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ABSTRACT 

 A number of works have been carried out for the 

evaluation of a ultimate bearing capacity of 

shallow foundation, supported by geogrid 

reinforced sand and subjected to centric load. Few 

experimental studies have been made on the 

calculation of bearing capacity of shallow 

foundation on geogrid-reinforced sand under 

eccentric loading. The ultimate bearing capacity of 

eccentrically loaded square footings can be 

computed by knowing the ultimate bearing capacity 

of square footing under central load and a 

reduction factor (RkR) for reinforced condition. 

The reduction factor is developed based on the 

results of laboratory model tests on geogrid 

reinforced soil. The ultimate bearing capacity of 

eccentrically loaded rectangular footing resting 

over geogrid reinforced sand can be calculated by 

knowing the ultimate bearing capacity of 

rectangular footing resting over reinforced sand 

bed and subjected to central vertical load by using 

reduction factor (RkR). An equation for reduction 

factor for rectangular footing resting over geogrid 

reinforced sand is developed based on laboratory 

model test results. 

Keyword: Ultimate Bearing Capacity, 

Reinforced Sand Bed, Eccentric Loading 

INTRODUCTION: 

Foundation is the lower most hidden but 

very important part of any structure 

whether it is onshore or offshore structure. 

It is the part which receive huge amount of 

load from superstructure and distribute it 

to ground. So the foundation should be 

strong enough to sustain the load of 

superstructure. The performance of a 

structure mostly depends on the 

performance of foundation. Since it is a 

very important part, so it should be 

designed properly Design of foundation 

consists of two different parts: one is the 

ultimate bearing capacity of soil below 

foundation and second is the acceptable 

settlement that a footing can undergo 

without any adverse effect on 

superstructure. Ultimate bearing capacity 

means the load that the soil under the 

foundation can sustain before shear failure; 

while, settlement consideration involves 

estimation of the settlement caused by load 

from superstructure which should not 

exceed the limiting value for the stability 

and function of the superstructure. 

Ultimate bearing capacity problem can be 

solved with the help of either analytical 

solution or experimental study. First one 

can be studied using theory of plasticity or 

finite element method, while the second is 

reached through performing laboratory 

model test. 

OBJECTIVE OF PRESENT STUDY : 

The objective of the present study is a) To 

conduct load tests on model rectangular 

footings resting over reinforced sand bed 

subjected to vertical eccentric load. b) 

Different layers of geogrids are used as 

reinforcement c) To develop the empirical 

correlation for bearing capacity of 

eccentrically loaded footings on reinforced 
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sand by knowing the bearing capacity of 

footing under centric load. 

 

EQUIMENTS AND MATERIALS: SAND  

Characteristics of Sand 

 

 

GEOGRID Properties of the geogrid : 

 

EQUIPMENT USED: static loading unit, proving ring, dial gauge, model footing 

MODEL TEST PROCEDURE 

 

Equipment setup 

Theoretical bearing capacity of the sand 

bed is calculated using Meyerhof’s bearing 

capacity formula. Now this ultimate load is 

applied on the footing in 8 steps. Load to 
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be applied in one steps is calculate by 

dividing the ultimate load by number of 

steps and then load in one step is again 

dividing by least count of proving ring 

used during the test to calculate the 

number of division in each step. Since the 

test is stress controlled, the load calculated 

in one step is applied on the footing and 

corresponding settlement is measured by 

taking average reading of both dial gauge 

fitted at two diagonally opposite corner of 

footing. After taking the reading on 

proving ring and dial gauge, load applied 

is calculated by multiplying the number of 

division on proving ring by it’s least count 

and corresponding settlement is calculated 

by multiplying the dial gauge reading by 

it’s least count i.e. 0.01. Now the load-

settlement curve is drawn and using double 

tangent method, experimental bearing 

capacity is extracted. 

Model test series  

The sequence of the model test series  

 

RESULTS AND ANALYSIS :  

Bearing capacity of unreinforced sand : 

Results of load test have been plotted in 

term of load-settlement curve as shown in 

Figures below for footing size 20cm10 

(B/L = 0.5) and 30cm10 (B/L = 0.33) 

respectively. From the graph, it is observed 

that ultimate bearing capacity decreases as 

eccentricity width ratio (e/B) increases and 

also the total settlement at failure load 

decreases as eccentricity width ratio (e/B) 

increases. By comparing the graph shown 

in Figure and Figure, it can also be 

concluded that as the width to length ratio 

(B/L) decreases, load carrying capacity of 

footing increases. 

 

 

From the load-settlement curve shown in 

Figure and Figure ult
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imate load carrying capacity of both B/L ratio i.e. 0.5 & 0.33 and for all eccentricity has been 

calculated using tangent intersection method. The result has been tabulated in Table for 

B/L=0.5 & 0.33 respectively and compared with theoretical value of load carrying capacity 

given by different authors. The variation of theoretical bearing capacity with eccentricity 

calculated by using different formula along with experimental results has been plotted in Fig 

for B/L=0.5 and  B/L=0.33. 

Theoretical bearing capacity of unreinforced sand bed for B/L=0.5 

  

Variation in qu with e/B (B/L=0.33) 

  

Theoretical bearing capacity of unreinforced sand bed for B/L=0.33 

 

BEARING CAPACITY OF GEOGRID REINFORCED SAND: model test result 
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rom the load-settlement curve shown in 

Figure , ultimate load carrying capacity of 

both B/L ratio (i.e. 0.33 & 0.5) and for all 

eccentricity has been calculated using 

tangent intersection method. The result has 

been tabulated in Table for e/B = 0, 0.05, 

0.10 & 0.15 respectively with different 

number of geogrid layers. Theoretical 

ultimate bearing capacity for centrally 

loaded footing on reinforced sand has been 

calculated using formula given by Huang 

and Menq (1997) as shown in equation. 

This formulae reported by Huang and 

Menq (1997) corresponds to strip footing. 

A shape factor for rectangular footings on 

reinforced soil has been multiplied as per 

Huang and Menq (2000 ). 

 

For the calculation of ultimate load 

carrying capacity of eccentrically loaded 

foundation on reinforced soil, the 

reduction factor method proposed 

Purkayastha and Char (1977) for the case 

of un-reinforced soil has been extended. 

The relationship can be written in line with 

Purkayastha and Char (1977) as shown in 

equation  

 

Where, q uR(e) is the ultimate bearing 

capacity of reinforced sand under eccentric 

loading; uR q is the ultimate bearing 

capacity of reinforced sand under centric 

loading and RKR is the reduction factor. 

Patra et. al. (2006) proposed reduction 
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factor ( RKR ) for strip footing on 

reinforced soil in as shown in equation  

 

 

Bearing capacity of reinforced sand bed for e/B = 0 

  

  

ANALYSIS OF TEST RESULT 

ANALYSIS OF RECTANGULAR FOOTING WITH B/L=0.5 

Experimental reduction factor for eccentrically loaded footing resting on reinforced sand bed 

with B/L=0.5 
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ANALYSIS OF RECTANGULAR FOOTING WITH B/L=0.33 

 

Comparison of predicted ultimate bearing capacity of reinforced sand bed with those 

observed from experiment 
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Summarized results:  

A number of laboratory model tests have 

been conducted to determine the ultimate 

load bearing capacity of rectangular model 

footings resting over geogrid reinforced 

sand and subjected to vertical eccentric 

load. All the tests have been conducted for 

footing resting on the surface. Following 

are the summarized results of present 

research work.   

The ultimate bearing capacity of the 

foundation for un-reinforced and 

reinforced soil decreases with the increase 

in eccentricity ratio i.e. e/B.  

 The ultimate bearing capacity of the 

foundation increases with the increase in 

number of reinforcement layer.   

Reduction factor for the footing with 

B/L=0.5 & 0.33 has been derived 

separately and then combined to get a 

simple generalized equation of reduction 

factor for rectangular footing as shown in 

Equation. 

A comparison of the experiment and 

predicted ultimate bearing capacity for 

rectangular footings on reinforced sand 

bed by using concept of reduction factor is 

calculated using the derived relation and 

presented in Table 5.9. The maximum 

deviation of experimental from predicted 

is 7.14%. 
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