Innovative geotextiles with moisture management for resilient roadway
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ABSTRACT

Roadway can be built on the ground, embankment or viaduct structure, depending on design considerations such as
final road levels, area prone to flooding, etc. For roadways on ground, the road structure is ultimately supported by
underlying subgrade soils which is often under unsaturated condition. Moisture can migrate into the roadways
structure through capillary rise action and rainfall infiltration. In general, an increase in moisture content of road
structural layers and subgrade results in reduction of shear strength and resilient modulus. Wicking geotextile is a
relatively new innovation in the geosynthetics industry. The wicking yarns have higher absorbency than surrounding
soils due to higher matric suction. Unlike other conventional geosynthetics products, the wicking geotextile not only
has good separation, filtration and mechanical stabilization functions, but it has moisture management ability to wick
capillary water from soils due to its hydrophilic nature, thus reducing moisture content and improving soil shear
strength, and ultimately prolonging the service lifespan of roadways. Several applications of wicking geotextiles in
mitigating roadway problems including excessive moisture, freeze-thaw cycle in seasonal countries, cyclical heave
and shrink in expansive clayey subgrade will be discussed. Several completed projects in Asia Pacific will also be

elaborated.

Keywords: Unsaturated, Capillary, Anti-Capillary Barrier, Wicking, Geotextile, Moisture Management

1 INTRODUCTION

Roadway can be classified into paved roads and
unpaved roads. Paved roads are usually designed with a
paving surface layer (e.g. asphaltic concrete layer,
interlocking paver block, etc.) overlying an aggregate
base course and/or subbase course above the subgrade
soils to support high volume traffic passes. Unpaved
roads typically consist of an aggregate layer placed on
subgrade soils (Giroud and Han 2012). Table 1 shows
the typical applications of paved and unpaved roads.

Roadways can be built on the ground, an
embankment or a viaduct structure, depending on
design considerations such as the finished road level,
areas prone to flooding, etc. For roadways built on an
embankment or viaduct structure, the elevated ground
is usually designed as a stable base foundation to
support the roadway on top. For roadways built on the
ground, the road structure is ultimately supported by the
underlying subgrade soils which are often under
unsaturated condition. In this paper, the moisture
management function of the wicking geotextile in a
paved road built on ground will be discussed.

Table 1. Typical applications of paved and unpaved road

Paved road Unpaved road

Expressway

Airport runway / taxiway
Interstate roadway
Racing circuit

Mining haul road
Construction site access
Working platform
Rural road

1.1 Common problems in roadways

Roadways typically fail in the form of excessive
rutting or potholes due to insufficient bearing capacity
of subgrade soils, inadequate thickness design in
roadway structure, and overloaded heavy traffic in real
time, etc. Another critical problem that deteriorates the
roadway structure affecting its survivability and
resiliency is moisture migration into the roadway.
Figure 1 shows possible ways moisture can migrate into
a roadway.

Moisture can migrate into the roadway structure
through capillary rise from groundwater table in the
subgrades, and rainfall infiltration through cracks or
distress formations in paving surface layer. In general,
an increase in moisture content of the road structural
layers and subgrade results in a reduction of shear
strength and resilient modulus, thus deteriorating the



roadway faster.

Fig. 1. Possible ways of moisture migration into a roadway
(Zornberg et al., 2017)

1.2 Geosynthetics functions for roadways

Geosynthetics can be defined as synthetic materials
made of polymeric materials in planar form, used with
soils and rocks in geotechnical engineering applications
such as reinforced earth retaining structures, basal
reinforced embankments, roadway stabilization, etc.
Each geotechnical engineering application requires
different types of geosynthetics products for their
intended functions. For roadway stabilization, there are
five typical essential functions of geosynthetics
products that have been widely accepted in the industry,
which are (1) separation, (2) filtration, (3)
reinforcement, (4) tensioned membrane effect and (5)
drainage.

(1) Separation

Geosynthetics are placed between two
dissimilar soil materials to maintain the
structural integrity and functionality of the
materials by preventing intermixing. This
function requires a small enough opening size
of the geosynthetics corresponding to the
adjacent soil materials.

(2) Filtration
Geosynthetics allow adequate liquid to flow
across their plane while retaining fine particles
from passing through its opening size.

(3) Reinforcement
Geosynthetics  mobilize  tensile  strength
resisting the outward shear stresses developed
through load distribution thus improving the
stability of the interacting soil layer.

(4) Tensioned membrane effect
The high tensile modulus of geosynthetics
develops tensile strength at low working strain,
resulting in less deformations in the interacting
soil layer due to loading stresses.

(5) Drainage
Geosynthetics allow liquid to flow within the
plane of its structure (in-planed), reducing the
moisture content of soil thus improving the
bearing capacity of the soil.

2 WICKING GEOTEXTILE

Wicking geotextile is a relatively new innovation in
the geosynthetics industry. A unique type of yarn called
wicking yarn, which is hydrophilic in nature is used to
manufacture wicking geotextile, allowing it to readily
absorb water at the geotextile surface. Figure 2 shows
the general classification of hydrophobic or hydrophilic
nature of a geotextile surface. A goniometer is used to
measure the contact angle of water on a geotextile
surface to determine the hydrophobic or hydrophilic
nature of a geotextile based on the American Society
for Testing and Materials (ASTM) D5946 — Standard
Test Method for Corona-Treated Polymer Films Using
Water Contact Angle Measurements. The goniometer is
able to capture high resolution photos over time of a
small water droplet in the range of 2 to 5 uL to
determine the contact angle with the geotextile. When
the contact angle of a water droplet is greater than 90
degrees, that geotextile is hydrophobic in nature. When
the contact angle of a water droplet is lesser than 90
degrees, that geotextile is hydrophilic in nature. The
time taken for the contact angle of a wicking geotextile
to reduce to zero can be measured using a goniometer
to determine the degree of hydrophilic nature of the
wicking geotextile.

!
& %
&
Q \ A %
7 Z T 707 %

Contact angle : 180 deg. Contact angle > 90 deg. Contact angle < 90 deg. Contact angle : O deg.

(a) (b) (c) (d)

Fig. 2. Hydrophobic or hydrophilic nature of a geotextile surface
(Yee, 2023)

The wicking yarn has higher absorbency than the
surrounding soil due to its higher matric suction. When
laid in soil, the wicking geotextile absorbs and removes
capillary water from surrounding soil through in-plane
drainage flow within its planar structure. The edge of
wicking geotextile can be terminated under a soil cover
or rock cover allowing water to evaporate or discharge
into a drain. When the geotextile edge dries, it creates a
differential suction pressure between the dry and wet
area of the wicking geotextile. The geotextile edge with



higher suction pressure helps to draw and remove water
out of the roadway. Figure 3 shows the drainage
mechanism of a wicking geotextile in a roadway.
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Fig. 3. Drainage mechanism of wicking geotextile in a roadway

2.1 Wicking geotextile vs conventional geosynthetics
products in roadway

In section 1.2, the five typical essential functions of
geosynthetics in roadways are explained. Different
geosynthetics products used in roadway including
woven geotextile, geogrid, nonwoven geotextile and
others are generally considered based on the roadway
design under different subgrade soil conditions. When
the subgrade soil is in fair condition, a nonwoven
geotextile with good separation and filtration
capabilities is generally used. When the subgrade soil is
soft and weak, a geosynthetic product or solution with
combination of separation, filtration and mechanical
stabilization is required. Unlike other conventional
geosynthetics products, wicking geotextile not only
provides effective separation, filtration and mechanical
stabilization functions, but also offers moisture
management capabilities. It wicks capillary water from
soils due to its hydrophilic nature, thus reducing
moisture content and improving soil shear strength, and
ultimately prolonging the service lifespan of roadways.

3 RELATIONSHIP BETWEEN MOISTURE
CONTENT AND SOIL STRENGTH

In general, a reduction of moisture content in soils
results in an increase in soil strength.

Laboratory testing of Jenkins and Kerr (1998)
showed that the CBR value of a low plasticity clay
increases with reduction in moisture content (see Figure
4) for all three tested soil samples (with 25%, 35% and
45% of silty clay).

In the laboratory testing by Lin et al. (2016), triaxial
tests with repeated loading were conducted on test
samples of base course aggregates compacted to an
8.5% optimum moisture content. The study showed that
the resilient modulus of base course aggregates
increases with reduction in moisture content (see Figure
5).
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Fig. 4. Relationship between CBR and moisture content for low
plasticity clay (Jenkins and Kerr, 1998)
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Fig. 5. Relationship between resilient modulus and moisture
content for base course aggregates (Lin et al., 2016)

4 APPLICATION OF WICKING GEOTEXTILE
IN ROADWAY

Several applications of wicking geotextiles in
mitigating roadway problems through moisture
management including excessive moisture, freeze-thaw
cycle in seasonal countries, and shrink-swell cycle in
expansive clayey subgrade, etc. will be discussed in this
section.

4.1 Removal of ponded water in subgrade
depressions

Subgrade depressions in roadway can take place
over time due to traffic induced deformations, poor
construction levelling, and/or highly compressible
subgrades. When water ponded in the subgrade
depressions remain soaked for a long time, it results in
localized weakening of the subgrade that potentially
leading to pothole formation. With wicking geotextile
laid under the roadway structure, it helps to remove
ponded water in the subgrade depressions through
moisture management thus reducing the formation of
potholes. Figure 6 shows the comparison between cases
with and without using a wicking geotextile in the



subgrade depression.
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Fig. 6. (@ Ponded water in the subgrade depressions, (b)
Wicking geotextile removes ponded water in the subgrade
depressions

4.2 Minimize frost action in subgrade

In countries with winter seasons, frost susceptible
soils with high moisture content can experience
freezing with ice lenses forming the frost boundary.
When more capillary water is drawn to the frost
boundary, the ice lenses grow larger, pushing the soil
above it upward, causing upheave and cracking in
roadway. When the weather warms up in spring season,
thaw process melts down the ice lenses, saturating and
weakening the subgrade soils. The water from melted
ice lenses is squeezed out from cracks leading to frost
boils through roadway surface. With wicking geotextile
laid under the roadway structure, it helps to minimize
the formation of ice lenses and frost boils in the
subgrades through removal of capillary water. Figure 7
shows the comparison between using a wicking
geotextile and not using one in frost susceptible soils
during freeze-thaw cycle.
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Fig. 7. (a) Upward heave in roadway due to ice lenses formation,
(b) Frost boils due to water from melted down ice lenses, (c)
Wicking geotextile minimizes formation of ice lenses, (d)
Wicking geotextile minimizes frost boils

4.3 Minimize cyclical heave and shrinkage action in
expansive clayey subgrade
Expansive clays are highly sensitive to changes in

moisture content, resulting in significant change in
volume. These clays absorb water and swell, leading to
an increase in volume and eventually large differential
upheaval in the subgrade soils. During dry season, these
soils can shrink leading to cracking of the subgrade
soils. The cyclical heave and shrinkage of subgrade
soils during wet-dry cycles can lead to undulation and
cracking in roadway in the form of longitudinal cracks.
These cracks typically start to form near the edge of
roadway and propagate inward over time. With wicking
geotextile laid over the subgrade soils, it helps to
equalize the moisture content thus minimizing the large
differential heave and shrinkage. Figure 7 shows the
comparison cases with and without using a wicking
geotextile in highly expansive clayey subgrades.
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Fig. 8. (a) Tension cracks formed in roadway due to large
differential upward heave, (b) Reflective cracks formed in
roadway due to large differential shrinkage, (c) Wicking
geotextile minimizes large differential heave through moisture
equalization, (d) Wicking geotextile minimizes large differential
shrinkage and cracks through moisture equalization

Decreasing soil moisture content

5 CASE STUDIES
A few case studies in Asia Pacific and Australia will
be elaborated and discussed in this section.

5.1 Maharahj canal, Singburi, Thailand

The Maharahj canal located in Singburi province, is
a branch canal that diverges from the Chainat-Ayutthata
canal. Along both sides of the canal, there are access
roads historically built with dredging and filling soil
materials from the canal dredging consisting of high
percentage of fine-grained soils. Being next to the
Maharahj canal also causes subgrade soils under the
access roads to be wet, soaked and weakened over time
by high groundwater levels. The increasing rainfall
events in Singburi due to climate change also increases



rainfall infiltration to the access roads. The access roads
deteriorate quickly after every maintenance work,
which involves resurfacing with good aggregates. In
2025, the Royal Irrigation Department was looking for
a long-term solution to create a climate resilient
roadway for the access roads mentioned above. A total
of 27,000m? of wicking geotextile was laid below the
newly replaced good aggregates over 3 km length of the
access roads to intercept rising capillary water from the
high groundwater table as well as rainfall infiltration,
thus minimizing the soil moisture content in the
aggregates and subgrades. Figure 9 shows the typical
cross section of the access roads stabilized using
wicking geotextile with moisture management function.
Figure 10 shows the construction photo taken while
laying the wicking geotextile in the access road.

Road width 5.0 m

Asphalt concrete 0.05 m
Base course, crushed rock 0.20 m
wicking geotextile

Subbase course, soil cggregate 0.20 m
Subgrade sail

Fig. 9. Typical cross section of the access road in Singburi
stabilized using wicking geotextile with moisture management
function

Fig. 10. Wicking geotextile laid over newly compacted subgrade
with good aggregates placed on top afterward.

5.2 Ban Bu Yai, Kaeng Khoi, Saraburi, Thailand

This project involves the construction of a 3 km
length of elevated access road in Road Sor Bor 4035,
extending from the Tor Lhor 3222 intersection to Ban
Bu Yai in Kaeng Khoi District, Saraburi Province. The
objective of this project aims to enhance the efficiency
and safety of transportation in the area by developing
and upgrading the existing road infrastructure through
the Rural Road Department.

The scope of the project involves the construction of
a new road segment and the elevation of the existing

road section. Key activities involve site preparation,
laying the road foundation, paving with asphalt, and
installing necessary traffic signs. Additionally, the
project encompasses the construction of drainage
systems to ensure effective drainage systems for flood
prevention. Wicking geotextile was laid between the
subbase course and base course to intercept moisture
seepage from rising capillary water and rainfall
infiltration. Figure 11 shows the typical cross section of
the new extension road section stabilized with wicking
geotextile. Figure 12 shows the aerial view of
backfilling base course on top of the wicking geotextile.
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Fig. 11. Typical cross section of the access road in Ban Bu Yai
stabilized using wicking geotextile with moisture management
function

Fig. 12. Aerial view of the stabilized access road during
construction.

5.3 Queen Street
Queensland, Australia
This case study showcases the use of wicking
geotextile in a 200m length of road upgrading works of
Queen Street between Arthur Street and Mary Street in
Yeppoon in 2022. Queen Street was constructed on top
of moderately expansive clayey subgrade, causing the
road to suffer from surface cracking over time due to
large differential heave and shrinkage. The upgraded
road section was designed with a layer of wicking
geotextile laid on top of the expansive clayey subgrade,
followed by 340mm thick subbase course, 135mm thick
aggregate base course, and 45mm thick dense graded
asphalt wearing surface course. Figure 13 shows the
typical cross section of the Queen Street stabilized
using wicking geotextile with moisture management
function. Figure 14 shows the construction photo taken
while laying the wicking geotextile in Queen Street.
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Fig. 13. Typical cross section of the Queen Street stabilized
using wicking geotextile with moisture management function
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Fig. 14. Wicking geotextile laid on top of the expansive clayey
subgrade to minimize large differential heave and shrinkage in
the Queen Street.

6 DISCUSSIONS AND CONCLUSION

Global climate change has led to increasing heavy
rainfall events that impact the long-term performance of
roadways due to excessive moisture infiltration,
groundwater seepage and capillary rise from high
groundwater table. In general, an increase in moisture
content of road structural layers and subgrade results in
reduction of shear strength and resilient modulus, thus
deteriorating the roadway faster.

Wicking geotextile with moisture management
function has a higher absorbency than surrounding soil.
It absorbs and removes capillary water from
surrounding soil through in-plane drainage flow within
its planar structure, thus keeping the soil moisture
content minimal. The use of wicking geotextile helps to
build resilient roadways, railway and other land
transportation infrastructure against increasing rainfall
events due to global climate change.
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