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ABSTRACT: In this paper, results obtained from a series of large scale repeated load model tests are presented.  Repeated load tests 

were conducted on geocell reinforced and unreinforced dense sand layers overlying weak subgrades to understand the general 

behavior of reinforced unpaved roads. The height of the weak subgrade was always maintained and the height of the dense sand 

layer was varied according to the heights of the geocell mattress used. The relative densities of the weak subgrade and dense sand 

were maintained at 30% and 75% respectively. The loading was applied through a circular steel plate which replicates the traffic 

loading applied through a sophisticated double acting linear dynamic actuator attached to a 3.5 m high reaction frame. Results from 

each case are presented, and different views on the results are discussed with the experimental tests. It was inferred that the rutting 

on the pavement surface can be reduced to about 35% by providing nominal size of the geocell mattress in base layers over weak 

subgrades. The results are also quantified through a non-dimensional factor, called traffic benefit ratio (TBR), defined as a ratio of 

number of load cycles applied on reinforced section to the number of load cycles applied on unreinforced section at the same 

settlement. It was found that the TBR can be increased as high as 15 with geocell reinforcement at a settlement ratio of 5%. 
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INTRODUCTION  

 

As the subgrade conditions vary from site to site and 

location to location in a given road network, the 

performance of the pavements alter dramatically from 

section to section depends on the subgrade condition. To 

quantify the effectiveness of the geocell reinforcement, 

weak subgrades are considered. As part of this, weak 

sand subgrades, prepared at a relative density around 

30%, are considered in this paper. To prepare the base 

course layers, a dense sand base layer is considered with 

and without geocell confinement. Hence, the pavement 

geometry comprises of weak sand subgrades overlain be 

dense sand bases with geocell reinforcement. The 

considered test configuration is then subjected to cyclic 

and repeated loadings equivalent to a tire pressure of 

about 550 kPa. The influence of various parameters such 

as width of reinforcement layers (b), height of the 

reinforcement (h) are studied to understand the efficacy 

of the geocell material to achieve the optimum geometry 

of the geocell. Improvement is presented in terms of the 

performance indicators 

 

BACKGROUND 

 

Since the reinforcement forms ever used, many different 

kinds of geosynthetics have been used and the recent 

reinforcement type which has become popular nowadays 

is geocell reinforcement.  

The studies on cyclic loading are not that extensively 

done and the available literature observed the higher 

performance of geocell reinforcement with dense infill on 

a good subgrade Mhaiskar et al (1994). Pokharel et al. 

(2011) studied the effects of geocell reinforced bases 

under cyclic loading proving the reinforced sections 

yielding less cumulative permanent deformations and 

sustaining for more cycles compared to the unreinforced. 

Yang et al (2010)., Zhang et al. (2010) studied the 

numerical analysis of geocell reinforced granular soils to 

prove that the geocell reinforcement increased with the 

increase of the modulus (or tensile stiffness) of the 

geocell and both the type of infill material and the 

resilient modulus of subgrade significantly influenced the 

rut depth of the unpaved road and the benefit of geocell 

reinforcement in reducing rutting depends on the quality 

of base course materials.  

Recently Pokharel (2011) observed that the geocells have 

improved the strength, increased the percentage of elastic 

deformation and life of the unpaved road sections over 

weak subgrade. The inclusion of the geocell layers 

reduces the vertical stress transferred down through the 

foundation bed by distributing the load over a wider area 

compared with the stress in the unreinforced bed (S. N. 

Moghaddas (2012)).  

It is understand from the literature study that there is a 

research knowledge gap in understanding the mechanisms 

of geocell reinforced bases under repeated traffic loading. 

In this study, an attempt has been made to understand the 

repeated loading behavior of geocell reinforced sand 

bases overlying weak subgrades under traffic loading 

conditions which can be preferably used in increasing the 

life cycle of the unpaved roads.  

 

MATERIALS AND METHODS  

 

The sand used in this investigation was dry sand. The 

particle size distribution of the sand was determined by 

dry sieve analysis as per IS 2720. The particle size 

distribution of the sand is shown in Figure 1. The sand is 

classified as poorly graded sand with letter symbol SP. 

mailto:vijaykumar.r@bvrit.ac.in
mailto:sireesh@iith.ac.in


 

 

Geocell Reinforced Dense Sand Bases overlying Weak Sand Subgrades under Repeated Loading 

High  density  poly  propylene  (HDPE)  geocell  mattress   

obtained  from  M/s  Strata Geosystems (I) Pvt. Ltd, with 

a weld spacing of 350 and a minimum seam strength of 

1050 N are used in the study. 
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Fig. 1 Particle size distribution curve 

 

TEST SETUP  

The soil beds with 70% relative density were prepared in 

a test tank with dimensions of 1m × 1 m x1 m (length x 

width x height). A rigid steel plate of 150 mm diameter 

(D) and 30 mm thickness was used to apply the traffic 

loading. The size of the plate was chosen such a way that 

the area of the plate resembles the area of tyre pressure.  

Loading to the plate was given by graphical user 

interfaced MTS MPT software with the help of hydraulic 

power unit (HPU), hydraulic service manifold (HSM) and 

sophisticated double acting linear dynamic 100 kN 

actuator which is attached to a 3.5 m high reaction frame 

shown in Fig. 2.  
 

 
Fig. 2 Test Setup 

 
TESTING PROCEDURE 

Test procedure can be explained under three sub topics: 

a) Preparation of relative density calibration chart 

b) Preparation of sand bed 

c) Cyclic load tests 

 

Relative density calibration 
To determine the density with which sand is to be poured 

in the tank, a special technique called sand raining 

technique is used. It is also called as sand pluviating 

technique. To achieve this, a special device is designed. It 

consists of long steel pipe with a cone fixed at the 

bottom. Apex of the cone is pointed up with Cone apex 

angle of 60
o
. This pipe is fitted with a movable scale to 

arrange different heights shown below in Fig 3.  

 
Fig. 3 Devices used in the preparation of test beds 

 

Relative density calibration chart was obtained by 

conducting series of tests with different heights of fall. 

Natural densities were measured physically by collecting 

samples in small containers whose weights and volumes 

were known. With the known values of the minimum and 

maximum void ratios of sand taken in the investigation, a 

calibration chart was prepared for the height of fall 

against the corresponding relative density. For any 

required relative density corresponding height of fall can 

be read from calibration chart.  

 

Sand bed preparation  

The sand was placed in the test tank using a raining 

technique. This device has a hopper with a pipe welded to 

its bottom and a 400 mm long pipe with an inverted cone 

welded at its bottom. The sand passes through the 30 mm 

internal diameter pipe and disperses at bottom by a 60
ο
 

inverted cone. The height of fall to achieve the desired 

relative density was determined by performing a series of 

trials with different heights of fall earlier.  In each trial, 

the densities were monitored by collecting samples in 

small cups of known volume placed at different locations 

in the test tank. With the known values of the minimum 

and maximum void ratios of sand in the study, a 

calibration chart was prepared for the height of fall 

against the corresponding relative density. The height of 

fall can directly read from the graph corresponding to the 

required relative density.  In all tests, relative density of 

sand was kept constant at 75 %. 

 
Cyclic load tests 

The procedure adopted for all the tests were in 

accordance with the Indian Standard code IS 1880:  1982 

(reaffirmed 1998).  Upon filling the test tank up to the 

desired height,  the  fill  surface  was  levelled  and  the  

footing  was placed  on  a  predetermined alignment such 

that the loads from the   actuator applied would be 
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transferred concentrically to the footing. A recess was 

made into the footing plate at its centre to accommodate a 

ball bearing through which vertical loads were applied to 

the footing.  

 

The cyclic load was applied to a loading plate using a 

computer-controlled servo hydraulic actuator, with a 

maximum load of 9.7 kN and a minimum on 0.97 kN 

equivalent to 550 and 55 kPa pressure which is the tire 

pressure. A 10% of load (0.97 kN) was constantly applied 

on the plate to make the cycle a closed loop. The load 

form was applied at a frequency of 1.0 Hz.  Multi-

Purpose Test Ware (MPT) software was set up to control 

and acquire the applied load data as well as the 

deformation data.  

A series of repeated load tests were conducted to verify 

the efficiency of the geocell reinforcement in the 

subgrade. 

 

RESULTS AND DISCUSSION 

Fig. 4 presents a typical pressure – settlement response 

for an unreinforced subgrade. All the tests were 

conducted until about 20% of the plate diameter. The plot 

shows the cyclic behaviour under repeated loads as 

specified. It can be noticed that the plastic settlements are 

higher during initial load cycles. Fig. 4 presents the 

variation of settlement ratios with the number of loading 

cycles. 
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Fig. 4 Typical Bearing pressure-settlement Ratio pattern 

from repeated loading 

 

Settlement ratio is defined as the ratio of settlement to the 

plate width expressed in percentage. Initially, at low 

number of loading cycles (N < 10), the total settlement 

ratios are higher and get attenuated with increase in the 

number of loading cycles. As expected, the unreinforced 

subgrade shows excess settlement ratios than the 

reinforced subgrades. It is also observed that the 

settlement ratios have come down with increase in the 

amount of geocell reinforcement. To quantify the 

reduction in settlement ratios and the efficacy of geocell, 

cumulative permanent deformations (CPD) were 

calculated from the test data. Similar trends are also 

obtained from sireesh et. al (2015).  

 

The variation of CPD’s with number of cycles is seen in 

Fig 5 The highest CPD of about 20 % is obtained in the 

case of least reinforced i.e. h/D=1.33, b/D=2. The lowest 

CPD of about 13 % obtained in the case of highest 

reinforced i.e. h/D=1.33, b/D=4 geocell case. 
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Fig. 5 Variation of settlement ratio with number of 

loading cycles – Width Series 

CPD’s with number of load cycles has reduced in the case 

of b/D = 4. This is attributed to the reduction in 

permanent deformations due to densification of subgrade 

soil and cumulative resilient behavior of geocell 

reinforcement with the increase in number of load cycles. 

Based on the above discussion from the present study, the 

optimum width ratio (b/D) of the geocell mattress may be 

considered as 4 for dense sands overlying weak sands. 

Figure 6 presents the cumulative permanent deformations 

of geocell reinforced beds with number of cycles for 

increased geocell heights. The CPD’s are reduced with 

the increase in the height of the geocell. The highest and 

lowest CPD of about 20 % and 13 % is obtained in the 

case of least reinforced i.e. b/D=4, h/D=0.5 and in the 

case of highest reinforced i.e. b/D=4, h/D=1.33 geocell. 
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Fig. 6 Variation of settlement ratio with number of 

loading cycles – Height Series 



 

 

Geocell Reinforced Dense Sand Bases overlying Weak Sand Subgrades under Repeated Loading 

The variation of TBR with settlement ratio, s/D is 

presented in Fig. 7. The TBR increases with increase in 

the s/D ratio and width ratio of geocell mattress (b/D). 

The TBR at s/D = 5% are observed to be 9, 10 and 15 for 

b/D = 2, 3 and 4 respectively. It can be inferred from Fig. 

5.11 that to obtain higher structural support for the 

pavement layers, the geocell width should be adequate 

enough to provide the resilient response. 
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Fig. 7 Variation of TBR with Settlement Ratio - Widths 

The higher permanent deformations, in this case, can be 

attributed to the least flexural stiffness of the geocell 

mattress available compared to the other cases. Lower 

permanent deformations observed in the other cases are 

due to the provision of enough structural support 

extended by the geocell mattress of heights, h/D = 1.33 

and 1.0 by virtue of encapsulating all the potential failure 

surfaces within the reinforced subgrade zone. 
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Fig. 8 Variation of TBR with Settlement Ratio – Heights  

The TBRs at 5% settlement ratio are observed to be 6, 10, 

14 and 15 respectively for h/D = 0.5, 0.67, 1.0 and 1.33. 

It can also be inferred from Fig. 8 that for obtaining 

higher structural support for the pavement layers, the 

geocell height should be adequate enough to provide 

resilient behavior.  

Further study is required to perform in understanding the 

optimum benefits from the geocell material.  

 

CONCLUSIONS 

From the tests conducted on geocell reinforced bases, 

following conclusions can be drawn: 

 
1. Geocells can be effectively used as a 

reinforcement system in pavement bases to 

increase the stiffness and resilient behavior of 

the subgrades 

2. Geocell reinforcement cuts down the plastic 

settlements on the pavement surface. The plastic 

settlements can be referred as rutting. 

3. A reduction in cumulative permanent 

deformations of 32% in case of h/D=1.33, b/D=4 

against h/D=1.33, b/D=2 and 35% in case of 

b/D=4, h/D=1.33 against b/D=4, h/D=0.5.  

4. Traffic benefit ratio (TBR) calculated at 5% of 

loading plate settlement has increased with 

increase in the geometry of the geocell. A TBR 

of as high as 15 was observed for h/D = 1.33 and 

b/D = 4.  

5. Hence, the geocell of size h/d = 1.33 and b/d = 4 

providing highest resilient behavior during the 

repeated traffic loading is considered as 

optimum size of geocell mattress for sand 

subgrades in this study.   
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