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ABSTRACT

Expansive subgrades in flexible pavements swell when exposed to moisture fluctuations, causing differential
swell pressures that can damage the pavement. This study evaluates the effectiveness of planar geosynthetic
reinforcements in mitigating these effects using an experimental model section constructed with 400-mm-
thick Wet Mix Macadam (WMM) layer overlying expansive subgrade. A 250 mm diameter plate embedded
in the subgrade was used to apply and control varying swell pressures. The study employed planar
reinforcements, specifically geogrids and geotextiles, with ultimate tensile strengths of 100 kN/m and 200
kN/m, to evaluate their resilience against swelling forces. The pavement model was subjected to relatively
low differential swell pressures of 100 kPa and 150 kPa during the experimental phase. Results indicated
that incorporating geosynthetic reinforcements, specifically those with higher stiffness, significantly reduced
the surface heave of the pavement system. Geotextile reinforcement achieved improvements of 73% and
86% at swell pressures of 100 kPa and 150 kPa, respectively, while geogrid reinforcement demonstrated
improvements of 61% and 85% under the same conditions. These findings underscore the effectiveness of
both geogrid and geotextile reinforcements in enhancing the surface heave resistance of pavement layers,
offering a promising solution for improving the durability and performance of flexible pavement systems

subjected to differential swell pressures.
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1. Introduction:

The construction and maintenance of
pavements are often costly, highlighting the
importance of efficient design to ensure long-term
performance and minimize lifecycle expenses. A
critical factor influencing pavement performance
is the strength and durability of the subgrade,
which serves as the foundation for the entire
pavement structure (Tailor & Shah, 2014)
Expansive subgrades, predominantly composed
of clay minerals such as montmorillonite, pose
significant challenges due to their tendency to
swell when exposed to water (Reddy et al., 2020).

Proper remedial measures are essential to
modify expansive soils or mitigate their
detrimental effects when encountered in
pavement projects. One effective approach is
chemical stabilization, which involves the use of
stabilizing agents such as cement and lime at
optimal contents determined through various
studies. For instance, cement at 6% and lime at
8% have been shown to improve soil properties
(Mutaz et al., 2011). Other research studies
explored varying lime and cement contents
ranging from 5% to 9% to achieve optimal results
(Al-Gharbawi et al., 2023). Additionally, the
application of electrolyte chemicals, such as
calcium chloride (CaCly) and potassium chloride

(KCI), at an optimal content of 1%, has proven
effective in reducing the plasticity and swell
potential of expansive soils (Venkara al., 2012)
These improvements ultimately reduce the
adverse effects of expansive soils on overlying
pavement layers.

The use of waste materials has emerged as a
promising solution for stabilizing expansive soils
in pavement construction. Materials such as waste
tire textiles, fly ash, blast furnace slag, and rice
husk ash have demonstrated significant potential
to improve the engineering properties of
expansive soils. These materials effectively
reduce soil plasticity, minimize swell potential,
and enhance the California Bearing Ratio (CBR),
thereby mitigating the adverse effects of
expansive soils overlying pavement layers
(Abbaspour et al., 2019; Ashango & Patra, 2016)

In addition to utilizing waste materials,
mechanical stabilization with geosynthetic
reinforcements such as geogrids and geotextiles
offers an eco-friendly solution to enhance soil
performance.  Geosynthetics  improve  the
engineering properties of expansive soils by
increasing shear strength and California Bearing
Ratio (CBR) while significantly reducing
swelling potential (Tailor & Shah, 2014; Tiwari et
al., 2021). While most studies on expansive soils
have focused on small-scale models with
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geosynthetics embedded within the soil, limited
research has been conducted on large-scale setups
incorporating overlying pavement layers to
accurately assess surface heave profiles. This
study addresses this gap by simulating differential
swell pressure using a 250 mm diameter plate to
evaluate the behavior of the expansive soil and the
uplift (swell) pressure transferred to the overlying
Wet Mix Macadam (WMM) layer. This study
evaluates their effectiveness in mitigating
differential subgrade heave and surface
deformation, aiming to improve the overall
stability and durability of the pavement system.
Two types of geosynthetic materials, including
geogrids and geotextiles, with ultimate tensile
strengths of 100 kN/m and 200 kN/m were
considered.

2. Materials
2.1 Existing subgrade:

The study utilized red soil, characterized as a
low-plasticity clay with a liquid limit of 36% and
a plastic limit of 23% (ASTM D4318). The
compaction properties, determined in accordance
with ASTM D1557-12, revealed the maximum
dry unit weight and optimum moisture content of
19 kN/m3, and 10.5%.

2.2 Base and subbase layers:

The base and subbase layers were constructed
following the gradation specifications outlined for
Wet Mix Macadam (WMM), using crushed stone
aggregates conforming to the standards of ASTM
D2940 and the guidelines of the Ministry of Road
Transportation and Highways (MoRTH, 2013),
Government of India. The gradation details for
these layers, including the upper and lower limits
of WMM, are presented in Figure 1.

Compaction characteristics of the aggregates
were determined using the modified Proctor test
(ASTM D1557-12), which yielded the maximum
dry density and optimum moisture content of 22.7
kN/m? and 5.5%, respectively. The shear strength
characteristics of the WMM were evaluated as per
ASTM D3080-04, resulted in a cohesion value of
28 kN/m?, and friction angle of 55°

2.3 Geogrid and Geotextile:

This study employed two types of geogrids,
designated as BX1 and BX2, and two types of
geotextiles, designated as GT1 and GT2. The
geogrid BX1 had an ultimate tensile strength of
100 kN/m, while BX2 exhibited an ultimate

tensile strength of 200 kN/m. Similarly, the
geotextiles GT1 and GT2 were designed with
ultimate tensile strengths of 100 kN/m and 200
kN/m, respectively. Figure 2 illustrates the
geogrid and geotextile materials used in the study,
while Table 1 provides a detailed summary of
their physical and mechanical properties.
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Figure 1: Grain-size distribution of aggregate material
used in the study.

Figure 2: Geosynthetic materials used in this study: (a)
biaxial polyester geogrid BX1; (b) biaxial polyester
geogrid BX2; (c) woven polyester geotextile GT1; and (d)
woven polyester geotextile GT2.



Table 1: Physical and mechanical properties of geogrid, and geotextile.

Material Properties Units BX1 BX2 GT1 GT2
Polymer Polyester Polyester Polyester Polyester
Geogrid type Biaxial Biaxial - -
Aperture size in MD x mm 24x24 23x22 - -
CMD"*

Ultimate tensile strength kN/m 100 200 100 200
“Tensile strength at 2% kN/m 16x11 30x24 20x20 35x35
strain in MD x CMD

Tensile strength at 5 % kN/m 30x22 55x45 50x50 85x75
strain in MD x CMD

Strain at ultimate tensile % 12x12 12x12 12x12 12x12
strength in MD x CMD

*MD denotes machine direction along the roll, and CMD denotes cross-machine direction across the roll.
**Mechanical properties were obtained from the manufacturer.

3. Model pavement test section:

The study involved five large-scale tests in a
1.5 m x 1.5 m tank setup, with a 50 mm-thick red
soil subgrade and a 400 mm-thick Wet Mix
Macadam (WMM) layer. Geogrid and geotextile
reinforcements were placed at the subgrade-
WMM  interface to enhance pavement
performance. The WMM layer was compacted in
four 100 mm-thick lifts at an optimum moisture
content of 5.5%, achieving a dry density of 22.7
kN/mg3. Each lift was compacted using a 40 Hz
frequency for 20 minutes.

A 25 mm-thick, 250 mm-diameter steel plate
was embedded at the subgrade center to simulate
differential swell pressure, inducing uplift forces.
Deformation was monitored using an LVDT
attached to the plate and four additional LVDTs
positioned at 0.5D, 1.0D, 1.5D, and 2.5D from the
plate center to measure surface heave (Figure 3).

The study examined one unreinforced and four
reinforced models, incorporating geogrids (BX1,
BX2) and geotextiles (GT1, GT2). A differential
swell pressure of up to 150 kPa was applied and
the applied load was recorded using an S-type
load cell (Figure 3).

Figure 3: Snapshot of the pavement model showing the
locations of the LVDTs and load cell.

4. Experimental result and discussion:

4.1 Differential subgrade heave of unpaved
road with and without geogrid and geotextile
under varying swell pressures:

This section analyzes differential subgrade
heave in pavement models with and without
geosynthetics under swell pressures of 100 kPa
and 150 kPa. A maximum swell pressure of 150
kPa, corresponding to 12.5 mm of subgrade heave
in the unreinforced case, represents the
degradation threshold defined by McDowell
(1956), affecting pavement performance.

Figure 4 shows that in the unreinforced
scenario, subgrade heave increased from 5.4 mm
at 100 kPa to 12.5 mm at 150 kPa, exceeding the
permissible limit and necessitating stabilization.
Geosynthetics significantly reduced heave, with
BX1 and GT1 limiting it to 3.7 mm and 3.1 mm
at 150 kPa, ensuring pavement stability. The
mitigation ranged from 42.5% (BX1) to 72.2%
(GT2) at 100 kPa and improved further at 150
kPa, reaching 70.4% (BX1) and 85.6% (GT2).
The results highlight the increasing effectiveness
of geosynthetics with higher swell pressures due
to enhanced interaction with the aggregate layer.
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Figure 4: Differential subgrade heave with and without
geosynthetic reinforcements under swell pressures of 100
kPa and 150 kPa.



4.2 Surface heave profile of unpaved road with
and without geogrid and geotextile under
varying swell pressure:

Figure 5a and 5b presents the surface heave
profiles of an unpaved road reinforced with
geogrid and geotextile under varying swell
pressures of 100 kPa and 150 kPa. In the
unreinforced scenario, the maximum surface
heave reached 4.6 mm and 10.8 mm for swell
pressures of 100 kPa and 150 kPa, respectively,
corresponding to differential subgrade heave
values of 54 mm and 12.5 mm, as shown in
Figure 4. These high surface heave values
highlight the necessity of incorporating
geosynthetics to enhance pavement performance.

With geosynthetic reinforcement, significant
reductions in surface heave were observed. For a
swell pressure of 100 kPa, the surface heave
decreased to 1.6 mm with geogrid BX2 and 1.3
mm with geotextile GT2. At 150 kPa, the
reductions were 1.8 mm and 1.5 mm for BX2 and
GT2, respectively. This demonstrates the
effectiveness of geogrids and geotextiles in
mitigating surface deformation.

Among the reinforcements tested, geotextiles
with higher stiffness exhibited the most
significant improvement in pavement
performance. This is attributed to their larger
contact area with the aggregate layer, which
enhances the tension membrane effect and
promotes better interaction with the pavement
system, resulting in superior reduction of surface
heave.
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Figure 5: Surface heave profile with and without
geosynthetic reinforcements under swell pressures of (a)
100 kPa; and (b) 150 kPa

5. Conclusion:

Geosynthetics significantly mitigate subgrade
and surface heave, with subgrade heave
reductions showing as low as 3.1 mm for GT1 and
3.7 mm for BX1 under 150 kPa swell pressure,
achieving maximum improvements of up to
85.6% for GT2. Their effectiveness increases with
higher swell pressures, enhancing interaction with
the aggregate layer. Surface heave reductions of
1.6 mm and 1.3 mm (BX2 and GT2 at 100 kPa)
and 1.8 mm and 1.5 mm (BX2 and GT2 at 150

kPa) ensure improved pavement stability.
Geotextiles with higher stiffness (for example
GT2) outperform others due to their larger contact
area and superior stress distribution, making them
highly effective in mitigating heave.
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