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Abstract: Ring footings are widely used as foundation for water tanks, television antennas, silos, chimneys, 

oil storage tanks etc. This paper presents an experimental study to investigate the cyclic as well as static 

behavior of model ring footing and circular footing resting on coir geocell reinforced sand. The parameters 

studied are coir geocell width, and depth of embedment of geocell. The studies have shown that, with the 

provision of geocell reinforced sand cushion, there is substantial reduction in settlement of both ring and 

circular footings due to modified stress distribution. The beneficial effect in terms of increased load carrying 

capacity and reduced settlement is related to the width and depth of placing geocell mattress. 
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INTRODUCTION  

 

In case of axisymmetric structures such as water 

towers, transmission towers, television antennas, 

silos, chimneys and oil storage, ring footings are 

generally used to support columns or walls. The use 

of ring footing decreases the amount of materials 

used and it is more economical.  

Introducing reinforcement inclusions within the soil 

is an effective and reliable method in improving the 

bearing capacity of soil. The more recent 

advancement of reinforced soil is to provide three 

dimensional confinements to soil by using geocells. 

Geocell foundation mattress consists of a series of 

interlocking cells, constructed from polymer 

geogrids, which contains and confines the soil 

within its pockets. Nowadays natural material is 

introduced as reinforcement to improve the 

engineering properties of soil. Coir is a natural fiber 

extracted from husk of coconut. Several studies have 

been reported on stabilisation of soil using coir fiber. 

This study presents a series of laboratory results on 

the behavior of ring and circular footings placed on 

sand reinforced with coir geocells. 

From literatures, it was found that for ring footings 

the improvement in bearing capacity ratio was 

maximum for an inner to outer diameter ratio of 

0.39.Laboratory model test of bearing pressure of 

circular and ring footings on sand shows that ring 

footing with an optimum inner to outer diameter 

ratio of 0.4 has nearly same load carrying capacity 

as that of circular footing. Several investigations 

have also been reported on the use of synthetic 

geocells to improve the bearing capacity of weak 

soil. It has been found that geocell enhances the 

footing performance on sand and it was also found 

that optimum width of geocell mattress is around 4 

times the width of footing .Studies also shows that 

in order to obtain the maximum benefit, the top of 

geocell mattress should be at a depth of 0.1 times the 

diameter of footing. Cyclic loading on geocell 

reinforced foundations exhibit a four- fold increase 

in bearing capacity of footing compared to 

unreinforced case. 
This paper focus on the effect of geocell 

reinforcement on load carrying capacity of ring 

footing and circular footings under vertical and 

cyclic loading using experimental approach. The 

specific objectives include investigating the effect of 

geocell width, depth of placing reinforcement, and 

geocell pocket size on bearing capacity of both 

footings. 

 

EXPERIMENTAL SET UP 

 

Test Setup 

The test facility developed in this study consists of a 

loading frame, a steel box, controlled tamping 

device, model footings and loading arrangement 

loading arrangement. The vertical compressive load 

was applied to model footing through a hydraulic 

jack of 100kN capacity, which was supported 

centrally at the bottom flange of the steel girder 

made of channel sections. It was operated manually 

by a hydraulic pump. The load was transferred to the 

model through a proving ring which was fixed on 

the bottom of jack and the model footing was 

connected to the proving ring through a loading 

platform. Settlement of model footing was measured 

using dial gauges having travel of 25 mm and least 
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count of 0.01 mm. The schematic view of the 

experimental set up is given in Fig. 1. 

 
Fig. 1 General arrangement of experimental set up 

 
Test Medium 

Clean river sand was used in all the experiments as a 

test medium. The index properties obtained are 

presented in Table 1 and the sand is classified as 

poorly graded sand (SP). 

 
Test Box 

A rectangular rigid steel test box of inner 

dimensions 1m×1m×0.8m with 10mm wall 

thickness was fabricated and used for conducting the 

experiments on the model footings in the laboratory. 

With a wall thickness of 10mm and several 

stiffeners on the outer side, the box is considered to 

be rigid. The inside face of the tank was graduated at 

every 100mm depth intervals to aid preparation of 

sand bed in layers by fixed density method. 

 

Model footings 

Model ring footing made of mild steel with an outer 

diameter of 150mm and inner diameter of 

60mm.Model circular footing having diameter same 

as the outer diameter of ring footing was made from 

mild steel. The inner to outer diameter ratio of the 

ring was 0.4. The thickness of model ring and 

circular footing was 15mm. The ring was placed on 

the correct middle of the test tank on the soil 

surface. Four steel columns of height 100mm 

welded to a circular plate of 15mm thick placed over 

the surface of footings in order to simulate the over 

head structures on footing. 

 

Soil reinforcement 

Geocell was used as the soil reinforcement. Geocell 

was made from coir belt. The properties of coir 

geocell are given in table 2. 

 

 

Table 1: Index properties of sand 

Description Value 

Specific gravity, G 2.67 

Effective size, D10 (mm) 0.27 

D30 (mm) 0.43 

D60 (mm) 0.78 

Coefficient of uniformity (Cu) 2.87 

Coefficient of curvature (CC) 0.86 

Type of soil SP 

Maximum dry density( k N/m3) 18.4  

Minimum dry density( k N/m3) 15.3 

Specimen  Dry sand 

Relative Density (%) 50 

Undrained cohesion 0 

Angle of internal friction 40º 

 

 

Table 2: Properties of geocell 

Description Value 

Thickness (mm) 8.88 

Mass per unit area (gsm) 1267 

Pocket size (cm x cm) 8 x 8 

Tensile strength (kN / m) 15.8 

Geocell height (cm) 10 

 

METHODOLOGY 

 

A total of 5 series of experiment were carried out on 

model footings. Series 1 consists of static and cyclic 

load test on ring footing and circular footings 

without reinforcement. Series 2 consist of static load 

test on ring and circular footings with coir geocell of 

varying width. Series 3 consists of bearing capacity 

test on ring footing and circular footings with coir 

geocell placed at different depth under static 

loading.  Series 4 consists of static and cyclic test on 

ring and circular footing with optimum width and 

depth of placing geocell. A total of 30 tests were 

carried out on the model ring and circular footings 

supported on unreinforced and reinforced soil.  

 

RESULT ANALYSIS & DISCUSSION 

 

The performance improvement of footings due to 

geocell is expressed using a non dimensional term 

called improvement factor (IF). IF is defined as the 

ratio of bearing load with geocell reinforcement at a 
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given settlement to the corresponding load on 

unreinforced soil at the same settlement. When this 

ratio is calculated at settlements beyond the ultimate 

load of unreinforced soil, the ultimate load of the 

footing (qult) is used instead of q0. The footing 

settlement ‘‘s’’ were expressed as a non-

dimensional form in terms of the footing width as 

s/B (%). 
   

Static and cyclic test in unreinforced soil. 

It was clear fig 1 and 2, that ring footing with inner 

to outer diameter ratio of 0.4 is having almost same 

load carrying capacity compared to that of circular 

footing. However the settlement values are lesser for 

ring footing compared to circular footing. This may 

be due to the presence of additional shear failure 

surface starting from the internal edge of ring 

footing and finished at the end of wedge zone of 

shear failure surface. This additional failure surface 

increases the friction area of active zone. 

 
Fig 1. Load- settlement of footings on unreinforced 

soil under static loading 

 

 
Fig 2. Load- settlement of footings on unreinforced 

soil under cyclic loading 

 

  Effect of width of geocell   
The tests were conducted on both the footings with 

single layer of geocell reinforcement and with a 

pocket size of 0.53B placed at a depth of 0.1B. The 

width of reinforcing layer (b) was varied as 1B, 2B, 

3B, 4B and 5B. It is clear that no much 

improvement is obtained with geocell mattress of 

size same as that of loading plate. The performance 

increases with increase in size of geocell mattress 

from 1B to 4B. Maximum improvement is obtained 

when the width of reinforcement is 4B. Beyond 4B, 

there is no much significant improvement. 

 

 
 

Fig 3.Improvement factor of ring footing with 

varying geocell width under static loading 

 

 
 

Fig4: Improvement factor of circular footing with 

varying geocell width under static loading 

Geocell reinforcement of width 4B gives an 

improvement of 1.7 times in case of ring footing and 

2.09 times in case of circular footing. 

 

Effect of depth of geocell embedment 

 

 
 

Fig 5. Improvement factor of ring footing with 

varying geocell depth under static loading 
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Geocell placed at 0.1 times footing width gives 

greater improvement at smaller loads, but geocell at 

a depth of 0.25 B gives much improvement at higher 

loads also. In this particular study, the optimum 

depth to the top of geocell is taken as 0.25 times the 

width of footing which provides an average of 1.7 

times improvement in bearing load of ring footing.  

 

 
 

Fig 6. Improvement factor of circular footing with 

varying geocell depth under static loading 

 

In case circular footing, the depth of reinforcement 

when increased from 0B to 0.1B, load carrying 

capacity increased and settlement decreased. The 

optimum depth is obtained as 0.1B and all other 

tests were conducted at this particular depth. The 

embedment of geocell at this depth provides an 

average of 2.05 times improvement in load carrying 

capacity of circular footing. 

Comparison of reinforced and unreinforced 

footings 
In static case, provision of geocell reinforcement of 

optimum width, depth and pocket size, increases the 

load by 77% in case of ring footing and 88% in case 

of circular footing compared to unreinforced case.  

Fig7. Load- settlement of unreinforced and 

reinforced footings under static loading 

Cyclic load test was also conducted on both ring and 

circular footing with geocell reinforcement provided 

at optimum width, and depth. In case of ring footing, 

geocell reinforcement provides 60% reduction in 

settlement, while in circular footing, 68% decrease 

is obtained when compared with unreinforced case. 

 

 

Fig 8. Load- settlement of unreinforced and 

reinforced footings under cyclic loading. 

CONCLUSIONS 

From the experimental programme, the following 

conclusions were made: 

The bearing capacity of ring footing with inner to 

outer diameter ratio of 0.4 is nearly same as that of 

circular footing in static and cyclic case. The 

optimum width of geocell mattress is equal to four 

times the diameter of footing in case of both ring 

and circular footing. Surface heaving and settlement 

reduces with increase in width of geocell. The 

optimum depth of placing coir geocell is obtained as 

0.1 times the diameter of footing in case of circular 

and 0.25 times the outer diameter in case of ring 

footing. The results shows that footing performance 

due to cyclic loading is better for geocell reinforced 

soil than that of unreinforced soil. 
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