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Bearing capacity of a jute cloth reinforced composite sand bed 

Capacite portante d’un lit de sable renforce a la jute

Zoynu l A b e d in , M a h n a z  H asan  &  S h a m e e m  A h m s d  D sw a n — D epa rtm ent o f C ivil Engineering, Bangladesh U nive rsity o f E nginee ring

a nd Technology, Dhaka, Bangladesh

ABSTRACT: This paper presents an experimental investigation into bearing capacity o f shallow foundations resting on a sand layer 

splitted by a single layer of jute cloth spread at an intermediate depth. Tests were carried out in a model tank using each of a strip, square 

and circular footings on sand beds. The effects o f depth of reinforcement, friction angle and shape o f footing on bearing capacity were 

studied. An increase in bearing capacity up to approximately 2.7 times was found to be achieved by placing the jute cloth reinforcement 

within a homogeneous sand bed in a depth range o f 0.25 to 0.75 times the least dimension of the footing. Contribution of the reinforcement 

to bearing capacity was found to be dependent on the soil-jute cloth friction angle to the angle o f internal friction ratio rather than the angle 

of internal friction of soil itself. The square and circular footings gave identical shape factors.

RESUME: Ce papier presente une investigation experimental de capacite'palier de pied peu profond trouver sur un lit a sable divise'avec 

une feuille en tissu I jute a profondeur intermediaire. Experimentation fini dans un reservoir modele avec pieds bande, carre'et circulaire sur 

le lit a sable. Les effets de profondeur a renforcement, angle \  friction et forme de pieds sur le capacite' palier etudie. Le capacite'palier 

augmente a 2.7 fois approximativement, renforcement a tissu jute trouve' dans un lit a sable a profondeur a 0.25 'a 0.75 de dimension le 

moindre de pied. Observe' le capacite' palier avec renforcement est dependant de raison de angle a friction a sol-jute et le angle de friction 

interieur, plutdt que le angle a friction interieur de sol lui-meme. Le pieds de carre et circulaire proveni facteurs a forme identique.

1 INTRODUCTION

Bearing capacity problems are getting wider day by day with the 

advent o f the researchers to improve the foundation soil 

conditions by including new materials into the soil in various 

forms. One o f the recent inclusions in bearing capacity is the 

reinforced earth slab. A reinforced earth slab is essentially a soil 

foundation containing horizontally bedded thin flat ties with 

relatively high tensile strength developing good frictional bond 

with the soil. Because the reinforcing action requires good 

frictional bond, free draining granular soil is usually considered. 

The introduction o f reinforcement in the foundation soil made the 

bearing capacity problem more and more complex. The analysis 

and formulation require consideration for the modified mode of 

failure and the interaction between reinforcement and soil during 

failure.

The strong reinforcing layer forms an effective rigid lower 

boundary into which the shear zone will not penetrate. The use of 

relatively weaker reinforcing layer gives an effect o f flexible 

environment and the depth o f shear zone is likely to depend on the 

characteristics o f the reinforcing materials. Though durable 

materials are normally used in soil reinforcement it could often be 

proved to have severe financial implications if those materials are 

used in case o f temporary construction o f low cost roadways and 

housing projects. As such, there is a growing need in the 

developing countries like Bangladesh for research to be 

undertaken aimed at channeling low cost technology to the design 

and construction o f these projects. This is pertinent with the 

abundance o f cheap locally available materials coupled with the 

high cost o f imported materials o f construction. While in most of 

the previous research in literature o f reinforced earth used steel 

reinforcing strip, it is expected that the locally obtainable jute 

cloth in Bangladesh may provide a good reinforcement to the 

foundation soil in particular to a short term construction involving 

heavy load over inferior foundation soil condition. In that view, 

the present research work was undertaken to investigate the 

behavior of footing foundation on sand base reinforced with a jute 

cloth. A series o f model tests were carried out in the Geotechnical 

Engineering Laboratory of Bangladesh University o f Engineering 

and Technology. The tests were performed on a strip, a square 

and a circular footing. The major findings of the investigation 

concerning bearing capacity are reported.

2 TEST MATERIALS AND TESTING METHOD

The laboratory model tests performed in the present study were 

done by using sand samples collected from four selected locations 

o f Bangladesh, namely Savar, Mymensingh, Gozaria and Sylhet. 

Locally available woven type jute cloth known as “Hesian” was 

used as the reinforcement o f sand bed prepared for a bearing 

capacity test. The test procedure was comprised of two distinct 

steps; the preparation o f sand bed including calibration for density 

and the bearing capacity tests. The experimental system consists 

mainly of a tank, a sand spreader, a sand levelling apparatus, a 

loading device, each of a strip, square and circular footing and 

displacement measuring gauges. Details o f the experimental 

system can be found in Hasan (1993).

The four sand samples used in the investigation for the 

preparation of bed in the model tank were believed to provide 

slightly different depositional environments and hence the grain 

characteristics. All the samples were from alluvial deposits of 

Bangladesh and collected from ground surface. The samples are 

designated as samples 1, 2, 3 and 4 for Savar, Mymensingh 

Gozaria and Sylhet locations respectively in the present paper. 

According to unified soil classification system all the samples fall 

into poorly graded clean sand (SP). Grain size distribution of the 

sand samples are shown in Fig. 1. The maximum and minimum 

densities o f the sands were measured using method given by 

Kolbuszewski (1948). The important physical properties o f the 

sand samples are presented in Table 1.

The sand samples were calibrated for density against height of 

fall using a sand spreader of the type used by Quadir (1990). The 

spreader was designed to spread sand curtains from different 

heights over the whole area o f the model tank where density pots 

were placed to measure the density. A detail description of the 

calibration system can be found in Hasan (1993). In each of the 

cases an optimum height of free fall was observed to yield a dense 

deposit beyond which the density decreased. The triaxial friction 

angle o f the sand samples were determined at different densities 

and calibration was made against height of fall to use the value in 

forming bed o f sand having desired friction angle.

The physical and strength properties o f the jute reinforcement 

cloth “Hesian” were determined in the laboratory using standard 

methods o f ASTM for geotextiles. The thickness, mass per unit 

area, breaking strength and failure strength were measured as
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Fig. 1 Particle size distribution of sand samples.

1.35 mm, 0.361 kg/m2, 12.9 N/mm and 14.5% respectively. The 

sand-jute cloth, friction angle were measured using direct shear 

apparatus and found to be 36.4°, 35.5°, 38 4° and 39.5° 

respectively for sand samples 1, 2, 3 and 4.

Table 1. Properties o f sand samples.

Sand

sample

Specific

gravity

(Gs)

Effective grain 

size (Dio) 

mm

Maximum 

dry density 

kN/m3

Minimum 

dry density 

kN/m3

Sample 1 2.63 0.16 15.0 13.5

Sample 2 2.53 0.17 16.5 13.8

Sample 3 2.61 0.13 15.9 13.9

Sample 4 2.59 0.32 17.0 14.5

The base of all the footings were covered with emery cloth (no.

3, grit no. 40) to achieve rough base. The angle of emery cloth- 

soil friction was determined in a similar manner as that for a jute 

cloth-soil friction angle. For all the samples, this friction angle was 

approximately equal to the angle o f internal friction o f the sand 

samples forming the bed and within a range of 37.5° to 40.4°.

The frame o f the sand bed tank was constructed using steel 

angles, bars and plates. The internal dimensions of the tank were 

855 mm x 570 mm x 600 mm. The longer sides of the tank were 

bounded by 10 mm thick glass plates. The shorters are by 

wooden planks. The tank base frame was covered with thick M.S. 

plates. Strip, square and circular shaped footings having similar 

width/diameter were used and they were fabricated using 3 mm 

thick M.S. plates. The 100 mm wide strip footing has a length of 

520 mm and a height o f 135 mm. The square and circular footings 

have 100 mm width/diameter and 150 mm height. Grooves were 

cut on the base plate to provide seat for the loading blades/ram. In 

all the footings provisions were made for placing the strain dial 

gauges, which were used to record settlement and rotation o f the 

footing during loading.

Sand bed of desired density was formed in the tank up to a 

desired depth using the sand spreader. The relative density o f sand 

bed for the samples 1, 2, 3 and 4 was 88%, 73%, 81% and 75% 

respectively. Triaxial friction angles corresponding to this 

densities were 33 .9°, 36.2°, 38.5° and 39.2°. A jute cloth was then 

laid on the top o f the levelled sand over the entire area of the tank. 

Required depth (H„) o f sand was then sprayed from the sand 

spreader over the jute cloth to form a top layer o f similar density 

as that o f the base layer. This formed the complete sand bed. The 

total layer depth (H) was around 3 to 3.5 times the width/diameter 

(B) o f the footing to simulate the semi-infinite layer depth 

condition as mentioned by Quadir (1990). The footing was placed 

on the top surface o f the sand bed and loaded until failure load, Q. 

Tests were done varying the H /H  ratios in the range o f 0.25 to

1.0 and also using no reinforcement. The terminologies used for 

physical quantities are defined in Fig. 2.

The load on the footing was applied using a strain controlled

Footing

Upper Sand layer

'Ju te  cloth 

Base sand layer

s&j/tK sVWK "

Fig. 2 Definitions o f B, H, H„ and Q

loading rig through two loading blades for strip footing and 

through a ram for square and circular footings using a strain rate 

of 3.33 mm/min. The vertical displacement o f the footing was 

recorded using four displacement dial gauges. A proving ring was 

used in the loading rig to measure the applied load. The surcharge 

produced due to the penetration o f the footing during loading was 

removed using the sand leveling apparatus. A schematic diagram 

o f the test set up is shown in Fig. 3. A more detailed discussion of 

the experimental system is available in Hasan (1993).

3 EXPERIMENTAL RESULTS

Bearing capacity model tests for strip, square and circular footings 

were done on two dissimilar foundation conditions; homogeneous 

sand bed and sand bed reinforced with single layer o f jute cloth, 

that is, composite sand bed. The jute cloth covered the whole area 

o f the model tank and this corresponds to a Linear Density of 

Reinforcement (LDR) of 100 percent as defined by Binquet and 

Lee (1975). At least 12 bearing capacity tests were done on deep 

homogeneous sand bed and 36 on composite bed varying upper 

layer thicknesses. Reproducibility o f the test results were checked 

by repeating 2 tests twice. The effects o f depth o f reinforcement, 

friction angle and shape o f footing on bearing capacity were 

studied and discussed below. In explaining the test results an 

adjustment factor o f 1.1 as suggested by Lee (1970) was used to 

estimate the plane strain angle o f sand from its triaxial value.

3.1 Bearing capacity fo r  homogeneous sand bed

A set o f reference tests was performed for the case o f no 

reinforcement that is for the homogeneous sand beds. Tests were
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done using all the sand samples and footing types (strip, square, 

and circular). For comparison, the bearing capacity factor, Ny, for 

strip footing was calculated from the following equation

Where, y is the unit weight o f sand, q0 is the ultimate bearing 

capacity of the unreinforced sand bed obtained by dividing the 

ultimate load, Q, by the base area of footing. Bearing capacity 

factor Ny predicted by Terzaghi (1943), Meyerhof (1951), 

Br.Hansen (1970) and Vesic (1973) are presented along with the 

observed value in Table 2. It shows that all the predictions are

H, o f composite sand layer was kept constant. The load- 

settlement curves for all the tests can be found in Hasan (1993). 

The load-settlement behaviour indicated a similar trend in all the 

tests o f not showing a distinct peak or constant ultimate stress 
with increased displacement.

After yield the stress-settlement behaviour exhibited strain 

hardening with load, increasing linearly with displacement. The 

ultimate load bearing capacity in this case was defined as that load 

corresponding to the beginning o f the strain hardening portion of 

the curve as suggested by Akinmusuru and Akinbolade (1981). 

The observed results o f bearing capacity, q, in terms of bearing 

capacity ratio (BCR) are presented in Table 4. The observed 

results are compared with available methods of prediction. It

Table 2. Experimental and predicted values of bearing capacity factor, NT (surface strip footing, B = 100 mm)

Sand

sample

Triaxial friction 

angle, <t>.

Plane strain 

friction 

angle, <|>m

Experimental 

values o f N,

Predicted values o f Nv

Using 

equation. 2

Terzaghi

(1943)

Meyerhof

(1951)

Br. Hansen 

(1970)

Vesic

(1973)

Sample 1 33.9 37.3 159 144 66 56 50 70

Sample 2 36.2 39.8 183 205 97 90 77 106

Sample 3 38.5 42.4 295 291 180 151 123 167

Sample 4 39.2 43.1 339 324 212 174 140 190

highly conservative. A statistical analysis o f this very limited 

number o f data of triaxial friction angle, <|> and NT gave the 

following exponential relationship with an excellent co-efficient of 

correlation of 0.94.

N y = 0.824e01524't’ (2)

This exponential nature o f relationship is in general agreement 

with the findings o f Feda (1961) and Quadir (1990). The 

predicted values o f bearing capacity factor, NT, using equation (2) 

are presented in Table 2.

3 2 Footing shape factors fo r  homogeneous sand bed

Considering the bearing capacity of strip footing as a reference 

shape factor, ST , for square and circular footings were calculated 

dividing the observed bearing capacity by the reference bearing 

capacity. The shape factors obtained are presented in Table 3. The 

shape factor for a square footing was found to be larger than that 

of a circular footing. This is in general agreement with the findings 

of Terzaghi (1943). At higher values o f angle o f internal friction 

(4>, = 39.2, in the present case) the shape factors for square and 

circular footings were in close agreement with that o f the 

prediction of Terzaghi (1943). In general, the shape factors were 

found to decrease with the increase of friction angle.

Table 3. Shape factor, S,, for square and circular footings 

(homogeneous sand bed).

Sand

sample

Friction 

angle, <(>,

Shape factor, Sr

Observed value Predicted value *

Square Circular Square Circular

Sample 1 33.9 1.20 0.82 0.80 0.60

Sample 2 36.2 1.15 0.89 0.80 0.60

Sample 3 38.5 0.80 0.77 0.80 0.60

Sample 4 39.2 0.80 0.64 0.80 0.60

* using Terzaghi (1943)

3 .3 Bearing capacity o f  composite sand layer

Bearing capacity tests were performed, using strip, square and 

circular footings, on a sand bed by placing a jute cloth 

reinforcement at an intermediate depth within the homogeneous 

sand bed. Two layers o f sand thus separated are termed as base 

layer and upper layer, Fig. 2. The thickness o f upper layer was 

maintained in the range of H„/B=0.25 to 1.0. The total thickness,

appeared that the prediction given by Soni (1994) is a over

simplification o f the problem and he suggests a very conservative 

values o f bearing capacity for reinforced soil bed. Binquet and Lee 

(1975) gave a reasonably close prediction of the experimental 

results. The predicted values are also presented in Table 4. It was 

observed that there was an optimum depth o f reinforcement to 

have the maximum benefit in terms of bearing capacity. This may 

be due to the fact that at smaller upper layer thicknesses, the soil 

mass above the reinforcing layer could have insufficient 

overburden to generate enough frictional resistance at the soil jute 

cloth interface. This observation was prominent in case o f sand 

sample 2 where the density index, ID, was minimum (Id = 0.73). 

The ratio of sand-jute cloth friction angle to friction angle (plane 

strain) o f soil was also minimum (0.90) in this case. The other 

sand beds had higher densities and friction ratios. A general 

tendency of increasing the bearing capacity with the decrease of  

upper layer thickness (Hu) was observed. The most optimum 

depth of reinforcing layer in terms of H./B along with the 

maximum BCR are presented in Table 5. It was noticed that for a 

particular composite bed, square and circular footings gave 

approximately equal BCR. The strip footing had a maximum BCR 

o f approximately 2 due to placement of reinforcement at its 

optimum depth. The variation of BCR with angle o f internal 

friction o f sand did not show any trend. However, it was found to 

increase with the increase in sand-jute cloth friction angle to sand 

friction angle ratio, termed here as friction ratio. The variation of 

BCR with friction ratio is shown in Fig. 4. The explanation of the 

whole phenomenon requires the examination o f mode of failure, 

that is, whether the failure occurs above the reinforcement or 

either due to tie (reinforcement) pullout or tie breaking. Prediction 

using Binquet and Lee (1975) for a typical case showed that in 

case o f jute cloth reinforcement most critical condition occurred 

at BCR = 1.9, which indicated a tie pullout failure. However, it 

was out o f the scope o f the present study to identify clearly which 

test failed by shearing above reinforcement and which by tie 

failure or breaking.

3.4 Footing shape factors fo r  composite sand bed

It is an interesting observation that square and circular footings 

gave identical shape factors (Table 5) which was found to vary in 

the range of 0.85 to 1.30 depending on sand bed properties. This 

means that bearing capacity o f square and circular footings can 

either increase or decrease while compared to a strip footing. The 

limited number of data indicated that shape factor decreased with 

the increase o f friction angle o f sand. It is reported by the authors 

elsewhere (Abedin and Dewan, 1995) that shape factor 

significantly depends on particle size characteristics and this 

aspects requires further study.
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Table 4 : Observed and predicted Bearing capacity ratio of composite sand beds

Sand

sample

(properties)

Footing

type

Ult. bearing 

capacity, qc 

(kN/m2)

Bearing capacity ratio (BCR), q/ q0 Predicted BCR using Binquet and Lee (1975)

Hu/B=0.25 H,/B=0.50 Hu/B=0.75 Hu/B=1.00 Hu/B=0.25 Hu/B=0.50 H„/B=0.75 Hu/B=1.00

Sample 1 Strip 117 2.10 2.10 1.90 — 1.96 2.10 1.20 -

(4>i=33.9°, Square 141 2.58 1-.92 — 1.00 1.96 2.10 — 1.00

Id=88%) Circular 97 2.70 2.60 — 0.98 1.96 2.10
- 1.00

Sample 2 Strip 146 1.46 1.60 1.94 — 1.93 2.07 1.27 —

(4k=36.2° Square 168 1.37 1.65 1.15 — 1.93 2.07 1.27 —

Id=73%) Circular 130 1.43 1.67 1.29
-

1.93 2.07 1.27
-

Sample 3 Strip 232 — — — — — — — —

(4h=38.5°, Square 187 2.00 2.00 — 1.00 1 90 2.00 — 1.10

Id=82%) Circular 178 2.10 1.94
-

1.00 1.90 2.00
- 1.10

Sample 4 Strip 277 — — — — — — — —

(4h=39.2°, Square 222 2.25 2.25 — 0.97 2.20 2.40 - 1.10

Id=75%) Circular 177 2.08 2.24 - 0.95 2.20 2.40 - 1.10

Table 5. Optimum depth and 

reinforced composite sand bed.

maximum BCR for jute cloth

Sand Friction Footing Optimum Max. Shape
sample ratio type H /B BCR factor, S,

Strip 0.50 2.10 1.00

Sample 1 0.98 Square 0.25 2.60 1.24

Circular 0.50 2.70 1.24

Strip 0.75 1.94 1.00

Sample 2 0.89 Square 0.50 1.65 0.85

Circular 0.50 1 67 0.86

Strip — — —

Sample 3 0.91 Square 0.50 2.00 -

Circular 0.25 2.10 -

Strip — — —

Sample 4 0.92 Square 0.50 2.25 —

Circular 0.25 2.24 -

Friction ratio

Fig. 4 Variation o f maximum BCR with friction factor.

4 CONCLUDING REMARKS

The following conclusions can be drawn from the results o f  

bearing capacity tests on homogeneous and jute cloth reinforced 

composite sand beds.

i) There is an optimum depth o f placement of jute cloth 

reinforcement to yield the maximum gain in bearing capacity. The 

optimum depth is approximately 0.5 times the width o f foundation 

for dense sand ( Id  > 0.75). For a less stiffer sand bed the optimum 

depth is approximately equal to 0.75B.

ii) The maximum bearing capacity ratio (BCR) increases with 

the increase o f friction ratio. For a strip footing bearing capacity 

increases up to twice while compared to a unreinforced sand bed. 

For square and circular footings this increase is 270 percent.

iii) Binquet and Lee (1975) give good prediction of bearing 

capacity for the case o f jute cloth reinforced composite sand bed

iv) The bearing capacity factor, Nr , for homogeneous sand given 

by Terzaghi (1943), Meyerhof (1951), Br.Hansen (1970) and 

Vesic (1973) are conservative.

v) There exists strong exponential relationship between triaxial 

friction angle, <|>t and NT represented by equation (2).

vi) Shape factor, ST , for square and circular footings on 

homogeneous sand bed decreases with the increase of angle of 

internal friction. For dense homogeneous sand, ST predicted by 

Terzaghi(1943) gives a close result. For a jute cloth reinforced 

composite sand bed, square and circular footing give identical 

shape factors. The effect o f shape could be both positive and 

negative. ST increases with the decrease o f friction angle.
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