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ABSTRACT

This paper presents the results of laboratory model tests aifdoeof soil confinement on

the behavior ofa model footing resting on Ganga samdder eccentrid inclined load.
Confining cells with different heights and widths have been used to confine the sand. The
ultimate bearing load of a square footing supported on a confined sand bed has been studied.
The studied parameters include the cell height, cell width and the depth from base of footing
to the top of the confining celload eccentricity and load inclinatiomitially, the behaviorof

footing for an unconfined case istudiedand thenit is compaed with that of confined soil.

The results are then analyzed to study the effect of each parameter. The ultimate bearing
capacity improvement due to the soil confinement is represented using-dinmemsional

factor, called th&earingCapacityRatio (BCR) The results indicate that the ultimate bearing
capacity of square footing can be appreciably increased by soil confinantertaxial load

as well undeeccentri¢inclined load It has beembservedhat such confinement resistse

lateral displacement of soil underneath the footing leading to a significant decrease in the
vertical settlement and hence improving the ultimate bearing capacity. For small cell width,
the cell soil footing behaves as one u(dieep foundation while this pattern of behavior was

no longer observed with large cell width. The recommended cell heights, depths, and widths
that give the maximum ultimate bearing capacity improvement are presented and discussed.
Keywords: Model tests; Cohesionless soils; Square FootiBgsentrieinclined load;

Ultimate Bearing Capacitygoil Confinement.
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INTRODUCTION

In recent year€ivil Engineering professionals have adopted the practice of improvement
of soil by reinforcement, compaction, grouting etc. The decreasing availability of good
construction sites has led to increased use of sites with marginal soil properties. In view
of this, he requirement for in situ treatment of foundation soil to improve its bearing
capacity has risen markedly. The soil confinement is one such method of improving soil
capacity. The more recent advancement in this field is to provide confinement to the soil
by using metalcell, geocell etdhis novel technique of soil confinement, though
successfullyapplied in some areas of geotechnical engineering, has not received much
attention in foundation applications. In the last few decades, great strides in the
modification of existing forms of foundations have occurred, along with the development
of new and unconventional types of foundation systems through consideration of soil and
structure interaction. This results in a system that is more realistic in perf@manc
utilizing the form and material strength. Lateral confinement of cohesionless soil is one
of them. Many researchers have studied the effect of lateral confinement on bearing
capacity, especially on sandy soil. They have concluded that by confiningjlttieese is

a reduction in the settlement, and hence there is an increagehaating capacity of the

soil.

Rea and Mitchell (1978 conducted a series of model plate loading tests on circular
footings supported over saffiled squareshaped paper gficells to identify different
modes of failure and arrive at optimum dimensions of the &é#hmoud and
Abdrabbo (1989) presented an experimental study concerning a method of improving
the bearing capacity of rgp footing resting on sand swgvades utilizing vertical
nonextensible reinforcement. The test results indicate that this type of reinforcement
increases the bearing capacity of gmhdes and modifies the Idatisplacement
behavior of the footingKhing et al. (1993)investigatedhelaboratorymodel test results

for the bearing capacity of a strip foundation supported by a sand layer reinforced with
layers of geogridPuri et al. (1993)studied the ultimate bearing capacity of strip and
square foundatian supported by sand reinforced with geogbdis and Omar (1993)
presented thaltimate bearing capacity of surface strip foundations on geogndorced

sand and unreinforced sand.Dash et al. (2001b)investigated the use of vertical
reinforcement aleg with horizontal reinforcement .The reinforcement consisted of a
series of interlockingcells, constructed from polymer geogrids, which contain and
confine the soil within its pocketSchimizu and Inui (199Q carried out load tests on a
single sixsided cell of geotextile wall buried in the subsurface tbé soft ground.
Mandal and Manjunath (1995 used geogrid and bamboo sticks as vertical
reinforcement elements and studied their effect on the bearing capacity of a strip footing.
The strength of confirk sand has been studied BRajagopal, Krishnaswamy and
Latha (1999.They studied the influence of geocell confinement on the strength and
stiffness behavior of granular soiBash et al. (2001aperformed an experimental study

on the bearing capacity of €trip footing supported by a sand bed reinforced with a
geocell mattressSeveral authors have also studied strip foundations but reinforced with
different materials such as steel bévklovic, 1977; Bassett and Last, 1978; Verma

and Char, 1986, steel gids (Dawson and Lee, 1988; AbdeBaki et al.1993 ;),
geotextile (Das,1988) and geogridgMilligan and Love, 1984, 1985; Ismail and
Raymond, 1995) Sawwaf and Nazer (200bstudied the behavior of circular footing on
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confined sandThey used confining ciylders with different heights and diameters to
confine the sand.

Study of bearing capacity of footing under eccentric or eccentriclined load has been
carried out by many researchers in the past but without reinforceMepeihof, 1953;
Meyerhof, 1963; Meyerhof, 196; Prakash and Saran, 197; Prakash and Saran,

1977

This laboratorytesting program attempts to provide a better understanding of the
behaviorof square footing resting on confined Ganga sander eccentri¢ inclined

load

LABORATORY MODEL TESTS
Footing

A square model footing of size 150 x 150 mm and 10mm thick made of mild steel with
grooves at top was used. The footing had a groove at the centre and along a line such that
the eccentricitywidth ratio becomes 0.1, 0.2 and 0.3. The heae made rough by fixing

a thin layer ofsand onto the base of the model footing. The footing was placed on the
surface of the sand bed and load was applied on it by adperdted mechanical jack.

The load transferred to the footing was measured bye-agbibrated proving ring. The

load was applied as per IS: 188882. Each load increment was maintained constant till

the footing settlement had stabilized. The settlement of the footing was measured by dial
gauges placed on the footing

Model test tank

Model tests were conducted in a test tank, having inside dimensi@B®®f& 1500mm

in plan and1l000 mmdeep The size of the tank was decided by the size of the footing
and the zone of influenc@he test tank is madaf steel and has arrangement to tfive
proving ringwith specially fabricatedhclined load devicdor applying theaxial as well

as inclinedoad to the footing as shown in Fig.1

TEST MATERIAL
Ganga sand

Locally available Gangaand is used as the foundation bed. The physical properties of
Ganga sand is presented in Table 1. The grain size distribution curve of Ganga sand is
shown in Fig2 and is classified as SP.

Confining cells

The confining cells were made of MS plate witffedent width and heights. The internal

sizes of cells used are 150, 225, 300, 375 and 450 mm. The heights of cell used are 150,
225 and 300 mm. The thickness of the all the confining cells is 10 mm. The tests were
carried out by placing the confining banitially in position and then the sand bed was
prepared by rainfall technigue to get thessided relative density of 65%.
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Figure 2: Particle size distribution curve of Ganga sand

S. No. Characteristics Value
1 I. S. Classification SP
2 Dio 0.11 mm
3 D3o 0.15 mm
4 Dso 0.22 mm
5 Uniformity coefficient (G) 2.0
6 Coefficient of curvature (§ 0.929
7 Minimum void ratio ( &) 0.67
8 Maximum void ratio (gay 0.92
9 Void ratio in test (e) 0.75
10 Specificgravity (G) 2.67
11 Minimum dry density 13.62 kN/nd
12 Maximum dry density 15.05 kN/ni
13 Density of sand in test 14.78 kN/mi
14 Relative density of sand during test D 65 %
15 Angle of internal friction (o) 34
16 Classification of sand basea relative density Medium dense

Table 1: Physical properties of Ganga sand

EXPERIMENTAL SETUP AND TEST PROGRAM

The footing was placed in position and the load was applied to it by the jack through the
proving ring. The load was applied in small incretsamtil failure occurred. Each load
increment was maintained constant until the footing settlement had zdbillhe
settlements of the footing were measupgdiial gaugesThe geometry of the soil, model
footing, and confining bois shown in Fig. 4The test program consisted of carrying out

of ten series of tes{& 1 J) on square footing to study the effect of soil confinement on
the soitfoundation response as shownTiable 2. Initially, the test has been carried out
under axial loadn the footimg resting on the unconfined bed. Then, each series of the
tests were carried ounder axial loado study the effect of one parameter while the other
variables were kept constant. The studied variables are the cell height (h), cell width (B)
and the deptifrom base of footing to the top of confining cell (u) keeping footing width
(b) constant for all the cases.

Finally, tests were conducted under eccentratined load for one case of confinement.
The confinement condition, for which the BCR is maxim{Bfb = 1.5 and h/b = 2.0)s
chosen for the eccentrinclined loading. The e/B ratio for eccentric load is 0.1, 0.2 and
0.3. The load inclination is’51¢, 15’ and 26.
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Table 2 Model Test Program

Test Series Constant parameters Variable parameters
Test on unconfined sand bed
A
h o 50and Y=0 B. 1.0,1.5,2.0,2.5,3.0
b b b
B
h _50andY=05 B -1015202530
b b b
C
5 h o so0and¥a B -1015202530
b b b
E
h _i5and¥=0 B -1015202530
b b b
F
h _ i5and%=05 B -1015202530
b b b
G
h o i5ad¥a B -1015202530
b b b
H
h _10and Y=0 B -1015202530
b b b
|
h o 10andV=05 B. 1.0,1.5,2.0,2.5,3.0
b b b
J
P j0and Y= B. 1.0,1.5,2.0,2.5,3.0
b b b

E

QP

B

Figure 4: Geometric parameters of confinsgindfoundation system

RESULTS AND DISCUSSI ON

The load settlement relationship and the ultimate bearing capacity of the footing with
and without confinement have been obtairiBte bearing capacity improvement due to
the soil confinement is representading a nordimensional factor, called thBearing
CapacityRatio (BCR). This factor is defined as the ratio of the ultimate bearing capacity
with confinement to the ultimate bearing capacity in tests without confinement.
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Effects of cell width

In order to investigate the effect of cell width on the footing behavior, five cells with
width of 150, 225, 300, 375 and 450 nwere used. Fig.5 sha@ihe variation of BCR

with normalized cell width for different cell heights with a constant footing wedth50

mm. A significant increase in the bearing capacity of the model footing supported on
confined sand with the increase of normalized cell wiglthis observed up to aboBtb

ratio of 1.5;after which the BCR decreases with an increase in the Bith khile
conducting the model tests, it was observed that as failure approached in tests carried out
with small cell width, the cell and the sand within the cell behaved as one unit. In tests
carried out with large cell width, this behavior was notigataily, but as the load was
increased it was no longer observE®).5 also shows that using soil confinement could
result in an improvement in bearing capacity as high&sténes more than that without

soil confinement. It is clear that the best Hegnaf soil confinement could be obtained

with a (B/b) ratio betweenl1.0 to 2.0 with the maximum improvement in the bearing
capacity at a (B/b) ratio of about 1.5 for different heights of confining cells. When the
footing is loaded, such confinement resitie lateral displacements of soil particles
underneath the footing and confines the soil leading to a significant decrease in the
vertical settlement and hence improving the bearing capacity. For small cell widths, as
the pressure is increased, the ptastate is developed initially around the edges of the
footing and then spreads downward and outward. The mobilized vertical friction between
sand and the inside wall of the cell increases with the increase of the acting active earth
pressure. This behavidgs observed until the point when the system (the cell, sand and
footing) starts to behave as one unit. The behavior is similar to that observed in deep
foundations (piles and caissons) in which the bearing load increases due to the shear
resistance of desurface. This illustrates the increase of the bearing load with the
increase of the cell width and cell height.
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Figure 5: Variation of bearing capacity ratio with normalized cell widths
(B/b) for different cell heights at u=0 mm

Effect of cell he ight

In order to investigate the effect of cell height on the footing response, tests were carried
out using three different heights for each cell width. The variation of BCR with
normalized cell height (h/b) is shown kigure 6 for different normalized edl widths

(B/b). The figure show the same pattern of behavior for the different cell widths.
Increasing cell heights results in a greater improvement in the B@Rncrease in cell
height results in the enlargement in the surface area of thiencelél footing leading to a
higher bearing capacity load. The slope of the BCR véréwusurves forB/b ratios of 1.0

and 2.5 are less than the comparable slope8foratios of 1.5 and 2.0. This trend
confirms the previous conclusion that the greatest benefit of cell confinement can be
obtained at #/b ratio of about 1.5.
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Figure 6: Variation of bearing capacity ratio with normalized cell heigifb)
for different cell widths (B/b) at u=0 mm

Effect of cell depth

The variation of the BCR at different normalized depths to the top of the cell (u/b) for
cells with adifferent cell widths areshown in Fig.7 It is observed that the BCR
decreases with the égrease in the depth of the cell. With an increase in the depth of
placement, the soil between the footing and the cell top deforms laterally and, therefore,
the vertical settlements increase and the BCR decreases. Based on these results, it is
observed thtathe maximum bearing capacity ratio is obtained at u/b ratio of zero i.e
when the top of cell is placed at the footing level. However, for confined footing the
effect of overburden pressure is not significant. When the footing is loaded, it settles and
the plastic state is developed until the point at which the system starts to behave as one
unit.
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Figure 7: Variation of bearing capacity ratio with normalized depth to the top
of the cell (u/b) for different cell widths and constant cell he&ft mm

Effect of eccentric -inclined load

Eccentriecinclined load was applied to the footing for the confined case that showed the
maximum benefits of confinement. The ratio of B/b = 1.5 and h/b = 2.0. Load
eccentricity (e/B) used is 0.1, 0.2 and 0.3 éwat inclination is & 1, 15’ and 26.
Ultimate bearing capacititas beenfound out from the loadettlement curveVertical
settlement and horizontal displacement of the footiegewecorded by dial gauges. It
was observed that with the increasedad eccentricity and load inclination, there was a
reduction in ultimate bearing capacity. But this ultimate bearing capacity was found to
show a remarkable improvement with footing with confinement. The horizontal
displacement of the footing also incredseth the increase in the load inclination. The
results are presented in Table 3. BCR ratio for various load inclination and e/B ratio is
calculated and shown in the Fig.8.

The ultimate load decreased form 1.35 kg/¢m0.45 kg/criwhen the load inclinain
increased from Bto 20 for e/B ratio of 0.0. Similarly it decreasewbi 0.29 kg/crto

0.07 kg/cm when load inclination increased from! @ 20 for e/B ratio of 0.3.The
vertical settlement and horizontal displacement also showed a reductionodue t
confinement.



