CHAPTER II

LITERATURE REVIEW

1. The Bearing Capacity of Piles

The bearing capacity of piles is a important factor
in the design and construction of foundations. The manual
of engincering practice (No 27) defines the term bearing
capacity as follows:-

"Bgaring capacity may be dcfinad as the load which can
be sustained by a pile.foundation.without<proéucing
objectionable settlement or meteriél movement - initial
or progressive - resulting indamage to the structure or
interfering with its use'"

The bearing capacity of a.pile depesnds upon

1) Type and propertics of the soil
2) Surface and/or grouna water requirement
3) Geometry of the pile (solid, hollow and shape)
4) Pile material (timber, concrete or steel)
5) Size of pile (cross soction‘and length)
6) Property of mantle surface of pile (rough or smooth)
7) Methods of embedding the pile into the soil
(driving, 5acking, jetting, vibrating casting in place)
8) Position of pile (vertical or inclined)

9) Spacing of piles in a pile group

2. The Behaviour of Pile Under Load

The load-scttlement relationship for a single pile in

clay when subjocted to vertical loading is shown in
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(FIG I). At the early stage the major part of the load
capacity is based on the skin friction., As the load is
increcased the shaft load is rapidly increascd until the.
mobilization of skin friction is reached. At this stage

the shaft load is maximum (Qsm=QSf)‘whcn loading is continued
the shaft load is droppcd while the end load is increascd
until the ultimate bearing of pile is reached. Thereforas
tha ultiﬁate bearing capacity of pile is the maximum sum

of the two componcnts of rosisftancc. After pile failure

the shaft load is rapidly dccrcased and the end load will
roach its maximum valuc, It should be noted that the
nmaximum value of cach do4s notineccessarily occur at fhe

same vortical scttlomént of the piles The verticle movement
of pile to mobilize full end rcsistance is much greaterx

than that requircd to mobilize full skin friction (PRACHIT

1968)

3., Methods of Determining Bearing Capacity of Piles

The bearing capacity of piles can be astimated in
a number of ways which arc all based on onc of tha following:~

1) Static formula this method, the sub-soil conditions

nust be known and boaring capacity can be cstimated from
the shear strongth of the supporting soil.

2) Dynamic formula by applying the principle of

encrgy and the bearing capacity can be obtained.

3) The dutch cone static peonctration test, which

dircectly reproducos the failure mechanism of a pilc.

4) Dircct load tcst on piles.
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In this rescarch only 1 static formula and 4 direct
load test on piles will be performed and : . > discussed below.

3.1 Ultimate load from static formula

(a) General formula The static load

supported by a pile can be thought of as being the sum
of the frictional force on the pile shaft (l:and the load

carried by the pile toc(}ethus.
The load supportcd by -thé pile at failure "(qﬁ‘
thereforc is given by

O\J”: 77 Qeu.fo’éu_ S S e 2

where end benring load at pile failure
€AL ¢

Qs = shaft/load at pile failure

The maximum end bearing load of deep foundation

can be expresscd in(thc form

G%WLz Ae%&m/
= AgleN+ YN+ oo¥DN) 3 o
where Ae = eross-sectional area of pilc toe
C’ = cohesion of soil 2t pile foe
) = nverége unit weight of soil
D = diameter of pile, (width of pile)
L. = depth of pile embeded in thec soil

NC)N,ij ,NX- = Dbearing capacity factors for decp foundation
The maximum total shaft friction can be expressed as

®5m = Ca__AS salh =g 4

wherc C%, shear strength between soil and pile

A

1]

arca of embedded pile shaft

~
)
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(b) End rcsistance for cohesive soils

In purcly cohesive saturated soils, the minimum
ultimate load is reached when the pile is loaded under
y i
undrained conditions., This is thec well known =C
X:: i and N
. The maximum end rcsistance of the pile becomes.

Qem. = Ag (CNe+YL)  — — — 5

If the weight of the piié is assumed cqual to the

concept (SKEMPTON 1948) which gives N

weight of soil displaced during in;;tallation the nct
ﬁaximum end load is '
Q@m, ’AQCNC PR

The value of No has’ been determined by many
investigator both analytical and experimental mcthod.

Meyerhof (1951) had analyzed the theoretical value
and suggcsted that N, is between A% and 3.8 depending
on the frictional resistance developed at thc pile toe.

Skométon (1951)'had found fromffull-scall experiments
that Nc’ @ was sufficiently accurate for the calculation
of the maximum cnd resistance of the calculation of the
maximumiend resistance for borecd piles in London clay.

In Bangkok area (Chiruppapa) has suggested. that
the N valuc of soft clay is 6.5 Holmberg (1971) obtained’
N. =10 by loading the end of a 58 a octagonal ik in
the stigf clay. Other tests in the soft and stiff clays,
however have indicated that at failure of a pile Nc could
be much lower than this (BRAND 1970, MUKTARHANT & SUTANAKUL

1971)
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(c) Shaft resistance for cohesive soils

The friction on the shaft of a pile in a cohcéive
soil is found to bz directly related to the undrained
shear strength of the soil by the relationship.

Qsm,: d’Aesw _________________ (7)

where o adhesion factor

9w = undisturbed undrained shear strength

The value of o{  varies from unity to 0.3, its

value decreésing with increasing the undrained shear
strength. For Bangkok clay this general trend was verified
by HOLMBERG. (1971) for a number of different pile
materials and soil strengthsy (Fig 2) The adhesion factor
of soft soil has been found to be about 1.0 (BRRAND, 1970
MUKTABHANT & SUWANUKUL 1971)

The explanation of w@y the ‘adhesion factor is less
than 1.0 is simply that the shear strength between soil
to the material of pile is less-than so0il to soil. For
stiff clay the value of & is lecss than séft clay, it is
believed that when pile is driving into stiff clay it will
cause gap hetween soil and pile. Thercfore if the shear
strength of soil is high this hole rcmains openg and the
soil does not flow back to contact the pile body resulting
in lowcring the adhesion between pile and soil. In the
casec of soft clay, the soil will flow to fill the spacc
to give complete contact between the pile and soil with a
consequent higher adhesion factor. |

For bored piles thc adhesion factor is less than
the driven piles bcecausce the lateral pressure is dropped

during the process of performing bored pile.
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3.2 Ultimate load from pile load tcsts

The loadinglto failure of full-scale piles
is certainly thc most satisfactory basis for thc_estimation
of the ultimnte dload cqfrying capacities of other piles
installed in similar subsoil conditions, This wmcthod of
test will give economical design becausc the working load
of pile is maximum. It is regrettable thaf 1dad tests are
ﬁll too often tested to a maximum applicd load of twice

the design lond,

PILE LOAD TESTS

4o Critcria of Failure:-

In order to pneASUrey spccif& or discuss the
ultimate load capncity 0f/ n,pile it is necessary to establish
what is to be understood by "failure" where 2 maximum
load is rcached vhich either drops’/or is sustaincd as
the piie scttlements increased, The definition of failure
presents no pfoblem as teng as thc sctilement at which this
state ié reached is.tolerables For many piles, as with
most spreéd footings, this ideal failurec criterion cannot
be ~pplied (BRAND et al 1972) and it becomes necessary
to define failure in terms of soime rather arbitrary valuc
of the pile settliement. It is impossible to estqblish
one maximum permiésiblo settlcment for all piles under
all circumstances, and the many cxisting criterin of failure
based or ‘ailmmﬂﬂe settlement have genecrally becen cstablisﬁcd
to take account of the worst combinaiion of circumstnﬁcos.

Terzaghi (1943) suggested that the critcrion of

failure for a single pile should be taken as a scettlement
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of Os1 D. This will lead to extremely large settlements
however, for large diamcter pilecs under their design loads._
Such a criterion also has the disadvantage that it does not
differentinte between elastic and plastic settlement,

Tor piles which are cssentially friction pilcs; it
would perh&ps secm logical to define failure as the settlement
at which the maxiﬁﬁm shaft rcsistance is mobilized. This
scttelment is gencrally small compared to that requircd
to mobilize ond rcsistance (BURLAND et al 1966, WHITAKER
& Cook 1966, BRAND, 1970) =

HORACE E HOY, (Texas Highway Department 1970) recommended
that unless failurc actually occurs, it would appear
résonable to definc tho point . of ("failure" by a maximum
slope of the load-scttlement curve. For cxamnle, the failure
load could be defincd as the load that results in =a slope
@réater than 0,05 in.per ton on the gross load-settlement
.or a élopc greater than 0.03 in per ton on the plastic load-
settlement curve whichever is smaller (Fig 3). This is still
an arbitary definition of failurec.but is a morc gencrlized
approachs The total criterion would include a maximum
allowable gross settlcment under tho design load, consideration_
given to clastic shortcning of the pile and to safety.

Where failure results from some arbitary oriterion,
the factor of safety could range from onc and one-half to
two. ‘Vhen actual failurc of the pilc soil system is
determined by a plunging of the pile into the ground, this

factor of safety could range from two to two and onc-half,
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It should bc noted thét observed settlecments mado
at the top of the pile may not nccessarily indicate downward
movement of the pilc into the ground.- Where high load tests
are performed the possibility of loc2l failurc of the pile
above ground surfacc, or crushing of the grout under the
tost plate, should be rcconiged as possible factors con-
tributing toward obsecrved "scttlemcnts".

Tho allowablc sottlement of the pile under the dosign
load is given by many codeos. Exanples of thesc critoria
for a numbcr of representative codog is given in Table (1).
It can be scen that -a factér of safoty of 2.0 on the working
lecad is commonly specificd forthe definction of.allowable
settlement. Some Codeés/basa their critorion of acceptability
cn total settlcement, sonc on plaétic sattlement, ahd soma
on a combination of the two.

A logical criteriocn of accaptability for a pile would
take into account the typc/of pile (ond bearing and/or
friction in question. Because of the large discrepancy
in the settlemcnts at which the maximum end and shaft
resistances of piles are mobilized, BURLAND et al (1966)
proposad a design criterion established on the bagis of
separate consideration »of cnd-ﬂnd shaft resistances. This
approaéh will almost certainly lcad to safer and more
economical foundations in most circumstances as long'as
the mechanism by which the vparticular pile carrics the

applicd load is well undorstood.




s Max per- ; "

City ox Settlement Test load sl saibla Other Time settle Safety Load test

organization |criterion design load settlement settlement ment, limets| factor ¥eg'd over
1n/t0n limits tons

New York Net 200 0.01 1 in gross | 0.001 in 2 30

City in 43 h;
Cleveland Gross 200 0.01 I in-max none in 2 60
Ohio 24 hr

- "
Chicago Net 200 0.01 - none in 2 -
16 hxr
Washington Net 200 0.01 1l in gross none in 2 40
B C's 24 hr
Baston, Mass Net 200 Oy - s = -
{total)
AASHO Net 200 0.25 in " 48 & 60 hr . .
(total)
Dep of _ rate of
Highways Net up to 300 0.25 in | settlement none in Variable -
Ohio (total) | < 0.003 5 hr
in/ton

TABLE 1

SOME CODES AND SPECIFICATTONS FOR PILE LOAD TESTS




LOAD . TONS FATLURE LOAD

PLASTIC CURVE

SETTLEMENT 1IN

FIG 3 SLOPE CRITERIA FOR DETERVINING WFAILURE' LOAD

FROM LOAD-SETTLEMENT CURVES
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S. ‘Typeée of Load Test:-

(a) Maintaincd load test

one type of . load test cuploycd for testing piles, the *
maintained load (ML) test is by far the most common. The
procedurc adopted is to aﬁply static loéds in incrcmonts

of the anticipated working load. Increment of Oy 25, 50,
75, 100, 0, 100, 125, 150, 175 and 200% of thc working load

are often cmployed. BEach load is maintained-until the

004

Phon
€0
%'y
@)

scttlement has ceascd or hns‘diminighcdrto‘;n acceptable
rate or until a certain time period. The working load
and twice the werking lohd are maintained on the pile for
2L hours or somopimos longef. If the load is increascd
to fnilurc, this isrdono by reduéing the increments where
failure is imminent &0 that ultimate load capacity can

be accurately measurecd,

(b) Constant rate of penetration test

This method was Tirst suggestcd. by "MHITAKER (1963)
In this tcst the pile is made to penctratec the soil at a
constant specd from its position, thc force applied at the
top of pile to maintain the rate of penctration being
continuously mcasureds The time to fcach ultimate becaring
capacity should be approximately the smuc as the time
would be taken in making a "quick® sheoar test of the soil
in thc laboratory (in the unconfined comprecssion test
0.0012 in/min) but thc rate does not éignificnntly affect
the ultimate load (Whitaker 1963). In practice a duration
of test of about 10 minutcs was found suitablec for piles
in days. As the ultimate load capacity is approached s very:
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little increasc in load is required tQ.maintain o constant
rate of penctpation, andAtho ultimatec bearing capacity is
reached when the cgﬁtinous vertical movements result in

no increase in the penetrdtion resistance,

Good agrcement has been found to cxist between the
ultinatc loads measurcd by the ML and CRP tcsts however
has been voiced by ELLISQN”QpME}.(1971)‘on tho grounds
that it does not represcnt the type 6f loading to which
a pile is subjected during its working life., Thcy aiso
reportcd that this test-tendedfe ovérostimatc the ultimate
load caphcity of bored piles in London clay.

It is obvious that/the scttlement rccorded for -~
given applicd load in the¢ /CRP test will always be lower
than the éomparntivo scttlement for thc ML tost, beccause
ndtmm is permitted for/plastic settlement under sustaincd
load this is ~ disadvantage of the CRP . test. Othexywisc,
the CRP tcst ﬁas the grcﬁt advantagethat it ¢an be carried
out very quickly., As long =as sufficient'exporiCnce is
gathcred with the CRP tcst in the prevailing subsoil
condition =nd if initial corfelation arc made the CRP
test is generally to be prcferred té the ML test,

(¢) Quick test:-

The CRP tcst galls for rccords of timc and jacking
force to be mnde at cqual interval of movements of the
pile hecad with the rate of jacking being adjusted so that
rcading occur ~t cqual intervals of tinme. For convenicnce
and simplicity, the CRP test was modificd by the Texas

Highway Department to producc the quick tfst method.
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‘Essentially, it requircs that loads be added in increments

of 5 or 10 tons with gross scttlcment rcadings, loads

and other data.rccorded immedintely before and after the

application of ceach increment of Yoad. Each increnent

is hcld for 2%‘minutcs, and the ncxt increment is then applied.
“hen the load-settloment curve obtaincd from this

test data (Fig 4) shows that the pile is dcfinitely being

failed (i. c..thc 192d on the pile can bé held only by

constant pumping of thc hydraulic jack ~nd' the pile is

being driven into the grouhd) pumping is stoppcd. Gross

scttlement rcadings, loads and other donta are recorded

immodiétely aftcr pumping hasjiceased and again aftcr intcrvals

of 2% minutes and 5-minutis. ' The load on thc pile in the.

case of constoant pumping dis calldd plnnging.failuro load.

Then all load is removed,-and-the pilc is allowed to recover.

Net scttleoment rcadings are made immedintely after ali

. 1 s g
load has becn removed and at intcrwvals of 25 minutes for

/
a total period of, S wminutes.

All test| konds| arenearyicd pbymplunging failurce. or
L .
to the capacity of the cquinment. Thc maximum proven
design load is considercd to be 50 percent of the ultimate
bearing capacity, which is indicatcd by the interscction
of lines'drawn tangent to the 2 basic portions of the

load=-settlement curve as shown in Fig (4).
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LOAD ON PILE
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6. Separation of End And Shaft Loads

To enable a full understanding of pile behavior it is
essential to know the division of total load Q sustained by a
pile into end load Qe and shaft resistance Qs this will enable
realistic selection of the design parameters adhesion factor
and bearing capacity factors Nc, Nq for a given soil condition
and pile type. A variety of methods have been used for-aséer-
taining Qe and Qs from direct measurement to ﬁethods based solely
on the load-settlement curves for the pile

6.1 Direct measurement Probably the most satisfactory

way of determining the énd and shaft load on a pile at a parti-
cular total load is by direct measurement. This cén be accomp-
lished by ﬁeans of a load cell placed in the pile toe or by
devizing an arrangement which endbles the end and shaft to be
loaded separately -

In the Bangkok area a load cell was used by Muktabhant
& Suwanakul (1971) in theif tests on dfiven castin-situ piles
while HOLMBERG (1970) loaded separatelv the end and.shafthqf;q
driven octagonal pile Direct determination of Qe and Qs has
the disadvantage that it tends to be rather an axpensive
procedurs | '

6.2 Indirect measurement indirect measurement of load

distribution along the length of a pile can be achieved by
means of strain gauges-of some kind they may take the form of
electrical resistance gauges, either affixed to the surface of

the pile or cast into the pile if concrete or mechanical gauges
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of steel rods or tensioned wires fixed at various depths in
the pile strain readings are taken at the top gf the pile when
loéds are applied |

Gauges of the electrical resistance type have been used
in larged bored piles in Bangkok by PROMBOON et al (1972) with
little success, steel rod of the type suggested by HANNA (1970)
(telltale) have not previously been used locally but thin wires
were used to determine the load distribution along the 45 m
bored piles supporting the piers of the Tha Chang Bridge (PROM~-
BOON et al, 1972)

Strain gauging of driven and cast-in-situ piles has been
used to dow that a load applied to a pile head is transferred
gradually from the pile shaft to the toe, the loads supported
by each depending on thq.soii aand;ﬁ;onsr@nd the pile type

] b, < X

(HANNA, 1970 VESIC 1970,-COLOMBO 1971 \;/LPROMBOON et al, 1972)

a) The settlement and the elastic shortening of pile

The settlement of pile top 53 involves
Top
1. The elastic shortening of pile L&F
2. The elastic compression of subgrade As
3., The plastic settlement of pile j)
L
: = +* A “+
‘g’op AP _ S Q‘L
The toe settlement of pile is the sum of the elagtic,

compression of subgrade and the plastic settlement of pile
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T A5+5d.

o _A+p
ANTbP AF ‘S%e> ,
The elastic compression of pile l&F’ consists of two
components
(1) The elastic compression of pile due to end load ZXPE

(2) The elastic compression of pile due to skin friction A

P8

AF’ = Dot A

The top settlement \? of top can be measured directly
BP '
from pile top. At any substained load if thg load is rebound,
the plastic settlement is remained and the elastic rebound (tﬁr)

is equal to the top settlement minus the plastic settlement and

can be expressed as
A.,-. % j}oF— ‘f«j‘t

Ar =2 AP-\-AS

Finally the top settlement can be expressed in the form

= A+ ¢ = A+ A - + O g,
The elastic shortening of pile cah be measured directly if the
toe settlement is known.

Other methods to find the elastic shortening of pile is to assume

the load distribution of skin resistance

b) The relationship of the mode shape of frictional

resistance and the influence factor of pile
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The elastic compression of the pile can be divided to
two parts (1) compression due to skin friction AFG
(2) compression due to end bearing AFE

APE =% QeL ST S 8
e
ARp
- Ep is the modulus elasticity of pile

To evalulate‘the elastic compression of the pile due fto
frictional resistance, the mode shape of frictional resistance
must be known. : '

Let the )\ be the influence factor of the shaft load.
The elastic shortening due /to friction will be equivalent equal

to the shortening that caused by the load )\O,_ in axial

AEp
From fig 5 +the total frictiongl -load &t any distance y

PSS | &

~ 4

Q-G "= 30*%\\6)6\%
Therefore QS = SOL %(\j)d%

the frictional elastic shortening of pile of slice dy

. "1\'3 S
dp.. = {Q,{L %(\.5)(.1,(&—- K(\a)’hél(fbé)
P:

neclect the load f(y)dy

>
||
O
L&
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;ﬁc
P
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substituting A,. for eq (10)

P
AGL Qs (Y gy oy
ep Afp TR |
A= g Lihndidy oy
- OSL

Example g=- Let the frictional resistance mode shape in the

form of parabolic function

%“P = C% a(ﬁf‘)C‘_

L-’l
Q, = L%zC :
XO\F) \.d’ka

y: &\3 %"W d‘ﬁ W I—IZ.CLLZ

Il

i

A { =G\ 3
pe. 8 g -
kN

AN =B
4

¢c) The load distribution of pile

The important point In . separating end load and

shaft load in indirect method is to find the load distribution
of pile the strain of pile at various level can be obtained by
fixing electrical gauge or strain rod. Then by plotting the
curre between depth of pile and cumulative deformation of pile,
the load distribution can be obtained. The mathematical form
of this is presented in Fig 7

The disadvantage of this method is that

1. If the pile is precast prestressed concrste the
modulus of elasticity (Ep) cannot be found accurately. In common

if Ec of concrete and ES of steel is known the value of Ep
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Mode II
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can be expressed as

R, =B, % (2, -~ Ec) ; PESRR  Ae (12)
A = AC - AS

Ac = area of conoreta

AS = area of steel

2. Ths effect of temperature on scttlement of pile ﬁust
be cautioned. Toeliminate this effect the settlement of dummy
pile should be set up

The application ofAthe load distribution of pile can be
summarized as follows:;

1) At any particular total load, the shaft load
and the end load is known
2 2) The skin resistance of any segﬁents of pile at
any particular total load can be ®found out. If the totai 1oad
is the ultimate load the adhesion of any layer of soil is also
known

3) The mode shape of the frictional resistance
and thé influence factor of pile at ultimate load can be calcula-
ted from the load distribution curve -

4) The settlement for mobilization skin friction

can bhe found if the settlement and skin resistance is plotted

6.3 Graphical method

If no strain is measured along the pile, the
graphical method can also separate the end load and shaft load

from the load-settlement curve.
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THE LOAD - DISTRIBUTIONT AT ANY DARTICULAR LOAD
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VAN WRELE 1957 observed from the field load test that

(1) The shaft friction remained Nearly constant beyond
a certain pile load (that is after the mobilization of maximum
shaft friction)

(2) The relationship between the load on pile end and
the elastic compression of the subgrade'As was linear as shown
in Fig (9) the elastic compression of this case ié considered
to occur at the pile end and it is egqual to the elastic recovery
of pile end

(3) The relationship 5etween the load on pile top and
the elastic compreséion’of subgrade was linear after the mobili-
zation of the meximum friction, and it is parallel to thg line
obtained from.(2) this was becauseé after the maximum friction,
any increase of load at the pile $op is the same as the increase
at the pile end (Figl) - A

(4) The combination of (2) ana (3) will be possible to
separate the skin friction and end load., First by plotting the
total load V.S. elastic compression of pile toes and a line thrqugh
the origin parallel to the straight portioh.of the curve then
represents the end load the difference betweenAthe totél and
end load is the shaft Yoad at any settlement.

In order fo separate end bearing and shaft friction by
the mgthod of VAN WEELE it is necessary to load pi}e to failure

and to measure elastic rebound after each load increment
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The elastic compression of the subgrgde is equal to the
elastic rebound minps the elastic shortening of the pile. There-
fore the problem is how the elastié shortening of'pile can be
found. The elastic shortening can bs found by direct measurement
if we fix a strain rod (telltale) at the base (The elastic shor-
tening of pile is equal to the settlement of pile top minus the
settlement of pile base) In case of the elastic shortening of
pile is not measured tﬁe calculation is obtaincd from a deep~-
sounding (static cone penctration) or from an assumed distribu-

tion of frictional resistance along ?ile lengthe

BUﬁLEN (1958)  assumed a liﬁea: distribution of skin
friction with depth and found that the influence factor varies
from % to %-He;suggested therefore that elastic shortenings
computed on the basis of an aiial load equal tvone half of the

shaft load give value which are acceptable estimates of actual

elastic compression

JAIN AWD KUMAR (1963) combined VAN WEELE'S hypothesis

and Bullen's assumption, then proposed the graphical ﬁethod for
separating the shaft friction and the end bearing capacity of
pile

It is first assumed that there is no compression in the
pile body and a curve is drawn between the elastic recovery of
the pile top and the load on pile top. From this cur;e, values
for the end resistance and the shaft friction are obtained

‘values for the elastic compression of the subgrade are now

worked out, and a second curve is drawn as shown in Fig.13
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The process is repeated and a third attempt givesnearly con-
stant values if the fourth attempt is made, the two eurves will

normally coincidc

7. Disturbance Causedby Pile Driving

When a pile is driven into a soft clay deposit it causes
a great deal of disturbance this disturbance is of two kinds

(1) Remoulding of the clay in the vicinity of the pile
fo result in a decrease in strength |

(2) Pore pressurs increases'in the soil surrunding the
pile which result in decreaémg in effective stress and consequ-
ently in shear strength

It is well-kno&n that high aicess pore pressures can be
induced by pile driving im soft clays (cUMMIINGS et al, 1950,
BJERRUM & JOHANESSEN 1960) and at. least one stability faiiure
is known to have resulted from‘this cause in the Bangkok area
(BRAND & RASAESIN 1970) lMeasurements of pore pressures at the
face of a driven pile by KOIZUMI & ITO (1967) showeé that the
effective normal stress d;xiug»drtting; was virtually zero
bécause of the development of high excess pore pressure this
liquifaction effect has also been reported by HANNA (1967) #he
dissipation of these pore pressure is rapid however, partly
because of the convenient vertical draiﬁage path provided Dby
the pile surface the pore preséures inducad at a distance from
the pile tend to dissipate laterally with time because of the

higher permeability of most sediments in the horizontal plane
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Tho recent investigation into the ‘effccts of pile driving
on soft Béngkuk clay which was carricd out at the plant yard of

gammon (Thailand) Ltd at Lad Prao.

Susisuwan (1972) concluded that :-

1) The soil adjacent to the pile is not complctely ra-
moldecd but, on the contrary, is disturbed only to an extent
that ﬁéy be called partially remolded

2) The shear strength lost approximately 28 % (based
on ficld yane test)

3) About one pile diameter from the pile, the undrained
shear strength decrcase appreciably

4) The thixotropi¢ Mardening does occur both in both
weathered and' soft Bamgkok clay tha efcht is most evident in
the soft clay and less proncunced in the weathered clay

5) The soil roginﬁd its strength within 14 days after
pile driving. The 'strength rogained is duo.to the fhixotropic
hardening proccss andrthe dissipation of pcre wator pressure

6) Within the region of local shoar failurs %ono, the
induced pore pressuré éro’maximum outside this zone, the pore
prossure decreascs rapidly with distanca. At a distance of
approximately 16 pile diametcr (8 n), the pore pfossure is
prackically negligible

7) Tho time lag does occur in pore pressure moasgremont
since the maximum porc pressurc was recorded at diffeorent times
after the pile driviné

8) The porc pressure was observed to incroasc with depth
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. 9) A rapid dscrease in pore pressure was recorded
when the soil changes from local to general shear failure zone
10) HMost of the excess pore pressures dissipate with

one month after pils driving

8, Pile Tests in Bangkok Clay
| The two previous researches had been ;;rried out to

study the performance to faiiure of cast-in situ piles by
CHIRRUPPAPA (1968) and SUWANAKUL (1969) The results had been
dicussed by BRAND (1970) and MUKTABHANT & SUWANAKUL (1971) .

. A number of pile test results weréw;iébméoii;éféa‘and analyzed'
by VONGTHIERES (1967). HOLMBIRG (1970) had investigated the
ultimate load, shaft end and and; load of an 58 cm octagonal
piles and presented the adheéion factor of soil for Bangkok

clay. Two 45 m-large diameter bored piles were load tested by
PROMBOON et al (1972) but these were not taken to failure.

The useful data obtained by SASISUWAN (1972) in his work on

the affect of pile driving on soil disturbance and porg pressure.

Jata-surivonse (1972) had ecarried out' = goéd rasearch which

showed the psrformance of somg driven and cast-in-situ pilss.

Short wooden piles had also been tested singlely and in .
groups of four by TAECHATIiUM;fM‘ (1970) and WAPTANAVAHA
(1971) Other work on groups of short piles reported by
MUKTABHANT & TENGAMUAY (1970). The uses of bamboo as pile

foundation had been studied by CHIRRUPPAPA (1973).

TiMr29¢39
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9. The Comparison of Some Shapes For Prest%éééed Concrete Piles

Shape

Advantages

Disadvantagss

A

Highest ratio of skip-friction
perimeter to cross-sectional

aren. Low manufacturing cost.

Low bending -

strength

Good ratio of skin-=friction
perimeter to cross-sectional
area. Low nnnnfaeturing
cost., Geood 'bm&ing strength

on major axes,

Approximately equal bending -
strength en all axes. Good
penetrating ability. ¢eed

column stability (1/r ratie)

Surface defescts on
top sloping surface
as cast are hard to

avoid

Bqual bending strength on all

.axes., No sharp corners-aids

appearance and durability
Minimum wave and current

loads. Good column stability

(1/x) ratio.

Manufacturing cost
genefally higher
surface defects on
uppar surfaces are
cast are hard to

avoid
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Shaps Advantagss Disadvantagss
May be used where greater Difficulty in
bending strength is required maintaining oriaen-

or :

- around one axis especially if

L}
minimum surface to lateral wave

and current forces is desired.

tation during

driving

High bending moment about both
axes in relation to cross sec-

tional area

High cost of mafiu-
facture difficulty

of orientation

High bending' moment about
axis X - X in relation to

cross sectional area

High cost of manu-
facuture difficulty

of orientation
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