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ABSTRACT:  This paper presents the results of shaking table tests on retaining wall models using recycled tire chips as 

compressible inclusions. Scrap tire derived tire chips of 10 × 10 mm size and about 20 mm length have been used in the 

study. The 600 mm height model wall is constructed in a Perspex container and instrumented with pressure sensors and 

LVDTs at different locations. Sinusoidal dynamic excitations were applied on the model walls. The dynamic response of 

the retaining walls with the variation in the acceleration and frequency of base shaking has been monitored and discussed. 

It is observed from these tests results that the horizontal displacement and incremental lateral earth pressures are 

significantly reduced by the inclusion of tire chips as cushion in between the wall and backfill. Reduction of the lateral 

earth pressure and displacement implies a lower design requirement which implies lesser dimensions of the retaining wall 

with reduced material cost. 
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1 INTRODUCTION 

Earth retaining structures such as retaining walls, 

bridge abutments, bulk heads, braced excavations and 

mechanically stabilized walls play a very important 

role in public life (Reddy and Krishna, 2015). These 

structures are frequently representing the main 

elements of transportation system, port, harbors and 

other infrastructure systems.  Sometimes these civil 

engineering structures are often being affected by 

dynamic loading such as, earthquakes. With frequent 

occurrences of natural disasters in India (Bhuj 2001, 

Sikkim 2011 and other earthquakes) and the associated 

sustainable implications, earthquake mitigation 

techniques are becoming matters of interest.  

Performances of retaining wall under static and seismic 

loading conditions depend upon the type of backfill 

soil, generally clean granular cohesion less backfill 

material is preferred. However, new lightweight fills 

materials like shredded tire chips, EPS geofoam, fly 

ash etc. are being explored as alternative backfill 

materials now-a-days (Bathurst et al., 2007; Lal and 

Mandal, 2012; Reddy and Krishna, 2013; Reddy and 

Krishna, 2015). These materials are beneficial in 

reducing earth pressures and lateral displacements of 

the retaining walls.  

Use of scrap tire derived geo-materials (tire shreds, tire 

chips and tire crumbs) has been found increasing in 

various geotechnical engineering applications 

(Humphrey 1993; Cecich et al., 1996; Tweedie et al., 

1998; Lee and Roh, 2006; Hazarika and Yasuhara 

2007; Anbazhagan et al., 2011;  Sheikh et al., 2013; 

Dammala et al., 2015; Boominathan et al., 2015; 

Reddy and Krishna, 2015). Different researchers 

(Inglis et al., 1996, Ertugrul, and Trandafir, 2011, 

Reddy and Krishna, 2013) were studied on reduction of 

lateral earth pressures on retaining wall using EPS 

geofoam as compressible inclusion. In this paper, 

recycled tire chips are used as compressible inclusions 

just behind the retaining wall to mitigate the dynamic 

loading effects. Shaking table tests on retaining wall 

models using recycled tire chips as compressible 

inclusions were conducted in this study. 

2 EQUIPMENT AND MATERIALS USED  

A computer-controlled servo-hydraulic shaking table 

facility with a single degree of freedom (horizontal) 

was used to simulate the horizontal shaking action, 

associated with seismic and other vibration conditions. 

The shaking table can be operated for frequency upto 

10 Hz with the amplitude of   250 mm.  Models of 

retaining walls have been built in a Perspex container 

fitted with compressible foam as back boundary to 

reduce the boundary effect. Retaining wall model of 

600 mm height was constructed in a model container of 

1200 mm × 600 mm in plan and 1000 mm height (Fig. 

1). The model container was made of Perspex sheets of 

10 mm thickness and braced by a steel frame made of 

steel angle sections that also facilitates for easy lifting 

and handling.  

Locally available dry sand having specific gravity of 

2.62 has been used as the backfill material. The sand 

has maximum unit weight of 16.1 kN/m
3
, minimum 

unit weight of 13.26 kN/m
3
. The values of emax and emin 

are 0.94 and 0.64, respectively. The sand is classified 

as poorly graded sand with letter symbols SP as per the 
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Unified Soil Classification System. Scrap tire derived 

tire chips of 10 × 10 mm size and about 20 mm length 

have been used as compressible inclusion for the study. 

Specific gravity and unit weight of the tire chips were 

determined as 1.08 and 6.45 kN/m
3
, respectively.   

 

Fig.1. Retaining wall model container mounted on shake 

table  

3 MODEL PREPARATION AND TESTING 

PROCEDURE 

The model wall of 600 mm high and 580 mm length 

was made with eight hollow rectangular steel sections, 

each of 25 mm wide and 75 mm height and 580 mm 

length, which were joined together using steel rods of 

12 mm diameter. These steel rods were further 

connected to a bottom plywood base forming a rigid 

connection.  

Two types of test cases were considered as shown in 

Fig. 2. Case A, a retaining wall model with a 

conventional sandy backfill was used (control case); 

Case B, behind the model wall, two different thickness 

of tire chips were placed vertically as compressible 

inclusions.  The thickness chosen here was (t/H= 0.15 

and 0.30) 0.15, 0.3 times of the wall height. Here, t= 

thickness of tire chips and H= height of the wall. The 

compressible inclusion was made by recycled tire 

chips. Backfilling was done by stage wise by free 

falling technique (pacing the calculated amount of sand 

based on layer thickness and target density) and 

compacting manually to achieve the target density. For 

case B, the compressible inclusion layer was prepared 

by filling the recycled tire chips inside a selected size 

bag made of plastic sheet. The bag is required to wrap 

the tire chips so that they do not mix with the 

surrounding soils. Such confinement also makes the 

execution of backfilling easier. The average dry unit 

weight of tire chips achieved after filling and tamping 

was 6.345 kN/m
3
.  

For all tests, four pressure sensors (each of 50 kPa 

capacity), P1, P2, P3 and P4 were placed inside the 

wall, in contact with the facing at different elevations 

487, 337, 187 and 37 mm, respectively. Three LVDTs 

L1, L2, and L3 were positioned at elevations 125, 380, 

and 580 mm, respectively, along the facing.  Figure 3 

shows the schematic diagram of retaining wall model. 

After completing the model preparation with external 

support to the facing, model was placed on shaking 

table. Then external support of facing was removed and 

shaking table has been operated. Each model wall was 

subjected to 20 cycles of sinusoidal shaking at 

specified frequency and acceleration. The parameters 

varied in different model tests are given in Table1. The 

dynamic response of each model wall, in terms of 

incremental lateral earth pressure and the displacement 

responses at different elevations at facing are 

monitored using a data-acquisition system.  

 

Fig.2. Test case: (a) Case A: sandy backfill, (b) Case B: 

compressible inclusion   

 

Fig.3. Schematic diagram of retaining wall model  

Table 1 Test parameters for different test 

Test  

No. 

t/H 

 

Base acceleration, g Frequency, Hz 

T1 0.00 0.1 3 

T2 0.15 0.1 3 

T3 0.30 0.1 3 

T4 0.0 0.3 5 

T5 0.15 0.3 5 

T6 0.30 0.3 5 

Note: t=Thickness of tire chips, H =height of wall 

4 RESULTS 

Variation of horizontal displacements at different 

elevations of the wall with increasing number of 

dynamic loading cycles are shown in Figure 4, for the 

test T1. The figure shows the nonlinearly increasing 

trend of displacements with increase in number of 

cycles. Further, higher displacements at higher 
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elevations are noticed. Wall displacements of 0.61, 

0.38, and 0.12 mm are seen from the figure, at 580, 

380, and 125 mm elevation, respectively. 

 

Fig. 4 Typical variation of displacement with number of 

cycles for the test T1 

Figure 5a shows the displacement profiles, at the end 

of 20 cycles of dynamic motion (0.1 g acceleration and 

3 Hz frequency), revealing the influence of 

compressible inclusion on the horizontal displacement 

response. Here the elevation (z) is represented in non-

dimensional form after normalizing by the full wall 

height (H). It is observed, from the figure, that the 

displacements are significantly reduced with the 

inclusion of the compressible inclusion just behind the 

retaining wall. The maximum top displacement of 0.61 

mm in the case of control model wall (T1) is reduced to 

0.20 mm in the case of compressible compression 

model wall test (T3).  

    

Fig.5.Comparison of mode response for T1, T2 and T3 

tests; (a) Displacement profile, (b) Earth pressure 

profile 

Incremental lateral earth pressures are observed during 

the dynamic excitation along the height of the wall in 

different tests. Figure 5b shows the measured 

incremental lateral earth pressures along the height of 

the wall for T1, T2 and T3 tests. It is observed, from 

the figure, that incremental lateral earth pressures are 

depicting the diminishing trend with increase in 

inclusion of compressible inclusion thickness. 

Maximum earth pressures are observed at bottom of 

the wall. 

The measured top displacements and calculated 

percentage reduction are reported in Table 2, which 

shows around 68% reduction in top displacement. 

Maximum earth pressure values and calculated 

percentage reduction from earth pressures are reported 

in Table 2. Incremental earth pressures are reduced 

around 68% compared to test T1. This type of behavior 

can be observed when vertical compressible inclusion 

placed behind the retaining wall. 

Table 2 Displacement, earth pressure and percent 

reduction for test T1, T2 and T3 

Parameter Compressible inclusion, t/H  

0.00 0.15 0.30 

Top displacements, mm 0.613 0.324 0.195 

% Reduction of displacement - 47.14 68.19 

Maximum incremental earth 

pressure, kPa 

0.379 0.211 0.119 

% Reduction of earth 

pressure 

- 44.33 68.60 

Further, the base acceleration of 0.3g and 5Hz 

frequency has been applied on different model walls to 

observe the effect of tire chips as compressible 

inclusion material. The response of the model wall is 

measured in terms of horizontal displacement and 

lateral earth pressures on model wall with different 

configurations and shown in Figure 6. Wall top 

displacements of 3.05, 1.64, and 0.73 mm are seen 

from the figure, for T4, T5, and T6, respectively. It is 

revealed that 76% reduction in top displacements as 

compared to control case (T4). From the laboratory 

model tests, large reductions in lateral earth pressures 

were achieved when t/H=0.30 thickness tire chips was 

used as the vertical compressible inclusion.  

                

Fig.6.Comparison of mode response for T4, T5 and T6 

tests; (a) Displacement profile, (b) Earth pressure 

profile 
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Reduction of the lateral earth pressure and 

displacement implies a lower design requirement 

which implies lesser dimensions of the retaining wall 

with reduced material cost. However, the cushion 

thickness may vary depending upon many parameters 

like wall rigidity, height of wall, stiffness of tire chips 

and ground motion effect. However,  model test results 

cannot be directly extrapolate to the response of field 

walls because of gravity and scaling effects, the results 

obtained from this study will help in understanding the 

relative performance of retaining walls subjected to 

base shaking with compressible inclusions.  

5 CONCLUSIONS 

A series of model tests were conducted using shaking 

table to examine the performance of retaining walls 

with recycled tire chips as compressible inclusion for 

mitigation of dynamic loading effects. Inclusion of 

recycled tire chips as vertical compressible inclusion 

just behind the retaining wall resulted in drastic 

reduction of the wall displacements, lateral earth 

pressures. The maximum horizontal displacement of 

model wall with compressible inclusions (recycled tire 

chips) is reduced by around 65% compared to the 

control test wall. Incremental earth pressure is reduced 

by around 75% compared to the control tests. This 

implies the dynamic performance of retaining wall 

improves with the use of recycled tire chips as cushion 

material.   
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