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ABSTRACT

STUDY OF CERTAIN GEOTECHNICAL PROPERTIES
OF THE BEAUMONT CLAY FORMATION
(Janvary 1970)

Mohamad Tayeb Hussain Al-layla
B.Sc., University of Baghdad
M.S., Texas 8&M University

Directed by: Dr. Wayne A. Bunlap

The Beaumont Clay formation is located in southeast Texas in a
belt approximately 70-20 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. Tnis preduced an intricate network of closely spaced
weak pianes known as Tissures. Other weak planes, more widely spaced,
are joints. These discontinuities arz the major factors in conirol-
ling the laboratory shzar strength.

In general, Beauncnt Clay can he described as stiff, over-
consolidated, joiniéd, and {fissured with slickensides. The clay
content (<2u Traction) ranges from 55-77 percent. X—ray diffraction
analyses of thz clay fraction showed that the material containad
ahout 23-47 percent of montmorillonite with i1lite, kaolinite and

quartz baina the other predominant minerais presaent.
F
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The results of unconsolidatad undraiqed strength tests showed that
the shear sirength, e obtained from spacimans oriented in a horizon-
tal direction was 1.26 cof that obtained from specimens oriantad in a
vertical direction. Comparison of thase tests with similar fests on
remolded spacimens indicated that Beaumont Clay is insensitive.

The consolidated undrained tests revealed that the effertive

1

angle of shearing resistance, ¢', was egual in the horizontal and
vartical divections. However, the cohesion intercept, c¢', was higher
in the specimens orientad in a horizontal direction than in the varti-
cal direction. The relatioen betwaen AF {pore pressure coafficient at
failure) and 0.C.R. {over-consolidation ratio) is presented.

The residual angle, ¢;, rangad from 3-11° for Beaumont Clay. A
correintion was found to exist helween the liquid limit and the
residuai'strength.

The effective angle of shearing resistance, ¢a, gbtained in the
direct shear t2sts was about 4° higher than obtained from triaxial
drainad tosis.

A11 the spacimens tested in this study failed at rather small.

strain. In ganeral, thay snowad plastic type of failure rather than

brittle.
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CHAPTER I
INTRODUCTION

A study of the geotechnical properties of Beaumont Clay, which
occupies the ccastal area of southeast Texas, has both economic and
academic value. Trere has been, and will continue to be, axtensive
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 viewpeint, the stﬁdy
is important because there is little information published about soil
formations which have stiress histories similar to that of Beaumont
Clay.

Beaumont Clay gained its present properties as a result of numer-
ous cyclés of drying and wetting. Consequently, the clay is dasiccated,
fissurad, and jointed. As a result of these characteristics, the soil
engineer faces several difficulties in dealing with problems in
Beaumont Clay. Slepe Tailures arce frequently encountered and parti-
cularly along the Housion ship channel (20)]. Settlement predictions,
asnecially of heavy structures as in the case of the San Jacinto Monu-
ment (18), are difficult. Caving of shafts drilled for underreared

footings often occurs in certain Tayers. Thesa and many other problems

]Numerals in narenthases rever to corvesponding items in the Tist
of referencos. The citabions on the Following pages follow the style
of tne Jownal of ihe Soil iecihanics and Foundation Division, American
Society of Civil Engineers.



probably can be treated in better fashion-if the geotechnical proper;
ties ara well defined.

ror a better understanding of the strength nroperties of Beaumont
Clay--and thus its behavior--the strength parameters of the soil
should be definad in terms of offective stress rather than total stress.
Indeed, the shear strength and the defermation characteristics of soil
ara controllad by effective strass rather than total stress (9, 56).
The validity of the principal of effectiva stress in the field of sofil
machanics has been demonstrated by several investigators (7, 8, 43).

In this study the strength properties of Beaumont Clay were
investigatad by means of compression tests (both triaxial and uncon-
finad) and direct shear tests.

In triaxial compression, unconsolidated undrained tests, consol-
idated undrained tests with pore water pressure measuremeht, and
consolidated drainad tests were used. HMoreover, the investigdtion was
extendad to study the strength properties in the horizontal direction
as well as the strongth properties of the clay after being remolded.

The strength parametars from drained tests are used in certain
Tong taym stability problems, while the rasults of consolidated
undrained tests with pora water pressure measurcment are used in
determining the pore water pressure coefficients, and also in defining
the streagth parameters of soil. he study of strength properties
in tha norizontal direction is desirable in slope stability problems.
Investigation on soil in the remolded state gives an indication of

the stryctural effect on the strangth properties.



i@ direct shear test was used to study tha concept of residual
strangth. This is the Tower limit of shearing resistance, which
occurs at relatively large deformations. According to Skempton (45),
dt is tha main factor in controlling the long term stability of

- 2 .

natural slopzs and cuts in stiff, fissured clays. Since the residual
strength test is time consuming, it is very desirable to rzlate the
residual angle of shearing resistance Lo some other soil paramster
which 15 =sasier to determine in the laboratory.

The consolidation pronariies were studied on specimens vhich were
oricintad in the vertical and horizental dirvection as well as on
ramoldad specimens., This helpad to investigate the effect of stress
history on the clay.

In surnmary, the spacific purposes of this investigation were to
determine the Tollowing Tor a vepresentative portion of the Beaumont
Clay Tormation:

a. The cobiesion intercept, ¢', and the anglie of shearing
rasistance, ¢', in tarms of effective stress for both
undisturbed and ramoldad samples.

b. The paak and the residual shear strength as determined
by direct shear tests.

c. The vore pressure ceefficient, A.

d. Tha variation of shear strength with orientation of
the mass. .

a. The consolidation properties and the maximum pressure

to which the soil has been subjected in its geological

\



history.
f. The mineralogical properties of the soil and their

influence on the geotechnical behavior of the Beaumont

Clay.



CHAPTER 1I
PRESENT STATUS OF THE QUESTION

Extensive studies have been done on soils which are classified
as stiff., over-consolidated, and fissured, bﬁt thesa soils, e.9., the
l.ondon Clay, gained these properties by an overburden pressure which
has sinca been partially removed. On the other hand Beaumont Clay is
also stiff, ovar-consolidated and fissurad but as a result of desic-
cation rathey ithan overburden pressuras.

In stability problems involving soils of this type, important
characieristics which should be investigated are shear strength (both
neak and residual) and the effect of anisotropy. These topics will

be discussed in the following paragraphs.
Shear Strength

The shear strangth 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: c¢ohesion, dilatancy and fric-
tion. In tuvn, each of these components is probably made up of

sevaral terms { 30 ).

Cohesion

Cohesion is the shear rasistance which can be mobilized between
tha adjecent particles without the necessity of a normal pressure.

It may ba regardad as a physico-chemical force acting between

1



particles. This force depeﬁds upon the number of bonding atoms act-
ing betwean the adjacent particles and their mutual distance. 'It is
mainly the rasult of summation of the Van der Waals (or attraction)
Torces, and Coulombic repulsion forces. The cohesion component can
be mobilized at relatively small strains during the shearing process.

Tha cohesion forca is a function of the void ratio or water con-
tent in saturated soil (12 ). As the water content increases, the
distance between particles increaases, 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_
etfective consolidation pressure. Thus it may be stated that the
available cohesion is proporticonal to the efyective consolidation
stress, 06, (26), and can be expressed as:

¢' = cétan¢é (1)

wnzare: c¢' = the cohesicon in terms of effective stress

¢é the angle of cohesion shearing resistance

1

Dilatancy and Friction

During shear displacement, the movihg particles interfere with
each other both electrically and physically. The particles may climb
gver gach other in order to wmove in a horizontal direction. This
movemsnt may cause a volume increase tendency, which increases the
shearing resistance by requiring additional forces to be overcome.
The interference betwean particles disappears after some straining,
and the tendancy for volume increase no longer exists; thus the di-

latancy component drops cut from the shearing resistance. The



tendency of volume increase is usually associated with dense material.

During the particles' movement, interparticle friction starts to
mobilize and causes the shaaring strength to increase, and reaches its
limit with further movemant.

Dilatancy and friction are usvally treated together hecause 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 = ojtang’ (2)

1
wnere: o

¢l

the normal effective strass
the angle of shearing resistance in
terms of effective stress

o

The actual shear resistance, which is measured in the lahoratory,
is a combination of the three components (cohesion, dilatancy, and
friction). Fig. 1 shows each force separately and the addition of
all the coempcnents to give a stress-strain curve, which can be meas-

ured in a shear test.

Combined as measured

0
a3 ~ S~ .
S s
3 JAR: \Dilatancy e cevence
o\ ! ~ T egion ¥ inter
/S () I (;Fr‘\c
’Q) ! — S
'"Q' [ — \\
InZ R

T —————
Strain ——

FIG. 7.~-COMPONENTS OF SHEAR RESISTANCE (AFTER LAMBE 1969)



The shear strength of soil can be described either in terms of
total stress or in terms of effective stress. Bishop and Henké1 (9),
Lambe ( 30), Whitman (56) and many othars reported that the shear
strength of soil {s best described in terms of effective stress.

Terzaghi ( 53) defined the principle of effective strass in the

following terms, "The strasses in any point of a section through a
mass of =arth can be computed from the total principal stresses o,,
0,, o3 which act in this point. If the voids of the earth are Tilled
with water under a st“esé, u, the total pr1nc1pa1 stresses consist of
two parts. One part, u, acts in the water and in the solid in every
d}rﬂct10n with equal intensity. If is called the neutral stress (or
nore-watar pressure). The halance, of = o;-U, o3=oz-u and o} = o3-U
yeprasants an excess over tha neutral stress, u, and it has its seat
exc]u"ively in the solid phase of the earth.

his 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 co;d tions for failure. . . Porous materials (such as
sand and clay) v act to a change of u as 1T they were incompressible
and as if their iniernal friction were equal to zero. All the measur-
able effects of a change in stress., such as compression distortion and
a changa, of shearing rasistance are exclusively due to changes in the
effective stresses Ui, Ui, 4. Hence, every investigation of the
stability of a saturated body of soil raquires the knowledge of both
the total and the nsutral stresses.”

Bishop and Eldin {8), and Skempton (43) proved the validity of
the principal of effective stress in the field of soil mechanics.
There ave two nocessary cenditions for the principal of effective
stress to he correct in soil and to make the expression o' = o-u
correct. First the soil grains must be incomprassible,and, second,
the yield strass of the soil grains, which control the contact a%ea
and intergranular shearing resistance, must be indepandent of the
confining pressure,

Actual soils do not fully satisfy these iwo conditions. The

more correct exprassion for effective stress can be written as
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o' = g-xu. Skempton {43) showed that x 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 - 9%§%§$J for changes in shear
G
strength and to (1 - CEJ for changes in volume where:

the area of contact between the particles, per

unit gross area of material

v = the angle of intrinsic friction of the solid
material

¢' = the angle of shearing resistance of the granular
material

CS = the compressibility of the selid substance
comprising the particles

C = the compressibility of the soil skeleton

=1}
1

From the above axpressions it is clear that & values are not the
same for shear strength and for volume change. Bishop and Blight (7)
stated that x is a Tunction of tha strass 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 « values is
too small to pe observed experimentally.

Terzaghi (53),.Bishop and Eldin (8) and Skempton (43) reported
that x can be teken as unity with little error and this approximation
1s accurate encugnh for practical purposes.

The well-kngwn Coulomb-Terzagni equation in the field of soil

mechanics is usually used to express shear strength:

s = ¢' + {o-u) tang' (3)
whevra: c¢' = the cohesion intercept

$' = the angle of shearing resistance

o = the total pressure normal to the plane

considered
u the pore water pressure
s = the shear strength of soil

il
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In dealing with soil mechanics problems and especially with long-
term stability, the concept of effective stress becomes importént.
Bishop and Bjerrum (6) presented several field records showing that
the use of effective stress gives more reliable results than total
strass 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 ¢y = 0 method can lead to serious
nroblems. Cassel (17), Henkel and Skempton (25), Skempton and
LaRochelle (48), Peterson et al. (36), and Mishtak (33) showed that
this method often leads fto an over-estimation of the factor of safaty.
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 ¢', of the soil and {b) measure
or predict the pore pressure. The strength parameters, c¢' and ¢',
cah he determinad fairly accurately owing to recent, vast improvements
in laboraltory techniques.

Consolidated undrainaed triaxial compression tests with pore
pressure measuremant provide a basis for estimating the magnitude of
pore pressures to be %nvo1ved in practical problems. However, the
pora pressure rasponds 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 prassures. For
saturatad soil, the pore pressure changz due to a changa in total
stress may be expressed as:

Au = B Aoy + A (Ao - Aoy) (4)
where: Au = change in pore pressure
Ags = change in total minor drincipal stress
Aoy = changa in total major principal stress
A and 3 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 consalidation pressure, stress history, ori-
entation of particles, and type of test.

Bishop (3) discussed the importance of pore prassure coefficients
in practice and demonstrated the usage of them during dam construction
and during rapid draw-down.

Henkel provosed another expression for pore pressure {24). He
expressed the change in pore water pressure as a funclion of ccta-

hedral stress and octahedral shear, as the following:

Ao Ao tAC .
Au = B TR 4 a/(Roy-AoR )P (A0, -A05) P (Aos-Ao1) 2 {5)
where: Aoi, Ao,, and Ao, are the changes in total stresses .
B8 and a are coefficients to he deterwined inthe lab-
oratory. In a saturated soil, 8 equals unity.
For the comprassion test where the cell pressure is kept constant,
Asp, = Aos =0 and Ao = (o1-03). The change in pore pressure can be
written as;:

au = (1/3 + av2) (01-03) {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 smalier.
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 ciay 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 paralileslisin is achieved betwean the narticles. 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 énisotropic. Consequently,
thne shear strength of soil may vary with the direction of application -
of the principal stresses.

Hvorsley (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 uniaxially reconsoli-
dated clay have a preferred orientation perpendicular to the direction

of the principal consolidation stress. Owing to the orientation of

1
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the particfes, the clay may have anisotropic strength, deformation
and permeability characteristics.

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-
consclidated, the compressive strength with o3 horizontal is about
0.75 of the value with o: vertical. 1In heavily over-consolidated
l.ondon Clay, the ratio of horizontal to vertical strength 1s 1.45 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 450, 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 trimmad at a 452 orientation,
corresponds to the probable direction of the failure surface. Bishop
(4) presented the variation of undrained strengths of London Clay
grapnically as shown in F?g. 2.

Bishop et al. (11) explained the variation in strenéth with the
orientation of samples as being primarily a pore pressure phenomenon,
In terims of effective stress, the difference was s1light. 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
aleng the horizontal and vertical failure surface equalled unity in
a lightly over-consolidated clay. This ratio variad 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;54 for lightly over-
consolidated clay. |

It appears that the ratio between the horizontal and the verti-
cal strength varies from one soil to anotnar and with the type of
tast. Therefore, it-is necassary to investigate this point in

Beaumont Clay,
Residual Strength

In dealing with the strength of clay and jts application to
slope stability problems, Terzaghi (52) classified clays in three

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

14
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stiff, intact clays free from joints and fissures; and (c) stiff,
fissured clays. Terzaghi diffarentiated befween 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 reporied 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 Tissured clay, the conventional methods of testing
and analysis give unsatisfactory results. Exnerience shows that the
average shear stirength along the failure surface is much smaller
than the shear strangth measured in the Taboratory by conventicnal
tests. This discrepancy has bzen shown by case histories as presen-
ted by Skempton (45), Cassel (17), Henkel and Skempton (25), Henkel
{23) and many others. |

Indead, the problem of slope stability in stiff fissured clay
becomas 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 tnese clays. |

Terzaght {52) was the first to point out the discrepancy between

in situ and lahoratory strengtns. He exnlained this discrepancy as a
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resuit 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 c?éy 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
succeedad in predicting the actual strength which operates in the
fié]d by the use of a special drained direct shear test. In drained
shear tests, if the sample is strainea well beyond failure, its
strength will--and ultimately does--reach a certain minimun
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:

= ! 1 } ) ’ o
5. = Cp to'tang, (7)
where: c; = the cohesion intercept in terms of
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
¢' disappears completely. During the same process the angle of

shearing resistance also decreases--in some clays by only 1-22, but
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in others By as much as 107, 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-
arnce on the behavior of clays by acting as stress concentrators.

When the paak strength at any point in a mass is exceeded, the
strength at that point decreases. This action places additionai
stress on other points, and causes the peak fto 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 Jjoints also act as discontinuous
planes of weakness. Skempton and Petley (50) showed that the strength
along joints and fissures s 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. Kennay (27) showed
that the residual strength depends upon the amount and the nature of
the clay wineral present. He also showed that a significant decrease
in residual _trength.occured with increasing pressure. Morgenstern
(34) reported that the residual strength is independent of stress

history, original structure and other factors which dominate the path

1
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dependent properties of soils. At residual sﬁate a unigue structure
occurs, and the resistance of clay depends upon this structure and
the physical interaction of the clay particles alona,

Bierrum (13) emphasized the significance of bond strength and
its effect on progressiye failure, which is initiated by stress con-
centration at the toe of a slope as a rasuit of the relief of nigh
lateral stresses. Bjerrum classified clays according to bond strength

and the rvrecoverable strain. The most dangerous soils from the view-

=

oint of progressive failure are the over-consolidated clays posssss-

ing strong bonds that have been subjected to gradual disintegraticn

1]

vy weathering. The least dangerous are the unweathered over-
censolidated clays with strong bonds, where the strength of the bond
is enough to prevent any liberation of stored strain eneragy.

Bishop (5) discussed progressive failure and concluded that it
is a result of non-uniform mobilization of shear resistanca. He
ngsed the question as to wnether the average snear strength observed
along the failure surface in the field is related to the laboratory
shaar test. This depends on the differsnce batween the peak and _
residual strength and on the strain vrequired for this difference to
ba establishad. Bishop used the brittleness concept of s0il which

he axprassed as:

A (8)

5

©

=

6]

—
|

the brittleness index
Tg = the poak strengtn
= tne residual sirenyth

=]
i



The IB value can be used to express the maximum percentage of

reduction in strength in passing from the peak state to the residual

State.

19
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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 Tocation and the depth of the samples to be tested. It was
found that at this Tocation tha soil contains a large amount of cal-
careous noduias, and layvers of silty and sandy clay to a depth of
aoproximataly 18 feet. From 20-33 feet deep the material is stiff
fissured clay. Below 33 fest a layer of silty material is present.
The depth seleacted 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.
¥isual id=ntificaticn and penetrometer tests were conducted on each
sampie. The samples were wrappad with aluminum paper, coated with
at least two layers of wax and labeled. They were then trénsported
to the Soil Machanics Laboratory at Texas A&M University. At the
laboratory the samples were given at least thres additional thick
coatings of wax, and stored in the moisture voom.

The S5-inch diameter samples were keht 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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Taboratory where the samples were extruded_and wrapped with two
layers of aluminum paper, then coated with at least four iayvars 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 remnained stable,
Index Properiies Tests

The procedures used in finding the index properties of the soil
are given by Lambe (29). Tests were conducted to ascertain the fol-
Towing information: natural water content, liquid limit, plastic

Timit, specific gravity, dry unit weight, and grain size distribution.
X-ray Diffraction Analyses

Three samples were taken from separate zones which appeared to
have diiferent characteristics. A fourth sample was collected from
the surface of the joints and from different Tocations nz=ar the
joints. The latter had the same color as the soil on the surface of
the joints.

A1l samples were prepared for analysis according to the method
given by Kunze and Rich (28). Specimens saturated with Mg, K, and

Mg-ethylene glvcol were prepared in thin films on glass slides.

1
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An American Philips high angle goniometer X-ray diffraction unit
was used to obtain diffraction patterns. This iﬁstrument is eQuipped
with a proportional counter and a copper target X-ray tube which is
operated at 35 kilovolts and 20 milliamperes with one half degree
divergence and scatter slits and a 0.006-inch receiving slit. The
two theta (28) angles of the X-ray diffraction patterns were con-
verted to Angstrom* units. The identifications of clay minerals were
mada by using the lattice spacing given by Brindley (15). The neak

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

Consolidation tests were conducted on several spacimens. Two
of them were performed on specimans oriented in the horizontal direc-
tion. Ona was performed on a remolded specimen, and five of them
werae performed on specimens oriented in the vertical direction. The
specimens used in consolidation tests were 2.5 inches in diameter and
0.568 inchesin thickness. They were prepared very carefully, in the
moisture room, to avoid any disturbance to the specimen.

ihe remolded specimen, prepared from an undisturbed specimen,
Was remo!ded thorougnly in the moisture reoom to minimize fhe loss'of
water from the specimen. The remolded material was packed in the
cutter ring to the exact volume of the yndisturbed specimen, and then

the consolidation test was perforimed in the standard manner.

*One Angstrom unit equals 107% o



The Casagrande type conéo?idometer was used in these tests. The
procaeduras for preparing the specimens and conducting the tests are
those given hy tamba (29). In analyzing the data the log fitting
methed was used.

The purpose of the consolidation tests was (a) to estimate the
magnituda of the pre-compression lead of the seil, {b) to check the
consolidation behavior of the material in vertical and 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 Taests

Drained direct shear tests were conducted on three groups of
sanples, with three main purposes in view: (a) to find the peak
strength pavamaters, c¢' and ¢'; (b) to find the residual strength

narameters, c; and ¢;; and (c) to develop the stress-displacement

curves,
Apparatus

A strain controliled direct shear wachine manufactured by Clock-
house Engineering, Ltd. was used for this test. Fig. 4-is a dia-
grammatic skatch and Fig. 5 is a photograph of this shear machine.
This machine is capable of daveloping the small, constant rates of
strain which are necessary in drained tests. The machine consists

of three major parts: the shaar box and proving ring, the loading

L



’/;‘)f/

~Micrormieter dial for
verticol deformation

-+-———- Loading yoke

Water surrow:ding' /f—u»--—-——-—, Porous plate,

Shear box -—\
Sl 7o
N B
[ Yo -
. '\ e

et f e e — e . ,4_..._.
(AL Es :
L / B o —_‘ ATV A _l;
oading jack | CXTo AT Shear force
AN S N S O
RN ‘i\f“;.\\\‘\\\‘\-&&\\\‘:?\\?\u\\\\\g RN measured by

1 proving ring
OO0 () s——— Ball bearings
S 1
R

SECTION OF SHEAR BOX

Loading joek,———
driven by alectric
Fnotor § gedr box

(Rubber mountedf-{]

Ball beovring gquide
5 //Provfng ring

.','./

Screw jack —~

=

Yol v

r

Weights for small

L -~ Weights for ldrge .
\ b ot ’
normal pressures . '[,_.,I — normal pressures

IR

LAYOUT OF LOADING SYSTEM

FIG. 4.--DIAGRAMMATIC SKETCH OF DIRECT SHEAR MACHINE

i

Adjusting Ssrew

25



26

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 macnine 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 tha 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 from .05 to 0.00006 inches/minute by arranging
the cears. The machine has a capacity of 500 1bs. verﬁica]iy, cor-
responding to a ncrmal stress of 71 psi on a 2.5-inch diametor spec-
imen. The horizontal load capacity (or shearing force) of the machine

is 1000 1bs.

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 asscmbled 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. FEach group

.consisted of three specimens which were consolidated under’pressures
of 10, 20, and 40 psi. Each particular consolidation load was applied
te the specimen for an interval of time sufficient to assure that
compTlete consolidation of the specimen was achieved. A minimum peried
of 24 hours was used, although most specimens reached secondary‘con—
solidation in less than 24 hours. .

At the end of the consolidation phase, thé spacimans were
sieared at a constant rate of horizontal movement of 0.007 inches/hour.
The mathod 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 were recorded at arbitrarily chosen inter-
vals. Uhen 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 were conducted on each specimen to assure
that the residual stréngth was obtained. The accuracy of the shear-

ing force measurement was 0.13 1bs.
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At the end of the snear 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.,  Tnere are two separate stages in the triaxial test:‘ the
application of an all around pressure followad 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 o; and
o3, where gy and oy are the major and the minor principal stresses,
respectively.

The triaxial test is classified according to the drainage con-
diticns whnich 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.
[t was conducted on both undisturbed and remolded samples in thfs.
research.

2. Consolidated Undrained Test--Complete drainage is allowed
under the application cf the all around pressure. No drainage is
nergii tted during the application of the deviator stress and the

excess pore water pressure which is developed in the specimen can be

1
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measured. This test'is often deéignated as a ' Cl or R test. It was
also conducted on undisturbed and remolded samp1es;

3. Drained test--In this test drainage is permitted during both
stages. Full consolidation occurs under the all around pressure,
and no excess pore water 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

5 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
AZM University. It is made of aluminum except for the brass pedestal
and the stainless steel piston. 1In 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
Kiinger "sleeve-packed"valve. Two of the conduits go to the base of
the spacimen through the pedestal where the one with the Klinger valve
connects to a null indicator for pore water pressure measurement and
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 fi1l the cell with water, to apply

cell pressure, and to drain the cell. The pedestal, 1.5 inches in

v
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diameter, is connected to the hase of the cell as shown in Fig. 6.

A clear lucite chamber, with a 0.25-inch wall thickness ai]ows
chamber pressures up to 100 psi. In the cell head assembly a 0.75-
Jinch diametar stainless steel piston is used to transmit the Toad to
tne specimen,. It moves practically free of friction along a set of
Tinear ball bushings, which remain constantly lubricated. Leakage
bgtween 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 System--A self-compensating mercury control
system was used To apply the cell and back pressures required through-
out tha triaxial test. The marcury control system has iwo outstanding
advantages. First, it provides a constant pressure through each
étage of the test. Second, it eliminates the possibility of air
reaching the spacimen through the de-aired water used tc saturate
the system and fill the triaxial cell. If compressed air were used
as the pressure source, the aiv could dissolve in the water, diffuse
through the membrane and veach the specimen.

The mercury control system consists of two "pots," A arid B
(Fig. 7). Each pot consists of an inner and outer cylinder which are
usually filled with wercury and de-aired water. Mercury Trom tHe
Tower pot can be pumﬁed to the ugpar pot by a control cylinder. The
ririnciple 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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alwmost hali the pressure capacity 6f the system can be obtained. This
can he done when valves 1, 6, 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
ara opened and valve 6 is closed.

The pressure of the water in the triaxial cell results from the
differance in the Yevel between the mercury surface in the upper and
lower pots, minus the head of water from the Jlower 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 lzboratory.
The haignt of the pot can be controlled by a winch. With the height
available in the A&M Scil Mechanics Laboratory, a maximum pressure of
95 psi can be obtained. The pressure obtained is salf-compensating,
as explained below.

When a volume decrease occurs, either due to spacimen consol-
idation or leakage, water wili be Tost 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
not reduces its weight, but the pot automatically adjusts its own
Tevel due to the movement in the spring, which has approprfate stiff-
ness. |

3, Pore Pressure Measurement System-~A Bishop type nQ1l 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, wiich stays
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at tha same Tevel in both arms when the null indicator is in use.
De-aired water fills the rest of the U-tube.

One end of the null indicator is connected to a valve that leads
to the base of the speciman, 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 oraessure
in tuhe D of the null indicator by an equal amount, which is re§15~
tered on the pressure gauge. No problems have been found in using
the Bishop 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. 8.

It consists of a 25 ml. burette which is placed in a lucite cylinder.
A Tine from the teop 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 basa of the specimen. The
system is filled with de-aired water and kevosene which floats on

top of the water. Fig. 8 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 kerusene, so it is casy to see the inter-

face.
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In all of the consolidated un&rained and drained triaxial tests,
a back pressure was applied to the specimens to insufe saturafﬁon.

5. Comprassion Testing Machine--A model T568B compression test-
ing machine manufactured by Wykeham Farrance Engineering Ltd. was
usad in performing the triaxial compressfon 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 Yykeham Farrance Engineering Ltd.

6. Miscellanecus Equipment~-Several other items of equipnent
were used in preparing the triaxial specimens. Tnese include:

a. A rotary trimmer and wire saw used to trim the Targer
specimens down to the 1.5 inch diameter required for
triaxial testing.

b. A 1.5-inch diamater by 3.0-inch long sp]ip mold used
to trim the ends of the specimen to insure a right
circular cylindrical specimen.

¢. A membrane stratcher used to facilitate placing mem-
branes around the specimens.

d. A lucite tube 1.5 inches in diameter by 3.0 ihches
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 vroom in
order to minimize the evaperation of water from the specimens. For .

each triaxial test the following measurements were taken. Two

w
»i}

amples were taken for the wmoisture content determination, the weight
of the specimen before and after the test was determined, the dimen-
sions were measured, and the shear angle on wnich each specimen
failed was recorded.

Preparation of Undisturbed Specimens.--Cylindrical specimens,

1.5 inches in diameter and 3.0 inches in height, wera prepared either
from a 3-or S—incﬁ core. From the E-inch core four specimens could
he prepared from the same depth, while only one specimen could be
preparad from the 3-inch core. For this series of tests, the cylin-
deical specimens were cut with their major axis either in the verti-

cal or in the norizontal direction.

Set-up of the Speciman in the Triaxial Cell.--Before placing

the specimen in the cell it was necessary for the base of the cell,
the pore'waéer pressure device, velume change device and all the
coaduité to he saturated with de-aired water. The mercury level in
the null indicator was adjusted and the pore water pressure syétem
vias checked to make sura it was free of air pubbles.

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 ne air bubbles were entrapped between the
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porous stone and the pedestal. Excess water wés b]own away from the
porous store 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 wWas gently stroked against the specimen in an upward dirac-
tion to remove any air trapped between the membrane and the specimen,
Two rubber D-rings were used at each end of the specimen, makiné
watertignt seals.

Toe upper part of the cell was then fastened to the hase 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 éonfining pressure of about 10 psi was applied, and the result-
ing pcre water pressure was measured after it héd équalized. Then the
confining pressure was increased about 3 psi, and again the pore
water pressure was measured. This process was repeated égain, and if

he change in pore waterpressure was less than the change in confin-
ing pressure, a back pressure was applied througnh the volume change
devica. The process of increasing the confining pressure, measuring
the resulting pore water pressure, then anplying the back pressure
was continued until the increment in pore water pressure was equal to

the increment in confining pressure. This equalization means that

Au

the specimen is fully saturated and B = 1, where B = i
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At this stage the desired conéolidation pressure was applied by
increasing the confining pressure. The valvé to the Qolume change
device was opened and drainage of the specimen was allaowed 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 chance 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 Triaxial Specimens,--The proving ring was

positioned and brought into contact with the tiriaxial cell pistén.
Hith 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 vere 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.

Reriolded 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 rcom, and it was then

placed in the lucite tube in layers about 0.2% inches thick. A steel
bar was used to compact the material and cars was taken to produce a
uniform specimen witnout entrapped air bubbles. In general the weight

of the remnlded spacimens was about 1 to 4 grams iess than the weight

L
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of undisturbed specimens. There Qas no significant variation in the
moisture content between the remclded and the uﬂdistﬂrbed speéimen.
The rest of the procedure for testing remolded specimens was the same
.as for undisturbed specimens.

Unconsolidated Undrained Tests.--In the case of unconscelidated

undrained tests, the same procedure for preparing the spacimens
described above was used. When setting a specimen in the cell, the
porous stones were removed and lucite platens, 1.5 inches in diémeter,
were used to prevent drainage. The rate of the axial strain was 0.02

inches/minute.
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CHAPTER TV
ENGINEERING GEOLOGY OF THE SITE

The Quaternary Coastal Plain of Texas foriwms a belt which is 70-90
miles wide and paraltlel to the Guif of Mexico shoreline. This plain
extends from the Sabine River on the east to Almos Creek in Scutharn
Kleberg County (39). In general the coastal plain is flat, feature-
less and transected by seven majer rivers, as shown in Figure 1i. It
consists principaliy of fluviatile deposits in the form of levees,
7lood plain deposits and deltas. A few thin marine deposits are
intercolated with the Tluviatile materials.

The uppermost part of the Quaternary is composed of a layer of
ciay approximately 400 feet thick which is referred to as the Beaumont
Clay (22) of Pleistocens aga. The Beaumont Clay lies uncenformably
upon the Lissie formation, and is in turn covered by stream deposits
and wind-blown sand which are about 15 feet 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 formetions. 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 Gulif of Mexico
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as far as the Continental Shelf. The present sloge of the depositional

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

Beaument 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 betwean thesa 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 Histery of Pleistocene

of the Gulf Coastal Plain

According to Doering (19) 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 reiveat of the ice mass. When the sea
level dropped down, the rivers cut trenches in their valleys and
erosion teok placa on all tha Coastal Plain. During the return of the
sea to its forier level, the rivers Tilled 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 denosits have béen correlated with interglacial
stages. Aiso, the periods of non-deposition'or erosién nave bean 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, I1linoian, early Wisconsin, and Tlate Wiscon-
sin.

The Beaumont Clay, which is the major concern of this study, was
deposited at the beginning of the =zarly Wisconsin stage. The formation
consists of tan and brownish-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 Taycr of Tight gray clay. Fig. 13 shows a
specimen with a single joint surface: however, several specimens con-
tained more than one joint surface.

The c]ayrwas deposited on a bread flat flood nlain during periods
of overflow. During the dry season the clay shrunk and a net of
cracks was openad. As each flood occurred new material was deposited
in the cracks and on top of the previous layer. Cyclic deposition and
non-depositioncouplied with drying continued for a considerable inter-
val of time. This cyclic wetting and drying produced many joint
systems waich are now visible in the Beaumont Clay. The different

colors Tound con the surfaces of the joints are either due to different

1
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material deposited on them, or to tﬁe fact that these joints served as
nlanes which allowed the circulation of water. The cfrculating waters
may have brought chemical reactions about which changed the color
alonyg the joints. Between the joints, the blocks of clay contain
randomly oriented fissures. The number of fissures per unit volums is
extramaly 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 accompaniad by differ-
antial internal strains, which were large enough to cause structural
failure and to form the fissures.

The Beaument Clay is far from being a homogeneous material. Fig.
14 shows a beorehole log in the material investicated in this s{udy.
It apnears 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 te drying for a long time.

The Eifect of Geological Processes on the

Engineering Proparties of Beaumont Clay

The Beaumont Clay can be described as stiff, over-consolidated,

jointed, and fissured with slickensides. The water table in the area

1



Cratiy g

e

Jenstrometer

Peading

-l
i

51

FIG. 14.--L0G OF THE CB-1 BORING

_Deseiintion of Stratum

Tan ¢lay with calearecus nodulis, Some of the nodulesare as large as 1.5

inrhes, Thare are some black specks.

an clay with calcaraeusinodules, Looks stiff,

Tan clay with calcireous nodules.STicken sided and stiff.

Tan and yellew slicken sided clay. There is a silty layer about 2-3 fnches

_Lin_thicknass. _—

Tan clay badiy fissured with slicken sides. Very 4ifficult to trim. There
are Joints and spots of gray color

Tan fissured, Lless fissured than the Tayer above , contains joints with
arey surfaces. The green spots are scattered in clay mass,

Rad <lay, badly Fissured with sTicken side, Jjointed, joint surfaces centain
fine s11t and sand material.

Ten clay fissured hut less than above,. lesser nusber of joiats, some
grray spots. Thare are scams of silty clay.

Tan fissured, occasicnal .silty sexms. .
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wnere the samples were taken was es{imated to be 3-4 feet below the
ground surface. The plasticity characteristics of thé clay are shown
in Fig. 15. The clay is classified according to the Unified Soil
Classification System as CH material with Tiquid limits varying from
60-385 and'plastic Timits varying from 20-32. The natural water con-
tent is a few percent higher than the plastic Timit. The content of
clay-sized 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. The dry unit weight and the
specific gravity ranges from 88-98 pcf and from 2.68 to 2.78, respec-
tively. Fig. 16 shows that the watar content of the clay varies
several percent within a short distance vertically. The variations
in water content reflect variations in 1iquid Timit and corresponding
variations in the mineralogical composition of the clay; the latter
may have indirectly created fissures as meniionad before.

The degree of fissuring varies with depth. In geﬁera], the clay
is composed of hard, irregular tunps, which have dimensions of 2-4 mm.
across. Fig. 17, which shows a mass of Beaumont Clay before and after
being svaked 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 1is badly fissured with slickensides. X-ray diffraction
shows that the percentage of montmorillonite at this depth is higher
than at other depths and that it is about 47 percent of the total clay

fraction. A correspondingly high Tiquid Timit (sée Fig. 16) is also

\
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THE EXCHANGE STORE
Serving Texas Agqgres

)

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 24-28 feet, the clay is tan, contaihsfewer fissures,
and the Tumps are more Ffivmly attached to each other. The clay has
light gray spots, and the joints at this depth are smooth and shiny.
Howaver, at a depth of 29-31 faet, 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. dizreters of
the sand or silt sized particles. A mineralogical analysis shaws
that the clay minerals are almost the same as in other layers, except
there is a lower percaptage of montmorillonite and a high percent of
illite (see Table 2).

Tne 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 engineér—
ing properties of Baaymont Clay. Some of the phenomena which resulted
from these processes are discussed at length in this paper.

There are numerous active Taults within the Houston and Baytown
areas. Tnese faults are the resuit of subsidence of the area due to
pumping of water, oil and gas from subsurface formations. The effect
of subsidence and Taults 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. WYhen the clay was exposed to the surface, water started mcv-
ing from the interior of the mass toward the surface where it evapor-
ated. This process redyced the water content and created a capillary
prassure or tension in the pora water of the soil (54). Such tension
or negative pore pressure increases with decreasing moisture content
of the soil. However, the total normal stress remains practically
unchanged. Since the total stress is aqual to the sum of tha pore
pressyre and effective stress, decreasing the pore pressure causes
eauivalent increases of the affective stress. This aifective strass
acts all around the soil and consolidates it, not by increasing the
total weignt, but by increasing the negative pore pressure. This
kind of consoiidation gives no prefarred particle erientation, 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 %o be more in a
horizontal directicn than in a vertical direction. The swelling
process introduces an anisotrepic 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.qg.,
London Clay) were consolidated by ovarburden pressura which was sub-

cquently removad. Blight (14) showed in the laboratory that the
slope of e-log p curvekof specimens consotidated by mechanical loading

\
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and by désiccation is different. The void ratios of specimens consol-

iaated by desiccation are higher under similar effective pressures.

Consolidation Curvas

For this study, consolidation tests were conducted on specimens
oriented in vertical and horizontal directions as well as on remoided
spacimens. 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 (cv)
are shown in Table 1. The Cv 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, <, for horizontal
spaecimens is highar than the vertical. The consolidation tests show
that the horizontally oriented specimens deformed less than the
vertically briented 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 subjectéd during
the geological history of the material.

Tnere 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 Tine., Such
a curve makes the method of determining the pre-consolidation pres-

sures highly approximate. The second feature is the distinct change

1
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in the curvature of the cdnsolidaﬁion curve near the vicinity of

the sweli pressure. The third point of interest is ihat the rebound
part of the consolidation curve is rather steep. This steep curve
can be used as a possible indicator of certain geologic conditicns
which may have affected this soil. The curve suggests that the

clay has weak bonds and the Tocked-in strain energy is small. Such
conditions might be expected if the clay were subjeéted to weather-

ing after initial deposition.

Initial Suction and Swelling 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 Bzaumont Clay, and it was found to be
about 1.40 tsf. Second, in the conVenﬁionaI consoiidation 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 KO, the
coefficient of earth pressure at rest. Skempton (44) reported that
KO for an over-consolidated clay could be estimated from the expres-
sion: Pk

(“P—) - As
K0 =
1 - As
sucticon pressure
vertical effective stress in situ and
Au/A {0y - o3) corresponding to the re-

moval of the deviator stress when
Oy = 02 > O3

(9)

where: P
! )k

nonou
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No tests were made to calculate A_. However, Skempton (44) suggested
that As for over-consolidated clays is equal to 0.3, and this is a
reasonable approximation. If this value is used, then KO for Beaumont

Clay is about 1.5
Mineralogical Analyse§

Results for the mineralogical analyses of the Beaumont Clay are
shown in Tabla 2. These analyses snow that the Beaumont Clay is
composed principally of montmorillonite and i1lite. The <2Zu saﬁp1es
contain an estimated quantity of 23-47 percent montmerillonite. A
lower percentage of montmerillonite is accompanied by an increase in
illite content, estimated to be from 28-55 percent. The content of
kaolinite is estimated to be from 7-18 percent, and the quartz is
estimated %o be from 8-15 percent. The analyses on material from 2
to 50 u are also sihown in Table 2. These analyses show that the
minerals are iilite, kaolinite, quartz, feldspar and calcite. Table
2 also shows particle size distribution as it varies with depth.

It was stated that the color of the clay a1ong the joint surfaces
is Tight 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.
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CHAPTER V
RESULTS AND DISCUSSION 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,

(g1 - g3); and the maximum principal effaective stress ratio-{%%—.
Fundanentally, it is more logical to use the Tatter. It takes into
consideration the effect of pore pressure, which causes o} 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.

In general, the pore water pressure reached its maximum value be-
fore the deviator stress. However, in several cases, and esﬁecia]]y at
high consolidation prassures, the two criteria coincided at the failure
point. When this happened, the pore water pressure reached its maxi-
mum vaTue when the maximum deviator siress was obtained. In drained

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

The results of these tests are presented below in Table 4. The
strength parameters of vertical and horizontal specimens are given

whera these data are availablae.

TABLE 4,--RESULTS OF CONSOLIDATED UNDRAINED TESTS

TDepthT T T Speciien c', 5" A

ft. Orientation _psi f
20 - 21.5 Vertical 2.90 ‘.5.53 0.20 - 0.58
20 - 21.5 Horizontal 3.50 15.5 0.23 - 0.50
22 - 23.5 Vertical 1.40 17.33 0.32 - 0.59
22 - 23.5 Horizontal 4.60 17.0 0.21 - 0.49
20 - 22 Vertical 2.90 16.4° 0.08 - 0.38
3 - 35 Vertical 2.80 19.5° 0.23 - 0.49

2

Typical Mohr circies of the specimens are shown in Fig., 19. It
was found that the results were quite scatteraed, and this can be attri-
buted to the different orientation of pre-existing fai]ufe planas in
the various specimens. These vieak 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 Tailure envelope for the specimens. In Fig. 20,
the results are plottad in terms of half of the devialor siress,

1/2(c; - 03), against the mean effective stress, 1/2(vf + 0}), and a
best-fitting line 1s drawn through the poihts. The slcpe of this Tline,

¥, is related to the slope of the Mohr enyelope by the expression:
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____Total Stress
________ Effective Stress

(a) Horizontal Specimens

Shear Stress (1) psi

Normal Stress, psi

FIG. 19.~» MOMR CIRCLES FOR HORIZONTAL AND
VERTICAL SPECIMENS
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tan ¢ = sin ¢

Tha intevcept d0 is relatad to the cohesion by the expression:

= ! i‘an ]P
do ¢ Ttan ¢ .
In Fig. 20 the results are presented using both failure criteria,

and (-3 » but no significant difference is found

51 ~ G
vl 3)max. o} 'max.

in the sirengih parameiers expressed in the two criteria.

The results in Table 4 indicate that the angle of shaaring resist-
ancz at a particular depth has the same value in the vertical and hori-
zontal directicon. However, the cohesion intercept ¢' is higher in the
horizontal directicn than in the vertical. This variation in the
conesion is probanly a manifestation of the soil structure. The
structure of the clay in the horizontal direction is different than in
tha vartical direction bacause of the higher horizontal stress to
wiich the clay has bean subjected.

As might be expected, the strength properties of Beaumont Clay vary
viith depth as shown in Table 4. This variation is mainly associated
viith the degree of fissuring and the nature of the joints. In the

case of smooth joints, the streagth 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 showm in Table 5. However, the curves’
indicate plastic rather than brittie type of failure.
It was observad trroughout the preparation of the specimans

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

addition to the fissures. Fig. 23 shows several triaxial spacimens
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FIG, 22.-= RELATIONSHIPS BETWEEN EFFECTIVE
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TABLE 5.--PALLURE STRALN OF CON SOlID\TuD UHDRATH PECIFENS

o b a1 T p i, o ———— e P = it s o =

“Hopth Specimen e rindn 9
wwwww . Orientation Failure Strain, %
20 - 21.5 Vartical 2.71 - 3.83
") - 21.5 Horizontal 1.16 ~ 5.74

Yortical 2.10

1
W B Ut

2
3.5 Vertical 1.65 -
3.5 Horizontal 1.02

O Oy

}

23 - 35 Yertical 1.57

i
N
=
o

aftar testing. It was Tound ihat the discontinuities, which inciude

AT o LR (N o
1

issuyos and Joints, are the Tactors wnich control the behavior of
tho sescimans unday Toading and have pronounced effects on the siress-

strain ourvas, It was also observad that the failure of the specimens

vas s1in type rather than plasiic, parhaps due to the Tact that most

e soacimens failed completely or partially on their pre-existing

1
o -
]
1

atiure nlanes.,

Tho rachanism of the failure of tha spacimans is not quite clear.
It is well knowa (5, 45) that the Tissures and‘ﬁhe joints hava a majoﬁ
affact on the machanism of the Tailura. The tasted specimens were
obsapvad closaly in the procéss of loading. It was found that the
shear plane, in som2 cases, went avound small niecas of tha clay
foliowing the Tissure surfacas, but in mest cases it cut through those

niaces. Whara thare wave joints, in general, the spacimens failad on

(g

thosoe Joints, The Tissures and the Jjoiats affacied tne peak valua of
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23.--SPECIMENS OF BEAUMONT CLAY AFTER THE TEST
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tha strass-strain curves, and a curve with a sharp gsak is very sa2ldom
found, whila most of the curves do cot snou any peak.

The stvass-strain curves for horizenial specimens are presented
Gin Fig. 21, They show the same type of plastic failure as the varti-
cal spacimens; hewaver, the horizontal specimens show a highar
strength. In genaral, as shewn in Table 5, the horizental spacimens
ailed at smallar strains tnan the vertical ones
?ggghﬁgﬁgi_?:'i_u:h,a-ntj 24 shows the variation of the pdre

P

watar pressure with strain for different consolidabinn pressures and

for boih verdical and horizontal specimens. It appears ihat thore is.

no significent diffurance in pore water pressure betwaen the variical

and horizental spac?meﬁs, atthough the pore pressuras in horizontal
saccimans tand o dacreasa mora after passing the peak value Than
thay do-in varzical spacimens.

Tn hoavily over-consolidated soil, the pora water pressure

usnally exiibits a iarge decreasa in ita value and bocomes nzgative

D

under loading, as rasortad by Bishep and Henkel (9). It has been

shewn that Goaumont® Clay is an over-consolidatad clay; however, the

v

pora water prassuras measured in Hhis pascearch do zot ciearly confirm

q

vis phepamenon.  In genevral, the pore water pr

i.‘J

sure shews a slignt
docraase in 1ts value afer the peak. The measured values of pore
water nressuro in the testad spacimens was confivrmed by the volume
CHANGE FAasurenanis én o drained tests.  In fhese specimens the
volume decraased throuchout the tests, which is equivalent to the

hohavior of the pove water pressure in the undrained tests. This
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unique relationship of the pore watef pressure with strain is attri-
buted to the fissures and pre-existing failure planes,-which control
the behavior of the specimens under loading. [t is the writer's
cninion 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 Tumps 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 laakage between the membrane and the rubber O-rings. This noint
was checked for almost every specimen. The specimen was left under
loading conditions at the end of the test for about one hour and
duiring 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 prassure coafficient {A) vs. strain for different consolidation
prassures, and for both vertical and horizontal specimens., At
conselidation pressures of 10 and 20 psi the A value reaches a
maximum then dacreases with strain, while at consolidation pressures
of 40 and €0 psi the A value stays constant or shows a slight increase
with the strain.

The value of Af (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-
tionshiv between Ag and the over-consolidation ratio {0.C.R.), shows

there is a wide variation in the Af values at the same consolidation

1



Pore Water Pressure Coefficient, A
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pressure.  This variation could be aftributed to the degree of fissur-
ing and to tha nature of pre-existing joints in fhe spécimens. These
discontinuwities (fissures and joints) have a major effect on the
bohavior of the specimens, as stated before, and particulariy on the
failure strain. Since Af is a function of failure strain, this could
be tha majer factor which controls Af-vaTues.

For horizontal specimens, Af in genaral ts less than tine value

for vertical specimens as shown in Table 4.

Conselidated Undrained Tests on Remolded Spacimens

Specimens from depth 22;23.5 feet were remolded, and two series
of tests vere conducted on them. In the first series, the specimens
were remolded at a meisturs content of 37.5 percent, which is 2-3 peyr-
cent higher than the natural water content. In the second saries,
specimens weye remolded at a moisture content of 471 percent. $Bokh
series were %tested under undrained conditions afiler conselidation in
the triaxial apparatus.

The strength paraseters are wresented in Table & and Fig. 27.
Thesa parameters are: ¢' = 12.5% for both series and ¢' = 3.6 and 3.2
psi For the Tirst and second series, respectively. The variation in
the water content dees not affect the angle of shearing resistance any
significant emount that could be measured in these tests; Hoviever, the
cehesion intercept is a functien of water content for a saturated saoil,

and 1t decreases with the nigher woisture content, as night be expacied.
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TABLE 6.-~CONSOLIDATED UNDRAINED RESULTS FOR REMOLDED SPECIMENS

Depth Water c',

' : A Failure
ft. Content,% ¢ psi °f 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 velue of $' for the
undisturbed specimens at a depth of 22-23.5 feet is approximately 179,
while for the remolded specimens it is 12.5°. This difference is due
to the particlies' structural arrangement. In the case of remolded
specimens, the original structure of the clay is disturbed by remold-
ing. In the samp1ing 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 cur&es, 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. A1l the ramolded specimené which
reached a maximum vaiue and failed showed plastic characteristics
during failure.

The coefficient of pore water pressure Af increases  as the
moisture content increases, and in general, Af is higher in remolded

spacimens than in tne undisturbed.
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Draincd Tests

The resulis of the drainad triaxial tests are presented in Figs.

51.33.  The strangth of the wmaterial obtained from these tests is:

Tt assears that tha drainad angle of shearing resistance, ¢4, is about

0- - i ». -~ . o - .
& tess then the valua of ¢' ' found from consolidated wdrained tasts.
This diffarence cea he attributad to several faclors: first, there is

2, B .

the ayeyr orasepnt possibiiity of variation in specimens, primarily in

che clay compositicns second, tha effact of the rate of strain which
15 slowar in drainad tasts than in consolidated undrained tests; and

shivd, all drainad tast spacimens containad pra-existing failure
planos with smecth shiny swr “Facas which ware oriented in the diraction
wost Tishla for failure. The cohesion found from drained tests is
Lo than in te censolidated undrainac tests, nossibly as a rasult
tha Towar moisture contant of the dra ined test specimens.

The voluwrn changa- -strain relationship is shown in Fig. 33. As
mentioned pravicusly, tinasa curves confirm the results of the pore
water pressuve measurad in co nsolidated wndrained tests. The volume

of the specimons dacreased with the strain during the application of

the deviator stress. This behavior is similar %o toe behavior of the

weie

poya wakey pressura in tha coreolidated undrained tests, vhere the
changa in pore walar pressura, A, was positive. The same reasoning

dsed betors to exnlain the behavior of tha pore water prassure in the
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consolidated undrained tests can be applied here to explain the volume

changa banavior of drainad tesis,

The results of the‘uﬂconso1idated undrained tests on undisturbed
spacimens orianted in both vertical and horizontal directions are
giver in Table 7. These tests were carried out at a constant rate of
strain of 0.02 inchas/minute, which is siower than routine practice,
ia ordar Lo determine more accurately the devialor stress. Thase tests
ware perforimed confined (the majority of them) and unconfined. Ouing
to the scatter of vesulis, it is difficult to say whether the confining

crassure had an effect on the shear stieangth, u? of the specimens.

(2]

This is a vesuli of the existing Joints and -

cach individual spacimen. Tiaese joints are a major factor in contrel-

their orientations in

ling the shear strength. However, Bishop and Henkel (9) hava raporied
+hat the shear strength of fissurad clay decreasad when the clay was
rasted under a coafining prossure less than the one existing in the
fiald. This reduction in strapngth is attributed to the opening of

Fissures under Tow confining prassura.

Thare ware considerable variaticns in the undrained strangths,

€y of all specimens. Again, thes variations are more likely to be
associated with the degroe of fissuring and with the pre-existing

» 1

failure planes. The undrainad strength was ralatively Tow whan the
ara-axisting failure plane was orvieated in a direction more Tiable

for Failure. It was obsarved in ihe tests that most of the specimans

1
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TABLE 7.--SUMMARY OF RESULTS OF UNCONSOLIDA?ED UMDRAINED TESTS

ON UNDISTURBED SPECIMENS

Confining Water
Specimen Pregsure, Content, cu = Failure

Depth |Boring - 3 g 1/2(01—03)ﬁ Strain,

ft. No. Orientation psi psi- %
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
?72-73.5{CB-TA | Horizontal 10 28.9 12.85 1.38
22-23.5/CB-1A { Horizontal 20 29,1 6.99 1.33
24225 [CB-TA | Vertical 5 30.0 13.77 4.64
24-25 CRB-1A | Vertical 16 30.0 13.34 5.33
24-25  [C3-TA | Vertical 20 30.0 '8.35 3.92
24.25 |CB-1A | Vertical 40 30.1 9.25 1 3.8/
284-25 | CB-TA | Vertical 20 29.7 6.98 0.66
24-25 1CB~1A | Vertical 0 29.3 10.67 1.81
24-25 |CB-TA | Horizontal 20 30.0 17 .57 2 .47
24-25 CB-1A | Horizontal 10 29.7 12.29 1.40
24-25 1CB-TA | Horizontal 30 30.0 14,40 2.96
25-26.5{CB~1A | Vertical 20 34.7 5.77 0.40
25-26.51CB-1A | Vertical 20 33.0 12.73 8.67
25-26.51CB-1A 1 Vertical 40 34,1 10.74 11.42
25-26.51CB~1A | Vertical 0 33.8 ~7.16 1.62
25-26,5[CB-TA | Horizontal 40 34.8 9.50 3.53
eh-26.51C8-1A | Horizontal 20 32.2 8.30 3.59
25-26,51C8-1A | Horizontal 10 36.1 11.07 1.46
22-24  1CB-1] Vertical 10 27.0 16.20 3.30
22-24 1C3-8 Vertical 20 26.5 7.90 10.30
22-24% 1C3-8 Vertical 20 27.0 9.02 2.56
20-22% 1(CB-8 Vertical 10 35.0 7.86 1.99
29-31* 1CB-1 Vertical 10 27.8 11.10 2.38
29-317 {CB-] 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 pre-éxisting failure plane.
Tt was noted, in genaral, that the waaker the speciman the smaller
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parcentage of clay minerals
yas probably another Ffactor which affected the strength properties of

che clay.

There is also a variation in the average values of shear strength

i .

in tha vertical and horizontal directions as shown in Table 8. 1In

ona serias, in which the water content was about 30 parcent, the aver-

age undrained streagth in the horizontal direction was about 42‘93“-
cent’; higher ihan the avarage shear strength in the vertical diraction.
Tha ovarall average sirength of all specimens tasted in a nhorizontal
divaction was 26 percent nighar than the vartical specimens. In
ceneral, the horizontal specimens failed at a smaller strain than the

vertical spaecimens.

TASLE 8, ~-LNDRATHED TESTS OM UNDISTURBLD S SPECIMENS

T Tepth Horizonial Strangth
. Vertical Strenath

Tt is well known that the uadrainad strangths of fissured clays

~ L

are influenced by the size of e specimens tested (10, 40, 48). There-

. o

fare, a ey rasts wape carried out on 3pecimers 2.8 incnes in diamatar
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and & inches in leagth. The &V“?lﬁ@ shear strenqth from these tests

was chout 10 parcent lass than the avarage shear strengtn of 1.5 by

-

-

3.0 inch spacimens. The effect of specimen size on the shear strength

)

is vary significant with respect to present routine tests in the lab-

oratory. Therafure, more tests are needed %o investigate this noint

-
ke

The strass-strain curvas of

axhibit all dagroes of variation, depending on tha degrae of fissuring
and 09 the natural orientation of the pre-existing failure pTanés.
Fig. 34 shows the stress-strain curves of two specimens; one of tham
failad along the Tissures, the other on a pre-axisting failure plana
ha spacimen that failed along tha Tissured surfaces has a nigh
strangth and has a sTignt peak, @hile the speciwmen tharn Failad on ihe
nra-existing plana doas not show any peak.

The vesmylts of undrained tests on remolded specimens are given in
Tahla 2. The undrained strength (cu) varies with the moisture content

as wall as with the porcent and iype of clay minarals. Fig. 35 shows

A,

tha variation of the undrained strength with water content for two

o~

M fferent samules of Beaumont Clay.

=

The sensitivity of Beawmont Clay (the vatio of undisturbed to
remoldad undeatnad strength) rangad from 0,98 to 1.32 for these tests;
the results are praseated in Table 10. Thus, it sacwad 1ittle sensi-
tivity and can he classified as insensiiive (49). Actuaily, the
olimination of fissures and pre-existing failure planas, by ramolding,

Ted in several cases to a somawhat greater str ength then the clay

1
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TABLE 9.--SUMMARY OF RESULTS OF UNCONSOLIDATED
| UNDRAINED TESTS ON REMOLDED SPECIMENS

Rate of | Confining |yater cu = Failure
Depth |Boring | Strain | Pressure:|content,|1/2 (01 -03)Strain,
_ft. | No. {in./min, % . % psi’ %
20-21.5|CB-1A .020 20 32.80 13.35 8.63
20-21.5|CB-TA 020 70 32.70 12.60 8.67
20-21.5|CB-TA .020 20 34.70 9.72 7.49
20-21.51C3-TA 1020 20 30,70 .11 g.75
20-27.5[CB-TA 0720 40 36.40 8.57 7.55
20-21.5|CB-TA .020 10 34.30 9.19 7.53
20-21.5{C3~TA .020 10 33.00 10.22 8.14
24-25 1CB-1A .020 20 32.40 10.20 ' 9.46
24225 [E8-TA 020 20 32.40 10.72 ] 10.99
24-25  {CB-1A - .020 20 31.50 8.76 10.88
24-25 4C3-1A | .020 20 30.30 11.76 8.71
25-26.9|CB-1A .020 20 33.20 9.06 8.86
25-~26.51C8-1A .020 40 29.60 10.15 9.64
25-26.5{CB-1A .020 10 32.90 3.62 8.88
22-23.5|CB~1A .020 20 35.20 /.55 8.94
22-23.5{CB-1A .045 20 35.20 7.34 11.60
22-23.5|CB-14 .045 20 35.80 : 7.01 11.80
22-23.5|CB-1A .009 20 36.00 7.05 10.13
22-23.51CB-1A .060 20 34.60 7.48 11.60
22-23.516B-~1A .0024 20 34.70 7.14 8,03
22-23.5[CB-1A .00024 20 32.20 7.11 6.67
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possessad in its natural state.

TABLE 10.--UNDRAINED TESTS, REMOLDED VERSUS
UNDISTURBED STRENGTHS

cu,psi
Depth Sensitivity
ft. Undisturbed Remolded
20 - 21.5 14.19 10.69 1.33
22 -23,5 ] eena- 7.24 | -
24 - 25 10.39 10.37 1.00
25 - 26.5 9.19 9.28 0.98

In the field, the rate of load application is usually much
slower than the rate used in the Taboratory. Tﬁe effect of the rate of
strain on the undrained shear strength of .remoned specimens was
checked by cenducting a Timited 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
stightly when the time to failure increased from 100 to 300 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. Hovever, the X-ray ﬁiffraction analyses showad that they
had the same clay winerals, except that the propoftion of the clay
minerals varied from one set to another.

The strangth 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

strangth can be represented by the parameters:

Cq = 5.35 psi
by = 15.5°
The residual strength parameters are:
c; = 1.00 psi
o). = 8.0°

Fig. 38 shows typical stress-dispiacement curves for different
consolidation préssures. As the clay is strained, the shearing resist-"
ance increasas until it reaches a maximum, wﬁich is called the peak
strength. With further displacement, the resistance to shear, or the
strangth of the clay, gradually falls to a constant, or nearly con-
stant, valua called the residual strength. The displacement needed
to reach the residual sirength was about 2.5 inches for the specimens
tested in this research.

In moving from the peak to the residual, the angle of éhearing
resistance for spacimens at a depth of 20-21.5 feet decreased from
15.5% 10 8.0°. At the same time, the cohesion intercent 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 divection of shearing. HMorgenstern and Tchalknko

'
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(35) found that the thickness of the oriented band of clay particles
in the London Clay was 2bout 50u thick. The oriented clay parficles
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 causad mainly by an inter-
locking effect of the particles and by-thé friction between thasa
particlas (30). As the position and orientation of the particles
changed during repeatad shearing, the interlocking effect and,conse-
auantly, the angle of internal friction dacreased to a Timiting value.
Indead, the re-orientation of the particles eliminatad the interlock- .
ing effect in the shear plane.

Tha cohesion -component decreased a considerable émount when the
shzar strength dropped from the peak to the residual, but never became
zero. In all the residual tests of this study,a small value of
conesion was measured. Skempton and Petley (50) also measured a sma]ll
valﬁe of cohasion in the residual shear tests. In thé 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 cin be related to the nature of the direct shear
tasts, which probably caused some experimzntal errors, and to the
RHigher strain rate as compared with the field rate.

If the cohasion intercept is considered to be zero, and a best-
fitting line is dvrawn tiorough the origin, the angle of residual

strength becomes }0.50 for the first set (see Fig. 37).



104

S1SIL TVYNAISIY 40 N3 FHL LV SANVTd WV3HS 40 30v4dns--"6€ "9Id




105

Fig. 40 shows a typical stress-displacement curve for each indi-
vidual shearing of one specimen until the residual strength was obtain-
ed. Tt appears that the largest reduction in shear strength occurred
with the first shearing; subsequent shearing curves do not shoy a peak.
The strength decreased slightly with each additional sh2aring process
until it reached a constant or nearly constant value. This valua was
reached at the fifth shearing reversal for the Beaumont Clay.

Fig. A1 illustrates the relationship between the volume change,
AV/VO, and the displacemant for each subsequent shearing. The speci-
man which was consolidated under 10 psi showed an increase in the
volume with displacement; whereas, under 40 psi normal pressure, the
speciman raduced in volume with displacement. Yhen the volume of the
specimen increased, consequently, the water content increased, too.
This increase in water content probably contributad o the shear
strength reduction from peak to rasidual. It also explains why the

reduction in the pzrcentage of shear strength from peak to residual is

The strength properties of the second and third sets of specimens
are presented in Fiygs. 42 and 43, respectively.

From the test vesults, it cen be seen tha% the residual angles of
shearing resistance can be correlated with the Tiquid limit. This
relationship is drawn in fig. 44. It is also valid for the naw values
of ¢; wnera c; is taken to be zevro.

More data on Beaumont Clay is needed to verify tha validily of

the relationship between the liquid limit and the resicdual angle of
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shearing resistance. If there is a definite relationshin, this will

c:
@
5
g
<
]
=
=
e
o

ool for estimating the residual stfengths of the soil.
In conncction with nroblems of slope stability, bearing capacity,
and earth pressures, Taylor (51}, Bjerrum (13), Bishop (5} and many
others hava concludad that the state of Timiting equilibrium in these
nroblems 15 associatad with non-homogeneous wobitization of shearing
resistance and thus with progressive failure. This may lead to major
difficuleies in velating the soil shearing vesistance which is found
in the lahoratory with the average shearing resistance in the field.
The diffarence hatwesn these two results can be invastigated by con-
sidering, first, the difverence beﬁﬁeen tha peak and the residual
strangths and secondly, ihe strain which is requirad for this differ-
anca to he established.

Considering tha Beawsont Clay, it can be seen from Fig. 33 that
tha loss in strangth in passing from peak to rasidual was proportional
to the normal effective siress, and to estabiish the residual strength,
about 2.5 inchas of displacement was requivad.” The strength loss can
be exnressad quantitatively in ferms of the brittlenass index (EB).
from the Following expression {5):

The brittleness iadex increases with a decrease of the effective nor-
mal stress, as prasented in Fig. 45. At a Tow normal effective stress,
10 psi, the reduction in strength was about 66 percent. The reduc-
tion in the strenqth for a normal effective stress of 40 psi was 57

parcont,
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In the case of slope stabi]ity problems, the dangerous point is
the toe of the slope, where the reduction in strength is more fhan 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 siope 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 cenclusion in treating the progressive failure of

natural slopes in other soils.

Comparison Betireen the Results of the Triaxial

and the Direct Shear Tests

The comparison between the results of the triaxial and the direct -
shear tests 1is presented in Table 12. The effective angle of shear-~
ing vesistance 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.--TRTAXIAL VERSUS DIRECT SHEAR TESTS

Direct Shear

) _— Triaxial
Denth Specimen c
chhg Orientation c'os ¢! d’ %
~ psi _psi
. Vertical 2.90 15.52 0
20 -21.5 Hori zontal 3.50 15.5° 5.35 15.5
29 - 93.5 Vertical 1.40 17.32

: 0
Horizontal 4.60 17.0° 4.51 16.4




114

The cohesioa from the direct shéar tests is higher than the cohesion
from the triaxial tesis for spacimens orianted in tha vertical direc-
tion (Table 12). In the cose of the specinﬁns oriented in the hori-
zontal dirzciion, the difference befween the cohesion obtained in the
rriaxial tests and the direct shear tests is small. In fact, in one
rast series thay are equal. This similarity in the cohesion value is
pronanly due Lo the fact that the specimens in the direct shear t2sts
wove sheared along a horizontal plane.

Tt is obvious that the shear strength in the horizontai dgirection
is nigher than in the yertical direction due to the higher value of
cohasion in the horizontal direction. If the mode of failura takes
nlace along a horizontal direction in Beaumont Clay, one should axpect
a higher strength than if the Tailure happens along a vertical dirvec-
tion. Usually, Tailure planes in ihe fisld have all degrees of orien-~
fation renging From vertical to horizontal, and it would be a worthwhilé
endeavor to develop a complete relationship between shear strength and

oriantation.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

This invastigation is the first afvort known te the author to

rather completely defina certain geotechnical properties of the

Boaumont Clay, particularly the shear strength of the soil in terms of

effectiv

stress parameters. A detailed study of this formation is

o

varranted because of the extansive construckion activity in the Beau-
mont Clay area, and because of th2 unusual nature of the matarial.

The Beaumont Clay formation was formed during the Pleistocene
apoch, As a rasult of cyclic drying and wetting during and after
deposition, the clay is {issured, jointad, and desiccated. The
fissuras are randomly oriented and vary in intensity throughout the
depth tested. In general, tha degree of fissuring appears to increase
as the amount of montmerillonite clay increases. However, the layer
which contains the Towast percent of montmorillonite is very badly
fissured. All indications are that this Tayer was subjectad to weath-
ering Tongar than the adjoining layers.

The in situ water content and the liguid Timit vary considerably
with relatively small changes in depth, HMore than likely this is the
yesult of a variation in the percentage of montmorillonite clay. X-ray
diffraction data confirmed this point and showed that the montmoril-
lonite contant varied‘frcm 23-47 percent. Move illite appears when

the montmorillonite content decreases.
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Consolidation tests ind{cate that Beaumont Clay is over-
consolidated. The preconsolidation pressure is roughly 4.7 tsf; how-
ever, this value is not constant but varies with depth. Geclogical
history does not indicafe a significant overburden pressure in the
past; thus, it must be assumed that the preconsolidation pressures
are the result of desiccatioﬁ. 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 (KO)
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. Uthen the weak planes are inclined in a direction close to
that expected for shear failure, tha 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, ¢', 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 p?assure umveTopcd under the application of the
deviator stress is rather unique for a material known tc be over-
consolidated. It reaches a maximum value, and with further strain,
it shows a slight decrease. With low consolidation pressures, it
dacraasas somzwhat but never bacomes 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 1o
opan sligntly and increase the mass permeability of the seoil.

Tests on specimens cut at varying orientations in the mass showed
that the affactive angle of shearing resistance is almost tpe came in
the vertical and horizontal direction. However, tha effective cohe-
sicn 1s hicher in the horizontal divection than in the vertical.

Tais was borne oui by the direct shear tests (where failure is induced
in tha horizontal dirveclion). The higher cohesion in the horizontal
direction is the result of the higher horizontal strosses to which

tha soil nas bean subjected in its geoiogic history.

Thare 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 nad Tower pore water
pressuras than the veriical spacimens.

In genevai, most of the triaxial specimans did not show the
charactaristics of brittle failure, although the stress-strain curves
of some spacimens 41d show a slight peak. Undisturbed specimens in
the consolidated undrained testsAfai1ed at rather small strains

(1-4 pevreent).
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Both the peak and res nua? strengths were obtained from the direct
shear tests. The cohesion, as well as the a%g1e.of shearing resist-
ance, dacreasad in nassing frem the peak to the rasidual state. The

crease in the angle of shearing vesistance ranged from 7-13%, This
dacraase in strength is asscciated with the elimination of the inter-
Tocking component of shearing resistance and roorientation of clay
particles along tha shearing surface. It was found that the rasidual
angles of shoaring vesistance were ralated to the Tiguid Timit.

Theya was considerable variation in the unconsolidatad unur~1ned
shaar strength (cl) in both vertical and horizontal directions. The
Tavey values corresponded %o failure along polished joints which had
inelinations more liable to the direction of failure. The higner
valuzs were obi a1ned when the spacimens were free from joints and the

fissures nad strong cohasion. The overall average value of <, in the
norizontal divection was about 26 percent higher than the average
value in the vartical diraction. Again, this was the rasult of the
highar stress wiich the material was subjected to during its geolog-
ical history.

The structura of the clay has a pronounced effect on the strangth
proverties. For remolded specimans, tha effective angle of shearing
resistance decrrasad 4 59 It is balieved that the sampiing 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 1o investigate the geotechnical properties on samples
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taken Dy hand from ihe field so the effect of mechanical disturbance
could ba cvaluated. |

in wany civil engineering works, and espzciaily in slope stabil-
iiv, bearing capacity, and vetaining wall problems, the proverties of
Beaumont Clay which are presented fin this report are useful and appli-
cable. The siudy reveals that the discontinuities, which inclyde
fissures and joints, are the dominant features in Beaumont Clay
structura. The strength along these discontinuities, which is ﬁear1y
caual to the residual strength, is a major factor to be considapad

in Teng term stability problems.
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CHAPTER VII
RECOMMENDATIONS FOR FUTURE RESEARCH

The structural nature of Beaumont Clay and itscomplicated siress
history indicate that more study is neaded. In order to get a clearer
picture about the behavior of Beaumont Clay, the following topics are
suggasted for future research:

1. Investigation of the geotechnical properties of Beaumont Clay

in different aresas is needed.

2. Further research is needed to study the orientation of joints
and fissuras in the field and, if possible, to correlate the
shear strength with the orientation of these discentinuities,
Also. it fs 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, 1t is felt that the sampling technique has a big éffect on the
tha shear strength and probably on the characteristics of the
stress-strain curves,tco. 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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A correlation betweentthe shear parameters found in the
laboratory and the active paramaters in the field should

be astablished. |

Tt is worthwhile to investicate the effect of strain rate on

the variation of pore water pressure in Beaumont Clay.
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¥-RAY DIFFRACTION PATTERNS OF BEAUMONT CLAY
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APPENDIX B
DATA OF TRIAXIAL COMPRESSION TESTS
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Boring No. (B-] Weight of Sample (gm) 173
Depth (ft.) 20-22 Moisture Content (%) 30.2
Size of Sample {In.) 1.5 X 3 Consolidation Pressure (Psi)_10
Rate of test (in./min.),00024 Back Pressure (kg/cmz)_ 2.00
Excess Pore G. -G oy - O3 Pore Press.
Strain Load Pressure 1 3 | —= Coeff,
E% AP 1b. AU Psi Psi °3 A
087 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
.13 13.8 2.417 7.780 1.030 3l
510 14.9 2./02 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 24.2 1.990 13.390 1.672 148
2,420 286 1.549 13,590 | 1.667 126
2.533 24.8 1.683 13.690 1,645 .123
2.580 25.2 1.635 13.200 1.661 118
2.767 2b.b 1.564 14.040 1.664 1
2.833 25.8 1.422 14.190 1,656 . 100
3.0C0 26,1 1,351 14.330 1.659 .094
3.237 76.4 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 7.2 .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
1.893 27.8 142 12,970 | 1.510 070
5.370 28.1 .000 15,060 1.450 . 000
5.847 28.4 - 427 15.140 1.440 -,030
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Boring No. CB-1 Weight of Semple {gm) 169.5
Depth (ft.)  20-22 Moisture Content (%) 33.5
Size of Samele (In.) 1.5 X3 ~ Consolidation Pressure (Psi)_ 20

Rate of test (in./min.) .00024 Back Prassure (kg/cmz)*_g.lo

. Excess Pore oy - O3 Pore Press.
Strain Load Pressure 9y = 93 —g—n - Coeff.
E% AP 1b, AU_Psi Psi 13 .
.054 2.0 - - 1.132 C e S -
14 3.6 .213 2.036 103 . 105
YZi 47 1.070 2.6060 - 141 .402
Ly 8.7 | 1.420 7,920 265 790
267 10.2 2.130 5.760 .322 .370
.30/ 12.7 2.340 7.170 .413 .396
.350 15,7 3.130 3.860 .525 - .353
397 6.7 3.840 - §.420 .583 - .,408
510 21.1 4550 11.890 .770 - .383
837/ | 23.3 5,400 13,710 .898 AN
7331 252 5.550 14.170 981 392
1.370 31.72 6.110 17.420 1.758 .350
1.487 31.7 5.970 17.680 T.260 T.338
1.540 32.2 5.830 17.390 1.263 - .326
1.790 32.7 5.830 18.170 1.282 © 321
2.100 33.4 | 5.970 18.530 1.321 302
2.330 34.2 5.670 18.900 ] 1.319 | .300
2.490 34,4 5,600 19.000 1.319 7295
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 20.270 1.289 L2l
5,070 33.2 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 77
7.44( 38.0 3.130 19.500 1.180 . 157
8.360 36.7 2.840 19,020 1.108 . 149
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Boring Ho. £B-1
Depth (ft.)  20-22

Weight of SémpTe {gm) 167.5
Moisture Content (%) 33.2

.5 X3  Consolidation Pressure (psi) 40
Rate of test (in./min.)_.00024  Back Pressure (kg/cmz) 000

Excass Pore ay - 03 Pore Press.
Strain lcad Pressure Oy " 93 R Coeff.-
E% AP b, AU Psi Psi 3 A
ALY 2.5 . 1420 1.42 .035 . 1000
113 3.5 2280 1.98 .050 L1150
.187 4.0 .5690 2.26 .057 ,2520
277 6.0 1.280 3.39 .088 .3780
.370 3.0 1.991 4,51 .119 LA470
453 13.2 ___2.990 - 7.44 .201 LADTG
630 24..0 5.260 13.51 . 389 L3890
.840 32.0 6.540 17.97 .538 2640
1.070 38.5 3,960 21.57 696 L4150
1.353 44.5 10.380 24 .86 .840 A1e0
1.813 48.8 11.520 27.13 .954 LAZH0
1.560 5Q.0 11.660 27.76 .981 . 4200
2.8/0 53.5 11.520 29.43 1.035 L3940
3.340 - 54.5 11.520 29.83 1.049 . 3860
3.8i0 54.6 11.520 29.90 1.051 .3850
4,320 | 55.5 11.376 30.07 1.052 .3730
4,910 55.9 1,234 30.10 1.048 .3730
5.390 56.1) 10.807 29,90 1.029 , 3509
5.870 56,3 10.096 30.01 1.005 .3360
6.830 56.3 9.812 29.69 .035 .3304
9.400 55.7 9,52/ 28.58 .939 .3330
9.460 | 55./ 9,527 28.55 .938 .3360
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Boriny WNo. CB-1A

leight of Sample (gm) 167.9
Depth (ft.) 20-21.5 Moisture Content (%) 34.7
Size of Sample (In,) 1.5 X3  Consolidation Pressure (psi)_1i0

e T

Rate of Test {in./min.) .00024 Back Prassure (kg/cmz}_wg:30

txcess Pore | o | 0y - ug|Pore Press,

Strain Load Pressure 1 3} g Coeff.

E% AR 1b. Al Psi Psi 3 A
S0 I I R 17

Q60 1.9 071 .508 -950 140

: 100 2.5 142 1.410 43 .100
367 8.3 |- 1,280 4.680 .540 213

.507 10.0 1.850 5.630 691 .328
5723 13.0 2.560 7.315 .983 .350°
750 14.9 2,110 8.373 1.158 .331

827 16.0 2.840 8.985 1.255 .316
T.330 1.9 2.590 11.120 1,590 .269
1,450 20.5 2.990 11.440 1.630 .20]
1.710 21.5 2.990 11.970 1.710 249
2.013 22.9 2. 840 12./10 1.760 N
2,249 23.5 2,840 13.010 1.820 219
2.473 24 .2 2./00 13.360 1.830 .02
2,710 24,7 2.670 13.610 1.860 . 196
2,940 c9. | 2.490 13.800 1,840 180
3.330 | 25.7 1,920 14.070 1.740 . 136
3,970 26.0 1.351 _14.149 1.630 096
4,440 26.4 1.140 414,280 1.610 .080
4,920 26.4 0.640 14.210 1.520 .045
5.560 26.4 0.142 14,120 1.430 010
5.720 26.4 0.142 14.090 1.420 |~ .010
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Boring No. CB-1A Weight of Sample (gm) 169.97

Depth (ft.) 20-21.5 Moisture Content (%) 33.80
Size of Sample {In.) 1.5 X 3  Consolidation Pressure (psi)20
Rate of test (in./min.).00024  Back Pressure (kg/cmz) 2.00

£xcess Pore _ Gy = U4| Pore Press.

Strain Load "~ Pressure o1 " 93 = Coef¥. -
_E% AP 1b. AU Psi Psi_ 3 A

673 .5 v 283 | e e

.040 1.0 .284 .5eh V029 503
_.120 4.1 1.137 2.320 123 .490

.260 10,5 2.560 5.625 .340 432

-130 15.7 3,130 8.850 .24 .353
_;§40 19.2 4,410 10.810 .690 A07

L6060 20.7 4.700 171.650 /60 .403
1.010 25.7 5.690 14,410 1.012 394
1.150 27.1 5.830 15,170 | - 1.073 .380
1.410 28.6 6.110 15,970 1.150 .380
1.520 29.2 6.260 16,280 1.185 380
1.670 30.0 6.330 16.700 1.222 380
1.993 | 30.7 6.540 17.050 1.650 .383
2130 | 3.8 5,680 17.510 1.330 .380
72.360 32.6 6.540 18,020 1.353 .362
2.593 33.0 6.620 18.7201 1.352 .367
2.903 33.7 6.620 18,530 1,380 .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
4.5490 37.1 6.110 20.050 | 1.440 .305
4.930 37.8 5.830 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 1.4G0 .262
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Boring No,  (B-1A

Depth (ft.) 20-21.5

Size of Sample (In.) 1.5 X3
Rate of tast (in./min.).00024

Height of Samplies {gm) 167.9
Moisture Content (%) 34.18
Consolidation Pressure (psi) 40

———— e

Back Pressure (kg/cmz)' 2.60

txcess Pora

L 6. -G gy - O3 Pore Press.
Strain Load Pressure R 3 -5 | Coeff.
__E% AP 1b. AU Psi Psi 3 A

050 1.80 .28% 1.019 026 | _.279
10771 1,00 T.137 7,260 058 .503
78T 2.130 6.330 167 .337

200 T4.80 7,050 8.360 .233 L4585

743 17.70 4,240 " 9.715 272 .438

287 26,00 4,410 11,293 317 . 300

387 24,50 6. 400 13.520 412 R

530 2880 7.390 "16.220 97 L45h
520 31.00 8.7240 17,450 .549 472

703 33.00 8.970 18,550 .595 BT
Lk 5.00 9.950 19,5640 654 507
T.127 37.40 10,520 0. 940 710 502 T
1,230 | 3850 10,950 “21.530 74T 508
1,380 29,50 107,550 "22.060 .759 .445
1,520 40.60 11.376 77.800 797 499
1,670 47,90 T1.518 23.330 .819 494
7120 44,00 11,650 247350 .861 578
2,280 | 440 TT.518 28570 .863 459
2,430 45.00 11.660 | 24,860 874 458~
2.890 45.90 11.650 25.240 .891 467
3.130 15.10 17.800 25.750 .896 L1556
3.510 46.30 11,660 25.2/0 L5972 Ry
4,290 46.30 11,589 25.090 .883 462
T.970 45,70 17.400 24,590 .861 L4674
5470 45.00 11,100 24.090 .837 .461
5950 570 107 81 23.810 .816 454
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Boring No. CB3-1A Keight of Sampie {gm) 16-.0
Denih (Ft.) 20-21.5 Moisture Content (%) 34.65
Size of Sample (In.) 1.5 X 3 Consolidation Preasure (ps1) 60
Rate of test (in./min.).00024  Back Pressure (kg/cm ) 1.6
~Excess Pore |~ oy - 05| Pore Press.

Strain Load Prassure 91 793 —— Coeff.

% AP b, AU Psi Psi A 3 ? A

.030 3.3 3.410 5.23 .093 652
970 15.3 5.568 §.61 _159 660

, 3830 5.1 8.532 14.10 - ,2lb .605
550 33.0 11.090 - 18,51 3811 .b%9 -

.550 36.3 11.660 20.34 423 .582
1.120 47 .7 15.640 26.60 .603 - .588-
1,360 | 50.7 [ 16.630 28,77 655 580
1,520 | 53.3 17.200 5961 .66 535
1,920 1 57.5 18.910 31.97 783 .50
2.260 60.3 16.910 33.24 - .834 ~ .b399 _
2530 | 62.0 20,050 34,08 1 .859 | .58
2,800 1 53.3 "~ 20,900 3872 804 508
3.020 1645 {20,900 | 35.29 | .909 .592
3.730 | 56,820,900 36.05_ | .929 .580
4,100 85.4 20.760 - 35.89 - .921 - .578
4,450 06.4 20.330 35.77 - ,908 .68
4,770 ] 65.3 20,190 35,60 ~.900 .567
5.100 65.5 19.706 35.04 .877 .564
5,600 54.3 19,620 34,23 .854 .573
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Boring Ho. C3-1A Weight of Sample (gm) 171.38

Bepth (ft.) 20--21.5 Hoisture Content (%) 31.95

Size of Sampie (In.) 1.5 X 3 Consolidation Pressure (psi) 10
Rate of test (in./min.).00024  Back Pressure (kg/cmz) 2.30

HORIZOWTAL SAMPLE

Excess Pore 6 - oy - 03 Pore Press.
Strain Lead ‘Pressure 1 3 —F" Coeff.
E% AP 1b, AU Psi Psi 3 A

.02 3.9 . 220 2.210 227 . 130

08 5.3 11 2,998 .323 240

.18 3.9 .280 2.204 227 .130
.24 5.3 710 2.994 322 237
.21 g.2 __1.420 5,195 605 Ly
.31 12.2 1.850) 6.887 LRd5 268

& 11.2 1.635 6,320 .755 .299

A5 13.8 2.4720 7.1719 1.030 311

.50 _15.8 2.700 3.900 1.231 304

.bb 17.6 2.920 9.910 1.400 204

b3 2.2 2.590 11.360 1.621 263

BT 1226 3.270 12.690 1.923 258
1.02 5.2 3.400 1 14,124 2.140 L2481
1.16 26. 1 3.400 14.610 2.210 233
1.36 26.4 3.100 14,740 2.130 212
1.85 26,1 2.560 14,840 1.990 Ve
2.23 250.7 2.120 1 14.78) 1.880 44
?2.84 2.1 1.500 14,360 1.620 . 109
3.4] 25.3 1.280 13.840 1.580 .092
3.90 24,9 1.140 13.550 1.530 .084
5.11 24,7 .280 13.000 1.340 022
5.52 23.6 140 12.630 1.280 .03
6.68 23.6 0 12.470 1.250 00
6,80 23.6 00 12.450 1.240 00




Boring
Depth

Size of Sample (In.)
Rate of test (in/wmin.)

Ho.,

CB-1A

(Ft.)

20-21.5

1.5 X3

00024

Weight of Sample (gm)
Moisture Content (%)

144

171.60
34.65

Consolidation Pressure {psi) 20

Back Pressure (kg/cmz)

HORTZONTAL SAMPLE

1.6

Excess Pore | gy = 93| Pore Press.
Strain l.oad Pressure 1 3 — Coeff.
E% AP 1b. AU Psi Psi 3 A
.04 2.3 213 1.302 .065 .164
i3 .2 284 1.810 091 . 157
14 10.8 1.7056 6. 105 .330 280
.20 4.2 2.133 8,024 L4448 270
.24 16.2 2.936 9,150 .h32 330
.33 22.9 3.980 12.920 790 .308 o
A3 26.9 _ 4,550 15.170 .970 300
T6F 32.0 5.550 18.600 1.230 .300
1.09 37.0 5.830 20.720 1.440 .280
T1.74 37.9 H.688 21.190 1,467 é&_ ]
1.55 358.5 5.546 21.460 | 1.455 250
Z2.15 39.1 a4, 450 Z21.660 1.284 L210
Z.59 28.9 3.2/0 21.460 1.270 .150 .
3.00 . 387 3.130 21.930 1.230 149
3.85771737.6 2.560 20.470 1.151 125
297 ) 37.0 1.706 19,925 1.078 .065
5.14 "36.2 1.504 19.440 1.044 080
5.03 36.0 .995 19.240 1.002 052
5.91 35,9 L8353 19.127 .989 045
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sering No. CB-TA ___ Weight of Sample (gm)__167.71
bepth (ft.) 20-21.5 foisture Content (%) 34.5
Size of Sample {In.) 1.5 X3 Consolidation Pressure {psi}__40

Rate of test (in./min.).00024  Back Pressure (kg/cmz) 2.8

HORIZONTAL SAMPLE

Excess Pore I oy - d3 Pore Press.

Strain Load Pressure 1 3 —— | Coeff.

E% AP 1b. AU Psi Psi 3 A

080 3.3 Wik 1.865 .047 380
120 4.0 853 2,260 058 377

NED 7.3 1.560 4,160 . 108 376

.190 12.0 2.840 6.770 .182 LA20

270 19.0 d,2c0 10.720 239 . L3997

280 25.4 5.400 14.320 412 375

390 31.1 5.680 17.520 .526 L3360

470 38.9 8.110 21.870 .63b .37 1

6517 45,5 9,280 25.610 .833 .366

.693 7.7 10.690 26.770 .595 L3712
1,723 57.5 11,660 32,040 1.13% R
1.227 59.5 11.800 33.210 1.178 355
T.370 [ %0.7 ~12.379 33.830 1,227 ~ 365
1,570 51.5 12.300 34,230 1.236 .359
T.670 621 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 ,560
2,580 63.0 12.370 34,750 7.258 356
2,740 62.7 172.220 34,530 1.237 .354
2,990 621 | 11.800 34,110 1.798 346
3.500 00,1 11.380 32.840 1.147 .346
4.230 55.9 10.380 30,300 1.023 .343
5.050 52.0 9,530 27.960 918 341
9. 8G0 50.0 3.810 26,670 .855 331
5.960 49,9 5.003 26.5710 846 .324




146

Boring No.  CB-1A Weight of Sample (gm) 1683.42

Depth (ft.) _ 20-21.5 Moistura Content (%) 32.66
Size of Sample (in.) 1.5 X3

Consolidation Pressure {psi) 60
Rate of test (in./min.) .00024 Back Pressure (kgICm ) 2.170

HORIZONTAL SAMPLE

Excess Porel = _ | 0y - g5 | Pore Press,
Strain Load Pressure 1 3 5 Coeff.
E% AP 1b. AU Psi Psi 3 A
.06 10.5 2.49 5.930 .102 .420
.10 17.0. 4.19 9.600 173 437
b ) 23.0 b.69 12.480 .240 438
.24 31.3 7.11 17.660 .335 403
.48 46.0 10.38 25.900 .525 . 201
.62 51.0 11.39 28.690 | .b92 397
N 55.0 12.23 30,900 651 .396
1.29 63.2 14.36 35,320 779 . .407
1.40 64.5 L1450 36.010 ./96 403
1.84 67.1. 15,64 37.300 846 419
2.19 68,4 16.07 37.880 .868 424
2.42 69.0 156,35 38.130 .879 .429
2.65 69.1 16,21 38.090 .875 .425
2.97 69.3 16.26 38.0706 .8/6 426
3.13 69.6 16,38 | 38.180 .877 .430
3.25 ]..69.6 16,78 38.130 - .G88 .440
4.15 70.6 18.06 38.318 .919 470
5.19 /1.0 18,20 38,117 918 A77
5.74 /1.5 19.05 38.153 .938 .499
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Boring No. C5-1A
Depth (ft.) 22.23.5
Size of Sample {In.) 1.5 X 3

Weight of Sample {gm) 166.9
Moisture Content.(%) 34,65

3 Consolidation Pressure (psi) 10
Rate of test (in./min.) .00024 Back Pressure (kg.cmz) 2.80
bExcess Pore o . 0y - Oq Pore Press.

Strain Load Prassure 1773 e Coeff.

E% AF b, AU Psi Psi 3 A

073 5 14 783 029 503

223 1.3 .43 134 Q77 530

L343 4.4 1.14 - 2.483 .230 458

383 1 7.4 1,45 4,170 483 3y
TET1TT9.8 T8 5577 | 684 350

547 1.5 7.40 5,470 851 30

LV Y 240 6.850 90T TR T
—947 12,9 7.56 7,735 972 54

130 3.4 2,/0 7.500 1.030 360
1410 [ 13,7 7,70 7650 1 1.048 350
1,650 14.3 2.56 ~7.960 1,070 .30
2.360 14.5 2.40 - 3.017 1.055 . 239
3.077 15.2 713 3.340 | _1.060 55
3,550 15.5 _1.85 - 8,460 1.040 .220
4,020 16.1 1.71 3.750 1,055 .195
4,260 16,5 1.60 - 8.940 1.060 .180
5.0 | _17.0 T.40 9.070 [ 1.055 157
6. 640 17.5 1.35 9.250 1.070 . 146
TERG | 7.7 1.78 9.280 | 1.064 138
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Boring No. CB-1A

Height of Sample (gm) 166.50
Depth (ft.) 22-23.5 Moisture Content (%) 34.38
Size of Sample {In.) 1.5 X3

Consolidation Pressure. (psi) 20

Rate of test (in./min.) ,00024  Back Pressure (kg/cmz)__2.30 L
- I Excass Pore " | o -0, | Pore Press,
Strain Load Pressure 1 3 5 Coeff. .
E% AP 1b. AU Psi Psi 3 A

.06/ 1.0 028 566 .028 050

140 1.5 199 905 .046 220

210 2.2 .284 1,240 .063 .230

.303 /.0 1.280 4.010 214 .320

.393 12.3 2.940 6.940 .404 410

507 15.6 3.980 8.790 549 A53.

.653 16.7 ~ 4.270 9.350 .597 .Ab4

800 i7.8 4,340 9.998 .h38 A34
1.410 20.0 5.400 11.160 /b4 LA84
1,560 20.5 5.400 1 11,430 ./83 473
1,790 | _21.0 5,400 [ 11.570 799 463
2.280 20.5 5.600 11,340 .788 A54
2.900 21.7 5.000 11.936 .828 RYA
3.300 21.8 5.400 11.930 817 453
5,260 22.0 5.260 11.920 .809 441
5217 | 22.3 5.120 T1.960 803 578
5.770 22.5 4.980 12.000 .799 415
6.250 22.9 4.830

i2.150 801 .409
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Boring No. CB-1A_ Height of Sample (gm)__ 166.51
Depth {ft.) 22-23.5 Moisture Content (%) 33.92
Size of Sample (In.) 1.5 X 3  Consolidation Pressure (psi)__40

Rate of test {in./min.).00024  Back Pressure (kg/cm )y 2.80

Excess Pore| -~ | oy -0y | Pore Press,
Strain lLoad Pressure 1 3 —F Coeff.
£% AP 1b. AU Psi Psi 3 A
053 1.70 11 L9582 024 VLN
.120 2.60 .995 1.470 .038 b7l
L1990 3.10 1.137 1.750 045 b50
.280 2.30 1.280 1.300 034 980
360 2.30 1.280 1.297 ,033 .987
AR 2.70 1.350 1.520 .039 . 239
.5%0 3.10 1.560 1.740 .45 399
/20 5.10 2.210 2.870 076 793
860 7.00 2.770 3.930 106 . 106
1.010 13.50 4,550 7.5/70 213 601
1.0%0 19.10 5.830 10.700 313 .o45
T.200 3.70 _1.250 12.980 .396 559
1,370 28.60 | 8.530 15.970 507 534
1.450 31.30 , 9.6/0 17,460 576 .bod
1.570 35.40 1 10,8 19.710 .675 .548
2.010 39.99 1 12, 3/0 22.140 .801 .558
2217 A7.AD 73,0707 23.480 .870 554
7.700 A7 10 14,7220 £5.900 1.010 549
3.040 49,190 L 14,500 26,960 1.060 538
3.3/7 51.20 15.360 28.010 1.140 2548
3.600 h? .10 15.360 28,440 1.150 .h40
3.830 | 53,7 15.640 28.910 1.187 540
3,950 53.40 15.780 29.040 1.199 .543
7.910 41,10 12.510 21.430 779 .b84
$.080 40,80 11.650 21.240 749 .549.
3.330 13.70 T1.660 20.810 734 560
3.5/0 39,60 11.880 20.500 127 .576
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Boring No. _LB-1A Weight of Sample (gm) 165.78
Depth (ft.) _ 22-23.5 Moisture Content (%) _ 35.45
Size of Sample (In,) 1.5 X 3

Consolidation Pres sura {psi) 60

Rate of test (in./min.) .00024  Back Pressure (kg/cm ) _2.10

txcess Pere| - c] - 03 Pore Press.

Strain Load - Pressure 1 3 —FT Coeff. .

E% AP 1b. AU Psi Psi 3 A
083 1.40 142 192 .0132 179

.081 2.20 1.140 1.240 .0210 917
105 2.70 1.140 1.530 .0260 J43
125 4,40 1.490 2.480 .0430 .602

151 4,80 1.850 2.700 .0470 .684
170 6.60 2.700 3.710 .0650 128
T.120 25,70 8.390 14,950 .2910 .580
1.270 32.80 10,380 18.330 .3/ 10 .b60
1,580 42,60 13.940 23.740 .5190 587
1.897 48,80 15.640 27.100 6150 bSI7
2.060 51.10 16.640 28.340 6580 .58/
2.300 54,70 17.350 1 30.760 .7 140 D73
2.570 57.50 18.770 31.770 /760 .591
2.720 53,80 19.340 32.390 .8020 .597
3.150 62.20 20.620 34.110 .8/20 .604
3.600 04.70 21.300 35.300 .9190 .603
4,290 65.50 21.470 36.7200 .9460 .593
4,760 67.70 21.470 36.500 . .9540 .588
5.470 66.80 21,330 35.7/80 .9320 .596
9.71380 57.60 18,630 29.620 7210 .629
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Bering No.  CB-~1A Height of Sample {gm) _ 168,72
Depth (ft.)  22-23.5 Moisture Content (%)  ---

Size of Sawple (In.) 1.6 X 3 Consoiidation Pressure (psi) 10
Rate of test {in./min.).00024  Back Pressure (kg/cmz) 1.90

HORIZONTAL SAMPLE

Excess Pore . oy - 03 Pore Prass.
Strain l.oad Prassure 1 3l — Coeff.
EY AP 1b, AU Psi Psi 93 A
047 2.2 . 284 1,240 L1728 .230
—Li07 3.9 569 2.206 .234 ,258 -
. 153 6.3 .695 3.560 .396 .279
260 7.3 1.351 4,123 A77 .328.
L3217 11.2 1.850 6.320 175 292
L AZ0 16.0 2,840 9,020 1.260 .315
_.h3/ 19.72 3.130 10.810 1.570 .289
.h97 21.0 3.270 11.820 1.760 217
LY 3,840 13,500 | 2.210 .28
.997 26.6 3.840 14,910 2.420 253
1.200 29.1 3.550 16.280 2.520 218
1.320 50.8 3.470 16.750 2.570 207
1.570 .| 3.2790 17.330 2.570 . 189
1,360 327 2.910 18.150 2.560 . 160
3.7150 33,1 . 1.420 18.150 2.115 .078
3.630 33.2 1.140 18.120 2.050 .063
3,960 335 AL 18.270 1.570 039
9.700 23.1 ~1.420 14,370 1.260 -.099
9.940 28.0 -1.420 14,280 1.250 ~,100



Boring No, C3-1A Weight of Sample (gm) 168.60
Denth (ft.) 272-23.5 Moisture Contént (%) 32.4

Size of Sample (In.) 1.5 X3 Consolidation Pressure (psi) 20
Rate of test (in./min.).00024  Back Pressure {kg/cmz) 2.80

HORIZOMTAL SAMPLE

LXCcass Pore 5 o oy = 94 Pore Press.
Strain Load Pressure 1773 R Coeff.
E% AP b, AU Psi Psi 3 A
.030 3.20 A27 1.81 .092 L2356
050 7.15 1,420 4,04 217 . 352
097 10,50 T.706 5.94 325 2R
140 18.00 3.130 10,17 ,603 7307
320 23,80 4,550 13.43 877 349
L 430 27.10 5,120 15.28 1.030 .335
540 30.60 5.979 17.23 1.230 LY
.5/0 33.10 6.630 18.62 1.3983 359
8/0 35.90 7.390 20.15 1.600 367
T.020 36.90 7.390 70.68 1,640 357
1,330 37.30 6.000 | 20.44 1,490 283
1,450 | 37.30 5.670 0.81 1.480 287
1,730 37.30 5,900 20.75 1.470 L
1.980 37.10 5,680 20.59 1.440 276
2.220 36.00 5.400 20.26 1.390 267
2.330 36.10 5.120 19.90 1.340 .257
2.960 35.10 4,590 19.28 1.260 243
3.210 34.50 4,620 18.96 1.240 .248
3,450 3470 4,550 18.64 1.210 244
3.730 33.80 4,340 18.41 1.175 .235
4,900 33.70 4.270 17.88 " 1.140 213
5.600 | 32.50 3.690 17.33 1.060 -200
6.280 | 32,70 3,410 17.09 1.030 193
6.760 32,710 3.270 16.95 1.010 . 193
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Bering No.. CB-1A - Weight of Sample (gm)__171.4
Depth {ft.) 22-23.5 _ Hoisture Content (¥)____30.60
Size of Sample (in.) 1.5 X 3 Consolidation Pressure (psi) 40
Rate of test (in./min.).00024  Back Pressure (kg/cmz) 1.70

HORTZOHTAL SAMPLE

Excess Pore g ay - g Pore Press,

Strain Load Pressure 91 - 93 —F— Coeff,

£E% AP 1b. AU Psi Psi- 3 A

.063 1.2 142 .68 LO171 210

L 120 2.3 213 1 1.30 .0330 164

2147 6.1 1.280 3.45 L0890 371

.330 16.4 3.130 9.25 .2520 338

LA00 23.2 5,400 13,08 3800 [ L4143

L4990 29.0 6.630 16,34 L4930 A0

570 34,2 7.390 19.25 .5930 .384

070 38.7 3.670 21.77 .6980 .398

L1 42.5 9.670 23.88 /910 405

880 46.5 10.380 26,10 L8850 RN
1,240 H5.3 ) 12.500 30.60 1 1,1300 RSE
1.440 58.1 12.900 32.40 1.2000 399
1.660 6G.0 13.510 33,41 1.2690 404
T.880 61.5 4010 34.17 1.3230 410
2.190 .| 62.2 14,080 34.45 1.3370 409
2.510 62.5 14,080 34,50 1.3390 408
72.620 61.5 13,510 33.81 1.2840 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 11.450 26.71 L9417 .429
5.700 | 48.1 11.300 25,68 .900 .440
6.070 1 47.2 11.03%0 25.10 .873 442
6.570° | 48.2 10.850 24.40 .844 449
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Boring No. CB~1A Weight of Sample (gm) 167.80
Depth (ft.) 22-23.5 Moisture Content (%) 31.70
Size of Sample (In.) 1.5 X 3 Consclidation Pressure (psi) 60

Rate of test {(in./min.) .00024 Back Pressure (kg/cmz) 2.20
| HORIZONTAL SAMPLE

Excess Pore G -G gy - 0q Pore Press.
Strain Load Pressura 1 3 5 | Coeff.
E% AP b, AJ Psi - Psi 3 A
047 2.3 AN 1.302 .022 546
110 .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
_ 463 7.2 2.700 4,060 YA .b6h
.510 3.0 2.840) 4,500 079 .632
WEY 9.0 3.130 5,060 .089 .618
.850 14.0 4,470 7.860 142 .561
.903 21.8 6,680 12.230 - ,231 .546 ~
.G77 28.0 © 8.250 15.700 .305 525
1.037 32.5 8.820 18.210 .358 ~.484
1.273 &7 .2 i2.510 ] 26.390 .559 LA474
1.430 53.2 14.220 29.690 .652 A79
1,557 58.8 15,500 52,760 g4 473
T3707 £5.0 17.210 36.120 .814 L4876
2,300 71.2 18.910 39.280 .962 481
2,850 /5.2 20.330 41,370 1.050 V491
3.400 76.0 20.410 41,570 1.057 491
4,260 75.0 20.330 40,660 1.032 .500
4,760 13.2 19.840 39,480 .989 - ,502
5.070 /1.0 19.340 37.760 .935 .512
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Boring No. C3-8 | Weight of Sample (gm}  166.85
Depth (Ft.)  33-35 Moisture Content (%) 34.3

1 __ Consolidation Pressure (psi) 10
Rate of test (in./min.) .00024  Back Pressure (kg/cmz)d”_1¢§9

‘Excess Pore} gy - 053 | Pore Press.

Strain Load Pressure 1793 —% Coeff.

£% AP Tb. AU Psi . Psi 3 A

070 .b L0280 .283 028 .099

140 1.0 L0711 .b65 057 | . 126

217 1.5 1140 .848 085 .135

.2380 2.8 A270 1.530 .165 270

323 5.5 1.1380 3.104 .30 | 366
—357 1 8.2 T.7780 4,626 553 384

LF%3 16,0 2.8440 8.992 1.260 316
~950 [ 17.9 2.9860 10,038 | 1.431 297
1.297 19.2 2.8440 10.73i T.500 | .265
1.410 19.9 7.8300 11.108 1.550 .2h%
1.643 20.7 2.7300 11.194 1,540 | 244 —
1.8717 20.9 2.7020 11.612 1.520 ] 233
2.190 21.1 2.2750 11.5685 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
3.937 27.2 1.1380 12.075 1.360 ' .094
4,403 23.1 . 8530 © 12,500 1.360 | .058
4,960 23.3 5690 12.540 1.330 © 045
5.513 21,0 5690 12.840 | 1.360 _044
5,597 23.8 A270 12.720 1.330 - .033
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Boring No.  (CB-8 Weight of Sample (gm)_ 167.9
Dapth (ft.)  33-35 Moisture Content (%) 33.2
Size of Sample (In.) 1.5 X3 Consolidation Pressure (psi)_20

Rate of test (in./min.)_.00024  Back Pressure (kg/cmz)w_l:TO

Excess Pore | gy - o3 | Pore Press,
Strain | Lead |  Pressure M 3V ——~ Coeff.
£% AP Tb, AU Psi Psi 3 A
.033 2.6 142 1.471 .074 .097
. 190 3.4 .569 1,921 .099 .296
300 4.1 J11 2.314 .120 .307
407 5.1 1.210 2.876 .153 A20
487 11.1 2.560 6.255 .359 410
570 16.9 3.410 9.515 574 .359
43 | 21.7 4.410 12.195 782 .360
. 887 23.1 4,330 . 12.964 .855 .373
1.333 25.4 5.400 14,197 972 381
1,567 25.9 5.400 14.449 .989 .374
1,383 26.1 5.120 14.500 974 .353
2,233 26.2 4,830 14.490 | . .95% 334
2.443 20.2 4.760 14,470 | 949 329
2.760 26.6 4,550 14,650 943 311
2.920 25.6 4.550 14.620 .946 311
3.160 26.6 4,480 14.580 .939 307
3.400 26.9 4.266 14.710 935 280
4.830 27.1 _A.120 14.600 919 .282
5,300 270 3.930 14,590 917 .267
6.097 28.1 3.555 14.940 .908 .238
6.180 27.9 3.5b55 14,820 .901 .239
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Poring No. (CB-8

Depth (ft.) 28-30 L
Size of Sample (In.) 1.5 X3
Rate of test {in./min.).00024

Weight of Sample {(gm)  173.2
Moisture Content (%) 29.50
Consolidation Pressure (psi) 20
Back Pressure (kg/cmz) 1.70

Excess Pore | = gq - o3| Pore Press.
Strain | Load Pressure 1 3} ~—=—>  Coeff,
E% | AP 1b, AU Psi Psi °3 A )
—.067 .80 . 1422 .453 .023 .310
140 1.20 L2840 679 .034 420
213 2.00 .4260 1.130 .058 .3/8
.23/ 2.30 _ .4980 1.299 067 383
.357 3.00 5690 1.693 .087 .336
. 387 6.90 1.4220 3.890 210 . 365
6/0 1 21.00 4.4100 11.810 760 373
L8001 23.40 4.6900 13,140 .850 .357
036 1 25.30 5.4040 14,130 970 .381
1.07 27.00 5.6900 15.125 1.060 .376
17,210 | 28.30 5.9/00 15,830 1,120 .3717
T1.3650 | 29.50 6.1900 10,480 1.190 375
T.503 | 30,40 &.5400 16.950 1.260 .386
1,650 ] 31.30 6.6800 1 17.540 1.316 .380
T.600 | 32.59 5.7500 18.070 1,304 .373
7.947 1 33.10 6.0820 18.380 1.380 .363
2.097 34.00 5.6800 | 18.8350 1.415 .o%4
2.240 1 35.00 6.5400 19,370 t.430 345
2.320 1 35,20 6.4000 19.470 1.430 .329
2.030 | 36.10 6.5400 19.910 1.510 .328
3.090 37 .80 6.6800 20.740 1.550 322
3.710 ] 38.50 6.5400 20.5990 _1.560 .308
4.380 | 39.20 5.9700 21.224 1.510 .281
5.340 | 39.50 5.,5500 21.170 1.460 .262
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Boring No. (€8-3
Depth (ft.) 33-35
Size of Sample (In.) 1.5 X

Weight of Sﬁmp1e {gm) T170.7
Moisture Content (%) 32.60
Consolidation Pressure {psi) 40

Rate of test (in./min.) GOO¢4

Back Pressure (kg/cmz)__“§¢gg_____
; Excess Pore oy - 03 Pore Press.

Strain Load Prassura 9 " %3l L Coeff.

E% AP 1b, AU Psi Psi 3 A -
006 1.3 014 ./35 .018 019
.283 5.5 1,422 3.105 .081 458

337 10.4 7.550 5,830 155 439
.393 18.2 . 4,410 10.260 .288 429
460 1775.0 5,500 14.090 413 L1706
533 31.3 7.250 17.528 .538 AT
317 45,5 1.090 25,550 . 884 434
L9717 51.3 12.440 28.764 1.040 .433
T.090 54.8 12,800 30.650 1.128 Y
1.210 57.17 13.510 32,470 1.220 418
1,370 | 60.3 13,790 33.700 | 1.286 409
1.460 62.5 13.940 34.870 1.338 .400
1.627 85.3 14,220 - 36.370 1,441 351
800 | 57.3 14.430 37.420 | 1.463 3%
1.950 68.3 14.650 - 37.920 1.496 .386
2,100 08.8 14,500 38.130 1.495 .380
2.230 69.3 14,360 38.360 1,456 374
2.410 69.3 14.220 38.290 1,485 371
2.620 66.1 14,220 35.459 1.414 .390
2.780 55.4 14,210 36.002 1.396 .395
3,830 | 59.3 12.650 32.290 | 1.181 .302
4,360 55.5 11.234 30.050 . 1.045 .374
5.700 51.3 18,665 27.390 .934 .389
5,860 51.1 10,665 27.240 .929 .392




159

Boring No.  C3-8 Weight of Sample (gm)  168.2
Depth (ft.)  33-35 Moisture Content {%) 32.0
Size of Sample (In.)1.5 X 3  Consoiidation Pressure {psi) 40

Rate of test (in./min.) .00024  Back Pressure (kg/cm2)~m2.35 L

Excess Pore | © | 0y - 0q) Pore Press,
Strain Load - Prassure o 3| —5— Ceeff.
E% AP 1. - AUPsi - Psi 3 A
070 .50 .284 338 6086 .838
160 4,50 1,850 2.600 .0690 g1
. 120 ~8.90 2.990 5.030 1370 .594
. 150 12,10 1. 3.840 6.840 910 1 56T
.230 18.00 5.546 10,168 | .2540 545
.360 26,20 7.963 ~14.780 4680 .538
520 132,50 9.530 18,310 | = .e070 520
680 3/.70 | —eeee 21.200 - e
.320 42,40 1 aeee- 23.800 — -
1.050 46,30 1 —eme- 25,940 — R
1.240 49.50 | men- 2/.680 ~—- -
1.460 1 52,80 | v 29,460 -~ e
T.6406 1 55,70 oo | 31,020 T
1,700 1 56,90 | 15.930 31.670 | 1.3300 .503
T.640 | 58,60 15.070 32,570 ¢ 1.3800 | 490
1.980 53.70 16,350 33.130 i .4300 .493
2.120 1 01.20 16.640 33.920 | 1.4800 .490
2.7 61./0 16.750 34.140 1.5000 490
2.4560 82.70 16,920 34.530 [.5130 . 433
2,560 2.5h0 16.350 34.480 | T1.4700 474
2.750 h1.80 15.930 34.030 | 1.4300 . 468
2,531 60.70 __15.940 33.360 1 1.3880 469
3.100 59.90 15,360 32.860 1 1.3500 467
3.280 53.70 | 15.C70 32.140 ] 1.3060 .469
3.580 56.20 14.360 30.680 | 1.2120 468
4,450 51.70 13.790 27.970 | 1.0930 .493
5.240 50,09 _12.800 26.830 9980 47T
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Boring No. _ CB-1A Weight of Samsle (gm)___159.50
Depth {fe.)  22-23.5 Moisture Content (%) 37.35
Size of Sample (In.} 1.5 X 3 Consolidation D“?Ssdre (psi) __10
Rate of test {in./min.) .00024 Back Pressure (Pg/cm ) 2.70

REMOLDED SAMPLE

Excess Pore Ge - g gy - O3 Pore Press.

Strain Load ‘Pressure b 3 g Coeff,

£% AP 1b. AU Psi Psi : 3 A

053 2.10 .284 1,189 . 122 .240

.080 4,90 .854 N 313 .308

197 9.30 1.920 5.256 651 .365

U327 11.50 2.700 - 6.491 ., 389 .383 -

LY 12.90 2.840 7.271 1.016 .390

617 13.50 2.990 7.597 1.083 .394

L 843 14,50 3.200 8.741 1.197 394
T.O?O 15,50 3.630 8.683 | 1.347 413
1.530 16.70 -3.980 9.311 1.547 443
2.000 17.60 4,200 - 9.770 1.683 436
2.470 18.50 4,200 70,217 1,760 RN
2.940 1 19.40 4,270 10.662 1.860 LA02
3.730 19.90 4,130 10.848 1.847 .380
4,360 20.50 3.980 171,102 T1.857 .358
4.843 20.50 3.910 11.046 1.820 .354
5.310 19.90 3.279 10.614 - 1.577 307
5.633 18.30 2.990 9.675 1.379 .308




Boring No. CB-1A

161

Meight of Sample (gm) 160.76
Denth (ft.) 22-23.5 Moisture Content (%) 37.40
Size of Sample (In.) 1.5 X 3  Consolidation Pressure (psi)_20
Rate of test (in./min.) .00024 Back Pressure (kg/cmz) 2.90

REMOLDED SAMPLE

Fxcess Pore

Pore Press.

o 91 - 93
Strain Load Pressure 1 "% 5 Coeff.
_E? AP 1b. AY Psi Psi 3 A
.070 50 142 JRIN) 0170 Y
.140 1.50 ' .356 848 0432 L4720
207 ) AL 1.356 .0703 575 ~
243 5.70 T.509 3.220 7770 L
290 7.79 T.280 .15 2200 31T
337 1770.50 7,997 5.976 23290 336
Ji53 13760 7.707 7.67D 030 352
~ 587 | 15,80 3,626 8,804 5430 408
733 [ 16.70 3,570 9.387 5830 ATH
873 180 270 10760 64560 )
1.323 120,30 5470 11.343 77780 478
1.550 | 21.20 5.830 TT.878 .8340 492
2.010 | 22.60 6.617 12,540 9370 527
2,470 | 724,00 5.826 13.250 T.0060 515
2,540 | 25.00 7.110 13,740 7.0660 518
3,470 [ 25.60 7.752 14,002 T.0980 518
3.860 | 26.4 7470 [4.370 1.1460 520
5,503 | 27.7 7820 T4.615 T.2390 5ok
5.460 | 78.2 7.953 15.097 1.72540 529
5.930 | 28.7 7.892 15.268 1.2630 516
6.490 | 29.0 7.764% 15,356 T.2550 506
7040 | 292 7537 15.370 T.7330 )
10,990 [ Z7.0 5.683 T3.608 1.0220 430
7,660 | 25.2 6.540 12.606 9370 519
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Boring No.____ (B-1A Weight of Sample (gn)__161.40
Depth (ft.) 22-23.5 Moisture Content (%) 37.30
Size of Sample (In.)1.5 X 3 Consolidation Pressure (psi) 40

Rate of test (in./min.).00024  Back Pressure (kg/cmz)“_g.SO

REMOLDED SAMPLE

Excess Porel - . | o - O3] Pore Press.

Strain Load Pressure 1 3 —3 Coeff.
E% AP b, AU Psi Psi 3 A

.037 3.20 995 1.811 .0460 .540
077 6.10 1,706 3.450 09071 - .485
J13 1 9.40 2.560 5,317 1420 482

157 12.00 3.270 6./84 . 1850 483
200 14.30 3.982 -8.364 .2320 478
257 15.60 4.238 9.37¢ .2620 .A52
.3/3 19.70 4.971 11.114 3170 446
~.503 21.80 5.830 12,282 3590 A4
640 | 23,70 6.540 13.33% | .3990 L4589
.8h3 25.60 7.252 14.370 L4390 U505
~1.070 27.30 8.674 15.293 __.A880 568

1.290 28.70 9.670 16.042 5290 602
1.737 31.10 10.949 17.305 .b960 .632
2.270 33.40 11.803 18.480 ,6550 .640)
2.380 35.50 12.940 19.524 71220 .663
3.337/ ] 36.80 13.2720 20.143 .7520 .660
3,643 | 37.80 13.650 20.624 7740 .661
4.810 40,40 14,500 21.776 .8540 .667
5.430 1.70 14.790 22.330 .8860 664
5,983 42.30 15.0/0 22.519 .9030 .670
5.460 42.80 15.360 22.671 .9250 .6/7
5.930 | 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" "~ Weight of Sample (gm)__156.7
Depth (ft.) 22-23.5 Moisture Content(%) 41.1
Size of Sample (In.) 1.5 X3 Consolidation Pressure (psi)_10

Rate of test (in./min.)_.00024  Back Pressure (kg/cmz) 2.10

REMOLLED SAMPLE

Excess Pore 6. -G oy - 93 Pore Press.
Strain Load Pressure 1 3 | —— Coeff.
E% AP 1b. AU Psi Psi 3 A
.040 3.0 284 “1.70 175 167
087 5.4 .569 2 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
L340 10.6 1.850 5.98 A3 .310
4820 i1.9 2.560 6.71 .902 . 381
.630 12.5 2,960 7.03 .599 R
./80 13.1 2.990 7.36 ~1.050 406
.900 13.7 3.020 /.69« 1.102 .394
1,090 14,2 3.000 7.95 1,146 .385
1.240Q 4.8 - 3.200 8.28 1.205 .385
1,390 15.1 3.270 .8.43 1.253 . 388
1,940 16.2 3.410 8.99 1.364 380
2.170 15.8 3.550 9.31 1.428 . 382
2.4590 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 1.5417 .380
3.510 18.2 3.700 9.94 - 1.578 .372
3.910 18.3 3.700 9.96 1.581 341
5.030 18.2 3.560 9.79 1.520 . 304
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 3.000 8.4/ 1.210 . 354
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Boring MNo. CB-1A Weight of Sample {gm)  155.1

Depth (ft.)  22-23.5 Moisture Content (%) 40.85
Size of Sampie (In.) 1.5 X 3

Consolidation Pressure (psi) 20
Rate of test {in./min.).00024  Back Pressure {kg/cn’ ) 1.30

REMOLDED SAMPLE

Excess Pore| | o - g, | Pore Press.
Strain Load Pressura 1 31 —3 Coeff.
E% AP 1b. Al) Psi Psi 3 A
.060 1.50 ,250 .85 .043 .330
_.130 2.30 .498 1.30 .067 .383
77 4,80 1.020 2.70 142 .3/8
220 7.20 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 /.18 A2l 1 .42
610 1 14,10 3.700 7.94 487 466
./53 15.30 4,130 8.60 542 480
.900 16,30 4,690 9.15 598 512
1,200 § 17.80 5.620 _9.96 __.693 .54
1.500 19.00 5.950 10.80 /61 .51
1,960 20.50 6.830 11.38: .873 . 600
2.420 21.80 7.250 12,05 . 940 995
2,890 | 23.20 7.540 12.76 1.024 .602
3.350 | 24.70 8.250 i3.25 1131 .623
3.740 24.70 8.250 13.46 1.146 613
5.080 1 26.80 3.460 14.41 1.249 .587
5.560 1 27.30 8.520 14.60 1.272 .584
6.020 27.90 ‘ 8.530 14.85 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
10,500 22,30 7.110 11.25 .873 .632
T1.380 | 22.30 7.110 .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.) 1.5 X 3 Consolidation Pressure (psi)

Rate of test (in./min.).00024  Back Pressure (kg/cn?) 2.80

REMOLDED SAMPLE

Excess Pore g -G o] - 03 Pore Press.
Strain Load Pressure ] 3 —g Coeff.
E% AP 1b. AU Psi Psi 3 A
053 1.80 .855 1.020 . 026 .83
127 Z.50 1. 740 1.470 036 .808
187 3.80 T.560 7.150 056 775
.230 5.50 2.820 3.730 .099 645 -
7273 9.50 2.620 5.360 145 576
323 | 11.60 3.410 5.550 180 521
3737171365 x.276 "7.700 216 576
437 74,50 4470 8.400 .236 526
563 117,40 5.550 9.797 ek 568
597 19.50 6.540 10.560 328 597
837 | 20.80 7.140 17.680 .355 611
1 770 | 2450 9.530 [ 13.750 451 692
T.4007 | 25.50 10,090 14,450 483 607
79015760 ~1T.380 15,350 536 740
z.090 | 28.70 72,090 15,910 570 758
TFUEGD 30,60 13,080 16.900 | ..528 773
7. 840 ) 32.00 137940 T7.600 .675 793
3.380 | 33.60 14,650 18,380 725 797
4.310 | 36.10 5. 640 19550 .803 .800
7,780 | 36.70 15,780 197,790 817 798
5.240 | 37.70 15,930 20.7230 "B40 .788
5,710 1 38.60 16.210 20.5610 .566 787
T6.190 | 38.90 76.630 20,660 084 . 805
6.660 | 39.50 16.780 20,280 .839 803
6.900 1 3960 16.7%0 20,850 . 899 .503
70.500 | 39.40 16.070 19.970 834 .805
11070 1 33,30 15 . 640 16.770 .638 935
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3oring No. CB-1A
Depth (Ft.) 22-23.5
Size of Sampie (In.}1.5 X 3

Moisture Content (%) 28.30
Consolidation Pressure {psi) 10

Rate of test (in./min,) .000G72  Back Pressurc (kg/cmz) 2.20

Gu - g Volume ‘
Strain " Load i 3 Change AV
E% AP 1b. Psi AV ML. Vg
067 4,1 2.320 - .08 - L0151
143 7.3 4.134 - .13 - 0245
790 5.4 3.050 - .13 =070
. 387 10.1 5.710 - .18 - 034)
513 12.6 7.120 - .24 - 0455
680 14.9 8.410 - .28 -~ 0530
1.430 21.8 12.230 - 42 - 0795
1.610 22.9 12.830 - 47 0850
2.060 25.3 14.110 - .48 - 021y
2.760 27.0 14,940 - 43 - .0815
%.330 26.0 14.140 - .33 - 0625
4570 25.9 14.040 - .28 - .0530
4.810 ~25.8 13.940 - .23 - 0435
5.060 25.6 13.790 - .20 - 039
5.540 25. 1 13.450 - .18 - 0341
5.780 25.0 13.360 ~ .16 Z.0303
6.2/0 24.6 13.080 - .14 - 0265
7.110 74 .4 12.850 - .08 - .0151
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Boring No. CB-1A lieight of Sample (gm) 172.2
Depth (ft.) 22-23.5 Moisture Content (%) 29.76
Size of Sample (In.)1.5 X 3 Consolidation Pressure {psi)_20
Rate of test (in./min.) ,000072 Back Pressure (kg/cmz) 2.70
_ Volume
Strain Load 9 = %3 Change AV
E% AP 1b. Psi AV ML. Vo
032 3.0 1.699 - .030 =057
064 5.1 37450 =045, =.0085
140 6.6 3.730 - .05 - .009%
273 10.3 5.820 - .07 - 0133
397 8.2 7.630 —10 =090
/25 13.7 /.710 - .15 - 0234
. 889 19.6 11.030 - .24 - 0455
1,193 75.5 14,370 T Z.0645
R 78.5 15.970 =35 —0663
1.565 29,7 16,630 =37 = 0760
1.813 TN 18,200 2,38 - 0720
7.740 3.5 17.480 =37 =070
~2.580 31.6 17.430 - .37 - 0700
3.197 31.6 17.390 - .36 - 0680
3.630 31.6 17.310 ~ .35 - 0660
4,080 3i.6 17.230° - .33 - 0625
4,690 31.6 17.114 | ~ .30 - 05670
4.850 31.6 17.080 - 2/ - ..0510
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Boring No. _ CB-1A Weight of Sample (gm) 170.2
Depth (ft.) 22-23.5 Moisture Content (%) 30.35
Size of Sample (In.) 1.5 X 3 Consolidation Pressure (psi) 40
Rate of test (in./min.).000072  Back Pressure (kg/cmz)__g_@g
G -5 Volume
Strain Load 1 3 Change _AY
E% AP 1b. Psi AV ML, Vo
047 2.3 T.307 =020 =.0038
.087 4.2 2.330 ~ .038 ~ .0070
437 5.5 3,110 =040 70076
212 9.0 5.084 - .060 - L0114
.397 15.0 8.472 - .120 - ,0230
77 19,9 11,233 BT 0270
.096 25,0 14,110 - .238 - .0450
784 32.3 18.220 - .340 - 0640
.907 36.0 20.290 - .360 - .04t
1.034 30.3 22.700 - .440 - 0830
1.138 43.3 24.370 - .450 - 0870
1.263 16,4 26.056 - .510 - 04970
1.370 5.0 27540 =540 STEI
T.450 51.6 28.973 = .560 = 0EYTTT
2,440 53.4 32.530 - /30 - L1380
2760 58.0 32,200 720 N
3,132 57.1 37.580 =729 27TTE60
3,477 56.8 37.32] =720 1360
3,790 6.5 31,040 =720 T 1350
4.010 b56.2 30.800 - 710 - . 1340
4,230 56.0 30.610 - .b80 - 1290
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APPENDIX C

DATA OF DIRECT SHEAR TESTS
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Soring No.___£3-1A Height of Sample {gm)_ 101.]
Depth (ft.) _ 20-21.5 Moisture Content (%)  32.60
Size of Samle {In.) 2.5 X .65 Censolidation Pressure (psi) 10

Rate of test (in./hr.} .007

Shearing AV
Humbey of Displacement Ah Load Resistance v,
Shearing inch Inch Lh. psi %
First . .0023 0 8.0 1.631. 0
Shaaring .00560 0 19.3 3.934 0
| .C105 .0003 29.5 6.013 1 .04%
L0190 .0010 38.8 7.910 | 153
0238 .0019 39.5 8.072 292
0404 .3029 34.9 7.114 446
.0428 .0033 | 34.0 6.930 .508
.0530 L0041 31.5 6.421 L
0286 L0044 33.9 6.910 _.e7d
L0767 ,0053 27.0 5.503 815
.0987 .0051 25.3 5.169 .938
1549 .0074 22.0 4,430 1,138
| .1800 .0082 21.0 4,280 1.261
| L2191 .0093 20.0 4.080 1.430
_ .2n52 .0099 19.0 3.873 1.523
Second 0 .0064 0 0 .98
Shearing .0052 .0064 8.8 1.794 .985
| .0153 .0064 12.5 2.548 .985
0404 .0062 14.5 2.956 .954
. 1343 o002 15.5 3.159 954
1693 .0067 15.5 3.159 1.031
.2165 .0072 15.7 3.200 1.110
- .2036 082 15.8 3.221 1.26]
Third 0 .0065 0 0 1.000
Shearing .00563 0065 10.0 2.038 1.000
L0215 0065 11.1 2.263 1.000
0745 1.0064 13.0 2.650 .984
i .1006 .00564 13.3 2.711 .984
T 1h64 .0004 13.7 2.7192 .984
B 2418 .008b 14.1 2.874 1.310
Y 0030 14.6 2.976 ~1.380
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(Cont'd.)
Shearing AV
Number of Displacement Ah Load Resistance Vo
Shearing Inch Inch Lb. psi %
Fourth 0 = .0055 0 0 1.000
"Shearing L0629 0055 12.0 2.445 1.000
R 0064 12.7 2.589 .984
. 1428 .0064 12.9 2.630 .984
2211 .0077 13.7 2.790 1.184
N L2436 .0083 14.1 2.870 1.280
Fifth 0 .0063 0 0 .969
Shearing .0640 L0061 12.9 2.629 938
0936 .0059 12.0 2.446 607
. 1500 0060 12.6 2.5568 623
B 2205 0077 13.4 2.731 1.184
.2438 0077 13.7 2.792 1,184
2647 .0082 14.0 2.854 1.262
Sixth 0 .0051 0 0 933
Shearing 277 0051 9.3 1.836 .338
__.0a3b | .0061 § 11.0 2.242 _.938
.10946 .00e1 11.8 2.405 938
L1728 L0060 12.5 2.548 ,923
.2058 L0085 13.0 2.650 1.000
.2300 0068 13.4 2.730 1.050
~ . 2647 0078 14.0 2.854 1.200
- 2682 .0078 4.0 2.854" 1.200
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Boring Mo.  C3-1A Weight of Sample (gm)  100.90

Depth (ft.)  20-21.5 Moisture Content (%) 32.10

Size of Sample (In.} 2.5 X .65  Consolidation Pressure (psi) 20
Rate of fest (in./hr.)_.007

Shearing AV
Mumoar of Displacement Ah Load | Resistance '
hearing Inch Inch Lb. psi %°
First .0034 0 12.0 2.450 g
Snearing | 0038 9 26,5 5.402 0
01562 0 40.6 §.276 o
.0190 0007 44.6 9.091 015
. .0236 0001 '+ 48.7 9.92/ 015
.0288 .0002 51.9 10.579 .031
.0317 .0002 53.0 10.803 031
. .0348 ,0C03 53.5 10,905 045
.0404 .0604 53.0 10.803 002
U674 .0013 39,8 8.113 . 200
.0837 .0017 36.0 7.338 . 262
. 1597 .0029 28.5 5,809 445
1724 .0029 27.8 5.657 .446
2010 17,0030 27.0 5,503 . 462
AT —.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 L0125 0 17.2 3.506 0
0329 0 i8.5 3.771 0
1038 0 19.7 4.015 0
. 1420 0 20,1 4.097 0
2015 .0008 20.3 4,138 .0123
.2b76 .0007 20.7 4.220 .0310
Third 0 - 0003 0 0 -.046
Shearing 0112 - ,0003 6.5 3.363 -.046
0275 - .0003 15.5 1 3.160 ~-,046
_-Da80 - 0003 6.5 3.360 -.046
0755 - L003 17,3 3.530 ~.046
.09n4 - 0003 17.3 3.570 ~, 0486
1005 5003 17.3 3.530 ~.046
22021 - 0001 18.2 3.710 -.015
2201 - G00] i3.4 3.750 -.015
. _..£000 S NN 3.870 .031
2600 0002 (19,4 3.950 031




(Cont'd.)
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- Shearing AV
Number of Disnlacement Ah Load | Resistance v
Shearing Inch Inch Lb. psi %°
Fourth 0 -.0010 0 0 -.154
Shearing .0434 -. G010 15.8 3.22 ~. 154
.1038 <.0010 6.7 3.40 -.154
1264 ~-.0010 16.9 3.44 ] -, 154
L1700 -.0080 [ 17.2 35T - 123
.2603 -.0004 18.5 3.7 ~,062
.2706 +.0602 19.2 3.91 - 031
Fifth 0 -.0012 1 0 0 ~.185
Shearing __.0087 -.0012 1 12.3 2,51 -. 189
.0197 -.0012 14.0 2.85 -, 185
L0434 -.0012 15.4 3.14 . 185
0535 ~.0012 15.8 | —3.2¢ -. 135
.0709 -.0012 16.0 3.26 ~ 185
0918 -.0012 16.1 3.28 -, 135
. 1663 -,0012 16.7 3.40 .185
.20 - 0010 17.2 3.51 -. 154
2430 ~.0010 17.9 3.0 -. 154
,2639 - . 3008 19.1 3.90 -.123
Sixth 0 -.0015 0 0 -.231
Shearing 0051 -. 0015 5.0 1.22 ~.231
.0235 -.001% 13.5 2,75 -.231
0454 -.0075 | 14.8 3.02 -.231
112 -. Q015 16.0 3.26 -, 231
L1616 -.0015 16.6 3.38 ~.231
. 1965 -.0014 16.8 3.42 -.215
. 2651 -.0010 19.1 3.90 -
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Boring Ha,  C8-14 _ MHeignt of Sawple (gm) 098.6
Dapth (Ft.) _20-21.5 Moisture Content (%) 34.0

Size of Sample (In.) 2.5 X .65 Conselidation Pressure (psi)d0
Rate of test (in./hr.) .007

Shearing AV
Hunber of Displacement Ah lLoad | Resistance vV,
Shearing Tnch Inch Lb. psi %
First .0027 0 7.3 1.488 0
Shearing 0051 10 15.0 3.057 0
} .0075 0 22.5 4.586 0
0100 0 30,1 5.135 g
0142 0 41.0 8.357 0
0159 0 48,3 9,845 _0
0201 0 54.7 11.150 9 .
0234 ~.0004 | 61.0 12,434 .62
0270 ~.0008 | 66.7 13.600 -, 123
~.0335 -.0011 [ 73.5 14,982 -.189
.0386 -.0016 | 76.5 15.593 - . 245
. 0445 -.0021 | 78.5 16.000 -.323
.0510 -.0025 |1 79.3 16.164 | -.385
L0579 -.0030 | 79.5 16,200 - 451
.0636 -.0035 | 78.8 16,062 -.538
___.1353 -.0038 | 55.2 11.252 ~.535
.1536 -.0047 | 53.7 10,946 -.723
L1737 -.0048 | 52.5 10,701 -,/38
. 1870 -.0048 | 50.5 10.294 -.738
R L -.0050 | 49.5 10.090 -.769
) .2280 -.0050 | 46.8 9.539 ~.769
.2430 -.0050 | 45,5 9.274 -./69
2570 -.0050 | 44.5 9,071 -./69
.2/10 -.0050 | 43,5 8.870 -./69
Second 0 ~.0079 0 0 -1.220
Shearing 0176 ~.0080 | 23.5 4,790 . | -1.231
.0302 -.0083 | 25.6 5.218 ~1.277
.0987 -.0091 | 31.72 6.360 ~-1.400
TTTTNA3 T T TTI009T {3105 6.421 | =1.400
1616 - 0091 1 34.4 7.012 ~1.400
. 1940 -.0089 1 35.8 7.297 -1.370
2573 -.0083 | 38.3 __7.807 -1.277
R YY) | -.0083 | 33.3 1,807 -1.277
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(Cont'd.)

Shearing AY

Humber of Displacement Ah l.oad Rasistance V0

Shearing Inch Inch Lb, psi %
Thivd 0 -.0110 [ O 0 -1.69
Shearing | 0472 -.0111 26.5 5.400 -1.71
) -. 0113 27.8 5.660 -1.71
- .0g87z -.0113 | 28.2 5,740 -1.74
. 1503 -.0113 | 29.7 6,054 -1.74
2147 -.07109 1 33.3 6.780 -1.74
.2419 -.0107 | 34.6 7,053 ~1.68
2624 -.0104 | 35.9 7.300 -1.65
.2059 -.0104 | 36.7 7.470 -1.60
Fourth 0 -,0133 | 0 0 -2.05
Shearing .0075 1 -.0133 11.0 2.242 -2.05
- 0150 -.0133 | 21.8 4.424 -2.09
~.b2s4 -.0135 | 23.0 4.688 -2.08
L0550 —.0139 1 76.8 5,453 NE!
TAGY ~0140T96 6.033 EEAL
1709 -.0139 | 30.5 6.217 2.14
1680 ~. 0137 | 31.0 6.319 2. 11
.2376 -.0130 | 33.0 6.726 2,00
. .2672 ~ 0125 17332 6.95 1.92
Fifth 0 -.0170 1 0 0 ~2.62
Shaaring .0584 -.0172 1 25.4 5.177 ~2.95
.0808 -.0175 1 26.3 5,361 ~2.59
____.0991 ~.0175 27.5 5.605 ~2.59
____________ 1436 -.0175 1 29.3 5.972 ~2.09
2138 ) -.0169 32.6 6.645 | -2.00
2429 -,076€ | 33,1 6.747 -2.55
.2863 -.0T62_ | 33.6 6.849 -2.49
.288]1 -.0162 1 33.9 6.910 -2.49
Sixth 0 -,0200 | 0O 0 -3.08
Shearing | 0702 |=.0200_ | 18.2 3.710 -3.08
' 0285 -.0200 § 22.7 4.627 -3.08
0657 -, 0203 1 24.9 5.075 ~3.12
i 0843 1 -.0204 1759 5.280 1 -3.14
1509 -.0203 1 28,7 | 5.850 1 -3.12
2091 -.01% 1 31.0 5,320 -3.02
.245% -.0192 1 32,7 6.561 ~2.95
TR ~.0189 1 33.8 6.900 -2.91
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Roring No. ¢8-1  Weight of Sample (om)  102.7
Dapth (ft.) 23-25 Moisture Content (%) 29.50

Shearing AY
Number of Misplacemant Ah Load Resistance Vo
Shearing Inch Inch Lh. psi %
First .0068 0002 15.1 3.08 031
Shearing 0182 L0009 28.4 5.79 . 138
.0323 0021 33.9 6.91 373
0372 00726 34,6 7.05 400
0476 L0034 34.7 7.07 023
.0588 _1..0043 | 34,7 7.08 L6
0738 0055 31.8 6.48 245
0837 0064 29.9 6.10 .955
1521 .0088 23.8 4,85 1::ﬂgln__
1735 0104 23.2 473 e00
L2003 0117 21.6 A4 .40 1,800
2344 0123 20.9 4,26 1.830
.2398 L0124 26.5 4,18 1.210
- 2576 0124 19.9 4,06 1.910
Second 0 .00S0 9 0 1.380
Shearing 0137 1_-0088 12.2 2.49 1.350
L0235 L0086 13.4 2.73 1.320
.0335 0034 14.5 2.96 1.290
L0403 .0083 14,7 3.00 1.280
L1028 .0081 15.4 3.13 1.250
L1203 .0083 15.5 3.15 1.280
L1472 .0088 | 15.5 3.16 1.350
. 1832 .0099 | 15.6 3.18 1.520
2041 0104 15.7 3.20 1.600
_ 2705 L0112 15.9 3.24 1.729
Third 0 .0094 0 0 1.450
Shearing | 0047 .0094 3.7 NE 1,450
0168 (3094 9.9 2.07 1.450
_.0320 0030 1 11.0 2.24 - 1.380
- 0437 1 ..0088 i1.8 - 2.41 1.3590
S EE .0088 12.1 2.47 1.350
| .0766 | .008/ 12,5 | 2.55 1.340
2357 1.0088 1 13.1 2.67 1.350
VL oy 13.5 2./5 1 1.490
2167 L0705 13.9 2.83 1.620
L2384 [ .0108 1477 2.87 1.660
L .2/ 16 O 14.2 2.89 1.710
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{Cont'd.)
, Shearing AV
Number of Displacement Ah l.oad Resistance Vo
Shearing Inch - Inch Lh. psi %
Fourth J .0100 0 0 1.54
Shearing | 0065  1.0100 6.6 1.35 1.54
L0274 .00% | 9.8 2.00 1.48
0581 1009 1T 2.26 1.45
B .0806 .0092 11.5 2,34 1.42
B . 1380 .0042 i2.0 2.45 1.42
~.1693 0100 2.5 2.55 1.54
.2198 .0109 13.0 2.65 1.68
L2123 ' L0109 13.2 2.69 1.068
2719 L0113 13.6 2.77 i./4
Fifth 0 .0100 0 0 1.54
Shearing .00638 L0100 5.9 1,41 154
.019 _1.0109 8.7 1.77 1.54
0398 0096 | 9.6 1.96 1.45
0760 Q694 0.6 2.16 1.45
1419 0102 | Ti.5 ?.34 V.57
749 1.0103 12.0 2.45 1.58
_.2323 0109 12.5 2.56 1.68
2513 1.0112 12.9 2.63 1.72
L 2721 o112 13.2 2.69 1.72
Sixth ' 0 '] .0098 0 0 1.51
Shaaring | 0572 0096 9.7 1.98 - 1.48
: L0780 L0045 10.0 2.04 1.46
L0953 0095 10.5 2.14 1.46
. 1543 L0100 11.2 2.28 1.54
2221 .0109 11.9 2.44 1.68
.2688 L0111 13.0 2.65 1.71.
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Boring Mo, CB-1  Ueight of Sample (gn) _102.7
Depth (ft.) 23-25 _ Moisture Content (%) 29.2

Size of Sample (In.).65 X 2.5  Consolidation Pressure (psi) 20

..
I,

Rate of test (in./hvr.) .007

Shearing AY
Humber of Displacement Ah Load Resistance v
Shearing Inch Inch In. Dsi %3°
First . .3028 J 9.9 2.02 0
Shearing .0059 ) 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
L0205 0 50.0 10,19 0
.0290 ) 51.5 10.50 0
0332 0 53.4 10.88 o0
0403 10 56.2 11.44 o
0468 0 56.9 11,60 0
L0520 1 .0006 57.0 11.62 092
0537 .00C7 57.9 11.62 L1038
.0555 .0008 55,9 11.60 123
L0633 L0009 | 55,8 11.37 133
0683 L0010 55.2 11.25 NEL)
1397 L0075 38.7 7.89 .385
Led2 L0031 36.0 7.34 477
2027 0036 33.0 5./73 564
2334 0041 31.2 5.36 031
2015 .0046 30.2 6.16 .J08
Second o 0013 0 0 ' .200
Shearing .0066 0013 9.5 1.94 .200
B .0124 .0012 i7.4 3.55 . 184
.0285 L0009 19,9 4,06 .138
B L0483 .0006 2l./ 4,42 .092
L) .0004 23.2 4.73 .062
. 1244 0004 1 23.3 4,75 .062
i L1644 - .0005 | 23.8 4.85 077
2214 0003 25.0 5.09 .045
L ] .2789 . 0002 25.5 5.20 1,031
Thivd 0 1 .0011 0 0 .169
Shearing | L0077 L0010 1 10,6 2.16 .154
R U 1A T 01 718 123
_.0Z8h L0007 | V7.0 3.47 108
| L0451 L0006 18.5 3.76 .092
0725 L0001 i9.4 3.95 015
L1315 1 .0001 20.2 4.12 015
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(Cent'd.)
Shearing AY
Nuirher of Displacenant Al Load Resistance | - VO
Shearing Inch _t Inch Lb, psi %

TBEGT T O00] 20.5 4,17 075

. 1940 0G0 1 21.0 4,28 015

.2233 0005 21,6 4.40 077

. 311 . 0005 22.3 4,55 .092

o 3008~ L0073 238 1 T TE 200

Fourth 0 L0002 0 0 031

Shearing 0064 1 L0063 1 12.7 }  2.59 D46
0708 U2 T TIs T T T3.08 031

L0375 i .9001____, 16,5 3.36 015

0613 000275 3,57 R

i __1“2577 -.0004 1 18,5 3.78 0He

2708 20003 70.0 1,08 =188

2878 ¥L6006 T 22,0 1,50 .U67

Fifth ) 0 0 0 0 0

Shearing | 0555 -.0004 | 1/7.0 3.47 -.062

0981 -.0006 1175 3.57 -, 092

501 1.,0007 1 18.3 3.73 -, 108

TR 000 T 02 =062
L O N - P O L N

LY L R A 143 .05

e 2775 o031 21.9 4.4 046

Sixth 0o .000! 0 0 .015

Shearing | 0155 L0601 | i3 {275 015

.0383 1-.0002 } 6.1 | 3.08 -.031

0859 =, 0003 6.6 3.38 -.092

. 1645 -. G006 17.6 3.59 ~.092

. .2060 -.3006 1 18,8 1 3.79 -.092

_m_”__.}_zr_z}_z_:}m______"; 0003 | 19.8 4.04 ~.040

TTTTLAR9 T g6l [ 26.3 1,14 015

.2807 +,0002 | 22.2 4,53 [ +.031




180

Boring No. €2-1 Waight of Sample (gm) 102.1
Depth (ft.)__ 23-25 _ Hoisture Content (%) 30.2

Size of Sample {In.).65 X 2.5 Consolidation Pressure (psi) 40
Rate of test (in./hr.) .007 '

‘ Shearing AY
Nurmber of Displacemant Ah L.oad Resistance vV
Shearing Inch Inch Lb, psi 3°
First .0030 0 _12.5 2.55 0
Shearing .0089 -, 0604 32.2 6.56 ~ 062
0173 - 0009 50.6 10.31 -.138
—.038 -.0CT1 70.7 14.41 -.169
G455 -, 00714 /3.8 15,04 - 215
L0515 ~.0017 /5.6 15.41 -,262
L0576 S0018 | 772 15.74 205
0643 -,0019 /7.6 15.82 =262
1453 - 0027 59,1 12.05 - 415
1699 ~.0026 556.0 1T.41 -, 400
1942 -.0026 53.4 10.88 - A0
2308 -, 00726 50.6 10.30 - A0
2hi32, -. 0025 48.7 9.93 - dud
Second 0 -.0073 0 0 -1.123
Shearing .0208 -.0077 | 29.7 6.05 -1.134
L0348 -, 0079 33.0 6.73 -1.215
L0919 -, 0082 36.7 /.43 -{,262
126 | -.0082 | _37.5 7.68 1,262
L1472 1 -.0082 38.3 7.81 -1.267
L1920 -.0081 | 39.3 8.01 C1.286
2520 -.0079 41,4 8.44 ~-1.215
B 2572 T 007 T TATE 8.46 -1.215
Thivrd - 0 -.0097 1 0 0 ~-1.490
Shearing G415 1 -.0103 27.3 5.56 -1.590
0670 | -.0105 31.0 6.32 -1.620
TGS =.0105 1 37.2 6.56 1,620
) L1515 1 ~.0105 33.7 6,87 -1.620
342 | 01056 | 34.5 7.03 -1.620
2006 T SO T 357 7.28 | -1.620
- L2335 -.0101 | 37.0 7.54 -1.550
I -1 Y -.(098 37.8 7.71 -1.510
Fourtn ~ 0 -.0108 R -1.660
Shearing | 0151 [ -.0108 | 245 T "4.99 =T.660
R "35?53 -.0109 26.0 5.30 -1.680
LOA7s T - 0102 1287 5.85 -1.720
B Y2 N I L A M A 5.52 1,720
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(Cont.'d.)

Shearing AV

Numbar of Dispiacenent Ah Load Resistance V0

Shearing Inch Inch Lb, psi %
' . 1952 -.0110 33.8 6.88 ~1.630
.2344) ~.0108 36.0 7.34 -1.660
.2510 ~.0108 3/.4 /.62 -1.660
Fifth 0 ~.0115 0 0 -1.770
Shearing |~ .0029 -, 0115 /.0 (.43 -1.770
.0518 -, 0118 27.5 5.61 ~-1.820
.0671 -.0120 | 28.5 5.81 -1-.850
1101 -.012] 29.6 6.03 -1.860
_____ . 1548 -. 0121 31.0 5.32 -1.860
o ..2350 -,0120 34.7 /.07 -1.850
B .2651 - 0117 37.0 /.54 -1.800
Sixth 8 -.0129 0 4] -1.580
Shearing 5462 -.0129 28.3 5.77 -1,980
.0810 -.0129 29.2 . 5.95 -1.280
. 1162 -.0129 | 30.7 6,2 -1.930
L1309 -, 0130 31.0 65.32 -2.000
. .2146 -.0130 33.5 6.83 -2.000
- .2567 -.01726 36.4 7.42 -1.940
.2600 -.0125 36.0 7.46 -1.920
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Boring Mo, €B-1
epth (ft.) _29-31
Size of Sample (In.)2.5 X

Height of Sample (gm) ———
Moisture Content (%) 27.2
Consolidation Pressure (psi) 1

——

-

.5638

Rate of test (in./hr.) .007

— ey e

Shearing AV
Number of Displacemaent Ah Load Resistance Vo
Shearing Inch Inch Lb. psi %
First .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 1 4.99 .0528
0503 0005 | 31.3 6.38 .0880
.0632 0007 | 33.0 6.73 . 1230
_ 0765 .0010 33.8 6.89 .1760
0200 0014 1 34.1 6.95 1 .2450
.7038 00717 139 2 8.00 .2590
L1044 .0020 33.8 6.89 3020
. 1136 .0025 33.8 6.89 L4600
. 1253 0031 33.5 6.83 D450
L1535 .0050 32.5 - 6.63 LR
. 1981 .0055 30.9 6.30 L0680
. . 2373 .0060 30.5 6.22 1.0520
Second 0 .0040 0 0 .7050
Shearing .0026 .0042 1.4 .28 /390
.0091 .0046 7.4 1.52 .3100
0186 0050 | 15,0 3.06 3800
0379 .0055 20.0 4,12 .9680
.0458 0056 | 217 72 .9850
0816 .0056 25.0 5.10 .9850
.23 .0057 26.0 5.30 1.0010
. 1632 .0057 26.5 5.40 1.0010
. 1759 .0057 27.0 5.50 1.0010
2142 .0058 | 26.5 5.34 1.0200
.2182 .0058 26.5 5.34 1.3200
2320 0058 {775.0 5.09 - T.0200
Third 0 0045 1 0 0 .7920
Shearing 0073 L0045 1IN0 T2 7920
0240 L0045 17.5 3,57 .7920
R ELS (042 17230 4.48 7390
. 1659 00402278 4,59 7050
/28 ) 0042 1976 451 .7390
1762 0045 1 22,7 4.64 /920




(Cont'd.)
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Shearing AV
Number of Displacement Ah l.oad { Resistance |- v,
Shearing Inch Inch Lh. nsi %
L1829 | .004/ 23.1 4,71 .827
. 1931 0047 23.5 4.79 .827
L2045 .0052 23.6 4.81 915
2205 .0054 23./7 4.84 950
2213 .0055 23.8 4.86 .968
i L2445 10055 23.9 4.88 .968
Fourth 0 .0046 0 0 810
Shearing 0081 L0045 9,9 2.03 /792
- 0317 .0044 16.2 3.30 175
.0859 .0041 18.0 3.67 122
L1435 .0040 19.8 4.04 705
L1534 L0043 20.5 4.18 /56
YL |_.0048 21.0 4.28 . 845
L 2214 .0050 22.0 _4.48 B8O
Fiftd 0 | .0044 0 0 .77
Shearing 0121 .0043 14.5 2.96 N
L0386 .0043 16.2 3.30 YR
0588 <1043 17.1 3.49 NE
) L0047 i7.9 3.65 1 .7en
B .2360 .0G40 20.1 4.08 . 705
N L 2390 L0046 20.2 4.09 810
Sixkth 0 .1 .0042 0 0 .739
Shearing .00/9 L0042 10.4 2.12 739
0320 1 0041 13.9 2.83 122
.05679 .G043 5.4 3.14 756
.0904 .0042 16.0 3.26 /39
L H12 .0044 16.3 3.32 775
L1584 0045 | 16.4 3.33 .792
L1775 043 16.6 3.39 /56
.2032 .0043 17.2 3.50 ./56.
2429 .. 0045 17.4 3.54 792
L2445 L0045 _17.5 3.55 ./92
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Boring No. €B3-~1 . Waight of Sample (gm) 102,16
Death (ft.) 29-31 : Moisture Content (%) 27.8
Size of Sample (In.) .65 X 2.5 Consolidation Pressure (psi) 20

Rate of test (in./nr.) .007

—

Shearing AY

Number of Displacement Ah Load| Resistance V.
Shearing Inch ~Inch Lb. psi “__L_“_jfi___“

First 0027 0 9.1 1.86 0

Shearing .0084 -, 0001 21.0 4.28 - 0154
L0158 ~.0004 32.2 6.50 - 0615
.0260 -,0010 47.8 9.74 - 1540
0316 ~.0013 53.0 10.80 - 2000
.0600 -.0038 63.0 12.84 - 5550
.0841 -.0040 59.0 12.03 - L0150
L0917 -,0043 58.0 11.82 - 0320
.0999 -.0050 1 57.0 11.62 - 00
. 1069 -.0055 56.0 11,41 - 460
1227 -.0059 52.9 10.78 - 45080
1391 ~-. 0008 47.4 3.66 ~1.0500
. 1832 -,0068 | 44.5 9.07 -1.0000
2255 1 -.00068 43.5 8.87 -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 29.5 6.01 ~1.4500
5 -.0096 | 31.7 6.36 -1.4800
L1342 -.0094 33.3 6./9 -1.4500
1480 -.0094 33.7 | 6.8/ -1,4500
1616 -.0093 34.2 5.97 -1.4300
1688 ~.0091 34.0 6.93 ~-1.4000
. 1827 ~.0090 34.1 6.95 ~1.3800
2034 -.0091 34.8 /.09 ~1.,4000
2342 -, 0091 35.8 /.30 1 ~1.4000
. 2377 -.0091 35.8 | 7.30 -1.4000
Third 0 -.0107 0 0 -1.6500
Shaaring LY -, 0110 9,/ 1.98 -1.5900
L6082 - Q111 | 15.7 3.20 ~-1.7100
0259 - 0117 21.2 | 4.32 | ~1.3000
- 0424 - 0122 § 23,0} 4.69 _~1.8800
L0474 ~.0123 23.3 4,75 ~1.8900
. 1036 -.01Z8 | 26.0 5.30 -1.9700
CTTToB T8 | %65 | 5.0 -1.9700
. .T208 -.0128 1 25.7 5.44 -1.9700
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(Cont'd.)
Shezaring AV
Mumber of Displacemznt Ah Load Resistance Vo
Shearing __Inch Inch Lh. psi %
: .1583 -.0129 28.0 5.71 -1.9800
L1857 -.0129 29.2 5,95 -1.9800
,2036 -, 0124 3G.0 6.11 ~-1.9100
Fourth 2 ~.0121 0 0 ~-1.8600
Shearing 2083 -.0122 1.0 .20 -1.8800
N 0081 ~-.0123 9.9 2.92 -1.8900
L0541 -.0136 21.0 4,28 -2.0900
.0780 -.0140 | 22.3 4.55 -2, 1520
L0983 -. 0140 £3.0 4,69 =2 . 1500
1120 -, 0140 | 24.0 1,89 ~2.1/00
. 1395 -.014] 24,7 5.03 ~o L1700
1601 - 0141 25.0 5.10 ~2gj?”0_
2278 -.0138 29.0 5.91 =g 12
2298 ~.0138 29.3 5,97 ~2;I°UO
Fifth 9 ~-.0134 0 0 =2, 050
Shearing L0002 ~.0135 9 1.83 L -2, 0000
D64l ~.0139 L_ZO.S A, 14 -2, 1409
0786 ~.0140 21.0 4.28 -2, 1860
_______ 1092 -.0142 | 21.5 4.38 -2, 1800
L1128 -.0142 22.0 4,48 -2, 1800
L1335 -.0142 22.7 4.63 ~2.1800°
4575 ~. 0142 23.5 4,79 -2, 1600
L2248 -.0142 28.4 5.78 -Z. 1800
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Boring No.  CB-1 Weight of Sample (gm) 104.2
Depth (ft.) 29-3] Moisture Content (%) 26,5
Size of Sample (In.).65 X 2.5 Consolidation Pressure (psi) 40

Rate of test (in./hr.) _.007

e st

Y T Shearing AV
Number of | Displacement Ah Load { Resistance Vo
Shearing | Inch - Inch Lh. psi 5
First .0020 0 8.5 1.73 0
Shaaring .0030 |_-.0001] 18.5 3,77 -.013
.C075 ~.0004| 84.5 7.03 =053
0150 G011 57,5 1.72 S 146
.0248 -,00211 80.2 16.35 ~.280
0318 ~.00281700.7 18.39 373
0408 0034 | 65.5 19.67 L
0458 -.0037( 99.8 20.34 -~ 433
.0600 -.005T[ 10T, 1 20,60 - C8G
0839 1 -.0062] 94.9 19.34 ~.690
0923 -, 00507 82,5 18.85 ~./33
1033 ~.0057 | 89.5 8.28 760
089 T ITTG059 | 877 7.8 Wi
. 1282 -.0060 1 B3.0 ~ 16.92 -, 800
1363 <0060 _81.0 16.51 =800
B 052 793 [ T6.16 | .87
1577 - 00621 76.5 15.59 ~. 827
648 T [=.0062| 75.5 15.39 827
737 -, 00641 /4.0 15.08 -.853
L1897 T 00sA | 717 14,61 =853
.2031 -.0067 ) 0.7 14.41 -.893
.2324 -.0067 ) 58.0 13.86 ~.893
Second 0 -.0101 0 0 ~1.350
Shearing .0038 -.0104 5.8 1.18 ~-1.390
0170 -.01041 36.0 7.34 -1,390
.0230 - 0104 37.2 7.58 -1.390
0314 0704 | 36.9 8,13 1,390
0439 T[S 0108 42,4 8.64 1,440
TG0 P S0TI0 | 440 8.97 -1.470
L0914 -~ 01121 4b.5 9.43 -1.490
J1230 0113 49.0_ | 9.9 1,510
L1387 01141 49.9 10.09 -1,520
. 1708 -, 01141 51.0 10.40 -1.520
2050 - 0114} 52,5 10.70 -1.520
TTTaGT COTE 545 T Ti ~1.520
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(Cont'd.)

Shearing AY
Number of Dispiacement Ah Load Resistance -  V
Shearing Tnch _Inch Lb. psi %°

Third 0 -.0137 0
Shearing .0061 -.0138 10.
L0146 -.0138 | 28,
.0440 -.0140 | 35,
. 1028 ~.0144 1 39,
1347 =014 | 4]

1543 -, 0145 |13,

N NN
2012 <0745
.2beh 0145
/52 D145
Fourth 0 -.0157
Shearing | G059 YA
0763|0155
Q37 1 0103
. 16CY 759

Tz ~1.840
g <1.840
3 | =1.870
.05 =1.520
46 “T.930
93 -T.5%0
45 SO0
.58 RE

31 ~1.930

35 T.550
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