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SYNOPSIS: In the present study unpaved model pavements with and without geosynthetics were tested 
under static and cyclic loading. The results have been reported in terms of load - deformation 
behaviour under static loading with circular plate loading as well as a simulated tyer loading, 
number of load cycles Vs permanent deformation and resilient modulus.lt has been observed that 
there is substantial improvement in load bearing capacity and resilient modulus of model pavement 
system due to geosynthetic reinforcement in addition to marked reduction in the permanent 
deformation (rut depth) under cyclic loading.lt is concluded that geosynthetics can improve the 
behaviour of unpaved road structures quite effectively, with silty soil subgrade having a base 
layer of Water Bound Macadam.

INTRODUCTION

In flexible pavements geosynthetics are used 
to seperate and reinforce the granular layers 
and/or asphaltic concrete. Traditionally, 
granular materials are considered to have good 
drainage properties and high shearing 

resistance.These properties are considerably 
impaired if the voids become filled with the 
subgrade material by direct peneteration of the 
granular particles into the fine cohesive 
soil,or via pumping action caused due to 
traffic,thus making the pavement structure 
weaker by reducing effective depth and 

impairing the engineering properties of 
granular subbase layer.By introducing
geosynthetics at the interface of granular 
layer and subgrade this intermixing phenomenon 
can be avoided. Direct reinforcement effect 

requires rutting-induced tension in the 
geosynthetics, combined with the ability to 
impede lateral movement of the granular layers 
by means of interlocking or friction. To better 
induce tensile force in geosynthetics which 
ulltimately helps in supporting the vertical 
load, the subgrade should be weak enough to 
generate rutting. Proper anchorage of 
geosynthetics beyond the loaded zone is also an 
important factor in inducing tensile force in 
geosynthetics.

A number of investigations have been reported 
on the behaviour of reinforced model pavements 
under static and cyclic loading (Kinney et 
al. 1982; Carrol et al.1987; Hass, 1985; Sowers 
et al.1982). Their studies supported the fact 

that geosynthetics provide confinement to 
granular layer and reduce the vertical 
stresses on the subgrade and thus the permanent 
deformation at the surface, hence improving 
the over all performace of the pavements.

However, very little work has been 
reported especially suitable to Indian 
conditions.

The purpose of this study is to compare the 
performance of unpaved models with and without 
geosynthetics under static and cyclic loading 
using locally available very fine Yamuna sand 
and Delhi silt as subgrade soils. Water Bound 
Macadam (WBM) which is extensively being used 
in India as base course material has been 

selected for this model study as per the 
specifications of Indian Roads Congress (IRC: 
19-1977). Different types of geosynthetics have 
been used as the separator reinforcing material 
at the interface of base course and 
subgrade.The prepared models were soaked in a 
water tank for 24 hours before testing to 
simulate the worst possible field condition. 
The paper reports some of the preliminary 
resullts obtained at IIT Delhi for the Research 
Scheme sponsored by the Ministry of Surface 
Transport (Roads Wing), Govt, of India.

EXPERIMENTAL WORK

A model tank of 10 mm thick perspex sheet 
fitted inside a rigid aluminium frame was 
designed and fabricated (Fig.l). The inner 
dimensions of the tank measured 350 mm x 350 mm 
x 420 mm high.All the static and cyclic tests 
were carried out on H0UNSFIELD TEST EQUIPMENT, 
a Universal testing machine of 50 kN loading 
capacity,having a microprocessor controlled 
electro-mechanical device.Loads were applied 
through 75mm diameter rigid circular steel 
plate (SP) and through a model scooter tyre 
(MST) a quarter size of common Bajaj scooter 
wheel specially designed for these model 
tests.
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Fig.l. A schematic view of test model

Yamuna sand (YS) and Delhi silt (DS) were 
selected as subgrade soils. Their phsyical 
properties are as belowf

YS

96
4
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Delhi Silt

Liquid limit, %
Plasticity Index, %
Specific Gravity 
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Three types of geogrids CE 121,CE 131 
(manufactured by Netlon India Ltd.), a woven 
geotextile PD 500 (manufactured by Bombay 
Dyeing, India) and Tensar SS2 (manufactured by 
Netlon, U.K) were selected as the reinforcing 
materials. Their relevant physical and index 
properties are given in Table 1.

Table 1 - Properties of Geosynthetics

Properties Geotextile Geogrids

PD 500 SS2 CE 131 iCE 121

Tensile Strength 
(kN/m)

M/c direction 36.9 17.5 8.9 7.14

X-M/c direction 32 . 3 31.5 4 . 7 6.47

% Elongation 
at Break 30-40 11-12 45-50 45-50

Aperture Size 
(mm x mm) 28x40 27x27 8x8

Mass/Unit Area

i g/ m' )
200 340 660 730

Thickness (mm) 0.56 3 . 9 5.8 3.3

Polymer PP PP HDPE HDPE

Crushed stone aggregates of 20 mm maximum size 
and conforming to the gradation of WBM mix 
design vide IRC:19-1977 specifications were 
selected as the base course.Dhanauri clay as 
binding material was mixed uniformly to crushed 
stone aggregates and then sufficient water is 
added to have a workable mix.

Yamuna sand was compacted in dry state by plate 
tamping method to desired height and density in 
three lifts.Delhi silt was also compacted in a 
similar manner at OMC. In reinforced
models, geosynthetic was laid flat on the 

prepared subgrade before laying the base course 
layer. The prepared model pavements were 
submerged in water for 24 hrs before testing.

Delhi silt subgrade, in case of cyclic load 
test models, was also compacted to slightly 

lower density (1700 kg/m ) to generate 
sufficient rutting and hence mobilise the 
tensile force in geosynthetics.

Static load tests were conducted at 4.0 mm/min 
(Fig. 2,3 and 4) and 75 mm/min. (Fig.5) 
crosshead speed.To simulate the normal vehicle 
frequency in the field on the unpaved roads 
which is around 0.2 Hz to 0.3Hz,the cyclic 
load tests were conducted at 75 mm/min cross 
head speed. Results reported were for a cyclic 
load of 4000 N. The following series of tests 
have been conducted:

Type of 

test

Subgrade Base
course

Loaded

by

Speed
mm/min

Static Sand Sand SP 4

Static Sand Sand MST 4

Static Sand WBM MST 4

Static Silt WBM SP 75

Cyclic (4 kN) Silt WBM SP 75

Load ( kN)
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Yamuna Sand Alone 

(7.5cm dia Steel Plate)

Fig.2. Load Vs Deformation behaviour under 
static loading
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Fig,3. Load Vs Deformation behaviour under 
static loading

Load C kN )

Fig.4. Load Vs Deformation behaviour under 
static loading

TEST RESULTS AMD DISCUSSION

Static Load Teats

Deformation behaviour of various reinforced and 
unreinforced models under static loading are 
shown in Fig. 2,3,4 and 5. The results show 
that the load bearing capacity of all the 
reinforced models is increased 2 to 3 times in 
comparison to the unreinforced models.This 
improvement is due to introduction of a 
geosynthetic layer at the interface of base

Fig.5. Load Vs Deformation behaviour under 
static loading

course and subgrade which prevents the 
penetration of aggregates into the subgrade and 
also restricts the lateral movement of 
interface material through confinement and 
interlocking. Stiffness of geosynthetics has 

also marked influence on the load bearing 
capacity of the model pavements.lt is logical 
that stiffer the material ,higher the load 
bearing capacity at low deformation.Table 1 

elaboartes that Tensar SS2 has the highest 
stiffness among the geosynthetics used in this 

experimental programme. Experimental results 
also conform to above findings. Interaction 
between geosynthetics and interface material 
also plays a vital role in improving the 
performance of reinforced models.Woven 
geotextiles (PD 500) show the most effficent 
restraining capacity to either of the subgrade 
soils (Yamuna Sand or Delhi Silt) in comparison 
to the geogrids used (CE 121,CE 131 and TENSAR 
SS2) . It is clear from Fig. 3 and 4 that model 
pavements reinforced with woven geotextiles 
show higher load bearing capacity than the 
models reinforced with geogrids CE 121 and CE 
131.Interlocking property of geogrids in
contrast to geotextiles is also of prime 
importance in improving the load bearing 
capacity. Efficiency of interlocking depends 
upon the aperture size of geogrid,size of 
aggregate and also on the degree of compactness 

of aggregates. Figure 4 shows that Tensar SS2 
as a reinforcing material gives the best 
results probably due to its compatible aperture 
size with the size of aggregate used in the WBM 
mix as well as its higher stiffness.

Cyclic Load Test

The behaviour under cyclic loading is presented 
in Figs.6 and 7. The unreinforced model failed 
after 550 cycles.The model reinforced with CE

Lood ( kN )

2 A 6 8 10

i — '— i— 1— I T I 1 T

Yamuna Sand Alone 

( Model Scooter Tyre )

Load ( kN )

15 20 25
T
WBM Over Delhi Silt 

( 7.5 cm dia Steel Plate Ì
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Num ber of Load Cycles

Fig.6. Variation of Permanent deformation with 
number of load cycles

N u m b e r  of  Load Cycles

Fig.7. Variation of Resilient modulus with 
number of load cycles

131 geogrid was able to take only 1000 cycles 
while models reinforced with woven geotextile 
and Tensar SS2 were able to take even .beyond 
10,000 cycles.Hence the effect of reinforcement 
at the interafce of subgrade and base course of 
model pavements under the cyclic loading is 
clearly seen in terms of delayed rut depth 
formation. Woven geotextile proved to be the 
most efficient in reducing the permanent 
deformation for the same number of load 
applications under the cyclic loading in 
comparison to geogrids because of its surface 
frictional characteristics and the type of 

catenary sopport it forms. The resilient 
behaviour of reinforced model pavements under 
the cyclic loading was also improved as

compared to unreinforced models (Fig. 7). Model 
pavement reinforced with the woven geotextile 
has shown higher resilient modulus in 
comparison to other reinforced models,which is 
quite aggreeable with the fact that it has 
better subgrade restraining capacity.While 
Tensar SS2 has good interlocking capacity as 
well as high stiffness,which makes it 

comparable with woven geotextile in increasing 
the resilient modulus with the number of load 
applications.

It should also be borne in mind that 
geotextile serves very well as a separator too. 
It directly prevents base punching or localized 
shear faillure so that the subgrade can develop 
its full bearing capacity.

CONCLUSIONS

1. Geosynthetics can be effectively used to 
improve the load bearing capacity of unpaved 
road structure on weak subgrade conditions.

2. Stiffness and the friction at the interface 
of subgrade and base plays a vital role in 
improving the load bearing capacity of unpaved 
roads.

3. Woven geotextile (PD 500) and Tensar SS2 are 
found most effective in reducing the rut 
formation of unpaved structure.
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