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Abstract— Foundation is that part of the structure which is 

in direct contact with soil and play a vital role in overall 

stability. This paper presents the results of laboratory model 

loading test for the bearing capacity of a rectangular footing 

supported by geogrid reinforced silty sand. One type of 

geogrid used with various numbers of layers with type of 

footing (i.e. B/L equal to 0.5 and 0.33). based on the model 

test results, the bearing capacity increased with increase in 

number of geogrid layers. 
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I. INTRODUCTION 

The use of geosynthetics materials such that geogrid, 

geocell, geotextile to improve the bearing capacity of 

shallow foundation has gained attention in the field of 

geotechnical engineering. Among the range of geosynthetics 

available on the market, geogrids are the most preferred that 

of geosynthetics material for reinforcing the foundation 

beds. Much research has been carried out to understand the 

beneficial effects of using geosynthetics as reinforced soil. 

From the finding of numerous researchers, it can be 

concluded that the bearing capacity of soil also changed 

with various factors such as type of reinforcing materials, 

number of reinforcement layers, ratios of different 

parameters of reinforcing materials, and foundations such as 

𝐵 (footing width), ℎ/𝐵 (vertical spacing between 

consecutive geogrid layer to width of footing), 𝑢/𝐵 (location 

of the 1st layer of reinforcement to width of footing),  𝑏/𝐵 

(width of the geogrid layer to width of footing), 𝐷𝑓/𝐵 (depth 

of footing to width of footing), type of soil, texture and unit 

weight or density of soil. 

II. EXPERIMENTAL STUDY 

A. Material Used  

silty sand collected from Ahmedabad region used to conduct 

the experimental study.  

1) Silty Sand  

silty sand collected from navarangpura, Ahmedabad. The 

collected soil was oven dried, pulverized, and passed 

through 2 mm sieve for different physical, engineering 

properties and bearing capacity test. The properties of the 

silty sand were determined in the laboratory by performing 

several tests using respective IS 2720. Specific gravity of 

the soil was 2.65, value of friction angle is 33˚ and cohesion 

is 1 kN/m2 by direct shear test. From the grain size 

distribution test the value of CC= 2.45and CU=5.  

2) Geogrids 

Biaxial geogrid was used as reinforcement material in the 

present experimental study. Biaxial geogrid has tensile 

strength in two mutually perpendicular directions so that it 

gives more strength to the soil. Different properties of the 

biaxial geogrid are presented in Table 1. 

 

Parameters Value 

Polymer Polypropylene Pp 

Tensile strength 50 KN/m 

Aperture size (W) 40*40 mm 

Aperture shape Square 

Rib width (w) 6 mm 

Junction strength 95% 

Table 1: Properties of Geogrid 

B. Model Test Tank 

As per IS 1888: 1962, minimum tank size should be 5 times 

the width of test plate to develop the full failure zone 

without any interference of side. A model test tank with the 

dimensions having length (L) 900 mm, width (B) 300 mm 

and depth (D) 500 mm was designed and fabricated to 

perform the test. The horizontal and vertical sides of the 

model tank are stiffened by using two steel  sections at the 

2/3 from  top and bottom of the model tank to avoid any 

lateral yielding during soil compaction in the tank and also 

while applying load at model footing during the experiment. 

One horizontal and vertical wall side of model footing were 

made up of 8 mm steel plate and other two wall side were 

made up of acrylic sheet of 10 mm thickness. The inside 

wall of tank were smooth to reduce the side friction. 

C. Model Footing 

A model footing, with the dimensions of length (L) equal to 

120 mm and 180 mm, width (B) equal to 60 mm, and 

thickness (D) equal to 10 mm, was used in the experimental 

study. The footing dimensions were selected based on the 

model tank’s dimension. The model footing was designed in 

such a way that its width is less than 5 times the depth of the 

model tank so that the effect of the load could not reach the 

bottom of tank. The bottom surface of the model footing 

was made rough by epoxy glue to increase the friction 

between the footing base and the top soil layer.  

D. Laboratory Model Tests 

In the present study, silty sand was placed in the tank such 

that to achieve require density. 

 
Fig. 1: Layout of Geogrid Spacing in Cross Section of 

Model Tank and Footing 

In the geogrid reinforced model tests, the optimum 

values related to the reinforcement arrangement, like the 
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location of the first layer of reinforcement (u), the vertical 

spacing between consecutive reinforcement layers (h) , the 

length of each reinforcement layer (b) and the numbers of 

geogrid layers (N) were adopted based on the model tank 

size and findings from the previous research work layout of 

geogrid spacing in cross section of model tank and footing 

shows in fig.1. 

Fig 1 shows the cross sectional view of the model 

tank and the model footing having different reinforcement 

layers. The model rectangular footing with (B) is supported 

by silty sand layer reinforced with N number of geogrid 

layers having width b. the vertical spacing between 

consecutive geogrid layers is h. the top layer of geogrid is 

located at a depth u measured from the base of the model 

footing. . The total depth of the reinforcement zone (d), 

below the base of the footing then become 

d = u + (N-1) h 

All these parameters are expressed in non-

dimensional form in term of the footing width (B) u/B , h/B 

, b/B. By considering the previous findings, it was decided 

to adopt the following 

Parameters for the present study: 

𝑢/𝐵 = 0.35; ℎ/𝐵 = 0.25; 𝑏/𝐵 = 5, 

Number of geogrid layers (𝑁): 0, 2, 3, 4, 

Length of each reinforcement layer (𝑏): 6.6 cm. 

III. TESTING METHODOLOGY 

 
(a) 

 
(b) 

Fig. 2: Equipment set-up 

In the present study, the silty sand bed prepared at desire 

density which is determine by the sample collected from the 

site by core cutter method. The silty sand sample was kept 

in a big container and 17% water is added to the soil and 

mix thoroughly to make a uniform mixer. Before running 

the tests in the model tank, the moisture content was 

checked for soil water mixture. To obtain a uniform density, 

the silty sand was compacted in 4 layers up to an 

approximately 10 mm depth of the model test tank. 

The load was applied to the model footing by using 

a manual hydraulic pump system. The loading rate was kept 

constant in every test. The load and corresponding 

foundation settlement were measured by using a proving 

ring and a dial gauge, respectively. 

IV. RESULTS AND DISCUSSION 

At first, the bearing capacity test was performed on footing 

size 60 x 120 mm and the settlement (s) is expressed into a 

nondimensional form by dividing the width of footing (𝐵). 

The bearing pressure (𝑞) versus settlement/width ratios (i.e., 

𝑠/𝐵) is shown in Figure. By analyzing the load settlement 

curve, no distinct failure point has been observed for a 

rectangular footing in the silty sand. From Figure, it can be 

estimated that the ultimate bearing capacity (𝑞𝑢) for silty 

sand is about 71 kN/m2. After geogrid provided to footing, 

the bearing capacity increases 141, 158 and 178 kN/m2 for 

2, 3 and 4 number of grogrid layers respectively. Show in 

fig. 3.   

The bearing capacity test was performed on footing 

size 60 x 180 mm and the settlement (s) is expressed into a 

non dimensional form by dividing the width of footing (𝐵). 

The bearing pressure (𝑞), versus settlement/width ratios (i.e., 

𝑠/𝐵) is shown in Figure. Fig shows the increase in number 

of geogrid layers. By analyzing the load settlement curve, no 

distinct failure point has been observed for a rectangular 

footing in the silty sand. From Figure, it can be estimated 

that the ultimate bearing capacity (qu) for silty sand is about 

73 kN/m2.After geogrid provided to footing, the bearing 

capacity increases 146, 165 and 185 kN/m2 for 2, 3 and 4 

number of grogrid layers respectively. Show in fig. 4. 

 
Fig. 3: Load - settlement curve for B/L=0.5 with different N 

 
Fig. 4:  Load - settlement curve for B/L=0.33 with different 

N 

0

10

20

30

0 50 100 150 200 250

s/
B

 (
%

)

load Intensity (kN/m2)
B/L=0.5
N=0

B/L=0.5
N=2

B/L=0.5
N=3

0

10

20

30

0 50 100 150 200 250

s/
B

 (
%

)

load Intensity (kN/m2)
B/L=0.33
N=0

B/L=0.33
N=2

B/L=0.33
N=3



Bearing Capacity of Rectangular Footing Supported on Geogrid Reinforced Silty Sand 

 (IJSRD/Vol. 4/Issue 02/2016/487) 

 

 All rights reserved by www.ijsrd.com 1738 

Two type of width to length ration used to perform 

with the same number of geogrid layers to evaluate the 

effect of size of footing. Size of footing is expressed in the 

non dimensional unit B/L, where B = width of footing and L 

= length of footing. 

V. CONCLUSION 

The present study investigate the effect of numbers of 

geogrid on silty sand layers with the difference size of 

footing such as B/L= 0.5 and 0.33. 

 Increase in bearing capacity of soil with providing 

the reinforcement. And with increase in number of 

geogrid layers, bearing capacity increases.  

 Bearing capacity of soil also depends on the B/L 

ratio. As the B/L ratio decrease, the bearing 

capacity increases. 

Based on the results of this study, it is concluded 

that the bearing capacity of the silty sand can be improved 

by using the grogrid. 
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