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Abstract— This research study aims at potential benefits of 

providing Geotextile as reinforcement in weak soil in order 

to reduce settlement and improve the bearing capacity of 

shallow foundation. Several tests have been conducted to 

study the effect of reinforcement with geotextile by varying 

number of reinforcement and depth of footing. However the 

other parameter such as top layer spacing and vertical spacing 

between reinforcement are fixed through referring journals. 

The model test tank of size 350mm x 350mm x 300mm and 

square footing of 10cm is used. The results indicated that 

increase in number of reinforcement and depth of footing  

increases bearing capacity. Finally, the results of model tests 

were compared with the analytical solution developed by the 

authors in previous studies; and the analytical solution gave a 

good predication of the experimental results of footing on 

geosynthetic reinforced soil. 
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I. INTRODUCTION 

A weak soil such as black cotton soil has a nature of 

expansion and contraction, thus this kind of soil is a threat for 

construction and may causes excessive settlement and 

foundation failure. And so the soil is to be treated or replaced 

before undergoing any construction projects. However in past 

few decades many research works have been done to 

investigate the behavior of reinforced soil foundations (RSF). 

All these works indicated that the use of reinforcements can 

significantly increase the bearing capacity and reduce the 

settlement of soil foundations. 

Considerable experimental research has been 

reported to study the behavior of footing resting on 

geosynthetic reinforced bed (Saki and Das, 1987; 

Ramaswamy and Purushothaman, 1992; Mandal and 

Sah.,1992; Shin et al., 1993; Khing et al., 1993; Omar et al., 

1993; Das and Omar, 1994; Das et al., 1996; Yetimoglu et 

al.,1994; Adams and Collin, 1997; Gabr et al., 1998; Shin et 

al., 2002; Guido et al., 1985) 

From the studies reported in the literature it has been 

observed that there is a substantial increase in bearing 

capacity of foundation reinforced with geosynthetics and 

settlement of foundation is reduced. For maximum 

improvement of bearing capacity, different researchers have 

given different view about design parameter and the 

parameters fixed for my project is given as follows (a) 

u=depth of first layer of reinforcement below footing base. 

Value of u/B varies from 0.175 to 0.5 (B=Width of square 

footing) and taken as 0.4. (b) h= Vertical spacing between 

reinforcement layer, it varies from 0.2 to 0.46 and taken as 

0.4.(c) b= Width of reinforcement layer, it varies from 2.5 to 

4 and taken as 3.5.(d) N= Number of reinforcement layers 

varies from 3 to 5 and taken as 4. 

II. EXPERIMENTAL INVESTIGATION 

The experimental program reported herein, that involves 

small scale model test, was carried out using  test facility in 

soil mechanics laboratory of Karur College of Engineering. 

Details of the experimental test program, material used, test 

procedures and analysis of the test results of model studies 

are presented below. 

A. Materials: 

The material used is clayey soil which is locally available soil 

known as black cotton soil. The properties of the soil sample 

are given in Table 1.The Reinforcement used is geotextile and 

its property is given in Table 2. 

Property Value 

Specific Gravity 2.52 

Liquid Limit (%) 57.80 

Plastic Limit (%) 26.30 

Plasticity Index (%) 31.50 

Free Swell Index (%) 57.50 

Maximum Dry unit weight (kN/m3) 17.34 

Optimum moisture content (%) 32 

Bulk unit weight (kN/m3) 17 

Unconfined Compression Test (kN/m2) 320.26 

Cohesive Strength (kN/m2) 160.31 

Soil Classification CH 

Table 1: Properties Of Black Cotton Soil 

Property Value 

Mass per unit area,(g/m2) 147 

Thickness,(mm) 1.35 

Tensile strength,(kN/m) 30 

Tearing strength, (N) 612 

Puncture strength, (N) 637 

Burst strength, (N) 290 

Table 2: Properties of Geotextile 

B. Test setup: 

The model test was performed in a tank of dimensions 

350mm x 350mm x 300mm.The model footing is a mild steel 

plate of size 100 mm x 100 mm and 25 mm thickness. The 

footing was loaded by Universal Testing machine. The load 

is measured in dial gauge and the settlement is measured 

using dial gauge arranged in order to measure the deformation 

of footing into the soil as shown in fig.2. 



Behavior of Square Footing Resting on Weak Soil Reinforced with Geotextiles 

 (IJSRD/Vol. 5/Issue 03/2017/196) 

 

 All rights reserved by www.ijsrd.com 759 

 
Fig. 1: Geotextile sheets 

 
Fig. 2: The photograph of experimental set up 

C. Preparation of test bed: 

The soil bed is prepared in the test tank by placing black soil 

into it and tamping to achieve MDD at OMC. The soil is 

prepared in 10 mm layers and is filled up to bottom layer of 

reinforcement. The reinforcement is then placed with its 

centre exactly below the footing. Random arrangements have 

been made by varying number of reinforcement and depth of 

reinforcement and then load is applied and settlement of 

footing is noted till failure occurs. 

D. Testing procedure: 

After the preparation of soil bed, the footing is placed exactly 

at the centre of the loading assembly. The tests have been 

performed for unreinforced and reinforced condition of soil. 

The load is applied using UTM with constant rate of 

settlement of 1mm per minute. The load is recorded with the 

inbuilt dial gauge and settlement is measured using 

deformation dial gauge. After the test is over, the tank is 

emptied and refilled at same density with required parameters 

modifications.  

III. RESULTS AND DISCUSSION 

One test is performed without geotextiles and the other test 

series is performed as follows: 

Test 

seri

es 

Reinforcem

ent 

configurati

on 

Df/

B 

Ultima

te load 

in Kpa 

BC

R 

@ 

s/B=3

% 

BC

R 

I 
Unreinforc

ed 
0 332 - 330 - 

II N=1 0 366 
1.1

0 
364 

1.1

0 

III N=2 0 456 
1.3

7 
441 

1.3

4 

IV N=3 0 504 
1.5

2 
470 

1.4

2 

V N=4 0 524 
1.5

8 
482 

1.4

6 

VI N=4 
0.2

5 
567 

1.7

1 
488 

1.4

8 

VII N=4 0.5 577 
1.7

4 
575 

1.7

4 

VIII N=4 1 589 
1.7

7 
586 

1.7

8 

Table 3: Summary Of Model Tests 

Note: The ratios such as u/B=0.4, h/B=0.4, b/B=3.5 

are kept as same for all the test series. 

Typical pressure-settlement curves of the model 

footing tests are shown in Fig.3. It should be noted that the 

experimental test results indicated that the magnitude of 

ultimate bearing capacity increased as the reinforcement is 

increased, but it has minimal effect in footing settlement at 

the ultimate load. Binquet and Lee (1975a) and Yetimoglu  

et al,.(1994) reported the same observation. On the 

other hand Omar et al.(1993a) and, Das and Omar(1994) 

indicated that the magnitude of settlement ratio (s/B) at 

ultimate bearing capacity increased along with an increase of 

the ultimate bearing capacity for tests on reinforced soil than 

unreinforced soil. 

In the following sections, the analytical discussions 

of test results are presented. 

A. Effect of number of reinforcement layer: 

A series of laboratory tests were conducted on the black soil 

reinforced with multi layers of geotextiles placed at a spacing 

of 40mm (i.e. u/B=h/B=0.4) for both surface and embedded 

footing conditions. The variations of BCRs obtained at 

settlement ratio of s/B=3% and the ultimate loads for different 

numbers of reinforcement layers (N) is shown in Fig.4. As 

expected, bearing capacity increased as the number of 

reinforcement layers increased. However, the significance of 

an additional reinforcement layer decreased as the number of 

layers increased.  

B. Effect of depth of Footing: 

The  effect  of  embedment  depth  on  the  BCR  of  reinforced 

soil  was  investigated  by  conducting  four  sets of  model  

tests, first  without  embedment  depth  (Df/B=0.0),  second  

at  an embedment depth equal to the ¼ the footing width 

(Df/B=0.25), third at an embedment depth equal to the    
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Fig. 3: Typical pressure-settlement curves of the model 

footing tests 

 
Fig. 4: Variations of BCRs at s/B = 3% and ultimate load for 

different number of reinforcement layers 

 
Fig. 5: Variations of BCRs at s/B = 3% and ultimate load for 

different depth of footing 

  ½ the footing width (Df/B=0.5), and then at an 

embedment depth equal to the footing width (Df/B=1). The 

tests conducted in the present study indicated that at the same 

settlement ratio, the BCRs for surface footings were generally 

lesser than those for embedded footings (Fig.5). The present 

study also showed that the BCRs at the ultimate bearing 

capacity for surface footings were generally smaller than 

those for embedded footings and increases as the ratio Df/B 

increases. This finding  may  be  expected  in  the   light  of  

the  fact  that  the settlement ratios(s/B) at the ultimate bearing 

capacity for embedded footing(Df/B=1.0) are greater than 

those for surface footing. Similar to the finding of the present 

study, Shin et al. (2002) and Patra et al.(2005) reported that 

the magnitude of BCRs at the ultimate bearing capacity for 

strip footing increased with increasing Df/B. However, Shin 

et al. (2002) also indicated that for s/B<5% the BCRs for 

surface footings were less than those for embedded footings. 

IV. ULTIMATE BEARING CAPACITY OF REINFORCED SOIL 

A. Bearing capacity equation: 

As indicated in the laboratory model tests, the reinforcement 

inclusion can lead to an increase in the soil’s bearing capacity. 

So, the contribution of reinforcements to the bearing capacity 

needs to be included in the bearing capacity calculation. To 

include the contribution of reinforcement, the method of 

superposition can be used and an additional term, ΔqT, is 

added to include the effect of reinforced tensile force T. For 

example, the bearing capacity equation for strip footing will 

be given in the following form: 

qu(R) = qu(UR) +ΔqT = cNc+ qNq + 0.5ϒBNϒ + ΔqT 

And for square footing is given as: 

qu(R) = qu(UR) +ΔqT = 1.2cNc+ qNq + 0.4ϒBNϒ + ΔqT 

where qu(UR) is the bearing capacity of 

unreinforced soil foundation; ΔqT is the increased bearing 

capacity due to the tensile force of the reinforcement; c is the 

cohesion of soil; q is the surcharge load; g is the unit weight 

of soil; and Nc, Nq, and Nϒ are bearing capacity factors, 

which are dependent on the friction angle of soil ø. 

 Based on the limit equilibrium stability analysis of 

RSF, the following expressions for ΔqT can be obtained for 

reinforced sand [the detailed derivation can be found in 

Sharma et al. (2009): 

where Ti is the tensile force in the ith reinforcement layer 

(kN); rT is given below: 

 
Where Hf is the depth of failure surface and can be 

evaluated as               

 

 
Fig. 6: Comparisons of the measured and estimated BCR for 

model tests 

B. Comparisons between analytical solutions and model test 

results: 

The results of laboratory model footing tests conducted in this 

study provide valuable experimental data for use to compare 

the analytical solution described herein. The verification of 
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analytical solutions with field model test data reported by 

Adams and Collin (1997) can be found in Sharma et al. 

(2009). Fig. 6 presents the comparisons between the BCR 

values obtained from model footing tests on geotextile 

reinforced soil foundations in this study and those estimated 

from the analytical solution. The figure shows that the BCR 

values predicted are generally in good agreement with the test 

results; with a maximum error of less than 7.5%. 

V. GENERAL COMMENTS 

The benefits of using geosynthetic-reinforced clay 

foundations were demonstrated in this paper through 

increasing the soil’s bearing capacity and reducing the 

footing settlement. When the foundation is built on very weak 

soil (e.g., compressible, high plasticity clay soils), the 

reinforced soil mass, as a load transfer platform, creates a 

composite structure to distribute loads more uniformly over 

soft foundation soils, thus reducing the stress concentration, 

which will reduce the consolidation settlement of the 

underlying weak soil. This will be resulted on smaller 

foundation size and/or reducing the depth of needed 

excavation, which will have an economic impact through 

decreasing material and labor costs. However case studies on 

the benefit of geosynthetic reinforced clayey soil foundation 

is underway and part of the early results can be found in Chen 

and Abu- Farsakh (2011).  

Reinforcement technique has also been 

demonstrated effective for improving the seismic 

performance of earth structures (e.g., Wang et al., 2010). As 

such, future research on the behavior of reinforced soil 

foundations under seismic loads is recommended to further 

explore the benefits of using geosynthetic-reinforced soil 

foundations. 

VI. CONCLUSIONS 

A series of laboratory model footing tests were conducted on 

geosynthetic reinforced soil foundation in this study to 

investigate the potential benefits of using reinforcement to 

improve the bearing capacity and reduce the settlement of 

shallow foundations on black cotton soils. An 

instrumentation program with strain gauges and UTM was 

designed to investigate the stress distribution in soil mass 

with and without reinforcement and the strain distribution 

along the reinforcement. With reference to the journals some 

parameters are fixed as such u/B=0.4, h/B=0.4, b/B=3.5 and 

other parameters such as number of reinforcement layers and 

depth of footing are varied and the model footing is tested. 

The model footing test results showed (1) an 

improvement in bearing capacity is observed in increasing the 

reinforcement layer. (2) Minimal effect in reduction of 

settlement, however it is decreased and has beneficial effect 

on reinforcing soil. (3) No optimum vertical spacing for the 

geotextile reinforced soil tested. (4) At settlement ratio of 3% 

it is seen that an increase in the reinforcement layers results 

in gradual increase in bearing capacity ratio as in case of 

ultimate loading criteria. (5) In variation of BCR with depth 

of footing it is found that there is no change in BCR for 

settlement ratio of 3% and ultimate load,  at Df/B = 0.5 and 

increases thereafter till Df/B = 1 but it is negligible. (6) The 

influence depth of footing is reported as 1B for effective load 

transfer and maximum bearing capacity. (7) While comparing 

with analytical solution the measured value are in good 

agreement with the test results with a maximum error of less 

than7.5%. (8)It is suggested that using reinforced soil 

foundation using geosynthetic becomes economical and more 

effective than that of treating the weak soil. 
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