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Abstract. Field verification of controlled yielding technique using full-scale re-

taining wall model is highly important for the design of optimum thickness and 

density of geofoam for different heights of wall and backfill conditions. In case 

of walls to be designed for at-rest condition, for locations such as abutment of 

bridges, culverts, box culverts, basement walls, etc., implementing the con-

trolled yielding technique could substantially minimize lateral thrust on retain-

ing walls and help in all dimensions of retaining wall. This technique consists 

of placing a compressible inclusion such as Expanded Polystyrene (EPS) 

geofoam between the retaining wall and backfill and is shown to reduce the lat-

eral thrust on the wall below at-rest condition. The study will present develop-

ment of a full-scale retaining wall model based on this technique, with the ob-

jectives of evaluating optimum thickness and density of geofoam, assessing 

scale effects and studying long-term creep of the geofoam. Accordingly, a rein-

forced concrete retaining wall of height 6 m and width 10 m, 4m section with 

geofoam inclusion, 4m without geofoam is constructed with locally available 

silty soil proposed for backfilling. This paper aims at presenting an overview of 

ongoing construction of the model along with required instrumentation setup as 

well as discussing the challenges encountered. 
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1 Introduction 

Retaining walls are designed to withstand pressures from retained materials, sur-

charge pressures due to movement of vehicular traffic or loads from foundations of 

adjacent buildings on their backfills, seismic loading, etc. They may also be vulnera-

ble to catastrophic failures during earthquake due to sudden increase in lateral loads, 

increase in pore pressures, etc., thus making the appropriate estimation of earth pres-

sures critically important for safe and cost effective designs. Controlling the cross 

section of retaining walls successfully requires reducing the total lateral thrust acting 

on the walls. This can be achieved by placing compressible inclusion between wall 

and the backfill and for this purpose various materials have been examined including 
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EPS geofoam, tire chips, granulated rubber-soil mixture, soil bags, glass-fiber, card-

board, hay. However, their material behavior is often unpredictable; glass fiber is seen 

to be over compressible, cardboard and hay are biodegradable with time. Expanded 

Polystyrene Geofoam is material with predictable stress strain behavior, possesses 

high strength to density ratio, is weather resistant, light weight, environmentally safe, 

inexpensive and can be easily shaped or prefabricated (Horvath, 1994).  One of the 

possible methods for lateral thrust mitigation is the Controlled Yielding Technique 

with Geofoam as compressible inclusion.  

 

 
 

Fig. 1. Illustration of Reduced Earth Pressure Concept (After Horvath, 1998)  

 

 
 

Fig. 2. Illustration of physical behavior of reduced earth pressure (After Horvath 1998)  

 

As shown in Fig. 1, the controlled yielding technique involves installation of a ver-

tical layer of a compressible medium abutting retaining wall and between the wall and 

backfill so as to allow soil to undergo lateral expansion and bring down lateral pres-

sures to active earth pressures (Horvath, 1998). The lateral expansion of soil depends 

on stiffness, stress-strain relations and the thickness of the inclusion. Presence of 

compressible inclusion allows arching to develop within retained soil and consequent 

mobilization of shear strength of soil, thus causing reduction in lateral thrust. As a 

result, nonlinear distribution of earth pressures is seen with a peak near mid height of 

the wall, as shown in Fig. 3. 

Small scale studies and numerical studies of using EPS Geofoam as inclusion in 

backfill have been documented by numerous researchers. Numerical analysis using 
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FEM approach for different ratios of thickness of geofoam inclusion and wall height 

has shown that increase in thickness of compressible layers decreased lateral earth 

pressures (Karpurapu and Bathrust, 1992). Seismic performance analysis of both 

yielding and non-yielding retaining walls with geofoam using dynamic finite-element 

analysis suggests that permanent wall displacement under seismic load, decreased 

steadily with increasing the EPS buffer thickness (Trandafir and Eltugrul, 2011; 

2012). Athanasopoulos et al. (2012) and Zisimatou (2009) have reported through 

validated numerical analysis of yielding, gravity type, earth retaining walls that for 

both static and dynamic cases, lateral thrusts decreased by using geofoam inclusions. 

They further noted that seismic isolation efficiency increased in general with increase 

in geofoam thickness up to a certain limit. Shake table tests on small scale non yield-

ing retaining wall with geofoam backfill show that increase in geofoam thickness 

leads to higher reduction of earth pressure but becomes constant at higher accelera-

tions (Hazarika, 2003). Similarly, for scaled gravity retaining wall model with com-

bined surcharge and seismic loading it was noted that seismic earth pressure were 

reduced by more than 28.25% with use of geofoam of density 10 kg/m3 (Dasaka et al, 

2013).  .Comparison of different geofoam densities in shake table tests shows that 

lower the EPS Geofoam modulus, greater is the seismic load attenuation (Bathurst 

and Zarnani, 2007). 

Available literature reveals that controlled yielding technique significantly reduces 

earth pressure on retaining walls under static as well as dynamic loading conditions. 

However, most of the studies were limited to short term behavior i.e. long-term effi-

ciency of this technique is still under question. Further, the changes in mechanical 

properties of EPS geofoam in long-term and their effects on lateral earth pressures are 

not established yet. Murphy (1998) indicated that geofoam creep can have an im-

portant influence on compressible inclusion performance as lateral stress were seen to 

be highest under rapid loading conditions and decrease with time as creep effects 

become prominent. Secondly, results of scaled experimental and numerical model 

studies are valid for defined boundary conditions and scaling effects are always pos-

sible. It was seen that very limited field studies are reported and the scaling effects, 

influence of creep on performance of geofoam in this technique are not well defined 

yet. Thus, keeping in mind the importance of field verification using large scale walls, 

this study describes the development of full-scale model with cantilever retaining wall 

of height 6 meters, constructed at Indian Institute of Technology Bombay.  

2 Field Set-Up 

2.1 Cantilever Retaining Wall 

A RCC cantilever retaining wall of 6 m height, 10 m length completely underground 

was constructed - with 4 m without geofoam, 4 m with geofoam and remaining 2 m 

for carrying out parametric studies. The wall is designed to act as rigid non-yielding 

retaining wall presumably subjected to at-rest lateral earth pressures. Height of super-

imposed load is taken as 1.2m and the extent of backfill is as per the guidelines of 

IRC 78-2014.  Fig. 3 shows the sectional representation of the wall. It is proposed to 

provide geotextile filter as an alternative to traditional granular material as it may 
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pierce the geofoam inclusion. Sufficient weep holes are provided to ensure dissipation 

of excess pore pressure. Shear key is provided for provision against sliding along 

base.  

 
  

 

45°+∅/2 

 

Soil used as 

Backfill as per 

specifications 

 
Fig. 3. Sectional view of retaining wall  

 

2.2 Instrumentation setup for wall monitoring  

Key aspects of the study involve measuring lateral earth pressures on the retaining 

wall, quantifying deformation of the geofoam inclusion and finding the tilt of the 

wall. For above mention goals, earth pressure sensors, laser based displacement trans-

ducers and slope inclinometers are to be used respectively.  

For the wall to be subjected to at-rest lateral earth pressures, it is necessary to en-

sure that the wall does not deform. Thus, obtaining slope profile of the wall becomes 

indispensable for which slope inclinometers are used.  Slope inclinometers are ge-

otechnical instruments used to measure horizontal displacements along various points 

on a borehole; these consist of main components – grooved casings and the probe. In 

the field model, the casings are to be installed in boreholes within the stem of the 

wall. These boreholes extend from the top to the bottom of the wall and are construct-

ed by placing vertical pipes of suitable diameters within the wall at concrete pouring 

stage itself.  Wall tilt profile can then be obtained by lowering the probe along the 

casing. Placing the pipes substantially larger in diameter than the outer diameter of 

inclinometer is necessary, as the casings can then be grouted firmly into place while 

ensuring their verticality. Fig. 4 shows a typical inclinometer probe.  
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Measuring deformation of geofoam in small scale models can be done conveniently 

with use of potentiometers, strain gauges etc. However, in a full scale model, physical 

contact to geofoam section is extremely difficult, thus quantifying the deformation 

along the section is a major challenge. The authors have envisioned using laser based 

displacement sensors for this purpose. Laser distance sensors are optoelectronic sen-

sors for non-contact displacement and distance measurements. Most commonly, laser 

displacement sensors operate either according to the time-of-flight measuring princi-

ple or phase comparison principle. A typical Laser based Displacement Sensor can be 

seen in Fig. 5. In the study, lasers from the devices will be targeted on a reflective 

screen placed at the end of geofoam layer through already provisioned holes with 

clear line of sight, and based on the transducer output the distance from the sensor to 

the end of geofoam can be obtained. Successive readings over a period of time from 

holes along the height of the retaining walls will then give information on defor-

mation of geofoam at different locations.  

                                                       
        Fig. 4. Slope Inclinometer                  Fig. 5. Laser based Displacement  

(After Kyowa Elect. Instruments)            Transducer   (After Micro-Epsilon)                                                                      

 

2.3 Provisions for Instruments in Wall 

 

In the present standard model of RCC cantilever retaining wall, accounting all possi-

ble parametric studies, typical arrangement of weep holes, holes for pressure sensor 

and laser based displacement transducer are proposed as per guidelines proposed by 

Lazebnik (1998) for full scale instrumentation as shown in Fig. 6. These holes are 

created during the casting stage itself by placing PVC pipes of respective diameters. 

The diameters of holes are chosen such that the cables and the connector pins for 

earth pressure sensors can be easily extended through the section of the wall.  All 

instruments including data loggers and computer are installed in a portable cabin ad-

joining the wall to facilitate reliable and continuous data acquisition.  
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Fig. 6. Arrangement of Weep Holes, Pressure Sensors and Displacement Transducers along 

the Length of Retaining Wall 

3 Material Characterization  

3.1 Geofoam 

Significant properties of geofoam that influence the selection of its appropriate thick-

ness and density include - Young’s modulus (E), compressive strength (c), yield 

strength (y) and elastic limit of geofoam. Geofoam of densities 15 kg/m3, 20 kg/m3 

and 25 kg/m3, designated as EPS15, EPS20 and EPS25 are to be used. Cube speci-

mens are used for evaluating the geofoam properties by static compression test, as 

suggested by ASTM D7180-05. Typical stress-strain behavior of geofoam and defini-

tions of some of the salient properties from static tests are schematically shown in Fig. 

7 .In the present study the compressive load is applied using Servo-hydraulic actuator. 
Setup of static test of EPS geofoam is show in Fig. 8.  

Axial stress corresponding to 10% axial strain from stress-strain curve is defined as 

compressive strength. Static compression tests were performed on three specimen size 

of 100 mm x 100 mm x 100 mm of samples of different densities. Average values are 

reported as specimen properties. Fig. 9 represents a sample axial stress strain response 

of geofoam sample of density 20 kg/m3. Average compressive strength of EPS 20 was 

found to be 87.5 kPa.  

 
Fig. 7. Mechanical Properties of EPS Geofoam 
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Fig. 8. Experimental Static Test set-up of geofoam. 

 

 

Fig. 9. Axial Stress-Strain response of EPS 20 

 

3.2 Backfill Material  

For experimental study, logical choice is to use standardized backfill material, for 

ex. river sand. However, their use on large scale is a costly affair and they may not e 
sued in high embankments as it increases cost of the project. Thus, to simulate the 

field conditions, locally available soil fulfilling the specifications of IRC 78-2014 is 

decided as sound and more relevant option for backfilling. The soil is identified as 

Murum / Powai silty soil with cohesion = 54 kPa and angle of internal friction = 20 

obtained from direct shear tests on samples prepared at O.M.C and M.D.D.  Proper-

ties of the soil are listed in table 1. As per guidelines listed in IRC 78-2014 on selec-

tion for backfill material, the soil is found to be fair to good for backfilling purposes. 

 

 

For Cube of EPS 20 with side 100mm 

Area of Cross Section              0.01 m2 

Elastic Limit               1.2% 

Youngs Modulus              4.25 MPa 

Yield Strength               63 kPa 

Compressive Strength           79.2 kPa 
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Fig. 10. Particle Size Distribution Curve of Backfill Soil 

Table 1. Properties of proposed backfill 

 

Liquid Limit 51% 

Plastic Limit 39% 

Free Swell Index 0 

Field Density 1580 kg/m3 

Water Content 17.44% 

Optimum Moisture Con-

tent 

22.20% 

Maximum Dry Density 1620 kg/m3 

Specific gravity of soil solids 2.62 

Gravel ≈ 1.2% 

Sand ≈ 70% 

Fines ≈ 22% 

IS Classification MH (Silt with high 

porosity) 

 
Fig. 11. Dead Weight Calibration Setup used for Pressure Sensor Calibration (After Gade, 2018 

 

Pressure sensor housing 

Gravel Sand 
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4 Calibration of the Earth Pressure Sensors 
 

Earth pressure sensors are widely used for measuring earth pressure on the surface of 

a structure or in soil and they need to be calibrated near to their intended application 

conditions (Weiler and Kulhawy, 1982, Selig ET, 1980, Peattie and Sparrow, 1954). 

Relation between applied pressure and sensor output varies with soil type, soil density 

and location of sensor, either embedded or boundary (Gade, 2019). The calibration of 

pressure sensor involves the investigation of the unique relationship between the ap-

plied pressure and EPC output response (Labuz and Theroux, 2005). Strain gauge 

based sensors of capacity 200 kPa are considered for this study. A dead weight cali-

bration set-up (as shown in Fig. 11) previously developed by Gade (2018), was used 

for calibration of sensors. 

The sensors are kept in calibration chamber which is then filled with the soil from 

field and compacted to the field density. Load is applied on the soil using a Hydraulic 

Actuator with a loading plate such that a maximum pressure of 170 kPa with a dis-

placement rate of 0.01 mm/s is reached in the chamber. The response of the earth 

pressure sensors Vs. pressure applied by the actuator gives a unique voltage – pres-

sure relationship for each sensor. The sample is loaded and unloaded three times so as 

to obtain average calibration factors. A sample graph is shown in Fig. 12 

 

 
Fig. 12. Response of Earth Pressure Cell vs. Pressure applied by actuator 

 

 

Literature reveals that strain gauge based sensors pose certain problems, which 

make them unsuitable for long term use due to drift in zero reference point in strain 

gauges with passing of time. Furthermore, these sensors respond differently to differ-

ent soils and densities as well as external temperatures. Hence, it was decided to fur-

ther use vibrating wire based earth pressure sensors in conjunction with strain gauge 

based sensors. These sensors consist of two welded plates with cavity between them 

filled with de aired fluid. Under the external pressure, these plates squeeze the fluid 
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inside. The pressure is then recorded by Vibrating Wire Transducers connected to the 

cavity. Key benefit of these sensors is very small aspect ratio (typically t/D <0.1) 

where t is thickness of and D is diameter of the sensor.  Tory and Sparrow (1967) 

noted that for cells with aspect ratios below 0.1, constant over-registration of stresses 

allow for constant calibration factors. Another advantage over conventional strain 

based gauges sensors is that Vibrating Wire based sensors are not Susceptible to zero 

drift over a long period of time and also provide for auto compensation of tempera-

tures due to in built thermistors.  

 

5 Summary  

An overview of establishment of full scaled retaining wall model is presented. The 

model described in this paper will be deployed for achieving the objectives including 

–to evaluate the scale effects on the earth pressure reduction through full-scale field 

testing of different heights of retaining walls, to evaluate the long-term creep of the 

geofoam, and its effect on the earth pressure reduction, to evaluate deformation pat-

tern of retaining wall with and without geofoam, to evaluate distribution of compres-

sive strains in geofoam, to develop design charts for optimum density and thickness 

of geofoam for achieving maximum earth pressure reduction.  
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