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SUMMARY

Friction values for cast~in~place piles in a typical
Winﬁipeg clay were studied. Shear conditions in the soil
near a pile w§?ewsimulated in the laboratory, using a direct
shear apparatus and undisturbed samples of the clay were
placedmih contact with wet mortar.

Softening of the clay due to soaking under conbtrolled
pressures was investigated. In addition, the shear strength
of the clay at various distances from the clay-mortar inter-
face was investigated to determine effects of the water/cement
ratio and the time of curing of the mortar.

Tt was found that the consolidated undrained shear
parameter ¢, decreased with increasing moisture content
whereas ¢ remained unchanged.

The friction value between the clay and cast-in-place
mortar was increased due to the effect of cementing action
of the mortar. At the contact surface, the friction was
about.2¢2 times the shear strength of the clay. The strength
of the clay-mortar decreased with increasing distance from
the mortaf. At a distance of about 0.25 inches from the
mortar, its value was approximately equal to the natural
shearing strength of the clay for the same moisture content.

| The weakestlplane was found to be a short distance

from the clay-mortar interface, it was at the distance where




the shear strength of the clay-mortar was about the same as
the clay strength. The clay was softened by watér from the
cast-in-place mortar. The coefficient of softening (CS) of
the clay depended on the W/C ratio of the mortar.

: —'Thé test results indicated that the friction value
of the clay for cast-in-place concrete piles was actually
the shearing strength of the clay, reduced for water-softening.

The clay used for the test was a clay of medium

strength. A safe friction value eQual to 200 psf may be used

for design practices.



CHAPTER T

STATEMENT OF PROBLEM,SCOPE AND METHOD OF INVESTIGATION

1.l THE PROBLEM

The friction pile, where a bored hole is made by ah
auger and filled with concrete to form a pile, is one of the
most widely used types of pile foundations in cohesive soils.
The advantages of a cast-in-place concrete pile are that the
required length is known exactly, there is no wasted length
to be éut off and no need of handling and driving. Disadvan-
tages. of the cast-in~-place concrete pile include the uncer-
tainity of the final condition pf.the concrete. The concrete
may be nonuhomogeneous because the soil in the borgd hole
may become mixed withbthe concrete; the proportion of the
mix may not be uniformly distributed due to the segregatioh
of the aggregate during the pouring of the concrete.

The use of the friction value for calculation of pile
bearing capacity is very complicated and is still based to
a large extent on the empirical correlationships obtained
from field loading tests. The variation of the friction value
is not well understood due to lack of data. The boundary
conditions at the considerable depth of a pile below the
ground surface are generally unknoﬁn. Friction between a pile

and soils around it depends on many factors such as types




of soil, types of pile, depth, moisture content and time. In

design practice, the friction value is assumed to be a frac-

tion of the shear strength of the soil so as to give an ad-

equate safety factor, usually of about 2 to 3. Settlements

must be also considered, but are not part of the present

study.

The shear

moisture content

pile is directly

clay(3)

, so that

strength of clay will decrease with increasing
in the clay. Friction between the clay and
proportional to the shear strength of the

it will also decrease when moisture content

increases. This may be seen from

Ca—

Ca

e =

C ==

ot C SR & B
Unit skin friction, or adhesion value,
between the soil and the pile.
Coefficient of friction value.

Shear strength of the soil.

From prevnous stua1es, they 1nd1cated that value of

-z is not constant and frequently falls betwsen 0.5-1.0

The change of moisture content in the clay around the

~ pile is still one of the main problemsrand only a few field

investigations have been reported(lk). Clay will De softened

by water from fresh concrete or from the boring equipment,

and its strength and friction value will decrease to some

extent.




The load carrying capacity of a friction pile in a
cohesive soil seems to be well established after a period of |
time, when the soil strengthvlost by the effect of disturbance
during boring, placing or driving the pile is regained. Such

action has been attributed to thixotropy, or when the excess

water diffuses away into the surrounding area, the soil strength

will increase automatically. From the observations of pile
pulling tests it has beeﬁ shown that a thin layer of cohesive
soil adheres to the pile. This indicates that the true skin
friction at the pile shaft is greater than the soil strength
at the failure surface. In general, the failure surface of

a friction pile in clay occurs%n the clay mass at some dis-
tance beyond the pile shaft,and it is thus quoted by many
engineers that the friction value of a cast-in-place concrete
pile should be the same as the soil strength around the pile
(2,9)

1.2 SCOPE AND METHOD OF THE INVESTIGATTON

The object of this thesis was to study the friction
value of .clay for cast-in-place cqncrete piles. An attempl
was made through laboratory investigations, using direct
shear tests, tp represent the actual movement of the pile.
Mortar was used instead of concréte to carry oubt the test.

More details are given in Chapter IIL.
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The testing program included :

1. Investigating the shearing strength of the
clay at different moisture contents and different normal
pressufes. |

walnvestigating the friction values between the
clay and cast -in- place mortar blocks. The observations were

made under tne variation of the following factors :

water/cement ratio of mortar,

normal pressure,

distance of shear plane from mortar face,

aging of mortar in contact with soil.

(More details are also given in‘Chapter.III)o
3. Investigating the chaﬁge in moisture content
of the clay specimen due to cast-in-place mortar for different
W/C ratios and different periods of aging. '

The author has tried to interpret: . the test results
using forms of graphical representation to establish, where
possible, correlations between the strength and friction
" value of clay on cast-in-place mortar under different conditiocns
.80 that the resultsAmay be used as a guide for further study

or for practical purpocses.




CHAPTER II

THEORIES OF FRICTION PIL& CAPACITY AND PREVIOUS INVESTIGATIONS

2.1 DEFINITION OF STRENGTH PARAMETERS

In general, the skin friction is closely related to

the soil properties and the characteristics of the pile. Thus,

the shearing stfength of soils can be expressed by 3

s =c + p.tang

...‘0.00..'0..0...'.(2)

in terms of total stresses, where !

¢ = cohesion,

i

p

normal pressure on shear plane,

¢ = angle of shearing resistance.

Similarly, the skin friction‘between'a soil and a pile'can

be expressed by ¢

==z - .
Sg ca p tan%

M EEEEEI IR N I S I I N 4

in terms of total skin friction, where :

¢, = adhesion,

= normal pressure on shear plane,

p
§ = angle of skin friction.

2.2 FRICTION PILE FORMULAS

. Pile formulas, based on static conditions for friction
pile, are semi-empirical. These formulas use the relationship

Ultimate bearing capacity = Skin friction capacity +

End bearing capacity

.
©



The simplified form of the static formula, based partly
on the average skin friction and shear strength of soil, and
partly on the observation of field loading tests, has been
proposed by Terzaghi & Peck(l) and is known as Terzgghi's
Semi-Empirical formula. This formula has been put forward by
Skempton and has become one of the most widely used_formulas

for friction piles.

Skempton’s solution for clays

IQU The simplest formulé, partly

theoretical and partly empirical,

S7S| rs<y77 |
4 has been proposed by Skempton

a for piles embedded in saturated
3 3 ‘ ’ :
" clay, where ¢ can be assumed to
be zero

Qu = Qp +Qs coeoselly)

Qu= ultimate bearing capacity,

TS 7] TSI
Qe Qp= end bearing capacity,
QS= shaft bearing capacity or

Figure 1l.Friction Piles
skin friction capacity.

End bearing capacity can be calculated from :

Qp»&-W=Ap(c.NC+’;§.Df) A )

]

W weight of pile,

Ap= area of pile point,
c = aferage shear strength of the soil & %



Nc= bearing éapécity factor,
¥ = average density of the soil within a depth
of Df below the ground surface.
lThe ¢ value is equal to one-half of the unconfined
compressive strength of the soil. Skempton(3) suggested tha
it would be more accurate if the shear strength of the soil
at a depth of about two-thirds of the pile’s diameter‘below
its base be used. |
| In most case, it is a sufficiently close approximation
to assume that the weight of the soil, which is replaced by
the pile, is equal to the weight of the pile
' W=AP.X.D£ RPN ()
Thus, the equation (5) becomes :
| Q= Ap.c;Nc e ()
The Nc value has been studied and observed by many
investigators who have come to the conclusion that for cir-
cular areaa loaded at a considerable depth within a saturated

clay, the value is equal to about 9. This value is accurate

enough for practieal purpbses and has been generally accepted..

_Figufe'2 shows the Nc value, which is based partly on
laboratory tests, on'theory and on observation of full scale
loading teésts by A.W. Skempton(13). For a long pile the ratio
"of Df/B is much more than 5, so that the N, value of 9 is

usually used in the case of a square or a circular pile.
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Figure 2. Bearing Capacity Factors
(after A.W.Skempton)

For the long strip (shest pile) or square pile, N,
values may be obtained directly from the curves. For inter-
mediate shapes, a rectangular strip of length L and width B,
the Nccan be calculated from the equation :

Ncr= (L + 0.2 B/L)Ncs S VA D

N_ .= bearing capacity factor of rectangular pilé,

Ncs= bearing capacity factor of long strip from
Figure 2.

Shaft bearing capacity or friction capacity can be ¢
calculated from :
QS-=AS.ca .O..'OOC.'....0‘.'.....0..(8)
AS = area of the shaft of the pile embedded in

clay,




c, = average unit skin friction or adhesion value

on the pile in clay = =f c.

2.3 UNIT SKIN FRICTION OR ADHESION VALUE(c ) FROM PREVIOUS
INVESTIGATIONS |

Tﬁe investigation of the friction value of clay on
concrete piles has been made by many investigators. Most of
them made the observations on field loading tests, and only
a few laboratory tests were carried oﬁt. Equation (1) c = << c,
indicates that the adhesion is directly related to the cohesion
of the clay. Golder and Leonard(3) suggested that the .¢ value
should be 0.7 for piles more than 30 feet long.

M.Jd.Tomlinson (k) assumed that the adhesion value bet-
ween the pile and soil(ca) is equal to the remolded cohesion
(cr),when the piles are loaded soon after driving, or full
cohesion(c) when the piles are not loaded until the soil
regains its strength by thixotropy.

Meyerhof and Murdock (1953) proposed that the adhesion
should be equal to the soil strength of the clay after it has
been allowed to be fully softened under zero pressure. A series
of laboraﬁory tests(12) were carried out by Meyerhof using
direct shear tests. Precast mortar blocks were placed in the
lower part and clay specimens in the upper part of the shear
box. The tests were performed under undrained conditions. He

found that the amount of deformation to mobilize the full
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skin friction was about one times the shear stréngth of the
clay («z= 1.0). The same test had been performed at Bcolé
Polytechnique, Montreal in 1954 by J.E.Hurtubise and Jean
Granger(lz), the test results were similar to those obtained
by Dr.Meyerhof.

Tomlinson (4] pfesented the results of his investigations
on 56 pile loading tests. The approximate values of adhesion
of clay on the piles can be reliably used for calculation of
pile bearing capacity. The reduction of the ratio, adhesion/
shear strength, with increasing shear strength, as shown below,
may have been due to lack of contact between clay and the

pile shaft.

ADHESION. BETWEEN CLAYS AND PILES
(After Tomlinson)

Pile type Soil type Shear strength Adhesion
psf. psf.
Concrete Soft clay 0 = 750 0 ~700
or Firm clay 750 - 1500 700 =900
Timber Stiff clay 1500 - 3000 900 ~1300

The allowable adhesion value for Winnipeg clay as shown
in the Metropolitan Winnipeg Building Code(7-b) is 300 psf

for firm clay and 150 psf for soft clay.
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2.4 FATLURE PLANES OF FRICTIOH PILES

There is general agreement that, from the observations
of pile puliing tests, a thin layer of cohesive soil adheres
to the pile shaft and appears as a coating of soil around the
pile. This indicates that the true skin friction at the pile
surface is much greater than the soil strength. The failure
surface of friction pile is not exactly at the surface bf
the pile but occurs at some distances beyond the pile shaft

in the soil mass, as shown in Figure 3.

- =t ul=us

=iz

-g.??f‘ _ ——aShear plane

~ N

Pile surface

Soil adhered to pile

g, s S

R R TIRSS TS = s =i
Figure 3.The failure plane of friction piles in cohesive soils

(Pull-out tests)
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From this point of view, many engincers have quoted
that the adhesion value of a cohesive soil, for calculation
of pile bearing capacity, should be the same as the soil

strength.

2.5 FACTORS AFFECTING FRICTION VALUES

As mentioned before, the friction value between a
pile and a soil depends on soil-types, pile types, depth
of pile, moisture content of the soil, and time after casting
of the pile. Friction will increase with increasing grain
size, good grading, and with the degree of compaction of a
cohesive soile. For fine grained soil; friction will decrease
with increasing moisture content'in the séil. |

Friction and strength of soils may also incréase with
depth of the pile because of the increase in lateral pressure.
A concrete pile with a rough texture gives a greater friction
value than the pile with a smooth surface texture as in the
case of a steel pile.

In the case of a driven pile, the friction may also
‘be less than the shear strength of the clay because of the
lack of contact between the pile and the clay due to lateral
whipping of the piie during driving(Lk). For a cast-in-place
concrete pile, the small particles of the concrete mix, such
as sand and cement, may be forced into the voids of the soil

while the concrete is still fresh. The soil around the pile
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may become harder than in its natural state, because of poOs=-

sible cementing. During the same time, the moisture content

in the soil may be increased by the water from the fresh

concrebe. The initial softening of the clay, is quite well

established, and it seems possible that as the excess water

diffuses away into the surroundings, there will be an improve-

ment in the shear strength of the clay in contact with the

pile. The shear strength of the clay around the pile is more

markedly increased by the effect of hardening of the concrete.
An observation was made in Londeon by V.H.Ward(8-b)

on a bored pile which was cast in clay. The clay contained

calecium sulphate and the bored pile was made with calciun

resisting cement. The pile was exactly one year old when a

pit was excavated along its side and the clay carefully re-

‘moved in a small area. The clay was Jjoined to the pile by

a thin film of whitish translucent gel which dried to a white

powder on exposure to the atmosphere. The natural rich brown

colour of the clay had become faded within % inch from the pile,

and the clay in this zone was of much higher strength than

in its natural state.

This result confirms the statement, as mentioned before
(Figure 3), that the failure plane of a friction pile in clay
will not occur exactly at the pile shaft, where the strength
of the clay is higher then that in’the other regions around

the pile.
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_2.6 THE INCRZASE IN MOISTURS CONTENT OF THE CLAY DUE TO CAST=

IN-PLACE CONCRETE PILES

The increase in moisture content of the clay due to cast-
in-place concrete pile ﬁay be caused by ahy or all of the four
following causes(lh) :

1. Water flows through clay during the process of boring,
more markedly in the more fissured clay.

‘2. Migration of water from the body éf the clay towards
the less-stressed zones around the bored hole.

3. Water from frésh concrete which usually must be placed
at a fairly high W/C ratio.

L. Water from boring equipment.

For cases 1, 2 and 4, the increase of moisture content
in the clay may be reduced by technical experience and good
workmanship. For case 3, concrete should be placed with rela-
tively dry nixes.

An observation was'made in india on bored piles in an
expansive clay by Mohan and Chandra(llh). They found that the
moisture»contént of the soil adjacent”to the pile increased
by aboup 2-3 % above the natural moisture content. It was
also noticed that only a thin layer of clay adjacent td the
pile was affected and‘that at a distance of about 1% inches

from the pile shaft, the moisture content was in its lower
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natural state.

Anotﬂer observation was made by Meyerhof and Murdock
(1953). They found that the moisture content of the clay
adjacent to the shaft of a bored pile increased by about 4 %
at the contact surfaces and also ﬁhat at about 3 inches from
the pile shaft, the moisture content was not altered.

Time is another factor affecting the friction value
of the clay, especially for piles in sensitive clays whose
strength decreases to a very large degree by the disturbance
during boring and by the pouring of the concrete. After a
period of time, when the soil reverts from the remolded
state to its natural state, its strength and friction will
increése automatically and may‘be greater than the Qrigiﬁal

strength.




CHAPTER III

LABORATORY INVESTIGATIONS

#o 1 TESTING EQUIPMINT

The Direct Shear Box Apparatus using constant rate
of strain was employed for the test. This machine is based
on the design of Dr.A.W.Bishop, Imperial College of Science
and Technology, London. Loads were applied to the specimen
by a load hanger,iand a shear force was applied by a power
driven screw jack at the rate of 0.024 in./min, A1l samples
were fitted in the bronze boxes of size 6x6 cm. and about
1l inch thick. Shear loads were measured with a proving ring

suitably calibrated. Figure 4 shows the testing meachine.

3.2 MATERTALS

Materials used for this investigation were
a. Soil
A sample of soil in the form of an undisturbed block
was taken from a depth of 1L feet at the campus of the Uni-
versity of Manitoba.
Some properties of the soil are as follow :-
Average natural moisture content = 56 % |
Specific gravity = 2.76
Liquid limit = 73,2 %
Plastic limit =29.3 %




FIGURE 4 THE DIRECT SHEAR TESTING MACHINE
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9.

The so0il is a highly plastic,medium grey clay with
some yellow silt pockets. It is composed of 8 % sand, 30 %
silt and 62 % clay. Figure 5 shows the grain size disﬁri-
bution of the soil.

b. Mortar

Mortar used for this invéstigatién was composed of
cement and clean sand, 1l:3 by weight. W/C ratios of the mixes
were 0.45, 0.55 and 0.65 '

Cement - ordinary Portland cement

Sand - sand with maximum size of L.76 mm.

3.3 TESTING PROGRAM

The test was separated into three parts :-

1. To determine the shearing strength of the clay

at different moisture contents. Normal loads of %, 1 and
1% ton/sq.ft. were used. More details are given in the test
procedure.

2. To determine the friction value between the
~clay and cast-in-place mortar block at_different W/C ratios,
different'ages of mortar and different distances of shear
planes by applying normal loads of‘%, 1 and 15 ton/sq.ft.
on the specimens. More details are also given in the test
procedure.

3. To investigate the change of moisture content

in the clay specimen due to cast-in-place mortar at different




W/C ratios and different ages of mortar.

3.4 SAMPLE PRAPARATION

The soil was cut into small samples, which were big-
enough for trimming to 6x6 cm. and l‘inch thick. All samples
were cut in such a way that they could be sheared along the
vertical planes of the sample block, so as to correspond to .
the pile’s movement in the ground. These samples were wrapped
in aluminium foil, and covered with wax. They were placed in |
a storage room where the témperature,and humnidity were kept

constant.

3.5 METHODS OF TESTING

3¢:5.1 Shearing strength of clay

In order to determine the shearing strength of the
clay for different moisture contents, a series of consoli-
dated undrained tests were performed on the soil samples by
the direct shear testing machine(shown in Section 3.1l). The
prepared:specimens were trimmed and placed in the shear boxes.
Extra shear boxes were made to permit aging of several sam-
ples simultaneously. Porous stones were placed at the bottom
and on the top of each specimen. The changes of moisture
content in theAspecimens were effected by allowing the spe-

cimens to consolidate under different loads (rangezfrom O
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to 8 psi), for a peri&d of about 24 hours or until the con-
solidations had been completed as observed on the vertical
gauge. They were then shéared under % ton/sq.ft. normal load.
The rate of shear was 0.024 iﬁ./min. The shear load was recorded
from the proving ring.at every % minute interval,‘until it |
began to decrease. The test was finished within 10 minutes,
so that the moisture content in the clay specimen could not
change due to a fapid‘increase in the nofmal load. The mois-
ture content after shearing of each specimén, was obtained.
The same method was used for normal loads of 1 and-
14 ton/sq.ft. Seven specimens with seven different consoli-
dation loads were used for éach normal load. The test results
are given in Table I.

3.5.2 Friction between clay and mortar

This investigation was made while varying the following

- factors |

W/ ratié = 0.k5, 0.55 and 0.65,

T = distance of shear plane from mortar,

=0, 1/10 and 1/k inch,

p = normal loads = %,Jl and 1% ton/sq.ft.,

Age of mortar = 7 and 14 days. |
Note. Samples no.i,2 and 3 (T = 0,1/10 and 1/4 inch), W/C ratio
= 0.45, p = % ton/sq.ft. and age of mortar = 7 days were used.

The test procedure included the following steps:



- Y. Sénd, cement and water were weighed: in suf-
ficient quantity for 3 samples of each mix.

2. Three sets of shear boxes were used for each
W/C ratio and each normal load. All samples were tested in
the undrained condition. The brass plate, 6x6 cm., with
different thickness, were.placed on the 1ower part of the
shear box in order to give ﬁhe required distance of the
' shear plane from mortar. Sample no.l(T = 0), no.2(T = 1/10 inch)
and no.3(T = 1/L inch), are shown in Figure 6. The edges of
thé brass plates were coated with grease to prevent the mois-
ture from coming out or going into the sample.

3. The insidé of the upper part of each shear
box was also coated with grease to facilitate its free move-
ment in the vertical direction when the mortar had hardened.

,. Three prepared specimens were trimmed to 6x6
cm., and 3/4 inch thick. The specimens were put in the lower
pérté of the shear boxes on a brass plate providing the re-
quired distance of the shear plane ( as shown in Figure 6).
The original moisture content of the clay specimen before
placing of thé mortar waé obtained from a representative
piece of each spescimen.

5. Mortar was mixed and placed on the top of the,
clay samples with a thickness of about 3/L inch. Lt was tamped

in place with a small steel rod.
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6. The brass plates, coated with grease, and the
plungers of the shear boxes were both piaced on the top of
the mortar. Small edges between the plungers and the shear
boxes were‘sealed with grease or wax. The shear boxes were
kept in the moist room for a period of 7 days.

7. After 7 days, these shear boxes were taken
out of the roém, excess grease or wax removed and the samples
were sheared under % ton/sq.ft. normal load by the same
method as in part 3.5.1 .

8. The moisture content at the shear plane, at
the top, at the middle and at the bottom of each specimen
was obtained after shearing.

9. The same procedﬁre as above was performed by
using W/C ratio = 0.55 and 0.65

The friction value between the clay and mortar under
1 and 1} ton/sq.ft.normal pressure was also obtained by the
sane procedure. Nine samples ﬁere used for each ﬁormal pres-
sure.

The second set of tests were performed by the same
method when the age of mortar was 1k days. Fifty-four specimens
were used for this investigation and the test results are

shown in Table IT.

3.5.3 The change of moisture content in the clay specimens
The changes of . moisture content in %the claysspecimens

due to cast-in-place mortar were obtained from the second
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part of this test (Section 3.5.2, no. 4 and no. 8). The dif-

ference in

after shear was the change in moisture content of & clay -

moisture content before placing of mortar and

~.

~
specimen. The results of the investigation are given in Table III.

3.6 TEST RESULTS

3.60

The

1 Shearing strength of clay

test results for which the maximum shearing strength

of the clay and its moisture content after shear were obtained,

are shown in Table I (Page 27).

306.

2 Friction between clay and mortar

Table II(Page 28)shows the results of the friction

test between clay specimens and-cast-in-place mortar blocks.

The maximum friction values and the maximum shear strengths

of the clay-mortar at different distances of shear planes

from mortar and for different moisture contents at these

planes are

Note. T

I

nong s
&)

b

shown.,

distance of shear plane from mortar (see Fig.6),
moisture content (%) at the shear plane,

normal pressure,

maximim friction value,

maximum shearing strength of the clay-mortar.

3.6.3 The change in moisture content of the clay specimen

The change in moisture content of the clay specimens

at different distances from the contact surfaces were obtained

from the second part of the test. The increase and decrease

of moisture content in clays at different ages of mortar and
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different W/C ratios are showﬁ in Table III, where :

Change in moisture content = The difference in moisture
content of the clay specimen
before placing of mortar and
after shear.

Minus sign {-)= Decrease in noisture
éontent.'
Plus sign (+)= Increase in moisture
.. content.
A= Change in moisture con-
! tent at the top of the
clay.( O in. from mortar).
Aw,= Change in moisture con-
tent at the middle of
the clay (3/8 in. from
mortar).
'&W3= Change in moisture con-
tent at the bottom of
the clay ( 3/4 in. from

mortar).

Note. The sample numbers are the same as in Table II.




TABLE I

MAXIMUM SHEARING STRENGTH OF THE CLAY

27

Sample | Normal pressure | Moisture content|Max.shearing
no ton/sq.ft. % dry weight |strength psf.
Cc-1 1 51.2 707
c-2 n 55.0 630
C-3 " 25.5 578
C-4 " 59.1 532
C-5 i 62.0 L60
c-6 " 63.5 485
C-7 " 65.9 398
C-8 1 50.0 865
-9 " 52.0 850
C-10 n 53.0 800
C-11 n 54.0 700
C-12 n 57.0 725
C-13 " 59.5 635
C-14 n 62.0 595
C-15 1z 52.4 960
Cc-16 w 5Ll 890
c-17 " 56.7 919
c-18 n 57.0 830
C-19 " 5945 825
C-20 n 59.5 818
C-21 n 6L.2 700




TABLE II

28, .

FRICTION BETWEEN CLAY. AND MORTAR

{1 Sample

Ww/C ratio

s

P o T W S_» Age of mortar
L no. tsf. in. % par. days
CM-1 0.45 5 0 | 51.0 | 1215 7
CM-2 n 1 1/10| 50.4 811 n
CM~3 n n 1/L | 50.6 6.8 n
CM-- 1y 0.55 n o | 57.0 | 1120 "
CM-5 n n 1/101} 60.0 569 n
CM--6 n n 1/L | 60.0 - L90 n
CM-7 0.65 1 0 { 57.0 | 1140 "
CM-8 1 " 1/101{ 56.1 695 n
CM-9 n n 1/L | 55.4 620 n
CM-10 0.45 1 0 | 50.4 | 1290 n
CM-11 n " 1/10 | 50.1 950 "
CM-12 n " 1/L 4 L9.6 831 1
CM-13 0555 n 0 | 52.0 | 1280 n
CM-14 n n 1/10 | 52.0 915 U
CM-15 " n 1/4 52.0 775 "
CM-16 0.65 n 0 | 57.0 | 1200 n
CM-17 n n 1/10 | 57.7 820 "
CM-18 n " 1/4 | 58.0 700 "
CM-19 0.L5 13 0 |53.0 | 1440 1
CM-20 " n 1/10 | 54.5 98L "
CM-21 " 1 1/4 | 55.1 830 "
CM-22 0.55 n 0 52.3 1450 "
CHM-23 n i 1/10 | 52.0 | 1038 n
CM~21L n n 1/ | 52.8 905 u
CM-25 0.65 n O | 61L.6 |13L0O o
CM~26 1 1 1/10 | 58.0 oL, n
CM-27 n n 1/L | 61.2 789 1
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TABLE II

FRICTION BETWEEN CLAY AND MORTAR (Continued)

Sample {V/C ratio P T W s S| Age of mortar
1 no. tsf. iny % p&r. days

CM-28 0.45 % 0 | 60.3 | 1060 1L e
CM~-29 n v 1 1/10] 59.3 660 " .
CM~-30 " n | 1/4 | 61.0 513 n

CM-31 0.55 n 0 | 62.1 | 1005 .

CM=~32 n n 1/10| 58.1 695 J

CM-33 " " 1/4 | 59.1 530 oo

CM=34 0.65 1 0 | 63.3 | 1005 "

CM-35 LI m 1/10 | éL4.6 591, "

CM~36 g n 1/L | 65.6 L1,O "

CM~37 0.k5 1 0 | 58.3 | 1175 "

CM-38 i n 1/10| 56.8 863 n

CM-39 " " 1/ | 57.0 685 "

CM-40 0.55 it 0 | 60.0 | 1180 "

CM-41 " n 1/10 | 59.1 805 n

CM-12 " n 1/L | 60.8 61,0 "

CM-143 0.65 n 0 | 62.5 | 1160 n

CM-Lb n " 1/10 | 62.0 780 n

CHM~45 " " 1/h | 62.L 660 "

CM-L6 0.45 13 0 | 57.3 | 1380 n

CM-47 " n 1/10 | 57.6 980 1

ClM~18 " n 1/ | 58.0 | 762 L
CM--49 0.55 n 0 | 60.3 | 1340 n

CM-50 " u 1/10 | 59.7 930 n

CM-51 n " 1/4 | 60.0 780 "

CM-52 | 0.65 n 0 | 60.0 | 1395 "

CM~53 t n 1/10 | 60.0 941 i

CM-51 " n 1/L | 60.2 775 "
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TABLE TIIX

CHANGE -IN MOISTUR&Z CONTENT OF CLAY IN CONTACT WITH MORTAR

Sample no. W/C [Age of mortar Change in moisture content
: ratio days By 7 sz% Awg%"
CM-1. 045 7 -1.00 -0.40 -0.20
CM"Z " . ' n —l.lo "‘OQLPO "OQ_L}-O
CM-3 n " ~1.40 ~0.40 -
CM-10 ' " n - =1.10 -0.70 -0,50
CM~-11 n n - =0.90 -0,80 -0,50
CM-12 " u -0.80 -0.40 -
CM-19+ " " -1.00 -0.50 -1,00
CM=20 " " -1.00 ~0.60 -0.40
CM~-21 " ' " ) -1.20 -0.90 -
_average -1.06 | =-0.61 | -0.33
CM-14 0.55 " T +1.80 +1.40 +2,00
Ci-5 n u +0.70 +1.60 +1,70
Cl-6 : noo oon 41,80 | +1.80 | +2.60
CM-13 n n +1.70 +2.50 +2 .80
CM-14 . n " ~ +1.40 +1.80 +2.,10
CHM-15 " ] n - +4+1.10 +2.,00 +1 .90
CM=-22 " : n . +1.40 +1.90 +2.10
CM-23 " _ " +0.80 +1.40 +2.80
- CM=2L4 n " +1.80 +2,80 +2.90
average ' +1.,39 +1,91 +2632
Cli-7 - 0.65 .n +3.80 | +4.30 | +4.90
CM-8 " , n +2.60 | +3.50 | +3.50
CM-9 n oo +3,40 | +3.80 | +4.30
CM-16 n n +2.80 | +4.50 | +4.80
CM-17 . n +3.70 +4 o 40 +5.00
CM-18 : n " +3.,50 | +4.00 | +4.70
CM-25 n " +3,60 | +4L.20 | +4.10
CM-26 " " +3,60 +5.00 +54.50
CM-27 " " +2.90 +4,10 +4.30
' average +3 .70 +4 .20 +h o 57
1 \




TABLE III

average
1

(Continued)

Sample no. W/C ~jAge-of mortar [Change in moisture content

ratio days éw% &wz% &WB%
CM-28 0.L5 1L -Q.70 -0.50 -

CM=-29 " " -1.20 -0.60 -0.50
CM-30 " n -0.70 | =0.50 +0.30
CM-37 " n -1.20 -0.80 +0.20
CM-38 " " ~1,00 =0.90 -0.90
CM-39 " " -0.90 -0.80 -0.40
) CI"I-Llaé " n "'O ¢ 70 -'O 3 50 ""‘O [ lo
CM-L7 n n -1.10 -1.00 ~0.50
CM-148 " " -1.00 -0.90 -0.80
average -0.94 | -0.72 ~0.24
CM-31 0.55 " +1.10 +1.50 +2 .00
CM-32 " n +1.00 +1 .60 +1.70
CM-33 " n +1 .40 +1.40 +3.10
CM-LO " n +2 .00 +2 .00 +2 .00
CM-41 n " +1.10 +1.10 +1.50
CM-42 " " +1.40 +2620 +2.70
CM-49 " " +2 .40 +2 .80 +2.80
CM--50 n " +2.40 +2 .30 +2.30
CM~51 i n +1.30 | +1.60 | +1.90
average +1.46 | +1.83 | 42,20
CM--34 0.65 " +3.30 +3.80 +l o 30
CM=-35 " n +2.80 | +2.90 | +3.60
CM-36 n n +3.40 +1 . 60 +1, . 80
- CM=43 " n +4,10 +4 .90 +5.20
CM~L Ly n n +3 .00 +4 .00 +4 .10
CM=L5 n n +4 . 20 +h .50 +o 70
CM-52 it u +3.10 +3 .90 +4.10
CM-53 " n +3.20 +h o 20 +5.70
CM-51 " n +2.30 +3 .00 +4..00
av $3,27 | 43.98 | +4.50




CHAPTER IV

ANALYSIS OF RESULTS

Lol SHEARING_STRENGTH OF CLAY

The test results from the consolidated undrained

direct shear test performed on clay specimens are given in

Table I. All samples weré allowed to consolidate under a A

pressure ranging from 0 to 8 psi. |
Drainage of watervfrdm clay specimens iﬁ the direct.r

- shear festing machine could‘notvbe absolutely preveﬁted,but

the clay had a very low permeability and the tests were

performed most rapidly after a normal pressure had beeﬁ

applied. These tests were finished within 10 minutes. The

drainage of water which might have occurred in the clay due

to the instantly increased normal pressure, was ignored.
Streﬁgth-of clay can be expressed by Coulomb’s theory

of failure :

s =¢ + p.tané}
It is more donvenient approach to indicate the properties
of any soil by using shear strength parameters, (cohesion ¢
and anglé of éhearing resistanceg;), regardleés of the mag-
nitude of the normal stress on thé shear plane. From ¢ and
ér\mdue, the shear.strength of a soil at any state.of normal
stress(p), can be easiiy determined.

The major function influencing the strength parameters
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of saturated clay is moisture content (15,16). The two main
discoveries were :

1. that the cohesion dependslonly on the moisture
content.

2. that the angle of shearing resistance is a soil
characteristic which influences the soil strength.

vMany previous studies have indicated that cohesion(c),
chénged noticeably with moisture content, but that the angle
of shearing resistance($) did not.

In order to determine the strength parameters (c,é),
the Mohr envelope must be constructed. As mentioned befére,
the shear strength of a cohesive soil will decrease with
increasing ﬁoisture content in the soil. Strength parameters
must be read from the failure envelope for the same moisture
content. To do this, the shearing strength of the clay, under
different pressures at the same moistufe content, must be
known. The relationship between moisture content and max-
mum shearing strength (obtained from Table I) were plotted
on a graph.

Three series of tests, under %, 1 and 1% ton/sq.ft.
normal pressure, are shown in Figure 7. Three slightly curved
lines were drawn to represent thé shearing strength of the
clay at different moisture contents.

, The decreasé of the:shearing value of the clay with

the increase in moisture content was represented as a slightly
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curved line. The.rate of this decrease was about 24 psf for
each percenﬁ increasing in moisture conﬁent. The shearing
strengths, under 5, 1 and 1% ton/sq.ft. normél pressure for
the same moisture content, were obtalned from curves in
Figure 7 and Weré plotted in Figure 8.

Figure 8 shows the failure envelopes at 50, 54, 58
and 64.% moisture content. ' ' Eﬁﬁiﬂf

Sheéring strength.parameters (c,¢§), were obtained

from these failure envelopes, are given in Table IV.

. TABLE TV
VALUE OF COHESION(c) AND ANGLE OF SHEARING RESISTANCE( & )

Moisture content | Cohesion Angle of shearing resistance
% V - c-psf. ¢ -degree.
50 ; 610 Y
Sk 500 . Te5
58 400 75
6k 315 Te5

The decreasing in cohesion with increasing moisture
content was very similar fo the relationship between shearing
strength and moisture content of the clay. Figure 9 shows
the cohesion values of ﬁhe:clayvat different moisture contents.
The angle of shearing resistance( ¢ ) did not change with the

change in moisture content of the clay.
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L .2 FRICTION BETWEEN CLAY AND MORTAR

. - In order to investigate the skin friction value and
the shearing strength of the clay-mortar at T = 1/10 and 1/L
inch from the cohtact.surfacé,the relationship between the
: skin friction va%ues, the sheafing strengﬁhs'and moisturé

contents at the shear planes, from Table II, were plotted.

The skin frictions{(at T =0 ), and shearing étrengths at T =1/10:

and 1/4 inch under %, 1 and 13 tsf normal pressure are shown

in Figures 10, 1t and 12 respectively. Shearing strengths of
the cla} under the*Same normal pressures obtained from tests

on the clay alone(Table I) were also plotted for comparison.

It will be noted that thé stréngth values for the clay-

‘mortar specimen were usually the same for the 7 and 1k day
curing periods.

| Results of the test indicated that the clay strength
vwas increased by the effect of cementing of the mortar. Skin
friction at contact surfaces(T = 0) was very mich higher thaﬁ
the shear strength of the élay»mortar at 1/10 and 1/4 inch.
Thé shearing strength of the clayfmorﬁar decreased with
inéreasing distance from mortaf. The skin friction {T =€) .
was.about'l.7 times the shear strength at T = 1/10 inch and
about 2.2 times the shear strength at T = 1/k inch respectively.
The test results indicated that the shear strength of the '
clay-mortar speciﬁen at. T = 1/L4 inch from mortar was approxi-

mately the same as the natural strength of the clay for the
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same moisture content.
In order to determine the friction parameters (adhésion
. and angle of skin friction 5')'between the clay and cast-

in-place mortar, the failure envelope at the same moisture

content must be constructed by thé same method of Section
h.i. Frictions and shear strengths(from Table II) for %,_lv’
and 1% tsf normal pressure, and at distances T = 1/, 1/10
and O inch from mortar, were plotted in Figures 13, 14 and
15 respectively. Failure envelépes between friction or shea
strength and'normél pressure, which were obtained from Figures
13, 14 and 15 at 50, 54, 58 and gh % moisture content, were
plotted in Figures 16, 17, 18 and 19. |

All failure'envelopes were found to be almost parallel
to each other. Therefore the angle of skin friction(g ) did
not change with the change in moisture content. o |

The values of adhesion ca?and cohesion ¢ for T = 1/10
ahd‘l/h_inch from mortar,and angle'ﬁ or ©® were obtained

directly from Figure 16 to Figure 19 and are given in Table V.




TABLE V

" VALUES OF ca,c,seuu1¢'Foa THE CLAY-~MORTAR

43

Distance | Moisture content c, or ¢ Angleécn*@
‘T-inch. % psf. - degree
0 50 1080 8.0
1 54 1000 8.0
" 58 '940 8.0
" 64 840 8.5
1/10 50 690 7.5
1 - 5 600 8.0
n o 58 520 8.0
o 6L L60 8.5
1/4 50 560 7.0
1 51, 4,90 - 7.0
n 58 415 75
" 64 315 7.8
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L .3 COMPARISON OF ADHESION(ca) AND COHESION(c)

Adhesion values(ca), cohesion values(c), and moisture

contents from Table V were plotted in Figure 20. Cohesion

values obtained from tests onlclay alone (Table IV), were

~also plotted for comparison. The changes of the adhesion with

the-changes in moisture content were similar to thatzfor the

cohesion of the clay. All curved lines (Figure 20) were found

to be almost parallel to each other. Angles of skin friction

were approximately the same ranging from 7.0 to 8.5 degrees.

" Let

-

P

¢ = cohesion of the cléy (tested on clay alone),
0.25 = cohesion of the claycmoftar at T = 0.25 in.,
¢0.10 = cohesion of the clay-mortar at T = 0.10 in.,

¢ = adhesion (T = 0).

Then the relationships between c, ¢ 253 €5.10 and ¢

which were extracted from Figure 20 can be written as follows :

00‘25 = .......-............(9);

5,10 = ++3¢5,25 = 1.3C eevvenes.. (10},

eeeea(11).

CO : l°7cOolO = 2.200.25

It indicated that the coefficient ot at the distance

of 0.25, 0.10 and O inches from mdrtar wefe 1.0, 1.3 and

2.2 respectivély.






).l DISTANGE OF FAILURE PLANE (from the test)

R. D. Chellis(2) and R.H. Karol(9), and many other
enginesrs found from the observation of pile pulling {ests”
thét, there was a thin layer of cohesive soil adhering to the
pile shaft and forming a hard coating of up to about 1 inch
thickness as mentioned before in Section 2.4 and as shown
in Figure 3, The strength of theksoil around the-pile was

found to be much greater than in its original state due to
the éfféct of the hardening of the concrete.

From the léboratory investigation, the aothor found
that the clay adjacent to the mortar was a bit brittle and
harder than the clay further away from the mortar, confirming
the field oﬁservations.

Figure 21 shows the effect of cementing of the mortar
tq the clay. The stréngth of the clay was greatest at the
. contact surfaces and it decreased with increasing distance
from the mortar. The failure. plane will occur where the clay
strength is lowest, where the shear strength of the clay-
mortar is approximately the same as the natural shear stfength'
of the clay for the same moisture conﬁent. This is at a dis-

- tance approximately 0.23 to 0.28 inches from mortar.

4.5 THE CHANGE IN MOISTURZ CONTENT OF THE CLAY DUE TO CAST-
IN-PLACE MORTAR

The results of the change in moisture content of the

clay are given in Table III. Vhen a dry mix was used, (¥/C
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ratio = 0.45),‘after'a_peri§d of 7 days the clay specimens
were observed and it -was found that the moisture content of
the clay decreased by aboutkl.O % at the contact surfaces
and about 0.3 % at 3/4 inch from mortar. At 0.45 W/C ratio,
~the mix was very d4dry. The mortarinéeded more water for its
hydratibn process;vand it absorﬁed~water from the clay. The
closer the'clay was to the mortar,; the more the water from
the clay'was absorbed; | |
At the higher W/C ratio (0.55 and 0.65), the mortar

was considerably Wetter. The amount qf water from the mix
was sufficient for the hydration proceés, and the excess
~water from the hydration penetrated into the clay below the
morﬁar¢ The clay was softened Ey the water. Because of the
positions of the mortar and the clay in the shear box (see
Figure 6), the water penetrated downward to the bottom of
_thé clay specimen. As the results in Table III show the
moisture content at the distance of 3/4 inch from the mortar
was higher than thét the distance of 3/8 inch and at the
interface of the clayamortar. The water could not penetrate
any further through the lower part of the shéar box, so it
caused a bit higher mdisture content at the bottom of the‘
clay specimen. The change in moisture,éontent of the cléy
depended on W/C ratio of the mix.

The relationship. between the_chahge.in moistufe con-

tent of the clay and the ¥W/C ratio from Table III were plotted
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in Figure 22. Figure 22-a shows the change in moisture con-
tent of the clay at the age of 7 days after casting of the
-mortar, and Figure 22-b shows the results when the age of
mortar was 1lh.days. The results at these ages of mortar did
not show much differences. The average values of the 7 and
14 day:. ages of mortar were plotted in Figure 23, and it
can be used to estimate the change in moisture content of
- the clay due to cast-in-place mortar.

Thé increase in moisture content of the clay around
a cast-in-place concrete pile may be due to the water from
other sources such as boring equipment. and the surrounding
area. Construction procedures ghould be to avoid such water

because of the loss of strength caused.




5
=L
wd
L)
z
{—
P

\W MOISTURE CONTE

FIGURE 721 CHANGE




gy




CHAPTER V

SAFE FRICTION VALUE AND THE COEFFICIENT OF SOFTENING

5.1 SAFS FRICTION VALUE OF TH& CLAY
7 Skin friction capacity (Qs) of a pile in clay can |
be calculated from :
Qs = Ag-cy

The test reéults indicated c, = ¢, or the friction
value was equal to the undrained shearing strength of the
clay. In generai practice, the ¢ value is equal to one-half
of the unconfined compressive strengtﬁ (qu) of the clay.

The laboratory results show that the angle of Shearing
resistance{¢) of the clay was about 7.5 degrees. Thus, its
shearing strength will increase with increasing normal pres-

sure. In the case of pile foundations, the skin friction

capacity of a pile will increase with length of the pile.

The lateral pressures below the ground surface are
generally unknown. These pressures depend on the coefficient
of earth pressure which is known only for certain special
cases. A Very conservative approach is to consider the pile
bearing capacity, when it is assumed that,.the.lateral pres-
sure is equal to zero. From eQuation (2):

s, = ¢, + p.tan%
When p = 0O;
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s, = éa’ c, =¢ (test results).

From Figure 7, when p = 0, the shearing strength of
the clay was 460 psf at its natural moiéture content (56 %),
and when the clay had been allowed to be fully softened‘
under zero pressufe (Section 3.5.1), the moisture content
of the clay was about 64 %. Its shearing strength corres-
pondingly reduced to 315 psf. At increasing normal pressure,
the shearing strength ﬁas increased, that can be seen from
Figure 7 i~

At 64 % moisture content :

for p = 0, shearing strength = 315 psf,

]

for p 1000 psf, shearing strength = 430 psT,
for p = 2000 psf, éhearing strength = 565 psf,
for p = 3000 psf, shearing strength = 715 psf.
The cohesion of the clay was 460 psf at its natural
moisture content, so that its Q, strengthAshould be about
920 psf. This indicates a clay of medium strength(5).

From the Metro Winnipeg Building Code, the friction
value for calculation of safe pile bearing capacity in Win-
nipeg area, is 300 psf for piles in firm clay, and 150 psf
for piles in soft clay. j

For a clay of medium strength a friction value of
200 psf may be.used, |

At 64 % moisture content (fully softened), when p = 0,
the safety factor is 315/200 = 1.58 .
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The bearihg capacity of a friction pile in clay will
increase with length of the pile, because of the increase
of the lateral pressure. The increase of the lateral pressure
can be seen from the equation : |

&h = K_.¥ .z e (12)
Where : ' '
& h = lateral earth pressure on the pile shaft,
K_ = coefficient of horigzontal to vertical
earth pressure,
-3 = average density of the clay within depth z.

Thé magnitude of the lateral earth pressure depends
on the K_ value and depth(z) of the pile.

‘The coefficient of earth pressure stepends on the
type of soil, on the stress history and on the temporary
loads which have been acted on the surface of the soil.

In the case of a cast-in-place concrete pile, the
lateral earth pressure of the soil around the pile lies
between the active and the at-rest state, because of the
expansion of the éoil in the vicinity of the hole. The coef-
ficient KS will be between KA and Kd’ where :

| KA = coefficient of active earth pressure,

Ko = coefficient of earth pressure abt-rest.

After a period of time, the soil around the pile, will
return to a state of equilibrium and its volume does not

change any further. Then the theory of semi-infinite-
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“elastic solid may be applied by assuming the soil is a in-

compressible material and no volume change.

From :
kK = 2% |
S .
Where, _ . = Poisson’s ratio = 0.5, when no volume change,
then, K0 =1 , |

From equation (12)
g}1==KS.K.z
Let ; K, =K =1 I | o
¥ = 100 pcf. If a high water table exists, ﬁhen
the effective'stress would have to be considered. The value
of ¥ to use in such case would have to be the submerged unit
weight.
Consider the safety factor at 64 % moisture content,(from Fig.7) :
If z = 0, lateral earth pressure = O,
saféty factor = 315/200 = 1.58 .
If z = 10 feet,.lateral earth pressure = 1000 psf,

!

safety factor = 430/200 - 2.15

If 2 = 20 feet, lateral earth pressure = 2000 psf, o
safety factor = 565/200 = 2.83 . |
If z = 30 feet, lateral earth pressure = 3000 psf,

~ safety factor = 715/2000 = 3.58 . S

These results show that the safety factor increases

with increasing length of the pile, and after a period of
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time, when the excess water diffuses away into the surroun-

&ihg area, the safety factor of the pile in the clay would

be considerably increased. This can be seen by considering

the’ safety Iactor at 56, 60 and 64 % moisture content, that

are given

in Table VI.

value, (safety factor).

Figure 24 shows the relationship between the safety

factor at various depth and moisture content of the clay.In

the case of pile foundations, the safety factor must be the

average value.

In general practice, the length of piles would not less

v 'TABLE VI
RATIO OF SHEARING STRENGTH TO "SAFE"FRICTION AT VARIOUS DEPTH
Depth z | Lat.pressure |Moisture. | Shearing S.F.for S.F.for _
feet p-psf. cont. % strength |safe fric= | safe fric- ..
psf. tion =200 tion =300 ¢
psfT. psf.
0 .0 56 - L55 2.28 1l.52
10 1000 n 590 2.95 1.97
20 2000 n 730 3.65 2.43
30 3000 n 870 L.35 2.90
0 0 60 370 1.85 1.23
10 1000 n 510 2.55 1.70
20 2000 n 640 3.20 2.13
30 3000 " 775 '3.88 2.58
0 0 6L, 315 1.58 1.05
10 1000 " 430 2.15 1.43
20 2000 n 565 2483 1.88
30 3000 n 715 3.58 2.38
. Note. A
: S.F. = ratio of shearing strength to safe friction
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than 20 feet, sd that the average Safety factor would be 2,20,
even though the moisture content of the clay would be very
high (64%). |

The safe friction value of this clay equal to 200 psf
may be used for design practices, so as to give an adequate
safety factor of about 2 to 3 for a pile not less than 20
feet.long. For a longef pile, a greater safe friction value

may be used; say 300 psf. .

5.2 COEFFICIENT OF SOFTENING OF THE CLAY (Csl

The clay will be softened by the excess water from
the mortar. The amount of the excess water dépends on a number
of factors including the W/C ratié. Initialiy a cdndition
favoring water migration exiéts depending on whether the soil
tends to absorb Water from the mortar,-of the reverses action
when water tends to move.fromAthe soil to the mortar. For a
given soil and moritar, the results indicate that the_softeﬁing
can be relaﬁed to the W/C ratio. Fér different mortars, or
concrete; a similar relationship would havé to be established.
The shearing strength of the clay will be decreased from its
natural strength by the effect of the softeniﬁg.

Let :

]

- &w = the change in moisture content of the clay

due to cast-in-place mortar, %. -

i

W natural moisture content of the clay, %.
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w, = maximum final moisture content of the clay; %.
The maximum final moisture content of the clay can be
determined by equation (12), |
w, =w, + aw cecencssseressscssses(l2)

s _ .
Where : Aw can be obtained directly from the curve in Fig.23.

| The coefficient of softening (CS) of the clay can be
&Btermined by |
| K, = ss/sn tececesscsssssssscssaessll3)

The values of w_, s , and K for.different W/C ratios
of mortar, afe given in Table VII. These values were based
on the test results in Figure 7 and Figure 23.

The rate of decreasing of the strength value of the
clay with incfeasing moisture content was about 24 psf for
each pércent_increase in moisture content.‘Thus, the approxi-
mate softened shearing strength (ss) of the clay can be cal-
culatedAby the equation (14).

sy = S, - 2L AW B P G 11 : fiff?

Figure 25 shows the relationship between the coeffi- S
cient of softening (CS) and W/C ratio of mortar. From this
figure, if the natural shearing strength of the clay (sn)
and W/C ratio of the mortar are known, the softened shearing

- strength (ss) can be easily determined by équation (13).

The strength value of the clay for calculation of

bearing capacity of a friction pile is generally known in
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term.of‘"Fricti‘oAnﬂ or 'Adhesion value.

The teét results indicated that the frictioﬁ,or the
adhesion value,was actually the clay strength itself, and
was equal to the softened shearing strength of the clay after
it had been'softened by water from the mortar.

In design préctice, the more accurate safe friction.
value of the clay can be estimated from the softened shearing
 strength (ss) of the clay, by using the Cs value fof each
W/C ratio of the concrete mix, under the considerable lateral

earth pressure as shown in Figure 25.

Let :
FS = gsafe friction value of the clay,
‘n = required séfety factor.
Then
FS= Ss/n o--ov--no-o-o‘o"oo'--oooo(l5)'

The W/C ratio of the concrete is one of the important

factors influencing the friction valune of the clay. The W/C

. ratio for 2000 to 3000 psi concrete would range from about

>O.5O to 0.60 . %he higher W/C ratio, the more, the water
penetrates into the clay,'and the greater is the clay strength
loss. For W/C ratio of 0.L5 or less the effect is to'dry the

clay, but this is usually below the practical limit.



TABLE VIT

COEFFICIENT OF SOFTENING (G)

tested,

W/C ratio| pw =w,¥Aw| s, sy |G sS/sn P
% % psf. | psf. psf.
0.50 +1.0 57.0 n 430 0.94 "
0.55 +2.3 58.3 " LOO 0.87 1
0.60 +3.4 59.4 " 380 0.83 n
0.65 +i.5 60.5 1 360 0.78 n
O.45 =0.2 55.8 595 600 1.01 1000
0.50 +1.0 57 .0 n 570 0.96 n
0.55 +2.3 58.3 " 545 0.91 "
0060 +3.l{r 59.[} -“ 520 0087 n
0.65 +h o5 60.5 " 500 0.84 n
0.45 -0.2 55.8 730 735 1.0 2000
0.50 +1.,0 57.0 " 708 0.97 n
0.55 +2.3 58.3 n 675 0.92 n
0.60 +3 .4 59.3 " 650 0.89 u
0.65 +h o5 60.5 " 620 0.85 om
O.L5 -0.2 55.8 875 878 1.00 3000
0.50 +1.0 57.0 " 850 0.97 "
0.55 2.3 58.3 " 820 0.94 Y
0.60 +3.4 59.4 " 798 0.91 n
0.65 +ho5 60.5 " 775 0.89 "
- Note.
wh='56 % = average natural moisture content of samples

b w-= change in moisture content due to cast-in-place
mortar from Figure 23,

. s -
Sns S

obtained from Figure 7.







CHAPTER VI
CONCLUSIONS

Thebsamples tested can be considered typical of many
Winnipeg clays. The following conclusioné can be made from
the test results :

| 1. Major function influencing the undrained shear
strength parameters of theACIay‘is moisture content. The
cohesion(c) decreases with increasing moisture content. The
angle of shearing resistance(é) does not change significantly
with the change in moisture content.

2. Friction between the clay and cast-in-place mortar
also depends on moisture céntent. It decreases with increasing
moisture content at the shear plane and increases with in-
éreasing normai pressure. The strength of the clay-mortar
is increased by the effect of cementing of the mortar to the
clay. The true skin friction at the contact surface(T =0) is
about 2.2 times the shear strength of the clay. The clay-morﬁar
strength decreases with increasing distanée from the mortar,
and at a distance of about 0.25 inches from the mortar, the
strength value decreases to the shear strength of the clay.

From'equation (1), c,6 = of C.

The test results indicate : |
- The coefficient ot at O inch.from mortar = 2.2

The coefficient e at 0.10 inches from mortar = 1.3
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The coefficienteat 0.25 inches from mortar = 1.0.

The angle of skin friction(d) is appfoximately the
.same as the angle of shearing resistance($) of the clay.

Also it does not change with a change in moisture.content.

3. The failure plane between a clay and a cast-in-place
mortar block is not exactly at the contact surface. It will
~occur at a place where the shear strength of the clay-mortar
is equal to the undrained shearing strength of the clay.

That is the "friction" value of a clay for a cast-in-place
mortar, is the clay shearing strength. l

h; Clay will be softened by water from éasﬁ-infplace
mortar. This softening depends on the moisture equilibrium
condition for mortar and soil being considered. The test
resulﬁs for thé clay and mortar tested in the laboratory
showed that the softening depends on the W/C ratio. For other
soils and concrete similar relationships can be established.
For low W/C ratios drying of the soil will result.The coef-
ficient of softening(CS) obtained in the laboratory was unity
for a W/C ratio of 0.45, it decreased with increasing W/C
ratio.

5. In design practice, the friction value of the clay
Ttested, equal to 200 psf may be used for a pile of about 20
- feet long. The safety factor will increaée with increasing
length of the pile, and with decreasing moisture content of

the clay when the excess water diffuses away.
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Fér a cast—in—place.concrete pile, a bored hole should
be made by an auger using no water and the concrete must be
placed at a fairly dry mix. It is important to avoid excessive
water to soften the clay in the bored hole. In time it is
likely that the excess moisture content would return to a
normal condition with a corresponding increase in strength.
This has COnservatively.been neglected in the preceding

discussion.
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