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CABSTRACT

Avsilable lit@rature related to fundamaﬁta; concept
of piling, especially the behavior of borea piie
and soil-pile interaction in different soil
Eonditions of Baﬁgladesh have been studied, The
study reveals that in most of the cases neither the
proper pile driving technique, as suggested by the
code- §f practice is foliawed,'nor the qguality
control is assured., As such, thé present study
suggests a full §Zil§ i§i1§ lead test prior yg

service piling work,

In this study'thé data of five pile 1oaﬁ_tests on
tﬁree different sites of Dhaka city are analysed
and compared with the : éxisting theoretical
results, rThe variable 'considered'.are cri;ical

depth, luosening' effect of 501l and ground water

level, Significant variations are noticed between

experimental and theoretical results,
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INTRODUCTION

Piling is both an art and science, The art lies in
selecting the most'suitable type of pile and method
of its installation for the ground conditions and
the type of loading Science enables the eng1neers
to predzct the behav1nur of the p11es once they are
1nsta11ed in the ground and subJected to loading,
This behaviour is influenced profoundly by the
methods used to install  the ﬁiles and it can not be
predifted solely from the physical properties of
'ﬁhe piles and of the undisturbed soil, A knowledge
of the available tfpe of piling and method of
.constructing piled foundations is essential for a
thorough understanding of the science of their
behaviour, A pile foundation, even a single pile,
is statically indeterminate to a very high degree,
- The chance of a preciselanalysis of a pile is thus
even moreg rehote than is true for most problems in
geoctechnical engineering Empirical knowledge and
the results of pile load tests at the actual site

are usually adopted for the solution to a given

pile founda;ion_problem. There are a numbérrof goad




state of art treatments of deep foundations, But
most of these refers to behaviour of single piles,
as is evident from Fig, 1.1

Ve
Since Dhaka soil strata is devcid‘cf any stone or
rocky layer, it has beén a common practice so far
to trangfer the building load to a deeper straté of
soil, Here, in the field Df piling_engineering,
bored piles or cast in situ piles are mosf comman
bec#ﬁse of their suitability with thé site
conditions and also because of easier methpﬁ of
their installation, Excessive noise, vibration
etc, do not permit installation of a driven pile,
Thus'although-bored piles are used quite
frequently; here there are no sufficient field
report aﬁd pile load test results which is must for
rational analysis of a pile, In most cases,
reliance is made on }oad test results to determine
“the load carrying capacity of bored_piles.'éowever,
considerablexioad test results in different types
of soils are needed to develop ratichal methods for

design of bored piles,

In this project work it has been tried to examine

design data of some piles with their capacity

" obtained from pile load ‘test resulté. The piles
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-havé'been analysed considering the available design
criteria and pregent construction techhique of
bored piles, Here attempts have been madé to
determine the effect of installation method on
~actual capacity of piles and also pile—-soil
behavior of Bangladesh soil context, Finally in the
light of load test results the causes of variation

. between the theoretical capacity and actual

capacity have been evaluated,




CHAFPTER—Z=2

OBJECTIVE

Dhaka city, aSsumed‘a new dimension, after the
liberation of Bangladesh in 1971, due to the fact
that the city has overnight turned into a National
Capital, As is nufmal with any Capital city of a
developing country, Dhaka is in the process of fast
changing from a smalllprovincial Capital into a
city of tall buildings, The surge of tall buildings
is being strongly felt since 1978 or so,

Though the piie fbundatiun has been adopted
extenéively for the tall building so far and there
is'everQ reason to assume that it'will continue to
.remain so-for the fuﬁﬁre buildings as well, there
has not been any serious study into the factor of.
safety of such piles, It has been observed that the
factnr.of safety_;ssumed'ranges from 2.5 to 3,0
from designer to desigﬁer apparently without giving

due importancte to the consequences in many cases,

And as such, It is felt that é study oﬁ the

-correlation of theoretical and actual capacity of

piles will helgp designers to arrive at a consistant




\
value of factor af_safety with a subsequent benifit
in safety and economy.
With the above in view, the objectives of the

present study are as follows:-

1. To aﬁalyse the pile theoretically with the
halp of sub—sﬁil investigation report,

2. To predict the ultimate load ﬁarrying
capacity by studying time-load—settlement
‘curve obtained during field load test,

3., To compare and forrelate the pile load
capacity obtained from theoretical analysis

\ - ‘with that of the result from load test,

4, To find out the causes; of variations (if
any) of the two results,

5, To draw a conculasion regarding the‘

tﬁeoretical Pile capacity in context with

Bangladesh soil,




CHAFPTER—-3

LITERATURE REVIEW
3.1 Introdu;tion

The capacity of a pile is de;ermiﬂad on the basis
of followiné‘two basif considerations,
(i) The structurai capacity of the piie to
| support the }oad coming on it
Cii) The support phovidedrby the surrounding and
underiying s0il or rock,

The pile capacity is the smaller of the two values

arrvived from the above two considerations,

Structural'capacity is go#ernéd by the permissible
stresses in the pile matéria;s. Generally build;ng
codes stipulate the maximum allowable material
stresses, deever, values based on dif{erent codes
may differ greatly and usually £hey tend to be
conservative, The.recent practice is to design the
piles as columns, However, it is netessary to

realise that the factor of safety for piles when

designed as columns shouwld be higher than that




allowed for calumna in superstructures, In case of
a superstructufa the accuracy af the column
straightness and alignmeﬁt is assured within
relatively narréw limifs, and these columns are
inspected after they are casting and also they are
évailable for maintenance, But in case.of pilés,
the alignment and straightness of piles are‘much
lless controllable, Concrete in cast in situ piles
cannot be inspected., The environmental condiiions
under wﬁich piles are placed are usually more
severe and also driving of piles introduces
residual stress of unknown magnitudes, fhese facts
clearly point to the need to have higher factor of

safety when piles are designed as columns,

When the pife capacity is determined ocn the basis
of the sﬁpport pfovided by the surrounding'and
underlying soil or rock, a number of'faﬁtors
affecting the properties of surrdunding and
underlying soils.must be considered, The degreé to
which the surrounding and underlying soils are
affected are determined by the type of pile, ihe
type of soil, method of installation of piles etf.
The two types of piles, viz; precast and bored

affect the surrounding and underlying s0il

differently mainly because of their different




installation methods, In this Chapter the
.iiterature cnncerning'the effect of installation of
bored cast in situ pilés on the surrounding and

UHderiying so0il will be considered,

The effec; of installation of bored piles in clay
sﬁil have been studied largely in relation to
adhesion between the pile and the so0il, The-
adhesion has been found to be less than the
coheéion of soil mainl& because of softening of the
ctlay immediately adjecent to the seil surface., This
softening may arise from three causes, These are:
fa) Water poured iqto the boring to
facilitate operation of the cutting
tool, .

(b Migration of the water from the body of
the ciay toward the less highly stressed
zohe around the borehole,

(c) Absorption of moisture from the wet

concrete,

Factor (a) may be eliminated by using good drilling
technique and (b) can be minimized by carrying out

the drilling and concreting operation as rapidly as

posﬁib}e.




Mayerhof and Murdock <** measured the water
contents of the clay imﬁediately adjecent to the
shaft of a bored pile in London clay and found an
increase of nearly 4% of water content at the.
contact surféce,‘although at a disténce of 3 inch‘
from the shaft, the water contents had not altered,
This increase should be ; ﬁaximum value, as the
hale wa§ drilled by hand and tookltwo to three days
to complete, For Londpn clay Skamptdn‘7"showed
that.an increase in water content of anly 1%
results in a 20% reduction in ratio of Ca/Cu, where
C- is the undrained shear strength of soil after‘
installation of pile shaft and Cu is the original

undrained shear strength, For a 4% increase in

water content, Ca/Cu is reduced by about 70%,

Construction problem may also arise with bored
piles, such as -
Cal Caving of the bo?eﬁole, resulting in
nécking or misalignment of the pile,
(b} - Aggregate separation within the pile,

(c) Buckling of the pile reinforcemeni.

Such structural defects may Be difficult to detect
since a load test may not reveal any abnormal

behaviour, especially if the load is only taken to

10




the design load,.

There is relatively little quantitative information
onrthe effects of installation of bored piles in
sand or in any other cohesionless soils, Such piles
usually réquire a casing and/or drilling fluiﬁs to
subport the walls of the bore during sinking of the
hole, Subsequent withdrawal of the casing whiie_
concreting the shaft is likely to disturb and
loosen the soil to some extent, Also some ldosening
is liable to‘occur at the bottom of the pile as a
result of bailing the hole, And when this is dones
under water, the upward surge on withdrawal of the
bailer can loosen the soil forlﬁeveral feet beloﬁ
and around the pile, Thus in calculating the load

capacity of é bored pile in sand, Tomlinson<<?
suggests that the ultimate value. of angle of
shearing resistance g should be used, unless the
pile is formed in a dense gravel when the 'surging'
effeft may not take place, If heavy compaction can
bé given té the concrete at the base of the piles,
then the disturbed and loosen sﬁil may be
recompacted and value of ¢ for the dense state
should be used, However, if the shaft is obstructed

by the reinforcing cage, such compaction may not be

possible,

11
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Bearing Capacity of Piles

The uwltimate bearing capacity or the ultimate
bearing resistance, Q., of a pile is defined as thé
maximum-loéd which can bé carried by a pile and at
which the pile continues to sink witﬁout further
increase of load, The allowable load, Qa, is the
safe load that can be-applied to a pile after
taking into account the ultimate bearing
resisﬁante,'the permissible settlement and overall

stability of the pile foundation,

The bearing capacity of piles can be estimated in a
number of ways which are all based on one of the

followings:

(1)  Static formulae, req;iring a knowledge
| of.the tfallure mechanism and the shear
strehgtﬁ of the supporting soil.
(ii)d Dynamic formulae, which equate the
energy required to drive a.pile to the
static 10ad'carrying cabacity. 7
(iii) Static field penetration test espécially
the Dutch cone.penetration'test,'in

which the failure mechanism of soil is

12




similar to that in a pile.
ftiv). Wave equation, and

(v) Direct load test on piles,

In this study only bored piles are tonsidered and
the most relevent methods are reviewed here in the

following sections,
3,2, Pile Capacity by Static Formulae

The'static formulae éstimate the.béaring capacity
of a pile considering the properties of the medium
through which it passes, The static load 'Q°
suppbrted by a pile can be thought of as being the
sum of the frictional force on the pile shaft, Q

and the load carried by the pile toe, Qe,.
. Thus Q@ = Qa + Q= 3.1

The load supported by the pile at failure Qu, is

-given by
Qu = Qp + Qr : (3.2
where, Qu = Ultimate pile capacity
Qo = Point bearing load at pile failure
Qs = Shaft frictional force at pile

13
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It should be noted here that, in pr#ctice, Qe
and/or Q¢ might.be less than the maximum values of

the Qo maximum and Q¢+ maximum,

Failure of a pile occurs when the sum of the two
components of resistance i,e, Qs and Qr is a
maximum, and the maximum values of each do not
necessarily occur at the same vertical settlement

of the pile,
The maximum point bearing load is usually
calculated using following bearing capacity

equation for deep foundations,

Ao (cNc + 0 ,5Y¥BN+ +giNg) ' 2,32

Qe

where Ao = Area of the pile tip .
Qe = Point or toe resistance
€ = Cohesion of the soil at pile toe
¥ = A;erage unit weight of the soil

B = Least dimension of the pile tip

#

Surcharge

o
i

depth of embedement of pile
Nc, Nx, Ng = bearing capacity factors for
deep foundation,

The maximum total shaft friction can be expressed

14




as

Qf = Ca Aﬂ. (3,4}

adhesion between soil and pile

where Ca
As = Surface area of embeded pile shaft
The proportions of the maximum values of end
registance and shaft resistance mobiiizéd.when 4
pile fails will depend on the soil strength and on
the stress—strain chéracteristics of tﬁe pile‘soil
system, Files which are installed entifely in clays
are likely to resist applied loads largely by shaft
friction unless the length/diameter ratio is very
"small and this might also be true for piles in
homogeneous sand deposits., Such piles are commonly
referred to as "friction piles", When the end
bearfng capafity of a piie'is very high, however,
the end resistance will predominate at failure and . |
such a pile is generally termed an "end-bearing
pile", The moét common form of end bearing pile is
ane whichlpenetraﬁes a s0il of low strength and has
its toe situated in a stratum of relatively high

strength,

(a) End Resistance for Cohesive Soils:-—

3

In purely cohesive saturated soils, the minimum

15
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ultimate loéd is reached when the plle is loaded
under undrained conditioens, This is the well-known
¢=d condition (SKEMPTON<”>, which gives Ny = 0 and
Nag = 1, The maximum end reéistance of the pile then

becomes :
Qe max = Am (CNec + ¥D) | (3,5)

I1f the weight of the pile is assumed equal to the
weight‘af s0ll displaced during installtion, the

net maximum end load is:
Qg‘max = Ao CN. ' ' (3,.6)

The value of N. under undrained conditions has been
determined in past investigations by both
experimental and analytical methods. The
theoreﬁical analysis of MEYERHOF<=> resulted in a
value of Nc between 9,3 and 9.8 depending on the
frictional resistance developed at the pile toe,
SKEMPTON< 7 > found from full-scale experiements that
Nc =‘9 was sufficiently accurate for the
calculation of the maximum end resistance for bored
piles in London clay, and several other subsequent
iﬁvestigationé have tended to support this value

for stiff clays,

16




{h) Shaft Resistance for Cohesilve Soilg: ‘

The adhesion on the shaft of a pile in a cohesive
spil is found to be directly related to the

undrained shégr strength of the soil by the

relationship:
Qr max = A= & Su , (3.7)2
where % = adhesion factor,
$u = undisturbed undrained shear
strength,
A= = area of pile shaft

The installation of a pile In a soft clay will
cause rehoulding of the so0il in the vicinity of the
piie resulting in a decrease in soil strength, A
regain 6f the strength usﬁally occurs gradually but
is often not complete until a considerable time
after pile installation, In stiff clays, .this
regain in shear'strength with time is usually very
slow and'complété feéain is sometimes nevef

achieved,

The adhesion factor, «, between clay and a pile
shaft has been found to vary from unity to about

0.3, its value decreasing with increasing undrained

/
\
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strength of the soil, This general trend of
decreasing adhesion factor withvsoil strength are

shown in Fig, 3.1<s7,

The explanation of why the adhesion factor for a
clay is iessrthan unity is ‘@bgt the §be§r stréqg}h
between the clay and the mater1a1 of the plleuis |
lower than that of the clay alnna. It is not clear,
however, why « should de;reasguwiﬁh incrgasing soil
strengtﬁ. TDNLINSDN‘$’ sugge5ted that this is
becausejihe driving of a pile results in a hole
slighﬁly larger than the piie diameter, When the
sil has a high‘shear strength, the enlarged hole
remaﬁns open without lateral suﬁport and thé soil
does not readiiy flow back‘éppund the pile and as
such the adhesion between the pile and the soil is
less than the shear strength of the seoil, In casé
of soft clay, ho@ever, the soil will flow to fill
any space closé to the newly driven pile to giver
complete contac£ between the pile and the clay with
a consequent higher adhesion factor,

For bored ﬁiles, the adhesion factor is usuwally
found ﬁo be lower than for driven piles, and it has
been suggested that this is because of the
reductiorn of lateral pressure by the process of

baoring the hole._SKEMPTDN‘3’ recorded values of x

18
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betwaen only 0.3 and 0,6 for bored piles In London
. Clay, Low adﬁesion factors for bored piles have
been attributed to other cau%es; particularly'to.
sdftening of the clay at tﬁe sides of the bore hole
due to moisture content increase during boring and
"concreting, ﬂlthough:there exists no satisfactﬁry
explénation of the mechanism of adhesion between a
clay and the shaft of a pile, reasons fpr
variations in Cu with qertéin properties of the
.piie éhaft are not difficult to esﬁablish. A
taperéd ﬁile{ for example, will normally deveiop
higher adhesibn than‘an uniform section as a result
of the better contact between the pile and the
surrounding soil, It Has-been found that
dissipation of the pore préssures after pile
installiation results in increased effective
stréssés between the soil and the pile surface
because of decreased moisture content of the clay,
For this reason, because of their re1a£ive1y high
permeabilitiesl plles of timber‘and-concrete
usually have highef adhesion than those of steel
which do not permit excess pore pressure to

dissipate readily,

Bored piles can be divided inte two broad
categories depending on method of installation,

viz: (1) piles installed by boring carried out with

20




bentonite and (2) piles installed by boring carried
out without bentonite sruﬁry to support the sides
of bore holes.There.will be softening effect on
clay where the clay has an opportunity to absorb
moisture from the concrete, For bored cast in situ
concrete piles whéﬁe bentonite mud is used to
-,stabilize the sides 6f the bore holes, adhesion
factor can be taken as unity for soft clays, For
very soft to Stiff clays adhesion factor Qaries
from 1 to 0.3 and on‘avérage 0.54 can be taken for
“hard clays, For bored piles, ﬁpper limit of
adhesion is taken as aont 0,95 because no passive

pressure develops in case of bored piles,

According to Tomlinson<=> the effect of drilling is
to cause a relief of lateral pressure on the walls
af'thé'ho1e.“This results in swelling of the clay
and there is a migration of pore water towards the
exposed tlay féce to cause softening of clay, If
bentonite is uged to support the sides of the
borehole, the migration 6f porewater from clay. due
to relief of'lateral pfeasure, and flow of water
from any fissures, will not occur, but the
bentonite may not be entirely removed from the
interface betwaen the clay and the concrete as the-
latter is placed and there will thus be the effect

of a soft slurry on the contact face,

21




The efféct of softening on the skin friction of
bored piles in London clay was studied by
Skempton*”?, who suggested that the adhesion factor
ranges from 0.3 to 0.6 for a number of load test
results, He recommended a value.of 0.45 for normal
cnndiiiuns where drilling and placing concrete
follo@ed a reasonably rapid sequence, Tomlinson<s?>
recommends a lower adhesion value for bored piles
where there May be a-lcng_dela? betwéen drilling

and placing-the concrete,
(c) End:Resistance for Cohesionless So0ils:

For a pile with its lower end embedded in a sand or
gravel layer, where ¢ = 0, the bearing capacity of

the'end becomes
Qe max = Ap (YB/2N«+ ¥DNo) (3.8)

Since for all but large diameter bored piles, B/2
is small compared with D, this approximates to

Qe Mmax = ALYDNa 3.
The relationship between Ng and ¢ has been studied

by many investigators, such as De Beer, Meyerhof,

Vesic, Verezantsev etc, (Fig, 3.,2.,) Comparing the
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observed and the theoretical values, NORDLUND® . and
VESIC* found that the Ns and ¢ relationship |
proposed by BERZANTAEV® (Fig.3.2) takes into
account the ratio B/D which conforms most closely

to the results of load tests,

Further research of VESIC*=> has shown thgt.the
talculations of base resistance from the gquation
becomes_invalid when the penetration depth/widih
ratib'CDIB) for driven:piles exceeds some value
between 10 and 20 dué to arching effect in the spil
(fig,3.3 and fig,. 3.4). It is not known whether
‘this same limitations are also applicable to bored
pileg, but in any case the method of installing the
pile hés an important effect on the base |
resistance, The values of Na largely depend on the
relative density of soil adjecent to pile
. subseguent to pile instailation. Method of
install#tion has profound influence oﬁ tha relatiQe
density of sc;l. These facts have been takep into
account in the fig, 3.5 by Berezantsev's Ng vs, ¢,
"The Standards Association of Australia in their
1976 code.nn piling have gfven separate v%lues

of Ng for Driven and Bored piles (Table—-3,1)

¥ Cited by BRAND<=?




20

FOR DRIVEN PREFO
RMED PUES
P= 34 0i +10.

/ FOR BORED PILES CAST
/  WITHOUT BENTONITE

\ s | /L 0=0i-3.

FOR BORED PILES

/ - CAST USING BENTO
NITE FOR STABILIZING

/ BORE HOLE AND FOR

 DRIVEN CAST IN SITU
ZC/ . , PILES
: d 10 7 0= 0i.

P Qi = ANGLE OF INTERNAL
] FRICTION PRIOCR TO
L] - INSTALLATION OF PILE

Zc = CRITICAL DEPTH

d = DIA OF PILE

@ =ANGLE OF
" INTERNAL FRICTION

8 33 38 S

._,g"

FiG: 33VALUES OF Z¢/d FOR PILES IN SAND
(AFTER POLOUS AND DAVIS!® * )

25




l ~ __ f

T S TTTAERT AT ]
SR Y S V20077 A D\
Zc.
GVC- Jr
‘ 6ve =CRITICAL
L ' - : o VERTICAL

STRESS.

FIG :3.4.SIMPLIEIED DISTRIBUTION OF VERTICAL

STRESS ADJECENT T L
(AFTER POLOUS AND ODfJ',-sEm,H;J SAND- .

26




’ —~—+-qu.

10000

1000

100

10

FiG .3.5. RELATIONSHIP BETWEEN Ng AND D
(AFTER TOMLINSON (6%) ' ' .

(/
/.
yd
)/
/7
/
/
—t
e
25 30 35 40 - 45 ' 50
—> _

27




Table-3.1 : Values of Nq with relative density of =and, ™

Soil description Nq Values
Driven pile Bored pile
Loose
Dr = 0.2 to 0.4 5 60 | 25
Medium
. Dr = 0.4 ta 0.75 ' 100 60
Dense
Dr = 0.75 to 0.9 - 180 180

Thislpractice of assigniné different valugs of Ng
for driven and bored piles in loose to medium dense
looks more realistic and desirable, From the
relation Q- = APY¥DNs it is seen that there is a
rapid increase in Qo for high value ofrﬁ {hence

Na?, giving high values of end resistance,
However, published pile test results=* indicate that
the maximum value of end bearing is 100 Tsf,

Earlier it was thought that, this limiting behavio-

¥ Cited by Tomlinson ce>
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ur was autributed to some form of ar;hiﬁg gffect,
But a more rational explanation lies in the variat-
fon of friction angle, ¢ with confining pressure,
Bolton* discusses the strenéth and dilatancy
characteristics of sand and shows that the bearing
capacity of a deep strip footing‘does indeed appear
to asymptote towardé a limiting value {(of around 93
Tsf) when the variation of ¢ with confining
pressure is allowed for, The same approadh as used
by Bolteon* may be used, to estimate the-bearing

capacity of déep circular footings,

VESIC<=> cbnfirmed, with field tests, the tendency
for unit resistance to increase with depth to sdme
limiting valuwe, He noted that even though the rater
of increase sharply decreases at some 'critical’
depth, there was an_additional increase with
further penetration, This critical depth was
estimated as being between 10 pile diameters for
loose sands and 20 for dénser sands, In 1977,
Meyerhof and Valsankgar“°’-obtained additional
laboratory evidence of a limiting value for unit
poin£ resistance, The study also‘showed that
the'critical' depth for submerged sands is 1,6

times greater than that for dry sand, This

¥ Cited by VESIC=<=>




increased critical depth is probably ceused by

buoyancy effects,

Since for dense sand, small variations in ¢ make
large difference in the value of Ng, accuracy in
asseésing the end bearing capacity in sand depends
mainly on the accufate determination.of ihe value
of g, At ﬁresent, perh&ﬁs the most satisfactory way

t6 estimate ¢ is from standard penetration tests,
(d) Shaft Resistance for Cohesionless Soils;

The fr?ctional resist;nce between ths soil and a
pile shaft is usually expreésed in terms of the
effective vertical pressure o.= ¥D for a
homogeneous deposit, as

L

Q¢ = Azkr. tans - (3,10

where k = coefficient of earth pressﬁre Cn/ T~
§ = angle of friction between pile and

gsoil,

The value of k depend on angle of friction (g) for
a soil and is different for active,passive and at

rest states of strees, For at rest
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condition MEYERHOF* suggested that it varied
between 0,5 for loose sands to 1,0 for dense sands,
These values would seem to infer that the earth
preésure on £he pile shaft is sometime aé low as
the active value and never goes'much above the ‘'at
rest’' value, This suggestion, however, is ﬂifficult
to reconctile with the volume changes which must
take place in the sand at the face of the pile when
failure occurs, Before the pile is driven or a hole
is buféd, thé sand exists in the 'at rest'’

condition where the lateral présshre is given by
Tn = Kotv = (1-Sing)o. €3.11)

The borihg of a hole would probably cause this

to dreop to the active condition, where ;|

k=kae (1-Sing)/(1+Sing) (3.12)
But lateral displacement that take plate during
the driving of a pile would cause lateral
pressures which approaches the passive
condition, where !

Kk = ke =(1 + Sing)>/€¢1 - Sing>’ (3.13)

¥ Cited by BRAND<=>
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Even i{f k drops froem k- for the undisturbed sand to
ka after a hole is bored or the tube of ardriveﬁ
cast—in-situ pile is withdrgwn, the shear
displacements which occur at the pile surface
duringlpile_loading would cause volume cﬁange in
the sand to bring about changes in the value of k. -
wh11e it can be seen that loose Sands might compact
during shear so that the attive earth pressure
might be reached, dense sand would almost certa1n1y
dilate and the pressure m1ght well be close to the
passive value when the shear displacements are
large enough for the pile to have failed,The most
useful guide to the value of the angle of wall
friction for a given pile material can be found in
FOTYONDI and BROOM™, They determined the ratio of
§/¢ for the common materials by conducting
laboratory direct shear tests and the results are

shown in Table- 3.2 and Table- 3,3;

It is worth nnling that ﬁhe full scale and model
pile tests carried out in sand by VESIC* indicated
that the unit skin friction does not increase
linearly with depth as predicted by therequation Qs

= Asko.tané, VESIC=* showed that at some

% Cited by Tomlinson s>
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penetration depth between 10 and 20 pile diameters,
- a peak valué of unit skin friction is reached, Thus
the above equation'gives incraasiﬁgiy.ﬁnsafe values
as the penetration depth exceeds about 20
diameters. Researth has not yet established whether
the peak value is a constant in all‘conditions, or
is related'ta factors such as soil gréiﬁ si;e or
angularity, At present a peak value of 1(onelTsf
is used for straight sided piles, In manf cases'the
skin frictian of a pile in cohesionless soil is
only a small propnrtioﬁ of iﬂs total resistance to
compression loading and where piles are driven
deeper then 20 di#meters it may be satisfactory to
use values giﬁen in Table- 3.4 as average skin

friction over the whole shaft,

Table~ 3,2 : Values of 8/¢ for various materials. in
cosntact with dense sand<="’

A . R S W N W TEE S T e e e g e M e A M NN MR M S W S W W W o i e ik i — ki

Dry Sand Saturated

Sand

Steel Smeoth (Polished) .54 .64
Rough [rusted) 76 .20

Wood - Parallel to grain .76 . B5
Right angle to grains .88 .89

Concrete Smooth (from metal .76 .80

. formwork)

Grained(from timber . (85 .82

formwork) - ' p

Rough (Cast on Graound?, 95 .90

e L g N L T N T R ]




Table- 3,3; Values of §, for various pile
material<*??

—— T R ES W S S (R S SR ey e e g e T N MR T M= TS S WEA e SRS S ek e N N S S A ———

File Materials Values of &
Steel 20
Wood : 0.67¢

Concrete 0.75¢

T i — U ASE G r ———— —— " oy (o W —————— A e Al it i vt e v — T ——

Table -3,4; Average skin friction for straight
sided piles in cohesionless soils<2?

D A s G wn S e S PR EER EEA e i e MmN MR MR e . S L e ke — e e T TEN S St e m— i —— —

Relative Density' Average Unit skin
friction (tsf)

Less than 0,35 (loose} _ 0.10
0,35-0.,65 (medium-dense) 0,.10-0,23
0.65~-0,85 (dense) D.23-0.65
More than 0.85 (Very dense) , 0,65~-not more

than 1,00
Acctording in a study by Coyle and Castello“*=>, the
co-efficient of earth pressure, K and the bearing
ctapacity faﬁtor Ng are dependent upon overburden
pressure or depth, As a result, there is not a
. strong justification for the individual
détermination of Ngs-or K, In fig, 2,6 the plot of
unit point resistance, go, versus relative depth

/B is presented, Relative depth is determined
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‘using the depth at'thg pile end point, At
.pénétration.of €0 pile diameter, go has not reached
a constant value, A'reduced rate of increase is
indicated below 15 pile diameters of penetration
for ioose sands, and below apbroximaiely 30 bile
diameters for denser sands, Below this critical
depths the relationship between q- and relative

depth is nearly linear,

Fig, é.? shows' 2 plot of Lhe bearing capacity
factor Ng (Log scale) versus relative depth, In
general the N5, values increase with ihcreasing
friction angle, It can be seen. that the Na values
increase from Zero penetration.to a maximum value
at roughly 20 pile diameter, At deeper penetrations

'ihe Na values seem to decrease linearly with depth,

Fig. 2.8 shows the plot of wunit side resistaﬁce fs,
versus relative depth, The effect of increasing
side resistance with increasing friciion angle is'
.indicated, Below approximately 10 pile diameters of
penetration for loose sands, a practically linear
relationship between fs, and relative depth is
indicated, A similar relationship is suggested for
denser sands, at déeper penetrations,.Fig, 3.9.shcws

the plot of the combined factor K tand (log scale)
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vareus ths relativé depth., The K values correspond
to a partially developed passive earth pressure
coefficient at shallower depths, and decrease to
the order of magnitude of active coefficients as
the relative depth ihcreaées,'Therefore the
parameters which provide the best design
correlations:fqr piles in sand are the relative
deﬁth (dépth to diameter ratio) and the sand

friction angle<=7,

Accorﬁing to FJELLERUP“S’ the creep deformation
may be the cauaé and the effect is the mobi;izaticn
of e;tra friction.-This can only take place at the
expense of point resistance, He concludéd that for
large diameter boréd piles - (a3} there are
considerable increase in ultimate shaft friction
with pile age and (b5 an increase in ultimate shaft
friction occ;rs due to ground water lowering,
However the ultimate load'wés not found at the

largest ground water level lnﬁéring.
3.2.2 Ultimate Load from Dutch Cone Test ¢

The cone penetration test hHas been used in Europe
for many years for the determination of the

engineering characteristics of subsoils used. for

37




the design of piles, A detailed description of the
instrument setup and of the test‘methods can be
found in BEGEMANN™ , The setup consists essentially
of a €0= cone of 10 cm lengfh and an accompaning
'fr;ction jacket' 150 cm= in aréa; they measure
ihdependently the end resistance and local friction

respectively,

Apart from its usefulness for estimation of soil
‘sthengtﬁ and tompressibility, the Dutch cone test
is invaluwable for pile design, The reasoning méy be
that the mode of failure of the so0il as the ctone is
advan;ed-is virtuélly identical to that of an
actual pile, The coneiresistanca tan be used as a
guide to evaluate the point resistance of a pile
and the local friction reading can be used to
estimate the shaft resistance, Adjus;menﬁs are
necessary, however, tao the friction reading
measured for Clays, since a certa:n amount of
d:sturbance wnuld have been caused by the cone
penetrat:on priur te the friction measurement and,
also because of the adhesion faﬁtor between the
clay and the material of the friction jacket. This
facﬂor miéht be different from that of the clay and

the material of the Pile, Pore pressure development

‘X Cited by BRAND<S>
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during testing further complicates the
interpfata£ion\fnf clays, and, generally speaking,
the existing experience is still insufficient fot
reliable predictions o%rultimate pilé load in

clays,

In the application of Dutch cone to pile design it
is assumed that the dimensions ofr£he shear'surface
in the vicinity of the pile toe, and which
determine thé maximum end resistance, are
proportional to the equivalent diameter, D, of. the
,pile. The,shear:zone is taken as extending to a |
verti;ai dist;nce aD above the pile toe and bD
belowlit, and the unit end resiéyance of the pile
is then taken as the average of the cone resistance
over the depth (a + b)D as shown in Fig,3,10, The
difficplty in the application of this technique is
the selection of the appropirate vélues of
‘parameters a and b, VAN DER VEEN™ suggeéted that a
and b have values from 1,5 to 12-and from 1 to 2
respectively He suggested that the most probabia
values for 'a' and 'b' in the hmsterdam area were

F3.75 and 1,0 respectively,
A recent investigation on different aspects of

¥ Cited by ERAND<=?
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Butch ﬁone test by FHAM™® hasladequately
demonstrated the.ektreme usefulness of this
instrument:fn the tonditions which ﬁrevail in the’
Bangkok area, Undrained strengths and so0il
'cmmpressibi}ities can be estimated with sufficient
accuracy for design purposes and it is possible to
‘establish the s0il profile over a large area with a 
minimum of borehole data. An analysis of the
limited amount of pile Ibad test data led PHAM to
propbse the wltimate load of a driven pile in the
Bangkok area in the form:
QU = 1.4 Qf~, + 0.7 Qf= + xac (3.14)
wherg @ = pile end resistance from average cone
resistance,
.Qf1, sz = total frictional forces on pile
in soft clay and stiff clay respectively
as obtained from friction jacket,
N = a constant (=1/32 for stiff clay and 1,0

for sand)

¥ Cited by BRAND®=>

41




3.2,3 VUltimate Load from File Tests

Genar%lly two tyﬁes af pile load test are perfcrmed
in the field. One is for the determination of the
pile capacity'by giving load upteo failure on the
ltest pile and the other one is for thecking the
deSiinioad‘by giving 1.5 to 2,0 ;imes design. load

on a service pile,
(a) Tests to Failure:;

The loading to failure of full-scale tést pile is
certaihly-the most satisfactory basis for tﬁe
estiﬁation of ultimate load carrying capacity of
population installed in similar subsoil conditions,
Even if pile tests to failure are not carried out
on all sites where piles are installed, sufficieﬁt
test data is necessary for a given type of pile and
given subsoil conditions to enable sensible
predictions to be made for future piles on the
basis of the static and dyﬁamic fofmulae and the
Dutch cone test,

.It cannot be overemphasized that the only way to
know with certainty the performance of a particular

type of pile in specific s0il conditions is to -
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carry out a serles of load tests to fallure, It is
.a common practice that load iests are all too often
reétricted to a maximum spplied load of twice the
design load, Only when failure is reached can
sufficient inforﬁation be gained to enable safe and
economical design to be achieved with that type of

pile in future,

(b5 Tésts Not tao Failure:

‘ :
For pile load tests not carried to‘faliure, methods
af extrapolatioﬁ have been proposed for‘tha
-determination of the ultimate load capacity, One
method, suggésted by DAVISSON=® also‘referanced_by'
FPeck™ , Davisson's limit value is defined as the
lpaq corresponding to the mnvement which exceeds
the elastic tcompression of the pile by a value of
0.15 inch (4 mm) plus a factor equal to the
diametér of the pile divided by 120 (Fig. 3,11,
The Davisson“s'limitlwas developed in conjunction
 wi£h the wave equation analysis of driven piles and
has'gained widespread use in phase with the
 increasing popularity of this method of analysis,

Another method is suggested by CHIN*,

¥ Cited by FELLENIUS<'7*
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-He observed that the stress-strain Eurves for
direct shear and triaxial tests are approximately
hyperbolic_as are the leoad-settlement ralaiionships
for piles, By the Chin's methad, each load value 'is
divided with its cbfrespcnding movement value and
the resulting value is platted ag#nist the movement
as shown in Fig, 3,12, after some initial
variatibn, the plotted value fall on a straight
line, The inverse slope of this line is the Chin's

failure load,

Pile Lnad Tests

(1) Criteria of-Faiiurg

In order to measure, specify or discuss the
ultimate load capacity of a pile it isrnetessary to
establish what is. to bé understood by 'failure;.
Vhere a maximqﬁ load is reached which éither.drops
or is sUstéinad as the pile settlement is
increased, the definition of failure presents ne
problem as lohg as thé settlement at which this
state is reached is tolerable, For many piles, as
with most sptead‘footings,'this ideal failure
criterion cannﬁt be applied (BRARND et al,‘sf.and it

becomes necessary to define failure in terms of

46




gsome rather arbitrary value of the plle sesttlsamant,
It is impossible to egtablish one méximum |
permissible gsettlement for afl piles under all
tircumstances, .and the many existing criteria of
failure based on allowable settlemeﬁt have
Qenerally.been established to téke account of the

worst combination of circumstances,

TERZAGHI* suggested that the criterion of failure
for 5 single piie should be taken as a settlement
of 0.1D. This will lead to extremely large
settlements,'for large diametet piles under their
design loads, Such a criterion also has the
disadvantage that it does not differen;iate between
elastic and plastic settlement, for it is the |
lattef which truly determines tHe imminent onset of

large vertical settlements for small load increase,

’

For pilés Qh;chiare éssentialiy friction piles, it
would perhaps.seem logical to define failure as the
settlement at which the ma%imum shaft resistance is
'mobilized. This settlement is generally small
compared to that required to mobilize end

resistante.

¥ Cited by BRAND<<*
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K

' . Table-3.5 : Bome codes and spaciilcations for Pile load tests,

City or Settle- Test Load Max.Permi- Other Time set- Safety Load Test
Organiza-  ment Cri- ---—----- ssible Settlement tlement Factor Reg.d Over
tion terion Design Settlement Limits Limits ton
Load (%) in./ton
New York Net . 200 0.01 1 in.gross 0.001 in 2 30
City in 43 hr
Cleveland, Gross 200 0,01 1 in.max. -none.in 2 60
Ohio ' =4 hr.
Chicaga Net 200 0,01 C - none in 2 -
16 hr.
Washington, ¥Net - 200 .01 - l‘in.grass none in . 2 40
b.C. ' 24 hr, )
Boston, Mass RNet 200 0.5 in. no sign of - 2 -
{(total) failure
AASHO Net 200 0.25 1n. - 48 & €0 hr. - -
(total)
Dept. of Net upta 300 0.25 in. rate of none in  variable-
Highways _ (total) ‘settlement 6 hr.
Ohio €0.003 1in.
/ton
B e e e b ey ; e e b i e il Gyl el il
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The allowable é&ttlem%nt of a pile uﬁ§§? thg
design load is given by méﬁy codes, Examples of
these criteria for a number of representative
code is given in Table -3.5, It can be seen
that a factor of safety of 2,0 on the working
load is cﬁmmonly specified for the definition-
of allowable sattlement, Some codes base their
criterion of acceptability on total séttlement,
édme on plastic settlement, and some on a
combination of the two,

A logical critefion of acceptability of
settlement for a pile would take into account
the type of pile (end bearing and/or frictipn)
in question, Because o} the large discrepancy
in the settlements at which the maximum end and
shaft resistances of piles.are mobilized,
BURLﬁNﬁ et al* proposed  design criterion
established on the basis of separate
consideraﬂion of end and shaft resisﬂances.
This apbraoch willAafmogt certainly lead to
safer and more economical foundations in most
‘cricumstances as long aé the mechanism by which
the paqticular pile carries the applied load is

well understood<s?

¥ Cited by BRAND<S?
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(2) Types of Load Test

Ca) Maintained Load Test: Of the-twn‘types gf
load teét employed for testing piles, the
maintained load (ML) test is by far the most
comﬁon. The procedure adopted istto apply
éiatic leoads in increments of the’anticipated
working leoad, Increments of O, 25, 50, 75, 100,
0, 100, 125, 150, 1?5 and 200%'0f the wofking
load are often employeﬁ, Each load is |
maintained untii the sett;ement has ceased or
has diminished to an_acceﬁtable rate or until a
ceftain time period has elapsed., The working
load and twice thé working load are maintained
on the pile for7247hours or sometimes longer,
1f the {oad is increased to failure, thiS is.
done by reducing the increments where failure
is imminent so that the ultimate load capacity
can be accurately measured, ' |
(b) Constant Rate of Penetration Test:
The_cunspant rate of penetration (CRP) test waé,
first proposed by UHITAKER* who sgggestedlthat
a pile could be treated as a probe qsed for

measuring soil strength, The test is

¥ Cited by BRANDS
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carried out by continuously Ioaqing the pile so
that it penetfates the soil at_a constant rate
while the load is measured continunusiy.‘The
rate of penetration selected is usually that
used in sheafing‘soil sampies in the uncenfined
compression test €(0.0012 in/min), but the rate
does not significantly affect the ultimate load
(WHITAKER,™*), As the.ultimate load capacity is
appraached,-very little increase in ldad-is
réqﬁired to maintain a constant rate of |
penetration, and the ultimate bearing capacity
is reached when the continuous-vertical
vaements result in no increase in the
penetration resistance,

Good agreemént has been found to exist between
the ultimate loads measured by the ML and CRP
tests of the CRF test, hnwever, has been voiced
by ELLISON et al*® on the grounds‘that it does
not represent the type of loading to which a
pile is subjected during its working life.-They
réiso repnrted that  this teat'tendéd tﬁ over-
estimate the ultimate load capacity of bored

piles in London Clay,.

¥ Cited by BRAND<=?
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It i3 obvious that the settlement recorded for
a given applied load in the CRF test will
always be lower than the cohparative settlement
for the ML test,,because'nﬁ'time is permitted
?DF plastic settlemént undér sustained lbad;
thig is a disadvantage of the CRP-test}
Otherwise, the CRP test has the great advantage
that it can be carried out very quickly, As
long as sufficient experience is Jathered with
the CRP test in:the pPrevailing subsoil

conditions, and if initial correlation studies

are made, the CRP test is génerally to be

preferred to the ML test,

(3) Estimation from Load;Settiement Curve:

- Where no strain measudrements are taken in the

pile from which to determine Qp and Qf an

estimation of these separate resistance can be

b o

made on the basis of the 1bad*sett1ement curve
VAN-UHEELE* observed from many load tests oan
piles driven into a sand stratum that the
elastic compﬁession'ofrthe‘soil at ﬁhé pile toe
was difect}y Proportional to the applied load

(ML test), He showed that, since the total

Cited by BRAND<=>




éettlement @of a pile is composed of plastic
settlement plus the—elastic compressions of the
pile and saoil, the elastic ﬁampréssions could
be taken as the elastic rebound of the piie
afﬁer un;oading.

In order*to separate end bearing and shaft
friction by the method of Van Wheele, it is
necessary to load the pile to failure and to
megasure elasiic rebound after each load
increment, The elastic compression of the
subgrade is equal to the elastic rebound minus
the elastic shortening of the pile, The elastic
shortening 1is determined either by direct
measurement or ffom an assuméd.distribution of
load along ﬁhe pile length, BULLEN* assumed a
linear distribution of %kin friction with depth
and found that the elastic shortening ﬁf a pile
is équivalent to that obtained by compressing
the pile with_an axial leoad varying between 1/3
to 2/3 of the total shaft friction, depending
on the distribution of the frictional force. He
suggested, that elastic shortenings computed on
the basis of an axial load equal to one half of
"the shaft 1load gives values which are
acceptable éstimates of actual elastic
compreséions.

¥ Cited by FELLENIUS<'7?
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JAIN &.KUMHR* proposed a-relaxatian'technique
for wse with Van weeie's method, The shaft
friction is first calculated on the assumption
of ﬁﬁ elastic shortening, This computed shaft
load is then used to determina the elastic
shorteniﬁg, which is then used to determine the
shaft load, etc. Successive approximations of
this kind eventually lead to éqmpatible values

o% shaft and end load,

¥ Cited by BRAND*S?
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CHAPTER—4

4,1, Introduction

The exact analysis of a pile theoretically is
impossible because of higher degree af
indeterminaﬁcy and of unpredittaple behaviour, Pile
may.Ee analysed thecoretically in many ways
considering the empirica; relations and suggestions
offerred by numerous aﬁthors. This chapter deals |
mainly with the classification of piles, the method
of anaiysis oflpile load capacity, the effect of
installation method on pile load capacity and the

factors on which the load carrying capacity of a

pile Hepend.
4,2, Description of the Piles

Depending on the diameter,'piles may be classified
as micro-piles, mini—piléé, small diameter piles
and large diameter piles, The term micro-pile is

commonly used for piles having diameter less than
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approximately Z50 mm, although somstimes, ths term
js restricted to those with diameter 150 mm or |
less, The term mini pile is used to cover the range
of piles having 150 to 250 mm diameter, Piles are
.referred to as small-diameter when diameter is less
than 600 mm and large-diameter when‘diameter is

greater than this nominal size,

The piles considered in the present study are small
diaméter, bored, cast in place concrete piles, The
piles are of diameter 450mm and 500mm with lengths
from 15,25m to 21,34m, The method of boring was
mostly rotary drilling method and bentonite slurry
was used instead of complete casing, A short length
(4m to Sm) steel casing was used at .the top of the
hqle in drilling and cancret?ng opération which was
removed after completiﬁn of the concrete pouring
aperatioh. After completion of the drilling upto
required depth the'bore hole was washed by water
circulation method before concreting, The conérete
having 5 iﬁch to 7 inch slump was poured with thes
help of a tremie pipe successively, by keeping the
tip of the tube within the concrete so as to avoid

the contaminatian,
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4,3 Analysis of Piles .

The exact calculation of the load carrying capacity
of é pile is a complex matter which is based partly.
on.thebretical concepts but mosily on empirical‘
methods based on experience, The practice of
calculating the wltimaté load carrying tapécity df
a pilé based-on the principles of soii mecﬁanics
differs greatly from the application of these
princiﬁles tb shallow'spread foundations, In the
latter case the =2ntire area uf'soil supporting the
foundatioh is exposed and can be inép&ctedland
'sampled to ensure that its bearing characteristics
conform to those deduced from the results of
axploratory boreholes and soil tests, For spfead
foundations virtually the whole mass of the soil
iﬁquented by the béaring pressure remains
undisturbed and unaffected by the cbnstructionaln
oﬁerations, Thus the safety factor against general
shear failure of the spread foundation and its
,settlément under the deisgn working load can be
.predicted from a knowledge of the physical
characteristics of the undisturbed soil with a
degree of certainty which depends only on the
complexity of the sbil stratification., The location

of thé failure surface for a deep foundation is
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less well known than for shallow faundatians, and
depeﬁding on the location and shape of the sﬁrface
assuﬁed, invéstigators have calculated vérious
values for bearing capacity factors, Fig, 4.1 shows
some of the pattern of failure that have been

assumed in the theoretical analysis,

The conditions which govern the supporting capacity
. of the piled foundation are quite differeﬁt. No
@attef whether the'pilé is installed by driving
with arhammer, by Jjetting, by vibration, by
jacking, screwing or drilliné, the soil in contact
with the pile face from which the pile derives its
support by skin friction and‘its resistance to
lateral loads, is completeiy disﬁurbed by the
hethod of installation, Similarly, the ﬁojl.beneath
tﬁe toe of a pile is compressed or loosened to some
extent which may affect significantly its end
bearing resistance., Changes takes'piace in the
conditions at the pile soil interface over periods
of days,,moﬁths or years which materiaily affect
the skin friction resistance of a pile, These
cthanges may be dus to the dissipation of excess
pore water préssure, id the relativereffects of
friction and cohesion which in turn depend on the

relative pile—to-socil movément and to chemical or
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electra—chemfﬁar ef}ects cavsed by the hardening of
the concrete or the corrﬁsion of the steal in
contact with the s0il<®? The éub—soil strata of the
piles used in the present investigation #re shown
in Figs, 4.f‘£o 4.6, Some of the physical and
engineeriﬁg properties of tke soils are also

‘indicated in the figures,
4.3.1, Piles in Sand;

Piles in sand have been analysed on th@:basis of
simplified formwlae, The skin friction values aré

calculated using the ¥ollowiﬁg formulae:
Qs = As Ko+ tans . (4,1)

.whare Q¢ = Shaft frictional force at
pile faiiQre
A= = Area of Shaft
K = Co—efficieﬁt'of,earth

‘pressure

: . = Effective vertical presure
“and
§ = Angle of wall friction

between pile and soil
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o S.P.T. E PILE DESCRIPTIONS OF SOIL
” 0 20 30 a (P) '
L DARK GRAY VERY SOFT CLAYEY SILT WITH -
42 SAND CONTAINS O-RGANIC. MATTER
I | 50| v WL - .
— D60 =.06mm - ’
‘ LOSS AT IGNITION =127
! L jo=o AT 9'-6" TOI'=0" |Lw =65,Py =30 ,¥ =l14pecf.
- Qu = 699paf” SAND =39/ CLAY.
13-0 " SILT = 43/ lB/
2 2 |is-of REDISH GRAY SOFT TO MEDIUM CLAYEY
SILT WITH SAND '
7 |s0t0 LOSS AT IGNETION [.757
7 \\ + Lw =54 | Y = 116 pct. |SAND 337
N 23%0" Pw =226 | Qu = 577psf ,:ElLT 53‘/. :
20 20 |2540! LIGHT BROWN VERY-STIFF SILT WITH SAND "LITTLE
CLAY TRACE'MICA /)
L Ly =33 SAND 217,
23 R s Pw 526 | SILT =737 ‘
\ 33™-0" Y= 129pcf | CLAY=67 .
28 \ |24 |asto" LIGHT BROWN MEDIUM TO DENSE SILTY SAND
\ TRACE MICA .
 Naz { a0t SAND =877 .
32 32 40%0 SILT =137 | C = 129psf
43¢’ CLAY = O/ @ = 37°
28 28 145%0 LIGHT BROWN MEDIUM SAND WITH
SILT TRACE MICA.
20 |so-g’ SAND e TG '_/.
29 SILT =247
/ 530 .CLAY =07
22 [ 22| =s¢ 'LIGHT BROWN DENSE SILTY SAND
TRACE MICA |
28 ‘ 28 |60-0" SAND = 352‘:/..
SILT. = 187
/ CLAY = 07,
24 24 |65-0"
28 \ 28 |7d-0"

FIG.42. SUB SOIL INVESTIGATION BORE LOG AT -LOCATION OF PILE P1
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Q S.P.T. k| PILE DESCRIPTIONS OF SOIL
o 0 20 30 g | ‘P2 '
REDDISH BROWN SOFT TO MEDIUM SANDY SILT
o 5. 0" WITH CLAY. '
Lw =54, Pw =24
. SAND =17 /
- 10-0 SILT =557
5 g 4
\ 130" CLAY =27/
29 15- 0" REDDISN BROWN VERY STIFF_WITH SAND AND CLAY .
70" Lw=38 |Y= I3Ipcf‘|SAND=22/ SILT =53 / I CLAY =25/ '
| By 2 : .
200" REDDISH BROWN SANDY SILT WITH CLAY'
29 g:lan = 1977 q, = 647 pst B
LT =557
v 23'0" Ay =387 |
9 25-8 LIGHT BROWN STIFF CLAYEY SILT WITH SAND 7
28'0" s-AND=23£Isn_T =60 '/.l cLay =7 /
10 30-0' LIGHT _.BROWN MEDIUM SAND WITH SILTTRACE ~
\ CLAY MICA. .
24 N 389 SAND = 67 /.
SILT 229/
. n CLAY = 4./
28 40-0l '
42-0 _
26 450 LIGHT BROWN MEDIUM SAND TITTLE SILT
' TRACE MICA.
o SAND =93/ C = 3i7psf.
21 50-0 st =774 . @ = 31°
53-0 CLAY .='0/. .
1 ¥
24 550 LIGHT BROWN MEDIUM SAND AND SILT
\ TRACE CLAY,
I .
26 60-0 SAND =82/
/ e sILT =18/
A
vl b CLAY = 0/
24 65-0 v
o
\. e f]
28 7001 k-
\ ©
32 N\ |zstd| (9
\ .A‘
L) ‘5
a7 N 80-0 y
8s'-d
¥ L
90-0

FI1G.4-3.5SUB SOIL INVESTIGATION . BORE LOG AT LOCATION OF PILE P2
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' T
e S.P.T. N PILE DESCRIPTION  OF SOIL.
vl 19 20 30 a | (pp
GRAY VERY LOOSE SILTY FINE TO MED
7 . SAND [FILLING SOIL)

SAND = 63%
SILT = 374

3
9 BROWN AND GREY STIFF SILT WITH
. CLAY TRACE FINE SAND. _
LW = 49.00T0 37.00 q, =15°05 Psi TO
8 PW = 26.00T0 23.00 2061 Psi
< weT =126.0070 123.00 PCF ‘
\ SAND = 27 .
SILT = 817 '~ " .
10 \ SLAY = 177 AT UPPER 13-0 TO 14-6 LEVEL
2L AN BROWN MED. DENSE TO VERY OENSE
\ o MED. 70 FINE SAND WITH SILT.
32 N '
SAND:822
SILT = 187,
30
30
40
L2
e f "
L8 60-0
L8 65 -0
/N
10 ld

- FIG 144

SUBSOIL INVESTIGATION BORELOG AT LOCATION OF PILE P 3
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& S'P'T' a PILE DESCRIPTION OF SOIL.-
ol 1w w20 G | AP) '
_ - GRAY VERY LOOSE MED TO FINE SAND
R 5-0 WITH ST {FILLING SOtL)-
< 3
95 ; = A ] ot o
) SAND 79,/} AT L-6 T06-0 LEVEL,
RS SILT = 21%
214 00 1B
'1"5,\
s
- bo .
! ~ 10-0.
16- Cgo
e bl BROWN GREY STIFF
| 1962 [ 08, SWT TRACE FINE SAND - ,
10 e hA| b‘é" z AND CLAY. i
in 0 lw-356 | SAND=84 | g258°
25-0 Py 22100 | SILT = 854 S
17 W '
: ' Swer 12 3| CLEY=7L . C-150 Pst
o qu 1053Pst
20 300 _ _
BROWN MED. DENSE TO DENSE
' SILT AND FINE SAND.
30 354
- . iPon F
SAND= L5471 1 39.4 70 41-0 LEVEL.
' ‘o SiLT = 55%
5q L0-0
50 ' 4L5-0
. »
49 50-0
55-0
I
60-0
rfr
65-0-
i
70-0

. FIG:4-5. SUB SOIL INVESTIGATION BORELOG AT LOCATION OF PILE P 4
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= S.P.T. = P;.LE DESCRIPTION OF SOIL.
d w
v 120 30 a >
REDDISH BROWN MEDIUM STIFF TO
5.9 STIFF CLAYEY SILT, TRACE
3 FINE SAND.
L. Lw =4800 g, =10 TSF,
7 10-0 Pw 2526 8 = 57°
WWETIN5.00 PCE ,
. SAND=1T0 4% ¢ 92 Psi
? - 15-0 SILT¢'CLay 99 1096
l ]’:6
9 400 LIGHT BROWN. MED. STIEF SANDY SILT TRACE CLAY-
] LW' " :;Ls SAND= 21 g=16°
6 25-0 z"?P SILT CLAY=797 (=43 Ps).
\ 3 ‘CF' Qu= “85 TSE
\ 5
16 30-0 LIGHT BROWN MEDIUM DENSE 10 DENSE
/ 13- v SILTY FINE SAND:
1 350 | SAND 62'--79-/-
. FEUE 38-2L7% -
X N
5 400

28 \ 550

\
\ L
3 ] 65'6
2 7
2 / 76-0
60 N ”

FIG:46.  suB SOIL INVESTIGATION BOREHOLE AT LOCATION OF PILE R5
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Taking the coefficlent of sarth pressure at rest
equal to wunity ( K=1 ) and the value of & =

.75¢<=>, the expression stands for

Qs = Asc. tan ¢,75 ) (4,2
The vertical effective stress c. was considered
beyond the critical depth ..

The end bearing resistance for cohesionless soil

is determined from the formula as follows:

Qe = AorwNg ‘ ' : (4,3)

wheer Q- = Load carrilied by pile end

only
A = Area of pile base
Ng = Beéring capacity factor

The values of Nq.are.taken from -the relation
proﬁoaed by_Beﬁezantsev* and . is taken as
const#nt béyond criticél depth, The ¢ value are
taken from Sub-soil iﬁvéstigation (Fig, 4.2 to Fig,
_A.é). In case of unavailability of @ value;
empirical relatioh'suggested by Pack, Hanson and

Thornburn<'®> (Fig, 4,7), is used,

&6
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4.3.,2, Piies in Clay:

The pile portion embeded jn‘:lay has been snalysed
using the simplified relations and empirical
formulae. The shaft resistance for cohesive soil is

calculated from the relation:

Q¢ = A=xC , . (4,4
wheré % = Adhesion factor and
C = Cohesion of soil
The values of « is taken from Fig., 3.] and the

values of ¢ were determined from unconfined
compression test or triaxial test, Empirical
relation of C = N/16 Tsf 2> was also used for
estimation of cohesion in case of nonavailability
of test data, The locations of ;ater table were
considered in the design are shdwn in the soil

borelog (Fig, 4.2 to Fig, 4.6,)

In determining the shaft resistance of a pile
segment‘the‘average values of ¢.oric were taken,
For very soft or compressible layer the frictiqnal
resistance of shaft was ignored, In case of soil
lying below water'taﬁle,rthe submerged unit wt, of

the soill was considered, In calculating the end

€8




4 ‘ reslstance the g-value cﬁﬁﬁidaréd is the average of
tﬁe values between one diameter balgg the iip of
the pile and 2—-diameter above. the tig of ihe
pile‘“{laﬁ is considered in case of'§ Dutch cone

penetration test,
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CHAPTER—S

5,1, Introduction

This chapter dés:ribes the different procedures for
load test of é pile, Three types of load tests such
as ﬁaintained load (ML) test, constant rate of
penetration (CRP) test and method of equilibrium
test are mainly concerned, The relgtive advantages
and disadvantages or the suitability of the three

methods are also compared,
5.2 Test Procedure

Two principal types of pile load test are commonly
carried out for combressive loading on piles; the
maintained ldad test and the constant rate of
penetration test.rlq constant rate of peneﬁration
test (CRP)Y the ;ompressive_forfe is progressively
increased to cause the pilé~to_penetrate the soil
at a constant rate until failure occurs and in

maintained load test (ML) the load was increased in
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stagses to some nmultiple of wcrking load, 1.5 times
" to twice and the time—setﬂlement'curve is ploted at
each stage of lcading and unloadiﬁg. The ML test
may also be taken to failure by progressively

increasing the load in stages,

Another common procedure for-compressian test is
the method of equilibrium, The principle is to
apply to the pilé, at egch stages of the test, a
load siightly higher phan the required load and
‘then to decreagse the load to the desired value, In
this case the rate of settlement diminishes'much.
more rapidly than with theé maintained load and
equilibrium is reached in a matter of minutes

rather than haours,

The CRP.test procedure is best suited to determine'
the uwltimate bearing capacity df a pile and is
theraefore applied only to preliminary test piles or
research—-type iﬁvestigétions“a’u The CRP test is
not, howevere, suitable for checking the compliance
with the specification or requirements for the
maximum settlement at given stages of ioading. The
ML test is best suited for contract work,
particUlarly'for proof loading test on working

piies. The load at each stage is held for a minimum
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period of one hour or beyond this period if the
,ra}e of settlementlhaa not decreased to 1ess than
o.i mm in 20 minutes , If it is desired to obtain
the wtlimate load on a‘prelimihary test pile, it is
useful to\ad&pt the ML method for upto twice ther
wofking load and then to tontinue loading to
failure at a constan;'rate of penstration, A
further modification of the ML test consists of
returning the load im zero after each increment,
This fbrm of tést is necessary if the net
settlement curve is used as the basis of defining

“the failure load,

CEP and ML test use the similar type of loading
arrangements and plile preparation, Suitable load
arrdngements for aﬁplying the_lbad to ﬁhe pile is
using hydraulic jacks and the reaction beam, The
loading arrangement is done either by the tension
piles, kentlédge or cable anchors, The minimum
cleérance between thé pile and the reaction support
systems is tp bé maintained to avoid the induced
horizqntal pressufes from the suwupports having an
appreciable effect on the skin friction and the
base load of the iest pile, It is sometimes

uneconomical to space the supports so widely apart

that all effects are eleminated, If closer spacing




18 necessary the contribution of these surcharge
effects shdu}d be calculated and allowed ?or in the

interpretation of the test results, -

In‘the present investigation:the method of load,
test employed is Maintained load (ML) test for all
the five piles.fhe load-time—-settlement diagrams
are shown in Fig,5.1 to 5.5, The increment of load
and their maintained time were reduced towards the
end bf the test (after 200% design loading) so as
to identify the failure load, The loading system
that has been used in our piling was kentledge
reaction system, In this sytem a platform was
constructed over the pile supporting the {wolsides
of the test pile by steel lt-section’'(joist) and
woodend plank, Sandbags were then placed over this
platférm to h#ve the desired load on the pile
head, The ibéd was then applied into the pile heéd
with the help of a load ceolumn and the mechanism
used in this éystem (Hydraulic pump and

Hydrauwlic jack system?, The settlement of the pile
was measured with the help of Dial gauge
extensometers énd reference beam, The increment of
loading were followed mostly as 20%, 40%, E0% 80%,
100%, 120%, 140%, 16€0%, 180%, 200%, 220%, 240%,

260%, 280%, 3200% of the design load, After loading
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IN mm

"PILE NO. Py

TSITE! MOGHBAZAR

DAL OF PILE§ -
LENGTH OF PILE Y
" DESIGN L0AD 3
LOAD APPUED V'

a
bl

MET SETTLEMENT

MAXe SETTLEMENT

PN

-

& 28.mm

15"
50-90"
60 TONS

220 TONS

TS

-

T 180

Q-

mm

443 0

ol
L]
SETTLEMENT

-

FIG.5.1. LOAD-TIME- SETTLEMENT DIAGRAM
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SETTLEMENT

PILE NO., P .

SITE. MOHAMMADPUR AT DHAKA
DATA ¢
DI'A. OF PILE: 18"
LENGTH OF PILE? 60- 0"
DESIGN LOAD* 60 TONS
APPLIED LOAD? 180 TONS
MAX. SETTLEMENT 5203 mm
NET SETILEMENT® g5 mm

LOAD 1N TONS

ia '9"5. ity

T
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i
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12
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SEOTAGRAR =

F.-'IG.5.4. LOAD-TIME-SETTLEMENT DIAGRAM -
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SETTLEMENT

_PILE. NO = pg L
"SITE T SENATRALLAN “SHANGSTHA

PILE DIA : o
PILE LENGTH: . .63-4. .
-DESIGN . LOAD" - | 00J0NS- ¢

PAPPLIED “LOAD?! i@~ 204 TON
TOTAL  SETTLEMENT. . - *  6BSmm.
NET SETTLEMENT I8 mm,
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FIG.5.5. LOAD- TIME-SETTLEMENT DIAGRAM
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the loads were rel&aﬁea in a decreasing rate, No
load increment upto 200% of design load were
maintained for less then one hour-peribd. The time
period maintained for 200% of design 10adlfor pile
! to 5 were 18 hours, 22 hours, 12 hours, 10 hours
and 2 hours respectively, Due %0 mechanical fault
pile Pz was subjected to load upte a period of Zﬁh
“hours at 60% of design load, For similar feasons,
pile Ps was kept under 180% of design load for.a
period‘of only 3 hngrs. It was not possible to
apply a load mgfe_than 290% of design load due to
the risky condition of the platform in pile Pz and

Ps,
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CHAPTER—&

6.1 Introduction

The regults aof plle capacity pbtained from the load
test of five test piles from three different sites
of Dhaka city are presented in this Chépter. Their
theoretical analysis are also presented, Prediction
of pile capacities from the theoraetical analysis of
the piles are based -on different considerations and-

empirical relations,
€.2, Presentation

The iheoretical pile capacity has been determined
considering the basic equation as described in
chapter-4, Since the variébles in the-general
equation do'nAt Have #ny unigue value far
perticular_soil—pile condition, the analysisldoés
nbt vyield an unique solution, In the theoretical
analysis the bearing capacity factors and other

variables 4s suggested by the different auvthors and
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.  investigators such as H,G,POLOUS and E,H,DEVIS<=>
M.J.TOMLINSON<<>, VESIC<=>, MAYERHOF and

VALSANKGAR*“'** etc, wers considered,

Table-6.1 ghows the identific#tion of piles with
their location and spécificatian. Table-6.2 shows
the comparison of the load test results with the
theoretical results considering the design
parameters suggested py H.G,POLOUS and
E.H.bEVIS‘z’. Similarly Table-6.,2 contains the
theoretical valués with design parameters Suggested
by M}J.TDMLINSDN‘E’ and Tables-6.4 &% 6.5 shows the
theoretical values according to H.J.TGMQINSDN and
MAYERHOF <=~ respectively, Table; 6,6 contains the
theoreticél values by taking into consideration the
critical depth concept, The pile capacity from thé
load test values for all the five tables are
calcuiated using the Devisson's prediction method™
on actual loadrgéttlement curve, The concrete
tylinder strééth wa5 considered to be 2500 psi in
calculating thé axigl.deformation of the pile to
apply in Devisson's prediction method, In
calculating the theoretica; capacity. of piles N-
values from soil investigation'rebart i.e, field
value was considered rather thén the corrected N-
values as suggested by Tomlinson<s?®,

¥ Cited by Fellenius, B, H, < s>
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S1.N¥o. Pile No. Location of the  Pile Length File Diameter
site of pile . (L)t (D) (inch)
1 2 3 4 5
1 P; ¥ogh Bazar 50 18
2 Pz Mogh Bazar 70 18
3 P Mohammadpur 50 : 18
4 Pa Mohammadpur 60 18

5] Ps Motijheel 63 : 20

51.Na. File No. Pile Capacity Pille Capacity Variations of the

from theoriti- from load two results.

cal analysis  test value

Quitheor* Qu{test) ¢ Qu{test)-Qu(then)

(Ton} {(Ton} = = - X100
CQu (test) ‘

1 2 3 4 5 :
1 P3 60 | 215 72%
2 P 94 225 58%
3 P= 122 163 25%
4 Fa 176 170 3.5%
5 Ps 189 204 = 8%
* The values of column 3 cbtained on the basis of calculaticn

suggested by H.G. Poulos & E. H. Davis<=®" (1.2) -

¥+ The load 204T may not be the ultimate capacity.The pile may take
more load.




Table 6.3 :Comparison of test and Theoritical capacity of piles.

5l.No. Pile Xo. Pile Capacity Pile Capacity Variations of the
from theoriti- from load two results,
cal analysis test value
Qu {then) * Qutest). Qui{test)-Qu (theq)
{Tons? (Tons)  ———rmmmmmmmm X100
: Quteszt)
1 2 3 4 5
1 Py 84 215 61%
2 Pz 139 225 38%
3 Pz 113 163 31%
4 Fa 124 170 27%
5 Ps 22 204 9%
¥ The values of column-3 obtained by Tomlinson's methad®®’ with a

modification of considering ¢ at loose condition though the method -
of drilling during pile installation were 'rotary circulation
methad. : .

51.Fo. Pile Ra. Pile Capacity Pile Capacity Variations of the
from theoriti~ from load two results. '
cal analysis test value
Qu{theo) s Qu (test) Qu {test)-Qu (thea)
(Tons) (Tons) 100 —————mmro -
Qu{test)
1 2 3 4 5
1 P 228 215 6%
2 P 277 225 23%
3 P 286 163 75%
4 Pa 283 170 66%
5 Ps 389 204 Q0%
* . The values of column 3 gbtained on the basis of calculation

suggested by M.J. Tomlinson<®?,
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Table 6.5 : Comparison of test and Thearitic;l capacity of plles,

S1.NWo. Pile XNo. Pile Capacity Pile Capacity Variations of the
' from theoriti- from load two results,
cal analysis  test value
Qu{theo)* Quitest) Qu{test)-Qu{then?
. {Tons) " (Tonsy = e ——— X100
Qu {test)
1 2 3 4 5
1 P 148 215 31%
2 P 230 225 2%
3 P 182 163 12%
4 Pa 162 170 5%
5 Pe 277 204 36%
* The values of column-3 obtained using the increased critical depth

over Tomlinson's value for submerged sand as suggested by Meyerhof
and Valsankgar.C :

Table 6.6:lCﬂmparison of test and Theoritical capacity of plles.

S1.Ho. Pile Fo. Pile Capacity Pile Capacity Variations of the
from theoriti- from load two results.
cal analysis  test value
Qu(theol# Quitest) Qu (test) -Qu (theq)
{Tons) (TGNS) ittt X100
) RQuitest)
1 2 3 4 S
1 P4 198 215 8%
2 Pz 287 225 28%
3 Psy 154 163 6%
4 Pa 171 170 0,6%
5 Ps 234 204 15%
¥ The values of column 3 obtained uging Tomlinson's critical depth '

value suggestion for loose soil condition and ignoring submerged’
effect in calculatiang the effective vertical stress.
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criticism of the different theoretical approach for

CHAFPTER—7

DISCUSSIONS
7,1 Introduction

The observation of the work done in this study is
analysed and discussadlin this chapter: Tﬁé
discuééion is made in two sub—ﬁeadings; one is
general discussion and the other isldiscussion on

results, General discussion includes mainly the

overall methods and considerations of design and ‘

execution of the project piling and their

limiations, Discussion on results includes the

determining pile capacity; the variation of tesp‘

regults from theoretical predictions and factors

influencing pile capatity,
7.2 General -

Theoretical pile load capacity were calculated
using the methods suggested by different authors
such as Tomlinson<®-<*, 6 Whitaker, Poulos and

Devig =" gnd Uusing the soil parameters as suggested

S5




by Tomlinsen, Vesic, Eé}ezantzév, Héygrhﬂf and
Terzaghi, Pile load ctapacity from load tests were
calculated following different code of practice.

In the calculation of pile rapacity, the effect of
load releaseq by the excavation of the soil for
load test upto cut off-level was not considered,The
submerged unit wt,of soil as per so}l investigation
report, tHe principle of :ritical deptth and maximum
permissible end resisyance and frictional
'resiétance etc, as discuﬁﬁed in Chapt.? were taken

into consideration,

The éegree aof disturbarnce of soil surrounding the
pile and below the end of the pile is difficult to
prédict. As suchlconsiderable Judjement has been
applied to estimate the effect of lodsening of the
soil and also of the bentonite slurry on the

theoretical capacity of piles,

It has been considered that for piles in sand, the
skin frict;on of the shaft and end bearing ﬁf the
pile are iﬁdependeﬁt of the depth i,e, overburden
pressure beyond the critical depth‘but dependent
only on the shear strength and relative density of

the soil,
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Because of the effects of overburden presure the
results of the pile capaciiy will vary with time
and climatic conditions because of change in ground
waterp level, When ground water level is at Righer.
position, the effective pverburdeﬁ pressure becomes
less due to bouyant weight of the soil and vfce
versa, In this project work when load test was
tarried out, the position of the water level was
not same as that repﬂh;ed in the soil invéstigation
repor£ and waé used ;o estimate the pile capacity,
As a result, descripancy between the théeretical
and actwal pile capacities may exist, rwhich could

"not be ascertained quantitatively,

Soil investigation report does not provide éll the
design parameters needed for the analysis of a
pile, In case of,una#ailability of useful data the
empirical relations and experiences of the previnus

authors were used,

When load tgst is parformed the total load on the
platform may rnot be transfered to the pile'for all
time of load application and it may cause an

increased overburden pressﬁre or surcharge in thg

vicinity of the pile. Hence inaccurate estimate of

87




the carrying capecity of the pile wouwld occur which
could not bé correctly accounted for in present

calculations, .

The test result is very much dependent on the test
procedure and the method which is used to evaluate‘
the test results, Moreanver, workmanship and
construction method is a major point affecting the
carrying capacity of a pile. For example excess
bentoniﬁe lessen tﬁe friqtion ete, and insufficient
bentonite causes siltation and cgviné, hence
reducing the end bsaring regiestance znd damaging
the uniformity of the hole and resulting in over

estimation or under—-estimation of pile -capacity.

The ground water level in Dhaka city lies between
the depth of approximately 18'-0"% at Uttara and
&€0'-0" at New Eskaton according to Dhaka WASA
report in the fear 19285, In the sites at Moghbazar,
Mohammadpur and Motijheel the grnuﬁd watér_table
lies beioQ 37f-0" as per Dhaka WASA report of 1982
and be;ow 45'~0" asper report of 1985, Therefore,
in the analysis of pile capacity consider the
submerged wunit weight of soil below the above

mentioned depth, It may be possible that pnsftion

of water table shown in the soil investigation




report is not actual ground water table position
rather the entraped water within the soil,Sometimes
it was observed that the Quantity of concrete that
shouwld have bheen required for.cons}ruction of a
pile theoretically did not conform with the actual
requirements, This may arise mainly due to
variation in shrinkage factor and the relative

dimension of bore hole with respect to pile dia,

The load test procedures actually followed does not
conform strictly to any standard:method or "codal
rule and the same applies to the case of load
appl{caiion and load duration, The method of
settlement measurement such as fixing of dial gaugé
wiﬁh réfarence beam and extension rod, length of
the reference beam and distanfe of the support of
the kéntledge pad also dbes not always ensure the
reguirements of standard procedure. Both dial gauge
extensometer and optical leveling method from a
remote reference poiht'should have been used for
better resqlts The load transfer system should be

. as much as concentric as possible by using

spherical seating (ball and socket) arrangement.

On the light of above discussion it is apparent

that an accurate estimate of pile capacity can not
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be expected from lead test results in our fountry,
Considerable Study and research are needed to
establish the degree of confidencé level and
probability of accepting this type of load test

reéults.

The test results as well as the results obtained
from the theoreti;al analysis and other data
~relating to piles such as pile 1§cation, ﬁile
length, pile dia, etc, are shown in Table .1 to
table-6.6, The load test valueé Jiven in the tables
are thoserpredicted by Devisson’s nmethod from load-
settlgment curve ﬁloted in plain graph paperJ fhe
pPrediction of ultimate load capacity are alse
checked by the method pProposed by B}inch Hansoh'ﬁ
0% criteriqn method and Butler and Hay'é method,
Eut amdng these three results the Davisson's oane.
seems to be‘mara tonsistent for all the piles, The
Parcent variation column in the-tables”indicates
the difference'of the load capacity of pile
determined by different meth&ds‘@ith the

theoretical results .

The theoretical capacity as shown in Table 6,2 has

been calculated tonsidering that the critical depth

to pile dia ratio (Zc¢/d) 'varied from 5 to 20 for




loose to very dense sands, For boraed pile g = g'-3
wag used for‘determining Ze/d and Ng values as
suggested 5y Poulos and Davis<=*, For determining
shaft resistance g-values were taken ¢ = g' in all
cases, For end bearing, g=¢'-3, as suggested by
Pouleoes and Davis<=’, was taken because of loosing
effect, The angle of friction between the pile.
materials i.e, concrete and the soil, &, was taken
‘as 0,75 ¢ as suggested by Broms*''®, In all casés‘
maximﬁm limiting values bf skin friction of 1.0
Tsf and end bearing of 100 Tsf has been

considered<*?,

In Taﬁle—E.E the tﬁearetical capacity has been
talculated cnn;iﬁeriﬁg that the ¢tritical depth
varied from 10 to 20 times pile diamester as
suggesied by Tomlinson<*” for loose to dense sandy
seil, Due to the loosening effect as stéted abnove
the g-values are estimated ctansidering the soii as
"loose and g = 2g= was taken in calculating the skin
frictian. A value of ¢ = 30= for calculating thé
end bearing of the pile was selected becausé of the
compacting effect due to the self wt, of the raw
concrete coluﬁn (pile shaft), The angle of friction

between the concrete and the soil, §, was taken as
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0.75 ¢ as was in previous cases, In alllthé cases
the Ng values were taken according to theg curve
suggested by Berezantzev( fig,—-2.,5),

The theoretical pile capacity in Table-6.4 weresﬁ
célculatgd considering the critical depth as in
Table-£.3 but the values of & were taken as in situ
values ignoring the effect of.loesening as
suggested by Tomlinson<2?, In this case that the-
tritical values of depth (Z.) are equal both for
bored and driven piles. The valuwes of § in this

ctase also were taken as 0,75 & .

Ac:arqing.tn Meyerhof and Valsankgar<'®> critical
depth for submerged sands is 1.6 times higher than
that for dry sands. In Table-&€.,5 the values of
critical depth were takeﬁ 1.6 times more than that
suggested'by Tomlinson for submerged sand. For sand
layer overlain by a cléy layer, the increased value
of critical depth has been used in pile caﬁacity
calculation, THe'values.cf 2 as before, were takéﬁ
as 28< and 30 and § = 7% g. In case af parfly
submerged sands, the increased critical depth were

also considered, .

In Table~6.,6 also the values of g and § ware taken

10
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28=, 30= and ,75 ¢, It was considared that no water
.table is préegsent within the critical depith and"
hence no effect of submergence Qf'SQil Was
consideredrin calculat;ng the effective vertical

pressure,
7.3 On Results

It is difficult to determfne acc&rately the
capacity of a pile considering the large numbef of
variables affecting the pile capacity., The present
investigatiﬁn is aimed at obtaining a better method
of pile capacity prediction on the basis of load
test results of piles .in certain selected
locations, In fable—ﬁ.z it is found that there 1s a
wide variation between the theoretical and test
pile cépacity for pile P+ and P=, In case of Pz, Pa
& Ps the thecoretical results have the reasonable
agreement with the tested results, The variation in
the former.is brqbably due to the consideration of
low values of critical Bepth £2c assumed in
calcufation. The critical depth concept is based on -
uniform soil 13yers. In the Moghbazar area, a 10°
tn‘?S'lclay laver resté aver a loose sand layer,

The critical depth assumed for this location

cansidering & loose sand layer, This might have
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resulted in low values of ths plle capacity, In
Mohammadpur and Maotijheel. site, pile were resting
upon a very dense sandy layér and g = $'-32 were
Qsed allowing a little loosening efféct. As &
EesUIL almost entire benifit of the end bearing
might have been acheived which should be the ﬁajor
part of total capacity and therefnfe the iwo values
of measured and calculated capacitieé are in close
aggrgment. This is conprary to the results found in

Moghbazar site,

in Table-6,3 ﬁhe predicted values af pile capacity
and the load test results de not show a good
agreement, Although the critical depth of 10 to 20
times pile d;;meter ¢ higher values of critical
depth for loose sand) were considered the g- values
were taken for th; loose condition of the soil, The
submerged unit wt, of the soil below the water
position as shown in thé soil invest?gation report
were used in Eaculatinn. But the location oﬁ'water
table may not be as high as shown in the.soil
investigétion'repnrt, In s0il investigation report
of piles P: and Pz the ground water table was shown

at a shallow depth (Fig, 4.2 to 4,6), As a result

the effective vertical pressure is decreased and

gives low pile capacity and the variations becomes




as high as &B1% and 328%, In Mohammadpur and
Motijheel site the grdund water levgis are located
as low as the critical depth,-Hence small Qariétion
is foﬁnd in the value of effective vertical
pressure, And as such, the variation in the pile
capacities by theoretical and experimental mathods
are found to be small compared to Moghbazar site,
The variation is 31% and 27% and 9%, It is to be
noted here that all the results in_Table—s.Z and
Table—s.é obtained from‘theoratical analysis are in
lower side excepting the result of Motijheel site
and therefore we can say that these twa criterion
for calculating pile capacity.are conservative and

underestihate the actual capacity of piles,

The theoretical results of pile capacity éhown‘in
the Table 6.4 are much higher tﬁan that of load
test values._The trend of results of pile capacity
in this table are completely reverse to that of
results in Table-6,2 and table-6.3, The main
difference between fhe results of Table-6,2 and
Table-&.,4 lies in the consideration of ¢ values in
the_latér..The‘ﬁ_values to be thosen considering
‘disturbed or undisturbed' condition of the end
bearing so0il, In this case ¢ values are taken

tonsidering undisturbed or 'in situ' condition of
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the s0il which may not be practi:ally‘tru&. Since
the 8¢ values were considered for undisturbad state

of the soil the capacity became higher,

In Tabie—G.S.it is clear tﬁét the theoretical and
load test capacities are clgse to each other,
Aéreement may be due to consideration of higher
values of critical depth (1.6 tiﬁes) and #g-values

in loose condition,

Of all the results, (in the five tables) the
ﬁhearetical results in Table €.6 are veary tlose to
that pf the load tést value except the result of
Pile P= which shows 28% higher value. This may be
due to the fact that the pile Pz was concreted 12
hours later after the completion of the bore hole,
étill_?&% variation in pile capacity may be taken
as within close limit, The other values shnw fair

agrement .,

In Motijheel site though the theoretical results is
very much similar to that of Mohammadpur site but
variation is more in case of Ps. The cause of this

variation may be that the applied loadrin Fs is mot

failure load,




CHAPTER—3

CONCLUSION AND REGCOMMENDATION FOR FUTURE STUuDIES

The following cenclusion may be drawn from the present

study:~

1. Because of non-homogensous character of soil, the
exact analysis for a pile load Capacity is not
possible solely with the help of a soil invéstigation
repart,

2.'Fu11 Sctale pile load tests are required to estimate
the pile loadlcapacity. . *

3. The sub-soil investigation should be as much
informative as possible so as to prﬁvide all the
necessary details of the soils including water table
variatinn with time, geology of the soils etc,

4..The factors thét influence the capacity of é Pile in a
rparticular éite is the method of drilling,-waterrtable

location, amount of bentonite used in canstruction

etc,

Finaly, with the limited data obtained here, the author

could not draw any correlation equation between the
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theoretical rESQI;s and the actual finding from test
pile, However, the preéent study has been coﬁcluded that
thjs study wili not be an end in itself but will initiate
far more‘sehioﬁs studies into the problems of more
accurately pridicting the bearing tapacity of bored piles

for Dhaka city area,
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