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Effect of installation methods on granular pile response

Madhira R.Madhav & C.Thiruselvam
Department of Civil Engineering, IIT, Kanpur, India

ABSTRACT: The effect of the method of installation—cased and uncased oore
holes, number of 1lifts and compactive energy per lift given to granular-
piles and spacing, are studied in the field for single piles and in :he
laboratory for large groups. Tne paper describes the test methods,
results, and the conclusions. The experimental results bring out the
advantages of cased bore holes and larger comvpactive effort, in 1mvrov1ng
the behaviour of granular niles.

THTRODUCTION " ' '

tany sites which were considered to TEST DETATLS AND PROCEDURES
2 uneconomical for development as

stabhle and adequate support for The soil that was used in both the
conventional foundations and struc- in situ and the 1laboratory studiies,
tures, can now be economically is the local Kannur silt available
treated by the installation of gra- adjacent to the Geotechnical Engi=-
~nular niles (stone columns). Mode- neering Iaboratory in the acadeni
rate increase in allowable bearingy area of I1IT, Kanpur . The bore nole
wressures and considerable reduct- profile is given in Fig.l. The

ion of settlement are the »rimary phy51cal and the mechanical proner-
henifits of this method of ground ties of the soil are Grain size :
ilivdorovement. In addition, by virtue Sand 10-12 percent Silt 75=80

of their hiqh perviousness, granu- percent Clay 10-15 percent.,

lar niles act as free dreains and Liguid Limit: 30 Plasticity Index
nermit rapid dissipation of excess 13-15; TI.S. classification: CL or
nor nmressures due to static and/ ML,
"oy saismic loading. Seed and Undrained strength:C,=O. 35kg/cm ¢
Booker (1977) and Tatsuoka and 7.5°

voshimi (1980) recommend their use C =0, ?3 p! =0.65 kg/cm ,C. =(0.6<1)
for improving resistance to licue- T4 2C v .
“actinn of alluvial denosits. x 107 . cm /seg. The granular ?1le

Sranular piles are installed by material consisted of a mix of gra-

the vibroflotation technigue(Green- Vel and sand of the following grain
wood, 1970). In India, the rammed size distribution.

stone column and the nreassembled

stone column methods are popular Table 1: Grain size dlstwlbutlon of
(2tve, 1975). These two methods granular materials.

2ar~ labour intensive and are cost

cffective. o costly plant or equip- Percent Finer

nent is required. Simple pile dri- | giaeve

ving rigs can be adapted to install gjze 6.25 2.0 1.0 0.6 .425 0.16
theSe niles. Mitchell (1922), %atye  gm :
{1927a,b), Fadhav {1922) and

~or¥adale an? Bachus (1923) reviey Gravel95.60 17.4 1.7 1.6 1.4 1.4
the desirn, construction and analv- Kalpi 100 90,0 70.0 54.0. 35.0. 5.0
sis of the granular niles. Sand
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FINLY SET-UP

A test pit 1.5m x 1.5m by 1.0m deep
was dug. Water was poured into the
»it and allowed to stand for seve-
ral days, to saturate the soil. For
installing the pile, a bore hole
10cm dia and about 1m long was dug
hy gradual augering and removal of

. the soil. Prepared granular mix

(2 oravel:1 sand) was poured into
the hole ih two or three lifts.
Bach lift was compacted by 5 or 10
blows from a standard penetration
test hammer falling freely from a
height of 35 cm. The. set or the
reduction in thickness of the pile
length for each 1lift was measured.
Carve was taken to make the top
surface of the pile as flat as
nossible., loads were increased by
30 kg. each time, dial gauge read-
ings being taken till there was no
change. The piles were loaded to
failure. The parameters varied were
the method of installation of the
bil~s=uncased and cased bore holes
with angering, number of lifts, and
compactive effort (number of blows
ner lift).

LASCRATORY SET=-UP

Keeving in view the constraints and

limitations of small scale model
tests, a C,3.R. mould (15 cm & a
and 17 am high) was used. Undistur=-
bed soil samples were collected
from the site adjacent to the Geo-
technical Engineering Laborator:
and kept in water for about a week
for saturation. The mould was taken
out of water, excess water cdrained
and a bore hole made in the centre
of the sample. The hole was £illed
with gravel-sand mixture in the
ratio of 2:1, in two lifts, each
lift being compacted by 5 or 10
blows from 2.5 kg. weight falling
through a height of 25 cm.

The standard consolidometer frame
was modified to accommodate the
mould. The load from the lever was
applied through a rigid plate. A
dial gauge placed on ton of the
frame measured the settlement due
to the loading. The loads were
increased in stages and dial read-
ings taken continuously till cons-
tancy. The test was continueg till
a stress level of 2.12 kg/cm® was
reached. The parameters studied
were the installation methods un-—
cased and cased bore holes, dia-
meter of the pile (5.1 cm, 6.1 an,
7.62 cm or S/d = 3, 2.4 and 2.0),
nuniber of blows per 1lift(5 and 10).
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Tigure 2. inad-Sattlemeni 2elation:

In Situ Tests.
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tion: Hodel Tests:
tncased HWole.

LE3ULTS

“he load or stress versus settle-
ment relation obtained from in situ
tests is shown in Fig.2 for uncased
bore hole with 2 and 3 lifts. The
stress=settlement gravh from the
nlate load test exhibits the typi-
cai local shear failure. The ulti-
mate stress of about 1.15 kg/cm
corresnonés to 6 C.. = 0.19 kg/cm”

a value close to tﬁe one from un-
drzined test. The load or stress-
scttlement graphs exhibit a linear
trend at the lower stress laevel and
brcome steen and nearly »arallel to
gcttliement axis at nigh stress
levels., Th2 ultimate loads in case
of uncased hole are 800-825 kg if

. the nile is compacted in two lifts,

775-2875 ka. for three lifts, and
anout 1450 kg. in case of cased
boreshole,

Cased nore hole causes densifica-
tion of the in situ soil as the
nine is driven first, causing an
iicrease in the strength of soil.
Consecruently the Joad carrving cana-
citv is also verv high. There is a
vossibilitv of loosening of soil
in o ase of uncased bore hole and a
reducticn in strength resulting in
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®igure 4. Stress - Settlement
Relation:  iicdel Toste;
Cased “ole.

a smaller load carrying .capacity, .
If the number of lifts is increased,
th= granular pile is compacted

‘hbetter and a higher load carrving

is observed,

Table 2 ccmpares the observed
ultimate loads with those predic-
ted based on pile type and bulging
failure. The ultimate load hased
on pile formula is ‘ '

2

A7 :
Q= dlc, +-7-9¢C, (1)

while the ultimate load for bulging

tyoe failure according to Hughes .

and Withers (1975) is

2 o :
_d,1+8ingd , 5
R 4 (1—Sin¢ ) Cu Ne % (2)

where 1 and d are the length and
diameter of the pile, C, - un-
Araingd cohesion of -in situ soil,
and 8 -~ the angle of shearing
resistance of the pil2 materiail.
It apprars from the table thrt *he
pile formula predicts loads closer
to. observed ones indicating nile
type failure rather than bulging
failure. The length to diamcter
ratio of the piles is 8 to 9 and
possibly bulging would govern fai-
lure for longer pile lengths.
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JARGE PILE GROUPS
As nmentioned earlier, a tvoical

unit is representative of the beha-
viour of granular pile reinforced
soll. It is observed that settle=-
ments terminate within 24 hours of
each stress increment.

The stress-settlement graghs
shown in Figs. 3~6, depict a fla-
tter initial portion of the curves
at low stress levels and a steep
line at higher stress levels., An
vield stress, q can easily be
established beygnd which the gra-
nular pile reinforced soil behaves
as & very stiff material. The
effect of pile diameter and compac-
tive energy on the unit cell beha-
viour is shown in Fig.3 for uncased
hola., The larger th«< diameter of
- the »ile closer is the spacing and
lesser will be the settlements. If
thae »ile is installed by heavier
comnaction 10 blows per 1lift compa-

red to 5 blows per lift, the settle-

iient response is better i.e.,
lesser settlements are mobilised
due to higher unit weights achieved
for the granular pile material,
Thus with 5 blows ver lift, the
unit weights are 1.4 to 2.55 g/cm”
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Figure 6. Stress-Settlement kola-
tion: dModel Tests, Casod
Hcle.

while with .10 blows they range

between 1.9 to 2.8 g/cm”. A denser
granular pile is stiffer. The
settlements will naturally be
smaller. Similar results are obscr=
ved for a cased bore hole (Fic.4),
The curve for untreated soil: is
also shown in this graph for com=
parison.

The behaviour of granular pile
consisting of gravel alone is
shown in Fig.5. The pile is insta-
lled in a cased hole. If the angu-
lar gravel is replaced by peastones
and sand, the behaviour shown in
Fig.6 is observed.

The settlement reduction ratio,
Sge is calculated as

_Settlement of treated ground
R “Settlement of untreated ground

It is observed that the settlement
ratio is smaller for closer pila
spacing (larger pile-diameter),
larger compactive effort (10 blowus
per lift) and for angular material
than rounded pea gravel. The
erences between the effects of un-
cased and cased methods of install-
ation could not be established
clearly. Cased hole installation
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APPENDIX T

The rammed stone columns and pre8s-—
sembled stone columns are two tech-
nimues develorned by datve (1275).
They are described briefly helow.

Rammed stone columns is a techniqgue
in which «ither closed =nd or an
onen nine is driven into the ground.
T~ hole may ba created hy hnoring
alsc. Stone an?d sand ar< poured
intce the hele in two or three lifts
and each 1lift is compacted by a
hravy weight droppned through a
Zixed heiaght a given number of
times. The casin pipe is withdra-
vn gradually during the ramming
phase.

Datye (1982) describes the prea-
gsembled stone columns through
uncased bore holes., The casing if
usad is of short length only. An
enclosure of hamboo strips into
vhich stone is placed, is lowered,
and the stone compacted. then the
length of the granular pile to be
installed is 2=1D m only, this
nethod of installation is economic
an rapid.
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