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UNDER-REAM PILES UNDER LATERAL LOADS

more bulbs formed by enlarging the base of bore

! ' -holes by an underream-
1ng tool (IS 2911 part 111-1973). Single pile or group of piles can be useqd in

ude of loads coming on

top cte, Prototype and model piles were tested un
cohesionless soils,

Model tests

Model tests were conducted on timber piles embeded in sand. The
sand was procured from a local river bed. The grain-size analysis curve is

nin Figurt? 2. It is poorly graded fine sand (SP) as per Indian Standard:
1498-1970 classification, The details of the piles tested are listed jn Table I,
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FIGURE 2 Grain size distribution of soil in model tests

In all the cases the bulb diameter was kept 2.5 times the shaft diameter of
pile. The vertical spacing between two bulbs was L5 times the bulb
diameter in case of two bulb piles. The tests were carried out in a stee]
tank of dimensions 2.1m x 1.3m x 1.6m. The tank was filled with sand in

layers of 10cm and each layer was compacted by vibrating it with needle

vibrator, (Figure 3). The uniformity of density obtained in vibrated sand

mass was checked by placing small containers at different depth gand at

different places in one horizontal plane. It was observed that the density

was almost the same throughout the soil mass. The piles were held in .
position at the required level and the sand was filled in tank before

and after placing the pile in position.
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TABLE 1
Details of Test Piles
Type of pile Diaﬂ%‘;’ () Length/Diameter \ Zoine
Straight 5 10 192
-do- 5 A 15 2.88
~do- ' sbis : 20 3.84
-do- - 10 2.08
sfloszhi s o b UETS 15 312
-do- 1.5 20 4.16
-do- 30 8 “201
-do- 30 10 2.51
-do- 37.5 8 2.10 -
Single upder-ream 5 10 1.92
-do- 5 15 2.88
-do- 5 20 3.84
-do- 7.5 10 2,08
-do- 1.5 15 3.12
-do- 1.5 20 4.16
-do- 30 10 2.51
-do- 25 | 10 2.42
Double under-ream 5 10 1.92
-do- 5 15 2,88
-do- - . 20 3.84
sdo= 1.5 10 2.08
-do- 1.5 ' 15 3.12
-do- ) 1.5 20 4.16
do- 30 : 10 2.51
-do- 25 10 242

Epc.c. = 1.5x10° kgfem®
Etimber = 9.6x 10" kgfem? :
M = (.245 kgfcm® for loose sand deposit, (After Mc-Corekle)

'Field tests

Field tests were carried out near St. Gabreil’s Academy, a part of
Roorkee Cantonment, The site was chosen because of the availability of
ground water table beyond 10 meters from ground level to simulate the
model test conditions. The soil at the test site is a thick deposit of silty
sand and is classificd as SM according to 1.S. 1498-1970 and the grain
size distribution curve is shawn in Figure 4, The standard pengtration
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FIGURE 3 Apparatus for vibrating sanq (ot to the scale)
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FIGURE 4 Grain sjze distribution of soil at test sjte

ests and dynamic cope pénetration tests were performed at the site, Thege

ests revealed that the Penetration resistance of soil increases linearly wjtp
‘epth beyond [ m in depth a5 shown in Figure 5,

The average properties of the in-situ soj] up to a depth of 3y are as
sted below:

Natural moisture content — 8% to 97,
Dry density — LS5 gm/cc
Angle of interna] friction (g) — I5°to 19°

Cohesion (c) — 0.35t0 0.45 kg/cm?
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FIGURE 5 Penetration test results

The underream test piles were constructed according to the procedure
laid down in 1S: 2911 (Pt.ILI). The other dimensional details of these
piles are included in Table 1. Each pile was provided with a pile cap at
its top of the size 45 cm x 45 cm and 35 cm deep.

The pile cap was provided to give a smooth and uniform surface for
loading assembly and for fixing of dial gauges for deflection readings.

Test procedure

Lateral loads on the model piles were applied through a wire rope
passing over a frictionless pulley, one end of which was attached to the
hook, fixed at pile top and the other end was tied to the loading pan as
shown in Figure 6. The load was applied in suitable increments so as to
get sufficient number of points to draw the load-settlement curve of an
individual pile. The magnitude of each increment was kopt approximately
one fifth of the expected ultimate load of each pile, The next increment
was applied when the rate of horizontal displacement fell down to 0.02
mm per hour,
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In the field the lateral load tests on the piles were carried out by
placing jack and proving ring in between the two similar piles. Here also
the load in i i i

horizontal line at the load level. The test was continued till the total
displacement exceeded 12 mm at load level. The load level was very close
to the natural ground Jevel and hence the displacements at load level may
be taken as displacements at ground level. The lateral load test set-up in
the field is shown in Figure 7.

Test results and their discussion

The tests results obtained in this investigation were analysed to study
the effect of various Parameters, e.g. depth of pile, diameter of pile shaft,
number of bulbs apd their position, on the lateral load carrying capacity
of the pile. The fouowing are the observations:

FIGURE 6 Lateral load test set-up in mode]

FIGURE 7 Lateral load test set-up in field
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Effect of Depth of Pile

Horizontal load versyg deflection at ground level for the pile of § and
7.5 cm shaft diameter with length to diameter ratios of 10, 15 and 20 are
given in Figure 8. to 10, These curves were obtained in mode] tests on straj-
ght piles and piles having one and two bulbs. Figure 11 shows similar curves
obtained from field lateral load tests on two 30 cm shaft diameter straight

bored reinforced cement concrete piles having lengths of 240 and 300 cm.
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FIGURE 8 Effect of depth in straight shaft piles under lateral loads
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FIGURE 9 Effect of depth in single FIGURE 10 Effect of depthin double
underream pile underream pile

All these figures indicate an increasing trend in the lateral load taken
by piles with increase in their length to diameter ratios. Table 2 shows

———
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FIGURE 11 Effect of depth of pile under lateral loads
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FIGURE 12 Effect of number of bulbs in piles (L/D = 10)

This may be on account of all the test piles behaving as shortrigid piles,
Short rigid piles are those which have Zp.» < 5(4,8,9) Zugr is defined

as follows :

ngx =

where L = Length of pile (cm)
T = Relative stiffness factor (cm)

==
ny

& JEI

E = Modulus of Elasticity of Pile material (Kg/cms)
I'= moment of inertia of pile section (cm?)
s = constant of horizontal subgrade reaction (kg/cms®)
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TABLE 2
Efect of Pile Depth
Pile Details
RO i oy~ 0L SN PR i)
Type . Diameter I—j— ratio / (g“ '?f:glﬁé) Pc&f i{‘tt_afijn__ir?%se
Straight pile 5. 10 28
T s 15 54 93
93
5 20 76 170
7.5 10 74
7.5 15 115 55
7:3 20 156 1
Single bulb pile 5 10 40
5 15 65 62.5
5 20 90 125
7.5 . 10 76 ,
1.5 15 126 65.7 -
7.5 20 160 110.5
Two bulb pile 5 10 38
s 15 70 78.9
5 20 100 163
7.5 10 74
7.5 15 120 62
7.5 20 182 146

Zmax values for aJ| the test piles have been tabulated iy, Table 1, Field
pile tests on straight shaft piles also show similar increasing trend,

Effect of numper of bulbs in q pile

Both laboratory ang Field tests indicate that there was suflicient gain
in the latera] load taken by a single-underream pile as compared to straight
pile (Figure 1 to 15). This improved behaviour may be due to the
availability of a resisting couple op account of frictional forces above the
bulb level. Byt there was no advantage by Providing one more bujp ie,
4 two bulb pile hag practically exhibjed the same load-displacement
behaviour as that of a single bulb pile under latera) loads.

e —
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FIGURE 15 Effect of Number of bulbs in piles

Effect of size of shaft diameter of pile

Laboratory test results on model piles (Figure 16) clearly showed that
the lateral load taken by a pile increased as jts shaft diameter increased,
This increase was more pronounced in case of straight piles where as the
increase showed a reducing trend in case of underream piles.
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FIGURE 16 Effect of size of shaft diameter of pile
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' Field tests o 30 °M. and 37.5cm, shyf diameter, 300 ¢y, deep reinforced
concrete straight bored pile, also confirmed the model tests f
odel tests results showed about i

would be observed.

Effect of Position of byl in a pile

Effect of Positioning of pyyp in apile at 5 higher clevation thap the
convengloual Practice wag iuvestigated by doing prototype tests o 30 cm
shaft diametey single bulb piles having bujp at its bottom jn one case,
(conventional) and at a depth of I.5m be

low ground leve
epth Prescribed (s - 2911—-Pt-H[—l973). Th
settlement curves of the ¢ i

flection for the
¢ obtained if the bulp is
ground surface of the better idea woylq be the widening
lameter at the top of pile close to ground
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Conclusions

Based on the limited test re
Diles embedded jp sand ap

Cment concrete piles embedded jy silty s.::md, the foll
Could be drawn :

L. The latera] load takep by piles increased with increase in depth and
shaft diameter of pile,

2. Lateral Joad taken by

a pile increages to a great extent by the
addition of ope bulb at the base of pile,
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3. No definite trend was observed in case of double underream piles
as compared to single underream piles.

4. Tt has also been observed that the lateral load taken by a pile

increased by providing the bulb at higher elevation,
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