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1- Introduction

In recent decades, the rapid growth of road transportation
and the consequent increase in heavy traffic have made the
bearing capacity and structural stability of pavements one
of the most critical concerns in geotechnical and highway
engineering. Traditional soil stabilization techniques such
as the addition of lime, cement, or chemical additives, can
enhance soil strength, yet they often lead to environmental
issues, high costs, and limited durability under variations
in moisture and temperature. In contrast, the application of
geosynthetics as polymeric materials with multifunctional
properties  (particularly  reinforcement,  separation,
drainage, and filtration) has emerged as a sustainable and
cost-effective  alternative for improving pavement
performance. Numerous studies have investigated the
reinforcing effects of geotextiles, geogrids, and
geocomposites on soil strength. However, most previous
research focused mainly on identifying the optimum depth
of a single reinforcement layer, while the combined effects
of base thickness, grain size distribution, and the number
of reinforcing layers has rarely been studied. In the present
research, a modified CBR mold with larger dimensions
(diameter = 250 mm, height = 230 mm) was employed to
minimize boundary effects and simulate more realistically
the behavior of a three-layer pavement system consisting
of surface, base, and subgrade layers. The main
innovations of this study can be summarized as follows:
1. A comprehensive evaluation of the influence of base
layer thickness and gradation on the performance of
geosynthetics;

2. An analysis of the effects of reinforcement placement
and the number of layers (single-layer and double-layer
configurations) using the improvement ratio (IR) as the
primary indicator;

3. The use of a modified CBR test to establish realistic
correlations between the physical properties of soils
and the mechanical behavior of the pavement system.

2- Materials and Methods

2-1- Materials

The laboratory model consisted of three distinct layers

Fig.1:

1. Surface layer: a siliceous crushed sand-gravel mixture
(SW) compacted to 88 % relative density;

2. Base layer: two sands with different gradations (SP and
SP-SM) compacted to 90 % relative density, with
thicknesses of 3, 6, and 9 cm;

3. Subgrade layer: kaolinite clay (CL) compacted to 100
%.
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Figure 1. Schematic layout of sample preparation and
geosynthetic placement

The grain-size distribution curves are illustrated in Fig
(2) and the physical and mechanical properties of all
materials are summarized in Table. 1. Three types of
geosynthetics supplied by GeoParsian Company were
used: polypropylene geotextile (PP), polyester geotextile
(PE), and Geocomposite (GPC).
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Figure 2. Grain size distribution curves

Table 1- Geotechnical properties of soils

Layers Dio (mm) | Dso (mm) | Deo (Mm) Gs @opt (%) | pamax (KN/mM®) | LL | PI AASHTO ASTM
Mixture Sand-Gravel 0.28 1.30 24 268 | 10.6 19.02 - - A-1-a (0) SW

Sand Type 1 0.081 0.27 15 265 | 11.64 18.33 - - A-1-b (0) | SP-SM
Sand Type 2 0.20 1.30 2.7 2.66 | 11.85 18.73 - - A-1-b (0) SP
Kaolinite - - - 264 | 192 15.5 41 | 16 | A-7-6 (18) CL

2-2- Experimental Procedure
Each layer was compacted separately at its optimum
moisture content and maximum dry density according to
ASTM D698. The geosynthetics were placed in three
different configurations:

1. At the upper interface (between surface and base);

2. At the lower interface (between base and

subgrade);
3. At both interfaces simultaneously (double-layer
reinforcement).

The CBR tests were conducted using a CBR-Marshall
testing machine equipped with a 50 mm-diameter loading
plunger. The penetration rate was 1.27 mm/min, and
loading continued up to 40 mm penetration. The applied
load and penetration were recorded continuously, and both
CBR values and improvement ratios (IR) were determined
for a reference penetration of 30 mm.
To ensure accuracy and repeatability, each test was
performed three times, and the average results were
reported. The coefficient of variation was below 5%,
confirming excellent reproducibility.

3- Results and Discussion

3-1- Effect of Geosynthetics on Load-Penetration
Behavior

The load-displacement curves Fig 3. revealed that the
inclusion of geosynthetics at the layer interfaces
consistently enhanced the penetration resistance. During
the initial stage of penetration (less than 5 mm), the
difference between reinforced and unreinforced samples

was small; however, with increasing penetration, the
membrane action of the geosynthetic became active,
significantly increasing the load resistance.

The highest improvement ratio (IR = 4.5) was obtained in
specimens with geocomposite reinforcement placed at
both interfaces and a base thickness of 6 cm, whereas the
lowest IR (1.2) was observed for the single-layer PP
geotextile at the lower interface (Table 2 and Table 3).

Table 2- Improvement ratio values for soil type 1

Base Layer Plagg?ei]r]{th (e)IiEhe Type of Geosynthetics
Thickness g Igyer PP PE | GPC
Upper interface 1.40 | 1.60 1.98
3cm Lower interface 142 | 177 1.93
Both interfaces 234 | 261 2.97
Upper interface 1.67 | 2.00 2.48
6 cm Lower interface 1.36 | 1.90 2.07
Both interfaces 2.81 | 2.88 3.60
Upper interface 1.76 | 2.05 2.51
9cm Lower interface 138 | 1.79 2.15
Both interfaces 3.00 | 3.10 4.40
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Table 3- Improvement ratio values for soil type 2

Base Layer | Dacementofthe | Type of Geosynthetics
Thickness geosynthetic
Upper interface 120 | 154 1.94
3cm Lower interface 146 | 153 1.58

Both interfaces 2.14 2.40 2.64

Upper interface 165 | 1.84 2.16

6cm Lower interface 1.63 1.90 2.20

Both interfaces 2.75 3.12 4.02

Upper interface 158 | 1.80 231

9cm Lower interface 1.50 1.86 2.19

Both interfaces 2.67 3.15 3.92
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Figure 2. CBR test results

3-2- Influence of Base Thickness and Gradation
Increasing the base layer thickness from 3 to 6 cm resulted

in a 25-40% increase in IR, but a further increase to 9 cm
had negligible effect, as the lower geosynthetic layer was
located beyond the effective stress bulb zone. Moreover,
while coarser-grained sand (Type 2) exhibited higher
inherent bearing strength, the relative reinforcement effect
was more pronounced in finer-grained sand (Type 1),
where particle fabric interlock and friction were more
effective. On average, the improvement in Type 1 sand
was about 10% greater than in Type 2.

4- Comparison with Previous Studies
The results of this study were compared with findings from

previous research (Table 4). The improvement ratios in
earlier studies ranged from 1.1 to 4.0, which are consistent
with the present results of 1.2 to 4.5.

The use of a modified, large-scale CBR mold also
provided more realistic representations of lateral stress
effects and edge conditions. Furthermore, the observed
performance trends correspond well with the findings of
Singh et al. (2019) and Nazeri et al. (2020), indicating that
maximum improvement occurs when the reinforcement
layer is positioned within the active stress zone,
approximately 0.3-0.6 of the specimen height.

Table 4- Comparison of the results of the present study
with those of other researchers

Number of Range of load
Researches reinforcing | improvement ratio
layers and explanation
Abdi-Goudarzi et al.
(2022) [19] ! 1113
Carlos et al. (2024) 1 15
[20] 2 2
Singh et al. (2019) 1 1.1-1.7
[12] 2 2-4
Current research 1-2 1.3-3

5- Conclusions
1. Geosynthetics significantly enhance the bearing

capacity of the base layer, increasing the penetration
resistance up to 4.5 times that of the unreinforced
condition, depending on type and placement.

2. Geocomposite (GPC) exhibited the best
reinforcement performance, on average 40% higher
than PP and PE geotextiles.

3. The optimum base layer thickness was found to be
around 6 cm; further increases lead to saturation of
the stress bulb zone and reduced reinforcement
efficiency.
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4. Finer gradation (sand type 1) produced better
interlocking and frictional interaction with the
geosynthetics, resulting in an additional 10%
improvement in IR.

5. Double-layer reinforcement (geosynthetics placed
at both interfaces) provided the highest mechanical
efficiency, especially when using geocomposites.

6. The modified CBR test proved to be a reliable tool
for minimizing boundary effects, improving
experimental accuracy, and better simulating real
pavement conditions.

Overall, the results clearly demonstrate that the
incorporation of geosynthetics in multilayer pavement
systems is not only technically effective but also
economically and environmentally sustainable. Enhancing
the bearing capacity, reducing base layer thickness, and
improving long-term stability are among the main benefits
of this approach. Consequently, geosynthetics can play a
key role in developing sustainable infrastructure and
reducing natural resource consumption in road
construction.
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Study on the Effect of Thickness and Gradation of Geosynthetic-Reinforced Base Layer on CBR
Values of a Three-Layer Pavement System

Arash Mahmoudi Sajjad Gholipour Masoud Makarchian

Abstract The use of geosynthetics in soil reinforcement for increasing load-bearing capacity, reducing settlement, and
preventing pavement cracking is an effective alternative to conventional methods such as the use of cement and lime. In
this study, modified CBR tests were conducted on soil samples reinforced with three types of geosynthetics to investigate
the effects of various parameters. The pavement layers included: the surface (a sand and gravel mixture), the base layer
(two types of sand with thicknesses of 3, 6, and 9 cm and two different gradations), and the subgrade layer (clay with a
fixed thickness). The results showed that placing geosynthetics at the interfaces between layers, especially geocomposites,
increased the load-bearing capacity by a factor of 1.2 to 4.5 times compared to the unreinforced condition. Additionally,
as the base course thickness and particle size increased, the load-bearing capacity improved; however, the effectiveness
of the geosynthetics at the layer interfaces decreased. These findings confirm the important role of geosynthetics in
optimizing pavement design.

Key words Geosynthetic, CBR, Bearing capacity, Reinforcement of base layer.
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