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Abstract— This document provides a concept based 

experimental analysis of the effect of placement position of 

geofoam on deformation behavior of geogrid reinforced soil 

walls. Different codal provisions for design of reinforced soil 

structures are also made using methods as working stress 

method and load resistance factor design method (BS 8006 

(2010), FHWA (2000)). However the major concerns in 

performance of geogrid reinforced soil walls were found to 

be the excessive deformations in service life, which is mainly 

due to the lateral earth pressure force. Different attempts were 

made to reduce the lateral earth pressure behind reinforced 

zone with the help of EPS geofoam as a compressible 

inclusion. Majority of these attempts were restricted to 

material evaluation and dynamic horizontal load attenuation 

only. A very few of researchers have put forward their efforts 

to evaluate the influence of geofoam inclusion on 

performance of geogrid reinforced soil walls. Efforts made by 

author in this study was limited the evaluation of the geogrid 

reinforced soil walls for self weight loading and a single 

location of the geofoam i.e. exactly behind the reinforced 

zone. Studies, which showcase the utilization of geofoam 

within the reinforced mass, have not been reported yet. The 

present study demonstrates the small scale model tests on 

geogrid reinforced soil walls with and without geofoam 

inclusion. Behavior of geogrid reinforced soil walls subjected 

to a strip loading without geofoam, with geofoam inclusion 

behind reinforced zone and geofoam inclusion made at the 

center of the reinforced zone. A 0.023H wide strip loading 

was gradually applied with the help of Universal testing 

machine (UTM) at the center of the reinforced zone till the 

maximum load reaches to 32kN or a maximum settlement of 

15mm whichever occurs earlier. A 0.083H thick, low density 

(8 kg/m3) geofoam was used in the present study as a 

compressible inclusion. 
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I. INTRODUCTION 

Soil reinforcement is a widely used technique to stabilize the 

soil structures. Different methods of evaluation and design as 

also established for reinforced soil for various types of 

reinforcement based on their rigidity and the response to 

several environmental factors (BS 8006 (2010), FHWA 

(2000)). Geogrid reinforcements are in wide use because of 

their advantages such as higher flexibility, enhanced 

workability, longer life, ability to take higher settlements and 

better frictional behaviour with surrounding soil. A wide 

knowledge of deformation behaviour of geogrid reinforced 

soil walls for various types of reinforcements, various types 

of soils and various types of loading is available as on date. 

Various studies have been made on geogrid reinforced soil 

walls through analytical and numerical methods 

(Leshchinsky& Han (2007), Bathurst et al. (2008), Huang et 

al. (2009), Anderson et al. (2012), Liu (2013), Liu & Won 

(2014)), small scale model tests (Juran& Christopher (1989), 

Huang (2008), Sabermahani et al. (2009), Guler&Selek 

(2014)), field studies (Bussert& Cavanaugh (2010), 

DiFiore&Strohman (2012), Talebi et al. (2014)) and 

centrifuge model tests ( Zornberg et al. (1998b), 

Viswanadham&Mahajan (2007), Viswanadham& K ̈onig 

(2009), Izawa &Kuwano (2010)). However, majority of these 

studies are either related to the self-weight loading of the 

reinforced soil walls or the uniform surcharge over the 

reinforced zone and backfill. Very few studies report the 

behaviour of geogrid reinforced soil structures for a narrow 

strip loading placed over the reinforced zone or backfill 

(Sommers&Viswanadham (2009)). The information 

regarding the behaviour of geogrid reinforced soil walls with 

EPS geofoam (compressible) inclusion is also very limited. 

II. MOTIVATION BEHIND THE PRESENT STUDY 

 
(a) Behind reinforced zone 

 
(b) At the center of reinforced zone 

Fig. 1: Schematic representation of geogrid reinforced soil 

wall with geofoam 

Figure 1 shows the motivation behind the present study. 

When geofoam is placed behind the reinforced zone, lateral 

movements of reinforced soil would be facilitated at both 

ends of reinforced block. Because of this the shear bond 
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friction between reinforcement and soil would develop for 

less settlements than the without geofoam case. At the same 

time the distribution of load (i.e. line of action of load) would 

spread apart providing more area under the load and thus the 

lesser stress at a particular reinforcement layer in geofoam 

inclusion case than that of the without geofoam inclusion 

case. Because of this the face movements occurring with 

geofoam inclusion would be lesser than the face movements 

occurring in without geofoam case. At the same time when 

geofoam inclusion is made at the center of the reinforced 

zone, due to compressibility of the geofoam and low poisons 

ratio the outward movements of soil would be minimum.  

III. MODEL MATERIAL, MODEL TEST PACKAGE AND TEST 

PROCEDURE 

Table 1 summarizes the properties of the model materials 

used in the present study. 

Properties Values 

Sand 

Specific Gravity (G) 2.61 

Soil classification (USCS) SM 

Coefficient of curvature (Cc) 1.17 

Coefficient of uniformity (Cu) 1.99 

Maximum void ratio (emax) 0.943 

Minimum void ratio (emin) 0.691 

Unit weight at 55% relative density 

(Kg/m3) 
1446.7 

Unit weight at 85% relative density 

(Kg/m3) 
1510.4 

Friction angle at 55% relative density 

(°) 
32° 

Friction angle at 55% relative density 

(°) 
38° 

Geogrid 

Ultimate tensile load, Tult (kN/m) 3.8 

Ultimate tensile strain, ult (%) 24 

Geofoam 

Geofoam type 
Expanded 

polystyrene 

Geofoam legend F1 

Density (kg/m3) 8 

Compressive resistance at 2% strain 

(kPa) 
17 

Compressive elastic modulus (kN/m2) 850 

Table 1: Summary of Properties of the Model Materials 

Three model materials were used as sand, geogrid 

and geofoam. All the experiments were performed in a strong 

box constructed with 10mm thick mild steel plates around 

three sides and with a 16mm thick glass panel at the front 

side. The transparent glass panel facilitates the visual of the 

movements in the geogrid reinforced soil wall model during 

the test. Each model was prepared by applying polythene 

sheets within the strong box above a thin layer of petroleum 

grease. This helps to avoid any boundary friction between soil 

particles and the walls of the strong box. ’L’ shaped plastic 

markers were glued to geogrid layers to trap the movements 

in reinforced zone during the progress of the test. A set of 

permanent markers was placed on glass panel to facilitate a 

benchmark to measure movements of geogrid markers during 

image analysis. 

Total 3 small scale model tests were performed in 

the present study which represents without geofoam, 

geofoam at the end of reinforced zone and geofoam at the 

center of the reinforced zone. Table 2 summarizes the test 

program adopted in the present study. 

Test 

legend 

Geofoam 

thickness 

(mm) 

Geofoam 

density 

(kg/m3) 

Placement 

position of 

geofoam 

S01 *N.A *N.A *N.A 

S02 20 8 0.5Lr 

S03 20 8 Lr 

*Not applicable as test was performed without geofoam 

inclusion, Lr= Length of reinforcement 

Table 2: Summary of the Model Tests Performed in the 

Present Study 

IV. ANALYSIS AND INTERPRETATION 

Image analysis technique was used to depict the behavior of 

geogrid reinforced soil wall models. An open source program 

ImageJ was used. Figure 2 shows a front view of the 

deformed models. 

Evaluation of deformation behavior was done 

mainly in terms of displacement vectors and strain 

distribution within the reinforced soil mass of the geogrid 

reinforced soil wall models. Figure 3 shows the displacement 

vector diagram for geogrid reinforced soil wall models 

without and with geofoam. It was observed that when 

geofoam placed behind reinforced zone the deformations 

distributes within the reinforced zone. Because of this the 

movements towards wall face gets reduced for an identical 

footing settlement.  

 
(a) Without geofoam 

 
(b) Behind reinforced zone 

Fig. 2. Front view of the test model without and with 

geofoam 
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(a) Without geofoam 

 
(b) With geofoam behind reinforced zone 

Fig. 3: Displacement vectors within test models 

Figure 4 shows the strain distribution within the 

reinforced zone for models with geofoam placed behind 

reinforced zone and within the reinforced zone. The strains in 

the reinforcements were observed to develop along the length 

of the reinforcement when the geofoam was placed behind 

reinforced zone. At the same time two peaks were observed 

in reinforcement strains on each side of geofoam when 

geofoam was placed at the center of the reinforced zone. The 

total strain developed was lesser in case of the geofoam 

placed at the center of the reinforced zone. This is mainly 

because the geofoam placement within reinforced mass 

confines in all the directions and the pure compression occurs 

in plane strain. This compression results in all inward 

movements of the soil towards the center of the reinforced 

zone and thus showing no excessive deformations at the outer 

boundary of the physical model. Reinforcement strains were 

observed to be minimal at the junction of the geofoam and 

geogrid layers, this is because the geofoam has a low bond 

friction with the geogrid layers than the soil. The strain values 

were observed to as low as zero at the exact center of the 

reinforcement layers. 

 
(a) With geofoam behind reinforced zone 

 
(b) With geofoam within reinforced zone 

Fig. 4: Strain distribution within reinforcement layers 

Figure 5 shows wall face movement variation with 

elevation of the geogrid reinforced soil wall. Wall face 

movements were observed to be minimum in case of geofoam 

placed at the center of the reinforced zone. 

 
Fig. 5: Variation of wall face movements with elevation 

V. CONCLUSIONS 

1) Geofoam inclusion significantly enhances the 

deformation behavior of geogrid reinforced soil walls. 

2) Peak reinforcement forces reduce when geofoam 

inclusion is made. The energy requirement of the system 

is satisfied by mobilization of friction along the length of 

the reinforcement. 

3) Geofoam placed within reinforced zone emphasize to 

form two peaks along the reinforcement layer. But the 

quantities of these peaks were significantly lesser than 

that of without geofoam case. 

4) Wall face movement reduces with the geofoam inclusion 

made behind reinforced zone which further reduces for 

placement of geofoam within reinforcement zone. 

5) The line of action of load moves outward when geofoam 

is placed behind reinforced zone, which further moves 

outwards when geofoam is placed at the center of the 

reinforced zone. 
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Figure 2: Tensile stress-strain behaviour for model geogrid G1
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