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ABSTRACT

STUDY OF CERTAIN GEOTECHNICAL PROPERTIES

OF THE BEAUMONT CLAY FORMATION

(January 1970)

Mohamad Tayeb Hussain A1-Layla

B.Sc., University of Baghdad

M.S., Texas ASM University

Directed by: Dr. Wayne A. Dunlap

The Beaumont Clay formation is located in southeast Texas in a

belt approximately 70-90 miles wide, parallel to the Gulf of Mexico

coastline. It was deposited by rivers as levees and deltas during

the Pleistocene epoch. During its geological history is was exposed

to the surface and apparently subjected to multiple cycles of drying

and wetting. This produced an intricate network of closely spaced

weak- planes known as fissures. Other weak planes, more widely spaced,

are joints. These discontinuities are the major factors in control¬

ling the laboratory shear strength.

In general, Beaumont Clay can he described as stiff, over¬

consolidated, jointed, and fissured with slickensides. The clay

content (<2ij fraction) ranges from 56-77 percent. X-ray diffraction

analyses of the clay fraction showed that the material contained

about 23-47 percent of rnontmori 1 Ionite with illite, kaolinite and

quartz being the other predominant minerals present.
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The results of unconsolidated undrainad strength tests showed that

the shear strength, c^, obtained from specimens oriented in a horizon¬
tal direction was 1.26 of that obtained from specimens oriented in a

vertical direction. Comparison of these tests with similar tests on

remolded specimens indicated that Beaumont Clay is insensitive.

The consolidated undrained tests revealed that the effective

angle of shearing resistance, cf>13 was equal in the horizontal and

vertical directions. However, the cohesion intercept, c', was higher

in the specimens oriented in a horizontal direction than in the verti¬

cal direction. The relation between Ar.- (pore pressure coefficient at

failure) and O.C.R. (over-consolidation ratio) is presented.

Tlie residual angle, 4>^» ranged from 3-11° for Beaumont Clay. A
correlation ’was found to exist between the liquid limit and the

residual strength.

The effective a no

direct shear tests was

drained tests.

Is of shearing resistance, obtained in the

about 4° higher than obtained from triaxial

All the specimens tested in this study failed at rather small,

strain. In general, they showed plastic type of failure rather than

brittle.
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CHAPTER 1

INTRODUCTION

A study of the geotechnical properties of Beaumont Clay, which

occupies the coastal area of southeast Texas, has both economic and

academic value. There has been, and will continue to be, extensive

construction activity within the Beaumont formation area. Thus, the

fact that little is known about this soil makes this study significant

and gives it economic value. From an academic viewpoint* the stucfy

is important because there is little information published about soil

formations which have stress histories similar to that of Beaumont

Clay.

Beaumont Clay gained its present properties as a result of numer¬

ous cycles of drying and wetting. Consequently, the clay is desiccated,

fissured, and jointed. As a result of these characteristics, the soil

engineer faces several difficulties in dealing with problems in

Beaumont Clay. Slope failures are frequently encountered and parti¬

cularly along the Houston ship channel (20)^. Settlement'predictions,

especially of heavy structures as in the case of the San Jacinto Monu¬

ment (18), are difficult. Caving of shafts drilled for underreamed

footings often occurs in certain layers. These and many other problems

1
Numerals in parentheses refer to corresponding items in the list

of references. The citations on the following pages follow the style
of the Journal of the Soil Mechanics and Foundation Division, American
Society of Civil Engineers.
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probably can be treated in better fashion-if the geotechnical

ties are v/e 11 da fi ne d.

proper¬

ron a better understanding of the strength properties of Beaumont

Clay--and thus its behavior--the strength parameters of the soil

should be defined in terms of effective stress rather than total stress.

Indeed, the shear strength and the deformation characteristics of soil

are controlled by effective stress rather than total stress (9, 56).

The validity of the principal of effective stress in the field of soil

mechanics has been demonstrated by several investigators (7, 8, 43).

In this study the strength properties of Beaumont Clay were

investigated by means of compression tests (both triaxial and uncon¬

fined) and direct shear tests.

In triaxial compression, unconsolidated undrained tests, consol-

idated undrained tests with pore water pressure measurement, and

consolidated drained tests were used. Moreover, the investigation was

extended to study the strength properties in the horizontal direction

as well as the strength properties of the clay after being remolded.

The strength parameters from drained tests are used in certain

long tQfm stability problems, while the results of consolidated

undrained tests with pore 'water pressure measurement are used in

determining the pore water pressure coefficients, and also in defining

the strength parameters of soil. The study of strength properties

in the horizontal direction is desirable in slope stability problems.

Investigation on soil in the remolded state gives an indication of
the structural effect on the strength properties.
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The direct shear test was used to study the concept of residual

s trangth. Thi s i s the 1 ower limit of s heari r.g res i s tance > whi ch

occurs at relatively large deformations. According to Skempton (45),

.it is the main factor in controlling the long term stability of

natural slopes and cuts in stiff, fissured clays. Since the residual

strength test is time consuming, it is very desirable to relate the

residual angle of shearing resistance to soma other soil parameter

which is easier to determine in the laboratory.

The consolidation properties were studied on specimens which were

oriented in the vertical and horizontal direction as well as on

remolded specimens. This helped to investigate the effect of stress

history on the clay.

In summary, the specific purposes of this investigation were to

determine the following for a representative portion of the Beaumont

Clay formation:

a. The cohesion intercept, c', and the angle of shearing

resistance, 4)', in terms of effective stress for both

undisturbed and remolded samples.

b. The peak and the residual shear strength as determined

by direct shear tests.

c. The pore pressure coefficient, A.

d. The variation of shear strength with orientation of

tiie mass.

e. The consolidation properties and the maximum pressure

to which the soil has been subjected in its geological
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history.

f. The mineralogies! properties of the soil and their

influence on the geotechnical behavior of the Beaumont

Clay.
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CHAPTER II

PRESENT STATUS OF THE QUESTION

Extensive studies have been done on soils which are classified

as stiff, over-consolidated, and fissured, but these soils, e.g„, the

London Clay, gained these properties by an overburden pressure which

has since been partially removed, On the other hand 3*eaurnont Clay is

also stiff, over-consolidated and fissured but as a result of desic¬

cation rather than overburden pressures.

In stability problems involving soils of this type, important

characteristics which should be investigated are shear strength (both

peak and residual) and the effect of anisotropy. These topics will

be discussed in the following paragraphs.

Shear Strength

The shear strength of a soil can be defined as the shear stress

on the plane of failure at the time of failure. The shear strength

can be divided into three components; cohesion, dilatancy and fric¬

tion. In turn, each of these components is probably made up of

several terms (30).

Cohesion

Cohesion is the shear resistance which can be mobilized between

the adjacent particles without the necessity of a normal pressure.

It may be regarded as a physico-chemical force acting between
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particles* This force depends upon the number of bonding atoms act¬

ing between the adjacent particles and their mutual distance. It is

mainly the result of summation of the Van der Waals (or attraction)

forces, and Coulombic repulsion forces. The cohesion component can

be mobilized at relatively small strains during the shearing process.

The cohesion force is a function of the void ratio or water con¬

tent in saturated soil ( 1 2 ). As the water content increases, the

distance between particles increases, and the attraction force de¬

creases. According to the Terzaghi classical theory of consolidation

for normally consolidated soil, the void ratio can be related to the

effective consolidation pressure. Thus it may be stated that the

available cohesion is proportional to the effective consolidation

stress, Op, (25), and can be expressed as:
c' = ffptan<j>£ (1)
where: c1 = the cohesion in terms of effective stress

(J>' = the angle of cohesion shearing resistance
V

Dilatancy and Friction

During shear displacement, the moving particles interfere with

each other both electrically and physically. The particles may climb

over each other in order to move in a horizontal direction. This

movement may cause a volume increase tendency, which increases the

shearing resistance by requiring additional forces to be overcome.

The interference between particles disappears after soma straining,

and the tendency for volume increase no longer exists; thus the di¬

latancy component drops cut from the shearing resistance. The



7

tendency of volume increase is usually associated with dense material.

During the particles' movement, interparticle friction starts to

mobilize and causes the shearing strength to increase, and reaches its

limit with further movement.

Dilatancy and friction are usually treated together because of

their close relationship. They are direct functions of the effective

force normal to the shear surface. Their contribution to the shear

strength of soil can be expressed:

s =* cr{tantf)1 (2)

where: a[ the normal effective stress
<j>‘ = the angle of shearing resistance in

terms of effective stress

The actual shear resistance, which is measured in the laboratory,
is a combination of the three components (cohesion, dilatancy, and

friction). fig. 1 shows each force separately and the addition of

all the components to give a stress-strain curve', which can be meas¬

ured in a shear test.

FIG. 1COMPONENTS OF SHEAR RESISTANCE (AFTER LAMBE lg60)
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The shear strength of soil can be described either in terms of

total stress or in terms of effective stress. Bishop and Henkel (9),

Lambe (30), Whitman (56) and many others reported that the shear

strength of soil is best described in terms of effective stress.

Terzaghi.( 53) defined the principle of effective stress in the

following terms, "The stresses in any point of a section through a
mass of earth can be computed from the total principal stresses cri,
Ox, a3 which act in this point. If the voids of the earth are filled
vifth water under a stress, u, the total principal stresses consist of
two parts. One part, u, acts in the water and in the solid in every
direction with equal intensity. It is called the neutral stress (or
pore-water pressure). The balance, a{ = aj-u, oi-oz-u and ok - a3-u
represents an excess over the neutral stress, u, and it has its seat
exclusively in the solid phase of the earth.

,!This fraction of the total principal stresses will be called the
effective principal stresses. . . A change in the neutral stress, u,
produces practically no volume change and has practically no influence
on the stress conditions for failure. . . Porous materials (such as
5&nd and clay) react to a change of u as if they were incompressible
and as if their internal friction were equal to zero. All the measur¬
able effects of a change in stress, such as compression distortion and
a change* of shearing resistance are exclusively due to changes in the
effective stresses o{, ai, al3. Hence, every investigation of the
stability of a saturated body of soil requires the knowledge of both
the total and the neutral stresses.”

Bishop and Fldin (3), and Skempton (43) proved the validity of

the principal of effective stress in the field of soil mechanics.

There are two necessary conditions for the principal of effective

stress to be correct in soil and to make the expression o' = cr-u

correct. First the soil grains must be incompressible,and, second,

the yield stress of the soil grains, which control the contact area

and intergranular shearing resistance, must be independent of the

confining pressure.

Actual soils do not fully satisfy these two conditions. The

more correct expression for effective stress can be written as
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a1 - a-KU. Skempton (43) showed that k can be taken as a constant for

a particular soil under a given set of stress conditions. Theoreti¬

cally k varies with the stress range and with processes of volume and

shear change, it is equal to (1 - cSian9es in shear

strength and to (1 q--) for changes in volume where:
a = the area of contact between the particles, per

unit gross area of material
Tp - the angle of intrinsic friction of the solid

material
4)1 " the angle of shearing resistance of the granular

material

Cs = the compressibility of the solid substance
comprising the particles

C = the compressibi1ity of the soil skeleton

From the above expressions it is clear that £ values are not the

same for shear strength and for volume change. Bishop and Blight (7)

stated that k is a function of the stress path being followed and the

strain rate being used. Furthermore, they stated that in the range of

stress encountered in engineering work the difference in k values is

too small to be observed experimentally.

Terzaghi (53), Bishop and FI din (B) and Skempton (43) reported

that k can be taken as unity with little error and this approximation

is accurate enough for practical purposes.

The well-known Coulomb-Tarzaghl equation in the field of soil

mechanics is usually used to express shear strength:

s - c* + (cr-u) tantf)' (3)

where: c' = the cohesion intercept
<f>' - the angle of shearing resistance
a = the total pressure normal to the plana

considered
u - the port; water pressure
s = the shear strength of soil
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in dealing with soil mechanics problems and especially with long¬

term stability, the concept of effective stress becomes important.

Bishop and Sjerrum (6) presented several field records showing that

the use of effective stress gives more reliable results than total

stress in long-term slope stability. Furthermore, they stated that

the total stress method (^u = 0) can be used in short-term slope sta¬
bility analysis (end of construction case), where no drainage has

taken place, and reliable results can be obtained. However, in over-

consolidated fissured clay the $ = 0 method can lead to serious

problems. Cassel (17), Henkel and Skempton (25), Skempton and

LaRochelle (48), Peterson et al. (36), and Mishtak (33) showed that

this method often leads to an over-estimation of the factor of safety.

This is a result of using the shear strength obtained from small spec¬

imens tested in the laboratory. Usually these specimens are not

representative of the in situ strength properties (48).
In a stability analysis, two steps are involved: (a) determine

the shear strength parameters, c' and 4>'» of the soil and (b) measure

or predict the pore pressure. The strength parameters, c' and 4)',

can be determined fairly accurately owing to recent, vast improvements

in laboratory techniques.

Consolidated undrained triaxial compression tests with pore

pressure measurement provide a basis for estimating the magnitude of

pore pressures to be involved in practical problems. However, the

pore pressure responds differently according to the type of load

applied (9). For this reason, field measurements of pore pressure
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are often necessary on many important engineering works (6),

Skempton (42) introduced the pore pressure coefficients, A and

B, which forms the basis for estimation of the pore pressures. For

saturated soil, the pore pressure change due to a change in total

stress may be expressed.as:

Au = B Acr3 + A (AcTi - Act3) (4)

where: Au = change in pore pressure
Ao3 = change in total minor principal stress
AcJi = change in total major principal stress

A and 8 are pore pressure coefficients which can be measured in the

laboratory. In saturated soil, B usually equals unity. The coeffi¬

cient A is a function of consolidation pressure, stress history, ori¬

entation of particles, and type of test.

Bishop (3) discussed the importance of pore pressure coefficients

in practice and demonstrated the usage of them during dam construction

and during rapid draw-down.-

Henkel proposed another expression for pore pressure (24). He

expressed the change in pore water pressure as'a function of octa¬

hedral stress and octahedral shear, as the following:

AU - 3 + aAA<31-Act2)1 (Act23PTA03-Adi)* (5)

where: Atfi, Act2> and Acr3 are the changes in total stresses
3 and a are coefficients to be determined in the lab¬

oratory. In a saturated soil, 3 equals unity.

For the compression test where the cell pressure is kept constant,

Aaz ~ A03 ^0 and Aai “ (cr3-a3). The change in pore pressure can be

written as;

AU = 0/3 + av£]T (Ox-Oa) (6)
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The parameter, a, measures the contribution of the shear stresses to

the pore water pressure change.

Henkel's equation has greater general validity than Skempton's

equation, owing to the fact that there is a considerable difference in

values of A for compression tests and extension tests, whereas cor¬

responding differences in values of a are much smaller.

Anisotropy of Soil

Anisotropy in a soil mass is mainly connected with its structure,

which depends on the environmental conditions during which the soil

was deposited as well as the stress changes after deposition. Rosen-

quist (37) demonstrated that clay deposited in salt water acquires an

open card house structure with particles randomly oriented. In a

fresh water deposit, the structure is somewhat dispersed and a certain

degree of parallelism is achieved between the particles. So, in the

latter case, the clay will possess some inherent anisotropy. However,

during consolidation of a randomly oriented structure under overburden

pressure, the isotropic clay may become anisotropic. Consequently,

the shear strength of soil may vary with the direction of application

of the principal stresses.

Hvorslev (26) investigated the effect of the consolidation process

on the orientation of particles in a remolded mass of clay. He con¬

cluded that the clay particles in remolded and uni axially reconsoli¬

dated clay have a preferred orientation perpendicular to the direction

of the principal consolidation stress. Owing to the orientation of
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the particles, the clay may have anisotropic strength, deformation

and permeabili ty characterisecs .

Bishop (4) reported that the undrained strength of lightly and

.heavily over-consolidated clay varies with direction of the applied

major principal stress. In Weald Clay, which is lightly over¬

consol i dated, the compressive strength with cr* horizontal is about

0.75 of the value with ai vertical. In heavily over-consol[dated

London Clay, the ratio of horizontal to vertical strength is 1.46 as

reported by Ward et al. (55). Furthermore, they reported that there

is a great reduction in strength for specimens trimmed at an inclin¬

ation of 45°, with the strength being about 60-90 percent of a ver¬

tical sample. This reduction in strength results from weakness along

bedding planes which, in specimens trimmed at a 45° orientation,

corresponds bo the probable direction of the failure surface. Bishop

(4) presented the variation of undrained strengths of London Clay

graphically as shown in Fig. 2.

Bishop et al. (11) explained the variation in strength with the

orientation of samples as being primarily a pore pressure phenomenon.
In terms of effective stress, the difference was slight. The A values

are 0.42 for the vertical sample and 0.19 for the horizontal sample.

Using vane tests to measure shear strength in the field, Aas .

(1) found that the ratio between the undrained shear strength acting

along the horizontal and vertical failure surface equalled unity in
a lightly over-consolidated clay. This ratio varied between 1.5 and

2 in a normally consolidated clay.
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Lo (10) reported that the ratio between horizontal and vertical

undrained shear strength may vary from 0.8 to 0.64 for lightly over¬

consolidated clay.

It appears that the ratio between the horizontal and the verti¬

cal strength varies from one soil to another and with the type of

test. Therefore, it is necessary to investigate this point in

Beaumont Clay.

Residual Strength

In dealing with the strength of clay and its application to

slope stability problems, Terzaghi (5 2) classified clays in three

groups:(a) soft, intact clays free from joints and fissures; (b)
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stiff, intact clays free from joints and fissures; and (c) stiff,

fissured clays. Terzaghi differentiated between soft and stiff clays

on the basis of the liquidity index, (L.I.) and suggested that most

stiff clays have a L.I. less than 0.5.

The stability of slopes in soft clay can be determined with

reasonable accuracy as reported by Skempton and Golder (47) and by

Bishop and Bjerrum (6). For the condition immediately following

construction, undrained strengths should be used. Drained strengths

should be used for long-term conditions. In stiff, intact clay,

Skempton and Brown (46) showed that the same methods can be used and

reliable results can be obtained.

In stiff fissured clay, the conventional methods of testing

and analysis give unsatisfactory results. Experience shows that the

average shear strength along the failure surface is much smaller

than the shear strength measured in the laboratory by conventional

tests. This discrepancy has been shown by case histories as presen¬

ted by Skempton (45), Cassel (17), Henkel and Skempton (25), Henkel

(23) and many others.

Indeed, the problem of slope stability in stiff fissured clay

becomes very important, and a satisfactory solution is needed.

This has attracted the attention of many investigators to the subject,

which has greatly increased the knowledge regarding slope stability

in these clays.

Terzaghi (52) was the first to point out the discrepancy between

in situ and laboratory strengths. He explained this discrepancy as a
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result of the presence of fissures in the clay. During an excavation

or cutting the stress condition changes. The clay tends to swell,

the fissures open, water enters the fissures, and a softening process

begins. Also non-uniform swelling occurs. This process can affect

the clay to a considerable depth, and reduce its strength. Terzaghi

suggested neglecting the cohesion portion of the strength in design

problems. However, experience shows that there is also a significant

difference between the angle of shearing resistance found in the

laboratory and the operative angle in the field (45).

Skempton (45) introduced the concept of residual strength, and

succeeded in predicting the actual strength which operates in the

field by the use of a special drained direct shear test. In drained

shear tests, if the sample is strained well beyond failure, its

strength will—and ultimately does--reach a certain minimum

value. This value is defined as the residual strength, which remains

constant 'with further straining. The residual strength can be express¬

ed by the equation;

sr = c; + a'tarupf, (7)
where: c' = the cohesion intercept in terms ofr the residual strength

= the angle of residual shearing resistance
s£ = the residual strength

It appears that in many cases the cohesion intercept disappears and

the angle of shearing resistance decreases. Skempton (45) reported

that in moving from the peak to the residual, the cohesion intercept

c' disappears completely. During the same process the angle of

shearing resistance also decreases—in some clays by only 1-2°, but
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in others by as much as 10°. Skempton stated that part of the

strength decrease from peak to residual was the result of an increase

in water content. Also, the development of a thin shear band in

which the clay particles are oriented in the direction of shear

causes a reduction in shear strength.

Fissures, joints and other discontinuities have a major influ¬

ence on the behavior of clays by acting as stress concentrators.

When the peak strength at any point in a mass is exceeded, the

strength at that point decreases. This action places additional

stress on other points, and causes the peak to be exceeded at these

points also. In this way a progressive failure will start and the

strength on the entire slip surface decreases to the residual

strength (45). The fissures and joints also act as discontinuous

planes of weakness. Skempton and Petley (50) showed that the strength

along joints and fissures is less than the peak strength, and it is

probably closer to the residual strength.

Skempton (45) reported that the residual strength of a clay,

under any given pressure, is independent of stress history of the

clay, and it depends on the nature of the particles: the residual

strength decreases with increasing clay content. Kenney (27) showed

that the residual strength depends upon the amount and the nature of

the clay mineral present. He also showed that a significant decrease

in residual strength occursd with increasing pressure. Morgenstern

(34) reported that the residual strength is independent of stress

history, original structure and other factors which dominate the path



18

dependent properties of soils. At residual state a unique structure

occurs, and the resistance of clay depends upon this structure and

the physical interaction of the clay particles alone.

Bjerrum (13) emphasized the significance of bond strength and

its effect on progressive failure, which is initiated by stress con¬

centration at the toe of a slope as a result of the relief of high

lateral stresses. Bjerrum classified clays according to bond strength

and the recoverable strain. The most dangerous soils from the view¬

point of progressive failure are the over-consolidated clays possess¬

ing strong bonds that have been subjected to gradual disintegration

by weathering. The least dangerous are the unweathered over¬

consolidated clays with strong bonds, where the strength of the bond

is enough to prevent any liberation of stored strain energy.

Bishop (5) discussed progressive failure and concluded that it

is a result of non-uniform mobilization of shear resistance. He

posed the question as to whether the average shear strength observed

along the failure surface in the field is related to the laboratory

shear test. This depends on the difference between the peak and

residual strength and on the strain required for this difference to

be established. Bishop used the brittleness concept of soil which

expressed as:
Tj=

In - —

Where: Ig
Tf
Tr

T
r

= the brittleness index
= the peak strength
- the 'residual strength

(s)
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The Ig value can be used to express the maximum percentage of
reduction in strength in passing from the peak state to the residual

s tate.
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CHAPTER III

TEST MATERIALS AND METHODS

The samples of Beaumont Clay used in this research were obtained

near Baytown, Texas. The location of the area is shown in Fig. 3.

Several logs of borings from the area were examined before choos¬

ing the location and the depth of the samples to be tested. It was

found that; at this location the soil contains a large amount of cal¬

careous nodules, and layers of silty and sandy clay to a depth of

approximately 13 feet. From 20-33 feet deep the material is stiff

fissured clay. Belov; 33 feet a layer of silty material is present.

The depth selected for borings which would give the best samples to

serve the objectives of this study was 20-33 feet.

Shelby tubes were used to obtain continuous cores of 3 and 5

inches in diameter from depths of 20-35 feet and 20-27 feet, respec¬

tively. The 3-inch diameter samples were extruded in the field.

Visual identification and penetrometer tests were conducted on each

sample. The samples were wrapped with aluminum paper, coated with

at least two layers of wax and labeled. They were then transported

to the Soil Mechanics Laboratory at Texas ASM University. At the

laboratory the samples wore given at least three additional thick

coatings of wax, and stored in the moisture room.

The 5-inch diameter samples were kept in the Shelby tubes, and

the ends of each tube were covered with aluminum paper and coated

with several layers of wax. The tubes were transported to the
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FIG. 3.—THE LOCATION OF THE SAMPLING AREA .IN BAYTOWN
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laboratory where the samples were extruded and wrapped with two

layers of aluminum paper, then coated with at least four layers of

wax and stored in the moisture room.

Elevation of the Ground Water Table

The elevation of the water table in the area was measured by

observing the levels of the water in the borings one week after sam¬

pling. At that time the level of the water was 3-4 feet below the

ground surface, a level which remained stable.

Index Properties Tests

The procedures used in finding the index properties of the soil

are given by Lambe (29). Tests were conducted to ascertain the fol¬

lowing information: natural water content, liquid limit, plastic

limit, specific gravity, dry unit weight, and grain size distribution.

X--ray Diffraction Analyses

Three samples were taken from separate zones which appeared to

have different characteristics. A fourth sample was collected from

the surface of the joints and from different locations near the

joints. The latter had the same color as the soil on the surface of

the joints.

All samples were prepared for analysis according to the method

given by Kunze and Rich (28). Specimens saturated with Mg, K, and

Mg-ethylene glycol were prepared in thin films on glass slides.
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An American Philips high angle goniometer X-ray diffraction unit

was used to obtain diffraction patterns. This instrument is equipped

with a proportional counter and a copper target X-ray tube ’which is

operated at 35 kilovolts and 20 mi Hi amperes with one half degree

divergence and scatter slits and a 0.006-inch receiving slit. The

two theta (20) angles of the X-ray diffraction patterns were con¬

verted to Angstrom* units. The identifications of clay minerals were

made by using the lattice spacing given by Brindley (15). The peak

height method was used to estimate the amounts of clay minerals (38).

Consolidation Tests

Consolidation tests were conducted on several specimens. Two

of them were performed on specimens oriented in the horizontal direc¬

tion. One was performed on a remolded specimen, and five of them

were performed on specimens oriented in the vertical direction. The

specimens used in consolidation tests were 2.5 inches in diameter and

0.568 inches in thickness. They were prepared very carefully, in the

moisture room, to avoid any disturbance to the specimen.

The remolded specimen, prepared from an undisturbed specimen,

was remolded thoroughly in the moisture room to minimize the loss of

water from the specimen. The remolded material was packed in the

cutter ring to the exact volume of the undisturbed specimen, and then

the consolidation test was performed in the standard manner.

*0ne Angstrom unit equals 10"8 cm
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The Casagrande type consolidolater was used in these tests. The

procedures for preparing the specimens and conducting the tests are

those given by Lambe (29). In analyzing the data the log fitting

method was used. .

The purpose of the consolidation tests was (a) to estimate the

magnitude of the pre-compression load of the soil* (b) to chock the

consolidation behavior of the material in vertical ancf horizontal

directions* (c) to investigate the effect of soil structure on the

coefficient of consolidation (cv), and (d) to obtain some indication
about the stress history of the material.

Direct Shear Test?

Drained direct shear tests were conducted on three groups of ■

samples3 with three main purposes in view: (a) to find the peak

strength parameters, c' and <j>'; (b) to find the residual strength

parameters, cj, and <fd; and (c) to develop the stress-displacement
curves.

Apparatus

A strain controlled direct shear machine manufactured by Clock¬

house Engineering, Ltd. was used for this test. Fig. 4 is a dia¬

grammatic sketch and Fig. 5 is a photograph of this shear machine.

This machine is capable of developing the small* constant rates of

strain which are necessary in drained tests. The machine consists

of three major parts: the shear box and proving ring, the loading
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FIS. 4.—DIAGRAMMATIC SKETCH OF DIRECT SHEAR MACHINE
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FIG. 5.--PHOTOGRAPH OF DIRECT SHEAR MACHINE
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system, and the driving motor with gears. To achieve the purposes of

this research, the machine was modified locally so that back and forth

shearings were possible.

The shear box itself is of conventional split box design. . It

is placed in a metal water chamber which slides on two ball-bearing

tracks under the action of the horizontal force. The lower part of

the box is firmly attached to the moving chamber, whereas the upper

part of the box is held stationary by a hooked arm which in turn

touches the calibrated proving ring through which the shearing force

is measured.

The consolidation load is applied to the sample by a simple lever

system, using dead weights. The horizontal force is applied by a

loading jack which is operated by an electric motor. The rate of the

loading can be varied fromQ.05 to 0.00006 inches/minute by arranging

the gears. The machine has a capacity of 500 lbs. vertically, cor¬

responding to a normal stress of 71 psi on a 2.5-inch diameter spec¬

imen. The horizontal load capacity (or shearing force) of the machine

is 1000 lbs.

Test Procedure

A specimen 2.5 inches in diameter and 0.65 inches thick, was

prepared in the humid room. A saturated porous stone was placed into

the split shear box followed by the specimen, then another saturated

porous stone, and finally the top platen. The assembled shear box

was next lowered into the water chamber and the lower part fixed
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rigidly by means of two bolts inserted between the shear box and the

inside wall of the chamber.

As stated before, three groups of samples were used. Each group

consisted of three specimens which were consolidated under pressures

of 10, 20, and 40 psi. Each particular consolidation load was applied

to the specimen for an interval of time sufficient to assure that

complete consolidation of the specimen was achieved. A minimum period

of 24 hours ’was used, although most specimens reached secondary con¬

solidation in less than 24 hours.

At the end of the consolidation phase, the specimens were

sheared at a constant rate of horizontal movement of 0.007 inches/hour.

The method proposed by Gibson and Henkel (21) was used to calculate

the rate of shearing. The rate of shearing which was used in the

tests was sufficient to assure at least 95 percent dissipation of

pore water pressure.

During the shearing processes, the shear force and the vertical

movement of the specimens v/ere recorded at arbitrarily chosen inter¬

vals. When the shear box reached its limit of travel, it was brought

back to its original position using the same rate of shearing. This

shearing process was then repeated until the shear strength decreased

to a constant value. This usually occurred after the fifth shearing;

however, six shear reversals v/ere conducted on each specimen to assure

that the residual strength was obtained. The accuracy of the shear¬

ing force measurement was 0.13 lbs.
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At the end of the shear tests, other tests were performed on

each group of samples to determine the liquid limit, plastic limit,

specific gravity, and grain size distribution.

Triaxial Compression Tests

One of the major tests in this investigation was the triaxial

compression test. The outstanding advantages of the triaxial test

are the control'of the drainage condition and the measurement of pore

pressures. There are two separate stages in the triaxial test: the

application of an all around pressure followed by the application of

the axial load. The stress caused by the axial load is commonly

called the deviator stress, since it is the difference between cfi and

03, where ai and a3 are the major and the minor principal stresses,

respectively.

The triaxial test is classified according to the drainage con¬

ditions which exist during the two stages of the test. The test can

be one of the following:

1. Undrained Test—In this test no drainage is permitted during

either stage. This test sometimes is designated as a UU or Q test.

It was conducted on both undisturbed and remolded samples in this

research.

2. Consolidated Undrained Test-Complete drainage is allowed

under the application of the all around pressure. No drainage is

permitted during the application of the deviator stress and the

excess pore water pressure which is developed in the specimen can be
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measured. This test is often designated as a'CU or R test. It was

also conducted on undisturbed and remolded samples.

3. Drained test-~In this test drainage is permitted during both

stages. Full consolidation occurs under the all around pressure,

and no excess pore v/ater pressure is built up during the application

of the deviator stress. Volume change can be measured during the

application of the deviator stress. This is often designated as an

S test. It was conducted on undisturbed samples only.

Apparatus

The triaxial apparatus consists of several units, which are dis¬

cussed below:

1. Triaxial compression cell—The triaxial compression cell was

designed and manufactured in the Civil Engineering Department, Texas

A&M University. It is made of aluminum except for the brass pedestal

and the stainless steel piston. In the base there are five conduits,

as shown in Fig. 6. Four conduits are provided with zero'volume

change Circle Seal valves. The fifth conduit is provided with a .

Klinger Msleeve"packed"valve. Two of the conduits go to the base of

the specimen through the pedestal where the one with the Klinger valve

connects to a null indicator for pore water pressure measurement-arid

the other connects to a volume change device. Through the volume

change device a back pressure can be applied to the specimen. The

three other conduits are used to fill the cell with water, to apply

cell pressure, and to drain the cell. The pedestal, 1,5 inches in
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diameter, is connected to the base of the cell as shorn in Fig. 6.

A clear lucite chamber, with a 0.25-inch wall thickness allows

chamber pressures up to 100 psi. In the cell head assembly a 0.75-

inch diameter stainless steel piston is used to transmit the load to

the specimen.. It moves practically free of friction along a set of

linear ball bushings, which remain constantly lubricated. Leakage

between the piston and cell head assembly is controlled by applying

a film of Lubriplate grease (manufactured by Fiske Brothers Refining

Co.) to the piston and cell head assembly before each test. At the

top of the cell is a bleed valve.

2. Pressure Contol 3ystem--A self-compensating mercury control

system was used to apply the cell and back pressures required through¬

out the triaxial test. The mercury control system has two outstanding

advantages. First, it provides a constant pressure through each

stage of the test. Second, it eliminates the possibility of air

reaching the specimen through the de-aired water used to saturate

the system and fill the tnaxial cell. If compressed air were used

as the pressure source, the air could dissolve in the water, diffuse

through the membrane and reach the specimen.

The mercury control system consists of two "pots," A arid B

(Fig. 7). Fach pot consists of an inner and outer cylinder which are

usually filled with mercury and de-aired water. Mercury from the

lower pot can be pumped to the upper pot by a control cylinder. The

principle of the mercury control system is illustrated in Fig. 7. A

single cylinder from each pot can be used to obtain pressure, and
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FIG. 7.—THE DOUBLE MERCURY POTS
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almost half the pressure capacity of the system can be obtained. This

can be done when valves 1, 5, and 5 are opened {Fig. 7). The pres¬

sure can be measured on a gauge if valves 4 and 7 are opened, too.

To obtain full pressure capacity of the system, valves 1,2, 3.and 5

are opened and valve 6 is closed.

The pressure of the water in the triaxial cell results from the

difference in the level between the mercury surface in the upper and

lower pots, minus the head of water from the lower pot to the tri-

axial cell. The spring carrying the upper pot is attached to a

cable which runs over a pulley fixed in the ceiling of the laboratory.

The height of the pot can be controlled by a winch, With the height

available in the MM Soil Mechanics Laboratory, a maximum pressure of

95 psi can be obtained, The pressure obtained is self-compensating,

as explained below.

When a volume decrease occurs, either due to specimen consol¬

idation or leakage, water will be lost from pot B and the mercury

level in this pot will rise to compensate for the water lost. This

amount will be replaced from pot A. The drop in mercury in the upper

pot reduces its weight, but the pot automatically adjusts its own

level due to the movement in the spring, which has appropriate stiff¬

ness.

3. Pore Pressure Measurement System—A Bishop type null indi¬

cator was used to measure the pore pressure in the specimen. It has

a U-tube shape and is shown diagrammatically in Figure 8. The lower

part of both arms of the tube is filled with mercury, which stays
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Volume Change Device
FIS. 8.—NULL INDICATOR AND VOLUME CHANGE DEVICES
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at the same level in both arms when the null indicator is in use.

De-aired water fills the rest of the U-tuhe.

One end of the null indicator is connected to a valve that leads

to the base of the specimen, and the other end is connected to the

control cylinder and the pressure gauge as shown in Fig. 9. An

increase in pore pressure in the specimen will tend to depress the

mercury in Tube C (Fig. 9). This can be immediately balanced by

adjusting the piston in the control cylinder to increase the pressure

in tube D of the null indicator by an equal amount, which is regis¬

tered on the pressure gauge. No problems have been found in using

the Sishop null indicator, and it is quite simple to operate.

4. Volume Change Device-~The volume change of the specimen is

found by measuring the volume of water expelled from the pore space

of the soil. The device used for this purpose is shown in Fig. 3.

It consists of a 25 ml. burette which is placed in a lucite cylinder.

A line from the top of the lucite cylinder goes to the pressure con¬

trol system and to one of the mercury pots. Through this line back

pressure can be applied to the specimen. Another line goes from the

lower end of the graduated cylinder to the base of the specimen. The

system is filled with de-aired water and kerosene which floats on

top of the water. Fig. 3 shows the volume change device when it is

filled with water and kerosene. The volume change is determined by

measuring the displacement of the water-kerosene interface. Usually

a red dye is added to the kerosene, so it is easy to see the inter¬

face .
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In all of the consolidated undrained and drained triaxial tests,

a back pressure was applied to the specimens to insure saturation.

5. Compression Testing Machine—A model T56B compression test¬

ing machine manufactured by Wykeham Farrance Engineering Ltd. was

used in performing the tri axial compression tests. The machine will

provide a constant rate of movement for 25 different rates of speed

ranging from 0.06 to 0.000024 inches/minutes. For further details on

the operation of this machine, the reader is referred to the opera¬

tions manual published by Wykeham Farrance Engineering Ltd.

6. Miscellaneous Equipment—Several other items of equipment

were used in preparing the triaxial specimens. These include:

a. A rotary trimmer and wire saw used to trim the larger

specimens down to the 1.5 inch diameter required for

triaxial testing.

b. A 1.5-inch diameter by 3.0-inch long split mold used

to trim the ends of the specimen to insure a right

circular cylindrical specimen.

c. A membrane stretcher used to facilitate placing mem¬

branes around the specimens.

d. A lucite tube 1.5 inches in diameter by 3.0 inches

long in which the remolded specimens were formed.

Fig. 9 is a schematic diagram of the triaxial test equipment;

Fig. 10 is a photograph of the system.
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Test Procedure

Both undisturbed and remolded specimens were tested triaxially.

The preparation of all specimens was done in the moisture room in

order to minimize the evaporation of water from the specimens. For

each triaxial test the following measurements were taken. Two

samples were taken for the moisture content determination, the weight

of the specimen before and after the test was determined, the dimen¬

sions were measured, and the shear angle on which each specimen

failed was recorded.

Preparation of Undisturbed Specimens.—Cylindrical specimens, '

1.5 inches in diameter and 3.0 inches in height, were prepared either

from a 3-or 5-inch core. From the 5-inch core four specimens could

be prepared from the same depth, while only one specimen could be

prepared from the 3-inch core. For this series of tests, the cylin¬

drical specimens were cut with their major axis either in the verti¬

cal or in the horizontal direction.

Set-up of the Specimen in the Triaxial Cell.--Before piacing

the specimen in the cell it was necessary for the base of the cell,

the pore water pressure device, volume change device and all the

conduits to be saturated with de-aired v/ater. The mercury level in

the null indicator was adjusted and the pore v/ater pressure system

was checked to make sura it was free of air bubbles.

A saturated porous stone, 1.5 inches in diameter, was place on

the pedestal. De-aired water from the volume change device was cir¬

culated to assure that no air bubbles were entrapped between the
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porous stone and the pedestal. Excess water was blown away from the

porous stone surface, and the specimen was placed on the porous stone.

Another saturated porous stone was placed at the top of the specimen,

then the brass cap. The specimen was then surrounded by saturated

filter drain strips. By means of the membrane stretcher, a rubber-

membrane, 0.008 inches thick, was placed around the specimen. The

membrane was gently stroked against the specimen in an upward direc¬

tion to remove any air trapped between the membrane and the specimen.

Two rubber 0-rings were used at each end of the specimen, making

watertight seals.

The upper part of the cell was then fastened to the base of the

cell and the cell was filled with de-aired water. Again, care was

taken not to trap air bubbles inside the cell.

A confining pressure of about 10 psi was applied, and the result¬

ing pcra water pressure was measured after it had equalized. Then the

confining pressure was increased about 3 psi, and again the pore

water pressure was measured. This process was repeated again, and if

the change in pore water pressure was less than the change in confin¬

ing pressure, a back pressure was applied through the volume change

device. The process of increasing the confining pressure, measuring

the resulting pore water pressure, then applying the back pressure

was continued until the increment in pore water pressure was equal to

the increment in confining pressure. This equalization means that

the specimen is fully saturated and B - 1, where B = .
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At this stage the desired consolidation pressure was applied by

increasing the confining pressure. The valve to the volume change

device was opened and drainage of the specimen was allowed to proceed.

The specimens were consolidated under 10, 20, 40, and 60 psi, respec¬

tively. After the consolidation process was completed, the valve to

the volume change device was closed, or in the case of a drained test,

it was left open. Then the specimen was ready to be sheared.

Shearing Process of Trlaxial Specimens.--The proving ring was

positioned and brought into contact with the triaxial cell piston.

With the motor drive running, the zero reading of the proving ring

and the pore water pressure of the specimen was recorded. The piston

was brought into contact with the loading cap of the specimen and the

test was started. Readings of the proving ring dial and the pore

water pressure were taken at intervals until the specimen failed. The

rate of axial strain which was adopted in consolidated undrained tests

was 0,00024 inches/minute. In the case of drained tests the method

proposed by Gibson and Henkel (21) was used to compute the rate of

axial strain; the rate used was 0.000072 inches/minute.

Remolded Specimens.-- The tests on remolded specimens were con¬

ducted after the specimen was tested in the undisturbed condition.

The specimen was remolded in the moisture room, and it was then

placed in the lucite tube in layers about 0.26 inches thick. A steel

bar was used to compact the material and care v/as taken to produce a

uniform specimen without entrapped air bubbles. In general the weight

of the remolded specimens was about 1 to 4 grams less than the weight
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of undisturbed specimens. There was no significant variation in the

moisture content between the remolded and the undisturbed specimen.

The rest of the procedure for testing remolded specimens was the same

as for undisturbed specimens.

Unconsolidated Undrained Tests.--In the case of unconsolidated

undrained tests, the same procedure for preparing the specimens

described above was used. When setting a specimen in the cell, the

porous stones 'were removed and lucite platens, 1.5 inches in diameter,

were used to prevent drainage. The rate of the axial strain was 0.02

inches/minute.
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CHAPTER IV

ENGINEERING GEOLOGY OF THE SITE

The Quaternary Coastal Plain of Texas forms a belt which is 70-90

miles wide and parallel to the Gulf of Mexico shoreline. This plain

extends from the Sabine River on the east to Almos Creek in Southern

Kleberg County (39). In general the coastal plain is flat, feature¬

less and transected by seven major rivers, as shown in Figure II. It

consists principally of fluviatila deposits in the form of levees,

flood plain deposits and deltas. A few thin marine deposits are

intercolated with the fluviatile materials.

The uppermost part of the Quaternary is composed of a layer of

clay approximately 400 feet thick which is referred to as the Beaumont

Clay (22) of Pleistocene age. The Beaumont Clay lies unconformably

upon the Lissie formation, and is in turn covered by stream deposits

and wind-blown sand which are about 15 feat thick. However, in some

places the Beaumont Clay is exposed at the surface.

Quaternary Stratigraphy

The stratigraphy of the Coastal Plain consists of the Recent

and four Pleistocene formations. From youngest to oldest, the four

Pleistocene units are the Beaumont, Upper Lissie, Lower Lissie, and

Willis. Each formation rests unconformably upon a weathered and

eroded surface. They are similar to each other in their mode of for¬

mation. The units dip seaward and extend beneath the Gulf of Mexico
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as far as the Continental Shelf. The present slope of the deposit!onal

surface of each layer as reported by Bernard et al. (2) is as follows:

Beaumont 2 feet per mile

Upper Lissie 2.5 feet per mile

Lower Lissie 3.5 feet per mile

Willis 10 feet per mile

The relationship between these depositonal surfaces reflects net

inland uplift and coastal subsidence during Quaternary time. The

oldest formation has been subjected to a greater amount of tectonic

activity and it therefore has a steeper slope, while the youngest unit

has been subjected to a lesser amount of tectonic activity and conse¬

quently has a more gentle slope.

Geologic History of Pleistocene

of the Gulf Coastal Plain

According to Doering (13) and Bernard et al. (2) the history of

the Quaternary is correlated with glacial and interglacial stages.

The correlations are based principally cn the variation of sea level

caused by the advance and retreat of the ice mass. When the sea

level dropped down, the rivers cut trenches in their valleys and

erosion took place on all the Coastal Plain. During the return of the

sea to its former level, the rivers filled their respective trenches

and began to contribute material to the processes which were operat¬

ing along the coast positions.
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The Quaternary deposits have been correlated with interglacial

stages, Also, the periods of non-deposition or erosion have been cor¬

related with glacial stages when the existing sea level was low. Fig.

12 shows the glacial and interglacial stages and their durations. The

lower part of the figure is the Wisconsin glacial stage, shown to an

expanded time scale. In order of decreasing age, the glacial stages

are the Nebraskan, Kansan, Illinoian, early Wisconsin, and late Wiscon-

si n.

The Beaumont Clay, which is the major concern of this study, was

deposited at the beginning of the early Wisconsin stage. The formation

consists of tan and hro'wnish-red clay with occasional layers of silt

and fine sand. Calcareous nodules are also frequently found. The

clay is jointed and badly fissured with slickensided surfaces. Most

joints, which are formed in a series of intersecting curved surfaces,

are covered with a thin layer of light gray clay. Fig. 13 shows a

specimen with a single joint surface; however, several specimens con¬

tained more than one joint surface.

The clay was deposited on a broad flat flood plain during periods

of overflow. During the dry season the clay shrunk and a net of

cracks was opened. As each flood occurred new material was deposited

in the cracks and on top of the previous layer. Cyclic deposition and

non-depositioncoupled with drying continued for a considerable inter¬

val of time. This cyclic wetting and drying produced many joint

systems which are now visible in the Beaumont Clay. The different

colors found on the surfaces of the joints are either due to different
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material deposited on them, or to the fact that these joints served as

planes which allowed the circulation of water. The circulating waters

may have brought chemical reactions about which changed the color

along the joints. Between the joints, the blocks of clay contain

randomly oriented fissures. The number of fissures per unit volume is

extremely variable. The formation of the fissures occurred whan the

clay was subjected to repeated cycles of drying and wetting. The vari

ation in the type of clay mineral caused a differential swelling and

contraction. These differential movements were accompanied by differ¬

ential internal strains, which were large enough to cause structural

failure and to form the fissures.

The Beaumont Clay is far from being a homogeneous material. Fig.

14 shows a borehole log in the material investigated in this study.

It appears that many of the clay layers have been subjected to differ¬

ent degrees of weathering. The variations in degree of weathering

have produced layers which show different properties.

The early Wisconsin stage ended when the sea level dropped down

about 450 feet below the present sea level. As a result, the water

table in the coastal plain dropped down and a large part of the

Beaumont Clay was subjected to drying for a long time.

The Effect of Geological Processes on the

Engineering Properties of Beaumont Clay

The Beaumont Cl ay can be described as stiff, over-consolidated,

jointed, and fissured with slickensides. The water table in the area
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FIG. 14. — LOG Oi: THE C8-1 BORING

..Qesc,Lieilo[L.oX-Sic.di.uM

Tan clay 'with calcareous nodules. Some of the nodules are as large as l.S
incites. There are some black specks.

Tan clay with calcareous nodules, Looks stiff.

Tan clay 'with calcareous nodules. SI icken sided and stiff.

Tan and yellow slicken sided clay. There is a silty layer about 2-3 inches
..in,, .thickness
Tan clay badly fissured with slickon sides. Very difficult to trim. There
are joints and spots of gray color

Tan fissured. Less fissured than the layer above , contains joints with
nray surfaces. The green spots are scattered in clay mass.

Red clay, badly fissured with slicken side, jointed, joint surfaces contain
fine silt and sand material.

Tan cl a)' fissured but less than abovelesser number of joints, some
gray spots. There are seams of silty clay.

Tan fissured, occasional .silty seams. .
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where the samples were taken was estimated to be 3-4 feet below the

ground surface. The plasticity characteristics of the clay are shown

in Fig. 15. The clay is classified according to the Unified Soil

Classification System as CM material with liquid limits varying From

60-35 and plastic limits varying from 20-32. The natural water con¬

tent is a few percent higher than the plastic limit. The content of

cl ay ■'•si zed particles (< 2 p) ranges from 56-77 percent, which gives

an activity range of 0.72- 1.05. According to Skempton (41) the clay

can be classified as inactive to normal. Hie dry unit weight and the

specific gravity ranges from 38-95 per and from 2.68 to 2.78, respec¬

tively. Fig. 16 shows that the water content of the clay varies

several percent within a short distance vertically. The variations

in water content reflect variations in liquid limit and corresponding

variations in the mineralogical composition of the clay; the latter

may have indirectly created fissures as mentioned before.

The degree of fissuring varies with depth. In general, the clay

is composed of hard, irregular lumps, which have dimensions of 2-4 mm.

across. Fig. 17, which shows a mass of Beaumont Clay before and after

being soaked in water, provides an excellent visual indication of the

degree of fissuring.

At a depth of 20-23 feet, the clay is tan and brownish-red in

color and is badly fissured with slickensides. X-ray diffraction

shows that the percentage of montmorilIonite at this depth is higher

than at other depths and that it is about 47 percent of the total clay

fraction. A correspondingly high liquid limit (see Fig. 16) is also
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a. The Fissures in Beaumont Clay

b. The Clay After Soaking in Water

FIG. 17.--PHOTOGRAPH OF FISSURES IN BEAUMONT CLAY
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found at this depth.

At a depth of 24-23 feet, the clay is tan, contains fewer fissures,

and the lumps are more firmly attached to each other. The clay has

light gray spots, and the joints at this depth are smooth and shiny.

However, at a depth of 29-31 feet, the color changes from tan to red .

and the clay is badly fissured and jointed. On the surface of the

joints there is a layer of very fine sand and silt. This layer is

extremely thin, probably no thicker than 2 or 3 grain.diameters of

the sand or silt sized particles. A mineralogical analysis shows

that the clay minerals are almost the same as in other layers, except

there is a lower percentage of montmorillonite and a high percent of

i11ite (see Table 2).

The Beaumont Clay was subjected to repeated cycles of drying

and wetting during as well as after it was deposited. Consequently,

chemical and physical changes occurred, which affected the engineer¬

ing properties of Beaumont Clay. Some of the phenomena which resulted

from these processes are discussed at length in this paper.

There are numerous active faults within the Houston and Baytown

areas. These faults are the result of subsidence of the area due to

pumping of water, oil arid gas from subsurface formations. The effect

of subsidence and faults on the engineering properties of the Beaumont

Clay is beyond the scope of this study.
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Desiccation

The over-consolidation of the Beaumont Clay was caused by desic¬

cation. When the clay was exposed to the surface, water started mov¬

ing from the interior of the mass toward the surface where it evapor¬

ated. This process reduced the water content and created a capillary

pressure or tension in the pore water of the soil (54). Such tension

or negative pore pressure increases with decreasing moisture content

of the soil. Howe ver, the tota1 norma1 s tress remains practica11y

unchanged. Since the total stress is equal to the sum of the pore

pressure and effective stress, decreasing the pore pressure causes

equivalent increases of the effecti ve s tress . This effecti ve stress

acts all around the soil and consolidates it, not by increasing the

total 'weight, but by increasing the negative pore pressure. This

kind of consolidation gives no preferred particle orientation, and

thus causes the clay to be isotropic (26). During the swelling

process, the clay is free to swell more in the vertical direction

than horizontally. This causes the effective stress to be more in a

horizontal direction than in a vertical direction. The swelling

process introduces an anisotropic phenomenon to the clay mass. There¬

fore, the Beaumont Clay can be considered an anisotropic material.

Most of the over-consolidated soils which have been studied (e.g.,

London Clay) were consolidated by overburden pressure which was sub¬

sequently removed. Blight (14) showed in the laboratory that the

slope of e-log p curve of specimens consolidated by mechanical loading
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and by desiccation is different. The void ratios of specimens consol

idated by desiccation are higher under similar effective pressures.

Consolidation Curves

For this study, consolidation tests were conducted on specimens

oriented in vertical and horizontal directions as well as on remolded

specimens. Typical e-log p curves for vertical, horizontal and

remolded specimens are shown in Fig. 18. The pre-consolidation pres¬

sure for vertical and horizontal specimens, as found by the Casagrande

method (16), is about 4.7 tsf. The coefficients of consolidation (cy)
are shown in Table 1. The cy values for the remolded specimen is
smaller than the undisturbed specimens. This difference can be

attributed to the effects of fissures and joints, and structures which

facilitated the drainage of the water. In general, cy for horizontal
specimens is higher than the vertical. The consolidation tests show

that the horizontally oriented specimens deformed less than the

vertically oriented under similar pressure. This variation in consol¬

idation behavior of two specimens is the result of higher stresses in

the horizontal direction to which the soil has been subjected during

the geological history of the material.

There are several interesting features of the e-log p curves

obtained from consolidation tests. First, the virgin part of the

consolidation curve is parabolic rather than a straight line. Such

a curve makes the method of determining the pre-consolidation pres¬

sures highly approximate. The second feature is the distinct change
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TABLE1.—THE
VALUESOFCOEFFICIENTSOFCONSOLIDATION(c.,)(in.2/min.)

V

ConsolidationPressuretsf.
Preconsolidation

DepthSpecimenPressure ft.Orientation
0.64-1.28
1.23-2.56

2.56-5.12
5.12-10.25
10.24-20.48

tsf

19-21

Vertical

12.20x1O'3
6.35xl0'3

4.42x1O'3
1.78xlO_J

1.36x10~3

4.65

19-21

Horizontal
9.93x10"3
5.47x1O-3

4.07xl0-3
2.84x10"3

2.34x10*3

4.30

21-23

Vertical

13.20x10-4
12.00xl0‘4

4.55x10'4
5.30xl0’4

4.67x1Q"4

4.80

25-27

Vertical

2.84xl0'3
l.llxl0-3

1.04xl0-3
0.77xl0'3

0.76xl0-3

4.65

25-27

Horizontal
5.30xl0“3

2.27xlO~3

1.44x1O'3
1.22xl0"3

1.13xl0-3

4.70

25-27

Remolded*

5.68x10-4
4.30xl0-4

4.19x1O'4
4.82xl0”4

5.68xlO'4

29-30

Vertical

14.42xl0-3
13.35x!0'3
4.55x1O'3
2.70xl0’3

1.59xI0'3

6.40

33-35

Vertical

9.25x1O'3
1.89x1O’3

0.79x!0-3
0.47x1O'3

0.29x1O'3

6.80
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in the curvature of the consolidation curve near the vicinity of

the swell pressure. The third point of interest is that the rebound

part of the consolidation curve is rather steep. This steep curve

can be used as a possible indicator of certain geologic conditions

which may have affected this soil. The curve suggests that the

clay has weak bonds and the locked-in strain energy is small. Such

conditions might be expected if the clay were subjected to weather¬

ing after initial deposition.

Initial Suction and Sv/clling Pressure

The capillary and swelling pressures were assumed to be equal

(44). The swelling pressure was measured using two methods. First,

the consolidation stages of the triaxial test were used to estimate

the swelling pressure of the Beaumont Clay, and it was found to be

about 1.40 tsf. Second, in the conventional consolidation test

the swelling pressure was estimated to be about 1.10 tsf. The

average value was 1.25 tsf.

The suction pressure values can be used to estimate Kq, the
coefficient of earth pressure at rest. Skeinpton (44) reported that

K for an over-consolidated clay could be estimated from the expres¬

sion:

(/) - A<
1 - A.

(9)

where: P. = suction pressure
PK - vertical effective stress in situ and
A = Au/A [ai - cr3) corresponding to the re-5 moval of the deviator stress when

Oi " Oz > CJ3



62

No tests were made to calculate A . However, Skempton (44) suggested

that A$ for over-consolidated clays is equal to 0.3, and this is a
reasonable approximation. If this value is used, than KQ for Beaumont
Clay is about 1.5

Mineralogical Analyses

Results for the mineralogical analyses of the Beaumont Clay are

shown in Table 2. These analyses show that the Beaumont Clay is

composed principally of montmori1Ionite and illite. The <2p samples

contain an estimated quantity of 23-47 percent montmori11 on1te. A

lower percentage of montmori11onite is accompanied by an increase in

illite content, estimated to be from 23-55 percent. The content of

kaolinite is estimated to be from 7-18 percent, and the quartz is

estimated to be from 8-15 percent. The analyses on material from 2

to 50 \i are also shown in Table 2. These analyses show that the

minerals are illite, kaolinite, quartz, feldspar and cal cite. Table

2 also shows particle size distribution as it varies with depth.

It was stated that the color of the clay along the joint surfaces

is light gray. A mineralogical analyses was performed on this

material, and the major clay minerals found are ■•shown in Table 2.

No difference in clay minerals was found between this material and

the bulk of the sample.



TABLE2.—PARTICLESIZEDISTRIBUTIONANDMINERALOGICALCOMPOSITION ParticleSizeDistributionMineralogicalCompositionMineralogicalDataon
Depth

Sand%

Silt%

Clay%

<

.002mm

.002-.05Omm

ft.

2- .06mm
.06-.022mm

< .002mm

Mont.%

Illite*

Kaolinite%
Mineralsfound

20-22

4.0

20.0

76

47

28

15

Illite,Kaolinite, Quartz,Feldspar,and Calcite

24-25

4.3

18.7

77

40

32

18

Sameasabove

29-31

10.3

33.7

56

23

55

7

Sameasabove

33-35

6.3

33.7

60

Surface ofthe Joints

1.4

10.6

88

46

31

15

cn go
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CHAPTER V

RESULTS AND DTSCUSSION OF RESULTS

Triaxial Tests

Before discussing the results, it is pertinent to mention the two

failure criteria commonly used in presenting the results of triaxial

tests on soils. These criteria are: the maximum deviator stress,
>

(ai - a3); and the maximum principal effective stress ratio —

Fundamentally, it is more logical to use the latter. It takes into

consideration the effect of pore pressure, which causes 03 to vary

throughout the test. However, in practice, pore water pressure is not

always measured. Thus, it is necessary to define the strength in terms

of the maximum deviator stress. In this study, both criteria are used

to present the results of the triaxial tests.

In the Beaumont Clay, the principal effective stress ratio reach¬

ed its maximum value before the maximum deviator stress in most of the

specimens as shown in Table 3. This phenomenon is a result of the

variation of pore water pressure with strain.

Tn general, the pore water pressure reached its maximum value be¬

fore the deviator stress. However, in several cases, and especially at

high consolidation pressures, the two criteria coincided at the failure

point. When this happened, the pore water pressure reached its maxi¬

mum value when the maximum deviator stress was obtained, In drained

tests, there is obviously no difference between the two criteria.



IABLE3.—SUMMARY.OFTRIAXIALTESTS
Depth JZ.L.‘ 10.

Specimen Orientation

—

Core
Diamater In.

HaterjConsolidationCon-.Pressuretent$psi
StrencthParameter
i-ailureStrain^
A

f

c1

psi

ara3

or1- a

j

20-21.5
Verticalj5
3--7

10

2.71

4.44

.196

.080

20-21.5
Vertical15
33.8

20

3.83

5.40

,330

,259

20-21.5}Vertical!5
34.7

40

2.9

15.5't'
3.13

3.131
.466

.456

20-21.51Vertical\‘5
■34.7

60

3.73

3.73

.580

,580

20-21,5jHorizontal5
32.0

10

1.16

1.85

.233

,172

20-21.5]Horizontal!5
31.b

20

1.55

2.15

.253

.210

20-21.51Horizontal15
34.6

40

3.5

15.5^

2.34

2.34

.360

.360

20-21.5!Horizontalj5
32.7

60

5.74

4.15

.499

.470

20-22jVertical|3
30.2

10

3.78

5.93

.077

-.033

20-22jVertical
3

33.5

..20

2.9

16.4U

2.10

6.03

.322!

.182

20-221Vertical
3

33.2

40

4.32

4.91

.378|.373

22-23.5;Vertical
5

34.7

10

1.65

7.35

.3201.138

22-23.5=Vertical
5

34.4

20

i

2.90

6.25

.471!.409

22-23.SjVariical
ij

33.9

40

1.4

17.30

3.95

3.95

.543j.543

22-23.9Verticalj5
35.5

50

4 .76

4.76

.588!.588

22-23.9HorizontalJ5

10

1.35

3.93

.207}.039

22-23.51Horizontal{5
32.4

20

1.02j1.33
.357}.288

22-23.9Horizontal
5

30.5

40

4.6

17.00

2,51|2.51
.408!.403

22-23.5
Horizontal

5

31.8

SO

3.40i3.40
,4911.491

33-35

Vertical

3

34.3

10

1.88|5.53
.233]1044

33-35

Vertical

3

33.7

20

2.8

19.5°

1.57|6.10
.374}.238

33-35

Vertical

3

32.6140

1

L1.95j2,23
.3861.374

33-35

Vertical

3

32.0!40

1i2.4612.46
.488!.488

cn
tn



TABLE3(Cont'd.)

Depth ft.

!Water!

StrengthParameter
FailureStrain^1Af

|Core
SpecimenDiameter Orientati.or?In.

Con-;Consolidation tent,IPressures%jpsi

c1,<f>'
osi|

ffi a3

rfrB3

l

*|

22-23.5*'
Verticali3
23.3

10

i

2.75

2.75

22-23.5*jVertical
3

30.2

20

3.5

13.C°

1.81

1 -SI

!

22-23.5*1Vertical
3

30.4

40

2.44

2.44

!

22-23.5**!Vertical
3

37.4

10

2.94

4.36

.402.358

22-23.5**1Vertical
3

37.7

20

3.5

ITF

5.93

7.04

.51£TT4S0

22-23.5**
Vertical

3

37.3

40

}

6.46

6.S3

.67?|.659

22-23.5**
Vertical

3

40.8

10

1

3.91

3.91

.371).371

22-23.5**
Vertical

3

41.1

20

3.2

12.5°

5.50

6.50

.57Q.570

22-23.5**
Vertical

3

41.21

40

6.90

6.90

.803.803

*Drainedtest **Remoldedtest
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Consolidated Undrained Tests

The results of these tests are presented below in Table 4. The

strength parameters of vertical and horizontal specimens are given

where these data are available.

TABLE 4.--RESULTS OF CONSOLIDATED UNDRAINED TESTS

Depth
ft.

Specimen
Orientation

c‘,
psi Af

20
20

- 21,5
- 21.5

Vertical
Morizontal

2.90
3.50

15.5°
15.5°

0.20 - 0.58
0.23 - 0.50

22
22

- 23.5
- 23.5

Vertical
Horizontal

1.40
4.60

17.3°
17.0°

0.32 - 0.59
0.21 - 0.49

20 - 22 Vertical 2.90 16.4° 0.08 - 0.33

33 - 35 Vertical 2.80 19.5° 0.23 - 0.49

Typical Mohr circles of the specimens are shown in Fig. 19. It

was found that the results were quite scattered, and this can be attri¬

buted to the different orientation of pre-existing failure planes in

the various specimens. These weak planes were noted prior to loading,

and their inclination exhibits all degrees of variation, which caused

the variation of strength in the specimens. Consequently, it is not

easy to draw a Mohr failure envelope for the specimens. In Fig. 20,

the results are plotted in terms of half of the daviator stress,

1/2(c?! - a3), against the mean effective stress, 1 /2(cr 1 + aj), and a

best-fitting line is drawn through the points. The slope of this line,

is related to the slope or the Mohr envelope by the expression:
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Total Stress

effective Stress

(a) Horizontal Specimens

(b) Vertical Specimens

Normal Stress,'psi*

FIG. 19.—- MOHR CIRCLES FOR HORIZONTAL AND
VERTICAL SPECIMENS
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(a) Horizontal Specimens

o' 1

(o' + a‘ )/2, psi
1 3

(b) Vertical Specimens

(a1 + a* )/2, psi
i 3

FIG. 20.— RELATIONSHIPS BETWEEN (ai - a3)/2
AND (a1 + a' )/2 FOR HORIZONTAL
AND VERTICAL SPECIMENS
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tan ijf = s 1 n <f>'

The intercept dQ is related to the cohesion by the expression:
d = c' -ianjL.Qo tan if

In Fig. 20 the results are presented using both failure criteria,
i

(cri - (j3).„v and > but no significant difference is foundKiaX. O3 iliaX.

in tiie strength parameters expressed in the two criteria.

The results in Table 4 indicate that the angle of shearing resist¬

ance at a particular depth has the same value in the vertical and hori¬

zontal direction. However, the cohesion intercept c' is higher in the

horizontal direction than in the vertical. This variation in the

cohesion is probably a manifestation of the soil structure. The

structure of the clay in the horizontal direction is different than in

the vertical direction because of the higher horizontal stress to

which the clay has been subjected.

As might be expected, the strength properties of Beaumont Clay vary

with depth as shown in Table 4. This variation is mainly associated

with the degree of fissuring and the nature of the joints. In the

case of smooth joints, the strength tends to be low.

Stress-Strain Curves.-"Typical stress-strain curves are presented

in Figs. 21 and 22. Most of the specimens reached a maximum stress

at rather small strain as shown in Table 5. However, the curves

indicate plastic rather than brittle type of failure.

It was observed throughout the preparation of the specimens

that most of them contained at least one pre-existing failure plane in

addition to the fissures. Fig. 23 shows several triaxial specimens
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FIG. 21.— STRESS -STRAIN CURVES FOR
HORIZONTAL AND VERTICAL
SPECIMENS
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Strain, %

FIG. 22.— RELATIONSHIPS BETWEEN EFFECTIVE
PRINCIPAL STRESS RATIO AND STRAIN, FOR
HORIZONTAL AND VERTICAL SPECIMENS
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TABLE 5 .--FAILURE SIRAH'! OF CONSOLIDATED UN DRAINED SPECIMENS

Depth
ft.

'Specimen ,

Orientation Failure Strain,,%

20 - 21.5 Vertlcal 2.71 - 3.83
20 - 21.5 Horizontal 1.16 - 5.74

20 - 22‘ Vertical 2.10 - 4,32

22 - 23.5 Vertical 1.65 - 4.76
22 - 23.5 Horizontal 1.02 - 3,40

33 - 35 Vertical 1.57 - 2.45

after testing. It v/as found that the discontinuities, which include

fissures and joints, are the factors which control the behavior of

the specimens under loading and have pronounced effects on the stress-

strain -curves . It v/as also observed that the failure of the specimens

v/as slip type rather than plastic, perhaps due to the fact that most

of the specimens failed completely or partially on their pre-existing

failure planes.

The mechanism of the failure of the specimens is not quite clear.

It is well known (5, 45) that the fissures and the joints have a major

effect on the mechanism of the failure. The tested specimens were

observed closely in the process of loading. It v/as found that the
shear plane, in some cases, went around small pieces of the clay

following the fissure surfaces, but in most cases it cut through those
pieces, Whore there wore joints, in general, the specimens failed on

those joints. The fissures and the joints affected the peak value of
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FIG. 23.--SPECIMENS OF BEAUMONT CLAY AFTER THE TEST
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the stress-strain curves, and a curve with a sharp peak is very seldom

found, while most of the curves do not show any peak.

The stress-strain curves for horizontal specimens are presented

■in Fig. 21. They show the same type of plastic failure as the verti¬

cal specimens; however, the horizontal specimens show a higher

strength. In general, as shcv;n in Table 5, the horizontal specimens

failed at smaller strains than the vertical ones.

9• 24 shev/s the variation of the pore

■water pressure with strain for different consolidation pressures and

for bo i;h verfi cal and hori xontal s pecism

no s i y n i ficant d Tfferonce in pore water

and hori zcntal sp;'w:i mens, although the

specimens tend to decrease more after passing the peak value than

they do ?in vertical specimens.

In heavily over-consolidated soil, the pore water pressure

usually exhibits a large decrease in its value and becomes negative
under loading, as reported by Bishop and Henkel (9). It has been
shewn that Beaumont Clay is an over-consolidated clay; however* the

pore water pressures measured in this research do not clearly confirm
this phenomenon. In general, the pore water pressure shev/s a slight
decrease in its value after the peak. The measured values of pore

water pressure in the tested specimens was confirmed by the volume
change measurements in the drained tests. In these specimens the
volume decreased throughout the tests, which is equivalent to the
behavior of the pore water pressure in the undrained tests. This
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(a) Horizontal Specimens

Strain, %

(b) Vertical Specimens

Z9 psv

Strain.%3

24. RELATIONSHIPS BETWEEN EXCESS pore
mater pressure AMD strain for
HORIZONTAL AND i/r^ICAL SPECIMENS
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unique relationship of the pore water pressure with strain is attri¬

buted to the fissures and pre-existing failure planes* which control

the behavior of the specimens under loading. It is the writer's

opinion that the pore water pressure which was measured was the one

which existed in the fissures and joints, and probably was different

from the one existing in the intact lumps of the clay. Unfortunately,

the technique necessary to confirm this opinion is not available.

A question may arise as to whether this behavior was the result of

of leakage between the membrane and the rubber 0-rings. This point

was checked for almost every specimen. The specimen was left under

loading conditions at the end of the test for about one hour and

during that period the pore 'water pressure was checked several times,

and no variation in its value was found.

Pore Water Pressure Coefficient (A).--Fig’. 25 plots the pore

water pressure coefficient (A) vs. strain for different consolidation

pressures, and for both vertical and horizontal specimens. At

consolidation pressures of 10 and 20 psi the A value reaches a

maximum then decreases with strain, while at consolidation pressures

of 40 and 60 psi the A value stays constant or shews a slight increase

with the strain.

The value of A^ (the coefficient of pore water pressure at
failure) is a function of consolidation pressure as well as the stress

history of the material (42). Fig. 26, which illustrates the rela¬

tionship between and the over-consolidation ratio (O.C.R.), shows

there is a wide variation in the Af values at the same consolidation
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FIG. 25.-- RELATIONSHIPS BETWEEN PORE PRESSURE
COEFFICIENT (A) AMD STRAIN FOR
HORIZONTAL AND VERTICAL SPECIMENS
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pressure. This variation could be attributed to the degree of fissur-

ing and to the nature of pre-existing joints in the specimens. These

discontinuities (fissures and joints) have a major .effect on the

behavior of the specimens* as stated before, and particularly on the

failure strain. Since is a function of failure strain, this could

be the major factor which controls values.

for horizontal specimens* in general is'less than the value

for vertical specimens as shown in Table 4.

Consolidated Undrained Tests on Remolded .Specimens

Sped mens from depth 22-23.5 feet were remolded, and two series

of tests were conducted on them. In the first series, the specimens

were remolded at a moisture content of 37.5 percent* which is 2-3 per™

cent higher than the natural water content. In the second series,

specimens were remolded at a. moisture content of 41 percent. Both

series were tested under undrained conditions after consolidation in

the tnaxial apparatus.

The strength parameters are presented in Table 6 and fig. 27.

These-parameters are: = 12.5° for both series and c1 - 3.6 and 3,2

psi for the first and second series, respectively. The variation in

the water .content does not affect the angle .of shearling resistance any

significant amount that could be measured in these tests. However# the

cohesion intercept is a function of water content for a saturated soil

and it decreases with the higher moisture content,as night be-expected
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TABLE 5.—CONSOLIDATED UNDRAINED RESULTS FOR REMOLDED SPECIMENS

Depth Water c', A Failure
ft. Content,% 4>' psi Af Strain, %

22 - 23.5 37.5 12.5 3.6 .402 - .677 2.94 - 6.46

22 - 23.5 41.0 12.5 3.2 .37 - .803 3.91 - 6.90

It may be noted from Tables 4 and 6 that the value of for the

undisturbed specimens at a depth of 22-23.5 feet is approximately 17°,
while for the remolded specimens it is 12.5°. This difference is due

to the particles' structural arrangement. In the case of remolded

specimens, the original structure of the clay is disturbed by remold¬

ing. In the sampling processes, the clay may also be disturbed to

some extent, and this disturbance may affect the values of the angle

of shearing resistance which are measured in the laboratory.

The stress-strain curves, pore water pressure curves, and the

coefficients of pore water pressure curves are shown in Figs. 28, 29,

and 30, respectively. The stress-strain curves are flatter than the

curves for undisturbed specimens, and failure occurs at higher strains

than for undisturbed specimens. All the remolded specimens which

reached a maximum value and failed showed plastic characteristics

during failure.

The coefficient of pore water pressure increases as the

moisture content increases, and in general, A^ is higher in remolded
specimens than in the undisturbed.
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total stress
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Normal Stress, psi

FIG. 27. — STRENGTH PROPERTIES OF REMOLDED
SPECIMENS
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(a)

3,0

S t ra i n, %

FIG. 28.-" (a) STRESS-STRAIN RELATIONSHIPS OF
REMOLDED BEAUMONT CLAY WITH w/c » 37.5%

(b) EFFECTIVE PRINCIPAL STRESS RATIO -
STRAIN RELATIONSHIPS
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FIG. 29.— RELATIONSHIPS BETWEEN EXCESS POKE WATER
PRESSURE AMD STRAIN FOR REMOLDED CLAY
WITH w/c - 37-5%



PoreWaterPressureCoefficien

i

85

0 2 *f 6 0 10
Strain,%

FIG. 30.-^RELATIONSHIPS BETWEEN PORE WATER PRESSURE COEF¬
FICIENTS, A, AND STRAIN FOR REMOLDED CLAY WITH
w/c - 37.5%
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Drained Tests

The results of the drained triaxial tests are presented in Figs.
81-33. The strength of the material obtained from these tests is:

a 13-°0
- 3.6 psi

It aopears that

4°' less than t

This di ffa renca

the ever p res on

the clay composition; second, the effect of the rate of strain which
is slower in drained tests than in consolidated undrained tests; and
third, all drained test specimens contained pre-existing failure
planes with smooth shiny surfaces which were oriented in the direction
most liable for failure. The cohesion found from drained tests is
higher than in the consolidated undrained tests, possibly as a result
of the lower moisture content of the drained test specimens.

Tire volume change --strain relationship is shown in Fig. 33. As
mentioned previously, these curves confirm the results of the pore
water pressure measured in consolidated undrained tests. The volume
of the specimens decreased with the strain during the application of
the deviator stress. This behavior is similar to the behavior of the
pore water pressure in the consolidated undrained tests, v/here the
change in pore water pressure. An, was positive. The same reasoning
used before to exolain the behavior of the pore water pressure in the
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FIG. 32.— STRESS - STRAIN RELAT I ONSH1 PS FOR
DRAINED TESTS
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consolidated uncirained tests can be applied here to explain the volume

change behavior of drained tests,

Unconsolidated U'ndraincd Tests

The results of the unconsolidated undrained tests on undisturbed

specimens oriented in both vertical and horizontal directions are

given in Table 7. These tests were carried out at a constant rate of
strain of 0.02 inches/minute, which is slower than routine practice,

in order to determine more accurately the deviator stress. These tests

were performed confined (the majority of them) and unconfined. Owing
to the scatter of results, it is difficult to say whether the confining

pra s s u re h a cl an effa ct o n th e she ar s tra n g th, c » of the specimens.u

This is a result of the existing joints and their orientations in
each individual specimen. These joints are a major factor in control¬
ling the shear strength. However, Bishop and Henkel (9) have reported
that the shear strength of fissured clay decreased when the clay was

tested under a confining pressure less than the one existing in the
field. This reduction in strength is attributed to the opening of
fissures under low confining pressure.

There 'ware considerable variations in the undrained strengths,

c, , of all specimens. Again, these variations are more likely to be
associated with the degree of fissuring and with the pre-existing
failure planes. The unci rained strength was relatively low when the
pre-existing -failure plane was oriented in a direction more liable
for failure. It was observed in the tests that most of the specimens
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TABLE 7.—SUMMARY OF RESULTS OF UNCONSOLIDATED UNDRAINED TESTS

ON UNDISTURBED SPECIMENS

Depth
ft.

Boring
No.

Specimen
Orientation

Confining
Pressure,

a3
psi

Water
Content,

%

cu -

l/2(ai-a3)fs
psi

Failure
Strain,

%

20-21.5 CB-1A Vertical 20 33.8 14.19 3.63
20-21.5 CB-1A Horizontal 40 33.6 18.16 3.10
22-23.5 CS-l'A Horizontal 10 28.9 T05 1.38
22-23.5 CB-1A Horizontal 20 29.1 6.99 1.33
24-25 C3-1A Vertical 5 30.0 13.77 4.64
24-25 CB-1A Vertical 10 30.0 13.34 5.33
24-25 C3-1A Vertical 20 30.0 8.35 3.92
24-25 CB-1'A Vertical 40 30.1 9.25 3.87
24-25 CB-1A Vertical 20 29.7 6.98 0.66
24-25 C3-1A Vertical 0 29.3 10.62 1.81
24-25 CB-'IA Horizontal 20 30.0 17.57 2.47
24-25" CB-1A Horizontal 10 29.7 12.29 1.40
24-25 CB-1A Horizontal 30 30.0 14.40 2.96
25-26.5 CB-1A Vertical 20 34.7 5.77 0.40
25-26.5 CB-1A Vertical 20 33.0 12.73 8.67
25-26.5 "CB-VA Vertical 40 34.1 10.74 11.42
25-26.5 CB-1A Vertical 0 33. "8 7.16 1.62
25-26.5 CB-1A Horizontal 40 34.3 9.50 3.53
25-26.5 CB-1 A Horizontal 20 32.2 8.30 3.59
25-26.5 CB-1A Horizontal 10 36.1 11.07 1.46
22-24 CB-1 Vertical 10 27.0 16.20 3.30
22-24 CB-8 Vertical 20 26.5 7.90 10.30
22-24* C3-8 Vertical 20 27.0 9.02 2.56
20-22* CB-8 Vertical 10 35.0 7.86 1.99
29-31* CB-1 Vertical 10 27.8 11.10 2.38
29-31 CB-1 Vertical 10 27.8 12.49 2.39

*Soil Specimens 2.8 inches in diameter and 6.0 inches in height
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failed either entirely or partially on a pro-existing failure plane.
It was noted, in general, that the 'weaker the specimen the smaller
t'ne fai 1 ura s trai n. The vari ati on 1 n the percentags of cl ay mi nera 1 s

was probably another factor which affected the strength properties of
the clay.

There is also a variation in the average values of shear strength
in the vertical and horizontal directions as shown in Table 8. In
one series, in which the water content was about 30 percent, the aver¬

age undrained strength in the horizontal direction was about 42 per¬
cent higher than the average shear strength in the vertical direction.
The overall average strength of all specimens tested in a horizontal
di re ct i o n v/as 26 percen t h i g h or th an tha varti ca 1 sped me ns. I n

general, the horizontal specimens failed at a smaller strain than the ■

vortical specimens.

TABLE 8,* UNDRAIN.ED TESTS ON UNDISTURBED SPECIMENS

;ef
ft.

20 - 21.5

24 - 25

25 26.5

Horizontal 'Strength
_ Vertical' Strength

1.28

1.42

1.05

It is well known that the undrained strengths of fissured clays
are influenced by' the size of the specimens tasted (10, 40, 48). There¬
fore, a fev/ tests were carried out on specimens 2.3 inches in diameter
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and 6 inches in length. The average shear strength from these tests

was about 10 -percent loss than the average shea?' strength of 1.5 by
3.0 inch specimens. The effect of specimen size on the shear strength
is very signi ficant with respect to present routine tests in the lab¬
oratory. Therefore, more tests are needed to investigate this point
thoroughly.

The stress-strain curves of the unconsolidated undrained specimens

exhibit all degrees of variation, depending on the degree of fissuring
and on the natural orientation of the pre-existing failure planes.

Fig. 34 shows the stress-strain curves of two specimens; one of them
failed along the fissures, the other on a pre-existing failure plana.
The specimen that failed along the fissured surfaces has a higher
strength and has a slight peak, 'while the specimen that failed on the
pra--existing plane doss not show any peak.

The results of undrained tests on remolded specimens are given in
Table 9. The undrained strength (c ) varies with the moisture content

as well as with the percent and type of clay minerals. Fig. 35 shows
the variation of the undrained strength with water content for two

different samples cf Beaumont Clay.

The sensitivity of Beaumont Clay (the ratio of undisturbed to
remolded undrained strength) ranged from 0.93 to 1.33 for these tests;
the results are presented in Table 10. Thus, it showed little sensi¬
tivity and can he classified as insensitive (43). Actually, the
e 1 i mi nati on of f i s.s ures and p re - exi sting Pai 1 ure p 1 a n as, by reir.ol d i n g,

led in several cases to a somewhat greater strength than the clay
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FIG. 34. — EFFECT OK JOINT AMD FISSURES ON
STRESS-STRAIN CURVES
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TABLE 9.-SUMMARY OF RESULTS OF UNCONSOLIDATED

UNDRAINED TESTS ON REMOLDED SPECIMENS

Depth
ft.

Boring
No.

Rate of
Strain

in./min.

Confining
Pressures1

%

Water
Content,
- %.

cu =

1/2 (cTit-c3i
psi*

rai1ure
Strain,

%

20-21.5 CB-1A .020 20 32.80 13.35 8.63
20-21.5 CB-lA .020 20 32.70 12.60 3.6T-
20-21.5 CB-1A .020 20 34.70 9.72 7.49
20-21.5 CB-lA .020 20 34.10 n.n 8.75
20-21.5 CB-lA .020 40 36.40 8.67 7.55
20-21.5 CB-lA .020 10 34.30 9.19 7.53
20-21.5 CB-lA .020 10 33.00 10.22 8.14
24-25 1 CB-lA .020 20 32.40 10.20 9.46
24-25 CB-lA .020 20 32.40 10.72 10.09
24-25 CB-lA

’

.020 20 31.50 8.76 10.86
24-25 CB-lA .020 20 30.30“ 11.76 8.71
25-26.5 CB-lA .020 20 33.20 9,06 8.86
25-26.5 CB-lA .020 40 29.60 10.15 9.64
25-26.5 CB-lA .020 10“ 32.90 8.62 8.88
22-23.5 CB-lA .020 20 35.20 7.55 8.94
22-23.5 CB-lA .045 20 35.20 7.34 11.60
22-23.5 CB-lA .045 20 35.80 7.01 11.60
22-23.5 CB-lA .009 20 36.00 7.05 10.13
22-23.5 CB-lA .060 20 34.60 7.48 11.60
22-23.5 CB-lA .0024 20 34.70 '7.1-4 “8.03
22-23.5 CB-lA .00024 20 32.20 7.IT' 6.67
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possessed in its natural state,

TABLE 10.-UNDRAINED TESTS, REMOLDED VERSUS
UNDISTURBED STRENGTHS

Depth
ft.

cu
Undisturbed

,psi

Remolded
Sensitivity

20 - 21.5 14.19 10.69 1.33

22 - 23.5 7.24 —

24 - 25 10.39 10.37 1.00

25 - 26.5 9.10 9.28 0.98

In the field, the rate of load application is usually much

slower than the rate used in the laboratory. The effect of the rate of

strain on the undrained shear strength of remolded specimens was

checked by conducting a limited number of tests, and the results are

presented in Fig. 36.

It is clear that the slower the rate of strain the lower the

shear strength. However, the effect is small. The strength decreased

slightly whan the time to failure increased from 100 to 900 minutes

as shown in Fig. 36. The rate of strain probably affects the value

of pore water pressure,and it would be worthwhile investigating this

point in Beaumont Clay.

Direct Shear Tests

Consolidated'drained tests were conducted on three sets of

Beaumont Clay specimens. The index properties of these sets were
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different. Hov.'ever, the X-ray diffraction analyses showed that they

had the same clay minerals, except that the proportion of the clay

minerals varied from one set to another.

The strength properties of the first set, which is from a depth

of 20-21.5 feet, are shown in Table 11 and in Fig. 37. The peak

strength can be represented by the parameters:
- 5,35 psi

<l>d = 15.5°
The residual strength parameters are:

“ 1.00 psi

♦; = 8.o°
Fig, 33 shows typical stress-displacement curves for different

consolidation pressures. As the clay is strained, the shearing resist¬

ance increases until it reaches a maximum, which is called the peak

strength. With further displacement, the resistance to shear, or the

strength of the clay, gradually falls to a constant, or nearly con¬

stant, value called the residual strength. The displacement needed

to reach the residual strength was about 2.5 inches for the specimens

tested in this research.

In moving from the peak to the residual, the angle of shearing

resistance for specimens at a depth of 20-21.5 feet decreased from

15.5° to 8.0°. At the same time, the cohesion intercept fell from

5.35 psi to 1.0 psi. Skempton (45) related the decrease in the angle
of shearing resistance to the development of a thin band of oriented

clay particles in the direction of shearing. Morgens tern and TchaTenko



TABLE11.-^SUMMARYOFDIRECTSHEARTESTS
Group No.

j

Depth ft.

3oring No.

Water Content %

L.L.JP.L.,
P.U 0/

JO

)T

PI CF

Peak Strength

Residual Strength

rrif
ri1 cr=0

0/ to

0/ /o

%

-

<2ll %

cds psi

♦<,

i

ur|d>f psi|yr

T 1

20-21.5
C3-1A

32.90

94

29

65

.06

75

.85

5.35

15.5°

1

1.00

8.0°

10.5°

2

23-25

CS-l

30.00

84

27

57

.05

77

.74

4.51

16.4°

1.08

9.0°

n.7°

3

29-31 ■

CB-1|27.50
—11i-p■

62

22

40

.14

56

.72

3.60

24.0°

1.88

10.7°

14.5°

o o
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(35) found that the thickness of the oriented band of clay particles

in the London Clay was about 50p thick. The oriented clay particles

form a continuous shiny shear surface. Fig. 39 is a photograph of

this surface for the Beaumont Clay.

It is known that internal friction is caused mainly by an inter¬

locking effect of the particles and by the friction between these

particles (30). As the position and orientation of the particles

changed during repeated shearing, the interlocking effect and,conse¬

quently, the angle of internal friction decreased to a limiting value.

Indeed, the re-orientation of the particles eliminated the interlock¬

ing effect in the shear plane.

The cohesion component decreased a considerable amount when the

shear strength dropped from the peak to the residual, but never became

zero. In all the residual tests of this study,a small value of

cohesion was measured. Skempton and Petley (50) also measured a small

value of cohesion in the residual shear tests. In the field the

cohesion component disappears completely as reported by Terzaghi (52)
and Skempton (45). The cohesion obtained in the laboratory from the

residual shear tests can be related to the nature of the direct shear

tests, which probably caused some experimental errors, and to the

higher strain rate as compared with the field rate.

If the cohesion intercept is considered to be zero, and a best¬

fitting line is drawn through the origin, the angle of residual

strength becomes 10.5° for the first set (see Fig. 37).
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Tig. 40 shows a typical stress-displacement curve for each indi¬

vidual shearing of one specimen until the residual strength was obtain¬

ed. It appears that the largest reduction in shear strength occurred

with the first shearing; subsequent shearing curves da not'show a peak.

The strength decreased slightly with each additional shearing process

until it reached a constant or nearly constant value. This value was

reached at the fifth shearing reversal for the Beaumont Clay.

Fig. 41 illustrates the relationship betv/een the volume change,

AV/V , and the displacement for each subsequent shearing. The speci¬

men ’which was consolidated under 10 psi showed an increase in the

volume with displacement; whereas, under 40 psi normal pressure, the

specimen reduced in volume with displacement. When the volume of the

specimen increased, consequently, the water content increased, too.

This increase in water content probably contributed to the shear

strength reduction from peak to residual. It also explains why the

reduction in the percentage of shear strength from peak to residual is

higher under low pressure than it is under high pressure.

The strength properties of the second and third sets of specimens

are presented in Figs. 42 and 43, respectively.

From the test results, it can be seen that the residual angles of

shearing resistance can be correlated with the liquid limit. Tills

relationship is drawn in Fig. 44. It is also valid for the new values

of <f>' where c1 is taken to be zero.
r r

More data on Beaumont Clay is needed to verify the validity of

the relationship between the liquid limit and the residual angle of
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FIG. 41- —FIXATIONSHIPS BETWEEN VOLUME CHANGE AND DISPLACEMENT,
DIRECT SHEAR TESTS
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shearing resistance. If there is a definite relationship* this will
he a powerful tool for estimating the residual strengths of the soil.

In connection with problems of slope stability, bearing capacity,

and earth pressures, Taylor (51), Sjerrum (13), Bishop (5) and many

others have concluded that the state of limiting equilibrium in these

problems is associated with non-homogeneous mobilization of shearing
resistance and thus with progressive failure. This may lead to major
difficulties in relating the soil shearing resistance which is found
in the laboratory with the average shearing resistance in the field.
The difference between these two results can be investigated by con¬

sidering, first, the difference between the peak and the residual
strength; and secondly, the strain which is required for this differ-
ence to be established.

Considering the Beaumont Clay, it can be seen from Fig. 38 that
the loss in strength in passing from peak to residual was proportional
to the normal effective stress, and to establish the residual strength,
about 2.5 inches of displacement v/as 'required.' The strength loss can

be expressed quantitatively in terms of the brittleness index (1^)
from the following expression (5):

T.c - t
r = _■ -r— %

8 T^r
The brittleness index increases with a decrease of the effective nor¬
mal stress, as presented in Fig. 45. At a low normal effective stress,
10 psi, the reduction in strength v/as about 65 percent. Ihe reduc¬
tion in the strength for a normal effective stress of 40 psi v/as 57
percent.
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In the case of slope stability problems, the dangerous point is

the toe of the slope, where the reduction in strength is more than at

any other point due to a small, normal effective stress. So it is more

probable that progressive failure starts from the toe of the slope and

extends further up the slope. In the case of Beaumont Clay* this can

be an important factor in long term slope stability. Bjerrum (13)

reached the same conclusion in treating the progressive failure of

natural slopes in other soils.

Comparison Between the Results of the Triaxial

and the Direct Shear Tests

The comparison between the results of the triaxial and the direct

shear tests is presented in Table 12. The effective angle of shear¬

ing resistance from the consolidated undrained triaxial tests and the

direct shear tests can be considered equal without significant error.

However, there is a considerable difference in the cohesion value.

TABLE 12.—TRIAXIAL VERSUS DIRECT SHEAR TESTS

Depth
ft.

Specimen
Orientation

Triaxial
C1 * (j)1

psi

Direct Shear

d’
psi

4;

20 - 21.,5 Vertical
Horizontal

2.90
3.50

15.5°
15.5° 5.35 15.5'

22 - 23,.5 Vertical
Horizontal

1.40
4.60

17.3°
17.0° 4.51 16.4
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The cohesion from the direct shear tests is higher than the cohesion
from the triaxial tests for specimens oriented in the vertical direc¬
tion (Table 12). In the case of the specimens oriented in the hori¬
zontal direction, the difference between the cohesion obtained in the
tri axial tests and the direct, shear tests is small. In fact, in one
test series they are equal. This similarity in the cohesion value is
probably due to the fact that the specimens in the direct shear tests
were sheared along a horizontal plane.

It is obvious that the shear strength in the horizontal direction
is higher than in the vertical direction due to the higher value of
cohesion in the horizontal direction. If the mode of failure takes

:e along a horizontal direction in Beaumont Clay, on should expect

a higher strength than if the failure happens along a vertical direc¬
tion, Usually, failure planes in the field have all degrees of orien¬
tation ranging from vertical to horizontal, and it would be a worthwhile
endeavor to develop a complete relationship between shear strength and
orientation.
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CHAPTER VI

SUMMARY AMD CONCLUSIONS

This investigation is the first effort known to the author to

rather completely.define certain geotechnical properties of the

Beaumont Cl ay, particularly the shear strength of the soil in terns of

effective stress parameters. A detailed study of this formation is

warranted because of the extensive construction activity in the Beau¬

mont Clay area, and because of the unusual nature of the material.

The Beaumont Clay formation was formed during the Pleistocene

epoch. As a result of cyclic drying and 'watting during and after

deposition, the clay is fissured, jointed, and desiccated. The

fissures are randomly oriented and vary in intensity throughout the

depth tested. In general, the degree of fissuring appears to increase

as one amount of montmori1 Ionite clay increases. However, the layer

’which contains the lowest percent of montmori11 onite is very badly

fissured. All indications are that this layer was subjected to weath¬

ering longer than the adjoining layers.

The in situ water content and the liquid limit vary considerably

with relatively small changes in depth. More than likely this is the

result of a variation in the percentage of montmorillonite clay. X-ray

diffraction data confirmed this point and showed that the montmori1-

lonite content varied from 23-47 percent. More illite appears when

the montmori11onite content decreases.
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Consolidation tests indicate that Beaumont Clay is over¬

consolidated. The preconsolidation pressure is roughly 4.7 tsf; hov;-

ever, tills value is not constant but varies with depth. Geological

history does not indicate a significant overburden pressure in the

past; thus, it must be assumed that the preconsolidation pressures

are the result of desiccation. The rebound portion of the consolida¬

tion curves shows that the bond between the clay particles is not

strong; consequently, the stored strain energy is not too high. The

swell pressure, as averaged from conventional consolidation tests and

from consolidated undrained triaxial tests, is 1.25 tsf. From this

information, the ratio of horizontal to vertical effective stress (KQ)
was estimated to be 1.5.

The shear strength behavior of the soil is mainly controlled by

the polished weak planes (joints) and to a lesser extent by the

fissures. When the weak planes are inclined in a direction close to

that expected for shear failure, the shear plane takes this path and

the shear strength is significantly reduced.

The results of consolidated undrained triaxial tests .{with pore

pressure measurements) show that the effective angle of shearing

resistance, 3 varies from 16-20°. Similar results were obtained

from drained direct shear tests using peak strength values. However,

consolidated drained triaxial tests gave angles approximately 4°
lower than obtained from consolidated undrained triaxial or drained

direct shear tests.
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The pore water pressure developed under the appl ication of the
deviator stress is rather unique for a material known to be over-

consolidated. It reaches a maximum value, and with further strain,

it shows a slight decrease. With low consolidation pressures, it

decreases somewhat but never becomes negative as expected in over-

consolidated soils. The pore pressures are controlled to a great

extent by the weak planes and fissures, which, under shear, tend to

open slightly and increase the mass permeability of the soil.
Tests on specimens cut at varying orientations in the mass showed

that the effective angle of shearing resistance is almost the same in
the. vertical and horizontal direction. However, the effective cohe¬

sion is higher in the horizontal direction than in the vertical.
This was borne out by the direct shear tests (where failure is induced
in the horizontal direction). The higher cohesion in the horizontal
direction is the result of the higher horizontal stresses to which
the soil has been subjected in its geologic history.

There was no major difference in the pore 'water pressure behavior

in the horizontal and vertical oriented specimens. However, at rela¬
tively high strains the horizontal specimens had lower pore water
pressures than the vertical specimens.

In general, most of the triaxial specimens did not show the
characteristics of brittle failure, although the stress-strain curves

of some specimens did show a slight peak. Undisturbed specimens in

the consolidated.undrainod tests failed at rather small strains

(1 -4 percent).
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Both peak and residual strengths were obtained from the direct
shear tests. The cohesions as well as the angle of shearing resist¬

ance, decreased in passing from the peak to the residual state. The
decrease in the angle of shearing resistance ranged from 7-13°. This
decrease in strength is associated with the elimination of the inter¬
locking component of shearing resistance and reorientation of clay
particles along the shearing surface. It was found that the residual
angles of shearing resistance ware related to the liquid limit.

There 'was considerable variation in the unconsolidated undrained

shear strength (c ) in both vertical and horizontal directions. The
lower values corresponded to failure along polished joints which had
inclinations more liable to the direction of failure. The higher
values 'were obtained whan the specimens were free from joints and the
fissures had strong cohesion. The overall average value of cu in the
horizontal direction was about 26 percent higher than the average

value in the vertical direction. Again, this was the result of the
higher stress which the material was subjected to during its geolog¬
ical history.

The structure of the clay has a pronounced effect on the strength
properties. For remolded specimens, the effective angle of shearing
resistance decreased 4.5°. It is believed that the sampling process
affected the strength properties due to the fact that it introduced
some disturbance to the clay structure. It would be very important
and interesting to investigate the geotechnical properties on samples
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taken by hand from the field so the effect of mechanical disturbance

could be evaluated.

In many civil engineering works, and especially in slope stabil¬

ity, bearing capacity, and retaining wall problems, the properties of

Beaumont Clay which are presented in this report are useful and appli¬

cable. The study reveals that the discontinuities, which include

fissures and joints, are the dominant features in Beaumont Clay

structure. The strength along these discontinuities, which is nearly

equal to the residual strength, is a major factor to be considered
in long term stability problems.
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CHAPTER VII

RECOMMENDATIONS TOR FUTURE RESEARCH

The structural nature of Beaumont Clay and its complicated stress

history indicate that more study is needed. In order to get a clearer

picture about the behavior of Beaumont Clay, the following topics are

suggested for future research:

1. Investigation of the geotechnical properties of Beaumont Clay

in different areas is needed.

2. Further research is needed to study the orientation of joints

and fissures in the field and, if possible, to correlate the

shear strength with the orientation of these discontinuities.

Also, it is necessary to investigate the shear strength in

the vicinity and on the surface of faults.

3. It is desirable to check the shear strength in the field by

performing a field test on a large specimen. Also, to estab¬

lish a clear correlation, in the laboratory, between the

shear strength and the size of specimens is very important.

4. It is felt that the sampling technique has a big effect on the

the shear strength and probably on the characteristics of the

stress-strain curves,too. So it is necessary to investigate

this point.

5. Information on the time dependency of shear parameters is

essential in Beaumont Clay.
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6. A corralation between the shear parameters found in the

laboratory and the active parameters in the field should
be established.

7. It is worthwhile to investigate the effect of strain rate on

the variation of pore water pressure in Beaumont Clay. .
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APPENDIX A

X-RAY DIFFRACTION PATTERNS OF BEAUMONT CLAY
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APPENDIX B

DATA OF TRIAXIAL COMPRESSION TESTS
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Boring No. CB-1

Depth (ft.) 20-22
Size of Sample (In.) 1.5 X 3
Rate of test (in./min.).00024

Weight of Sample (gm) 173
Moisture Content (%) 30.2

Consolidation Pressure (Psi) 10
n

Back Pressure (kg/cm ) 2.00

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
CT1 ' °3

Psi

al ~ a3
^3

Pore Press.
Coeff.

A
.037 2.7 — 1.530 .153 —

.183 4.3 .569 2.430 .257“ .234

.257 7.5 1.138 4.235 .478 .269

.320 12.8 1.706 7.220 .870 .234

.413 13.8 2.417 7.780 1.030 .311

.510 14.9 2.702 8.390 1.149 .322

.933 19.3 2.840 10.830 1.514 .263
1.530 22.7 2.630 12.660 1.718 .208
1.837 23.3 2.630 12.950 1.757 .203
2.100 23.8 2.275 13.190 1.706 .173
2.267
2.420

24.2 1 .990 13.390 1.672 .149
24.6 1.849 13.590 . 1.667 .136

2.533 24.8 1.683 13.690 1.645 ,123
2.580 25.2 1.635 13.900 1.661 .118
2.767 25.5 1.564 14.040 1.664 .111
2.883 25.8 1.422 14.190 1,656 .100
3.000 26.1 1.351 14,330 1.659 .094
3.237 26.4 1.280 14.470 1.659 ,088
3.470 26.7 1.208 14.590 1.667 .083
3.783 27.1 1.138 14.770 1.640 .080
“3.943 27.2 .995 14.790 1.570 .070
4.150 27.3 .569 14.810 1.540 .040
4.653 27.8 .284 15.010 1.520 .020
4.893 27.8 .142 14.970 1.510 .010
5.370 28.1 .000 15.060 1745(5 rocs
5.84T- 28.4 - .427 15.140 1.440 -.030
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Boring No. CB -1 Weight of Sample (gm) 169.5

Depth (ft.) 20-22 Moisture Content (%) 33.5

Size of Sample (In.) 1.5 X 3 Consolidation Pressure (Psi) 20

Rate of test (in./min.) .00024
2

Back Pressure (kg/cm ) 2.10

Strain
E%

Load
AP lb.

Excess Pore
Pressure

_ A.U Psi
al ’ a3

Psi

°1 “ a3 HoreVress.
Coeff.

A%
.054 2.0 1.132 — . —

.114 3.6 ,213 2.036 .103 .105

.177 ■ 4.7 1.070 2.660 .141 1 .402

.247 8.7 1.420 4.920 .265 .290

.267 10.2 2.130 5.760 .322 .370

.307 12.7 2.840 7.170 .413 .396

.350 15,7 3.130 3.860 .525 ■ .353

.397 16.7 3.840 9.420 .583 .408

.510 21.1 ■4.550 11.890 .770 .383

.637 23.3 5.400 13.110 .393 .411

.733 r 25.2 5.550 14.170 .981 .392
1.370 31.2 6,110 17.420 1.254 .350
1.437 31.7 5.970 17.680 1.260 .338
1.640 32.2 5.830 17.890 1 .263 .326
1.790 32.7 5.830 13.170 1 .282 .321
2,100 33.4 5.970 18.530 1.321 .322
2.330 34.2 5,670 18.900 1.319 ; .300
2.490 34.4 5.600 19.000 1.319 : .295
2.600 35.2 5.120 19.450 1.307 .263
3.150 35.6 4.980 19.560 1.302 .255
3.500 36.7 4.550 20.060 1.296 .226
4.130 37.3 4.270 20.2/0 1.289 .211
5.070 38.2 3.840 20.540 1,271 .187
6.030 38.3 3.700 20.370 1.250 .182
7.040 38.2 3.560 20.111 1 .223 . .177
7.440 38.0 3.130 19.900 1.180 .157
8.360 i 36.7 2.840 19.020 1.108 .149
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Boring No. CEM
Depth (ft,) 20-22
Size of Sample (In.) 1.b X 3
Rate of test (in./min.) .00024

Weight of Sample (gm) 167.5
Moisture Content (%) 33.2
Consolidation Pressure (psi) 40
Back Pressure (kg/cm ) 2.20

Strain
E3£

Lead
AP lb.

excess Pore
Pressure

AU Psi
°1 - °3

Psi

al " a3
53

Pore Press.
Coeff. ■

A
.047 2.5 .1420 1.42 .036 .1000
.113 3.5 .2280 1.98 ,050 .1150
.187 4.0 .5690 2.26 .057 .2520
.277 6.0. 1.280 3.39 .088 .3780
.370 l 8,0 1.991 4.51 .119 .4410
.453 13.2 2.990 7.44 ,201 .4020
.630 24.0 5.260 13,51 .389 .3890
.840 32.0 6.540 17.97 .538 .3640

1.070 38.5 8.960 21.57 .696 .4150
1.353 44.5 10.380 24.86 .840 .4160
1 .813 43.8 11,520 27.13 .954 .4250
1.960 50.0 11,660 27.76 .981 .4200
2.870 53,5 11.520 29.43 1.035 .3910
3.340 54.5. n.5'20 29.83 1.049 .3860
3.810 54.9 I 11.520 29.90 1.051 .3850
4.320 55.5 11.376 30,07 1.052 .3730
4.910 55.9 11.234 30.10 I 1.048 .3730
5.390 56.0 10.807 29.99 .1.029 ,3600
5.870 56,3 10.096 30.01 1.005 .3360
6.830 56.3 9.812 29.69 1 .985 .3304
9.400 55.7 9.527 28.58 .939 .3330
9.480 55.7 9.527 28.55 .938 ! .3360
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8 or i r.y N o. C3-1A

Depth (ft.) 20-21.5
Size of Sample (In,) 1.5 X 3
Rate of Test (in./min.) .00024

Weight of Sample (gm) 167.9
Moisture Content (%) 34.7
Consolidation Pressure (psi) 10
Back Pressure (kg/cm^) 2.30

1 Lxcess Pore
CT1 " °3

a-, - Pore Press.
jtrain Load Pressure

I o Coeff.
E% | AP lb. AU Psi Psi A

,020 .3 .17 — —

.060 .9 .071 .508 .050 740
n oo 2.5 .142 1.410 743 700

“

367 "T 8.3 1,280 4.680 ,540 .273 •

.507 10,0 1.850 5.630 .691 .323

.623 ”+ '13.0 2.550 7/315 .983 .350-

.750 14.9 2.770 8.373 1753 .331

.827 16.0 2.840 8.985 1.255 .316
T.330 il/9 2.990 VI. 120 1.590 .269
1.480 20.5 2/990 11.440 1.630 .261
1.71(5 21.5 2.990 11.970 1.710 .249
2.013 22.9 2.840 12.710 1.760 .224
2,240 23.5 2.840 13.010 1.820 .219
2.473 24.2 2.700 13.360 1.830 .202
2,710 24,7 2.670 13.610 1.860 796
2,940 25.1 2.490 13.800 17341) 780
3/330 25,7 1.920 14.070 1.740 I .136
3.970 26.0 1.351 14740 1.630 .096
4.440 26.4 1740 14.280 1.610 ,080
4/920 26.4 0.640 14.210 1.520 .045
5.560 26.4 0.142 T4.120 1.430 .010
5.720 26.4 0.142 14.090 1.420 .010
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Boring No. CB-1A

Depth (ft.) 20-21,5
Size of Sample (In.) 1.5 X 3
Rate of test (in./mi n.).00024

Weight of Sample (gm) 169.97
Moisture Content (%) 33.80
Consolidation Pressure (psi)20
Back Pressure (kg/cm2) 2.00

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
a1 " °3

Psi
g1_“ a3

a3

Pore Press.
Coeff.

A
.073 .5 — .283 —

.040 1.0 .284 .565 .029 .503

.120 4.1 1.137 2.320 .123 .490

.260 10.5 ■ 2,560 5.925 .340 .432
'

.430 15.7 3.130 8,850 .524 .353
,540 19.2 4.410 10.810 .690 .407
,600 20.7 4.700 11.650 .760 .403

T.iSio 25.7 5.690 14.410 1,012 .394
1.150' 27.1 5.830 15.170 1.071 .380
T. 4T0 28.6

~

'Brno-' ~ 15.970 1.150 .380
1.520 29.2 6.260 16.280 ■1.185 .380
1.670 F 30.0 6.330 16.700 1.222 .380
1,903 30.7 6.540 17.050 1.650 ,383
T.130' 31.6 8,680 17.510 1.330 .380
2,360 32.6 6.540 "18.020 1.353 ,362
2.S93 33.0 6.620 18.201 1.352 .367
2.903 33.7 6.620 18,530 1.330 .363
3.060 34.2 6.680 18.770 1.410 .356
3.290 35.0 6.540 19.170 1.430 .341
3.830 35.7 6.400 19.440 1.440 .330
4.540 37.1 6.110 20.050 1.440 .305
4.930 37.8 5.330 20.350 .1.430 .286
4.400 38.5 5,546 20.620 1.420 .269
5.720 38.5 5.404 20.550 1.410 .262
5.800 38.5" 5,404 20.530 1.400 .262
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Boring Mo. C3-1A

Depth (ft.) 20-21.5
Size of Sample (In.) 1.5 X 3
Rate of test (in./min.).00024

Weight of Samples (gm) 167.9
Moisture Content (%) 34.13
Consolidation Pressure (psi) 40

o

Back Pressure (kg/cm ) 2,60

Strai n

E%
Load

AP lb.

Excess Pore
Pressure

AU Psi
ai - °3

Psi

al ' a3
93

Pore Press.
. Coeff.

A
.050 1.80 .284 1.019 .026 ,279
.107 ' 4.oo 1.137 2.260 .063 ,503
.170 11.20 2.130 6.330 .167 .337
.20Q~~~ 14.80 | 4.050 8.360 .233 .485

- .243 17.20 | 4.240 9.715 .272 .436
.287 20,00 4.410 11.293 .317 .390.
,337 24,50 6.400 13.320 .412 .463
.630 23.80 7.390 16.220 .497 .456
.620 31.00 8.240 17.450 ,549 .472
.703 33.00 3.970 18.550 .595 . 484
.883 35.00 9.950 19.640 1 .654 .507

1.127 H 37.40 10.520 20.940 .710 .502
17230 38.50 10.950 21.530 .741 ,508
1.380 39.50 10.950 22.060 ,759 ,496
1.520 40.93 n .376 22.800 .757 .499
1 .670 41.90 11.518 23.330 .819 .494
27120 44.00 i 1 . 6S0 24.390 .861 .478
272BTT 44.40 11.518 24.570 .863 ,469
2.430 45.00 11.660 24.860 .874 ,453
2.890 f 45.90 11.660 25.240 .891 ,462
3.130' 1 46.10 11.800 25.290 .896 .466
3.610 46,30 11.660 25.270 .892 .461
4.290 46.30 11.539 25.090 .883 .462
4.970 45.70 11.400 24.590 .861 .464
”57470 45.00 11,100 t 24.090 .837 .461
5.950 44.70 10.31

— r- 1
23.810 .816 .454
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Boring No. CB-1A

Depth (ft.) ' 20-21.5
Size* of Sample (In.) 1.5 X 3
Rate of test (in./min.).00024

Weight of Sample (grn) 16-.0
Moisture Content (%) 34.65
Consolidation Pressure (psi) 60

2
Back Pressure (kg/cm ) 1.6

Strain
ESS

~.080

Load
AP lb.

Excess Pore
Pressure

AiJ Psi
*1 - ct3

Psi

C1 “ a3
s3

Pore Press.
Coeff.

A
9.3 3.410 5.23 .093 .652

.220 15.3 5.688 8.61 .159 .660
,330 ■25.1 8.532 14.10 .275 .605
.650 33.0 11.090 18.51 ,381 .599 ■

.650 36.3 11.660 20.34 .423 ,582
1.120 I 47.7 15.640 26.60 .603 . 538'
1.300 50.7 16.630 28.22 .655 .589
1.520 53.3 17.200 29.61 .696 .586
1.920 57.8 18.910 31 .97 .783 .591
2.260 1 60,3 19.910 33.24 .834 .599
27530 62,0 20.050 34.08 .859 .588
2.800 63.3* 20.900 34.72 .894 ,598
3.020 64.5 20.900 35.29 .909 .592
3.730 66.4 20.900 36.05 .929 ,580
4.100 65.4 20.760 35.89 .921 .578
4.450 06.4 20.330 35.77 .908 .568
4.770 65.3 20.190 35.60 .900 .567
5.100 65.5 19.766 35.04 r-.|CO . 564
5.600 64.3 19.620 34,23 .854 rs73~
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Boring Ho. C3-1A Weight of Sample (gm) 171.38
Depth (ft.) 20-21.5 Moisture Content (%) 31,95
Size of Sample (in.) 1.5 X 3 Consolidation Pressure (psi) 10
Rate of test (in./min.).00024 Back Pressure (kg/cm^) 2.30

HORIZONTAL SAMPLE

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
ffl ' a3

Psi

°1 c3
*3

Pore Press.
Coef'f.

A
.02 3.9 .280 2.210 .227 7130
.08 5.3 .711 2.998 .323 .240
.18 3.9 .280 2.204 .227 .130
.24 5.3 .710 2.994 .322 .237
.27 9.2 1.420 5.195 .505 .274
.31 12.2 1.850 6.887 .845 .268
.41 11.2 1.635 6.320 .755 .259
.45 13.8 2.420 7.779 1.030 .311
.50 15.8 2.700 8.900 1.231 .304
.55 17.6 2,920 1 9.910 1.400 .294
.68 20.2 2.990 11.360 1.621 “1 .263
.81 22,5 3.270 12,690 1.923 .258

1702 25.2 3.400 14.124 2.140 .241
i .16 26. f 3.400 14.610 2.210 .233
1 .35 26.4 3.100 14.740 2.130 .212
1.85 26.7 2.560 14.840 1.990 ,172
2;'23 26.7 2.130 14.780 1.880 .144
2.84 26.1 1.500 14.360 1.690 .109
3.41 25.3 1 .280 13.840 1.590 .092
3.90 24.9 1.140 13.550 1.530 .084
5.11 24,2 .280 13.000 1.340 .022
6752 23,6 .140 12.630 17280 .011
6.68 23.6 00 12.470 1.250 00
6,80 23.6 00 | 12.450 1.240 00
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Boring No. CB-1A
Depth (ft.) 20-21.5
Size of Sample (In.) 1.5X3
Rate of test (i n/nvi n.) .00024

Weight of Sample (gtn) 171.60
Moisture Content {%) 34.65
Consolidation Pressure (psi) 20

9

Back Pressure (kg/cm ) 1.6

HORIZONTAL SAMPLE

Strain
EX

Load
AP lb.

Excess Pore 1
Pressure

AU Psi
al -°3

Psi

al - a3
&3

Pore Press.
Coeff.

A
,04 2.3 .213 1.302 ,065 .164
.05 3.2 .284 1 .810 .091 .157
714 10.8 1.706 6.105 .330 .280
.20 i 4.2 2.133 8.024 .444 .270
.24 16.2 2,986 9.150 .532 .330

“33“
'

22.9 3.980 12.920 .790 .303
.43 26,9 4.550 15.170 .970 .300

'

/6T “”32.0 5.550 13.000 1.230 .300
1709 37.0 5.830 20.720 1.440 .280
1.24 37.9 5.688 21.190 ] .461 .268
1 .55 38.5 5.546 h~ 21.460 1.455 .253
2.15 39.1 4.480 21.660 1.384 .210
2;S9 38.9 3.270 21.460 1.270 .150
3.00 , 38.1 3.130 20.930 1.230 .149
3,85 ” 37.6 2.560 20.470 1.161 .125
4.91 ”

"

37.0 1,706 19.920 1,073 .086
57Y4' 36,2 1.564 19.440 1.044 .080
5.63 36,0 .995 19.240 1.002 .052
5791 35.9 .853 19.127 .939 .045
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Soring No. CB-1A

Depth (ft.) 20-21,5
Size of Sample (In.) 1.5X3
Rate of test (in./min.).00024

Weight of Sample (gm) 167.71
Moisture Content (%) 34.5
Consolidation Pressure (psi) 40
Back Pressure (kg/cm ) 2.8

HORIZONTAL SAMPLE

Strai n
ESS

Load
AP lb.

Excess Porel
Pressure

AU Psi
C1 " a3

Psi

CT1 - °3
a3

Pore Press.
Coeff.

A
".U8{T~" 3.3 .711 1.865 .047 .380
'TT2F' 4.0 .853 2.260 .058 .377

.150 7.3 1.560 4.160 .108 .376

.190 12.0 2.840 6.770 .182 .420

.220 19.0 4.260 10.720 .299 .397

.280 25.4 5.400 14.320 .412 .375

.590" 31.1 6.680 17.520 .526 .380

.470 38.9 8.110 21.870 .686 ,371

.617 45.6 9.280 25.610 .833 .366

.693 47.7 10.090 26.770 .895 ,372
1.123 57.5 11.660 32.140 1.13T~1 ,363
T.227 59.5 11.800 33.210 1.178 .355
T7375" 60.7 12. "370 33.830 1.224 .365
i .sad 61.5 12.300 34.230 1.236 .359
1.670 62.1 12.500 34.510 1.255 .363
2.000 62.7 12.500 34.760 1.264 .360
2.340 63.0 12.500 34.840 1.267 .360
2.580 63.0 12.370 34.750 1.258 .356
2.740 62.7 12.220 34.530 1.237 .354
2.990" 62.1 11.800 r 34.110 1.198 .346
3.500 60.1 11,380 32.840 1.147 .346
'4,280 55.9 10.380 30.300 1,023 .343
5.050 52,0 9.530 27.960 .918 .341
5.800 50.0 3.810 26.670 .855 .331
5.960 49.9 8.603 26.57 0 .846 .324
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Boring No. CB-1A

Depth (ft.) 20-21.5
Size of Sample (in.) 1,5 X 3
Rate of test (in./min.) .0002'

Weight of Sample (gm) 168.42
Moisture Content {%) 32.66 .

Consolidation Pressure (psi) 60
Back Pressure (kg/cm ) 2.10

HORIZONTAL SAMPLE

Strain
ESS

Load
AP lb.

Excess Pore
Pressure

AU Psi
C1 ' °3

Psi

gl “ g3
g3

Pore Press.
Coeff.

A
.06 10.5 2.49 5.930 .102 .420
.10 17.0. 4.19 9.600' .173 .437
.15 23.0 5.69 12.480 .240 .438
.24 31*. 3 7.11 17.660 .335 .403-

~748 46,0 10.38 25.900 .525 .401
.62 51.0 11.39 28,590 .592 .397
.77 5b .0 12.23 30.900 .651 .396

1.29 63.2 14.36 35.320 .779 . .407
1.40 64.5 14.50 36.010 .796 .403
1.84 67.1 . 15.64 37.300 .846 .419
2.19 68.4 16.07 37.880 .868 .424
2.42 69.0 16.35 38.130 .879 .429
2.65 69.1 16.21 38.090 .875 .425
2.97 69.3 16,26 38.076 .876 .426
3.13 69.6 16.38 38.180 .877 .430
3".'2 b 69.6 16.78 38.130 ■ .888 .440
4.15 70.6 1*8.06 33.318 .919 .470“
5.19 71.0 18.20 38.117 .918 .477
5.74 71.5 19.05 38.163 .938

+
.499
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Boring No. CB-1A
Depth (ft.) 22-23.5
Size of Sample (In.) 1.5 X 3
Rate of test (in./min.) .00024

Weight of Sample (gm) 166.9
Moisture Content (%) 34.65
Consolidation Pressure (psi) 10
Sack Pressure (kg.cm^) 2.80

Strain
E%

Load
AF 1b.

Excess Pore
Pressure

AU Psi
al “ a3

Psi

al ' °3 Pore Press.
Coeff.

A
.073 .5 .14 .283 .029 .503
.223 1.3 .43 ,734 .077 .530
*.343 4.4 1.14 2.483 .280 .458
.333 7.4 1.45 4.170 .483 .348'
.507 9.9 1.85 5.577 .684 .330
.647 11.5 2.40 5.470 .851 .370
.797 12.2 2.40 6.850 .90! 1 .353
.947 12.9 2.56 7,235 ,972 .354

1 ri3o 13.4 270 ■ 7.500 1.030 .350
1.410 13,7 270 7.650 1.048 .350
1.650 14.3 2.56 7.950 1.070 .320
2.360 14.5 2.40 8.017 1.055 .299
3.077 15.2 2.13 3,340 1.060 .256
3.55'Q 15.5 1.85 8.460 1.040 .220
4.020 16.1 171 8750 1.055 .195
4.260 16.5 1.60 8.940 1.060 .180
5.810 17.0 1.40 9.070 1.055 .157
6.640 17.5 1.35 9,250 1.070 .146
7.360 17,7 1.28 9.280 1.064 .138
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Boring No. CB-1A
Depth (ft.) 22-23.5 .

Size of Sample (In.)_1.5 X 3
Rate of test (in./min.) .00024

Height of Sample (gm) 166.50
Moisture Content (%) 34.38

Consolidation Pressure (psi)_20
o

Back Pressure (kg/cm ) 2.30

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
°1 -°3

Psi

dl ' °3
33

Pore Press.
Coeff..

A
”'.067 1.0 .028 .566 .028 .050

o1“—
i

1.6 .199 .905 .046 .220
.210 2.2 .284 1.240 .063 .230
.303 7.1 1.280 4.010 .214 .320
.393 12.3 2.840 “1 6.940 .404 .410
.507 15.6 3.980 8.790 .549 .453-
.653 16.7 4.270 9.390 .597 .454

7800 17.8 4". 340 9.998 .638 .434
1.410 20.0 5.400 11.160 .754 .484
1.560 20.5 5.400 11.430"' .783 .473
1.790 21.0 5.400 11.670 .799 .463
2.280 20.5 5.600 11.340 .788 .434
27900 21.7 5.600 11.930 .828 .471
37300 "21.8 5.400 1i .930 .817 ,453
47260 " 22.0 5.260 11.920 .809 .441
5.217" 22.3 5.120 ttit .803 .428
■7770"“ 22.5 4.980 12.000 ttw .415
6.250 22.9 4.830 12.150 . .801 .409
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Boring Mo. CB-1A

Depth (ft.) 22-23.5
Size of Sample (In.) 1.5X3
Rate of test (in./min.).00024

Weight of Sample (gm) 156.51
Moisture Content {%) 33.92
Consolidation Pressure (psi)_ 40
Back Pressure (kg/cm ) 2.80

Strain
E%

Load
AP lb.

Excess Pore I
Pressure

AU Psi
al ' a3

Psi

al " a3
33

Pore Press.
Coeff.

A
.053 1.70 .711 .962 .024 .740
.120 2.60 .995 1.470 .038 .677
.130 3.10 1.137 1.750 .045 .650
.280 2.30 1.280 1.300 .034 .980
.360 2.30 1.280 1.297 ,033 .'987
.440 2.70 1.350 1.520 .039 .839
. 590 3.10 1.560 1.740 .045 .899
.720 5.10 2.270 2.870 .076 .793
.860 7.00 2.770 3.930 .106 .706

1.010 13.50 4,550 7.570 .213 .601
1.030 19.10 5.830 10/700 .313 .545
T.200 23; 20 7.250 12.980 .396 .559
1.370 28/60 8.530 1 15.970 .507 .534
1.490 31,30 9.670 1 17.460 .576 . 554
r.670 35.40 10.810 19.710 .675 .548"
2.010 39.90 12.370 22.140 .801 .558
2.217 42.40 13.010 23.480 .870 ,554
OOO 47. TO 14,220 25.900 1.010 ,549
3.040 49.10 14.500 26.960 1.060 .533
3.377 51.20 15.360 28.010 1.140 ,548
3.600 52.10 15.360 28.440 1.150 .540
3.830 53.10 15.640 28.910 1.187 .540
3.950 S3.40 15.780 29.040 1.199 .543
7,910 41.10 12.510 21.430 .779 .584
8.030 40.80 11.660 21.240 .749 .549
8.330 40'. 10 11.660 20.810 .734

’

.560
8.570 39.60 11.880 20.500 .727 .576
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Boring No. CB-1A

Depth (ft.) 22-23.5
Size of Sample (In.) 1,5 X 3
Rate of test (in./min.) .00024

Weight of Sample (gm) 165.78
Moisture Content (%) 35.45
Consolidation Pressure (psi) 60

2
Back Pressure (kg/cm ) 2.10

Strain
E %

Load
AP lb.

Lxcess Pcre
Pressure

AU Psi
CT1 " a3

Psi

°1 ” ct3
63

Pore Press.
Coeff..

A
.063 1.40 .142 .792 .0132 .179
.081 2.20 1.140 1.240 .0210 ,917
.105 2.70 1 1.140 1,530 .0260 .743
.125 4.40 1.490 2.480 .0430 .602
.151 4.80 1 1.850 2.700 .0470 .684
. i 70 6.60 2.700 3.710 .0650 .728-

1.T20 26.70 8.390 14.950 .2910 1 .550
1.270 32.80 10.380 18.330 .3710 .566
1.580 42.60 13.940 23.740 .5190 .587
1.897 48.30 15.640 27.100 .5150 .577
2.060 51.10 16.640 28.340 .6580 .587
2.300 54.70 17.350 30.260 .7140 .573
2.570 57.50 18.770 31.770 .7760 .591
Z.7"Z0 53.80 19.340 32.390 .8020 .597
3,150 62.20 20.620 34.110 .8720 .604
3.600 64.70 21.300 35.300 .9190 .603
4.290 65.80 21.470 36.200 .9460 .593
4.760 67.70 21.470 35.500 . .9.540 .588
5.4 id 66.80 21.330 357780“ .9320 .596
OSo 57". 60 IF. 630 29.620 77210 .629
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Boring No. CB-1A
Depth (ft.) 22-23.5
Size of Sample (In.) 1.5X3
Rate of tes t (in./min.).00024

Weight of Sample (gm) 168.72
Moisture Content {%) —

Consolidation Pressure (psi) 10
Back Pressure (kg/cm") 1.90

HORIZONTAL SAMPLE

Strain
E%

Load
AP lb.

Excess Pore 1
Pressure

AU Psi
al “ a3

Psi

°1 -ff3
°3

Pore Press.
Coeff.

A
.047 2.2 .284 1.240 .128 .230
.107 3.9 .569 2.206 .234 .258 ■

.153 6.3 .995 3.560 .396 .279

.260 r 7.3 1.351 4.123 .477 .328

.327 11.2 1.850 6.320 .775 .292

.420 16.0 2,840 9.020 1.260
. , 315

. 537 19.2 3.130 10.810 1.570 .289
,597 21.0 3.270 11.820 1.760
.790 24.2 3.840 13.590 2.210 .280

".997 26.6 3.840 14.910 2.420 .258
1.200 29.1 3.550 16.280 2.520 ,218
1.350 30.0 3.470 16.750 2.570 .207
1.570 31.1 3,270 17.330 2.570 .189
1,960 3277- 2.910 “18.150 2.560 .160
3.160

' 33.1 1.420 18.150 2.115 .078
3.630 33.2 1.140 18.120 2.050 .063
3.980 33.6 .710 18.270 1.970 .039
9.700 28.1 -1.420 14.370 1.260 -.099
9.940 28.0 -1.420" 14.280 1.250 -.100
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Soring Mo. C3-1A

Depth (ft.) 22-23.5
Size of Sample (In.) 1.5X3
Rate of test {in./min.).00024

Weight of Sample (gm) 168.60
Moisture Content (%) 32.4
Consolidation Pressure (psi)_20
Back Pressure (kg/cm^) 2,80

HORIZONTAL SAMPLE

■

Strain
E*

'

Load
AP 1b.

Excess Pore
Pressure

AU Psi
°1 °3

Psi

°1 ‘ ff3
a3

Pore Press.
Coeff.

A
.030 3.20 .427 1.81 .092 .236
.050 7.15 1.420 4.04 .217 .352
.097 10.50 1.706 5.94 .325
.140 18.00 3.130 10.17 .603 .307
.320 23.80 4.690 13.43 .877 .349
.430 27.10 5.120 15,28 1.030 .335
.540 30.60 5.970 17.23 H7230 .347
.570 33.10 6.680 18.62 1.393 .359
.870 35.90 7.390 20.15 1.600 .36/

1.020 36.90 7.390 20.68 1.640 .35T
1.330 37.30 6.000 H20.84 1 1.490 .283
1.490 37.30 i 5,970 20.81 1.480 .287
1.730 37.30 b. SCO 20.75 1.470 .284
1.980 37.10 5.690 20.59 1.440 .276
2.220 36.60 5.400 20.26 1.390 .267~
2.530 36.10 5.120 19.90 1.3.40 ,257
2.960 35.10 4.590 19.28 1.260 .243
3.210 34.50 4.690 18.96 1.240 .248

'3.460 34.10 4.550 18.64 1.210 .244
3.730 33.80 4.340 18.41 1.175 .235
4,900 33.20 4.270 17.83

•

1.140 7213
5.800 32.50 3.690 17.33 1.060 .200
6.280 32.20 3.410 17.09 1.030 .193
6.760 I 32.10 3.270 16.95 1.010 .193
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Boring Mo. CB-1A
Depth (ft.) 22-23.5
Size of Sample (In.) 1.5 X 3
Rate of test (in./min.).00024

Weight of Sample (gm) 171.4
Moisture Content (%) 30.60
Consolidation Pressure (psi) 40
Back Pressure (kg/cm ) 1 JO

HORIZONTAL SAMPLE

Strain
E %

Load
AP lb.

Excess Pore
Pressure

AU Psi
ffl - a3

Psi

al " a3
a3

Pore Press.
Coeff.

A
.063 1.2 .142 .68 .WT .210
'.120 2.3 .213 1.30 .0330 .164.
.217 6.1 1.280 3.45 .0890 .371
.330 16.4 3.130 9.25 .2520 .338.
.400 23.2 5.400 13.08 .3800 .413"
.490 29.0 6.680 16.34 .4930 .410
.570 34.2 7.390 19.25 .5930 .384
.670 38.7 8.670 21.77 ;6980 .398

"42.5 9.670 23.88 77910 .405
“7380 46.5 TO. 380 26.10 .8860 .393
i .240 55.3 12.500 3*0.90 T7T300 ,405
1.440 58.1 12.900 32.40 1.2000 .339
1.660 60.0 13.510 33.41 1.2690 75o5~
1.880 61.5 14.010 34,17 i 1.3230 .410
2.190 , 62.2 14.080 34.45 1.3370 .409
2.510 62.5 14.080 34.50 TT390 .408
2.920 ' 61.5 13.510 33.81 1.2340 .400
3.270 59.4 13.150 32.54 1.2190 .404
4.050 54.9 12.660 29.83 1.097 .424
5.080 49.7 117550 26.71 .941 .429
57700* 48.1 7T7300 25.68 .900 .440
6.070 47.2 11.090 25.10 1 7573 .442
6.570 45.2 10.950 24.40 i .844 .449
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Bering No. C3-1A

Depth (ft.) 22-23>5
Size of Sample (In.) 1.5X3
Rate of test (in./min.) .00024

Weight of Sample (cm) 167.80
Moisture Content (%) 31.70
Consolidation Pressure (psi) 60
Back Pressure (kg/cm2) 2.20

HORIZONTAL SAMPLE

Strain
E%

Load
AP 1b.

Excess Pore
Pressure

AU Psi
al a3

Psi

al “ a3
^3

Pore Press.
Coeff*

A
.047 2.3 .711 1.302 .022 .546
,110 3.6 1.280 2.040 .035 .627 ■

.183 4.0 1.420 2.260 .039 ,630

.313 6.1 2.420 3.440 .050 .703'

.460 7.2 2.700 4.060 .071 ,665
. 610 3.0 2.840 4.600 .079 .632
.757 9.0 3.130 5.060 .089 .618
.850 14.0 4.410 7.860 .142 .561
.903 21.8 6.680 12.230 .231 .546
.977 28.0 8.250 15.700 .305 .525

1.037 32.5 8.820 18.210 .358 .484
1.273 47.2 12.510 26.330 .559 .474
1.430 53.2 14.220 29.690 .652 .479
1.597 53.8 15,500 F 32.760 .741 ,473
070 ' 65.0

'

17.210 36.120
'

7314 .476
2.300 71.2 18.910 39.280 .962 .481
2,860 ~ 75.2 20.330 41.370 1.050 ”7731
3.400 76,0 20.410 41.570 1.057 .491
4.260 75.0 20.330 40.660 “1.032 .500
4.760 73.2 19.840 39.480 .989 .502
6.070 71.0 19.340 37.760 .935 .512
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Boring Mo. C3~8

Depth (ft.) 33-35
Size of Sample (In.) 1.5X3
Rate of test (in./min.) .00024

Weight of Sample (gm) 166.85
Moisture Content (%) 34.3
Consolidation Pressure (psi) 10

2 ’
Back Pressure (kg/cm ) 1.50

Strai n

ESS
Load

AP lb.

Excess Pore
Pressure

AU Psi .

al “ a3
Psi

al ” a3
d3

Pore Press.
Coeff.

A
.070 .5 .0280 .283 .028 .099
.140 1.0 .0711 .565 .057 .126
.217 1.5 .1140 .848 .085 .135
.230 2.8 .4270 1.580 .165 .270
.323 5.5 | 1.1380 3.104 .350 .366

"“7T67 8.2 1.7780 4.626 .563 .384
.743 16.0 2.8440 8.992 1.260 .3 !S
.950 17.9 2.9860 10.038 1.431 .297

1.297 19.2 2.8440 10.731 1.500 .265
1.410 19.9 2.8300 11.108 1.550 .255
1 .643 20.1 h 2.7300 11.194 1.540 .244
1.877 20.9 2.7020 11.612 1.590 .233
2.190 21.1 2.2750 11.685 1.510 .195
2.430 21,5 2.0620 11.879 1.500 .174
3.453 22.5 1.5640 12.301 1.460 .127
3.93'/ 22.2 1.1380 T2.075

"

OSD .094
4.403 23.1 .8530 12.500 1.360 .068
4.960 23.3 .5690 12.540 1.330 .045
5.513 24.0 .5690 12.840 1.360 .044
5.597 23.8 .4270 12.720 1.330 .033



156

Boring No. CB-8

Depth (ft.) 33-35
Size of Sample (In.) 1.5
Rate of test (in,/min.)

Weight of Sample (gm) 167.9
Moisture Content (%) 33.2
Consolidation Pressure (psi) 20

0024 Back Pressure (kg/cnr) 1-70

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
CT1 - a3

Psi

CT1 - a3 Pore Press.
Coeff.

A
.033 2.6 .142 1.471 .074 ,097
.190 3.4 .569 1.921 .099 .296
.300 4.1 .711 2.314 .120 .307
.407 5.1 1.210 2.876 7T53 .420
.487 11.1 2.560 6.255 .359 .410
.570 16.9 3.410 9.515 .574 .359
.743 21.7 4.410 12.195 .782 .360
.887 23.1 4.830 12.964 .855 .373

1.333 25.4 5.400 14.191 .972 .381
1,567 25.9 5.400 14.440 .989 .374
T. 883 26.1 5.120 14.500 .974 ,353
2.233 26.2 4.830 14,490 .955 .334
2.443 26.2 4.760 14.470 .949 .329
2.760 26.6 4.550 14.650 .943 .311
2.920 26.6 4.550 14,620 .946 .311
3.160 26.6 4.480 14.580 .939 .307
3.400 26.9 4.266 14.710 .935 .290
4.830 27.1 4.120 14.600 .919 .282
5.300 27.4 3.930 14.690 .917 .267
097 28.1 3.555 j 14.940 .908 .238
‘6.T50 27.9 3.555 I 14.820 .901 .239
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Boring No. CB-8

Depth (ft.) _ 28" 30 ;
Size of Sample (In.) 1.5 X 3
Rate of test (in./min.).00024

Weight of Sample (gm) 173.2
Moisture Content (55) 29.50
Consolidation Pressure (psi) 20

2
Back Pressure (kg/cm ) 1>70

Strain
r: o/u/e

Load
AP lb.

Excess Pore
Pressure

AU Psi
al " a3

Psi

CT1 " a3j Pore Press.
Coeff.

A53
"".067 .80 .1422 .453 .023 .310
~".T4Q 1.20 .2840 .679 .034 .420

.213 2.00 .4260 1.130 .058 .378
T2>37"'' 2.30 .4980 1.299 .067 .383

.357 * 3.00 .5630 1.693 .087 .336

.337 6.90 1.4220 3.890 .210 .366
"

.670 21.00 4.4100 11.810 .760 .373
~Tsoo 23.40 4.6900 13.140 .850 .357
'

.930 25.30 5.4040 14.190 .970 .381
1 .070 27.00 5.6900 15.125 1.060 .376
1.210” * 78.30 5.9700 15.830 1.120 .377
T.36G"' 29.56 6.1900 16.480 1.190 .375
1.503 30.40 6«5400 16.950 1.260 1 .386
T. 650

'

31.50 6.6800 17.540 1 .316 .380
TIB30 32.50 6.7500 18.070 1.364 .373
1.947 33.10 6.6800 18.380 1.380 .363
IT. 097 34.00 6.6800 18.350 1.415 .354
2;240 35.00 5.5400 19.370 1.430 .345
020 35.20 5.4000 19.470 1.430 .329
2". 630

"

36.10 6.5400 19.910 1.510 1 .328
"090 37.80 6.6800 20.740 1.550 .322
3.710 38.50 6.5400 20.390 1.560 .308
4.380 39.20 5.9700

'

2T.224 1.510 .281
5.340 39.50 5.5500 fT. 170 1.460 .262
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Boring No. CB-3

Depth (ft.) 33'-35
Size of Sample (In.) 1.5X3
Rate of test (in./min.) .00024

Height of Sample (am) 170.7
Moisture Content" (%) 32,60
Consolidation Pressure (psi) 40
Back Pressure (kg/cm^) 2.00

Strain
E%

Load
&P lb.

Excess Pore
Pressure

MJ Psi
a1 "

Psi

q1 " g3
q3

Pore Press.
Coeff. ■

A
.019 " ”.006 1.3 .014 .735 .018

.283 5.5 1.422 3.105 .081 .453

.337 10.4 2.560 5.830 .156 .439

.393 18.2 . 4.410 10.260 .288 ,429

.460 25.0 5.900 14.090 .413 .420

.533 31.3 7.250 17.628 ,538 .411"

.317 45.5 11.090 25.550 .884 .434

.977 51.3 12.440 28.764 1.040 .433
1.090 54.8 12,800 30.690 1.128 .417
T.210 57.7 13.516 32.270 1.220 .418
1.320 60.3 13.790 33.700 1.286 .409
1.460 62.5 13.940 34.870 1.338 1 .400
1.627 65.3 14,220 36.370 1,4!1 .391
1 .800 67.3 14.430 37.420 1.453 .386
1.950 68.3 14,650 37.920 1,496 .386
2.100 68.8 14.500 38.130 1.495 .380
2.230 69.3 14.360 38.360 1.496 .374
2.410 69.3 14.220 38.290 ■1.485 .3TT
2.620 66.1 14.220 36,450 1.414 .390
2.780 65.4 14.210 36.002 1.396 .395
3.830 59.3 12.650 32.290 1.181 .392
"4.360 55.5 11.234 30.050 . 1.045 .374
5.700 51.3 10.665 27.390 .934 .389
5.860 51.1 10.655 27.240 .929 .392
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Bon*ng Ho. C3-8

Depch (ft.) 33-35
Size of Sample (In.)1-5 X 3
Rate of tes t (i n. /rrn* n.) .00024

Weight of Sample (gm) 168,2
Moisture Content (%) 32.0
Consolidation Pressure (psi) 40
Back Pressure (kg/cm^) 2.35

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
^1 " a3

Psi
V °3

°3

Pore Press.
Coeff.

A
. 070 .60 .284 ,339 .0086 .838
.Too 4.60 1.850 2.600 .0690 .711
..120 8.90 2.990 5.030 .1370 .594
.150 12.10 3.840 6.840 .1910 .561-
.230 18.00 5.546 10.163 .2970 .545
,360 26.20 7.963 14.780 .4680 ."538

T520 32.50 9.530 18.310 .6070 .520
, 680 37.70 — 21.200 — -----

.360 42.40 23.800 — —

1.050 46.30 25.940 — —

1.240 49.50 -—- 27.680 — -■

1.440 52/80 — 29,460 —

1,640 55.70 31.020 —

ttqo 56.90 15.930 31.670 1.3300 .503
1.040 58.60 16.070 32.570 1.3800 .490
i.980 59.70 16.350 33.130 i.4300 .493
2.120 61.20 16.640 33.920 1.480t) .490
2.270 61.70 16.780 34.140 175000 .490
2.460 62.70 16.920 34.630 1.5130 .438
2.560 62.50 16.350 34.480 17700 .474
2.750 h 61.80 15.930 34.030 174300 .468
2,930 60//0 15.640 33.360 1.3880 .469
3.100 59.90 15.360 32.850 T.3500 .467
3.280 58,70 15.070 32.140 1.3060 .469
3.5S0 56.20 14.360 30.680 1 ,2120 .468
4,450 51 .70 13.790 27.970 1.0930 .493
5.240 50.00 . 12.800 26.830 .9980 r .477



160

Boring No. C8-1A

Depth (ft.) 22-23.5
Size of Sample (In.)_l_.5JKJ3
Rate of test (in./min.) .00024

Height of Sample (gin) 159,50
Moisture Content' W 37.35
Consolidation Pressure (psi) 10

p
Back Pressure (kg/cm ) 2.70

REMOLDED SAMPLE

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
°1 ' ff3

Psi

al ‘ a3 Pore Press.
Coeff.

A
.053 2.10 .284 1.189 .122 .240
.080 4.90 .854 2.772 .313 .308
.197 9.30 1.920 5.256 .651 .365

".327 1 11.50 2.700 6.491 .889 .383 *

.467 IOO 2.840 ~T7m 1.016 .390

.617 13.50 2.390 7.597 1.083 .394

.843 14.50 3.200 8.141 1.197 .394
1.070 15.50 3.630 8.683 1.347 74T8'
1,530 16.70 3.980 9.311 ■1.547 .443
2.000 17.60 4.200 9.770 1.683 1136
2.470 18.50 4.200 10T2T7 1 ,760 .410
2.940 19.40 4.270 10.662 1.860 .402
3.730 19.90 4.130 10.848 1.847 .380
4.360 20.50 3.980 rim 02 1.857 .358
4.343 20.50 3.910 11.046 1.820 .354
5.310 19.90 3.270 10.614 1.577 .307
5.633 18.30 2.990 9.675 1.379 .308
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CB-1A

22-23.5

Weight of Sample (gm)
Moisture Content (%)

160.76

37.40

Boring Wo.

Depth (ft.)
Size of Sample (In.) 1.5 X 3 Consolidation Pressure (psi) 20

o

Rate of test (in./min.) .00024 Back Pressure (kg/cm)

REMOLDED SAMPLE

2.90

Strain
ESS

Load
AP lb.

Excess Pore
Pressure

AU Psi
CT1 ' °3

Psi

°1 " 03
^3

Pore Press.
Coeff.

A
.070 .60 .142 .340 .0170 .417
.140 T. 50 .356 .848 .0432 .420
.207 2.40 ' .711 1 .356 .0703 .525
.243 5.70 1.109 3.220 ,1710 .344
.290 7.29 1.280 4.116 ,2200 .311
.337 10.50 1.991 5.926 .3290 .336
,453 13.60 2.702 7.670

"

.4430 .352
.587 15.80 3.626 8,894 ,5430 .408
,733 16.70 3.910 9.387 .5830 .416
.873 18.10 4.270 10.160 .6460 .420

1.323 120.30 ^ 5.420 11.343 .7780 .478
1.550 21.20 5.830 11.818 .8340 .492
2.010 22.60 6.612 12,540 .9370 .527
2.470 24.00 6.826 13.254 1.0060 .515
2.340 25.00 7.110 13.740 1.0660 .518
3.410 25.60 7.252 14.002 1.0980 ,518
3.880 26.4 7.470 14.370 1.1460 .520
4.S03 27.7 7.820 14.916 1.2390 .524
5.460 28.2 7.963 15.097 1.2540 .529
5.930 28.7 7.892 15.288 1.2630" .516
6.490 29.0 7.764 15.356 .506
7.040 29.2 77537 T5T370 1.23T0- .490

10.990 27.0 6,683 13.608 1.0220 .490
11.660 25,2 6.540 12.606 .9370 .519
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Soring No. CB-iA
Depth (ft.) 22-23.5
Size of Sample (In.)1.5X3
Rate of tes t (in./min.).00024

Weight of Sample (gm) 161.40
Moisture Content (%) 37.30
Consolidation Pressure (psi)_40
Back Pressure (kg/cm^) 2.30

REMOLDED SAMPLE

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
al " a3

Psi

CT1 " °3 Pore Press.
Coeff. .

A«3
.037 3.20 .995 1.811 .0460 .540
.077 6.10 1.706 3.450 .0901 .495
.113 9.40 2.560 5.317 .1420 .482
.157 12.00 3.270 6.784 .1850 .483
.200 14.80 3.982 8.364 .2320 .478
.257 16.60 4.238 9.376 .2620 .452
.373 19.70 4.977 11.114 .3170 ,446
.503 21.80 5.830 12.282 .3590 .174
.640 23.70 6.540 13.334 .3990 .489
.853 1 25.60 7.252 14.370 .4390 .505

T7070 27.30 8.674 15.293 .4880 .568
1.290 28.70 9.670 16.042 .5290 .602
1.73 7 31.10 10.949 17.305 .5960 .632
2.270 33.40 11.803 18.480 .6550 .640
2.880 35.50 12.940 19.524 .7220 .663
3.337 36.80 13.220 20.143 .7520 .660
3.643 37.80 13.650 20.624 .7740 .661
4.310 40.40 14.500 21.776 .8540 .667
5.430 41.70 14.790 22.330 .3860 .664
5.983 42.30 15.070 22.519 .9030 .670
6.460 42.80 15.360 22.671 .9250
6.930 34.10 14.930 22.713 .9060 .659

11.400 32.30 13.082 16.200 .6040 .809
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Soring No. CB-1A

Depth (ft.) 22-23.5
Size of Sample (In.) 1.5 X 3
Rate of test (in./min.)

Weight of Sample (grn) 156.7
Moisture Content(#)__ 41,1
Consolidation Pressure (psi) 10

2
Back Pressure (kg/cro) 2.10.00024

REMOLDED SAMPLE

Strain
E*

Load
AP lb.

Excess Pore
Pressure

All Psi
1 ' °3
Psi

ffl ‘ 03
a3

Pore Press.
Coeff.

A
—|OKirOj 3.0 .284 1.70 .175 .167

.037 5.4 .569 3.06 .324 .186

.140 7.3 1.209 4.13 .470 .292

.203 8.8 1.536 4.97 .587 .310

.270 9.9 1.635 5.59 ,668 .293

.34U~ 10.6 1.850 5.98 .734 .310

.480 "“TO” ' 2.560 6.71 .902 .381

.630 12.5 2.960 7.03 ,999 .421

.780 13.1 2.990 ; 7.36 1.050 .406

.900 13.7 3.020 7.69' T.W .394
1.090 14.2 3.060 7.95 1.146 .385
1.240 14.8 3.200 8.28 1.205 .385
1.390 15.1 3.270 .3.43 1.253 .388
1.940 16.2 3.410 8.99 1.36? .380
2.170 16.8 3.550 9.31 1.428 .382
2.490 17.1 3.630 9.44 1.498 .386
2.720 17.4 3.700 9.58 1.521 .386
3.120 17.7 3.700 9.71 1.541 .380
3.610 18.2 3.700 9.94 1.578
"3.^10 18.3 3.700 9.96 Tssi ,371
5.030 18.2 3.560 9.79 TT62S .364
5.520" 17.4 3.200 9.31 1.369 .343
6.010 16.8 3.060 8.94 1.288 .342
6.500 16.0 r 3.000 8.47 1.210 .354
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Boring Mo. CB-1A

Depth (ft.) 22-23.5
Size of Sample (In.) 1.5X3
Rate of test (in./min.).00024

REMOLDED

Weight of Sample (gm) 155.1
Moisture Content (%) 40.85
Consolidation Pressure (psi) 20
Sack Pressure (kg/cm^) 1,30

SAMPLE

Strain
E35

Load
AP lb.

Excess Pore
Pressure

AU Psi
al “ a3

Psi

al " a3
°3

Pore Press.
Coeff.

A
.060 TTS'O ,280 .85 .043 .330
.130 2.30 .498 1.30 .067 .383
.177 4.80 1.020 2.70 .142 .378
.220 7.m 1.560 4.07 .221 .383'
.277 9.20 1.990 5.20 .289 .383
.340 10.30 2.560 5.81 .333 .416
.470 12.70 2.990 7.16 .421 .427
.610 14.10 3.700 7.94

*~

.w ,466
.763 15.30 4.130 8.60 .542 .480
.900 16.30 4.690 9.15 .598 .512

1.200 1 17.80 5.620 9.96 .693 .564
TW*1 19.00 5.950 10.80 .761 .551
“17960 20.50 6.830 11.38 .873 .600

2.420 21.80 77*250 12.05 .940 759 5
2.890 23,20 77 540 12.76 1.024 .602
3.350 24.20 8.250 13.25 1.131 .623
3.740 24.70 8.250 13.46 1.146 .613
5.080 26.80 3.460 14.41 1.249 .587
5.560 27.30 8.520 14.60 1.272 .584
6.020 27.90 8.530 14.35 1.295 .574
6.500 28.20 8.530 14.93 1.302 .570
6.980 28.30 8.530 14.91 1.300 .572

TO.900 22.30 7. no' “TT725 .873 .632
11.380 22.30 7.110 11.19 .868 .636
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Boring No. CB-1A. Weight of Sample (gm) 157.46

Depth {ft.) 22-23.5 Moisture Content (%) 41.2
Size of Sample (In.) 1.5X3 Consolidation Pressure (psi) 40
Rate of test (in./min.).00024 Back Pressure (k'g/cm^) 2.80

REMOLDED SAMPLE

Strain
E%

Load
AP lb.

Excess Pore
Pressure

AU Psi
a} " 03

Psi

°1 - ^3
33

Pore Press.
Coeff.

A
.053 1.80 .855 1.020 .026 .836
.127 2.50 1.140 1.4"T0 .036 .808
.T87 3.80 1.560 2TTW .056 .725
.230 6.60 2.420 3.730 .099 . 645 -

.273 9.50 2.820 5.360 .145 .'526

.323 11.60 3.410 6.55CT .180 1 .521

.373 I 13.65 4.270 7.700 .216 ,526

.437 14.90 4.410 8.400 .236 ,526

.563 1r 17.40 5.550 9.797 .284 .568

.69? 19.50 6.540 10.960 .328 .597

.837 20.80 7.14b 11.680 .355 .611
1 .270 24.60 9.530 13.750 .451 .692
1.490 25.90 1“ 10.090 14.450 "1 .483 .697

"TT9cnr 27.60 11.380 i 15,350 .536 .740
srcrai) 28.70 12,090 15,910 .570 .758

”060" 30.60 13.080 16.900 . . ,628 .773
2.840 32.00 13.940 T77600 .675 .793
3.380 33.60 14.650 18.380 .725 .797
4.310 36.10 15.640 19.560 .803 .800
4.780 36.70 15.780 19.790 .817 .798
5.240 37.70 15.930 20.230 . 840 .788
5.710 38.60 16.210" 20.610 .866 .787
6.190 38.SO 16.630 20.560 .884 .805
6.660 39.5Q 16.780 20.880 .899 .803
6.900 39.60 16.780 20.880 >899 .803

'10.600 39.40 16.070 19.970 .834 .805
11.070 33.30 15.640 16.770 .688 .935
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Boring No. CB-1A
Depth (ft.) 22-23.5
Size of Sample (In.)1.5 X

Weight of Sample (gm) 172.80
Moisture Content (%) 28.3Q
Consolidation Pressure (psi) 10

Rate of test (in./min,) .000072 Backpressure (kg/crn) 2.20

— j-

CT1 ' °3
Vol uma

Strain Load Change AV
u AP lb. Psi AV ML. Vo

"

Ml 4,1 2/320 - .08 - .0151
T4T 7.3 4.134 - .13 - .0245

KC o 5.4 3.050 - .13 - .0246
.387 ] 10.1 5.710 - .18 - .0341

“7513' 12'. 6 7.120 - .24 - .0455
76S0~ 14.9 8.410 - .28 - .0530

1.430 21.8 12.230 - .42 - ,0/95
1.610" 22.9 12.830 - .47 - .0890
2.060 25.3 14.110 «?

i

*

j

i

1

i

!lj - .0910
2"i 760 27.0 14.940 - .43 - .0815

""4,330 26.0 14.140 - .33 - .0625
"T.57(T 25.9 14.040 - .28 - .0530
‘4.810 '

~

25.8 18.940 - .23 - .0435
”5.060 25.6 13.790 - .20 - .0379

5.540 25.1 13.450 - .18 - .0341
“5.780 25.0 13.360 - .16 - .0303
~O70 24.6 13.080 - .14 - .0265

7.110 24.4 12.850 - .08 - .0TT1
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Soring No. CB-1A

Depth (ft.) 22-23.5
Size of Sample (In.)1,5X3
Rate of test (in./min.) ,000072

Height of Sample (gm) 172.2
Moisture Content {%) 29.76
Consolidation Pressure (psi) 20

p
Back Pressure (kq/cm ) 2.70

Strain
e%

Load
AP lb.

a1 - a3
Psi

Volume
Change
AV ML.

AV
Vn

.032 3.0 1.699 - .030 - 70057

.064 6.1 3.450 - .045. - .0085

.140 6.6 3.730 - .05 - .0095

.273 10.3 5.820 ni—oI - ,0133
.391 8.2 4.630 - .10 - .0190
.725 13.7 7,710 - .15 - .0284
,889 19.6 11.030 - .24 - .0455

1.193 25.5 14.320 - .34 - .0645
1.441 28.5 15.970 - .35 - .0663
1.565 29.7 16.630 - .37 - .0700
1.813 32.7 18.400 - .38 - ,0720
2.740 31.6 17.480 - .37 - «0700
2.980 31.6 17.430 - .37 - .0700
3.197 31.6 17.390 - .36 - .0680
3.630 31.6 17.310 - ,35 - .0660'
4.080 31.6 17,230 - .33 - .0625
4.690 31,6 17.114 I ~ .30 - .0570
4.850 31.6 177530 | - .27 - .05l0~
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Boring No, C3-1A
Depth (ft,) 22-23.5
Size of Sample (In.) 1.5X3
Rate of test (in./min.).000072

Weight of Sample (gm) 170.2
Moisture Content (%) 30,35
Consolidation Pressure (psi) 40

p
Back Pressure (kg/cm ) 2.80

Strain
E%

Load
AP lb.

1 " J3
Psi

Volume
Change
AV ML.

AV
Vo

M2 2.3 1.302 - .020 - .0038
.087 4.2 2.330 - .038 - .0070
,143 5.5 3.110 - .040 - ,0076
.312 9.0 5.084 - .060 - .0114
.397 15.0 8.472 - .120 - ,0230
.477 19.9" 11.233 - .140 - .0270
.596 25.0 14.110 - .238 - .0450
.7M 32.3 18.220 - .340 - .0640
.902 36.0 1 20.290 - .360 - .0630

1.034 40.3 22.700 - .440 - .0830
1.138 43.3 24.370 - ."460 - .0870
1.263 46,4 26.0S6 - .510 - .0970

TT3/0 43.0 27.540 - .540 - .1020
1 .480 51.6 28.973 - .560 - .1060
2.440 "53.4 32.530 - .730 - .1380
2.760 58.0 32.200 - .720 J 350
3.132 57.1 31.580 - .720 - .1360
3,427 | 56.8 31.321 - .720 - .1360
3.790" | 56.5 31.040 - .720 - .1350
4,010 56.2 30.800 - .710 - ,1340
4.230 f 56.0 30.610 - .680 - .1290



APPENDIX C

DATA OF DIRECT SHEAR TESTS
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Sori rig No C3-1A

Depth (ft.)_20:2K5
Size of Samp 1 e (In.) 2_.X .55
Rata of test {in./hr.} .007

Weight of Sample (gm) 101.1
Moisture Content {%) 32.60
Consolidation Pressure (psi) 10

Number of
Shearing

Displacement
Inch

Ah
Inch

Load
Lb.

Shearing
Resistance

psi

AV

First
Shearing

,0023 0 8.0 1.631 0
0 ~
7045
7153
.292

.0050 0
.0003

19.3 3.934
.0105
.0190 '

70~238

29.5 6.013
.0010
’.0019“ '

38.3
39.5

7.910
8.072

.0404 .0029 34.9 7.114 .446

.0428

.0530 ”
.0033
.0041 ‘

34.0
31,5

6.930
6.421

.508
“T6TT~
"~'\o"77 ~

7815"
,0586 .0044 33.9 6.910
.0767 .0053 27.0 5.503
.0987 .0061 25.3 5.160 .938
.1549 .0074 22.0

21.0
4.480 1.138

. 1800 "70082 1 4.280 1,261

.2191 .0093 20.0 4.080 1.430

. 2652 ,0099 19.0 3.873 1.523

Second
Shearing

0 .0064 0 0 .985
.0052 .0064 8.8 1.794 .985
.0153
.0404

.0054 12.5 2.548 .985

.0062
: ;0G2

14.5 2.956 .954
.1343 15.5 3.159 .954
.1693' .0067 15.5 3.159 1.031
,2165 .0072 15.7 3.200 l.no
. 2536 .0082 15.8 3.221 1.261

Third
Shearing

0 .0065 0 0 1.000
.0063 .0065 10.Q 2.038 1.000
.0215 .0065 ITT 2.263 1.000
.0745
71006

.0064 13.0 2.650 .984

.0054 13.3 2.711 .984
.1564 .0064 13.7 2.792 .984
.2418 .0085 1TTT" 2.874 1.310
.2561 .0090 14.6 2.975 1.380
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(Cont'd.)

Number of
Shearing

Displacement
Inch

Ah
Inch

.0055

Load
Lb.

0

Shearing
Resistance

psi

AV

F
Fourth
Shearing

0 0 1.000
.0629 ,0065 12.0 2.446 1.000
,1114 .0064 12.7 2.589 .984
.1428 .0064 12.9 2,630 .984
.2211 .0077 13.7 2.790 1.184
.2436 .0083 14.1 2.870 1.280

Fifth
Shearing

0 .0053 0 0 .969
.0640 .0061 12.9 l 2.629 .938
.0996 .0059 12.0 l 2.446 .907

.923 '.1500 .0060 12.6 2.568 ^
.2265
72438 '

.0077 13.4 2.731 1.184

.0077 13.7 2.792 1 .184
.2647 .0082 14/0 2.854 1.262

Sixth
Shearing

0 .0061 0 0 .933
.938 '.0277 .0061 9.3 1.896

.0635 .0061
7006T

11.0 2.242 ,933
.0946 11.8 2.405 7938
.1728 .0060 12.5 2.543 .923
.2058 r.0065" 13.0 2.650 1.000
.2300 .0068 13.4 2.730 1.050
.2647 .0078 14.0 2.854 1.200
.2682 .0078 14.0 2.854 1.200
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Soring Mo. C3-1A

Depth (ft.) 2gjnJ5
Size of Sample (In.) 2.5 X .55
Rate of test (in./hr.) .007

Weight of Sample (gm) 100.90
Moisture Content {%) 32,10
Consolidation Pressure (psi) 20

Number of
Shearing

Displacement
Inch

Ah
Inch

Load
Lb.

Shearing
Resistance

psi

AV

j-
Fi rs t .0034 0 12.0 2.450 0
Shearing .0038 0 26.5 5.402 0

.0162 0 40.6 S.276 0

.0190 .0001 44.6 9.091 .015

.0236 .0001 48.7 9.927 .015

.0288 .0002 51.9 10.579 .031

.0317 .0002 53.0 10.803 .031

.0348 ,0003 53.5 10.905 .046

.0404 .0004 53.0 10.803 .052

.0674 .0013 39.8 8.113 ' ..200

.0837 .0017 36.0 7.338 .262

.1597 .0029 28.5 5.809 .446

.1724 .0029 27.8 5.657 .446

.2010 ^.0030 27.0 5.503 .462
I"' .2155 .0033 26.0 5.300 .508

.2460 .0038 25.0 5.096 .585

.2650 .0038 24.5 4.994 .585

Second 0 0 0 0 0
Shearing .0125 0 17.2 3.506 0

.0329 0 18.5 3.771 0

.1038 0 19.7 4.015 0

.1420 0 20.1 4.097 0

.20TB .0008 20.3 4.138 .0123
. 26/6 .0002 20.7 4.220 .0310

Third 0 - ,0003 0 0 -.046
Shearing ,0003 16.5 3.363 -.046

_ _ _

.0275 - ,0003 15.5 3.160 -.046

.0480 1- .0003 ! 6.5 3.360 -.046
,0755 j- ,0003 17.3 3.530 -.046
.0964 1- .0003 17.3 3.570 -

* 046
.1609 i~ .0003 17.3 3.530 -.046

- 202/ J-'-OGOl
^

18.2 3.710 -.015
.2201 i- .0001 18.4 3.750 -.015
. 2b0O ; IF ;0G02 13/0 3.870 .031
,2o/0 T .0002 F 19.4 3,950 .031
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(Cont'd.)

Number of
Shearing

Displacement
Inch

Ah
Inch

Load
Lb.

Shearing
Resistance

psi

AV

if
Fourth 0 -.0010 0 0 -.154
Shearing .0484 -.0010 15.8 3.22 -.154

.1038 -.goto 16.7 3.40 - .154

.1264 -.0010 16.9 3.44 -.154

.1700 -.0080 17.2 " 3.51 -.123

.2603 -.0004 18.5 3.77 -.062
. 2706 +.0002 19.2 3.91 - .031

Fifth 0 -.0012 0 0 -.185
Shearing ,0067 -

* 0012 12.3 2751 -.185
.0197 -.0012 14.0 2.85 -.185
.0434 -.0012 15.4 3.14 -.185"
.0635 -.0012 15.8 3.22 -.135
.0709 -.0012 16.0 3.26 -.185
.0918 -.0012 16.1 3.28

"

- .135
, 1663 -.0012 16.7 3.40 -.185
.2015 -.0010 17.2 3.51 -.154
,2430 -.0010 17.9 3,65 -.154
,2639" -.0008 19.1 3.90 -.123

Sixth 0 -.0015 0 0 -.231
Shearing .0051 -.0015 6.0 1722 -.231

.0235 -.0015 13.5 2.75 -.231

.0454 r -.0015 14.8" 3.02 -.231

.1112 -.0015 16.0 3.26 - .231

.1616 -,0015 16.6 3.38 -.231

.1965 -.0014 16.8 3.42 -.215

.2691 -.0010 19.1 3.90 -.154
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Boring Mo. _C5-1A
Depth (ft.) 20-21.5
Size of Sample (In.) 2.5 X .65
Rate of test (in./hr.) .007

Weight of Sample (gm) 098.6
Moisture Content {%) 34,0

_

Consolidation Pressure (psi)4Q



(Cont'd,)
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Humber of
Shearing

Displacement
Inch

Ah
Inch

Load
Lb.

Shearing
Resistance

psi

AV
V
%°

Thi rd 0 -.0110 0 0 -1.69
Shearing .04/2 -.0111 26.5 5.400 -1.71

'

.0779 -.0113 27.8 5.660 -1.71

.09872 -.0113 28.2 5.740 -1.74

.1503 -.0113 29.7 6.05 A -1.74
,2147 -.0109 33.3 6.780 “177?
.2419 -.0107 34.6 7.053 -1.68
.2624 '■70T04 35.9 7.300 -1.65
.2659 -.0104 36.7 7.470 -1.60

Fourth 0 -.0133 0 0 -2.05
Shearing .0075" -.0133 11.0 2.242 -2.05

.0150 -.0133 21.8 4.444 -2.05

.0234 -.0135 23.0 4.688 -2.08

.0680 -.0139 26.8 5.463 -2.14

.1459 -.0140 29.6 6.033 *2.15
,1709 -.0139 30.5 6.217 2.14
.1880 -.0137 31.0 6.319 2,11
.2376 -.0130 33.0 6.726 2.GO
.2672 -.0125 3~0.. 6.960 1.92

Fifth 0 ■= .0170 0 0 -2.62
Shearing .0584 -.0172 25.4 5.177 -2.65

.0858 -.0175 26.3 5.361 -2.69

.0991 -.0175 27.5 5.605 -2.69

.1436 -.0175 29,3 5.972 -2.69

.2138 -.0169 32.6 6.645 -2.60

.2429 -.0166 33,1 6.747 -2.55

.2863 -.0162 33.6 6.349 -2.49

.2881 -.0162 33.9 6.910 -2.49

Sixth 0 -.0200 0 0 -3.08
Shearing .0102 -.0200 18.2 3.710 -3.08

.0285 -.0200 22.7 4,627 -3.08

.0657 -.0203 24.9 5.075 -3.12

.0843 -.0204 25.9 5,280 -3.14

.1509 -.0203 28.7 5.850 -3.12

.2091 -.0196 ~ 31.0 6". 3 20 -3.02

.2486 -.0192 32.2 6,561 -2.95

.2580 I-.0189 33.8 6.900 -2.51
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Boring No. CB-1
Depth (ft.) 23 -25
Size of Sample (In,)0.65 X 2.5
Rate of test (in./hr.) .G07

Weight of Sample (gin) 102.7
Moisture Content (&) 29.50
Consolidation Pressure (psi) 10

Shearing A V
Number of Displacement Ah Load Resistance vn
Shearing Inch Inch Lb. psi iO

Fi rst .0068 .0002 15.1 3.08 .031 ‘
Shearing .0182 .0009 28.4“* "5.79 .138

.0323 .0021 33.9 6.91 .323

.0372 .0026 34.6 7.05 .400

.0476 .0034 34.7 7.07 .523

.0588 .0043 34.7 7.08 .661

.0738 .0055 31.8 6.48 .345

.0837 .0064 29.9 6.10 .985

.1521 .0098 23.8 4.85 1 -510

.1735 .0104 23.2 4.73 T.600

.2093 .0117 21.6 4.40 1.800

.'2344 .0123 20.9 4.26 1.890

.2398 .0124 20.5 4.18 1.910

.2576 .0124 19.9 4.06 1.910

Second 0 .0090 0 0 1.380
Shearing .0137 .0088 12.2 2.49 1.350

.0235 .0086 13.4 2.73 1.320

.0335 .0084 14.5 2.96 1.290

.0403 .0083 14.7 3.00 1.280

.1028 .0081 15.4 3.13 1.250

.1203 .0083 15.5 3.15 1.280

.1412 .0088 15.5 3.16 1 .'350

.1832 .0099 15.6 3.18 1.520

.2041 .0104 15.7 3.20 1.600
,2705 .0112 15.9 3.24 1.720

Third 0 .0094 0 0 1.450
Shearing .0047 .0094 3.7 .75 1.450

.0168 ,0094 9.9 2/02 1.450

.0320 .0090 11.0 2.24 1.380

.0437 .0088 i 1.8 2.41 1.350

.0593 .0088 12.1 2.47 1.350

.0766 .0087 12.5 2.55 1.340

.1357 .0083 13.1 2.67 1.350

.1775 0097 13.5 2-75
1 2.83

1.490
.2157 .0105 13.9 1.620
, 2384 .0108 14.1 1 2.87 1.660
.2716 .urn 14.2 | 2.89 T7710
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(Cont'd.)

Shearing AV
Number of Displacement Ah Load Resistance vn
Shearing Inch Inch Lb. psi
fourth 0 .0100 0 0 1.54
Shearing .0065 .0100 6.6 1.35 1.54

.0274 .0096 9.8 2.00 1.48
,0581 .0094 11.1 2.26 1.45
.0306 .0092 11-5

_

2.34 1.42
.1380 .0092 12.0 2.45 1.42
.1693 .0100 12.5 2.55 1.54

• .2198 .0109 13.0 2.65 1.68
.2423 .0109 13.2 2.69 1.68
.2/19 .0113 13.6 2.77 1.74

Fifth 0 .0100 0 0 1.54
Shearing .0068 .0100 6.9 1.41 1.54

.0119 .0100 8.7 1.77 1.54

.0398 .0096 3.6 1.96 1.48 "

.0760 .0094 10,6 2.is 1,45

.1419 .0102 11.5 2.34 1.57

.1749 ,0103 12.0 2.45 1.58

.2323 .0109 12.5 2.56 i .68

.2513 .0112 12.9 2.63 1.72

.2721 .0112 13.2 2.69 1.72
Sixth 0 .0098 0 0 1.51
Shearing .0572 ,0096 9.7 1.98 1.48

.0780 .0095 io.o 2.04 1.46

.0953 .0095 10.5 2.14 1.46

.1543 .0100 11.2 2.23 “1.54

.2221 .0109 11.9 2.44 1,68

.2688“ .0111 13.0 2.65 1.71 .
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Bari nn No. CB-1

Depth (ft.) 23-25
Size of Sample (In.) .65 X ?! .5
Rate of test (in,/h r,) .007

Weight of Sample (gm) 102.7
Moisture Content {%) 29.2
Consolidation Pressure (psi) 20

STi earing I AV
Number of
Shearing

Displacement
Inch

Ah
Inch

Load
In,

Resistance
psi 5-

Fi rst .0028 0 9.9 2.02 0
Shearing .0059 0 19.7 4.02 0

.0118 0 33.2 6.77 0 .

,0165 0 40.0 8.15 0
.0228 0 47.2 9.62 0
.0265 0 50.0 10.19 0
.0290 0 51.5 10.50 0
.0332 0 53,4 10.88 0
.0403 0 56.2 11.44 0
.0468 0 56.9 11.60 0
.0520 .0006 57.0 11,62 .092
.0537 .0007 57.0 11 .62 .103
.0555 .0003 56,9 11.60 ,123
.0633 .0009 55.8 11.37 .138
,0683 ,0010 b5.2 11.25 .154

0 .1397 .0025 38.7 7.89 .385
.1642 ,0031 36.0 7.34 .477
,2027 .0036 33.0 6.73 ,554
.2334 .0041 31 .2 5.36 .631
.2515 ,0046 30,2 6,16 .708

Second 0 .0013 0 0 .200
Shearing ,0066 .0013 9.5 1.94 .200

.0124 .0012 17.4 3.55 .184

.0285 .0009 19.9 4,06 .138

.0483 .0006 21 J 4.42 .092

.1140 .0004 23.2 4.73 .062
T1244 .0004 23.3 4.75 .062

.1644 ■ .0005 23.8 4.85 .077

.2214 .0003 25.0 f 5.09 .046

.2739 .0002 25.5 5.20 .031

Thi rd 0 .0011 0 \ o .169
Shearing .0077 .0010 * 10.6 | 2.16 ,i5r~

.0187 ,0003 15.6 j 3.18 .123

.0285 .0007 ] 17 .D 1 3.47 .103

.0451 .0006 18.5 \ 3.76 .092

.0725 .0001 19.4 \ 3.95 .015

.1315 .0001 ?0.2 | 4.12 .015
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(Cont'd.)

Number of
Shearing

Displacement
Inch

Ah'
Inch

Load
Lb.

Shearing
Resistance

psi

tv

1°%
.1559 .0001 20.5 4.17 .015
.1940 .0001 21 ,0 4.28 .015
.2233- .0005 21,6 4.40 .077
,2371 .0006 22,3 4.55 .092
.3008 .0013 23.8 4.85 .200

Fourth 0 .0002 0 0 .031
Shearing .0064 .0003 12,7 2.59 .046

■ .0208 .0002 “5.T 3.08 703f
.0375 .0001 16,5 3.36 ,0715
,0613 -,0002 17.5 -.031
.1377 -.0004 “ 18.5 T 3.78 1
.2208 “.0003 20,0 4.08 -. 046
,2878 +.0004 22.0 4.50 + .062

Fifth 0 0 0 0 0
Shearing .0565 -.0004 17.0 3.47 -.062

.0981 -.0005 17.5 3.57 -.092

.1501 -,0007 n 13.3 3.73 -.108

.2193 -,0004 “"19.7 ~ 4.02 - .062

.2450 0 20.5 4,18 0
. 2672 .0003 21.5 4,33 .046
.2775 J-003. j 21.9 . 4.46 .046

Sixth 0 .0001 0 0 .015
Shearing ,0165 .0001 13.5 2.75 .015

.0383 -.0002 15.1 3.08 -.031
'

'.0899' “.0006 ^ 16.6 3.38 -.092
.1645 -«0006 17.-6 3.59 -.092
.2060 -.0006 18.6 3,79 -.092
.2473 -.0003 19.8 4.04 -.046
.2592 -.0001 20.3 4.14 T~-.015
.2807 +.0002 22.2 4.53 + .031
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Boring No. C3-1

Depth (ft.) 23-25
Size of Sample (In.).65 X 2.5
Rate'of test (in./hr.) .007

Weight of Sample (grn) 102.1
Moisture Content’(%) 30.2
Consolidation Pressure (psi)_40

Shearing AV
Number of Displ acement Ah Load Resistance vn
Shearing Inch Inch Lb. psi %a
First .0030 0 12.5 2.55 0
Shearing .0089 -.0004^ 32,2

-

"6756
.0173 -.0009 50.6 10.31 ~ai38
.0386 -.0011 70.7 14.41 -.169
,045b -.0014 73.8 15.04 -.215
,0515 -.0017 75.6 15.41 -.262
.0576 -,0018 77.2 15,74 -.276
.0643 -.0019 77.6 15.82 -.292
.1453 -.0027 59.1 12.05 - ,415
71699 -.0026 5S7g~ ' 11.41 -.400
,1942 -.0026 53.4 10.88 -. 400
.2308 -.0026 50.6 10.30 -.400
.2582 -.0025 48.7 9.93 -. 384

Second 0 -.0073 0 0 -1.123
Shearing .0208 -.0077 29.7 6.05 -1.184

.0348 -.0079 33.0 6.73 -1.215

.0919 -.0082 36.7 7.43 -1.262
,1125 -.0082 37.5 7.64 -I.262
,1472 -.0082 38.3 7.81 -1.262
.1920 -.0081 39.3 8.01 -1 .'246
,2520 -.0079 41,4 8.44 -1.215
.2572 -.0079" 41.5 8.46 -1.215

Third 0 -.0097 0 0 -1.490
Shearing .0415 -.0103 27,3 5.56 -1,590

.0570 -.0105 31.0 6.32 -1.620

.0945 -.0105 32.2 6.56 -1.620

.1515 ■ -.0105 33.7 6.137 -1.620

.1842 -.0105 34.5 F 7.03 -1.620

.2046 -.0105 35.7 7.28 -1.620

.2335 -,0101 37.0 1 7.54 -1.550

.2541 -.0093 37.8 t 7.71 -1.510

Fourth 0 -.0108 0 0 -1.660
Shearing .0151 -.0108 24.5 1 4.99 -i .66ir

.0266 -.0109 "26.0*"" 1 ' "5.30 -080

.0473 -.0112 28.7 I 5.85 -1.720

.1524 -.0112 i 32.0 L. 5-52 -1.720



181

(Cont'd.)

Number of
Shearing

Displacement
Inch

Ah
Inch

Load
Lb.

Shearing
Resistance

psi

AV

Vn
%°

,1952 -.0110
-.0108

33.8 6.88 ~1.690
.2340 36,0 7.34 -1.660
.2510 -.0108 37.4 7.62 -1,660

Fi f th 0 -.0115 0 0 -1.770
Shearing .0029 -.0115 7.0 (.43 -1.770

.0518 -.0118 27.5 5.61 -1.820

.0671 -.0120 28.5 5.81 -1-.350

.1101 -.0121 29.6 6.03 -1,860

.1548 -.0121 31.0 6.32 -1.860

.2350 -.0120 34.7 7.07 -1.850

.2651 -.0117 37.0 7.54 -1.800

Sixth 0 -.0129 0 0 -1.980
Shearing .0462 -.0129 28.3 5.77 -1.980

,0810 -.0129 29,2 5.95 -1.980
.1162 -.0129 30.7 6.26 -!.930
.1369 -.0130 31.0 6.32 -2.000
,2146" -.0130 33.5 6.83 -2.000
.2567 -.0126 36.4 7.42 -1.940
.2600 -.0125 36.6 7.46 -1,920
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Boring Mo.
__ CB-1

Depth (ft.) 29-31
Size of Sample (In.)2.5 X .563
Rate of test (in,/hr.) .007^

Weight of Sample (gm) - —

Moisture Content {%) 27.2
_

Consolidation Pressure (psi) 10

Shearing AV
Number of Displacement Ah Load Resistance V0
Shearing Inch Inch Lb. psi %

Fi rst .0011 0 3.9 .80 0
Shearing .0016 0 9.0 1.84 0

.0050 .0001 12.9 2.64 .0176

.0161 .0003 19.9 4.07 .0528

.0267 .0003 24.5 4/99 .0528

.0503 .0005 31.3 6.38 .0880

.0632 .0007 33.0 6.73 .1230

.0765 .0010 33.8 6.89 .1760

.0500 .0014 34.1 6.95 .2460

.1038 .0017 39.2 8.00 .2990

.1044 .0020 33.8 6.89 .3520

.1136 .0025 33.8 6.89 .4400

.1253 .0031 33.5 6.83 .5450

.1535 .0050 32.5 6.63 .8800

.1931 .0055 30.9 6.30 .9580
. 2373 .0060 30.5 6.22 1,0520

Second 0 .0040 0 0 .7050
Shearing .0026 .0042 1.4 .28 ,7390

.0091 .0046 7.4 1.52 .3100

.0136 .0050 15.0 3.06 .8800"

.0329 .0055 20.0 4.12 ,9680

.0458 .0056 21.7 4.42 ,9850

.0816 .0056 25.0 5.10 .9850

.1123 .0057 26.0 5.30 1.0010

.1532 .0057 26.5 5.40 1.0010

.1759 .0057 27.0 5.50 1.0010

.2142 .0058 26.5 5.34 1.0200

.2182 .0053 26.5 5.34 1.0200

.2320 .0058 25.0 5.09 . 1.0200

Third 0 .0045 0 0 .7920
Shearing r .00/3 .0045 VI.0 2.24 .7920

.0240 .0045 17.5 3.57 .7920

.1386 .0042 22.0 4.48 .7390

.1659 .0040 22.5 4.59 .7050

.1728 .0042 22.6 4.61 .7390

. 1762 .0045 22.7 4.64 .7920
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(Cont'd.)

Number of
Shearing

Displacement
Inch

Ah
Inch

Load
Lb.

Shearing
Resistance

psi

AV
V "
%°

.1829 .0047 23.1 4.71 .827

.1931 .0047 23.5 4,79 .827

.2045 .0052 23.6 4.81 .915

.2205 .0054 23.7 4.84 .950

.2273 .0055 23.8 4.86 ,968

.2445 .0055 23.9 4.88 .968

Fourth 0 .0046 0 0 .810
Shearing .0081 .0045 9.9 2.03 .792

.0317 .0044 16.2 3.30 ,775

.0859 .0041 18.0 3.67 .722

.1435 .0040 19.8 4.04 .705

.1534 ,0043 20.5 4.18 .756

.1704 | .0048 21.0 4,28 .845
,2214 .0050 22.0 4.48 .880

Fi f th 0 .0044 0 0 .775
Shearing ,0121 .0043 14/5 2.96 .756

.0386 .0043 16.2 3,30 .756

.0588 .0043 17.1 3.49 ,756

.0895 .0041 17.9 3.65 .722

.2360 .0040 20.1 4.08 .705

.2390 .0046 20.2 4.09 .810

Sixth 0 .0042 0 0 .739
Shearing ,0079 .0042 10.4 2.12 .739

.0320 .0041 ~“i 13.9 2,83 .722

.0679 .0043 15.4 3.14 .756

.0904 .0042 16.0 3.26 ,739

.1112 .0044 16.3 3.32 .775"*

.1584 ,0045 16.4 3.33 .792

.1775 .0043 16.6 I 3.39 .756

.2032 .0043 17.2 3.50 .756.

.2429 ..0045 17.4 3.54 .792

.2445 .0045 17.5 3.55 .792
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Boring Mo. C3-1

Depth (ft.) 29-31_
Size of Sample (In.) .65 X 2.5
Rate of test (in./hr.) .007

Weight of Sample (gm)J02J6
Moisture Content {%) 27.8
Consolidation Pressure (psi) 20

Shearing AV
Number of Displacement Ah Load Resistance vn
Shearing Inch Inch Lb. %

First .0027 0 9.1
. .

1.86 0
Shearing .0084 -.0001 21.0 4.28 - .0154

.0158 -,ooo'4 32.2 6.56 - .0615

.0260 -.0010 47.8 9.74 - .1540

.0316 - .0013 53.0 10.80 - .2000

.0600 - .0038 63.0 12.84 - .5850

.0841 -.0040 59.0 12.03 - .6150

.0917 -.0043 68.0 11.82 -
. 6520

.0999 -.0050 57.0 11.62 - .7700

.1069 -.0055 56.0 11,41 - .6460

.1227 -.0059 52.9 10.78 - ,9080

.1391 -.0058 47.4 9.66 -1.0500

.1832 -.0068 44.5 9.07 -1.0000

.2255 -.0068 43.5 8.87 r -1.0000

Second 0 -.0091 0 0 -1.4000
Shearing .0031 -.0091 6.6 1.35 -1.4000'

.0102 -.0091 18.2 3.71 -1.4000

.0198 -.0092 25.5 5.20 -1.4100

.0524 -.0095 1 29.5 6.01 r -i.4600
,0689 -.0096 31,2 6.36 -1.4800
.1342 -.0094 33.3 6.79 -1.4500
.1480 -.0094 33.7 6.87 -1.4500
.1616 -.0093 34.2“ 6.97 -1.4300
.1688 -.0091 34.0 6.93 1 -1.4000
.1827 -.0090 34.1 6.95 -1.3800
,2034 -.0091 34.3 7.09 -1.4000
.2342 -.0091 35.8 7.30 -1.4000
.2377 -.0091 35.8 7.30 -1.4000

Third 0 -.0107 0 0 -1.6500
Shear!ng .0047 -.0110 I 9.7 1.98 -1.6900

.0082 -.0111 L 15.7 3.20 -1.7100

.0259 -.0117 r 2i.2 4.32 -1.8000

.0424 -.0122 1 23.0 4,69 -1.8800

.0474 -.0123
"

23.3 4.75
~

-1.8900"
.1036 -.0128 I 26.0 5.30 -1.9700
.1067 -.0128 1 26.5 5.40 -1.9700
.1 206 -.0128 26.7 5.44 -1.9700
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(Cont'd.)

Shearing AV
Number of Displacement All Load Resistance VQ
Shearing Inch Inch Lb. psi 2°

.1583 -.0129 28.0 5.71 .91300
• 1857 -,0129 29.2 1 5,95 -1.9800
.2096 -.0124 30.0 6.11 -1.9100

Fourth 0 -.0121 0 0 -1.8600
Shearing . 0063 -.0122 1.0 .20 ~n .8800

.0031 -.0123 9.9 2.02 -1.8900

.0541 -.0136 21.0 4.28 -2.0900
,0780 -.0140 22.3 4.55 -2.1500
.0383 -.1)140 23,0 4.69 -2.1500
.1120 -.0140 24.0 4,89 -2.1700
.1395 -.0141 24.7 5.03 -2.1700
.1601 -.0141 25.0 5.10 -2.1700
,2278 -.0138 29.0 5.91 -2.1200
.2299 -.0133

■"

29.3 5,97 -2.1200

Fifth 0 -.0134 0 0 -2,0600
Sheari nrj ..0052 -.0135 9 1.83 -2.0800

.0649 -,0139 20.3 4.14 -2.1400

.0786 -.0140 21.0 4.28 -2.1500
rmi * 0T42 21.5 4.38 "“2.1800
.1128 -,0142 22.0 4.48 -2.1800
. 1335 -.0142 22.7 4.63 -■2.1800
.1576 -.0142 23.5 4.79 -2.1800
.2248 -•0142 28.4 ^ 08 '“-Y. 1300
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Boring No. CB-1

Depth (ft.) 29-31
Size of Sample (In.).65 X 2.5
Rats of test (in./hr.) _.007

Weight of Sample (gm) 104.2
Moisture Content (%) 26.5
Consolidation Pressure (psi)_40

Number of
Shearing

Displacement
Inch

Ah
Inch

Load
Lb.

Shearing
Resistance

psi

AV

Vo
%

Firs t
Shearing

.0020 0 8.5 1.73 0

.0030 -.0001
-".0004

18.5 3.77 -.013
.0075 84.5 7.03 -.053
.0150 -.001! 57.5

80.2"
11.72 -.146

.0243 -.0021 16.35 -.280
-T373".0318 -.0028

~”

0034
90.2 18/39

.0408 95.5
99.8“

"TOTH

19.67 -.453
.0458
.“0600

-.0037
~

.06SY
20.34
20". 60

-.493
-/630

.0839 -.0052 94.9 19.34 -.690

.0923 -.0055 92.5
89.5

18.85 -.733
.1033 -.0057

~

0*059'
“

-ToW

18.24 -.760
2.787
-.800

.1039

.1282
L 87.7
~T3.0

17.88
16.92"

.1363 -.0060
~-”00'6 2
’

- .0062
“"0062
-.0064'

81.0 16.51 -.800
.1456
.1577

79,3
76.5"
75.5
74.0"
71.7 ~

16.16
“115.69'

-.827
-'.827

.1648 15.39 -.827

.1/37 15.08 -.853

.1897 -.0064
-.0057

14.61 -;853
.2031 70,7 14.41 -.893
.2324 -.0067 68.0 13.86 -.893

Second
Shearing

0 -.0101 0 0 -1.350
.0038 -.0104

-'.0104
5.8 1.13 -1.390

.01/0 36/0 7.34 -1,390

.0230 -.0104
“-.0104"
"

-701Cf8
"

.0110
“.oTTT

37.2
’

39 /9
”

42.4

7,58 -1.390
.0314 8.13 -1.390
,0439
MJ560

-

-.0914 '

8.64 -1.440
44.0

"

46.5
8.97
9.48”

-1,470
~-l .490’

-1.510.1230 -.0113
- ;oTiT

49.0 9.59
.1387 49.5

51.0
10.09 -1.520

.1708 -.0114 10.40 -1.520

.2050 -.0114
-.0114

52.5 io.70 -1.520
.2407 54.5 11.11 -020
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(Cont'd.)

Number of
Shearing

Displacement
Inch

Ah
Inch

Load
Lb.

Shearing
Resistance

psi

AV

!•
Third 0 -.0137 0 0 -1.830
Shearing .0061 -.0138 10.5 2.14 -1.840

.0146 -.0138 28.5 5.81 -1.840

.0440 - .0140 35.0 7.13 -1.870

.1028 -.0144 39.0 7.95 -1.920

.1347 -.0145 41.5 8.46 -1.930

.1643 -.0145 43.8 8,93 -1.930

.1878 -.0145 46.5 9.48 -1.930

.2012 -.0145 47.5 9.68 -1.930

.2624 -.0145 50.6 10.31 -1.930

.2762 -_.01_45 JoQjS_ 10735
Fourth 0 -.0157 0 0 -2.090
Shearing .0069 -.0157 13.7 2.79 -7.090

.0163 -.0155 31.5 6.42 “-27070

.0837 -.0159
"

3670" “7734 -2.120
.1009 -.0159 36.5 7.44 -2.120

'.1247'' -.0159 37.5 7.S4
'

-27120
.i'4sr -.0159 38.5 7,85 -2.120
.r/i i -.0160 42.0 8.55

H
-2.130

1845 ' -TOW 43.0 8.77 -2.130
".2419 - .0160 46.7 "9752

’

-2.130'
.2619 -.0160 47.5 9.68 -2.130

Fi fth 0 -.0162 0 0 -2,160
Shearing .0131 -.0162 15.1 3.08 -2.160

.0158 -.0170 "26.4 5.38 -2.270

.0280 -.0173 F 29.§ 6,01 -2.310

.0677 -43177 32,5 6.63 -2.360

.0816 -.0178 33.7 6.87 -2.370
. 1465 -.0178 36.2 ! 7.38 -2.370
.1627 -.0178 38.5 7.85 -2.370
.1990 . - .0178 42,5 f 8.66 -2.370
.2395 -.0178 44.8 ' 9.13 -2.370
-2456 - .01/8 46.5 9.47 -2.37C

Sixth 0 -.0173 0 0 -2.370
Sheari rtg .0095 -.0182 22.2 4753 -2.430

.0615 -.0192 32.0 6.52 -2.560

.1146 -.0192 34.0 6,93 -2,550
7I59F -.0192

’

38,5
’

7785"
‘

-27560
412350'"

*'

-40192""' l"'V:j .5 "8.37 -2,560
. 2430 3,0192 j'45.7 ~ 9.30 -2.560
.2470 -.0192 ! 46.0 9.37 I"-2.560


