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ABSTRACT

Wicking geotextiles have emerged as a pivotal innovation in pavement design, addressing moisture
management challenges that impact the performance and durability of road structures. Traditional drainage
systems often fall short in managing capillary water under partially saturated conditions, leading to
subgrade instability and pavement deterioration. This paper explores the key functions and benefits of
wicking geotextiles, including improved moisture control, enhanced lateral drainage, and subgrade
stabilisation. Extending from Austroads (2017) and AASHTO (1993) design frameworks, we outline
applications and design considerations tailored to diverse climatic conditions. A review of the Montana
Department of Transportation studies (2009-2014) highlights the material’s potential and underscores the
need for further research. Key gaps, such as localised climate data, laboratory testing, and long-term
durability, are identified, along with future research recommendations. By integrating wicking geotextiles
into pavement designs, the construction industry can achieve cost-effective, sustainable, and resilient road
infrastructure.

Keywords: Wicking geotextiles; pavement design; moisture control; Austroads; AASHTO; subgrade
stabilisation.

1 INTRODUCTION

Moisture is a critical factor influencing
pavement performance and durability. Traditional
drainage systems effectively manage gravitational
water under saturated conditions but fail to
address capillary water in partially saturated soils.

amplifies the demand for advanced solutions.
Pavements in areas prone to tropical monsoons,
temperate climates, or arid conditions face unique
challenges that require tailored designs. This
paper evaluates the integration of wicking
geotextiles into flexible pavement design, following

The inability to control capillary water leads to
subgrade instability, frost heave, and pumping,
significantly reducing pavement life. Wicking
geotextiles address these limitations by utilising
capillary action to drain water through
micro-channels, maintaining stable subgrade
moisture content. This capability allows for
improved subgrade stabilisation, optimsed
pavement thickness, and enhanced long-term
performance (Cuelho et al., 2014). The growing
need for resilient and sustainable road
infrastructure in regions with diverse climatic
conditions, such as Australia and North America,

guidelines from Austroads (2017) and AASHTO
(1993). The objectives are to highlight their
applications, quantify benefits, and address
research gaps, offering insights into optimising
road infrastructure.

2 KEY FUNCTIONS AND BENEFITS OF
WICKING GEOTEXTILES

2.1 Improve moisture control

Wicking geotextiles are designed to manage
both gravitational and capillary water, effectively
preventing moisture accumulation in pavement
structures. By stabilising moisture content, these



materials enhance the structural integrity of
subgrades, particularly in areas prone to high
rainfall or fluctuating water tables (Zhang et al.,
2016).

Case studies demonstrate that wicking
geotextiles reduce subgrade moisture levels by up
to 15%, directly improving pavement life
expectancy and reducing maintenance
requirements (Zaman et al., 2024). Laboratory
experiments reveal significant increases in resilient
modulus, enabling pavements to endure higher
loads (Guo et al., 2021).

2.2 Enhance lateral drainage

The specialised fibers in wicking geotextiles
include deep grooves that facilitate lateral water
movement. This prevents the buildup of pore
pressure and reduces the risk of pavement failures
such as pumping and frost heave. Enhanced
lateral drainage extends the service life of
pavements, minimises maintenance costs, and
improves road safety by maintaining structural
integrity under varying climatic conditions (Cuelho
etal., 2014).

2.3 Subgrade stabilisation

Expansive soils, common in many regions,
undergo volumetric changes due to moisture
fluctuations, causing pavement cracking and
deformation. Wicking geotextiles stabilise these
soils by maintaining consistent moisture levels,
enabling thinner pavement layers without
compromising load-bearing capacity (AASHTO,
1993).

2.4 Prevention of pavement damage

Excess moisture leads to issues such as frost
heave, thaw weakening, and stripping of asphalt.
By addressing these factors, wicking geotextiles
extend pavement lifespan and reduce lifecycle
costs. Field studies demonstrate that roads
incorporating wicking geotextiles require 25%
fewer repairs over their service life (Currey, 2016).

3 GRIFFITH UNIVERSITY R&D LITERATURE
REVIEW & RESEARCH FRAMEWORK

3.1 Literature review

A bibliometric analysis of publications from
2014 to 2024 highlights a growing interest in
wicking geotextiles for pavement applications
(Figure 1 & 2). Research emphasizes their
potential to mitigate moisture-related pavement
failures while enhancing sustainability. For
instance, laboratory tests show that wicking
geotextiles reduce moisture content by 2.2%,
significantly improving subgrade CBR and resilient
modulus (Lin et al., 2019).

Therefore, a gap analysis was carried out
based on the existing publications and established

the research framework as detailed in Figure 3.
One of the key objectives is to explore the practical
design approaches for industry applications. This
research attempted to calibrate or correlate the
integration of moisture control management or
wicking benefits into two widely adopted design
guidelines or specifications, Austroads (2017) and
AASHTO  (1993) for flexible  pavement
applications.

Publication records (Scopus) related to geotextiles in road and
pavement construction from 2014 to 2024
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Fig. 1. Number of publications per year from 2014 to 2024
related to geotextiles in road and pavement construction
based on: (a) Scopus and (b) Web of Science.

Figure 2 highlights the distribution of
geotextile-related research over the past decade,
with pavement reinforcement dominating the field,
accounting for 68.5% and 55.4% of studies in
Scopus and Web of Science, respectively.
Strength improvement in road pavements (resilient
modulus) follows as the second focus, comprising
28% of Scopus and 13.8% of Web of Science
studies. Research on wicking geotextiles and
stabilising expansive subgrades remains limited,
representing 6.9% and 5.2% in Scopus and 13.1%
and 11.5% in Web of Science, respectively. These
findings underscore the emphasis on conventional
geotextiles while highlighting the need for further
exploration of wicking geotextiles to improve
moisture control and stabilise soft soils for
long-term pavement performance.



Distribution of publications related to geotextiles in road and
pavement construction from 2014 to 2024
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Fig. 2. Distribution of publications from 2014 to 2024 related
to geotextiles in road and pavement construction in Scopus
and Web of Science.
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Fig. 3. Established scope of literature review for the
research framework based on gap analysis.

3.2 Research framework

The proposed research framework integrates
laboratory and field studies to quantify the benefits
of wicking geotextiles in flexible pavement design.
The key performance metrics include the Hydraulic
Improvement Factor (HIF) and drainage coefficient
(m;). The proposed framework comprises the
following phases:

o Laboratory testing: establish and correlate
the relationships between moisture content,
matric suction, and subgrade strength.

¢ Field validation: assess real-world
performance under diverse climatic
conditions, incorporating localised data such
as the influence of regional rainfall data
towards the degree of saturations on
pavement configurations.

¢ Integration into design models: utilise widely
accepted Austroads (2017) and AASHTO
(1993) empirical and mechanistic-empirical
approaches to optimise pavement designs.

Quantifying the benefits of wicking geotextiles
through laboratory and field studies, using key
parameters such as the HIF and drainage
coefficient (m;) are critical for understanding the
material performance and incorporating it into
design practices.

4 APPLICATIONS AND DESIGN
CONSIDERATIONS

4.1 Austroads and AASHTO compliance

This research reviewed two widely adopted
design guidelines or specifications: Austroads
(2017) and AASHTO (1993). The Austroads (2017)
framework focuses on subgrade stabilisation
through moisture control, while the AASHTO (1993)
design methodology  highlights  drainage
coefficients (m;) and HIF as essential components
for effective pavement system design. These
frameworks address both saturated and partially
saturated conditions, emphasising subgrade
stabilisation through effective moisture control and
wicking effects.

4.2 Design framework

Figures 4a&b and 5a&b present conceptual
frameworks for incorporating wicking effects of
woven geotextiles into flexible pavement designs.
The Austroads (2017) framework links moisture
content to subgrade CBR, enabling the calculation
of the subgrade's resilient modulus. This supports
the design through empirical or
mechanistic-empirical approaches. For partially
saturated subgrades, wicking geotextiles regulate
moisture levels, enhancing or maintaining CBR,
which allows for optimsed pavement thickness
while ensuring long-term durability.

The AASHTO (1993) design methodology
emphasises two critical parameters: the drainage
coefficient (m;) and HIF. The methodology
integrates empirical data, such as annual
precipitation, with theoretical considerations to
tailor designs for regional needs.
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— Part 2.

4.3 Hydraulic improvement factor (HIF) and
drainage coefficient (m;)

The AASHTO (1993) framework incorporates
the drainage coefficient (m;) and HIF to adjust the
structural number (SN) and quantify drainage
effectiveness. These parameters are essential for
designing pavements to endure varying climatic
conditions.

The HIF and m; quantify the effectiveness of
wicking geotextiles in managing moisture.
Laboratory studies demonstrate that wicking
geotextiles increase m; values from 0.75 to 1.4,
indicating superior drainage performance (Guo et
al., 2022).

4.4 Localised climate data

Design  methodologies must incorporate
localised climate data to address regional
variations in rainfall and moisture content. This
ensures tailored design procedures for diverse
environments, including tropical monsoons,
temperate zones, and arid regions.

AASHTO 1993: Flexible Pavement Design
Incorporating Wicking Geotextiles
(Application to Australian context)
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5 BACKGROUND OF MONTANA PROJECT
(2009-2014)

5.1 Project overview

The Montana Department of Transportation
(DOT) conducted studies between 2009 and 2014
to evaluate various types of geosynthetic products
including geogrids and geotextiles for subgrade
stabilisation. These studies included field tests,
laboratory tests, and product evaluations,
highlighting the material’s performance but also
revealing ambiguities. The detailed study of
Montana Project (2009-2014) can be found in the
Final Report Phase | 2012 and Il 2014 (Cuelho et
al., 2014).

5.2 Background of Field Test (Phase | and Il)

In Phase |, a full-scale field test section was
constructed, comprising 12 sections of specified
dimensions. Ten sections incorporated

geosynthetics, while two served as control sections
(Figure 6). To assess subgrade strength, in-field
measurements such as vane shear tests, moisture
content analysis, and DCP tests were conducted
both before and after ftrafficking. Various
geosynthetics were installed in each section on top
of the subgrade, along with displacement and pore
water pressure sensors. Once the road was
completed, a fully loaded three-axle dump truck
was used to test the performance of the sections.
Measurements of longitudinal rut, transverse rut,
displacement of geosynthetic and pore pressures
within the subgrade were taken during the
trafficking.
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Fig. 6. Montana Report Phase | test section layout.

Figure 7 presents the field test results, depicting
the relationship between Naiq—the additional
traffic passes needed to reach failure—and the
Mean Rut Depth (mm). Failure was defined as a
rut depth of 100mm. Test sections with steeper
slopes indicated better performance, while those
with shallower slopes showed poorer performance.

100
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120
Mean Rut Depth {mm)

Fig. 7. Mean rut depth for all test sections Phase I.

The study concluded that the welded geogrids
and stronger integrally formed geogrids
demonstrated the best overall performance. In
contrast, the two geotextile products and the
weaker integrally formed geogrid offered
significantly less stabilisation benefit. According to
the study, the poor performance of the geotextile
products may be partly attributed to their
displacement during ftrafficking, as they were
pulled out from the edges. This explanation is



supported by evidence collected during the
forensic investigation. The smooth texture of the
geotextile needed a longer development length to
ensure adequate anchorage in the soil near the
rutted areas.

In Phase Il, 17 test sections were established,
with 14 incorporating geosynthetics and 3 serving
as control sections, all constructed at a monitored
facility (Figure 8). Some were constructed with
varying CBR values and base course thicknesses.
Data from these sections were used to adjust for
any inconsistencies in the remaining reinforced
test sections.

To monitor performance, subgrade vane shear,
moisture content, and DCP testing was undertaken
both before and after trafficking. The performance
of the test sections was evaluated using a fully
loaded three-axle dump truck, with various
geosynthetics laid on top of the subgrade in each
section. During trafficking, measurements were
taken for longitudinal and transverse ruts,
geosynthetic displacement, geosynthetic strain,
and subgrade pore-water pressure.

Figure 9 presents the corrected field test results
and revealed that woven geotextile (Mirafi RS580i)
performed the best, followed by BX type 2 geogrid,
Secugrid 30/30 Q1 geogrid and the non-woven
geotextile (Geotex 801).
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5.3 Findings and ambiguities

The main goal of the Montana Project was to
identify the material properties of geosynthetics

most closely associated with their in-field
performance in subgrade stabilisation. Montana
DOT successfully implemented the first step in
determining these properties by conducting a
large-scale field test (Cuelho et al., 2014).

Performance results indicated positive potential
for the application of various geosynthetic
products, particularly in subgrade stabilisation, but
challenges remain. Key ambiguities include the
limited number of test sections, inadequate
characterisation tests, and unclear mechanisms of
performance. These findings underscore the need
for further research to address stress transmission,
frictional bond, and other factors influencing
performance.

The Montana Project further highlights these
ambiguities:

e The woven geotextile materials used
showed good performance (refer to Table 1)
as subgrade stabilisers. However, material
properties directly linked to this performance
were difficult to establish due to limited test
sections and insufficient tests for proper
material characterisation. It also emphasises
the importance of further research to
quantify the benefits of woven geotextiles,
particularly the wicking properties.

Junction stiffness in the cross-machine
direction is identified as a critical property in
geogrid performance. By inference, the
reinforcement mechanism for the woven
geotextiles relies on their ability to transmit
stress effectively from one principal strength
direction to another (Cuelho et al., 2014).
This stress transmission is significantly
" enhanced by the overburden pressure
exerted by the road materials above the
woven geotextiles.

Strong frictional bonds between fibers
facilitate stress transmission from traffic
loads to fibers oriented in the cross-machine

direction. This interaction mimics the
behavior of geogrid junctions, providing
multiple paths for stress distribution.

Consequently, woven geotextiles performed
well in the tested applications under these
specific conditions.



Table 1. Summary of Base Course Reduction Factors
(BCR)

Test Section 5:; Depth ?,%R
Tensar BX Type 2 3.4 23.8
Secugrid 30-30 Q1 3.0 21.9
Enkagrid MAX 30 2.6 19.6
Synteen SF 11 2.5 19.0
Synteen SF 12 1.4 1.7
Mirafi BXG11 2.6 19.3
Fornit 30 1.2 10.2
Tenax MS330 23 17.7
Tensar TX-140 2.3 17.4
Tensar TX-160 1.6 13.1
TenCate RS580i 4.0 26.9
Geotex 801 29 21.3

5.4 Stress transmission and frictional bond

One of the key findings in the Montana Project
indicates that woven geotextile, as overall best
performing product, is fundamentally tied to
efficient stress transmission and strong frictional
bonds between fibers. These attributes enable the
distribution of ftraffic loads, improving overall
pavement performance. In the Montana Project,
the ability of woven geotextiles to transmit stresses
in the cross-machine direction through frictional
bonds between fibers was critical to their success.
Overburden pressure further enhances this
interaction, emphasising the need for deeper
exploration of these mechanisms.

5.5 Quantification of the wicking benefits
Quantitative metrics, such as Hydraulic
Improvement Factor (HIF) and drainage coefficient
(m;), are necessary for a comprehensive
understanding of wicking geotextiles’ benefits.
These measurements can help integrate woven
geotextiles into pavement design, ensuring their
advantages are fully realised. Future studies
should focus on accurately quantifying these
parameters and correlating them with observed
performance, and more importantly, the integration
of these benefits into the practical design
approaches for the industry applications.

6 RESEARCH GAPS AND FUTURE
RECOMMENDATIONS

6.1 Localised climate data

Most current research is primarily from the
United States and Northern Europe. Further
studies should prioritise the collection of climate
data from diverse regions, including Australia and
Southeast Asian regions. This data will be
instrumental in evaluating the performance of
wicking geotextiles in controlling moisture content
for improved performance under various

environmental conditions, enabling region-specific
design recommendations.

6.2 Laboratory testing

Further laboratory tests, particularly under local
and regional conditions, are needed to determine
the effectiveness of wicking geotextiles under
various stress and moisture conditions. This
includes tests to determine the relationship
between the change in moisture content and the
improved subgrade CBR, as well as evaluating the
efficiency under different soil conditions, depths of
pavement configurations and particle size
distributions of subgrades.

6.3 Cost and sustainability

There is a need for detailed cost comparison
analyses and full life-cycle analyses to understand
the cost-effectiveness and sustainability of wicking
woven geotextiles in road infrastructure projects.
Research should also focus on integrating
sustainable construction practices into road
projects, balancing economic feasibility with
environmental sustainability.

6.4 Moisture-driven design

Current standard industry practices governed
by a stress dominant approach have raised
ambiguities from recent research outcomes by
independent authorities and academic institutions.
This also demonstrated the lack of integration
between the conventional design guidelines or
specifications with the rapid growth of products
innovations in the past decades.

Future research should focus on developing
moisture-driven design methodologies, where the
design of the pavement structure is based on the
specific moisture conditions present in the
subgrade. This approach will lead to more
sustainable and efficient pavement designs.

7 CONCLUSIONS

The rapid growth of the geosynthetics industry
with waves of innovations in manufacturing
processes highlights a widening gap between the
conventional design guidelines or approaches and
the leapfrogging real-world field performances.
One of the key innovations is wicking geotextiles,
that represent a transformative advancement in
pavement design, addressing critical moisture
management challenges that traditional drainage
systems struggled to resolve. By leveraging their
ability to manage both gravitational and capillary
water, they enhance subgrade stability, optimise
pavement thickness, and improve long-term
performance — as proven in the laboratory scaled
testing and performance-based field trial projects.

However, the performance mechanisms in
subgrade stabilisation that benefit from wicking



capability lack clarity especially in the integration
into the flexible pavement designs, widely guided
by Austroads and AASHTO frameworks. The
research, inspired by the result of Montana Project,
has successfully developed a conceptual design
framework extending from two widely adopted
methods — Austroads (2017) and AASHTO (1993)
for the flexible pavement design.

Nevertheless, key challenges remain, including
the urgency to adopt localised climate data such as
regional  precipitation  patterns, full-scaled
comprehensive laboratory testing, and long-term
performance evaluation under diverse field
conditions. Addressing these research gaps will
enable more widespread adoption of wicking
geotextiles and unlock their full potential in
advancing sustainable road construction practices.
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