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Abstract About 60 and 95% of the road network comprised of rural roads in
United States and India, respectively. Everyday rural roads are being constructed by
the engineers all around the world to meet the traffic needs, for which, the tradi-
tional pavement design and construction practices require high-quality materials for
fulfillment of construction standards. Quality materials are unavailable or short of
supply in many parts of the world. Design engineers are often forced to seek
alternatives using substandard materials, commercial construction aids, and inno-
vative design practices to improve the structural support to the pavement structure
when weak subgrades are encountered. In this research, results from a series of
large-scale laboratory tests on a simulated rural road consisting of a reinforced and
unreinforced dense base/sub-base layer overlying weak subgrade were considered.
A series of large-scale laboratory testing were conducted on geocell reinforced rural
road under traffic loading conditions. The base/sub-base and weak subgrades were
prepared at 75 and 30% relative densities, respectively, by pluviation technic in a
large steel tank. An equivalent single axle wheel load (ESAL) of 550 kPa was
considered which was applied through a circular steel plate using dynamic
hydraulic actuator of 100 kN capacity. Several earth pressure cells were placed at
the interface of the dense base/sub-base and weak subgrade layers to measure the
contact pressure transmitted on to the weak subgrade. Results indicated that the
pressures exerted by the traffic loads can be reduced to about 60% by introducing
geocell mattress in base/sub-base layers over weak subgrades.
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1 Introduction

A low volume road (LVR), also known as rural road in India and farm to market
(FM) road in the United States, can be defined as a road in which the average
annual daily traffic (AADT) is about 500 commercial vehicles per day (Behrens
1999; Keller and Sherar 2003). (AASHTO) LVRs are defined as roads with 0.7–1
million Equivalent Single Axel Loads (ESALs) for a given performance period
(Mallick and Veeraragava 2010). Generally LVRs are designed as paved or
unpaved roads, which depend on the purpose and subgrade soil conditions.
Unpaved roads are preferred if the subgrade soils are strong. However, the per-
formance of LVRs can be improved by surfacing the unpaved roads (Muench et al.
2004; Pinard 2006). Generally, rural roads consist of either a base/sub-base layers.
The thickness of these layers always depends on the support extended by the
underlying subgrades.

The total road network of India covers over 4.2 million kilometers, out of which,
village and other roads (LVR) share is about 80% (MORTH 2011). It was estimated
United States is comprised of about 60% LVRs. The construction, maintenance,
and rehabilitation of these roads are a major task and involve about 54% of the total
annual investment of transportation systems in USA (Praticò et al. 2011).

The Ministry of Rural Development (MORD) of legislature of India propelled
the “Pradhan Mantri Gram Sadak Yojana (PMGSY)”—a Prime Minister’s Rural
Road Program in year 2000 to associate with every single climate street all resi-
dences with populace more than 500 (250 in bumpy, deserts, and inborn areas) in
the primary example. The PMGSY targets incorporate new availability to around
1,78,000 homes including development of around 3,75,000 km of streets separated
from overhauling of 3,72,000 km of existing country streets which are in poor
condition (Saride and Umashankar 2010; Praticò et al. 2011).

These figures plainly exhibit that the streets are a critical part of the universes’
transportation foundation and economy, in this manner calling for feasible plans
and development procedures to guarantee advanced asphalt development (Saride
and Umashankar 2010). The execution of the LVRs can be enhanced by embracing
appropriate adjustment methods (Bushman et al. 2005; Croft 1967), receiving
optional materials and novel development methods, for example, incorporation of
geosynthetic support in base/sub-base layers or feeble subgrades (Little 1995).

Fifty years prior, out of the blue, geocell support for asphalt applications were
begun by US Army Corps of Engineers for enhancing the bearing limit of inade-
quately evaluated sand by utilizing it as a parallel control (Webster 1979). Sidelong
control, expanded bearing limit, and tensioned layer impact are primary support
instruments for geocell fortification (Giroud and Noiray 1981; Dash et al. 2001;
Han et al. 2008). Pokharel (2010) examined substantial scale cyclic stacking tests
on geocells and watched that the geocells have enhanced the quality, expanded the
level of versatile twisting and life of the unpaved street segments over frail sub-
grade. Saride et al. (2013, 2015) watched that the perpetual misshapenings were
diminished by 8 overlap, and TRBs were expanded to 45 for the instance of
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sleeping cushion estimate h/D = 1, b/D = 4 against the unreinforced bed at 5%
plate settlement under rehashed movement stacking.

Han et al. (2008) detailed by that the situation of geocell from the surface of
stacking is likewise urgent. In opposite, the arrangement profundity of geocell
ought to be kept up at around 1–5% of the width of the stacking zone in static load
tests as seen in Dash et al. (2001) and Sitharam and Saride (2005).

However, literature study reveals that the quantification of performance of the
geocell reinforced granular base/sub-base layers in terms of reduction in contact
pressure over weak subgrades supporting LVRs has not well documented. In this
study, an attempt has been made to quantify the contact stress reduction over weak
subgrades due to provision of geocell mattress in base/sub-base layers through
dynamic earth pressure cells.

2 Experimental Program

In this study, the dry sand placed at its 30% relative density has been considered as
weak subgrade supporting low volume roads. A granular base/sub-base of the LVR
was formed, over the weak subgrade, at 75% relative density of sand.

Dry sieve analysis gave the soils distribution of particles as seen in Fig. 1 and is
stated as poorly graded sand denoted by SP according to the Unified Soil
Classification System (USCS).

The physical properties of sand such as G, emax and emin were determined
according to the ASTM standards and given as 2.63, 0.74, and 0.51. The angle of
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shearing resistance of sand at its 75% relative densities was determined to be 37° by
conducting shear tests on plain sand in a box with 100 mm � 100 mm � 30 mm
sizes.

Geocell mattress is made of ultrasonically Welded high density polyethylene
(HDPE) Which is strong, light weight, 3D cellular confinement system. These strips
were placed and spread on the weak sand subgrade to prepare a geocell reinforced
granular (sand or aggregate) mattress. The geocell is manufactured from a polymer
of HDPE material with a density ranging between 0.935 and 0.965 g/cm3 having a
weld at regular intervals of 356 mm which is used in the present study. The
properties of the geocells are listed in Table 1.

3 Test Setup

Weak subgrade overlying reinforced stiff geocell reinforced sand beds with 30 and
75% relative density were prepared in a tank. The inner dimensions of test tank are
1 m � 1 m � 1 m (length � width � height). To apply a repeated traffic loading
on the sand subgrades, a rigid steel plate of diameter 150 mm and thickness 15 mm
was used in the experiment. The dimension of the tank and diameter of loading
plate were determined based on the literature. Chummar (1972) has found that the
failure wedge, stretched around 2–2.5D on either side of the footing and to a depth
of around 1.1D from the bottom of the footing which is below footing plate on a
sand bed, where D is the diameter of the footing. Edil et al. (2009) were adopted
similar kind of test tank and plate diameter in their laboratory experiments on
geosynthetic reinforced pavements. The schematic of the test bed and experimental
setup used in the present study has been shown in Figs. 2 and 3.

Strain-type soil earth pressure transducers were used to check the boundary
effects on the experimental results from reinforced test beds. The pressures were
measured during the repeated load tests by pacing them at the boundaries of the
tank. Minimal pressures (less than 1% of the applied pressure) were recorded
confirming the influence of the boundary on the test results is negligible. Loading

Table 1 Properties of
geocell

Properties Values

Material composition Polymer—High-Density
Polyethylene (HDPE)

Density (g/cm3) 0.935–0.965

Weld spacing (mm) 356

Cell depth (mm) 75 100 150 200

Min. cell seam strength
(N)

1050 1400 2100 2800

Cell size (±10%) (mm) 259 � 224

Cell area (±4%) 290
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was given by graphical user interfaced multi-purpose test software along with the
help of hydraulic power unit, hydraulic service manifold, and sophisticated double
acting linear dynamic 100 kN capacity actuator which is attached to a 3.5 m high,
200 kN capacity reaction frame.

Fig. 2 Experimental test
setup

1m

1m

h

D

HDPE 
Geocell

u
Loading Plate

Cyclic Loading

h

H1

H2
75 % Rd

30 % Rd

Earth Pressure 
Transducers

Fig. 3 Schematic of test bed
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4 Testing Procedure

All figures and tables shall be numbered sequentially and cited with discussion in
the main body of the paper.

4.1 Sand Bed Preparation

Sand raining or sand pluviation is a technic used to maintain the relative density of
the sand in the test tank. The subgrade was prepared with sand placed at 30%
relative density until the height H1 in all the tests. A 75% relative density of sand
was used as a granular base/sub-base layer over the weak subgrade to a thickness of
H2 in all the tests. The height, H2, depends on the height of the geocell mattress,
h and the depth of placement of geocell mattress from surface, u and sand cushion
maintained between the dynamic earth pressure cells and the mattress. By taking
samples at different depths during the pluviation, the density of the test bed was
frequently monitored. The densities were well within the range of 2% error. A total
of nine (9) dynamic earth pressure cells were placed right at the interface of weak
subgrade and stiff granular base/sub-base layer to measure the pressure transmitted
to the subgrade through the base/sub-base layer during the repeated load test. Out of
nine earth pressure cells, five were placed right at the center line of the loading
across the width of the base/sub-base layer. Rest of the four earth pressure cells
were placed at four boundaries of the test tank to measure the pressure transmitted
to the boundaries.

After filling the test tank with the sand up to the desired height, the fill surface
was leveled and the loading plate was placed on a predetermined alignment such
that the loads from the actuator applied would be transferred concentrically to the
footing. To facilitate this, a recess was made into the loading plate at its center to
accommodate a ball bearing through which vertical loads were applied to the plate.
In the case of reinforced beds, upon ceasing the pluviation at predetermined depth,
the geocell was positioned and stretched on the leveled subgrade and continued the
sand pluviation to fill the geocell mattress with mentioned relative density.

4.2 Repeated Load Tests (RLT)

The repeated load tests were completed with a most extreme heap of 550 kPa
(ESAL) and at least 55 kPa (10% of the greatest weight) utilizing a PC controlled
servo pressure driven actuator with a persistent haversine stacking design as
appeared in Fig. 4 at a recurrence of 1.0 Hz as portrayed in Saride et al. (2015) and
Rayabharapu and Saride (2019).

The loading was picked such that it repeats the moving activity on the asphalt.
Multi-reason test product programming was set up to control and gain the connected
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load information and in addition the distortion information. The stacking example of
the repeated load test and relating contact pressures is found in Figs. 4 and 5.

A typical Contact pressure with time and number of cycles is shown in Fig. 5.
The pressures are obtained from the pressure cells placed at the interface for
unreinforced and geocell reinforced bed under cycling loading conditions. It can be
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noticed that the pressures are little higher for the initial loading cycles which are
considered to be the initial data acquired to set, while their magnitude attenuates
thereafter.

To verify the efficiency of the geocell layers in the base/sub-base layers, a series
of repeated load model tests were conducted to reduce the stresses coming on to the
weak subgrade as listed in Table 2. The height and width of geocell mattress are
expressed in terms of normalized ratios with respect to the diameter of the loading
plate as h/D and b/D, respectively. The model tests include unreinforced tests,
single geocell layers with different sizes (width and height) with respect to the plate
diameter.

5 Results and Discussion

The pressures at the subgrade have reduced as the amount of geocell reinforcement
increases, against the unreinforced subgrade for which pressures are higher.
Pressure cells are placed at a distances of 1, 1.5. 2.0 times the width of the loading
plate on either sides of the loading plate at the interface.

To quantify the reduction in contact pressures and the efficacy of geocell, the
contact pressures of each configuration at 1, 5, 50, 75, and 100 cycles are con-
sidered and presented from series B of testing in Figs. 6, 7 and 8. It is clearly
evident that the contact pressures of geocell reinforced beds are reducing with
increase in the geocell width. The pressures reduced from 160 kPa in case of h/
D = 1.33, b/D = 4 to almost 100 kPa in case of h/D = 1.33, b/D = 2 which is a
reduction of about 40% between the least and highest reinforced case in this series.

Table 2 Test series done in this study

Test
series

Description Constant parameters Variable parameters

A Un reinforced bed H1 = 75% RD, H2 = 30%
RD

H1 = 0.25 m,
H2 = 0.65 m
H1 = 0.20 m,
H2 = 0.65 m
H1 = 0.15 m,
H2 = 0.65 m
H1 = 0.125 m,
H2 = 0.65 m

B Geocell reinforced
bed

H1 = 75% RD, H2 = 30%
RD,
h/D = 1.33, u/D = 0.1

b/D = 2,
b/D = 3.25,
b/D = 4

C Geocell reinforced
bed

H1 = 75% RD, H2 = 30%
RD,
b/D = 4, u/D = 0.1

h/D = 0.5,
h/D = 0.67,
h/D = 1.0,
h/D = 1.33
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Figures 6, 7, and 8 show the variation of the pressures transmitted on to the
subgrade with distance from center line corresponding to the geocell reinforced
sections of h/D = 1.33 and b/D = 2, 3.5, 4 for various cycles, respectively. From
the figures, it is evident that, the pressures transmitted on to the subgrade with
distance from center line in a geocell reinforced are reduced compared to the
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unreinforced for the same applied pressure. In reinforced beds as the width of the
geocell reinforcement increases, the pressure transmitted on to the subgrade is
reduced at the center and the pressure transmitted on to the either sides of the
loading plate increased. This is because as the width of the reinforcement increases
number of cells in the geocell increases which yields to more all-round confinement
preventing the lateral spreading of the infill material.

Hoop stresses within the geocell walls and earth pressures in the adjacent cells
are mobilized when the vertical loads are applied which reduces the lateral defor-
mation of the infill material. This increases the stiffness and the load deformation
behavior of the soil. The soil geocell layer with increased stiffness acts as a stiff mat
resulting in the vertical pressures distribution spreads across the area of the sub-
grade soil by redistributing the applied pressures away from the center and reducing
the pressures transferred at the center below the loading plate.

The contact pressures of each configuration from series C as discussed earlier are
presented in Figs. 9, 10, 11 and 12. The contact pressures of geocell reinforced beds
are reducing with increase in the geocell height. The pressures reduced from
350 kPa in case of b/D = 4, h/D = 0.5 to almost 100 kPa in case of b/D = 4, h/
D = 1.33 which is a reduction of about 70% between the least and highest rein-
forced case in this series.

Figs. 9, 10, 11 and 12 show the variation of the pressures transmitted on to the
subgrade with distance from center line corresponding to the geocell reinforced
sections of b/D = 4 and h/D = 0.5, 0.67, 1.0, 1.33 for various cycles. From the
figures, it is seen that, as the height of the geocell reinforcement increases, the
pressure transmitted on to the subgrade is reduced. The pressures transmitted on to
the subgrade with distance from center line in a geocell reinforced bed are lesser
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compared to the unreinforced for the same applied pressure. The pressures trans-
mitted are higher for lesser height of the geocell reinforced beds compared to the
widths of the geocell as the heights of the dense bed are lesser by which the
pressure is directly transferred below the center plate as in case punching failure.
The pressures transmitted on to the either sides of the loading plate increased with
heights. This is attributed to the flexural rigidity of the geocell reinforced beds for
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higher heights resulting in transmitting less pressure at the center and more pres-
sures away from the center by redistributing the applied pressures on to the sub-
grade. Vertical loading of the geocell reinforced sections creates a semi-rigid slab or
beam effect. This distributes loads evenly, reduces settlement, and reduces surface
degradation resulting in less rutting, potholes, and distortions, means less wear and
tear on vehicles, tires, and drivers.
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To further quantify the contact pressures of the beds under repeated loading, a
parameter contact pressure reduction (CPR), expressed in percentage, for different
cases studied as per Table 2 is introduced. CPR is the ratio between contact
pressure of the unreinforced bed and geocell reinforced bed difference to that of the
unreinforced bed for a pressure applied. Hence, CPR for the particular pressure
applied can be expressed as:

CPRð Þ ¼ 1� Contact Pressurerein
Contact Pressureunrein

� �
� 100

Results from test series A show that the unreinforced test beds could not sustain
any number of loading cycles before they reach the prescribed plate settlement of
20%. Hence, the pressures in increments are applied until its failure and the pressure
corresponding are noted. In all cases, the bed failed even before reaching the
pressure applied on the reinforced cases, i.e., 550 kPa. The data are then extrapo-
lated to get the contact pressure on the subgrade for all the unreinforced cases for
the corresponding pressure applied.

All contact pressure reduction (CPR) were analyzed from the series of experi-
ments. The variation of CPR with b/D ratios and h/D ratios for different geocell
configurations from the testing considered in this study of series B and series C are
demonstrated in Figs. 13 and 14.

From Fig. 13, the pressures transmitted on to the subgrade of an unreinforced
and reinforced bed at the center for a particular pressure applied are considered.
CPR is calculated for varying b/D’s and given as 29, 35 and 50%, respectively, for
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Fig. 13 Variation of CPR
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h/D = 1.33, b/D = 2, 3, 4. From the figure, it is clear that the maximum reduction in
pressures coming on to the subgrade is 50% in the case of h/D = 1.33, b/D = 4 case
of geocell reinforcement.

From Fig. 14, the pressures transmitted on to the subgrade of an unreinforced
and reinforced bed at the center for a particular pressure applied are considered.
CPR is calculated for varying h/D’s and given as 23, 25 58 and 50%, respectively,
for b/D = 4, h/D = 0.5, 0.67, 1.0, 1.33. From the figure, it is clear that the maxi-
mum reduction in pressures coming on to the subgrade is 58% in the case of b/
D = 4, h/D = 1.0 case of geocell reinforcement.

Hence, it can be summarized that the geocell of sufficient size (b) and thickness
(h) will provide a higher contact pressure reduction for a given level of traffic
loading conditions.

Further study is required to understand the optimal benefits from the critical
geocell geometry. It is also important to determine the depth of this kind of rein-
forcement and number of layers of reinforcement for optimum performance.

6 Conclusions

From a large-scale cyclic model tests on unreinforced and geocell reinforced beds,
following conclusions can be drawn:

1. Geocell can be used as reinforcement in pavement subgrade layers to increase
the stiffness of the subgrade.
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2. Contact pressures of geocell reinforced beds reduced with increase in the geocell
widths. The pressures reduced from 160 kPa in case of h/D = 1.33, b/D = 4–
100 kPa in case of h/D = 1.33, b/D = 2 which is a reduction of about 40%
between the least and highest reinforced case.

3. Contact pressures of geocell reinforced beds reduced with increase in the geocell
height. The pressures reduced from 350 kPa in case of b/D = 4, h/D = 0.5–
100 kPa in case of b/D = 4, h/D = 1.33 which is a reduction of about 70%
between the least and highest reinforced case.

4. Contact Pressure Reduction (CPR) for varying b/D’s are 29, 35, and 50%,
respectively, for h/D = 1.33, b/D = 2, 3, 4.

5. Contact Pressure Reduction (CPR) for varying h/D’s are 23, 25, 58, and 50%,
respectively, for b/D = 4, h/D = 0.5, 0.67, 1.0, 1.33

6. The maximum reduction in pressures coming on to the subgrade is 58% in the
case of b/D = 4, h/D = 1.0 case of geocell reinforcement. Hence, it is important
to choose an optimum size geocell for higher structural support for a given
traffic loading system.

7. Further systematic study is required to completely understand the geocell
material in pavement layers such as base and sub-base layers with aggregate
infill.
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