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Abstract—The evaluation of load carrying capacity of piles
needs the geotechnical properties, penetration tests, the nature of
the subsoil both around and beneath the proposed pile, adequate
description of rock to convey its physical behavior on borings,
dead loads, live loads dimensions of the piles (length and diameter
of pile). To compare the length and diameter response of bored
cast in situ piles, the data required is obtained from the site of
project name Four Laning Project of Nagpur-Saoner-Betul
Section of NH-69.

The subsoil profile of site shows the clayey and silty clayey soils
at the top to the considerable depth underlying highly weathered
sandstone. The water table is observed from 4.5 m below the
ground level. Here it is not possible to provide shallow, raft
foundation as the soil strata mostly clayey and silty clayey soils
which have very less safe load bearing capacity. Hence deep
foundation proposed for the work.

Sufficient number of borings taken in accordance with IS:
1892. Study is done by using all these geotechnical engineering
properties at all bore holes locations, varying length and diameters
of piles for evaluation of load carrying capacities as per 1S:2911
(Part 2) and IRC:78. The load carrying capacity for different
diameter of piles and for different length of piles goes on
increasing with the increase in diameter. The contribution of end
bearing resistance increases up to 170%, whereas contribution of
frictional resistance increases up to 40%.

Theoretical settlement for different diameters of piles for 25m
length of pile has been computed. It has been observed that the
theoretical settlement for 1.2 m diameter pile for 25 m length of
pile is found to be more than actual settlement obtained from pile
test for the same dimensions of the pile. Since theoretical
settlement prediction is within in permissible limit and greater
than the settlement obtained from the actual pile load test data, the
load — settlement designed using excel can be used by the
geotechnical engineers for prediction of the load and settlement
calculations.

Index Terms -- Deep foundation, Piles, End bearing resistance,
Frictional resistance.

1. INTRODUCTION

The Large Diameter Pile Foundations are also known as
Drilled Well Foundations. This is another type of pile or an
alternate for pile foundations. Strictly speaking these large
sized bored/drilled piles having a minimum diameter of up to
1.2 m for river bridges (1 m in the case of bridges located on
land such as flyovers, road bridge over railway track etc.) are
almost analogous to well foundations. These large sized piles
combine the methodology and load transfer mechanism of
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well foundation. Frictional forces are mostly neglected while
calculating their load carrying capacity thus deriving their
load carrying capacity from the transfer of load to the hard
stratum on which it is resting.

In geotechnical engineering the evaluation of settlements
of deep foundations is an important design aspect to obtain
safe and economical structures. Excessive settlements could
lead to a loss in serviceability or even failure of the
superstructure. Therefore, pile design may be governed by
movement and not capacity. Fellenius (2009) points out that
pile analysis is often thought limited to estimating only the
ultimate capacity, sometimes separating the components of
shaft and end base resistance. However, the load transfer
relationship can provide further information about the soil
structure interaction. How the load is transferred to the soil
depends on factors such as soil type, pile material, installation
method and the presence or absence of residual loads
(Mosher & Dawkins, 2000).

The following were the objectives studied in the research:-

o The effect of diameter on the load carrying capacity of
pile.

e The effect of length on the load carrying capacity of
pile.

e The settlement of the piles due to the change in
length/diameter of piles.

Il. FIELD AND LABORATORY INVESTIGATIONS

Investigation was made to find geotechnical parameters for
the design of safe bearing capacity of the available soil/rock
stratum and other physical parameters necessary for the
design of suitable foundation.

In geotechnical investigation eight bore holes drilled to the
depth of 30 m below ground level. Bore holes are drilled at
spacing of about 50 m.

Disturbed and undisturbed soil samples are collected
during drilling from various depths. Standard Penetration
Tests (SPT) as per IS: 2131:1981 are also conducted in bores
at different depths. Water table was observed from 4.5 m to
10 m. below GL .in bores.

The soil samples collected from bores were tested in
laboratory for soil classification as per 1S codes. The
classification and stratification of soil of bore holes are done
as per SPT value is given in Table 1. A sample bore log is
given in the Figure 1.
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The design of piles is prepared from the results of
laboratory tests i.e. cohesion from shear test and from data of
‘N’ Value of SPT. The depth of fixity is not given in results
which are to be confirmed by structural consultants for
calculations of moments.

Table: 1 Classification and Stratification of soil with
respect to Standard Penetration Test Results (N)

Type . .
yp Location & Depth Of Stratum in Meter

Strat

um | BH1 | BH2 | BH3 | BH4 | BH5 | BH6 | BH7 | BHS
Blacki

$h | 6130 | 6135 | Gl-20 |Gl20 | G20 | G20 | G5 | G380
clayey

soil

Yello

wish | 307 | 35 |205 | 20- | 20- | 20- | 15 | 30-
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Soil
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Y 170 | 165 | 90 | 155 | 150 | 150 105
Sand

Highl

y

weath | 165 | 9.0- ) ) 15.0- ) 10.5-
ered 300 | 300 30.0 30.0
Sandst
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Highl
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Figure 1

I11. FRICTIONAL, END BEARING RESISTANCE
CALCULATIONS

The determination of the ultimate point bearing capacity,
gp, Of a deep foundation on the basis of theory is a very
complex one, since there are many factors which cannot be
accounted for in the theory. The theory assumes that the soil
is homogeneous and isotropic which is normally not the case.
All the theoretical equations are obtained based on plane
strain conditions. Only shape factors are applied to take care
of the three-dimensional nature of the problem.
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Compressibility characteristics of the soil complicate the Table 3. Design Summary For Length Of Pile 25 M

problem further. Experience and judgment are therefore very

essential in applying any theory to a specific problem. The Design Parameters

(For Length 2.25 TO Shaft

skin load Qs depends on the nature of the surface of the pile, Bore 27.25),L=25 M Resist Rl?ezsi; Total
the method of installation of the pile and the type of soil. An Hole pile | ance | ance(t Resist
exact evaluation of Q, is a difficult job even if the soil is No. N' Bulk Dia ) ) ance(t)
homogeneous over the whole length of the pile. The problem Value | Density (m)'

becomes more complicated if the pile passes through soils of >50 195 10 | 2326 | 2124 | 24667

variable characteristics. >50 | 195 | 11 | 2559 | 284.8 | 540.74

The restrictions for the type of pile, method of construction >50 1.95 12 | 2792 | 369.9 | 649.11

& installations, availability of machineries with required >50 1.95 13 | 3024 | 4708 | 773.35

diameter of piles, soil profile, location of piling work has the >50 1.95 1.4 3257 | 587.2 | 913.00

great effect on the selection of piling equipment diameter of >50 1.929 1.0 | 2275 | 209.2 | 436.76

auger. It is possible to provide available diameter of pile by >50 1.929 1.1 | 250.2 | 2785 | 528.85

increasing the length of the pile provided the soil strata can be >50 1.929 1.2 | 2730 | 3615 | 634.6

drilled with that equipment. Also it is possible to minimise >50 1.929 1.3 | 2957 | 459.7 | 755.58

the settlement with lesser diameter of pile provided that the >50 1929 | 14 | 3185 | 5743 | 892.92

section of pile must satisfy the structural stability of piles >50 1942 | 10 | 2307 | 208.2 | 43891

with the surrounding soils.As the design of piles to be handy >50 | 1942 | 11 | 253.7 | 277.0 | 530.80

to all the structural and geotechnical engineers a MS Excel >50 1.942 12 | 2768 | 359.7 | 636.56

was designed where in all the inputs are to be incorporated to >50 1.942 13 | 2999 | 4574 | 757.35

>50 1.942 14 323 571.3 | 894.31

get the frictional resistance, end bearing resistance and total S50 1o11 10 2238 | 2059 | 22981

resistance of the pile. Screen shot of sample excel sheet is 350 1oLl 11 | 2462 | 2742 | 52024

shown in the Table 2. >50 | 1.011 | 1.2 | 268.6 | 3558 | 624.44

Table 2, Sample Calculation of Frictional resistance and End Base resistance
BORE HOLE NO. B-{1 M)

>50 1.911 13 291.0 | 452.6 | 743.62

>50 1.911 1.4 3134 | 565.2 | 878.69

For azcurazy Whole 25 m lzyer is sub-divided in o layer ot 1m eack and frictional rsistance is czloulated tor each layer

>50 1.921 1.0 2255 | 207.3 | 432.88

RPIRPIRPIRPIRPINDNNINNWWwwwlw|d OO0 |0 |N|N|N|(N|[N[(00(00|00|0 |0

Leng_lhor Diz. of I.-en_qlh,f Depth i el i KPdi_Tang
P e e B L g P >50 | 1.921 | 1.1 | 2481 | 276.0 | 524.21
2 | o o e 1 o >50 1.921 1.2 | 2706 | 3585 | 629.28
EEE T EER >50 1.921 1.3 | 2932 | 455.8 | 749.12
S 2 | >50 | 1921 | 1.4 | 3158 | 569.3 | 885.14
o R >50 1.95 1.0 | 2326 | 214 | 44667
i e >50 1.95 1.1 | 2559 | 284.8 | 540.74
i o | wn >50 1.95 12 | 279.2 | 369.9 | 649.11
e E¥ >50 1.95 1.3 | 3024 | 4702 | 772.72
reslane T 1| w0 M ¥ T >50 1.95 14 | 3257 | 5872 | 913
o 3 T ot >50 1.956 | 1.0 | 2341 | 2154 | 44955
ey = FE R >50 1.956 1.1 | 2575 | 246.7 | 504.26
2t EOERN >50 1.956 1.2 | 280.9 | 3419 | 622.89
EXY ne | we >50 1.956 1.3 | 3043 | 473.0 | 777.46
o T ee >50 1.956 | 1.4 | 327.8 | 5905 | 918.35
_ — e >50 1.958 1.0 | 2346 | 215.8 | 450.43
prln: _u e >50 1.958 1.1 | 2581 | 287.2 | 545.39
i >50 | 1958 | 12 | 2815 | 3728 | 65443
Foiis >50 1.958 1.3 | 3050 | 4743 | 779.39
>50 | 1958 | 14 | 3284 | 5023 | 92079
Highly SPTat 10.5m , Onwards Indlcatce rofusal , Consldorng N=refusal, 0=45" also pllc may :Iacugh In
R:;EI;I;E“Q Voeatherad the soil stretum below Jdocal shear is considersc and 3 is reduced © 2,'5 tang=33
sandstone Tt Lhis anple we bave, Mr-35.2 and Nu=10
Apnf1/2.0 Ny + mr.:;; ;11.;;1:(:';5—1}‘35.2—15.62’10 459
Capstily ol pila (L)
FOS-3.5 214.00
(dause 709.3.2 w7 IRC T8}
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IV.SETTLEMENT ANALYSIS& RESULTS

The settlement was calculated for the 25 m length of pile
for each bore hole with varying diameters of piles. The
settlement of piles through compressible strata into sand
depends upon the ratio between point resistance and total
load. It will be the sum of the settlement of the compressible
strata and the sand stratum. After separating the skin friction
and the point resistance, the settlement of the upper strata
(layer 1) due to skin friction and the settlement of the sand
stratum (layer I1) are added to obtain the total settlement.

A) Test Procedure for initial pile load test in compression

The test shall run in general as per procedures laid down in
IS: 2911-1V.
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i. The pressure gauge of jack and dial gauges shall be set
zero before application of any load.

ii. The load shall be applied in increment of about 1/5"
safe load and shall be maintained as given in the table 2.
iii. After maintaining the load at each stage as stated above,
load shall be reduced to 0 and displacement of the pile top
shall be recorded after 15 minutes of release of load to zero.
iv. Further next increment shall be applied, starting from
zero, and shall be maintained and released as stated above.
Increment shall be given till the final test load (i.e. 800 MT) is
achieved and same shall be maintained for 24 hours.

v. Final test load shall be unloaded in the same decrement
and rebound shall be recorded.

B) Safe load and maximum settlement criteria as per IS:
2911:1979

i. Two-thirds of the final load at which the total
displacement attains a value of 12 mm unless otherwise
required in a given case on the basis of nature and type of
structure in which case the safe load should be corresponding
to the stated total displacement permissible.

ii. 50 percent of the final load at which the total
displacement equal to 10 percent of the pile diameter in case
of uniform diameter piles and 75 percent of bulb diameter in
case of under reamed piles.

C) In pile load test :-

The test is continued until the deformation reaches 0.1 D or
a single where further deformation does not increases load
significantly.

i) After reaching the ultimate load, the load is
released in decrements of 1/6™ of the total load and recovery
is measured until full rebound is established.

ii) After final unloading, the settlement is measured for 24
hours to estimate full elastic recovery.

Total settlement of pile length 25 m
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foundation subjected to symmetrical static vertical

Total load versus Total settlement loading) ,

7. 1S CODE-2131-(1981)” Method of standard penetration
tests for soils.

8. Ken Fleming, Austin Weltman,Mark Randolph & Keith
Elson, “Piling engineering (Third edition, 2008)”

9. Kishore Kumar M., HanumanthaRaoCh, “Large Diameter
Pile Foundations for Cost Effective & Fast Track
Construction”, International Jour nal of Earth Sciences
and Engineering, ISSN 0974-5904, Volume 04, No 06
SPL, October 2011, pp. 780-784

10. KulBhushan,”Design & Installation Of Large Diameter
Pipe Piles For Laxt Wharf”, Group Delta Consultants
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V. CONCLUSION

By varying the diameter from 1.0 m to 1.4 m the following
conclusions are drawn in respect of ultimate/safe carrying
capacity and settlement of single pile foundation.

1. As the diameter is increased from 1.0m to 1.4m, the C/S
area of pile increases up to 96 %, the total load carrying
capacity of the pile increases up to 104 %. For the pile
diameter of 1.4 m and pile length of 25 m, the frictional
resistance carrying capacity is found to increase by 40%,
whereas end bearing resistance is found to increase by 174% .

2. As the diameter of pile increased from 1.0m to 1.4m, the
total load carrying capacity of the pile increases to 79 % for
pile length of 15 m. i.e. Total load carrying capacity of pile
gets almost doubled for piles length more than 20 m .

3. As the diameter of pile increased from 1.0m to 1.4m, the
total Settlement of the pile increases to 109 %. For 25 m
length of pile, the settlement due to frictional load is found to
approximately25%, due to end bearing resistance it is found
to be approximately 106 %.

4. The theoretical Settlement for the pile diameter of 1.2 m
and length 25 m is found to be approximately18.0 mm and
from the initial pile load test it is found to be approximately
4.0mm.

5. An Excel sheet is designed for practice engineers to find
the theoretical frictional resistance and end bearing resistance
and total resistance (i.e., total load carrying capacity of the
pile). The sample of the same shown in the table 2.
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