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SUMJTARÏ

Friction values for cast-in*place piles in a t'ypical

tliruiipeg clay v¡ere stud.ied. Shear conditions j'n the soil

near a pile wgle simulated in the laboratofTr using a direct

shear apparatus and. unclistu-rbed samples of the clay l¡Iere

placecl in contact with v'iet ¡nort'ar'

Softening of the clay due to soaking under cont¡olIed

preSsureS l^IaS investigal,ed.. In actdition, bhe shear strength

of the clay at various cListances from the clay-moriar inter-

face v¡as investigated to cleternine effeci;s of the water/cement

ratio and the time of curing of the mortar'

It was found that the consolidated undrained- shear

parameter Q 1 d.ecreased v¡ith increasing moistur"e conten'o

whereas $ remained unchanged.

The friction value betv¡een the clay and cast-i¡r-place

morl;ar t¡as íncreased due to the effect of cementing action

of the mortar. At the coniact surface, the fricl,ìon was

about 2.2 times the shear strength of the cIay. The sirength

of the clay-mortar d.ecreased. rt'ith increasing distance from

the mortar. At a clisiance of about o.25 inches from the

rrlortar, its value v¡as approxirnately equal to the natural

shearing strength of the clay f or the SaIile moisl'ure content "

The weakest plane vlas found to be a short distanee

frorn ihe clay*ñort,ar inlerface, it was at the distance v¡here
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the shear strength of the clay-mortar was about the Same as

the clay strength. The clay r,vas softened by l'rater frorn the

cast-in-pla-ce rflortar. The coefficient, of softening (Cs) of

the clay depended on the H/C ratio of the mortar.

The test results indicated. that the friction value

of the clay for cast-in-place concrete piles l'*as actually

the sheàring strength of the c1ay, reduced for v¡ater-softening.

The clay used for the test v¡as a clay of medium

streng-r,h. A safe friction value ec1ual to 2OO psf may be used'

for design Practices.



CHAPTER T

STATE¡{ENT 0F' PROBLEM,SCOPE AND METHOD OF IITVESTIGATTON

I,1 TH$ P¡'9E!gl{

The friction pile, r'.rhere a bored hole is made by an

auger and filled with cotrcrete to for"rn a pile, is one of the

most vridely used types of pile foundations in cohesíve soils.
The ad.vantages of a cast-in-place concrete pile are that the

required lengtþ i.s knolv:n exactly, there is no r¡asted length

to be cut off and no need of handling and drj.ving. Disadvan-

tages of the cast-in-place concrete pi.le irrclud.e the uncer-

tainity of the final condition .of the concrete. The concrete

may be non-hontogeneous because the soil in the bored. hole

may becone nixed v¡íth the concrete; the proportÍ-on of the

mix may not be uniforraly distributecl- due to the segregation

of t,he aggregate duríng the pou-ring ofl the conc:cete.

The tr-se of the friction value for calculation of pile

bearing capacity is very compl-icated and is söill based to

a large erben'r, on the ernpiri cal correlationships obtained

fro¡n fietd loading tests. The variatio¡r of the fríction vaìue

is not lveU under'siood due to lack of data. The boundary

conditions at the considerable d.epth of a pile belor'r the

ground surface ai:e generally unl<lrovin, Frietion betv¡een a píle

and soils around it depends on rßa.ny fa.ctors such as iypes



of soil, types of pile, depth, rnoisture content and time. rn

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

tj.on of the shear strength of the soil so as to gi've an ad-

equate safety factor, usually of about 2 t,o 3. Settlements

must be ãIso consic¡.ered, but are not part of the present

study

The shear strength of clay vrill decrease v¡ith increasi-ng

moisture content in the clay. Friction between the clay and

pile is d-irect,ly proportional to the shear strength of the

clay(3), so that it wilt also d.ecrease t¡hen moisture content

increases. This naY be seen from :

:&C .........o.""""(1)

: Unit skin friction, oî adhesion vaì-ue,

betv¡een the so j-I and the Pile '

= Coefficien-r, of friction value '

c : Shear strength of the soil'

revj.ous studies, they incticated that value of

*a is not consiant and freqttenily fall-s betvreen 0.5-I.O

The change of moisture content in the clay aro.ì-rnd the

pile is still one of the main probler:rs and. only a fev¡ field'

investigations have been reported(14). Clay v¡il} be softened

by water from fresh concrete or from the boring equipment,

and its strength and friction val-ue wil-l decrease to some

extent.

c
4̂

c
ê̂.

&
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The load carrying capacity of a friction pile in a

cohesive soil seeras to be v¡eIl established' afier a period of

time, vihen the soil strength lost by the effect of disturbance

during boring, placing or d.riving the pile is regained. Such

action has been attributecl to thixotroPYr or lvhen the excess

v¡ater diffuses ar\ray inl,o the surrounding area, the soil strength

will increase automatically. From the observations of pile

pulting tests it has been shor+n that a thin layer of cohesive

soil adher-es to ühe pile" This indicaies that the true skin

frictÍon at the pile shaft is greater than the soil strengËh

ab the failure surface. In general, the failure Surface of

a friction pile in clay occu.rs in the clay mass at some dis-

tance beyond the pÍle shaft,ancì. ít is thus quoted by ntany

engineers that the frictj-on value of a" casü-in-pIace concrete

pile should be the same as the soil strength around the pile

(2,9)

L.2 SGOPE AND I,{ETH0D qli' f}isJ-{-vESTIC4lf.QU

The object of this thesis rvas to study the friction

valu.e of cJ-ay for cast-j-n-place concrete piles" An attenpt

was made throu-gh laboratory investiga,tions, using direct

shear tests, to represent the aci,ua-I movernent of the pile'

Ivlorta.r was used insteacl of concrete to carry out the test "

l,lore details are given in Cha¡rter III.
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The testing program included :

: l. Investigaiing the shearing strength of the

pressures.

2.Investigaiing the friction values betr,¡een the

clay and cast-in:place nortar blocks. The observations vrere
:-----

made under the variation of the follot^¡ing factors :

water/cement ratio of mortar,
:

normal pressure,

, - distance of shear plane from rnortar face,

' aging of mortar in contact v¡ith soil.
(More d.etails are afso given in Chapter III).

3. Investigating 1;he change in moisture content,

. of the clay specírnen du-e to cast-in-place raortar' for d-ifferent

' tr^,I/C ratios ancl different period-s of aging"

: The author has tried. to interpre'L: . the test results

using forrns of graphj-caI represent,at,Íon to establishr r,.¡here 
:

possib1e,corre1ationsbetrueenthes,orengthandfriction

value of clay on cast-in-place mortar under different conditions

so that the results ma-y be used as a guide for furthe¡: si;u-dy

or for practical- purposes.



CTIAPTER ÏI

. 
THEoRIES 0F FRICTION Plttt CÀPllCIfY AND PRIÎVIOUS II{"IESTIGATI0IIS

a:I- ÐAÐUtI9f
In generaL, the skin fríciion ís closely related to

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

the shearing strength of soils can be expressed by 3

S : c * p.tan$ ............"" ""(2)
in terms of 1;otal stresses, where :

c : cohesiont

î : ïî:'.ï:;:""il".:Ïï.::::"'
SÍrnilarl-y, the s}<in friction betïeen a soil and a pile can

be expressed by :

s : c 'l' p.tan6 .... o..... . -...... (3)
aa

Ín terms of total skin frictíon, tr','here :

c"= adhesion,

p : normal Pressure on shear Plane,

6 = angfe of skin friction.

aú-. f¡ l-9I"Lq{*BU:å EQ.E$$LL- 4$"

Pile formr.rlas, based on sl,atic cond.it,ions for frietion

pile, a.re sení:enpirieal. These for"imrlas u-se the relat,ionship :

uliinrate beai:irrg capacity : skin fri-ct,ion capacil,y

End bearing caPacitY
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The simplified form of the st,atic for¡rula, based partl.y

on the average ski¡ friciion and shear strength of soil, and

partly on the observation of field loacling tests, has been

proposed by Terza.ghi & Peck(1) and. is knov¡n as Te¡:a4ghits

Serai-ErnpÍrical- formula" This forrnula has been put forviard by

Skempton and has become one of the inost vrj-dely used formurlas

for friction pil-es.

Skemgtqn's sol.utigg fol -claæ.
The simplest formuIa., PartlY

theoretical and partly ernpirical,

has been proposed bY SkemPt'on

for piles einbeddecl in saturated

elay, vihere p can be assumed to

be zero z

%=Qp*Q"
ul-timate bearing caPacitY,

end bearing capacitY,

shaft bearing capacitY or

ski-n friction caPacitY.

o o. '. . (lþ)

Qo=

Qp=

Q*=
Figure l.Friction Piles

End bearing capacitY can be calculated from :

QO+ tt = Ap(c.N.-rìi .Df ) " (5)

TJ = l'¡eight of pile,

AO: area of pile point,

c : average shea:: strength of the soilr
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N^- bearing capa.eity factort.c
I = average density of the soil within a depth

of Dt beloi'¡ the ground surface.

The c value is equal to one-half of the unconfined

compressive strength of the soi1. Skernpton(3) suggested thá

it wouH. be more accurate if the shear strength of the soil

at a depth of about tv¡o-thÍrds of the pile t s diarneter belor'¡
,.'

its base be used.

In most case, it is a sufficiently close approximation 'i,,

to assume that the weight of the soi1, nhich is replaced by

the pile.¡ is equal to weight of the pile :

I'I: AO.X . Df ......'..-.o"""""""(6)
:

Thus, the equation (5) becomes 2

The N" value has been studied and observed by many

investigators urho have come to the conclusion that for cir-

cular areaa loa.ded. at a considerable depth r'¡it,hin a saturated

cl-ay, the value is equa.l to about 9. This value is accurate

enough for practieal purposes and. has been generally accepted..

Figure 2 shov¡s the N" value, vrhieh is based partly on

laboratory tests, on theory and on observation of frill scale

loading tdsts by A.-Yl. Skempton(It). For a long pile the ratio
' at Dy/ß is much more than 5, so that the N" val-ue of 9 is

usually used in the case of a squ-are oT a circular pile.
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Nc

Figure 2. Bearing Capacity- Factors
( after A.\'/.Skenrpton)

For the long strip ( sheet pile ) or squ-are pi.Ie, N"

values may be obtained directly frorn the curves. For inter-
medial:e shapes, a rectangu-Iar strip of length L and width B,

ühe N.can be ealculated from the equ-ation :

N."= (r + 0.2 B/L)N"'

N"": bearing capacity

N"u= bearing capacity

Irigu-re 2.

Shaft bearing capacity or friction capacÍ.ty can be q

calculated from :

fa,etor of

facior of

.. (7.f)

rectangu-lar

long stri¡r

piIe,
from

0 -= [ .C o.. ¡. c..... o..... o.-SSA

A-: area of the shaft of the pile
Q

clay,

(s)

ernbedded in
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a : average unit slcin friction or adhesiotr. va.lue

on the pile in clay = cd ç"

2"J U}IIT SKTIV FRTCTION OR ADHESION VALUE(C.) FROT'I PREVIOUS
-J 

:

INVEST]GATIOùJS

The ínvestigation of the fríction value of clay on

concrete piles has been made by many investigators. Most of.

them made the observations on field:loarling tests, ancl. only

a fev¡ laboratory tests rtere carriec] out' Equation (1) 
"u= 

&",

indicates that the adhesion is directly related to the cohesion

of the c1ay. Golder and Leonard(3) suggested üha.'¿ the-".* value

should be 0./ for píles more than 30 feet long.

M"J.Tomlinson(/+) assunred'that the adhesion value bet-

v¡een t,he pile and soil(c") is equal to the remold"ed cohesion

(c") ,when the piles are loaded sootl after driving t oY .fu-11

cohesion(c) nhen the piles are not load.ed until the soil

regains its strength by thixotropl".

Meyerhof and. I.hrdock (1953) proposed that the adhesion

shoulcL be equal to the soil strength of tbe clay after ít has

been allorved to be fulIy softened under zevo pressure. A series

of laboratory 'oests(12) lrere carried out by I'ieyer"hof using

direct shear tests" Precast mortar blocks trlêrê placed in the

lor^¡er part and clay specimeus in the upper part of the shear

box. The tests were perforrned. under unclrained co¡rdÍ1;ions. He

found. t hat the a¡nounî; of deformati.on to mobilize the fult
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skin friction vras about one tírnes the sh.ear strengih of the

clay (oni= 1.0). The saue test had been perforrned at @se]"é'

Polytechnique, l{ontreal ín I95l+ by J.E.Hurtubise and Jean

Granger(12), the test resuÌis ldere similar to those obtained

by Dr.I'[eyerhof.

Tomlinson(4i p""=urted the resu-Its of his investigations

on 56 pile loacling tesis. The approxiroate valrres of adhesion

of clay on the piles can be reLiably used for calculation of

píle bearing capacity. The reduction of the ratio, ad.h.esion/

shear strength, with increasing shear strengthr âs shovrn belolu,

may have been due to lack of contact, betr^¡een clay and the

pile shaft c .

ADIIESTO¡T BETI.TEET.I CLAYS A}'ID PILES
(After Tornlinson)'

Pile type Soil type Shea.r strength ltclhesj,on
psf . psf .

Concrete Soft, clay O - 75O, O -700

or Firn clay 75O 1500 ?OO -900

Tj.rnber StÍff clay |SOO - 3000 900 -f30O

The allol'¡able adhesion value for l{innipeg clay as shovl'n

in the Metropolita.n llinnípeg Building Code(,7-b) is 300 psf

for firm clay and 150 psf for soft clay
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a¿_ry.ILU|¿,B P_IrAr'lES .A _ruBS

There is general agreement that, from the observati-ons

of pile pulling tests, a thin layer of cohesive soil adheres

to t'he pile shaft and appears as a coating o.f soil around Ëhe

pile. This inclicates that the true skin friction at the pile

surface j-s much greater than the soil strength. The faílure
surface of frÍction pite i.s not exac'b1y at the surface of

the pile but occurs at some distances beyond the pile shaft

in the soil mass ¡ âs shorcn in Figure 3 .

plane

surface

adherecl tb pi-le

failure pla.ne of friction
(Putl-out tes'Us)

sl.f¡l \\r /.fj{\r7
Figure l.The piles in cohesive soils
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From this point of view, many engineers have qtr-oted

that úhe adhesion value of a cohesive soil, for calculation

of pile bearing capacity, should be the saríle as the soi-l

strength.

2.5 FACTOiìS AFFECTII\IG FTìICTION VALUES

As rnentioned before, the friction value betrr-een a.

pile ancl a soíI depends on soil,types, pile types, depth

of pile, moisture content of the soil, and time after casting

of the pile. Friction rvill Íncrease v¡ith increasing grain

size, goocì. grading, and r.¡ith -r,he degree of compaction of a

cohesive soilr For fine grainecl soil, friltion r¡¡il.l d.e.c::ease

with increasing moist,ure content in the soi1.

Friction and. strength of soils may also increase ¡,vith

depth of the pÍIe because of the increase in lateral pressure"

A concrete pile with a rou.gh text,ure giv'es a greater friction

value than the pile v¡ith a smooth surface texLure as in the

cese of a sieel Pile"
In the case of a drirren pile, the fric-r,ion may also

be less than the shear strength of the clay because of t'he

lack of contact betv¡een the pile and the clay due to lat'eral

vrhipping of the pile du.ring driving(&). For a cast*in-place

coi?crete pile, the small particles of the concrete mix, such

aS sancL and cement, may be foreed into the voids of the soil

while the concrete is stil-l fresh. The soi] around the pile
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mey become harcler than Ín its natural siate, because of pos-

sible eementing. Du.ring the same tíme, the rnoisture content

in the soil may be increased by the t¡a'uer frorn bhe fresh

concrete. The initial softening of the cla.y, is quite v¡eIl

established, end it seems possi-ble that as the excess v¡ater

d.iffuses al'fay into the surroundings, thei:e v¡ill be an improve-

ment in the shea-r strength of the clay in contact in¡ith the

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

markedly increased by the effect of hardening of the concreter

An observation was made in tond.ern by !l.H-!trard(8-b)

on a bored pile v¡hich was cast in elay. The clay contained

calcj-um s¿l phate and the bored pile r¡¡as rnade with calciurn

resi-sting cenent. The pile lvas exactly olLe year old lthen a

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

moved in a srnall area. The clay l',ras joined to the pile by

a thin filnr of wh.itish tr"anslu-cent gel vrhich dried to a white

polvd.er on exposure to the atmosphere" The natur"al rich brown

colour of the clay had. become faded within å inch from the piler

and the clay in this zorie l^¡as of nruch higher strength than

in its natural staie.

This result confirms the sl,atelnen'b, as mentioned before

(FÍgure 3), that the fai-lure plane of a fri.ctio¡r pile j-n clay

wil-I not occur exacily at the pile shaft, uihere the strength

of the clay is higher 1,ha-n tirat in the other regions around

the pileo
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?.6 TH.E_Ii'l_cildASA rN_ l4oISTURs c.Oi{TgJLT 0F THE CLÀI pUE TO CAST*

TN-PLAC.E COI\ICRiITE PILJTS

The incr.ease in moisture content of the clay due to casf-

in-pÌace concrete pile may be caused by any or all of the four

following causes(1ll.) :

1. Vlater flov¡s through clay during the process of boringt

more markedly in the more fissured. c1ay.

?. Migration of vrater from the body of the ctay torvarcts

the less-stressed zones around the bored hole.

3. tiater from fresh concrete r¡¡hieh usually must be placed

at, a fairly high I.'-i/C ratio.
I¡. l¡"tr"" from boring equiPraent.

For cases 1, 2 and l¡, the increase of noisture content

in the clay may be reduced by technical experience and good

v¡orkmanship. For case 3 , eoncrete should be placed l'¡ith rela-

tively d.r:y niixes.

An observation l.¡as made in India on bored piles in an

expansive clay by X'iohan and Chandra(l4-). They found that the

noisiure con-r,ent of the Soil adjacent to the pile increased

by about 2-3 lL above the natural mois'oure content. It v¡as

also notj.cecl that only a thin layer of clay adjacent to the

pile vras affecied and that at a distance of about 1å inches

from the pile shaft, the moisiure conient r^¡as in its lower
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natural state o

Another observation was made by l,leyerhof and Murdock

(].953].. They found that the moisËure conteni of the clay

adjacent to the shafË of a bored pile increased by about l+ /,

at the contact surfaces and also that at about 3 inches from

the pil-e shaft, the moisture cont,ent was not altered.

Time Ís another factor affecting the frictÍon value

of the clay, especially for piles in sensitive clays v¡hose

strength decreases to a very large d.egree by the disturbance

du-ríng boring and by the pouri-ng of the concrete. A-fter a

perÍocÌ of time, l,rhen the soil reverts fro¡n the rernolded.

state to Íis natural state, its streng'bh and frj.ci;ion wilI

increase automatically and may be greater than the origina.l

st,rength"
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The Direct Shear Box Apparatus usÍng constant rate

of stra.in was employed for the test. This rnachine Ís based

on the d-esigir of Dr.Aohr"Bishop, Imperlal College of Science

and Technology, London. Loads trere applied to the specÍmen

by a load hanger, ancl a shear force v¡as applied by a potver

d.riven screr'r jack at the rate of O -OZ[ in./nín, All sarrrples

vrere fitted in the bronze boxes of size 6x6 crn. and about

t inch thick. Shear loacls were.aeasured v¡ith a proving rÍng
suitably calibrated. Figure b sholvs the testing machj-ne"

3re_jgAJERIAIÉ. :

Materials used for this investigation vv'ere :

â, Soil

A sample of soil i.n the form of an undisturbed block

v¡as taken from a depth o-f 1/+ feet at the campus of the Uni-

versity of l.lanitoba.

Sorne properties of the soil are as follov,¡ : -

Average natural moisture conterr.t = 56 f"

Specific gravity = 2.76

Liquid limit = 73.2 %

Pl-astic limit : Zgpj %
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The soil is a highly plasticrmedium grey clay v¡ith

some yellor^r silt pockets. It is composed of I /o sanð., 30 %

silt and 6" % clay. F'igure 5 shor',¡s the grain size distri-
bution of the soil

b. I,lortar

Mortar used for this investigation was composed of

cement and ci-ean sand., Lzi by vreighl,. t¡l/C ratios of the mixes

Ìrere O.U5 , A.55 and O "65

Cement ord"inary Portland cement

Sancl sand wiüh rnaximurn size of l¡.J(r mn"

? . 3 TESIIAT_G ¿R9GIìAJ"I

The tesl v¡as separated. into three parts :-

1. To determine the sheariug strength of the clay

at different noisture contents. Normal load.s of È, I and

IÈ tcn/sq.ft. were usecl. More de'bails are given in the test

procedure.

2. To determine the friction va]-ue between the

clay and east,-in-pla.ce mortar block at dj.fferent \:[/C tat'ios,

different ages of mortar and different dj-stances of shear

planes by applying normal loads of å', l and 1| tonr/sqoft"

on the specimens, NÏore details are also given in the test

procedure.

3" Tc¡ investigate the change of moisture corrtent

in the clay specinen du-e to cast-j-n-place nrortat' at different
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W/C ratios and different ages of mortar.

3 . l+ SAI''IPLETPRSPARSTIOI{

The soi.]. v¡as cut into snall sampl-es, which v¡ere big

enough for trimming to 6x6 cm. and 1 inch thick. All samples

$Iere cut in such a way that they couLd be sheared along the

vertical planes of the sample blockr so as to correspond to
the pilets movement in the ground. These san'rples trere wrapped

in aluminiuni foÍl, and covered r.¡ith vrax. They v¡ere placed in
a storage room v¡here the tenperature and humiciity vrere kept

constant "

3_.5_ I¡IETHOIS 0F TEÞLIllg-

3.5"1 Shearing strelré{_t_h _o_f _c_1ay

ïn order to determine the shearing strength of the

clay for different moisture contents, a series of consoli-

dated undrained tests r¡¡ere perfornted on the soil samples by

the direct shear testing machine(shovm in Section 3.L'1. The

prepared'-spêc'iElens !''rere trimrned and placed in the shear boxes.

Extra shear boxes rrere nlade to permit aging of several sa.tn-

ples sinultaneously. Porous stones r{ere placeci at the bottom

and on the top of each specimen. The changes of moisture

content in the speej-rnens rvere effected. by alLol.¡ing the spe-

cimens to consolidate under different loads (rangerfrorn 0
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to I psi ) , for a periocl of about 2t+ hours or until the con-

solida-uions had been completed. as observed. on the vertical

galrge. They v¡ere then sheared. under à ton/sq.ft. normal load.

The rate of shear r.¡as O.OZb in./min. The shear load was recorded

from the províng ring at every -| minute interval, until it

began to decrease. The test r,vas finished v¡ithin 10 minutes,

so that the moisture eontent in the clay. speeimen could not

change due Ëo a rapid. increase in the nortnal load'. The mois-

ture content after shearing of each speeímenr vIaS obtaíned'.

The same method r¡ras used for normal loads of I and

Iä ton/sq.ft,. Seven specimens l.¡ith SeYen different consoli--

dation loads were used for each normal l-oad. The test results

are given in Table I.

3 . 5 .2 Fri crÞ"to-n betr'¡9 -elr c-]--?y 
-An3--mo-r-t 

er

This investigation Ïras rnade ¡¡hile varying the follot+ing

factors :

v¡l/C ratio : A.45, O.55 and 0.65,

T : distance of shear plane frorrr rnortar,

= o, L/Lo and L/l+ inch,

P : normal loads : !ã, I and Là ton/sq"ft'",
' Age of mortar = 7 and 1/ç daYs"

Note. Samples no,I,Z and 3 (T : 0rI/IO and L/1, inch), \^l/C ratio
: A.b5, p = å tonr/sq.ft. and age of mortar:7 days l'Íere used"

The test procedure included the follor'ri.ng steps:
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I. Sand, cement and water were weigheC, in suf-

ficient quantity for 3 samples of each mix.

2. Three sets of shear boxes l"rere used for each

W/C ratio and each normal 1oad. All sanples were tested in

the und.rained conditj-on. The brass plate , 6x6 cÍl. r with

different thickness, vlere placed on the lolver part of the

shear box ln ord.er üo give the required dist'ance of the

shear plane from morbar. Samp1e no.l(T : 0)r tro.2(T : L/tO inch)

and no.3(T = I/4 inch) , are shor^¡n in Flgure 6. The edges of

the brass plates were coatecl v¡ith grease to prevent the rnois-

ture from corning out or going into the sample.

3. The inside of the upper part of each shear

box v¡as also coated l^¡ith grease to tu..ilit"t" its free move-

ment in the vertical direction v¡hen the mortar had hardened.

lr. Three prepared specimens were trirnmed Èo 6x6

CrTr. ¡ and 3/l+ inch thick. The specimens vrere put in the lor'¡er

parts of the shear boxes ot 3 brass plate providing the re-

quired distance of the shear p1âne ( as shov¡n in Figure 6).

The original moisture content of the clay specirnen before

placing of the mortar vras obtained from a representative

piece of each specimen.

J. I'{ortar was míxed and placed on the top of the

clay sarnpJ-es v,,itir a thickness of aboui 3/Lv j.ncn. Ib was tamped

in place lvith a small steel rod.
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6. The brass plaies, coated wiih grease, and the

plungers of the shear boxes ?¡ere both pla.ced on the top of

the mortar. Small edges betv¡een the plungers and the shear

boxes were seal.ed lrith grease or lr,rax. The shear boxes vÍere

kept in the moist room for a period of 7 days.

?. After 7 days, these shear boxes were taken

out of the room, ercess grease or wax removed and the samples

were sheared under ä ton/sq.ft. rrornâl load by the same

method as in pa.rt 3 .5 .I .

8. The moisture content at, the shear planer ât

the top, at the middle and at the bottom of each specinen

was obtained after shearing.

g. The same procedure as above was perforned by

using Tl/C ratio = O.55 and 0.65

. The frictíon value betrveen the clay and nor:tar under

1 and 121 ton/sq.ft.nornal pressure ïras also obtained by the

same procedure. Nine samples vrere used for each normal pres-

sureo .

the second set of tests blere performed by the same

raethod. when the age of mortar was 1& days. Fifty-four specimens

vrere used for this investigation and the test results are

shov¡n in Table ïI.

3 .5 .3 T&-SþAfrge- of golsture-goJrtegL in- thg-gla.v qpe-c-ilteÆ.

The changes of,,rnoisture cçntent'tn the cLay.;s,oecintens

due to cast-Ín-p1a.ce rnortar vlere obËained from the second
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part of this test (Section 3.5.2, no. 4 and. no. 8). ti." clif-
ference in moisture content before placing of mortar and.

after shear l'¡as the change in moisture content of tiie, clay'-----
specimen. The resul-ts of the invesiigation are given in Table III.

3.6 TEST .RESULTS

3.6.1 Þhearing strengtb olgl-+y
The test. results for which the maximum shearÍ"ng strength

of the clay and its moisture content after shear were obtained,
are shor^m in Table f (Page Z7') .

3.6.2 fui-c!Å-g! be_l!\'êeq cley a
Table II (Page 28) shoi,.¡s the resul-ts of the fri-ction

test between clay specirnens and'cast-in-place rnortar blocks.
The maxirnum friction values and the maxinnrrn shear strengths

of the clay-mortar at different distances of shear pranes

from mortar= and for clifferent moisture contents at these
planes are shot¡J-¡l.

!rl-g-!g. T : distance of shear.plane frorn moriar (see Fig.6),
v¡ = moisiure content,(dþ) at the shear p1ane,
p = normal pressure,
sâ= maximum friction value,
s*= maxj-murn shearing strength of the clay-mortaro

j .6 "3 The_ .clqnæ__r:ugor$u.re__- -gpggrrq4.
The change j-n moisture content of the clay speeimens

at different distances from the contact surfaces r^rere obtained

from the second pa-rt of the tesi. The increase and clecrease

of moisture content in clays at different ages of moriar and
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different \,1/C ratios are shov¡n in Table III , where :

Change in moisture content : The difference in moisture

content of the clay specimen

before placing of mortar and

after shear.

I{inus sign (-): Decrease i.n moi-sture

content.

PIus sign (+): Increase in moisture

content.

åIf= Change in moisture colt-

tent at the top of the

. clay. ( 0 in. frorn m.ortar).

Àto,= Change in moisture con-

tent aÈ the niddl"e of
the clay 1,3/8 in. fror,r

mortar).

&lr3= Change in rnoisture con-

tent at the bottom of
the clay ( l/U. in. frorn

mortar).

]LqËç_. The sa.rnpJ-e numbers are the same as in Tabl-e II.
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TÂBLE I
MAXIT,îI.JIVI SHEARITTG STRENGTH OF THN CIAY

Sample
lLO .

Normal pressitre
ton/sq. ft .

ivloisture content
% ary vreight

lvlax. sheari-ng
strengih psf.

c-1
c-2
c-3
c-4,
c-5
c-6
c-7

À2
n
n
It
îl
tl
n

5L.2
55.O
55,5
59.r
62.o
63 5
65.9

707
630
578
532
l+60
t+85
398

c-8
c-g
c-10
c-11
c-L2
c-13
c-14

I
rt
1¡

rt

n
rt
ft

50.0
52.O
53.O
5l*.O
57.O
59.5
62.o

865
$¡o
800
700
725
635
595

c-15
c-16
c-r7
c-18
c-L9
c-20
c-2L

1å
n
n
n
tt
n
il

52.4
5l+.1,,
56.7
57.O
59 .5
59.5
6l+ "2

960
890
9L9
830
s25
818
700
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TABLE IÏ

FRICTIO}T BETIITEEN CLAY AI'ID MOR,TAR

Sample
110.

V'IrlC raiio P
tsf . in

w
/,

s ¡S
pgf.

Age of moria
days

c},f-l
cM-2
civl-3
cÞI-l$
CI,f-5
cM-6
ctjt-7
clr-8
cr{-9

4.h,5
rt
tf

o .55
tl
n

o.65
n
1l

I
2
n
fl
tl
1t

lt
n
n
n

0
t/trt
L/t+

0
Uto
r/h,

0
L/rc
r/ h.

5I ¡0
50.l+
50.6
57.O
60.o
60.0
57.O
56.L
55.b

l-2r5
8u
648

1120
569
h90

11l}0
695
620

7
t¡
It
rt

il
n
rl
rt
rl

cI\'I-10
cr{-t}
cl"I-12
cFr-13
ci,I-1/+
cM-15
cM-16
cM-17
cM-I8

O"l+5
n
il

o'¡55
1t

n

o.65
1t

It

I
n
It
il
n
n
r1

il

'l

0
t/Lo
L/ t,

0
t/Lo
t/t+

0
Urc
1/4

50.Lv
50.1
l+9,6
52.O
52,O
52.O
57 "O
57.7
5s.0

L290
950
831

1280
9L5
775

1200
820
700

n
n
n
lt
n
1t

il
ll
n

cM-19
cM-20
cM-21
cM-22
cM-23
CTí-?1'
cI\4,-25
cM-26
CM-?7

o.b5
il
tt

o .55
tt
Ît

o "65It
n

rlI2
lt
rt

n
rl
t1

|l
ft
It

0
t/rc
L/t+

0
t/to
r/h,

0
Lho
t'/t

53 "O
5l+.5
55.1
52.3
52.O
52.8
6L.6
58.0
6L.z

I¿*l+0
98t"
830

Lt+50
103 I

905
t3l¡,0

9lr,b
789

t1

n
fl
fi
n

n
rt

t1

n



29

T.A,BÏ,8 II
1

FRICTION BETI/íEEN CLAY At'lD IUORTAR (Continued)

Samp1e
no.

t;l/C ratio P
tsf.

T
an

Ì't
f"

S^rS
cla

PSI .
Age of mort

days

cM-z8
cM-?9
Ct'I-30
cxf-3r-
cM-32
cI,{-33
cM-3¿r
cM*3 5
c¡,r*36

o.45
n
rl

o.55
rl
t¡

o.65
1t

î1

1
2
rt

n
tt
n
1t

ll
fl
t1

o
L/LO
T/L

o
t/Lo
L/b

o
t/Lo
L/4

60.3
59,3
6r.o
62.L
58.1
59.L
6j.3
64.6
65.6

1060
660
5l-3

1005
695
530

1005
59\-
4t+O

I4
It
11

il
11

ll
n
1t

n

cM-37
cl'i-3I
cM-39
Cl'l-40
cM*41
cx,r-4.2
clr-¿r3
cM-4.4
ct{-45

O "l+5
f1

It

o.55
t1

n

o.65
n
il

1
¡1

It
t1

Íl
tt
n
lt
ft

0
L/Lo'
L/tv

0
VLo
L/tr

o
t/Lo
I/tr

5è "3
56. I
57.O
60. o
59 "Ló0"8
62.5
62.o
62.1*

IL7 5
863
685

1180
805
640

1l-60
780
660

n
ll
ll
rt

fl
n

n
ll
tt

cl[-4"6
ctr{-&7
cl{-¿i8
cM-.¿p9
0l'{-50
cpr-51
cM-52
cM^53
Cî,1-5t+

o.L5
il
n

o.55
n
fl

o.65
il
il

rIL2
rl
1t

¡t

¡t
n
n
n
It

o
L/Lo
t/tr

0
L/LO
L'/ I+

o
r/10
L/b

57.3
57.i;
58.O
60.3
59.7
60 "060.0
60.o
60.2

13 B0
980
762

13&0
93o
78o

L395
9l+l
775

lt
rt
n
n
n
il
1t

il
n
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TABTE ITT

CHANGE IN }.ÍCISTUR,J CONTETIT OF CLAY IN CONTACT I.IITH MORTAR

Samp1e no. \,{ /cratio
Age of morÈar

days
Change -in moislu] e qqlLt€I!

$wyYo &vr27o Aw To

civi-l
cM-2
cjvt-3
Cl'i-10
cM-1I
cM-l2
cI"{-Ig.
CM;z0
clvl-21

o "l+5 I:lïl
::l
::l

av

7
n
n
n
il
tl
tt
ll
r1

êllt crâ

-1.00
-1 .10
-1.40
-1.10
-0.90
-0.80
-1.O0
-1.00
-1"20
-1e_06

-0.40
-0 .4.0
-o'loo
-o "70-0,80
-0.40
-0.50
-0.60
-0.90
-q.61.

-o.20
-O.&0

-0,50
-0,50

-1.00
-0.40

-o -23

cM-þ
C},1-5
cr.1-6
cM-11
CM-Tl}
cÞr-15
CM-22
cM-?3
c1,1-21+

o:55 
|ni

nl
Inl
l

n
1t

rt
ll
1t

av

fl
ll
n
n
rt

il
n
n
rt

erlrae

+1. B0
+o.70
+1,80
+1.70
+I.&0
+1.10
+1.4'0
+0.80
+1.80
lLl:

+I.l+0
+1.60
',-1.80
+2.50
+1.80
+2.00
+1.90
+1 .4O
+2,80
+1-.91

+2 ?00
+1.70
+2.6C
+2.80
+2 .l_0
+1.90
+2.10
+2 ,80
+2.9O
!3:fr

CI'i-?
clvl-8
clq-9
cM-l6
cI.{-17
CM-I8
cM-?5
clvi-26
crtl-27

, 0.65
ü
ll
1t

.n
n
n
rl
tf

9!

n
n
n
n
n
n
t1

1t

r1

.ê71â TFê

+3. B0
+2.60
+3 )l+O
+2. B0
+3,7CI
+3,50
+3 

"60+3 ?60
+2.94
+3 .JO-

+4-" 30
+3 "50+3.80
+/+.50
{-¿¡. .40
+l|"00
+l+,2O
+5.00
+4.l_0
+b "2o

+Lv.90
+3.50
++.30
+¿|..80
+5.00
++,7O
+4.10
+5 "50+4.3A
+rrrJl_
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TABTE III

( Continued )

Sampl-e no. w/c
ratio iAge of mortar

I days
I

Change in moist_ure cont-gnt

-ry,i-T=-ÑI;r 1 *vrtza

CM-z8
cM-29
ct'{-30
ctx-37
cM-3I
c},l-3 9
cÞr-46
ciy,-l+7
ci,[-48

O.l+5
n
n
n
It
il
It
t1

tt

a\

1l+
n
n
n
fi
1l

t1

It
t1

'e_LaRq

-Q.70
-1.20
-o.70
-r.20
-1.00
-0,90
-0.70
-1.10
-l_.o0
-0'.9-lr

-o "50
-0.60
-0. 50
-0.80
;0 "90
-0. B0
-0.50
-1.00
-o"90-w2
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C¡IAPTER TV

ANATYSIS OF RESULTS

4.1 SHEARINq_STRE!\GTH. 0L CrAY

The test results frori the consoliclated undrained

d.irect shear test performed on clay specirnens are given in
Table I. All samples tiere allov¡ed to consolid.ate under a
pressure ranging from 0 to I psi.

Drainage of water from clay specimens in the direcit.-:,'

shear testing machine could. not be absolutely prevented.rbut

the clay had a very Ìolv perrneability and the tesËs,rr,,¡ere

perforrned. most rapidly after a Jlormal pressure had been

applied. These tests vrere finished within 10 minutes. The

drainage of v¡ater lvhich might have occurred in the clay due

to the instantly increased normal pressure, was Í.gnored.

Strength of clay can be expressed by Coulonbts theory

of failu-re :

s=c+p.tan$
ft is rjlore convenient approach to indicate the properl,ies

of any soil by using shean strength parameters, (eohesion- c

and angle of shea.ring resistance $ ), regardless of the mag-

nitude of the normal siress on the shear plane. Frorn c and

S value, the shear strength of a soil at any s-vate of nor¡naL

stress(p), can be easily deterruined..

The roajor function infl-uencing the strength parameiers
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of saturated clay is rnoisture content (15r16). The tv¡o maj.n

discoveries ï¡ere :

I. that the cohesion depends only on the moisture

conteat, o

Z. that the angle of shearing resistance is a "oil
characteristic v¡hich influences the soil strength.

Many previous studies have inciicated that cohesion(c),

changecÌ noticeably with moisture con-,,ent, but that the angle

of shearing resistance(4) did. not.

In order to determine the strength parameters (cr6),

the Mohr envelope must be. consiructed. As mentioned before,

the shear sirengt,h of a cohesive soil.r.iill decrease v¡ith

increasing moisture content in the soi1. Strength parameters

must be read from the failure envelope for the same ¡noisture

content" To do this, the shearing strength of the'clay, uncler

different pï'essttres at the same noisture content, must be

knov¡n. The relationship betv¡een moisture content and rnax-

mum shearing strength (obtainecl from Table I) vfere plotted

on a graph.

Three series of tests, under à, I and l-å ton/sq'ft'

normal pressure, are Shol','n in Figure 7 , Three slightly curved

lines vlere d.rar,qn to represeni the shearing strength of the

clay at differeni moisiure conients'

The decrease of the,.,shearing value of the clay with

the increase in moisiure content t'ras represent,ed as a slightty
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curved. line. The rate of this decrease hlas about 2lr, psf for

each pereeni increasing in rnoisture content" The shearing

strengths, und.er à, I and 1å t,on/sqoft. nornal pressure for
the same moisture content, were obtained from curves in
Figure ? and. r,.¡ere plotted in Figure 8.

Figure I shorvs the failure envelopes ai 50, 5l+, 5B

and. 6l+ /t moisture content.

ShearÍng strength parameters (c, É ), v¡ere obtained

from these failure envelopes, are given in Table IV.

TABÏ,8 ÏV
VALUE OF COHESIOITI(c) AND ANGLE OF SHEARING RESTSTANCE(ó

Moisture content
t

f"

Cohesion
c-psf.

Ang1e of sheari-ng resj-stance

ç[ -degree.

50
5l',
58
6l+

6ro
500
¿r00
3L5

7.5
7.5
7.5
7"5

The decreasing in cohesion v¡j.th increasí-ng moisture

content tras very similar to the relationship betv¡een shearing

strength and moisture eontent of the c1ay. Figure 9 shows

the cohesÍon values qf the clay at d.ifferent moisture contents.

The angle of shearing resistance ( 6 ) did. not change v¡íth the

change in moj-sture content of the clay"
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4r 2 . F¡,ICTJQN BETi{EEl'l 9LAY Aitlp }"!0LTAR,

In order to investigate the skin fríction value and.

the shearing strength of the clay-mortar at T = L/LO anð, I/l+

inch from the contaet surfacerthe relationshíp betlreen the

skin friction values, the shearing strengths and moisture

contents at the shear planes, from Table IIt r^r,ere plotted..

The skin fricöions(at T - Ô ), and shearing strengths at T =ULA'

and L/b fneh und.er å, l and 1å tsf normal pressure are sho,,^v-n

in Figures 10, 11 and 12 respectively. Shearing strengths of
the clay und.er the-same normal pressures obtained. from tests
on the clay alone(tanle f ) vrere also plottecl for comparison"

It ¡¡iIl be noted that the sl"rength vafues for the elay-

mortar specimen were usually th'e same for the 7 and lll day

curing periods.

Result's of the test indicated that the clay strength

was increased by the effect of cementing of the ntortar. Skin

friction at coniact surfaces(T : O) was very much higher than

the shear strength of the clay-mortai' at I/LO anèt L/t+ inch.

The shearing strength of the clay-tnort,ar decreased v,it'h

increasing distance from mortar. the skin friction [T =F 0)

v¡as about L.7 times the shear strength at T = LhO Ínch and

abouÈ 2.2 times the shear strengËh at T : I/b inch respectively.

The test resull,s ind.icabed. 1,hat the shear strength of the

clay-rnortar specimen at T = L/I+ inch frorn mortar v¡as appi:oxi*

mately the same as the natural strength of the clay for the
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same moisture content.

In order to deterrni-ne the friciion paraaeters (adhesion

c^ and. angle of skin frictio" I ) between the clay and cast-a . -Y-"

ip-placê mortar, the failure enr¡elope at the s¿rn€ moisture

content mrst be constructed by the same method of Section

lrnI. Frictions and shear strengths(from.-Table II) for å, I
and 1!- tsf norrnal- pressu.re, and at dístances T : L/t+, L/LO

and O inch from mortar, r^rere plotted in Figures IJ, lL and

L5 respectively. Fail-ure envelopes betr-¡een friction or sheæ

strength and normal pressure, which r/vere obtained fr'om Figures

L3 , 1/+ and 15 at 50 , 5t+, J8 and 6l+ /à moisture content, trere

plotted in Figures 16, tr7, 1S and 19.

AI1 failure envelopes were found to be alrnost parallel
to each other. Therefore the angle of skin frict,ion($ ) ai¿
not change with the change in moisture content.

The val-ues of adhesion c^2 ârrd. cohesion c for T : I/LOa-

and. L/4 inch from mortarrancl anqle 6 or $ trrrerê obtained.

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



l+3

TABLE V

VALUES OF c^rc, 6 and ô FOR THE cLAy-IvtORTARa'

Distance
T-inch.

Moisture contenü

/"

c^or9
d-

psf .
Ang1e á or ,¡

degree

0
t?

tl

tt

50

5l+

58
6l+

1080

1000

940
840

8.0
8"0
8.0
.ìr()c)

L/Lo
1t

n

t?

5o

5l+

58
6Lþ

690

600

520
t+-60

7.5
8.0
8.0
8.5

a/4
tt

ü

l?

50

54

58
6Iv

56o
I+9O

4,L5

3l-5

7.O
7.O
7.5
7.8
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4.3 C0J'{PARIS0}I OFj\DHESION ( _c-") lruo cOLeÞro}i (c_)

Adhesion values(c"), cohesion r'âlues(c), and moisture

eontents from Table V vqere plotted i-n Figure 20. Cohesi-on

values obtained from tests on clay alone (Ta¡le TV), were

also plotted for comparison. The changes of the adhesion with

the'.,changes in moisiuz'e content v¡ere simil.ar: to that¿.for the

cohesion of the c1ay. All curved. Iines (Figure 2Ol vrere found 
,1,,

to be almost parallel to each other. Angles of slcin friction 
,,

Ìrerîe approximately the same ranging from 7.0 to 8.5 degrees.

Let :-
c = cohesion of the clay (tested on clay alone),

CA.Z5 = cohesion of the clay-moria¡ at T :0.25 in.,
cO.I' : eohesion of the clay-mortar at T = 0.10 in.,

cO - ad'hesion (T = O)'

Then the relationships bethreen c, 
"O.25, 

c'.l' and. 
"0

nhich trere e:ctracted frorn Figure 20 can be lr¡ritten as follotvs :

"O.Zj 
= C .............¿.""'(9),

c'.lo : 1.3"0.25 = 1.3c .......... (1o),

"O 
: ln7"O.lo = 2.2"0.25 . o... (11).

It indicaËecl that the coefficient a¿ at the disl;ance

of O "25r 0.10 and 0 inches from mortar 1.¡ere 1.0, L.3 ancì.

2.2 respectively
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4.1+-LISTAIiTCE -O-F 
F$LU;'ìFI .P-L:rNE Llrom the -te-sÐ-

R. D. CheIIis(2) and R.H. Karot(9), and' nlany other

engineers founcl from the observati-on of pile pulling- iests

that, there rtas a thin layer of eohesi-ve soil- adhering to the

pile shaft and forming a hard coating of up to about 1 inch

thickness as mentioned before in Section 2.L and' aS shor+n

in Figure l. The strength of the soil around- the pile vras

found to be much greater than in its original state due bo

Èhe effect of the hardening of the concrete '

From the laboratory investigation, the aothor found

that the clay adjacent to. the mortar lvas a bit brittle and

harder than the clay fur'û,her" aÌ'¡ay fror4 the mortar, confirming

the field observations.

Figure 2L shov¡s the effect of cementing of the mortar

to the clay. The strength of the clay v¡as.greatesi at the

contact surfaces and it d.ecreased. with increasing distance

from the mortar. The failure" plane v¡ill occur r,vhere the clay

strengih is lovrest, r'¡here the shear streng'uh' of the elay-

mortar is approxiraately the same as the natural shear strength

of the clay for the sarûe moisture content. This is at a dis-

tance approxi.niately A"23 to O.2B inches frorn mortaro

IL.5 THE CHAI\]GE TI\I }4OISTUR,¿ COì{TE}JT OF TH}Î CLAY DUE TO CAST-

IN-PLACþI I,{ORTAR

The results
clay are given in

of the change in moisture content of the

Table III. liihen a dry rnix was used , (l:/C
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ratio : 0. t+5), after a period. of ? d.ays the cÌay specimens

T¡ere observed and i-t'r'¡as found that the noisture contenü of
the clay decreased by about'1.0 % at the contact surfaces

and about O.3 "io al 3/b inch from mortar. At O.I+5 \':l/C rat-io,
the mix v¡as very dry. The mortar needed more water for its
hydration process, and it absorbed rr,'ater from the cIay. The

closer the clay was to the rnortar, t,he more the lrater from

the clay was absorbed-.

At the higher \I/C ratio (O.55 and O.65), the mortar

was considerably lvetter. The amount of r'¡ater from the mix

r.¡as sufficient for the hyd.ration process, and the exeess

water from the hydration penetrated inio the clay below the

mortar. The clay was softened by the v¡ater. Because of the

positions of the ¡oortar and the clay in the shear box (see

Figure ô), tire v¡ater penetrated. d.orvnv¿ard to the bott,on of
the clay specimen. As the results in Table III shov¡ the

moisture content at the distance of 3/4 inch from the mortar

was higher than that the distance of 3/8 inch and at the

Ínierface of the clay-mortar. the rvater could not penetrate

any further throu-gh the lorver part of 'the shear box, so ít
eaused a bit higher noisture content at the bottom of the

:

clay specimen. The change in moisture content of the clay

depend.ed on Tù/C ratio of the mix.

The relationship betireen the change in rnoisture con-

üent of the clay and the 1{/Ü ratio from Table III rvere plotted
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in Figure 22. Figrire 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 shov¡s the results vrhen the age of

mortar v¡as 14 days. The results at these ages of moriar did

not shol.¡ unrch differences. The average values of the 7 and

lL day', ages of mortar" !¡ere plotted in Figure 23, and it
can be used to estimaie the change ín moisture content of

the clay due to cast-in-place mortar.
' 

The increase in moisture content of the c] ay around

a cast-in-place concrete pile may be ,C.i-re to Ëhe water from

other sources such as boring equipnent. anC the surrounding

area. Const¡:uction proced.rres shoulC be to avoid such v¡ater

beeause of the loss of strength caused.







CHAPTER V

SAFE Fìì,ICTION VALUE AND THE COEFFÏCI¡]NT OF SOFTENING

5.1 SAFT FRICTIOI''I VALUE OF THE CLAY

Skin fric-r,ion capacity (O=) of a pile in clay can

be calculated from :

Q" : Ar. a"

The test results indicated ., : cr or the friction

value rvas equal to the undrained shearing strength of the

clay. In general practiee, the c value is equal to o¡re-half

of the unconfined. compressive strengih (t..r) of the clay.

. The laboratory results show that the angle of bhearing

resistance(É) of the clay vras about 7.5 degrees. Thus, its

shearing strength r,vil-l increase with increasing norrnal pres-

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

capacity of a pile ivill increase v¡ith length of the pile.

The lategal pressures belov¡ the ground surface are

generally unknorirn. These pressures depend on the coefficient

of earih pressure l'¡hich is knor+n only for certai-n special

cases. A very conservative approach is to consider the pile

bearing capacity, vrhen it is assumed. that, the lateral pres-

sure is equal to zeîo. From equ-a.tion (2):

=" = ", 
* P.tan $

lvhen p : 0;
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s" = Qa, ", = c (test results).
From Figure 7 , v,'hen p = 0, the shearing sirength of

the clay was 460 psf at its nat,ural moisture content $A '¡¡,
and. v¡hen the clay had been allol'¡ed. to be fully softened

under zero pressure (Section 3.5.1), the moisture content

of the clay vras about 6t+ %. Its shearing strength corres-

pondingly reduced to 3:-.5 psf. At increasing normal pressure'

the shearing strength in¡as increased, that can be seen from

Figure 7 :-
At 6t+ /" moisture content ;

for p = O, shearing strengih : 3l_5 PSf,

for p : 1000 PSf , s.hearing st,rength : l*3O Psf ,

for p : 2o0O PSf, shearing sirength : 565 PSf,

for p = 3C00 psf, shearing strength : 7L5 psf.

The cohesion of the clay ¡,vas /¡60 psf at its natural

moisture eontentr so that its qu. strength should be aboui

92O psf . This indicates a clay of medi-um strengih(5).

From the l{etro l/innipeg Building Code, the friction

value for calculation of safe pile bearing capacity in L¡in-

nipeg area, is 300 psf for piles in firm clay, and L5O psf

for piles in soft clay.

For a clay of medj.um strength a friction value of

2AO psf may be used.

At 64 /, moisture ccntent (futfy soflened), r.¡hen P : 0,

the safet,y factor is 3L5/2OO: 1.58 .
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The bearí.ng capacity of a friction pile in clay v¡ilJ-

increase with length of the pile, because of the Íncrease

of the lateral pressure. The increase of the lateral pressure

can be seen from the equation :

dh: K..T.z .....(12)
tlhere

dh : lateral earth pressure on the pile shafÙ,

K" : coefficient of horizontal to vertical
earth pressure,

ü : average density of the clay v¡ithin depth z.

The magnitude of the lateral earth pressure depends

on the Ku value and dept.ln(z) of the pile.
The coefficient of earth pressure K"depends on the

type of soil, on the stress history and on the temporary

loads ¡,vhích 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 s0ate, because of the

expansion of the soil in the vicinity of the hole. The coef-

ficient K" v.'ÍIl be betlveen KO and KO, vthere :

KA : coefficient of active earth pressure,

Ko : coefficient of earth pressure at-resf'

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 1;he theory of semi-infinite-
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elastic solid may be applied by assurning the soil is a in-
compressible material and no volurne change.

From :

K^= tå-o 
t-åd

tihere, Ie = Poissonts ratio : O.5, when no volunre change,

then, Ko-1.
From equation (J-Z)

dh : K=.T.z

Let; K" = Ko : f

f : 100 pcf . If a high v¡ater table exists, then

the effective stress v¡ould have to be considered. Ïhe value

of g t'o use in such case r,votrld have to be the submerged unit
weight.

Consider the safety factor at 6t+ t/, moisture content, (f,r'oin Fig.7) :

If z : O, lateral earth pr"essure : O,

safety factor : 3L5/2OO : 1.58

' lf z: 10 feet, late'ral earth pressure : 1OO0 psf,
. safety factor = I+3O/2OO -' 2.L5

If z, = 20 feet, Iateral earth pressure : 2O0O Psf,

afety factor : 565/2A0 : 2.83 .

Tf z:30 feet, la.teral earth pressulîe :3000 Psf¡

safety factor = '/L5/}OOO : 3..58

These results shor,r that the safety factor increases

with increasing lengih of the pile, and after a perÍod of
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time, trhen the excess water diffuses
dinë area, the safety facior of the

be consicierabJ-y increased. '1'his. can

the safety factor at 56, 60 ancl 6l+

are given in Table VI.

ai/ray into the surroun-

pile in the clay v¡ould

be seen by considering
d/o moisture content, that

TABLE

RATIO OF SHEARING STR,E}'IGTH TO

VÏ
¡tn

SAFE Ffr,ICTIO}.] AT VAT¿TOUS DEPTH

Depth z,

feet
Lat.pressure

p-psf.
l.[oisture
cont,. /o

Shearing
sì;rengih

psf .

S.F.for
sa.fe fric.
tion =2AO

psf .

S.F.for
safe fric-
tion :300

psf .

o
10
20
30

0
1000
2000
3000

56
n
11

il

t+55
590
730
B7o

2.29
2.95
3.65
lþ.35

L.52
L.g7
2.1+3
2.90

o
10
20
30

0
1000
2000
3000

60
ll
n
t1

370
51o
640
775

T.B5
2 .55
3.20
3 .88

r.23
L.70
2 "132.58

o
10
20
3o

0
1000
2000
3000

6l+
rt

rt

n

3L5
I+3o
565
7L5

L.5g
2.L5
2.83
3.58

1.05 
lI.l+3 
I1.88 i

2"38 i

Note.
S.F. : raii-o of shearing strength to safe friction

value, (safety factor) .

Figure 2h, shorr's the relationship betlveen the safety

factor at various depth and r¡roisture content of the cIa-y"In

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

average value.

In general practice, the length of piles woulcl not less





than 20 feetr so that the average

even though the moisture content

high (61$,\.
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safety factor t¡ould be 2 "2A ,

of the clay v¡ould be very

The safe friction value of this clay equal to 2OO psf

may be usecl for d.esign practices, so as to give an adequate

safety factor of about 2 to 3 for a pile not less than 2O

feet long. For a longer pile, a greaier safe friction value

may be used; say 3O0 psf.

5.2 COEFFTCJSIT OF SOFTENil{G OF THÈ CL_AY (t-¿

The clay r.¡ill be softened by the excess rvater from

the mortar. The amount of the excess v¡ater depends on a number

of factors including the \'I/C ratio. Initially a con<ìition

favoring l',rater migration exists depenciing on whetlrer the soil
tend.s to absorb water frorn the moriar, or the reverse,:.' ac-r,ion

when v¡ater tend.s to move from the soil to the mortar. For a

given soil and. morEa.t, the resurlts indicate'tha'b the. softening

can be related to the ld/C ratio. For different rnortars¡ or

eoncrete, a sinúlar relationship lvould. have to be established.

The shearing strength of the clay rvill- be decreased. from its
natural strength by the effect of the softening.

Let :

&w : the change in moisture content of the clay

due to cast-in-place rnortar, /o.

oh = natural moistu-re con-r,ent of the cl-,ay, fio.



6ó

r" : malcimurn final moi-stune content of the clay, /o"

The maximurn final rnoisture content of the clay can be

determined by equati on (LZ) ,

t": norr.* ôl¡ ""'e ".."""""'(12)
- tJhere : ¡,IrI can be obtained directly from the curve in Fi-g.ZJ.

i;

The coefficient of softening (Cs) of the clay can be

AOtèrminäe Uy :

K" = s=/sr, .. ... .. . .... o. " ' "'"'(13 )

The values of vr", ssr and K" f,or.d.ifferent ïI/C ratios

of mortar, are given in Table VII. These values t¡ere based

on the t,est results in Figure 7 and Figure 23.

The rate of decreasing of the strength value of the

clay v¿ith increasing moisture content v¡as abou-t 2/ç psf for

each percent increase in moisture content. Thus, the approxi-

mate softened shearing strength (s") of the clay can be cal--

culated by the equation (11þ).

"" = so 2&ar*.¡ ....,................ (1/+)

Figure 25 shorvs the relationship betlveen the coeffi-

ci.ent of softening (C") and, \l/C ratio of moriar. From this

figure, if the natural shearing strength of the clay (sn)

and I'i/C ratio of the rnortar are knot'rn, the softened shearing

strength (s") can be easily d,etermined by equation (13).

The sirength value of the clay for calculation of

bearing capacity of a frietion pile is gerrerally knolvn in
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-nnrt-nterm .of Friction or Adhesion value

. The test results indicated that the friction,or the

adhesion valuerwas actually the clay strength itself, and

was equal to the softened shearing strength of the clay after
it had been softenecl by v¡ater from the mortar.

In design practice, the more accurate safe friction
value of the clay can be estimated from the softened. shearing

strength (s") of the clay, by using the C" value for each

Itl/C ratio of the concrete mix, under the considerable lateral
earth pressure as shown in Figure 25.

Let

F^ : safe friction value of the c1ay,s

n : required safety factor.
Then

F" = s=ln ....... o......,..... o r. ¡. (15)

The I-J/C ratio of the concrel,e is one of the important

factors infl-uencing the friction valrre of the clay. Tlne tttr/C

ratio for 20OO to 3000 psi concrete rvould range from about

O.5O to 0.60 . the higher I'f/C ratio, the more, the vrater.

penetrates into the c1ay, ancl the greater is the clay strength

Ioss. For r;l/C ratio of O.I;J or less the effect is to dry the

c1ay, but this is usually belor¡ the practical linrit.
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TABTE ,lãI

COEFITICIENT OF SOFTEIIING (C")i

W/C ratic alnr

/"

v,rr= qo* Svr

%

S,,

psf .

ù
S

psf.
C"= s"/s' p

psf .

o.u5
0.50
o .55
0. ó0
o.65

-o.2
+1.0
+2.3
+3 .4
+4.5

55.8
57.O
58.3
59 .l+
60.5

l*60
il
tt
tl
il

l+60
l+3O
4.00
380
360

1"00
0.9/+
o.87
o.83
o.7g

o
tt
tt
lt
n

o.45
0.50
o.55
0.60
o.65

-O.2
+1.O
+2.3
+3.1+
+4,5

55.8
57.O
58"3
59.1r-
60.5

595
ll
n

.rr
1t

600
570
5tï5
520
500

1.01
o.96
0.91
0. 87
0.84

1000
n
n

.tl
n

O.l+5
o,50
o .55
o.60
ç.65

-o.2
+1.0
+2.3
+3 "l++l+.5

55.8
57.O
58,3
59.3
60.5

730
n
ft
n
ft

735
708
675
650
6zo

1.01
o.g7
o.92
0.89
0.85

2000
il
n
tl
n

O.lt 5
o "504.55
0.60
o.65

-O,2
+1.0
+2 "3+3.b
+h,.5

55.8
57.o
58.3
59,h,
60.5

875
t1

!r
rt

tt

on c]o//o
850
8eo
798
775

1.00
o.97
O.9l+
o.9l
0.89

3000
1t

11

t1

lt

Note.
wn: 56 /o = avelaqe natural moisb.ure content of samples

tested,
&w."= change in moisbure content due to cast-in-place

ruortar from Figure 23 ¡s-, s- obtained from Figure 7.N' S





CHAPTER VI

COI{CLUSIOTüS

The samples tested can be considered typical of many

l{innipeg clays. The follovring conclusions ean be ñad.ê from

the test results :

1. Major function influencing the undrained shear

strength parameters of the clay is moisture content. The

cohesion(c) decreases v¡ith increasing moisture content. The

angle of shearing resistance($) d.oes not change significantly
with the change in moisture coni;ent.

2. Friction betr'¡een the clay and cast-in-place rnortar

also depencls on moisture content. It d.ecreases l^¡ith increasing

moisture content at the shear plane and increases v¡ith in-
creasing norÍìal pressure. The streneth of the c1al'-rnontar

is increased by the effect of eenrenting of the mortar" to the

c1ay. The true skin friction at the contact surface(T =0) is
about 2"2 ti-rnes the shear strength of the cla¡r. The clay-mort,ar

strength decreases t¡ith increasing distance from the mortar,

and at a clistance of about O.25 inches frorn ihe mortar., the

strength value decreases to the shear strength of the clay.

"" 
7 GÉ e.From equation (1),

the test results indicate :

The eoefficient c4 at O inch frorn mortar : 2.2

The coefficient .¿at 0.10 inches from mortar : L.3
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The coefficientc¿at O.25 inches from mortar = I.0.
The angle of skin frj.ction(6) Ís approximately the

. same as the angle of shearing resist,ance ($) of the c1ay.

AIso Ít does not change with a change in moisture content.

3. The failure prane between a clay and. a cast-in-prace
mortar block ls not exactly at ühe contact surface. It wlII
occur at a place where the shear strength of the clay-mortar
i-s equal to the und.rained shearing strength of the clay.

ft rtTha! ís the friction varue of a clay for a cast-in-pIace
mortar, is the clay shearing strength.

l+. clay will be softened by water from casþ-in-prace
mortar. This softening depends on the moisture equilibrium
cond.ition for mortar and soi]- beÍng consid.erod. llhe test
results for the clay and. mortar tested in tlre laboratory
showed that the softening depends on the lü/C ratio. For other
soils and concrete similar relationships can be established,.
For J.ow I^I,/C ratios drying of the soil will result.The coef-
ficient of softening(C") obtained in the laboratory vras unity
for a !ü/c ratio of o .45, it d.ecreased. with increasing TIrlc

ratio.

5. ïn design practice, the friction value of the clery

tested, equar to 2oo psf nay be used. for a pile of about zo

åeet long. The safety factor will increase with increasing
length of the pile, and. with d.ecreasing moisture content of
the clay when the excess water d.iffuses ahray.



72

For a cast-in-place concrete pile, a bored hole should

be made by an auger using no lvater and. the concrete must be

placed at a fairly dry mix. It is important to avoid excessive

water to sofüen the clay in the bored hole. Ïn time it is
J.ike1y that the excess moisture content v¡ould. return to a

normal condition lvith a corresponding increase in strength.

This has conservaÈively. been neglected in the preceding

discussion.
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