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ABSTRACT: Layout and configuration of reinforcement play a vital role in improvement of geo-synthetic reinforced 

foundation soil. In the present study, laboratory performance of square footing resting on geo-synthetic reinforced sand 

bed of given density is analyzed. The configuration of the reinforcement is altered by varying parameters such as number 

of reinforcing layers and vertical spacing of reinforcement. The concept of pressure bulb is used while designing the 

layout of reinforcement. By this method, breadth of the reinforcement varies with depth corresponding to the breadth of 

pressure bulb at the particular depth. The effect of breadth of reinforcement is compared in every case by providing 

uniform breadth of reinforcement. Aluminum angles are used as anchors in the reinforcement. Presence of anchors 

improves the foundation soil by the development of passive resistance. The rate of improvement is studied by varying the 

position and height of anchors. It is observed that, reinforcement increases the bearing capacity and reduces the settlement 

at a particular load. Providing reinforcement breadth with respect to pressure bulb gives comparable results with the 

reinforcement of uniform breadth. The influence of breadth of reinforcement is more pronounced in case of single layer of 

reinforcement. The improvement in bearing capacity is about 2.8 times with the inclusion of reinforcement and about 3.9 

times with the inclusion of anchors. By the inclusion of anchors at various positions, a layer of reinforcement can be 

reduced. 
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1  INTRODUCTION 

Reinforcing the foundation soil is one of the popular 

methods of ground improvement. Many materials such 

as natural fibers, metallic strips and geo-synthetics are 

used as reinforcing materials. Binquet and Lee (1975) 

have done a pioneering study on the behavior of 

reinforced soil with length of reinforcement much 

larger than the footing width. Huang and Tatsuoka 

(1990) worked with reinforcement having length equal 

to the width of the footing and concluded that 

reinforcement beyond the footing width contribute 

secondarily to the improvement in the bearing capacity. 

Many researchers have studied the beneficial effects of 

geo-synthetic reinforcements (Khing et al 1993; 

Yetimogulu et al 1994; Adams and Collin 1997;Latha 

and Somwanshi 2009 and Dixit and Patil2014). The 

above studies revealed that layout and configuration of 

reinforcement plays an important role in the 

improvement apart from the tensile strength and 

density of foundation soil.  

In this study an attempt has been made to reduce both 

the width and depth of excavation without 

compromising on the improvement. The experimental 

program is designed to achieve the above mentioned 

objective. The concept of pressure bulb is used to 

arrive at the breadth of reinforcement. Anchors are 

introduced in the reinforcement for further increase in 

bearing capacity and reduction in settlement. 

Laboratory plate load tests are conducted on model 

square footing resting both on reinforced and 

unreinforced sand bed. The parameters varied in the 

program are number of reinforcing layers (N), vertical 

spacing of reinforcement (h), breadth of reinforcement 

(b), height of anchors (ha) and spacing of anchors.  

2 TESTS ON MODEL FOOTING 

2.1 Test Equipment 

Laboratory plate load test are conducted on 100mm 

steel square plate placed on the surface of sand bed of 

relative density 65% filled in a cubical steel tank of 

size 740mm. Load is applied through loading frame by 

means of hand operated hydraulic jack. Proving ring 

and two dial gauges placed along the diagonal are used 

for the measurement of load and settlement 

respectively. Desired unit weight of sand bed is 

achieved through controlled pouring and tamping 

technique. 

2.2 Test Materials 

The test medium in the study is of medium sand 

classified as poorly graded sand (SP) as per IS 

classification system. The angle of internal friction by 

means of direct shear test is 37 ̊ conducted at a unit 
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weight of 16.6kN/m
3
. Geo-net CE-121 is used as 

reinforcing material having tensile stiffness of 

300kN/m.Aluminum angles are used as anchors and 

are attached to geonet with bolt and nut arrangement. 

2.3 Test Program 

All reinforcement layers used are square in shape. The 

location of top layer of reinforcement is kept constant 

as 0.3B from the bottom of the footing. The geometric 

parameters used in the study are shown in figure 1. 

 

Fig. 1 Typical diagram defining various geometric 

parameters 

A model plate load test is done in unreinforced and 

four groups of tests are done in reinforced sand bed. 

Details of the experimental program are tabulated 

below. 

Table 1 Details of experimental program 

1 N=1, 2, 3 h=0.2B, 0. 

3B, 0.4B 

2 N=1, 2, 3 h=0.2B, 

0.3B, 0.4B 

 
 

3 N=1, 2, 3 h=0.3B  

ha=0.1B, 0.25B, 

0.38B 

4 N=1, 2, 3 h=0.3B     

ha=0.25B 

 
 

3 RESULTS OF TESTS 

3.1 Effect of Breadth of Reinforcement (b) 

To study the effect of breadth of reinforcement in the 

improvement of bearing capacity, the results from 

group 1 and 2 are compared. The ultimate bearing 

capacity is obtained from the load-settlement curve by 

tangent intersection method. The ultimate bearing 

capacity obtained for reinforced sand bed is divided by 

that obtained for unreinforced sand bed which is called 

the bearing capacity ratio (BCR). Figure 2 represents 

the load-settlement behavior of footing when the 

reinforcements provided are of varying breadth as per 

pressure bulb. In both groups, increase in BCR is 

observed with the increase in number of reinforcing 

layers. There is not much improvement observed in the 

BCR with respect to vertical spacing as proposed by 

Yetimogulu et al (1994). However, a slight decrease in 

BCR is obtained with the increase in vertical spacing of 

reinforcement in case of three layered reinforcement. 

This may be due to the fact that, the volume of 

reinforcement present within the pressure bulb of 

influence reduces, which leads to the reduction in the 

resistance offered by the reinforcement which resulted 

in decrease in BCR.  

 

Fig. 2 Load-settlement plot for sand bed withreinforcing 

layers of vertical spacing 0.3B 

Figure 3 shows the effect of breadth of reinforcement 

in BCR. The difference in BCR values for both groups 

where other parameters remains the same is around 

35% for single layered, 4% for double layered and 0% 

for three layered reinforcement. It is clear that for multi 

layered reinforcement, the influence of breadth of 

reinforcement in the bearing capacity is negligible. 

Except for single layered reinforcement, breadth 

provided according to the pressure bulb is sufficient to 

cover the shear zone developed below the footing. 

 

Fig. 3 Number of reinforcing layers - BCR plot for given 

breadth of reinforcement 

3.2 Effect of end anchors 

In group 3, tests were conducted to study the effect of 

end anchors in reinforcement and the influence of their 
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height (0.1B, 0.25B and 0.38B). Figure 4 represents the 

load-settlement behavior of footing when end anchors 

are provided in the reinforcement layers. The increase 

in BCR with anchored reinforcement (ha=0.1B) 

compared to unanchored reinforcement for three 

layered reinforcement is 3.5%. It is seen that anchors 

reduces the settlement at a particular load and overall 

settlement of the reinforced sand bed. 

 

Fig. 4 Load-settlement plot for sand bed with reinforcing 

layers of vertical spacing of 0.3B and 0.25B anchor 

height 

 

Fig. 5 ha/B - BCR plot for given number of reinforcing 

layers 

The height of anchors is increased to achieve further 

increase in BCR. Figure 5 shows the variation of BCR 

with the height of end anchors. The maximum increase 

obtained is about 13.4%. Considering practically, 

0.25B is taken as the optimum value of height of 

anchors.It is also observed that the effect of end 

anchors is increasing with the number of reinforcing 

layers. 

3.3 Effect of intermediate anchors 

Group 4 tests were done to learn behavior of 

intermediate anchors along with the end anchors. The 

improvement is further increased with the introduction 

of intermediate anchors. It seen that there is a linear 

relation between bearing capacity ratio and number of 

reinforcing layers when the anchors are introduced at 

the intermediate positions. The improvement due to 

intermediate anchors is more pronounced in case of 

three layered reinforcement than in case of single and 

doubled layered reinforcement as seen in figure 6. This 

is because of two facts. One is, more number of 

anchors means more soil involved in the development 

of passive resistance and the resistance is more. Also 

anchors act as metallic strips in sand which led to the 

improvement of reinforced soil. 

 

Fig. 6 Number of reinforcing layers - BCR plot for various 

anchor spacing 

Figure 7 compares the variation of bearing capacity 

ratio with the number of reinforcing layers for the case 

of reinforcement with uniform breadth and 

reinforcement with intermediate anchors. It is inferred 

from the graph that the improvement obtained with 

reinforcement of breadth 4B and three reinforcing 

layers can be obtained by using two layers of 

reinforcement with intermediate anchors. Thus the 

overall depth of reinforcement is reduced. Since the 

breadth of anchored reinforcements is provided as per 

pressure bulb, the improvement is less in case of single 

layer of reinforcement. Extend of failure surface will 

be large in horizontal direction below the footing. 

Hence, wider layer is needed in case of single layered 

reinforcement. 

 

Fig. 7 Number of reinforcing layers - BCR plot for 

reinforcement of uniform breadth and reinforcement 

with intermediate anchors 

4 Conclusion 

The primary objective of the present investigation is to 

study the performance of square footing resting on 

sand bed with and without reinforcement. Accordingly, 

tests were conducted on model square footing resting 

on sand bed by varying the parameters like number of 

reinforcing layers, vertical spacing between reinforcing 

layers, breadth of reinforcement, height of anchors and 

spacing of anchors. The experimental results are 
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discussed and the important conclusions drawn from 

the study are presented below. 

Except for single layer of reinforcement, the 

reinforcement of uniform breadth and reinforcement of 

varying breadth as per pressure bulb gives comparable 

improvement in the bearing capacity. This implies that 

without compromising on bearing capacity, the breadth 

of reinforcement could be reduced if pressure bulb is 

considered for deciding the breadth of the 

reinforcement. Influence of vertical spacing of 

reinforcement on improvement of ultimate bearing 

capacity and settlement is marginal. Provision of end 

anchors provides good improvement in both the load 

carrying capacity and settlement, due to the 

development of passive resistance. The maximum BCR 

gained in case of reinforcement alone is 3.14 and that 

of reinforcement with end anchors is 3.88 where all 

other parameters remain the same. Higher the anchor 

height more the soil involved and hence better 

improvement. Addition of anchors at the intermediate 

positions outshines the performance of reinforcement 

with uniform breadth in both the load carrying capacity 

and settlement. A layer of reinforcement may be saved 

with the provision of intermediate anchors. 

REFERENCES 

Adams, M.T. and Collin, J.C. (1997) ‘Large model spread 

footing load tests on geosynthetic reinforced soil 

foundations’, Journal of Geotechnical and 

Geoenvironmental Engineering, 123(1), pp 66-72. 

Binquet, J., and Lee, K. L. (1975) ‘Bearing Capacity Tests 

on Reinforced Earth Slabs’, Journal of the 

Geotechnical Engineering Division, 101(12), pp. 1241-

1255. 

Binquet, J., and Lee, K. L. (1975) ‘Bearing Capacity 

Analysis of Reinforced Earth Slabs’, Journal of the 

Geotechnical Engineering Division, 101(12), pp. 1257-

1276. 

Dash, S.K.,Rajagopal, K. and Krishnaswamy, N.R. (2001) 

‘Strip footing on geocell reinforced sand beds with 

additional planar reinforcement’, Geotextiles and 

Geomembranes, 19, pp 529-538. 

Dixit, M.S. and Patil, K.A. (2014) ‘Effect of 

reinforcement on bearing capacity and settlement of 

sand’, Electronic Journal of Geotechnical Engineering, 

19, pp 1033-1046. 

Fragszy, R.J. and Lawton, E. (1984) ‘Bearing Capacity 

Tests of Reinforced Sand Subgrades’, Journal of 

Geotechnical Engineering, 110(10), pp 1500-1507. 

Huang, C.C. and Menq, F.Y. (1997) ‘Deep Footing and 

Wide Slab Effects in Reinforced Sandy Ground’, 

Journal of Geotechnical and Geoenvironmental 

Engineering, 123(1), pp 30-36. 

Huang, C.C. and Tatsouka, F. (1990) ‘Bearing Capacity of 

Reinforced Horizontal Sandy Ground’, Geotextiles and 

Geomembranes, 9, pp 51-82. 

Khing, K.H., Das, B.M., Puri, V.K., Cook, E.E. and Yen, 

S.C. (1993) ‘The bearing capacity of a strip foundation 

on geogrid-reinforced sand’, Geotextiles and 

Geomembranes, 12(4), pp 351-361. 

Kumar, A. and Saran, S. (2003) ‘Closely spaced footings 

on geogrid reinforced sand’, Journal of Geotechnical 

and Environmental Engineering, 129, pp 660-994. 

Kumar, A., Ohri, M.L. and Bansal, R.K. (2007) ‘Bearing 

capacity tests of strip footings on reinforced layered 

soil’, GeotechGeol Engineering, 25, pp 139-150. 

Latha, G.M. and Somwanshi, A. (2009) ‘Bearing capacity 

of square footings on geosynthetic reinforced sand’, 

Geotextiles and Geomembranes, 27, pp 281-294. 

Michalowski, R.L. and Shi, L. (2003) ‘Deformation 

Patterns of Reinforced Foundation Sand at Failure’, 

Journal of Geotechnical and Geoenvironmental 

Engineering, 129(5), pp 439-449. 

Panda, S. and Ray, N.H.S. (2014) ‘A study on behavior of 

centrally loaded shallow foundation on sand bed 

reinforced with geogrid, failure and improvement’, 

International Journal of science, Engineering and 

Technology Research, 3(7), pp 1896-1903. 

Reginald, S. (2007) ‘Study on load-settlement behavior of 

strip footing resting on anchored geosynthetic 

reinforced sand bed’ M.E. Thesis submitted to 

Department of Civil Engineering, Anna 

University,Chennai.  

Ronad, H. (2014) ‘An experimental study of square 

footing resting on geogrid reinforced Sand’, 

International Journal of Research in Engineering and 

Technology, 3(5), pp 177-181. 

Shin, E.C. and Das, B.M. (1999) ‘Bearing capacity of strip 

foundation on geogrid-reinforced sand’, In 

Proceedings of the XI Asian Regional Conference on 

Soil Mechanics and Geotechnical Engineering, 

Seoul,pp 189-192. 

Visakan, R. (2006) ‘Behaviour of geosynthetic reinforced 

sand-foundation system with anchors’, M.E. Thesis 

submitted to Department of Civil Engineering, Anna 

University, Chennai.  

Yetimoglu, T., Wu, J.T.H. and Saglamer, A. (1994) 

‘Bearing capacity of rectangular footings on geogrid-

reinforced sand’, Journal of Geotechnical Engineering, 

120(12), pp 2083-2099. 


