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ABSTRACT

Many static methods and dynamic formulae are available in the published literature, for
predicting the pile capacities. So also, the procedures for evaluating the ultimate capaci-
ties based on the load test data. All these methods and procedures, instead of providing
unique answer, give different load values. Thus placing the designer in a dilemma with
respect to the method that is to be adopted.

Most of experimental suggestions are based on the results of small size piles driven in
sandy deposits, But none of these suggestions try to dwell upon theijr limitations.

In the present study an attempt has been made to analyse the behaviour of isoIat'Fd
piles, based on series of field tests, conducted on bored piles with enlarged base in a uni-
form deposit of silty sand, ] !

The performance mechanism of isolated piles have been studied, Also suggestions for
estimating their capacities based on load tests and static methods have been provided. The

predicted load-settlexilellt behaviour by the elastic theory approach does not agree with thé
observed one.,

Key words: alluvial deposit, bearing capacity, cast-in-place pile, field test, foundation,
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load test, sandy soil, static, vertical load
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INTRODUCTION .

Piles are increasingly used to transfer effectively the loads of the super structure to the '
sub-soil, when the soil conditions at the site and certain other functional requirements, dis-
card the use of shallow foundations.  Choice of the piles depend upon loading conditions,
sub-soil characteristics and technical requirements, The mechanism of load transfer by a |
pile to the surrounding soil depends upon the type of load, the sub-sojl characteristics and *
type of pile itself as shown in Fig. 1, The bearing capacity of piles consists of two com-
ponents e. g, skin friction and point bearing and contribution of each of these components
depend upon the type of soil, stratification, if any, pile cross-sections, pile properties.
One of the three general mode of failures e. g. general shear failure, local shear failure
and punching shear failure, may be envisaged in case of cohesionless sojls. But normally
in case of piles in cohesionless soils, punching modes of failure can be anticipated, due to
which, in general, a definite failure load can not be assigned to the piles. In order to
design a safe and economical pile foundation, the designer should ensure adequate safety
against failure load, the settlement under the specified loads should be within permissible limits.

cr

l

\
!
!
:

* Formerly Scientist, Central Building Research Institute, Roorkee, U.P., India.
** Scientists, Central Building Research Institute, Roorkee, U, P, Indja.
Written discussions on this paper should be submitted before April 1, 1979,




2 CIIANDRASEKARAN ET AL,

Bearing Capacity Srom Soil Properties

The ultimate bearing capacity @Q,, of isolated piles, embedded in soil is derjveq from

components, the skin friction (Qs) and point bearing (Q;) Fig. 1. '
Qu:Q,,-I-Q,r-qp-A,,-l-f,A,

where, Zp=the unit ultimate point bearing witl, area A, fi=the average skin g,

and A;=surface area of pile shaft.

Point Bearing Capacity
The point bearing is normally estimated on the basis of approaches baseq
(1920, 21) and Reissner (1924).  These solutions are applied to the be
footings ang further extended to deep foundations by Terzaghi (1943),
Buisman (1935). ' These solutions in general have the following form:

To=cNobo+ g £, -+ %—TBN,;’,

where ¢ s the shear strength intercept, ¢ and 7 the overburden pressure 3
of soil Tespectively, N, Ny, N, and £ €0 & are the bearing capacity ang shape
respectively, Both these factors are the dimensionless function of #, the angle of
friction. In the case of cohesionless materials such as dry submerged sand
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Fig. 1. Types of load transfer from pile to soil
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qlr:fiNqEq'l";;T_"MEr (1)

In the ense of coliesive naterinlg

Tp=cN o+ q (4)

The general shear patterns adopted in thege procedures are given in Fig. 2(a). However,
using the same approach but with different shear patterns: Fig. 2(b) having rupture
lines reverting to the shafts, De Beer (1945, 1948), Jakey (1948) and Meyerhof (1951)
have obtained simjlar solutions for the bearing capacity of piles and other deep foundations,
The values of N: and N, with ¢ have been provided by the above investigators in the
similar pattern of Terzaghi and Peck (1967). Herein
resistance is represented by:

9=boNet o+ L1 BN, (5)

where p, is the effective overburden pressure, The values of Ny&,
are shown in Fig. 3. The values of N, for different D./B values f
piles in sand is provided in Fig, 4 (Meyerhof, 1976),

driven in ¢, ¢ soils the average skin friction to the appl

by different approaches
or the case of driven
Average Skin Friction:-For piles
ied load is given by:
! Ss=Co+ K, potand (6)
The first part js independant of normal pressure acting on the contact area, commonly
termed as adhesion, The second part called as skin friction, is considered to be propor-
tional to the normal bressure. In the case of cohesionless materjal such as dry and sub-
merged sand the skin friction is given by:
i Ji=Kp,tand (7)
where, K,=the average coeflicient of earth bressure on the pile shaft, p—the average
effective overburden pbressure and §—the angle of shearing resistance between pile and soil,
Based on the works of Meyerhof (1953), Kerisel (1964), and Vesic (1967) Meyerhof (1976)

provides values of skin friction £, for different pile types. The variation of S with ¢
has been illustrated in Fig. 5. g

Bearing Capacity Jrom Penetration Tests

The ultimate bearing capacity of piles in sands can also he closely estimated from the
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data of static cone penetration test

/ Qu'—"Qc'Ap"‘f:A:

According to Meyerhof (1956) £; can be evaluated from the following expression for
piles

(8)

driven

g .
ﬂ:% (9)
and hence Qu=QcAp+*§%%)“As (10)

where ¢, and g, are average static cone resistance around toe and for embedded length o
pile respectively, Mohan et al. (1963) have shown J3=3./50 to §,./100. De Beer (196
investigated theoretically that ultimate point bearing capacity g, of bored pi
could be about 1/3 less than that of driven piles, Finally Meyerhof (19
ultimate bearing capacity of bored piles is reduced by 1/2 to 1/3 than tha
as calculated from static penetration test data, Using standard Penetratio

9p=4N--for driven piles (11)
2p=1.2N---for bored piles (12)

fs-_—.-%----for driven piles (13)
_/‘,:T‘g%---{or bored piles (14)

Lrediction of Load Settlement Characteristics

Poulos and Davis (1968) and Mattes and Poulos (1969) have presented, certain elast
solutions, to calculate the axjal displacements of axially loaded piles using
tions. Poulos (1972) also presented a method to predict load-settlement behaviour of a pil
or pier based on the above solutions. A linear relationship between skin friction and set
tlement and point bearing has been assumed to failure. These solutions require the ev
uation of certain elastic constants of the soil, which are ;
the recent formulations and numerical techniques such as finjte element methods also pro
vide possibilities of predicting the load displacement characteristics of piles treating them
as axisymmetry problems (Desai, 1972),

The procedures available for predicting load-displacement haye varying unrealistic
assumptions, Even if unquestioned these procedures may not be easily adopted for routine
designs. Though, logical solutions require the prediction of load-displacement character
tics, much remains to be achieved in this regard. Turther, no information seems to exi
for handling bored piles with or without enlarged base.

Considering, the necessity of understanding the behaviour of bored piles, detailed expe
imental studies were performed on bored isolated enlarged base piles.  The experimental
investigations were attempted to study the following aspects which are considered to be
significance (a) Understanding the load displacement characteristics of isolated piles and t
assess the load taken in skin friction and point bearing (b) to suggest the procedure fo
estimating the bearing capacity of bored piles based on the information available in th
published literature (c) to assess the bearing capacity of pile from load test data (d)
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Fig. 6. Layout of test site
Table 1. Detalls of test-facllities
Plle Detalls
1. < Under- - Depili
Type Shaft i below Type of Test Remarks
No. Diameter Di;ﬁg;:ﬁ_‘l Ground Dcs[gntni-on
cm s Level
m 5
ﬁ::iilrereamed 15 37.5 3 ghjgé to Compression 5 numbers
Milform 15 o s UP Uplift One number
Uniform i With air gap
dlanister 15 — 3 ucCl Compression atibatiom
: SITE CONDITIONS ’

The experimental investigations were performed at Dhandhera, a place situated in the
South-East direction to Roorkee at 5km distance. The test site forms a part of the Can-
tonment area. Geologically, the site and the adjoining area fall within the Gangetic plains
of the Northern India. Mainly the soil deposit encountered could he considered to be a
part of the alluvium deposit. The surface accumulation of the Gangetic alluvium consists
of sand and silt and in deeper depths clay medium. The sandy silt deposit encountered in
the area is of considerable thickness. This site was chosen because preliminary explorations
revealed that the site contains uniform silty sand deposit. Upto the depth of 8.0 metres
the characteristics of the sub-soil remained the same. Water table was located below 8.0
m depth.

Detailed soil exploration of the site included exploratory borings with standard penetra-
tion tests (SPT), dynamic conc penctration tests (DCP), static cone penetration tests
(SCP), and collection of undisturbed samples. “The relative positions of five exploratory
borings, nine deep dynamic cone penetration and 8 static cone penetration tests are also
shown in Fig. 6 and Photo. 1. Standard penctration tests were performed according to
the existing Indian Standard IS : 2131-1963. Deep dynamic cone tests were performed as
per Indian Standard IS : 4968 (Pt-1I) 1968.

Ranges of particle size distribution curves are shown in Fig. 7. These ranges cover the
entire area and in as much reflect the gradation of soil collected from different boreholes
situated at different positions. The results of the static cone penetration resistance are
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shown in Fig. 8. The skin resistance and cone resistance are separated and are given in
Fig. 9. The results of standard penetration tests are presented in Fig. 10. The figure
presents the observed spoon resistance from four different boreholes. It is interesting to
note that the soil deposit is fairly uniform at the test site and N-value increases more or
less linearly with depths. The variation of the dynamic cone resistance with depths is
presented in Fig, 11,

A brief summary of exploratory boring is presented in Fig. 12.  The variation of angle
of internal friction with depth as well as the moisture content with depth have been pre-
sented. The soil in the area could be considered to fall under IS classification SP-SM.
The values of angle of internal friction were determined from laboratory triaxial shear
tests on 38 mm diameter and 75 mm high undisturbed soil specimens. The undisturbed
samples were collected in the 100 mm diameter thin-walled tubes. From these tubes test
specimens in laboratory were obtained by inserting 38 mm diameter tubes.
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Fig. 13. Construction procedure for
Fig. 12. Soil profile at test site bored under ream piles

CONSTRUCTION OF TEST FACILITIES
The construction of underream piles were done as per 1.S. 2911 (Part-111)-1973 ' and is
illustrated in Fig. 13. In order to perform the load test effectively on these, suitable reac-
tion facility was designed for each case. Precaution was taken to ensure that the total
reaction capacity is at least 3 times the estimated single pile capacity so that the reaction
piles do not show any movement till the ultimate load on the test pile. A typical reaction
arrangement is illustrated in Photo. 2. ;

In order to understand the failure mechanism as well as estimate the skin friction along
shaft of the main test pile a uniform dia. pile was constructed with air gap at the bottom,
After boring to the desired elevation, a rod with a plate of 15em dia. was lowered and
held in position with supports at ground surface. Sufficient air gap between plate bottom
and bore hole bottom was ensured. The pile was concreted and the test results on such
piles could give reasonable estimate of the skin friction. The arrangements for uplift test
are depicted in Photo, 3 which was carricd out on a separate uniform diameter pile to
estimate the skin friction in uplift; ;

LOAD TEST PROCEDURE

The load tests on the piles were carried out after a period of about three months after
their installation. On the top surface of the pile cap of isolated piles a mild steel plate
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was placed centrally, Qp top of the plate hydraulic jack proving ring assembly yygqq posi-
tioned. In between the proving ring and bottom surface of the reaction girders Packing
plates were introduced, Care was taken to obtain a rigid loading arrangement, * Foy, dial
gauges were abutting against the four corners of the plate surface (Photo, 2),

The test piles were loaded in sujtable increments with the help of hydraulic Jacks, The
number of Joad increments in the first and last 1/3 range of ultimate loads were more thap
the middle tanges. In each case care was taken to obtajn sufficient points to describe the
load displacement characteristics of the piles, Each load increment Wwas maintained for 4
duration of twg hours or untj] the deflection rate was less than (. 02 em per hoyr which-
ever was achieved earlier. These increments were applied ti]] failure, Whenever the
rate of deformatjon was felt to be faster the increment level was reduced,

PERFORMANCE OF PILES

The piles were placed at different arbitrarily chosen locations of the site. The load-
displacement characteristics of these five piles have been shown in Fig. 14. 1t is seen from
this figure that there is no appreciable scatter, Hence, it can be construed that the soil
deposit in the area to be more or less uniform and of similar type.  Such consistencieg
underline the reproducibility of test procedures an( techniques, and as such ensyre that
the different tests can be compared.  In most of the pile cases jt was observed that the
piles failed due to punching, Though the testing in the field could not positively show
the mode of failure in ajl cases, punching was observed and separation between soil and
shaft wag noticed at top reaches. Around the piles no bulging was noticed, indicating
that the failure lines of the bottom buylb did not nhecessarily travel to tje ground surfaee,

In all the individual load—dxsplacement characteristics of the isolated piles no definite
failure load was indicated, However, the initial and fina| rate of deformation with load
was different, Thjs Was ascertained that the load-displacement characteristics could be ap.-
Proximated by tweo straight lines of two different slopes.

Load—settlement curve for g typical pile SUCHY is given in Fig. 15 which also represents
almost the average of all five tegts, i

Ultimate capacity from Load Tests

For evaluating the ultimate load from the compression tests data the following methods
were used:

1. The ultimate load has been determined as the point where the curved part of the
load-settlement curve changes to 4 straight line (Schenck, 1955; Vesic, 1965),
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2. The ultimate load has been taken as the point at which initjal and fin
the lond settlement curve internecty (Mansur nngl Knuflunnu. 1046),

3. The load corresponding to a settlement of 51 mm (Terzaghi and Peck, 1967),

4. As per IS: 2011 (Part-111)-1973, The ultimate load on a pile is taken as final load
at which the total settlement equals 7. 5 percent of the bylh diameter,

5. With the help of procedure suggested by Chin Fungkee (1970) wherein, the plot
between settlement/load and settlement of piles have been used and the ultimate Joad taken
as the reciprocal of the slope of this line,

6. From the time-settlement plot of the compression test data, the ultimate load cor-
respond to the point where the rate of settlement increases fast with time,

Fig. 16 illustrates the method proposed by Kee (1970) for a typical case of pile SUC 4,
The procedure of method (6) has been illustrated in Fig. 17.  The ultimate loads for a
typical pile SUC 4 as obtained by different methods have been compared in Table 2, Oyt
of the six methods it is obvious that the methods which rely on tangents (1 and 2) re-
quires judgement and as such may result in eérroneous estimate of ultimate loads.

The choice of any particular settlement value for defining the ultimate load as in 3)
and (4) is more or less arbitrary, though followed by different Codes of Practices through
out the world, Method (5) would be able to give reasonable estimate of the ultimate
loads in which sharp peak loads are not indicated in the load-settlement curves, That is
after certain load increments the settlement increases in a definite way with each load
increment. However this method s reported to estimate the values on higher side, By
far the suitable procedure of estimating the ultimate loads of the piles which do not have
sharp peaks is to follow the method (6). Herein, the time-settlement relationship for

al tangents of

3.5 24868 g0 12 13 LOAD INCREMENTS.TONS
5” o=l 20300 a0 sy gg THE Iy
E O — MINUTES
S
Q
oo gm“

s g
= ﬁa
& 1.f—— &
40l-
gl.o-‘— E
I
0.574 50
€0 — - —- STEEP IcREASE 1y
S N RATE OF SETTLEMENT
SETTLEMENT (4).mm 10
Fig. 16. Plot of dip vs. 4 Fig. 17. Time displacement plot of single
Suggested by Kee (1970) under ream pile SUC 4
Table 2. Ultimate load by different inethods from a typical load
displacement plot for pile Suc4
SRy s B o = Sy et T Uitimaie Tomi
81, No. Method ionhas
—_______ﬁ___,____w_‘_ﬁ__ﬁ_ﬁ__%_h
1. Single Tangent Method 13.5
Double Tangent Method 9.5
Load Corresponding to 51 mm displacement (Terzaghi 13.8
and Peck, 1967)
4, As per IS 2011 (Part-111) 1973 11.3

From 4fp and 4 plots as proposed by Kee (1970) 13.8
6. From Time-Settlement plot 14.0
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each load increment js continuously plotted. Near the failure range the rate of increage
in settlement would be very fagt and would be adequately indicated in the plot, ag shown

piles this method is suggested for evaluating the ultimate loads, when the piles gy
embedded in silty-sand or sandy sojls, According to it the ultimate load is 14 tonneg,

Skin Friction and Poing Bearing

From these two figures the load taken jn skin friction can be accurately ascertained, ¢
is seen that the skin friction load from pull-out test works out to be § tons and based o
air gap test workg out a3 7.0 tons, “I'lye movement required (o mobilize skin [riction is iy,
the order of 4mm or 2,7 bercent of the shaft diameter,

The compression test data in the series of single piles also indicate the skin friction to
be of the order of 4.0-7.0 tons and mobilization can be considered to occur with 5 move-

point bearing about 8t. Thus about 40 percent of the total load js taken in skin friction
and rest 60 percent in point bearing for short bored under ream piles embedded ip silty
sand and sandy soils, This observation is comparable with the findings of Vesic (1967),

BEARING CAPACITY FROM soiL PARAMETERS AND I’ENI"JTRATION TESTS
The ultimate load carrying capacities of the single underream piles have been evaluated
by the following static methods,
A-Soil Properties
1. Method proposcd by Terzaghi and Peck (1967) by considering (a) local shear failure
(b) general sheay failure (c) punching shear failure 2, Method proposed by Vesic
(1967) 3. As per IS : 2911 (Part-I11)-1973,
B-Penetration Tests
1. Based on Static Cone Resistance as proposed by Meyerhof (1956) considering reduc-

W35 3

SETTLEMENT —mm

Figs 18. Load vs, uplift for uniform Fig. 19. Load vs, settlement for uniform
diameter plie diameter pile (with air gap)

15— 3 3
DISPLACEMENT'—M
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tion for bored piles as proposed by (a} De Beer (1964) (b) Meyerhof (1976).
2. Based on SPT values as proposcd by Meyerhof (1976).
Method A-1 8
w= (0. 67 BN, +7D,N,) Apg4-2rrfiD, (15)
where ¥=unit weight of soil, B=dia. of pile, D,=Depth of embedment, r=radius of
shaft, f,=skin friction resistance coeflicient, A,=base area of pile, N;, N,=non-dimen-
sional bearing capacity factors

 Method A-2
Qu=(0.67 BN,+7D,;N,) A, + (K, tandgq)2zrD, (16)

where K;=Co-eflicient of earth pressure, d=angle of shearing resistance between pile and
soil, taken equal to angle of internal friction, g=Effective over burden pressure.
Method A-3

Q== BY (DN 4N ) 1 (] TBNLTD,N,)

2
+ 22K, Btand D, an
where D,=dia. of bulb, D,=depth of center of bulb

Method B-1

Qu=gedy 55 2nrD, (18)
Method B-2

N
Qu= (11 2N)Ap+'i‘0"0‘2”er (19)

The results of the ultimate loads calculated by above methods are tabulated in Table 3.
From this table it can be seen that there is a large variation in estimated values, The
point-bearing component calculated using values of N, and N is comparable in case of
punching shear failure (method A-1 (c)) while it is higher considering general shear fail-
ure and lower for local shear failure. Following N, value for punching shear failure as
proposed by Vesic (1967) and considering shape factor of 3, the estimated value is very
high. It reflects that shape factor considered may not be true in present case. The I.8S.
formula also give reasonable estimate of point bearing. It may be pointed out that all the
formulae are generalized one and provides reasonable estimate in case of piles of larger
diameter. In present case the pile size is quite small due to which the difference in esti-
mated and observed one is more. These estimates also indicate that there is no other than
punching shear failure. The value of Ny, which is mainly responsible for point bearing
component, may be taken, either the average of two values corresponding to general shear
failure and local shear failure (Terzaghi and Peck, 1967) or values proposed by Vesic
(1967). The estimates of skin friction is on lower side. In case of Terzaghi and Peck
formula an average value of friction has been used which may not be true friction in pres-
ent case. In method (A-2) and (A-3) the value of co-eflicient of carth pressure K, is
mainly responsible for the departure of estimate values. The value of K, is dependent on
pile diameter which decreases with the increase in pile diameter (Vesic, 1967). The values
given by different workers are generally based on piles of larger diameter than the piles in
present case. Thus the value of K; may be more than 2.2 and 1.75 as used in method
(2) and (3) respectively. In fact the relation proposed by Meyerhof (1956) using static
cone penetration resistance values is for driven piles. After reducing the point bearing to
one third as proposed by De Beer (1964) and Meyerhof (1976), the estimates are com-
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Tahle 3. Ultimate capacity from soil barameters and penetration testy
s Point  Skin Total Siciey ©
i Method Bearing  Friction Capacit Remarks
No. y
tonnes tonnes tonnes
Al Terzaghi and
Peck (1967)

(a) lLocal shear 3.91 ., 3.85 7.76 Value of Ny and Ny for local shear faliyre,
failure
(b) General 10. 21 3.85 14. 06 Value of

§ Ny and Ny for. general shear faj).
shear failure

lure.

(c) Punching 7.32 “4i85: 1 11. 17 Average value of N,

and Ny for local and
shear failure general shear failure,

A-2  Vesic (1967) 15.78 4.3 19.81 Ny, factor for Punching fajlure along wih,

shape factor of 3, Ke=2.2 for buried piles,

A-3 IS 2911 (Part-111) 6, 08 3.42 9.48 N, and Ng same as in method 1 (c) anq
1973 formula Ks=1.75

B-1  Static cone
Penetration

Resistance

(a) Meyerhof 27.6 1. 41 29,01
(1956)

(b) De Beer 9.2 141 10. 61 Reducing point bearing in B-] (n) by 1/3
(1964) for bored piles,

(c) Meyerhof 13.8 0.70 14. 50 Reducing capacity in B-J (a) by 1/2 for
(1976) bored piles, 2

9.2 0. 47 9. 67 Reducing capacity in B-1 (a) by 1/3 for

bored pifes,
B-2  SPT Values

Meyerhof (1976) 10, 6o 0.99  11.59

parable but on higher side. It is because the above recomm
meter piles whereas in the present case the piles
chances of disturbances,

endations are for uniform dia-
are of enlarged base and hence more

The same is true in case of relationship proposed using SPT values,
point bearing equal to 8t, the unijt poin
The skin friction component estimated from benetration resistance js rather very low, It
suggests that unit friction 4c/200 or NJ100 as given in formulae should be different. Tak-
ing the skin friction value of 6¢, the unit skin friction works out about Gc/47 and N/
16.5. This is in confirmation with other workers (Sanglert, 1972), where unit skin fric-
tion is recommended 4c/50.  For silty sand following relationships ar

e given:
g:=3 N(Sanglert, 1972) (20)
and Ne=(upto 4 m depth) (21)
=L75N(4m to 10m depth) (Dinesh Mohan et al,, 1970) (22)

The above relationships also hold good at present site. Thus any penetration test resist-

It may be pointed out that dynamic
cone penetration tests,
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soil as 100 kg/em? based on the values pro- '—*[—‘"—' HL-HLwr-—L;— =
posed by different workers for silty sand and L TV Wi i o L’Eﬁﬁf@j‘;gt;\?fi: P
computed from static and standard penetra- Bl 7 e e i <o | ot |

tion test results (Shrivastava, 1971), the H L"7,_J_:[:_l o (T | O

overall settlement curve has been drawn, g

The predicted alongwith observed load-sett- k _7 .

lement plot for pile SUC 4 is shown in Fig. gs%_._ | e foe e [ e L
/
b,

20. Although there is sufficient difference
between the two, it can be seen that initial
part of the predicted curve is comparable =t s
.wnh .the observed one. There is no compar- o—“_“le*is—Jfr_Ji‘J;ﬂﬁl I S—JT_E'J
ison in second part. It may be due to the SETTLEMENT—mm

fact that E, is dependent on Stress-strain  Fig. 20. Predicted and observed load-settlement
behaviour which is nonlinear in case of a curve for pile SUC4

soil and a single value cannot be assigned to

it. It decreases as the deformation increases, That is why predicted settlements in second
part are less than observed one. Another difficulty is in assessing the value of E, as there

CONCLUSIONS

Based on the limited investigations carried out on isolated bored under-reamed piles in
silty sand the analysis thereof, the following observations are considered as significant,

1. Punching mode of failure seems to be true in case of isolated bored under-reamed
piles.

2. From pile load test results, the ultimate load may be worked out using time-settle-
ment plot. It could also be worked out from the relationship of 4/p and 4 as proposed
by Kee (1970). However, it has been reported that latter gives higher values,

3. The use of tangent methods for predicting ultimate loads mhy lead to erroneous
predictions.  Also no logic seems to apply for suggesting ultimate capacities as those cor-
responding to arbitrary settlement values, whether absolute or in terms of percent of pile
diameter.

4. The skin friction is mobilized with a movement of 2.0 to 3.0 percent of pile diame-
ter and the value of skin friction is about 40 percent.

5. The ultimate bearing capacity may be worked out using soil parameters considering
bearing capacity factors for punching mode of failure in case of point bearing component.
Estimate of skin friction may be made using coeflicient of earth pressure about two.

6. The bearing capacity may also be estimated using static cone penetration resistance,
e, after applying suitable reduction on point bearing component. In place of g,, value of
N and N, may be used based on relationship among these values.

7. There is wide scatter between observed and predicted load-settlement curve based on
elastic solutions as proposed by Poulos (1972). In addition to it there is a difficulty in as-
sessing the correct value of E;.  Thus there is a need for developing a more systematic
approach for predicting load-settlement curve,
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3)

4)
5)
6)

7
8)

9

10)

N,, and N,=bearing capacity factcors
£, &, & =the shape factors

CIHIANDRASEKARAN ET Al

NOTATION

Qu=ultimate bearing capacity of pile
Q,=ultimate point bearing of pile
Q,=ultimate skin friction of pile point
gp=unit ultimate point bearing of pile
fi=average unit skin friction of pile
A,=surface area of pile shaft
Ap=area of pile point

c=the shear strength of soil

g=the overburden pressure

7=the unit weight of soil
B=diameter of pile

¢=angle of internal friction
C,=adhesion
K,=average coeflicient of earth pressure on the pile shaft
po=average effective overburden pressure

d=angle of shearing resistance between pile and soil
gc=average static cone resistance around toe

g.=average static cone penetration resistance for embedded lengths of pile
N=number of blows in standard penetration test
N;=number of blows in dynamic cone test

D,=diameter of bulb

D,=depth of centre of bulb

D;=depth of embedment

tsf=tons per square foot

Ad=settlement of pile

D.=critical depth of penetration of pile _
Dy=depth in bearing stratum '
E.=modulus of elasticity of soil
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