Air Station near San Diego,

on artificial fill emplaced between North Island and Coronado
Island to connect the islands across the old Spanish Bight.
North Island and Coronado Island are probably remnants of the
Quaternary Nestor or lower marine terrace (Ellis and Lee,
1919). sSurficial terrace deposits are chiefly silts and sands.
In the Spanish Bight area, hydraulic fill, principally sand
silty sand, and silt dredged from San Diego Bay, occurs at

the surface (Forrest and Ferritto, 1976). Fill in this 2zone

was placed in 1945.
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Bedrock beneath terrace deposits and artificial fill consists
of Cretaceous and Tertiary marine, lagoonal, and fluviatile
clasﬁic rocks, chiefly sandstone, conglomerate, and shale
(Kennedy, 1973). These rocks dip gently northeast on the
northeast flank of a northwest trending anticline with axis

off the coast of San Diego. Planation of these dipping beds
has resulted in removal of upper (Eocene-Pliocene) units
beneath North Island with occurrence of progressively younger
rocks to the east (Kennedy, 1973). Only the Cretaceous Rosario
Group occurs beneath North Island. In the vicinity of the
Spanish Bight and Coronado Island, rocks of the Eocene La Jolla
Group overlie Cretaceous rocks in the subsurface (Kennedy,
1973). Further east, marine Pliocene deposits of the San Diego
Formation overlie these Eocene rocks, and may extend into the

test site area (Forrest and Ferritto, 1976).

Basement in the area consists of Cretaceous and older metamor-
phic and intrusive rocks (Kennedy, 1973; Forrest and Ferritto,
1976). The Rose Canyon fault is postulated to occur just west
of the test site forming the eastern edge of North Island
(Forrest and Ferritto, 1976), although others place the south-
ern extension of this fault along the east side of San Diego

Bay (Ziony, 1973). Movement on this fault has probably occurred
during late Pleistocene and may be as recently as early Holocene

(Ziony, 1973).

Nine Cone Penetrometer Tests and eight Standard Penetration

Tests were performed at the San Diego site. The location of
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the site and of each sounding and boring is given in Figures 2.3
and 2.4. The sounding logs are shown summarized in Appendix A
in Figure A.l1, and individually in Figures A.2 through A.10,

and the boring logs in Figures A.ll through A.18. Site profiles
were drawn based on the CPT results, and the SPT logs and
laboratory classification results. These two profiles are

shown in Figures 2.5 and 2.6. It should be noted that all of
the CPT profile-series logs have been smoothed, that is,
averaged over a vertical distance of one foot. The effect of
such smoothing can be seen by comparison of the profile-series
logs of Figure 2.5 with the individual logs of Figures A.2

through A.10.

Examination of the profiles shown in Figures 2.5 and 2.6 reveals
that essentially identical profiles result using either CPT or
SPT methods. The SPT results revealed changes in color indica-
tive of a layer transition, while the CPT, being essentially a
strength measurement, shows virtually no layering. However,

the CPT continuous record does reveal the presence of lenses or

pockets of dissimilar materials not found with the SPT method.

2.3.2 Salinas, California

The Salinas site is on the southwest bank of the Salinas River
near the mouth of El1 Toro Creek. Sediments in the area consist
chiefly of interbedded fluvial silty sand and sand deposited

by the Salinas River, with interbeds of sand and gravel from
the E1 Toro Creek alluvial fan. These fluvial deposits are

Holocene age and extend to depths of 10-20 m (Tinsley, 1980,
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personal communication). They'are underlain by delta and
estuarine sediments deposited during higher stands of sea level
when the sea transgressed up the Salinas Valley into the area.
Estuarine deposits are chiefly black muds (organic silty clays)
of Holocene age. These fine-grained deposits interfinger with
delta/fluvial sandy deposits, and generally do not persist to
depths exceeding 30 m (Tinsley, 1980, personal communication).
At these depths, deposits are again predominantly fluvial in
origin and are Pleistocene in age. Beneath these Pleistocene-
age Salinas River fluvial deposits is the Plio-Pleistocene
nonmarine Paso Robles Formation, generally at depths greater

than 300 feet (Tinsley, 1980, personal communication).

Dibblee (1976) has mapped and named the Rinconada-Reliz fault
along the northeastern flank of the Sierra de Salinas, forming
the southwestern edge of the Salinas Valley. The fault would
project very close to the site, between it and the mountain
front 1/4 mile to the west. Movement along the fault was
right-lateral during late Pleistocene times, but has since
shifted to predominantly reverse-slip during Holocene time

(Tinsley, 1980, personal communication).

Fifteen CPTs and eight SPTs were performed at the Salinas
site. The locations of the site and each sounding and boring
are given in Figures 2.7 and 2.8. The sounding and boring
logs are shown in Appendix A Figures A.19 through A.33 and
A.34 through A.41, respectively. It should be noted that

some of the soundings were performed using an oversized cone
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(15 square centimeter projected end area). These soundings are
also shown in Appendix A (identified as F15CKE) along with the
rest of the Salinas soundings. The final site profiles, again
as based on CPT and SPT and laboratory test data are shown in

Figures 2.9 and 2.10.

Comparison of the logs shown in Figures 2.9 and 2.10 reveals
the expected differences. The SPT method provides information
regarding soil grain size, while the CPT method implicitly
provides strength data and more detailed stratigraphic data

than possible using the SPT method.

2.3.3 Moss Landing, California

The site at Moss Landing is underlain by beach sands to prob-
able depths of ten meters or more. Eolian sands, derived

from reworking of beach sands, form a thin cover at the surface
and may occur interbedded with beach deposits at depth. Other
deposits in areas adjacent to the site are part of a late
Holocene transgressive sequence consisting of relatively thick
sands offshore and estuarine and fluvial deposits onshore
(Tinsley, 1980, personal communication). The site is near

the mouths of the Salinas and Pajoro Rivers which empty into
Monterey Bay. Sloughs (Elkhorn, Moro Cojo) and tidal channels
occur just east of Moss Landing, forming an area of modern
fine-grained estuarine deposits which thin to the east. These
types of deposits occur at depth near Moss Landing, interbedded
and underlain by sandy fluvial deposits (Tinsley, 1980, personal

communication), and contain gravel lenses, particularly at the
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base of the Holocene section which extends to about 100 to 180
feet below the surface (Tinsley, 1980, personal communication).
In the immediate site vicinity, deposits are principally
littoral, i.e., deposited in the shoreline environment within
the zone of tidal fluctuation. Sands predominate with some

interbedded silts and clays.

Nine CPTs and eight SPTs were performed at the Moss Landing
site. The site and boring and sounding locations are shown in
Figures 2.10 and 2.11. The sounding logs are given in Figures
A.42 through A.50 of Appendix A, and boring logs in Figures
A.51 through A.58. The final site profile for Moss Landing
based upon the CPT and the SPT and laboratory classification

data is shown in Figures 2.12 and 2.13, respectively.

2.3.4 Sunset Beach, California

The Sunset Beach site lies east of Anaheim Bay along the
principal tidal inlet into Sunset Bay. Sunset Bay is a tidal
marshland which has been closed off by a barrier beach. The
site is on the landward side of the barrier beach adjacent

to the marshlands. Surface materials consist of beach sands
(U.S. Department of Agriculture, 1978), probably reworked to
some extent by man during modification of the beach. Beach
sands at the site probably overlie and interfinger with tidal
marsh deposits (organic sands, silts, and clays) derived from
both marine and continental sources. Immediately inland from
the beach, Holocene deposits generally do not extend to depths

greater than 20 feet (Poland, et al, 1956). Along the beach,
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deposits may be somewhat thicker, consisting of unconsolidated
sand, silt and clay with no known gravels in the area (Poland
et al, 1956; Poland, 1959). Holocene deposits are underlain by
the Pleistocene Lakewood and San Pedro Formations, which extend
to depths greater than 500 feet consisting of loosely to
moderately consolidated sandstone, claystone, siltstone, and
marl (California Department of Water Resources, 1968; Poland

et al, 1956).

Three CPTs were performed at the Sunset Beach site (Figure
2.14) at the locations shown in Figure 2.15. No SPTs were
performed as the site was selected primarily because the
uniformity of the site soils facilitates estimation of the
effect of depth (or pressure) on cone penetrometer readings.
The results of the soundings are shown in Appendix A in Figures
A.59 through A.61 and the interpreted profile is shown in

Figure 2.16.

2.3.5 San Jose, California

Two different sites in the Coyote Creek vicinity near San Jose
were investigated. These sites occur in the gently sloping
alluvial plain of the Santa Clara Valley six to seven miles
south of the southern tip of San Francisco Bay. The surficial
material at the sites is predominantly medium-grained alluvium
(fine sand, silt, and clayey silt) of Holocene age (Helley

and Brabb, 1971; Helley, et al, 1979). This alluvium was
derived from sources to the east and south along the Coyote

Creek drainage. Natural levees deposited during flood stage
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occur along the banks of Coyote Creek in which test sites are
located. The site areas are near the southern limit of modern
bay mud and may be underlain at shallow depths by thin bay muds
deposited when the bay extended further southward as recently
as 125 years ago (Helley and others, 1979). At greater depths,
Pleistocene alluvium and Pleistocene bay mud interfinger, but
alluvial deposits probably predominate beneath the site area.
No known faults traverse or underlie the area, although the
historically active Hayward fault occurs about 5 kilometers

to the east. Holocene and Pleistocene beds underlying the

area are generally undeformed, dipping slightly northward

toward the bay in original depositional position.

The locations of the two Coyote Creek sites are shown in Fig-
ure 2.17. The north site had eleven CPT soundings (two with
the oversized cone) and six borings, while the south site

had ten soundings (two with oversized cone) and four borings.
The locations of the borings and soundings are shown in Figure
2.18. The sounding logs are presented in Appendix A in Figures
A.62 through A.73 and A.74 through A.83 for the north and south
sites, and the boring logs in Figures A.84 through A.89 and
A.90 through A.93 for north and south sites, respectively.

The site profiles based on these data are given in Figures 2.19
and 2.20 for the north site, and in Figures 2.21 and 2.22 for

the south site.

2.3.6 Edmond, Oklahoma

The Oklahoma site lies in the valley of the Deep Fork River
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northeast of Oklahoma City (Figure 2.23). The area is on
the east flank of the Anadarko Basin, characterized by gently
west-dipping Permian-age sedimentary rocks. The rocks in
the site vicinity are principally sandstone of the Garber
Sandstone and Wellington Formations of Lower Permian age
(Wood and Burton, 1968). These two formations are litho-
logically similar, consisting of lenticular beds of cross-
bedded sandstone interbedded with shale, generally sandy to
silty. Sands are fine- to very fine-grained, and are poorly
cemented (Wood and Burton, 1968). The site lies essentially
along the gradational contact between the two formations

(Bingham and Moore, 1975).

The site is underlain by modern alluvium of the Deep Fork
River Valley. Alluvium consists of sand, silt and clay with
lenticular beds of gravel (Bingham and Moore, 1975). The
thickness of alluvium in the valley overlying the Permian
bedrock varies from several feet to more than 50 feet (Wood
and Burton, 1968; Bingham and Moore, 1975). At the dam
centerline, the alluvium is about 83 feet thick, but upstream
300 feet it is only 14.5 feet thick (U.S. Army Corps of
Engineers, 1978); Valley bottom alluvium is Holocene age

and is unconsolidated.

Twenty-three CPTs and twenty-four SPTs were performed at the
Arcadia site at locations shown in Figure 2.24. Because of
the extremely complex nature of the site profile, significant

changes in soil type or resistance were found over distances
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of only a few feet in either horizontal or vertical directions.
For this reason, some of the data analyses (discussed in sub-
sequent sections) were performed upon average CPT and SPT results.
Likewise, only a generalized profile could be developed. This
profile covers several hundred feet both along the dam centerline
and in the upstream-downstream axis and is not shown in this
report. For more information about the characteristics of this
site, the Corps of Engineers Design Memorandum may be consulted.
The complete set of boring and sounding logs from the Arcadia
site are available in that memorandum. Select information

about site characteristics is discussed in a subsequent section

of this report.

2.4 CONCLUSIONS

Primary conclusions that can be drawn based upon the field
investigations focus upon testing procedures, data consistency,
data interpretation, and the degree to which the test methods
provide data representative of site conditions. 1In regard to
testing procedures, it was noted during the field program that
constant attention was required to keep repeatability of SPT
method, although only one driller was used. The tendency was
for the rope—around-the-cathead method hammer-drop height to
decrease with increasing number of blowcounts. Further, as the
focus of measurements was on sandy soils, after the first boring
was complete and the location of significant clay layers known,
the driller tended to assume layer continuity without actually

checking the clay layer extent encountered in subsequent borings.

1hnnn '



2-14

The effect of this assumption can be seen in comparison of the
CPT and SPT profiles where thin interlayers of sands and silts

are apparent in the CPT records but missing from the SPT records.

Further comparison of the CPT-SPT profiles reveals that greater
evidence of spatial variability of soil types and layering is
visible with the CPT method. This includes the definition of
interlayers as well as thickness and extent of more massive
layers. However, the CPT method primarily reveals changes in
material type via the intermediary of changes in strength using
the tip measurement and the sleeve measurement, and no visual

ce of material change is obtained. At the sites investi-

this lack of sample presented no difficulties, but
ials were in general fairly common,'well behaved sands,
, and mixes. One notable shortcoming is that the CPT
profiles presented in previous sections reveal no information

allowing definition of water table depth.

The potential for use of the piezometric cone penetrometer to
define water levels was to be investigated in this program.
However, due to equipment fabrication problems and because the
location of sensing elements within the tip and the interpreta-
tion of measured‘data are areas of current controversy, no such
investigations were performed. Subsequent investigations in
which the piezometric cone has been used indicate that if the
porous element 1s saturated with a high viscosity fluid, then
penetration through a dry layer overlying a saturated layer
will not result in loss of saturation to a degree eliminating

pore pressure response upon entering the saturated layer.
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Another interesting phenomenon observed during the field
program was the apparent "smoothing" of layer resistances
during SPT penetration using the higher energy free-fall
hammer. Fiqures 2.25 through 2.28 show average blowcount
versus depth profiles for each hammer type at each site. The
average blowcount values were calculated over three-foot
intervals where layer continuity was present. Also shown in
those figures are the ratios of average blowcounts using the

two hammers.

Further examination of the blowcount ratios by material type
reveals a trend toward increase in blowcount ratio with increas-
ing blowcount. A possible explanation for this trend revolves
around the question of the extension wave reflected from the
"free" end of the rod string. As the soil hardens, the free
end becomes progressively more fixed, allowing more of the
available energy to be transmitted by the rod string. The trip
hammer is of a type having a large diameter anvil which acts

as a wave trap, in particular for the free end condition.

Thus with increasing fixity, the trapped energy is more fully
transmitted, with resultant reduction in trip hammer blowcount
as compared witH standard hammer blowcounts. This trend is

more fully discussed by Schmertmann (1979b).

As a final examination of field data, a series of CPT soundings
is presented in Figure 2.29. These soundings were performed
adjacent to and after a boring had been placed to determine

how close a sounding could be without showing any effects of
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the nearby boring. In Figqure 2.29 it can be seen that the
sounding placed one and one-half foot from the boring shows
one anomalously low end-bearing zone. Whether or not this
reduction resulted from the nearby boring cannot be certain
with only one test series; however, based upon this result,
the few soundings performed after a boring was completed were
placed at a distance of from six to twelve feet from the
nearest boring, a distance which is close enough to allow a
high degree of horizontal uniformity without being close

enough to sense any effect of the boring.
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SPT CPT
SITE
DATE TYPE NUMBER NUMBER DATE
SAN DIEGO: STANDARD 4
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STANDARD 4
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STANDARD 4
MOSS LANDINGS 11/13-15/79 TRIP 4 9 11/12-13/79
3/17/80
SUNSET BEACH - - - 3 7111180
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SAN JOSE: STANDARD 2
COYOTE SOUTH 11/19-20/79 TRIP 2 10 11/17-19/79
ARCADIA:* STANDARD
EDMOND, OKLAHOMA| 1/20-5/8/80 TRIP 24 23 3/28-4/3/80
*ALL SPT's PERFORMED BY U.S. ARMY
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DISTRICT RO
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