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Abstract— Ring foundations are often adopted for large and 

tall structures to resist lateral loads and to increase the 

stability against overturning. They have been used 

worldwide under various structures, including 

telecommunication towers, liquid storage tanks, bridges and 

offshore structures. The performance of a structure mostly 

depends on the performance of foundation. However, the 

behaviour of these foundations has not been well 

understood. Since it is a very important part, it should be 

designed properly. This paper presents the behaviour of ring 

footing under eccentric loading on geogrid reinforced sand 

of medium density. The model tests have been conducted 

using ring footing with ring radii ratio (Di/Do) = 0.2, 0.4, 

and 0.6 for varying eccentricity ratio. Parametric studies 

have been made to find the impact of eccentricity ratio, ring 

radii ratio and geogrid reinforcement on bearing capacity of 

the foundation. 
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I. INTRODUCTION 

The lowest part of a structure which transfers its load to the 

soil beneath is known as foundation. The stability of a 

structure mostly depends on the performance of foundation. 

Its design should be done properly, considering its 

importance. Depending on the depth of embedment, 

foundations can be classified as shallow or deep. The 

ultimate load which can be sustained by the soil is identified 

as bearing capacity. Bearing capacity and settlement are two 

parameter requirements for the design of shallow 

foundation. It is essential for engineers to estimate the 

foundation’s bearing capacity subjected to vertical loads. 

Usually, so many studies for estimation of bearing capacity 

involve foundation subjected to vertical loading. However, 

for some structures such as abutment, retaining wall, portal 

framed building and water front structure, which are often 

subjected to eccentric load due to horizontal thrust and 

bending moment. Tilt of the footing caused by eccentric 

loading which results to non-uniform stress distribution and 

unequal settlement below the footing. Ring footings are 

generally used to support columns or walls of axi-

symmetrical structures, which are normally circular in plan. 

Ring footings may be used as foundation for water towers, 

transmission towers, television antennas, silos, chimneys, 

and oil storage tanks, because it provides a more suitable 

and cost-effective design. Because these structures are tall 

buildings, their foundations are frequently subjected to 

bending moments (caused by lateral loads such as wind or 

earthquakes) in addition to vertical loads, leading to an 

eccentric loading condition. Because of eccentric loading, 

the ring footing is susceptible to tilt, causing a significant 

decrease in the bearing capacity of the footing. The use of 

ring footing decreases the amount of materials used and it is 

more economical. With the increase in use of these 

foundations, need for investigating its behaviour has become 

important. The behaviour of ring footing can be found out 

by small scale model studies. The behaviour includes the 

load settlement response and ultimate bearing capacity.  

A. Soil Reinforcement 

Decreasing availability of good construction sites and 

increasing construction activities for infrastructural 

developments throughout the world has forced the civil 

engineers to utilize unsuitable sites or weak soil. It is a risk 

to construct over such land due to high compressibility, 

uneven settlement, and low bearing capacity. The footing 

resting on such unsuitable sites or weak soil, have low 

bearing capacity exhibits large settlement under small loads. 

For such unsuitable sites or weak soils with large loading 

condition, raft foundation is preferred which increase the 

load bearing capacity of such soils. But there are some 

problems will occur with raft foundation as the excavation 

of large area is not economical and also if the construction is 

adjacent to old structures and the foundation depth is large 

then the excavation area has to be braced during foundation 

construction. The improvement in strength properties of 

such soil has become one of the important tasks of civil 

engineers due to the scarcity of good sites, dramatic rise in 

land prices and increase in infrastructure growth. For this 

purpose, many researchers investigated ground 

improvement techniques for soil to increases the bearing 

capacity (Patil and Rakaraddi, 2015).  

Several types of ground improvement techniques 

involving stabilizing or reinforcing the soil are used to 

increase the bearing capacity and make these type of soils 

suitable for construction. There are different ground 

improvement techniques to stabilize the poor ground in 

which soil reinforcement is an effective and reliable 

technique. The concept of soil reinforcement was first 

developed by Vidal (1969). He demonstrated that the 

introduction of reinforcement elements in a soil mass 

increases the shear resistance of the soil matrix. The primary 

purpose of reinforcing soil mass is to improve its stability, 

increase its bearing capacity and reduce settlements and 

lateral deformation.  

B. Objective of the Project 

In view of the above discussions, it can be summarized that 

soil reinforcement technique can be used to reduce the 

settlement of soil and to increase the bearing capacity of the 

soil for the stability of the structure, whereas construction is 

done on the unsuitable site or weak soil. In this work, 

systematic laboratory tests are carried out to study the 

performance of eccentrically loaded ring footing resting 

over geogrid reinforced sand. The main objective of the 
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present study is to model and study the effect of following 

parameters on the mechanical behavior and failure 

mechanism of ring footing under eccentric loading using 

experimental approach. 

Factors to be studied:  

 Effect of ring radii ratio of ring footing. 

 Effect of load eccentricity on footing. 

 Top layer spacing of reinforcement. 

C. Scope of the Work 

 The behavior of ring footings has not been well 

understood. 

 An accepted method for estimating the bearing capacity 

is not available. 

 Due to eccentric loading, the ring footing is susceptible 

to tilt, causing a significant decrease in the bearing 

capacity of the footing. This drawback can be overcome 

by using ring footing of suitable radius ratio. 

 In the design of ring foundations, very crude 

simplifications have to be made.  

 Assessing suitable depth of reinforcement avoids 

unnecessary large excavations which is economic and 

safe.  

 The inclusion of reinforcement enables the use of 

poorer quality sands to be used as structural 

components. 

II. MATERIALS 

The experimental set up designed for this study, to 

investigate the potential benefits of using the geogrid 

reinforced soil foundation for improving the bearing 

capacity and to reduce the settlement of shallow foundation 

in soil. In this work, geogrid was used as the reinforcement 

material. The tests are carried out on the ring footing model 

with varying depth of reinforcement. 

A. Soil 

Sand was used as the foundation soil in this study. It was 

collected from Pavaratty near Chavakkad in Thrissur 

District. The sand was collected from a depth of 1m below 

ground surface by digging. 

 
Fig. 1: Soil sample 

1) Properties of soil sample 

The geotechnical properties of sandy soil were determined 

as per IS specifications. The test results are summarized in 

Table 1.  

Sl. 

No 
Properties Value 

1 Specific gravity ,G 2.66 

2 Percentage of particles retaining on 4.75 0 

mm sieve (%) 

3 
Percentage of particles retained on 75 

micron sieve (%) 
96.4 

4 
Percentage of particles passing through 75 

micron sieve (%) 
3.6 

5 Uniformity coefficient ,Cu 2.9 

6 Coefficient of curvature ,Cc 1.24 

7 Cohesion ,C  (kN/ m2) 0 

8 Angle of internal friction  ,φ  (degrees) 39 

9 Minimum dry density ,ρd  min   (kN /m3) 14.02 

10 Maximum dry density ,ρd max (kN /m3) 17.10 

11 Dry density ,ρd  (kN /m3) 
15. 

65 

12 Relative density Dr   (%) 58 

13 Soil classification SP 

Table 1: Geotechnical Properties of soil 

From particle size distribution Analysis, the values 

for Cu and Cc were determined to be 2.9 and 1.24 

respectively. For well graded sand, Cu should be greater than 

6 and Cc should be between 1 and 3. Since the soil did not 

meet both the conditions for a well graded soil, it falls under 

poorly graded category. Hence, laboratory test result 

revealed that soil belongs to SP classification. The 

maximum and minimum dry densities were obtained as 

17.10 kN/m3 and 14.02 kN/m3 respectively. The relative 

density of the soil was determined to be 58%. The 

corresponding dry density was estimated to be 15.65 kN/m3 

which indicated as medium dense condition. 

B. Reinforcement  

It was decided to use geogrid as soil reinforcement since 

they are cost effective for practical applications. The geogrid 

was collected from STRATA Geosystems Pvt. Ltd., 

Ernakulam. 

 
Fig. 2: Geogrid 

Property Value 

Peak Tensile 

Strength 

Machine Direction 30 kN/m 

Cross Machine 

Direction 
30 kN/m 

Physical Properties 

Colour Black 

Polymer Type HDPE 

Coating PVC 

Aperture Shape Square 

Aperture Size 
25mm x 

25mm 

Table 2: Properties of Geogrid 

C. Model Footing  

Models of ring footings of the same outer diameter and 

different inner diameters were used in this experimental 
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programme. Outer diameter of ring footing was taken as 

100mm and inner diameters as 20mm, 40mm and 60mm, the 

corresponding inner to outer diameter ratio were taken as 

0.2, 0.4 and 0.6 respectively. Ring footings made of mild 

steel plate of thickness 10mm and four columns casted on 

the surface, was used for this study as shown in fig 3. The 

four columns were casted in order to represent the overhead 

structures resting on ring footing. 

 
Fig. 3: Mild steel rings of radius ratios 0.2, 0.4 & 0.6 with 

loading platform 

Here in the present study, elevated superstructure is 

considered which is generally supported by a particular 

number of columns, say four. Spacing of columns is 

provided uniformly. These columns were placed in such a 

way that eccentricity is measured from the columns 

diametrically opposite to each other. 

D. Model Tank 

Laboratory test were conducted in square tank made of mild 

steel having a thickness of 3mm. The internal dimension of 

tank was 750 mm x 750 mm x 650 mm in length, width and 

height respectively. The plan size of the tank was more than 

five times the footing width so that the failure zone can 

develop freely without any interference. Markings were 

given at specified heights of tank to maintain the height of 

fall in order to achieve desired relative density.  

 
Fig. 4: Test box 

III. METHODOLOGY 

A literature survey was conducted to study various aspects 

related to the work. The experimental work consisted of 

mainly laboratory model test. The soil selected was locally 

available sandy soil in Thrissur district. Determination of 

geotechnical properties of soil was essential for laboratory 

modelling. For that, following test were conducted. 

 Specific gravity test (IS: 2720 ( Part III/Section 2 ) - 

1980) 

 Grain size analysis (IS : 2720 ( Part IV ) - 1985) 

 Direct shear test (IS: 2720 ( Part XIII ) - 1986) 

 Relative density test (IS: 2720 ( Part XIV) - 1983) 

During laboratory modelling, in order to achieve a 

constant dry density of sand in tank, the height of fall of 

sand were determined. With the literature back up of various 

works, proper dimensions for both model footing and mild 

steel tank were fixed and they were manufactured. The 

geogrid was collected from STRATA Geosystems Pvt. Ltd., 

Ernakulam. 

The sand was filled in test tank using rainfall technique 

in order to achieve the required relative density. Then the 

load settlement behaviour of ring footing on sand bed with 

and without geogrid was determined, for both central 

loading and eccentric loading. In order to study the effect of 

reinforced soil parameters, the tests were conducted to fix 

top layer spacing (u) using geogrid as reinforcement layers 

and load test was conducted. 

A. Sample Preparation 

Sample preparation consists of preparation of sand bed for 

both unreinforced and reinforced case. In reinforced case, 

placement of geogrid was done at proper spacing in order to 

determine various parameters. 

1) Preparation of Sand Bed 

The internal dimension of the test tank was measured and 

weight of sand to fill the tank up to a specified height was 

calculated using desired dry density and relative density. 

Rainfall technique or sand raining technique was 

used to fill the sand in the test tank. The height of fall to 

achieve the required dry density was determined by 

performing a series of trials with different height of fall. 

After filling each layer, levelling was done using a plane 

wooden plate and a spirit level. A height of fall of 30cms 

was obtained to achieve the desired dry density. All the test 

series were performed at constant relative density 

corresponding to medium dense condition. The influence of 

geogrid layer can be more visible at medium dense 

condition. For the preparation of reinforced sand bed, 

geogrid layers were placed at desired depth from base of 

footing. 

2) Placement of Geogrid 

For reinforced sand bed, it is very essential to decide the 

magnitude of reinforcement parameters like u and Lr to take 

the maximum advantage in bearing capacity of reinforced 

sand. All these reinforcement parameters were expressed as 

a dimensionless constant in terms of outer diameter of 

footing. Brief descriptions about various reinforced soil 

parameters in this study are given below 

a) Top layer spacing of geogrid layer (u) 

It is the depth of first layer of reinforcement from the base 

of footing. The term can be expressed as u/Do ratio, in terms 

of outer diameter of footing, Do. In this study u/Do ratios 

are 0.05, 0.10, 0.15 etc where u value is 5cm, 10cm, 15cm 

etc. 

b) Length of reinforcement layer (Lr) 

The bearing capacity of footing changes with length of 

reinforcement layer with respect to outer diameter of footing 

(i.e. Lr/Do ratio). Studies reveal that maximum length of 
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reinforcement layers for optimum mobilization of maximum 

bearing capacity ratio 4Do for ring footings. Hence in this 

study, the length of geogrid layer was fixed as 4Do. 

IV. RESULTS & DISCUSSIONS 

The load settlement behaviour of rings with different radius 

ratios on unreinforced and reinforced conditions was 

determined from laboratory load test. 

A. Behaviour of Ring Footing on Unreinforced Sand 

 
Fig. 5: Load – Settlement behaviour of ring with radius ratio 

0.2 on unreinforced sand with different eccentricity 

 
Fig. 6: Load – Settlement behaviour of ring with radius ratio 

0.4 on unreinforced sand with different eccentricity 

 
Fig. 7: Load – Settlement behaviour of ring with radius ratio 

0.6 on unreinforced sand with different eccentricity 

Eccentricity(cm) 
Bearing capacity (kN/m²) 

0.2 0.4 0.6 

0 91 104 56 

0.5 74 95 42 

1 65 78 28 

1.5 46 56 15 

Table 3: Load Carrying Capacity of Different Ring Footings 

on Unreinforced Sand with Different Eccentricity 

 
Fig. 8: Bearing capacity for different ring radius ratio on 

unreinforced sand with different eccentricity 

B. Behaviour of Ring Footing on Reinforced Sand 

 
Fig. 9: Load – Settlement behaviour of ring with radius ratio 

0.4 on reinforced sand with u=50mm 

 
Fig. 10: Comparison of Load – Settlement behaviour of ring 

with radius ratio 0.4 on unreinforced and reinforced sand 

 
Fig. 11: Load – Settlement behaviour of ring with radius 

ratio 0.4 on reinforced sand with u=100mm 
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Fig. 12: Load – Settlement behaviour of ring with radius 

ratio 0.4 on reinforced sand with u=150mm 

Eccentricity 

(cm) 

Bearing capacity (kN/m²) 

Without 

Geogrid 

 

With 

Geogrid 

(u=50 

mm) 

With 

Geogrid  

(u=100 

mm) 

With 

Geogrid  

(u=150 

mm) 

0 104 138 150 120 

0.5 95 118 134 106 

1 78 94 108 82 

1.5 56 65 75 58 

Table 4: Load Carrying Capacity Of Ring With Radius 

Ratio 0.4 On Unreinforced And Reinforced Sand 

 
Fig. 13: Bearing capacity of ring with radius ratio 0.4 on 

reinforced and unreinforced sand 

Eccentricity (cm) 
Bearing Capacity Ratio (BCR) 

u=50mm u=100mm u=150 mm 

0 1.32 1.44 1.15 

0.5 1.24 1.41 1.11 

1 1.20 1.38 1.05 

1.5 1.16 1.33 1.03 

Table 5: Bearing Capacity Ratio Of Ring Footing 

 
Fig. 14: Bearing capacity ratio of ring with radius ratio 0.4 

From table III, the maximum bearing capacity was 

attained for ring of radius ratio 0.4 in unreinforced case. 

From table IV, the optimum top layer spacing of the 

reinforcement layer is 10 cm from the surface of the footing. 

V. CONCLUSIONS 

 Laboratory test results revealed that the soil belongs to 

SP classification. 

 As radius ratio increases, the bearing capacity increases 

and then decreases. 

 The maximum bearing capacity was attained for ring of 

radius ratio 0.4 in unreinforced as well as reinforced 

cases. 

 The bearing capacity of ring footing decreases as 

eccentricity of load increases for unreinforced and 

reinforced soil.  

 The optimum top layer spacing of the reinforcement 

layer is 10 cm from the surface of the footing. 

 The percentage increase in bearing capacity at optimum 

top layer spacing of 10 cm with reinforcement is 44%.  
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