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ABSTRACT:  Geosynthetic encapsulated granular trenches (EGT) have found to improve the load carrying capacity of 

strip footings situated on weak soil under monotonic load. Granular trench is a two dimensional plane strain variant of  

stone column. The EGT is formed by wrapping a geosynthetic around the granular trench. In the investigation reported 

herein, repeated  load behaviour of EGT supported strip footings situated on earth embankments was studied. Repeated 

load tests were carried out on model strip footings resting on granular trenches with and without encapsulation. A cyclic 

hydraulic actuator with control and data acquisition facilities was used. River sand was used to prepare the embankment 

and 6mm aggregate was used as the fill for the trench. Geogrid reinforcement was used for encapsulation. Non linear 

finite element simulations were carried out to arrive at the optimum dimensions of the EGT under monotonic loading. The 

optimum dimension thus obtained was used for repeated load studies. Influence of magnitude and frequency of repeated 

loading were investigated through experiments. Details of test setup, experimental programme, observations and results 

are discussed in the paper. It was found that the EGT system effectively improves the bearing capacity of footings situated 

on earth embankments under repeated loading. 
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1  INTRODUCTION 

Strip footings on sloping surfaces or adjacent to a 

sloped crest are widely used in situations such as for 

bridge abutments. Railway tracks resting on ballasts 

can also be considered as footings on the crest of 

slopes. The estimation of the ultimate load capacity and 

the load-settlement behaviour of such foundations are 

important for their safe and efficient design. Granular 

Trench(GT) has been proved to be effective in resisting 

static as well as repetitive load (Madhav and 

Vitkar,1978). In the case of bridge structures, the 

positioning of an abutment in relation to the edge of an 

embankment fill has implications on the safety of the 

bridge abutment and also on the economic efficiency of 

the overall design of the bridge structure (Lee and 

Manjunath,2000). Granular trench is a two dimensional 

plane strain variant of stone column. An encapsulated 

granular trench is formed by wrapping a geosynthetic 

around the granular trench (Unnikrishnan et al.,2010). 

First of all the trench is excavated to the desired level. 

The geosynthetics are then spread on the surface of the 

trench with the edges unfolded over the ground surface. 

The trench is then filled with granular material to the 

desired level at the desired relative density. The 

granular trench is then wrapped in the geosynthetic by 

keeping the edges left over together. Over this the 

footing construction can be carried out (Unnikrishnan 

et al., 2011).  

The conventional method of slope stability 

improvement is by the incorporation of soil reinforcing 

techniques to enhance the load carrying capacity and 

settlement behaviour (Selvadurai and Gnanendran, 

1989). The inclusion of encapsulated granular trenches 

under strip footing near slopes or on embankments is a 

new area of research although its application on level 

ground has been studied earlier (Mathai and 

Unnikrishnan, 2015). The present investigation aims at 

the study of the behaviour of strip footings near sandy 

slopes supported on rectangular granular trenches 

under repeated loading condition. The comparison of 

performance with and without geosynthetic 

encapsulation has been made. 

2 MATERIALS USED 

2.1 Bulk Soil 

River sand at low relative density was used as the bulk 

soil resembling the weak slope fill. Relative density of 

the sand fill was controlled by sand raining (pluviation) 

technique. The physical properties of the river sand 

used to form the weak soil is listed in Table 1. The 

particle size distribution was determined using the dry 

seiving method and the results are shown in Figure 1. 
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Procedures in the relevant IS codes were followed in 

the determination of the properties. 

2.2 Aggregates 

Aggregates passing through 10mm IS sieve were used 

as the replacement material within the excavated 

trench. The properties of aggregates determined are 

given in Table 1 and particle size distribution is shown 

in Figure 1. 

2.3 Geogrids 

Two different types of geosynthetics were used to 

encase or wrap the granular trench, namely Grid-1 and 

Grid-2,the properties of which are given in Table 2. 

Grid-1 was used for separating the bulk soil and 

gravel,without getting mixed each other. Grid-2 was 

used as the structural support for EGT. Together it 

formed the encapsulation for the granular trenches. 

3 FINITE ELEMENT ANALYSIS 

The optimum size and position of the trench to be used 

below the strip footing was fixed by performing non 

linear finite element analysis. Initial configuration of 

rectangular granular trench was obtained from previous 

studies (Mathai and Unnikrishnan,2015).   

Two dimensional plane strain finite element analysis 

were carried out. Fifteen noded triangular elements 

were selected to model the soil, the aggregate and the 

footing. Soil and aggregate were modelled using 

elastic-plastic Mohr-Coulomb model. The geosynthetic 

was modelled using the geogrid element in the 

PLAXIS element library, essentially a two dimensional 

linear bar element. Footing was modelled as linearly 

elastic material made of mild steel as in the 

experimental investigation. The properties of sand, 

gravel, geogrid and footing to be used in the 

experimental programme were used in the numerical 

study.Table 3 shows the material parameters which 

were  used in Mohr-Coulomb Model. Automatic mesh 

generation facility was used. Refinements were applied 

to the mesh and the optimum level of refinement was 

chosen based on analysis of model footings. Figure 2 

shows a typical finite element mesh used for the 

analysis. The footings were assumed to be located on 

the ground surface. The effect of water table was not 

taken into consideration.  

Footings supported on rectangular trenches of top 

widths 15cm, 30cm, 45cm and 60cm were analysed. 

The respective depths were 5cm, 10cm, 15cm and 

20cm, maintaining a width to depth ratio of 3 

throughout. Second configuration was found optimum 

by comparing with the experimental results conducted 

simultaneously in the laboratory under similar 

conditions. 

 

Fig. 1 Particle size distribution curve 

Table 1 Properties of River sand and Aggregate 

Property River Sand  Aggregate 

Effective particle size (D10),mm 0.2 2 

Uniformity Coefficient (Cu) 2.15 3.6 

Coefficient of curvature (Cc) 1.27 3.56 

Cohesion (c) (kN/m
2
) 0 0 

Friction Angle (φ)° 30 35 

Maximum Density (γmax) (kN/m
3
) 15.8 - 

Minimum Density (γmin) (kN/m
3
) 14.8 - 

Bulk Density (γ) (kN/m
3
) - 17.5 

Specific Gravity (G) 2.68 2.7 

Table 2 Properties of Geogrids Used  

Property Grid-1 Grid-2 

Thickness (mm) 1 5(at node) 

Mass per unit area (g/m
2
) 240 265 

 

Opening size 

 

Diamond, 

2mm x 2mm 

Square, 

37mm x 37mm 

Tensile strength (kN/m) 1.2 11.35 

Strain at specified tensile 

strength (%) 
80 25 

Table 3 Material set and Parameters used in the Modelling 

Property River Sand Aggregate Geogrid Footing 

E (kPa) 40000 60000 50000 2.1x 10
8 

Cohesion(c) 

(kPa) 
1 1 - - 

Friction 

Angle(φ)° 
30 35 - - 

Unit Weight 

(γ) (kN/m
3
) 

16 18 - - 

Poisson’s 

Ratio(υ) 
0.3 0.35 - - 
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Fig.2 Typical Mesh used for the Analysis 

4 EXPERIMENTAL  INVESTIGATION 

A model strip footing, 0.135m wide, 0.78m long and 

0.05m thick, made of steel was used for the load tests. 

Details of test tank is shown in Figure 3. Loads were 

applied through an automated computer controlled 

hydraulic cyclic loading equipment. The data 

acquisition system was also associated with the 

machine and the settlement values corresponding to 

time period were recorded automatically. 

 

Fig.3 Three dimensional view of the model test setup (not 

to scale). 1,loading frame; 2,test tank; 3,reaction 

frame; 4,loading piston; 5,LVDT; 6,model footing; 

7,sand slope; 8,granular trench  

Soil bed was formed by sand pluviation method at 40% 

relative density. Two thin wooden planks were used to 

create the trench. The river sand bed was formed up to 

the bottom level of proposed trench. Then the wooden 

planks with desired spacing was kept in position. For 

EGT, the geosynthetic was placed below the frame. 

River sand was placed outside the trench. Aggregates 

were placed within the trench keeping the geosynthetic 

close to the timber planks. The frame was lifted in 

stages. On reaching the final height, the geosynthetic 

was overlapped and EGT is completed along with a 

cover of about 2cm. Then the slope was cut without 

disturbing the remaining portion. The footing was 

placed over the completed trench and finally the load 

was applied.  

5 RESULTS AND DISCUSSIONS 

For the purpose of comparison of the performance of 

footings over various tests, three dimensionless 

parameters-Settlement Ratio (SR), Load Ratio (LR) 

and Percentage Reduction in Settlement (PRS) were 

used. SR is expressed as the ratio of the settlement of 

the model footing to the width of the footing. In the 

present investigation, width of the model footing was 

kept constant at 135 mm. The loads are expressed in 

terms of load ratio, which is obtained by taking the 

ratio of load values to the ultimate load (qm). PRS is the 

difference between settlement ratios of granular 

trenches and encapsulated granular trenches expressed 

in percentage. 

Figure 4 shows the variation of monotonic load with 

Settlement Ratio (SR) for a strip footing supported on 

bulk soil alone. This unreinforced test was the 

reference test for comparison with the upcoming 

repeated load tests on footings over granular trench 

with geosynthetic encapsulation. Load corresponding 

to 20% SR was considered to be the ultimate load. 

Accordingly, the ultimate load obtained was 5.67kN/m, 

which corresponds to 452 kg of load applied through 

the cyclic hydraulic actuator. This ultimate monotonic 

load designated as qm was used to obtain the load ratios 

in the following experiments. 

 

Fig.4 Variation of  load with SR for river sand alone 

The efficient configuration obtained from finite 

element analysis was adopted in all the trenches which 

followed. In order to study the influence of frequency, 

repeated loading tests were performed at frequencies of 

1Hz, 2Hz and 3Hz and the load amplitude for repeated 

load test was kept constant at 60% of qm. Further 

higher frequencies were not employed due to 

difficulties experienced with the test tank and loading 

system. Tests were conducted on strip footings with 

encapsulation and without encapsulation separately. 



Repeated Load Response of Encapsulated Granular Trench Supported Footings on Embankments 

4 

Figure 5 shows the variation of the percentage 

reduction in settlement for 1000 cycles with respect to 

frequency,due to the provision of encapsulation to GT. 

It can be observed that there is an increase in 

improvement due to encapsulation, and this is more at 

higher frequencies.  

In order to study the influence of load amplitude, 

repeated loading tests were done at amplitudes of 

60%,40% and 20% of qm and the frequency for 

repeated load test was kept constant at 3Hz,since 

maximum PRS was found to be at 3Hz in the previous 

test series. Tests were conducted on strip footings with 

encapsulation and without encapsulation separately. 

Figure 6 shows the percentage reduction in settlement 

for 1000 cycles against the variation in amplitude. It 

was observed that the efficiency increases initially and 

then slightly decreases. 

The load carrying capacity has improved considerably 

after repeated loading test. This may be accounted to 

the rearragement of granular particles to a much better 

and closer configuration which gives increased load 

carrying capacity to the strip footing. Encapsulation of 

GT gives further improvement by preventing the lateral 

spreading of granular material into the weak soil. 

Failure was not observed anywhere throughout the test. 

This may be due to the lesser number of cycles for 

which the test was performed and the absence of water 

table during the tests. 

 

Fig.5 Variation of PRS with frequency of loading 

 

Fig.6 Variation of PRS with amplitude of loading 

The improved load carrying capacity can be accounted 

to the confinement provided by geogrid layer. The 

possible reason could be deep footing effect. When the 

restraining force exerted by EGT is imposed on soil 

particles, the reorientation of the associated strain 

characteristics occurs near the geogrid. A part of the 

reinforced zone where relatively large force has 

developed behaves like a part of the rigid footing and a 

major part of the footing load is transferred into a 

deeper zone, thereby reducing the settlement for a 

given repeated load amplitude. 

6 CONCLUSIONS 

The results of investigations showed that encapsulation 

with geogrid improves the load carrying capacity of 

granular trench under repeated loading. The general 

conclusions from the investigation are: 

 Provision of EGT reduced settlement of the model 

strip footing by 35% than GT under repeated 

loading condition. 

 Efficiency of encapsulation was found to be more 

at higher frequencies due to the rearrangement of 

aggregates within the confinement of 

geosynthetics. 

 Geosynthetic encapsulation improves efficiency 

with higher amplitudes of load.  After reaching 

maximum efficiency it decreases slightly. 
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