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ABSTRACT: This paper presents static and cyclic behavior of geofoam specimens of 100 mm cube and 15 kg/m3 density 

(D). To understand cyclic behavior of Geofoam, a factor „R’, defined as ratio of combined axial static and cyclic stress 

component to the yield strength of geofoam, is used in cyclic uniaxial compression (CUC) tests. CUC tests are conducted 

at three frequencies (f) of 0.5, 1 and 3 Hz, R values of 0.4, 0.6, 0.8, 1 and 1.2, and for 5000 cycles. Static tests on geofoam 

exhibited a bi-linear axial stress-strain response. From CUC tests, it is noted that effect of number of cycles is insignificant 

on cyclic modulus, and effect of testing frequency on cyclic modulus is found marginal, for lower values of R. As the 

value of R increases, the cyclic axial strain increases, which decreases cyclic modulus of geofoam, irrespective loading 

frequency and number of cycles. Previous studies, while modeling Geofoam behavior, assumed positive values of 

Poisson‟s ratio and linear regression models relating Poisson‟s ratio and density of geofoam. In contrary, the present study 

revealed that Poisson‟s ratio of geofoam not only depends on its density, but also strongly influenced by number cycles 

and axial strain of geofoam, and can also take negative values.  
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1 Introduction: 

Various geosynthetic materials had been used for civil 

engineering application for nearly 4 decades, to 

improve serviceability and economize the cost of 

projects. Geosynthetic materials, such as geotextiles, 

geomembranes, geogrids, geonets, clay liners, geocells, 

geocomposites, geofoam, etc. were developed for 

specific applications. Among the above, geofoam is a 

three dimensional material, with considerable thickness 

compared to its length and width. Geofoam classified 

in to two types based on the manufacturing process 

viz., expanded polystyrene geofoam (EPS) and 

extruded polystyrene geofoam (XPS). EPS geofoam is 

widely used compared to XPS because of higher 

compressibility, environmentally safe manufacturing 

process, easy laying in the field, etc. In the past, EPS 

geofoam was used in civil structures as thermal 

insulators, small wave damping, etc. Geofoam density 

is nearly 100 times lower than the soil, but its Young‟s 

modulus is only 10 times lower than soil. With low 

density and higher stiffness, it can be effectively used 

in many applications, such as light weight backfill, 

embankment over soft soils to reduce overburden 

pressure, etc. Recently, geofoam has been used for 

reducing the earth pressure on retaining wall 

(Purnanandam and Rajagopal 2008; Zarnani and 

Bathurst 2008 and Dave and Dasaka 2012), buried 

pipes (Kim et al. 2010) and to reduce swelling pressure 

in expansive soils (Ikizler et al. 2009). Properties of 

geofoam and its behavior must be thoroughly studied 

to augment its use in various infrastructure projects, to 

effectively reduce cost and time of construction. In the 

present study, geofoam behavior under different 

loading conditions has been performed. The 

experimental program adopted and the relevant results 

are discussed briefly in this paper. 

2 Experimental Program: 

In the study, static and stress controlled CUC tests are 

conducted on 100 mm cube samples of 15D geofoam 

to evaluate static and cyclic behavior of geofoam. 

Servo-Hydraulic actuator located at IIT Bombay has 

been used for performing both static and CUC tests. 

During the testing, two LVDTs are used to measure 

lateral deformation of geofoam and they are positioned 

at middle height of the sample. A small fixture of 10 

mm × 10 mm × 2 mm is attached to LVDT tip to avoid 

any indentation on geofoam sample by spring force of 

LVDT.  

 

Fig. 1 Pictorial view of Static and CUC tests configuration 

mailto:gadevinilkumar23@gmail.com
mailto:dasaka@civil.iitb.ac.in


STATIC AND CYCLIC PROPERTIES OF EPS GEOFOAM  

2 

Static tests on geofoam samples are conducted at 10 

mm/min displacement rate in accordance with Stark et 

al. (2004). CUC tests are performed at three loading 

frequencies (f) viz., 0.5 Hz, 1 Hz, and 3 Hz, 5000 

number of loading cycles and different R values, viz., 

0.4, 0.6, 0.8, 1 and 1.2, where factor „R‟ is defined as 

ratio of combined static and cyclic deviatoric stress 

component to the yield strength of geofoam. R factor 

adopted in the study is similar to Ossa and Romo 

(2011) to understand behavior of geofoam with respect 

to yield strength of geofoam. Unlike soil samples, 

failure in geofoam samples does not occur, rather the 

samples exhibit strain softening after the yield point. 

This behavior necessitates researchers to choose a wide 

range of R values with respect to yield point. Pictorial 

view of Static and CUC testing set-ups used in the 

study are shown in Figure 1. A loading plate of 150 

mm × 150 mm × 6 mm is used to transfer load 

uniformly on geofoam samples from actuator. 

Schematic representation of CUC testing procedure 

and definition of R are shown in Figure 2. Application 

of axial load on geofoam samples in CUC test is 

divided into two parts viz., (a) static component (σas) is 

applied by using a ramp wave mode, followed by (b) 

application of cyclic component (σac) using haversine 

wave mode. For each combination of testing program, 

tests are performed on minimum three identical 

samples and respective average values are reported. 

 

Fig. 2 Schematic representation of CUC tests 

3 Results and Discussions: 

From static tests on 15D geofoam, bi-linear axial stress 

strain response is observed, as shown in Figure 3. 

Horvath (1994) reported bi-sigmoidal behavior of 

geofoam at 90% axial strain, but in the present study 

axial strain is limited to 30%. Observed stress-strain 

behavior and some salient properties of geofoam from 

static tests are schematically described in Figure 3. The 

transition point, where axial stress-strain curve of 

geofoam is deviates from the initial tangent, is defined 

as elastic limit. Slope of initial tangent which is drawn 

from the origin is defined as Young‟s modulus (E). 

Axial stress corresponding to 10% axial strain from 

stress-strain curve is defined as compressive strength 

(σc). Intersection point of initial and back tangent of 

stress-strain curve and its corresponding axial stress is 

defined as yield strength (σy). Elastic limit, Young‟s 

modulus (E), compressive strength (σc) and yield 

strength (σy) of 15D geofoam are obtained as 2.4%, 2.1 

MPa, 65 kPa and 55 kPa, respectively. The observed 

stress-strain behavior of geofoam in the present study 

matches well with Duskov (1997), Athanasopoulos et 

al. (1999), and Ossa and Romo (2009). 

 

Fig. 3 Axial stress-strain behavior of 15D geofoam 

From CUC tests, secant modulus (Edyn) and damping 

ratio of hysteresis cycles are evaluated according to 

ASTM D3999-91. Edyn is evaluated for selected few 

number of loading cycles. Effect of number of cycles, 

R and loading frequency on Edyn of 15D geofoam is 

shown in Figure 4. It is observed that effect of number 

of cycles is insignificant on cyclic modulus, and effect 

of testing frequency on cyclic modulus is found 

marginal for lower values of R. As the value of R 

increases, the cyclic axial strain increases, this in turn 

decreases cyclic modulus of geofoam, irrespective of 

loading frequency and number of cycles. Effect of 

cyclic axial strain on cyclic modulus is shown in Figure 

5. Damping ratio of each sample is also calculated and 

reported with respect to cyclic axial strain shown in 

Figure 5. Observed damping ratio increases with 

increase in cyclic axial strain, and cyclic axial strain 

depends on R values and loading frequency. 

Decreasing trend of Edyn and increasing trend of 

damping ratio with respect to cyclic axial strain of 

geofoam is more effective in reducing lateral earth 

pressure on retaining walls and buried pipes during the 

seismic events.  
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Effect of number cycles, R and loading frequencies on 

cyclic axial strain of 15D geofoam from CUC tests is 

shown in Figure 6. For lower R values (0.4 and 0.6) 

loading frequency has insignificant effect on the cyclic 

axial strain of 15D geofoam, whereas, it is observed 

significant at higher R values (≥0.8). For R value less 

than 0.6, cyclic axial strain is always within elastic 

limit of geofoam and same can be observed from 

Figure 6. For higher R values, cyclic axial strain 

increases with increase in number of cycles and 

irrespective of loading frequencies. This observation 

might have led Stark et al. (2004) to limit design 

strength of geofoam to 50% of its compressive 

strength.  

 

Fig. 4 Effect of loading frequency, number of cycles and 

R value on secant modulus of 15D geofoam  

 

Fig. 5 Effect of cyclic axial strain on secant modulus and 

damping ratio 

 

Fig. 6 Effect of number of cycles on cyclic axial strain 

 

Fig. 7 Effect of axial strain on 15D geofoam Poisson‟s 

ratio 

Poisson‟s ratio is calculated as negative ratio of 

measured transverse strain to axial strain from testing. 

From the static tests, the variation of Poisson‟s ratios 

with respect to axial strain of geofoam is shown in 

Figure 7. The observed Poisson‟s ratio continuously 

decreased with increase in axial strain, and at 6.5% 

axial strain, Poisson‟s ratio reduces below zero. Effect 

of R values, loading frequency and cyclic axial strain 

on Poisson‟s ratio of geofoam from CUC tests are 

reported in Figure 8. For better representation, an axis 

with dotted line corresponding to zero Poisson‟s ratio 

is shown in Figure 8(a), (b) and (c). For lower R values 

(0.4 and 0.6), Poisson‟s ratio values are observed 

positive, irrespective of loading frequency and cyclic 

axial strain. For R values equal to or greater than 0.8, 
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Poisson‟s ratio is observed negative for all three 

loading frequencies. From CUC tests, it is observed 

that Poisson‟s ratio reaches zero value at 1-2% cyclic 

axial strain, which is much lower compared to that of 

static tests (6.5%). Abdelrahman et al. (2008) reported 

Poisson‟s ratio decreases from positive to negative 

from experimental studies and only limited to 1% axial 

strain. Previous studies assumed positive values of 

Poisson‟s ratio for geofoam, and linear regression 

models are assumed to relate Poisson‟s ratio and 

density of geofoam, while modeling Geofoam 

behavior. In contrary, the present study revealed that 

Poisson‟s ratio of geofoam not only depends on its 

density, but also strongly influenced by number cycles, 

R values and axial strain of geofoam, and can also take 

negative values, as shown in Figures 7 and 8.  

 

Fig. 8 Poisson‟s ratio vs. axial strain from CUC tests (b) 

0.5 Hz, (c) 1 Hz (d) 3 Hz 

4 Conclusions: 

From the series of static and CUC tests on 15D 

geofoam specimens, the following conclusions are 

drawn: 

 Bi-linear axial stress-strain response of geofoam is 

observed from static tests. 

 Secant modulus (Edyn) of geofoam decreases with 

increase in cyclic axial strain, irrespective of 

density of geofoam. 

 Damping ratio increases with increase in cyclic 

axial strain. 

 Poisson‟s ratio of geofoam varies from positive to 

negative values, depending on loading type and 

number of cycles.  

 Poisson‟s ratio reaches zero value at low axial 

strain (<2%) and higher R values from CUC tests, 

compared to that of static tests (6.5%). 

 For R values near to or above unity, cyclic axial 

strain increases abruptly with number of cycles 

compared that at lower R values. 
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