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Abstract

Wicking geotextiles are a relatively recent class of geosynthetics designed to provide separation and
reinforcement while removing moisture under unsaturated conditions. Their hydraulic benefit comes
from hydrophilic or hygroscopic fibers, commonly with grooved or multichannel cross-sections, that can
generate capillary suction and transmit water laterally toward an exposed boundary where evaporation
occurs. Thisbehavior directly addresses a well-known limitation of conventional permeable geosynthetics:
when a hydrophobic geotextile or geo-composite is placed beneath an unsaturated fine soil, it can form a
capillary break and temporarily store water at the interface rather than drain it. The durability question
is therefore not simply whether a virgin product has adequate saturated permittivity or transmissivity. It
is whether the geotextile can retain capillary uptake, in-plane transport and soil-filter compatibility after
cycles of rainfall and drying, changes in temperature and relative humidity, freezing and thawing, traffic-
induced compression, fines migration, and possible physical clogging. This mini review synthesizes
evidence from unsaturated geotextile hydraulics, wicking geotextile laboratory tests, field pavement and
railway applications, and geotextile clogging studies. The literature indicates that wicking geotextiles
can reduce moisture content in aggregate bases, silty sands, silts, and cold-region embankments, but
performance is strongly conditioned by soil fines content, soil-water retention behavior, contact quality,
exposed drainage length, atmospheric demand, installation configuration, and environmental cycling
history. Recent freeze-thaw studies show measurable deterioration of wicking height after repeated
cycles, while field monitoring shows that low temperature can reduce evaporation-driven removal even
when the geotextile remains functional. Standardized, soil-specific durability protocols that couple
hydraulic, mechanical, thermal, and clogging actions remain the main research need.

Keywords: Wicking geotextile; Unsaturated drainage; Hydraulic durability; Freeze-thaw; Wetting-
drying; Capillary barrier; Soil-geotextile interaction; Clogging; Pavement drainage; Railway embankment

Introduction

Conventional geotextile drainage design is usually framed around saturated or near-
saturated flow, using properties such as permittivity, transmissivity, apparent opening size and
clogging resistance. Yet pavement bases, railway sub-ballasts, embankment fills and covers
spend much of their service life in an unsaturated state. Under these conditions, the hydraulic
conductivity of geotextiles can fall sharply as suction increases, and a geotextile below a
fine-grained soil can behave as a capillary barrier rather than as a drain. This phenomenon
has been documented in foundational studies of unsaturated nonwoven geotextiles and
geosynthetic capillary barriers [1-3].

Wicking geotextiles, also described in parts of the literature as enhanced lateral drainage
geotextiles, were developed to overcome this limitation. Instead of waiting for gravity
drainage after saturation, they use wettable yarns or treated fibers to absorb liquid water,
maintain flow pathways at suction levels relevant to unsaturated soils and move moisture
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in-plane toward daylighted edges or other atmospheric boundaries
[4-6]. The hydraulic durability of a wicking geotextile is defined
here as the retention of this water-removal function after realistic
environmental cycles and soil interaction. It includes at least five
coupled components:

A. Capillary uptake durability: Retention of wettability,
contact angle, sorptivity, and vertical or horizontal wicking
height.

B. In-plane transport durability: Retention of unsaturated
in-plane hydraulic conductivity or transmissivity over the
expected suction range.

C. Cross-plane and filtration durability: Retention of soil
compatibility, apparent opening size function, permittivity, and

resistance to blinding or internal clogging.

D. Boundary-condition durability: Retention of water
removal under realistic temperature, relative humidity, wind,
rainfall, groundwater, and freeze-thaw conditions.

E. Mechanical survivability: Resistance to installation
damage, traffic or ballast compression, splice losses, tensile
strain and soil intrusion that can change pore and groove
geometry.

This review focuses on hydraulic performance rather than
tensile reinforcement alone, although mechanical and hydraulic
effects cannot be fully separated in road and rail applications
(Figure 1).

Hydraulic durability of wicking geotextiles: mechanisms and stressors

Original schematic synthesis for pavement, embankment, and railway substructure applications
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Figure 1: Original schematic synthesis of the coupled mechanisms controlling wicking geotextile hydraulic
durability. Rainfall, capillary rise, and groundwater fluctuations provide water; the wicking geotextile must
sustain capillary uptake and in-plane transport to an exposed atmospheric boundary. Freeze-thaw cycling, traffic/
compaction, fines intrusion and clogging can reduce performance.

Mechanisms Controlling Hydraulic Durability
Unsaturated geotextile hydraulics

The starting point is the water-retention behavior of the
geotextile itself. Iryo and Rowe [1] showed that unsaturated
hydraulic behavior of nonwoven geotextiles can be described
using water-retention and hydraulic-conductivity functions,
conceptually analogous to unsaturated soil functions. Bouazza et
al. [7] and Nahlawi et al. [8] further demonstrated that nonwoven
geotextiles exhibit direction-dependent water-retention behavior
and hysteresis. This is important because a geotextile can be very

permeable when saturated yet poorly conductive at even modest
suction.

Geosynthetic capillary-barrier studies explain why the interface
can become a moisture storage zone. McCartney and Zornberg [2]
observed water accumulation above geosynthetic drainage layers
during infiltration and evaporation cycles, while Zornberg et al.
[3] summarized the broader state of knowledge for geosynthetic
capillary barriers. These studies are not about wicking products
specifically, but they establish the physical problem that wicking
geotextiles are intended to solve.
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Wicking fiber architecture

Most early wicking geotextile studies examined woven products
incorporating hydrophilic/hygroscopic grooved yarns. These yarns
behave as arrays of small capillary channels. When the contact
angle is low and the effective groove radius is small, capillary
pressure can be high enough to draw water from unsaturated
soil and sustain lateral transport. Guo et al. [9] quantified water-
removal rates under controlled temperature and relative humidity
and Wang et al. [10] showed that the product could remove water
from soil near optimum moisture content, not only from saturated
soil.

The anisotropy is central. Lin et al. [6] concluded from
numerical and experimental evidence that a wicking geotextile can
function as a capillary barrier in the cross-plane direction while
still providing in-plane lateral drainage. Recent nonwoven wicking
geotextiles add another pathway: chemical treatment can increase
wetting and water retention in nonwoven fiber networks. Jarjour
et al. [11] reported that a chemically treated wicking nonwoven
maintained higher in-plane water content and drainage capacity
than a conventional nonwoven over a broad suction range.

Atmospheric demand and evaporation boundary

Wicking does not end at uptake. Water must be removed from
the geotextile at an exposed boundary; otherwise, the fabric can
approach local equilibrium and the suction gradient weakens. Guo
etal. [9] found that water-removal rate increased with temperature
and decreased with relative humidity. Liu et al. [12] in a concrete
pavement field study, observed that wicking performance
decreased at lower temperatures because evaporation was reduced
and soil water retention increased. Thus, the same geotextile can
show different hydraulic durability in a dry, warm shoulder than
beneath snow cover or in a humid shaded slope.

Soil-Geotextile coupling

The soil controls both water supply and pore blockage risk.
Coarse granular soils may provide larger pores and easier drainage
but weaker capillary contact; silty or fine soils provide capillary
water but can reduce flow by particle intrusion. Guo et al. [13]
observed an effective drainage influence distance of about 200mm
above a wicking geotextile in an aggregate base with 10% fines.
Zaman et al. [14,15] showed that moisture reduction in silty sands
decreased as fines content increased, while a non-wicking woven
geotextile tended to obstruct moisture movement. Lin and Zhang
[16] found that clogging was not a major concern in their tests
for soils with fines content lower than 14.5%, but splice details
reduced drainage efficiency.

General geotextile filter literature also matters. Koerner and
Koerner [17] reviewed field failures linked to poor filter design,
atypical soils, unusual permeants, and improper installation.
Miszkowska et al. [18] showed that physical clogging and cyclic
water flow can reduce nonwoven geotextile permeability, and
Markiewicz et al. [19] linked gradient ratio behavior to physical
clogging in soil-geotextile systems. These studies warn that wicking
geotextile durability should be assessed in contact with the actual

project soil, not only in clean-water capillary tests.
Evidence under Environmental Cycles
Rainfall, drying and temperature variation

Laboratory and field evidence consistently shows that wicking
geotextiles reduce water content after rainfall-like wetting. Wang et
al. [10] used a physical model test box and found that the geotextile
wicked water from soil even when moisture content was close to
optimum. Guo et al. [13] used soil column tests to identify a finite
influence zone above the geotextile. Liu et al. [12] monitored three
concrete pavement test sections for more than two years and
found that wicking geotextiles reduced volumetric water content
in aggregate base more than a conventional nonwoven geotextile,
although performance decreased with higher fine-particle content
and colder conditions.

The installation boundary is decisive. Guo et al. [20] compared
embedded and surface-exposed configurations in silt under
simulated rainfall. The surface-exposed wicking geotextile delayed
saturation more effectively and promoted drainage through the
evaporation pathway, while the embedded configuration mainly
acted as a capillary barrier. This finding is one of the clearest
demonstrations that wicking geotextiles should be designed as a
soil-geotextile-atmosphere system, not simply as buried fabric.

Freeze-Thaw cycling and cold regions

Cold-region applications motivated much of the early work.
Henry and Holtz [21] showed that geo-composite capillary barriers
could reduce frost heave under certain suction conditions but that
moistened geotextiles containing soil fines did not reliably reduce
heave.Zhangetal.[22]later reported use of wicking fabric to mitigate
frost boils in Alaskan pavements and Lin et al. [23] evaluated long-
term performance at the Dalton Highway Beaver Slide site using
monitoring and fabric inspection after years in service. Zornberg et
al. [5] integrated such case histories into a broader roadway review
of enhanced lateral drainage geosynthetics. Recent work has moved
from field proof-of-concept to controlled durability conditioning.
You et al. [24] tested a self-developed wicking geotextile in coarse-
grained railway soils after 0, 1, 3, 5 and 10 freeze-thaw cycles.
Maximum liquid vertical wicking height increased with initial
water content, decreased with fine content, and deteriorated with
increasing freeze-thaw cycles. The reported decline was rapid at
first and then tended toward stabilization, with microstructural
damage to wicking fibers identified as a plausible mechanism.

Jiang et al. [25] reported in situ monitoring along the Harbin-
Yichun railway under rainfall infiltration and freezing-thawing.
Wicking geotextiles delayed freezing/thawing because of thermal
insulation effects, but extreme cold still produced deep freezing.
The upper wicking layer was more effective at preventing water
infiltration before seepage, while a lower layer reduced maximum
volumetric-water-content variation in the embankment by a
modest amount. This supports a configuration-dependent view:
in cold regions, hydraulic durability is tied to placement relative
to infiltration fronts, freezing fronts, and evaporation or drainage
boundaries.
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Wetting-Drying, weathering, and chemical exposure

Direct, standardized wetting-drying durability data for wicking
geotextiles remain limited. The available studies indirectly cover
repeated precipitation and drying in field monitoring [12], rainfall
infiltration [20], and water-retention hysteresis [1,7,8,11]. However,
few studies isolate wet-dry cycle count, drying temperature, salt/
deicer chemistry, ultraviolet exposure of daylighted tails and
long-term changes in hydrophilic treatment. This is a notable
gap because field performance depends on exposed geotextile
ends, which may experience solar radiation, oxidation, abrasion,
sediment deposition, vegetation, maintenance disturbance, and
chemical runoff.

Synthesis of critical environmental deterioration

mechanisms

The available evidence suggests that environmental effects
on wicking geotextiles can be separated into material-level
deterioration, soil-geotextile interface deterioration and temporary
boundary-condition limitations. These mechanisms should not
be treated as equally severe. Among the mechanisms investigated
directly to date, freeze-thaw cycling provides the clearest evidence
of progressive material-level deterioration. You et al. [24] observed
a progressive decrease in maximum liquid vertical wicking height
with increasing freeze-thaw cycles and associated the deterioration
with changes in the microstructure of the wicking fibers. However,
system-scale performance also depends on soil and boundary
conditions. Large-scale pavement experiments by Gonnabathula et
al. [26] showed that a wicking geotextile continued to redistribute
and remove water during two controlled freeze-thaw cycles,
demonstrating that freeze-thaw exposure does not necessarily
eliminate drainage function at low cycle numbers.

A second critical mechanism is the progressive modification
of the soil-geotextile interface by fines migration and physical
clogging. High fines contents can simultaneously increase capillary
water availability and restrict hydraulic transport. Zaman et al.
[14] observed decreasing moisture-reduction effectiveness with
increasing fines content, while You et al. [24] similarly reported
lower wicking heights as fine content increased. Evidence from
conventional geotextile filtration further indicates that cyclic flow
can promote physical clogging [18,19]. For wicking products, this
mechanism is particularly important because particle intrusion
or surface blinding may restrict not only cross-plane flow but also
access of water to the capillary grooves responsible for lateral
transport.

Temperature and relative humidity constitute a third category.
Unlike freeze-thaw-induced microstructural damage or progressive
clogging, unfavorable atmospheric conditions primarily reduce the
instantaneous driving force for water removal. Low temperature
and high relative humidity decrease evaporation from exposed
geotextile boundaries and can therefore suppress drainage rates
without necessarily representing permanent material deterioration
[9,12]. Performance may consequently recover when atmospheric
demand increases, provided that the wicking pathways and exposed
boundaries remain intact.

Based on the present literature, freeze-thaw cycling therefore
represents the most clearly documented direct material-
deterioration mechanism, whereas fines migration and clogging
represent the principal soil-dependent progressive interface
risk. Low temperature and high relative humidity are important
operational limitations because they reduce evaporation-driven
drainage, but they should be distinguished from permanent
deterioration. The long-term effects of repeated wetting-drying, salt
or deicer exposure, ultraviolet weathering of daylighted portions,
and simultaneous environmental and mechanical loading remain
insufficiently quantified. These unresolved coupled actions should
therefore receive priority in future durability studies.

Soil-Geotextile Interaction

Recent research has broadened the understanding of wicking
geotextiles from proof-of-concept drainage toward coupled
hydraulic, mechanical, installation-dependent
behavior. Bai et al. [27] demonstrated both drainage and capillary-
rise restraint in compacted fine-grained soil, highlighting the
dual drainage-barrier behavior of wicking geotextiles. Wang et
al. [28] subsequently investigated a multilayer wicking fabric and
characterized its water-retention behavior over a broad suction
range, showing that drainage performance depends strongly
on initial water content and the length of fabric available for

thermal and

evaporation. Guo et al. [29] extended the interaction framework
to reinforced silt and demonstrated that compaction degree
and reinforcement arrangement influence both drainage and
mechanical response. Under cold-region conditions, Yang et al.
[30] investigated the coupled thermal-hydraulic-mechanical
response of silt containing different numbers of wicking-geotextile
layers during freeze-thaw cycling. Gonnabathula et al. [26] further
evaluated wicking geotextile under large-scale pavement freeze-
thaw conditions and reported continued moisture redistribution
and drainage during the imposed cycles. Most recently, Zou et al.
[31] demonstrated that the effectiveness of a wicking geotextile
in controlling capillary rise depends strongly on installation and
discharge boundaries: an embedded layer may progressively
accumulate water at the interface, whereas an exposed drainage
boundary can sustain lateral capillary removal. Together, these
studies emphasize that long-term performance is governed by the
coupled soil-geotextile-environment system rather than by the
geotextile material alone.

Soil-geotextile interaction has two faces. Beneficially, intimate
contact allows the geotextile to access capillary water and can
improve suction distribution, moisture uniformity and resilient
modulus. Detrimentally, the same contact allows fines intrusion,
clogging, pore compression and interfacial water accumulation if
in-plane wicking is insufficient.

In pavement-scale studies, the wicking product often improves
hydraulic and mechanical outcomes together. Zornberg et al. [5]
summarized applications involving high groundwater, downward
infiltration, frost heave, expansive clay and soft soil improvement.
Biswas et al. [32] evaluated drainage benefits for flexible pavements
over expansive soils. Guo et al. [13], Lin et al. [6] and Ma et al. [33]
modeled or measured how moisture reduction increases suction
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and can improve subgrade support. The mechanism is not purely
hydraulic: by reducing water content, the geotextile can alter
effective stress, resilient modulus, pumping susceptibility, and frost
susceptibility.

For durability assessment, the most important soil variables
are fine fraction, gradation gap, plasticity, dispersivity, salinity
or iron/organic content, compacted dry density, initial water
content, suction range, and repeated loading. Zaman et al. [14]
and You et al. [24] both show that fines content reduces wicking
performance, although the threshold is test- and soil-specific. This
means a single universal fines-content limit should not be used
without verification. A practical durability program should test the
candidate geotextile against the project soil under representative
moisture, stress and cycling.

Importantly, these variables should not be interpreted
independently because fines content, moisture state, compaction
and interface conditions act simultaneously. Increasing fines
content can improve capillary continuity and the availability of
water at the soil-geotextile interface, but it can also increase soil-
water retention and reduce the rate at which moisture is released
to the wicking layer. Zaman et al. [14] reported decreasing moisture
reduction with increasing fines content in silty sands, whereas You
et al. [24] showed that wicking performance was jointly controlled
by fines content, initial water content, and freeze-thaw history.
Thus, the effect of fines depends not only on their percentage but
also on the hydraulic state of the surrounding soil.

Compaction introduces an additional interaction. Changes
in compacted density modify soil pore structure, soil-geotextile
contact, water retention and the mechanical confinement acting
on the geotextile. Recent experiments on wicking geotextile-
reinforced silt demonstrated that compaction degree and
reinforcement configuration significantly influence the coupled
drainage and mechanical response of the soil-geotextile system
[29]. Consequently, a denser interface may provide improved
physical contact while simultaneously changing pore-water
redistribution and the hydraulic gradient supplying water to the
wicking yarns. These coupled effects become particularly important
under repeated loading or environmental cycling, where particle
rearrangement and fines migration may progressively modify the
interface.

Installation and drainage boundaries further interact with
these soil-related variables. Zou et al. [31] recently showed that an
embedded wicking geotextile in silt initially behaved as a capillary
barrier, but restricted lateral discharge promoted progressive
interfacial water accumulation. In contrast, a surface-exposed
configuration maintained lateral drainage and more effectively
restricted long-term capillary rise. Therefore, fines content,
compaction, soil suction, initial water content, normal stress
and drainage-boundary configuration should be considered as a
coupled system rather than as isolated design parameters. This also
explains why a fines-content threshold obtained for one soil and
one test configuration should not be transferred directly to another
soil-geotextile system without validation (Tables 1-3).

Table 1: Evidence Map for Wicking Geotextile Hydraulic Performance.

Study

Material/System

Main Hydraulic Finding

Durability Implication

Iryo and Rowe [1]

Unsaturated nonwoven geotextiles

Geotextile water-retention and hydraulic-
conductivity functions are needed to describe
unsaturated flow.

Virgin saturated permittivity alone is
not enough for unsaturated drainage
design.

McCartney and
Zornberg [2];
Zornberg et al. [3]

Soil-geosynthetic capillary barriers

Water can accumulate above geosynthetic
drainage layers under infiltration/evaporation.

Wicking geotextiles must overcome, or
deliberately manage, capillary-break
behavior.

Zhang et al. [22];
Lin etal. [23]

Wicking fabric in Alaskan
pavements

Field use mitigated frost-boil /thaw-weakening
problems; long-term site data and SEM
inspection addressed concerns about clogging
and fabric condition.

Field durability can be good, but must
be checked after years of soil contact
and cold-region cycling.

Guo etal. [9]

Wicking geotextile in water tanks
under controlled RH/temperature

Water-removal rate increased with
temperature and decreased with relative
humidity.

Exposed boundary conditions control
the effective service rate of wicking
drainage.

Wang et al. [10]

Soil box with simulated rainfall

Wicking occurred near optimum moisture
content and helped restore moisture after
rainfall.

Function is relevant to unsaturated
pavement service, not only saturation
events.

Lin and Zhang [16]

Drainage, splice, and clogging
laboratory tests

Splices reduced drainage efficiency; clogging
was not a major concern below 14.5% fines in
tested soils.

Construction details and soil gradation
must be part of durability design.

Guo etal. [13]

Aggregate-base soil columns

Effective water-reduction zone was about 200
mm above the geotextile for aggregate with
10% fines.

Influence distance is finite and soil-
specific.

Lin et al. [6]

Numerical roadway model
validated against tests

Wicking geotextile acted as cross-plane
capillary barrier and in-plane drain; two AEVs
helped maintain transport.

Directional hydraulic properties and full
suction range are needed in models.

Liu etal. [12]

Concrete pavement field monitoring

Wicking reduced base VWC more than
nonwoven geotextile; ability decreased with
more small particles and colder temperature.

Soil fines and seasonal temperature
reduce field hydraulic durability.
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Zaman et al. [14]

Silty sands with different fines

contents

Moisture reduction decreased with fines; non-
wicking geotextile obstructed water flow.

Fine fraction controls effectiveness and
must be tested explicitly.

You et al. [24]

Coarse-grained railway soils after

freeze-thaw cycles

Vertical wicking height deteriorated with cycle
count and decreased with fines content.

Freeze-thaw conditioning can damage
hydraulic pathways.

Jarjour etal. [11]

Conventional and wicking
nonwoven geotextiles

Wicking nonwoven showed superior in-
plane unsaturated drainage and higher water

retention over suction range.

New nonwoven wicking products
need directional GWRC and hydraulic-
conductivity characterization.

Guo etal. [20]

embedded vs exposed geotextile

Silt columns under rainfall;

Surface-exposed installation delayed saturation
and promoted drainage; embedded installation

mainly acted as barrier.

Daylighting/exposure is not optional
when evaporation-driven wicking is
expected.

Jiang et al. [25]

Seasonally frozen railway
embankment, in situ

Upper WG drained before seepage; lower WG
modestly reduced VWC variation; thermal

effects delayed freezing/thawing.

Placement relative to infiltration and
freezing fronts governs field benefit.

Table 2: Environmental Cycles, Failure Modes, and Suggested Metrics.

Environmental Action

Expected Hydraulic Effect

Useful Durability Metrics

Suggested Test Approach

Rainfall infiltration and
drying

Repeated wetting activates wicking;
drying restores suction gradient but
may leave fines or salts.

Time to drainage, VWC recession,
residual water content, in-plane flow
rate.

Soil column or box tests with controlled
rainfall, sensor arrays, and exposed
geotextile end.

Temperature/RH cycling

Higher temperature and lower RH
increase evaporation; cold or humid
conditions slow removal.

Water-removal rate per unit width,
evaporation length, suction gradient,
mass-loss rate.

Controlled chamber tests following Guo
etal. [9] logic, extended to soil-contact
specimens.

Freeze-thaw cycles

Ice formation can deform grooves
and pores; frozen water suppresses
liquid transport.

Normalized wicking height,
unsaturated conductivity after N cycles,
microstructure by SEM/CT.

Freeze-thaw conditioned specimens in
project soil, then vertical /horizontal
wicking tests.

Wetting-drying
hysteresis

WRC path dependence changes
water storage and release.

Drying/wetting GWRC, AEV/WEYV,
residual water content, hydraulic
conductivity function.

Capillary rise, hanging column, pressure
plate, and full-range WRC measurements.

Traffic, compaction,
ballast loading

Compression can flatten yarns,
change AOS, reduce thickness, and
alter contact.

Transmissivity under normal stress,
contact angle after compaction, pore-
size distribution.

Hydraulic tests under normal stress,
cyclic plate loading with post-test fabric
inspection.

Fines migration and
clogging

Soil particles can blind the surface
or occupy constrictions/grooves.

Gradient ratio, hydraulic conductivity
ratio, mass of retained fines, image-
based clogging index.

Gradient ratio or long-term flow tests with
actual soil, including reversing/cyclic flow
where relevant.

Chemical/deicer/salt
exposure

May alter wetting treatment,
polymer aging, or precipitate in
capillary channels.

Contact angle, tensile retention, wicking
height, salt mass and pore blockage.

Wet-dry salt/deicer immersion cycles
followed by hydraulic and microscopy
tests.

UV/weathering of
exposed tails

Exposed ends may age, stiffen,
abrade, or lose hydrophilic function.

Surface chemistry, contact angle, tensile
retention, water-removal rate.

Accelerated UV/weathering of exposed
portions, then connected wicking test

through soil.

Table 3: Soil-Geotextile Interaction Mechanisms and Design Implications.

Interaction

Beneficial role

Durability risk

Design implication

Capillary contact

Enables uptake of water held under
suction.

Poor contact leaves air gaps and S
reduces transfer.

pecify compaction/contact conditions and
avoid wrinkles or voids.

Fine fraction

Supplies capillary water in silty
soils.

High fines can reduce permeability
and clog channels.

Evaluate project soil, not a clean surrogate;

identify soil-specific fines threshold.

Cross-plane barrier
behavior

Can delay downward infiltration.

Can store water above the fabric if
in-plane drainage is inadequate.

boundaries and model cross-plane/in-plane

Provide daylighted edges or collector

anisotropy.

In-plane wicking

Removes gravitational and capillary
water laterally.

Drainage length, splice details, and
saturation of exposed end can limit
flow.

Limit flow path length, protect exposed ends,

and test spliced specimens.

Cyclic flow/reversal

Can flush some particles under
favorable gradients.

Cyclic flow can intensify physical
clogging in nonwoven filters [25].

Use long-term or cyclic flow tests when water-
table fluctuation or flood recession is expected.

Freeze-thaw at interface

Reduces available unfrozen water
and may delay migration.

Ice can damage microchannels and
change fabric-soil contact.

Pair freeze-thaw conditioning with post-cycle

hydraulic tests and microscopy.

Mechanical load

Improves intimate contact and soil
confinement.

Can compress pores or flatten

no
grooved yarns.

Measure transmissivity and wicking under
rmal stress representative of base/subballast
depth.
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Test Methods and Design Considerations

A durability-oriented testing program should begin with a clean,
virgin characterization but should not end there. At minimum,
the geotextile should be characterized for apparent opening size,
permittivity, in-plane transmissivity, mass per unit area, thickness
under stress, contact angle/wettability, capillary rise or wicking
height, and geotextile water-retention curve in relevant directions.
ASTM D4491, ASTM D4716, ASTM D4751, ASTM D5101 and
ASTM D5567 are useful anchors for conventional hydraulic/filter
behavior, while capillary-rise, hanging-column, pressure-plate and
chilled-mirror methods are needed for unsaturated response.

Forwicking products, the followingadditionsarerecommended:

a)  Reporthydraulic properties as functions of suction, not as
single saturated values.

b) Testin-plane and cross-plane directions separately.

c¢) Include actual project soil and compacted density,
including fines and plasticity effects.

d) Condition specimens under project-relevant cycles:
freeze-thaw, wet-dry, rainfall-drying, traffic stress, and chemical
exposure.

e) Keep one end exposed in tests intended to represent
evaporation-driven wicking.

f)  Compare intact, and soil-

contaminated specimens.

spliced, compacted,

g) Use sensor-based soil columns to determine influence
distance and moisture redistribution.

h) Inspect fibers and pores after conditioning using optical
microscopy, SEM, CT, or image analysis.

Hydraulic durability can be expressed by retention factors, for
example:

R.H=HN/H.O0

where H_0 is the initial wicking height or water-removal rate and
H_N is the value after N environmental cycles in soil contact. Similar
retention ratios can be defined for in-plane hydraulic conductivity,
transmissivity under stress, permittivity, or time required to return
a soil layer to a target VWC. The advantage of retention factors is
that they allow different products and conditioning levels to be
compared without assuming the same initial capacity.

Research Gaps

The literature now supports the core mechanism and several
field applications, but important durability gaps remain.

First, freeze-thaw evidence is growing but still product- and
soil-specific. You et al. [24] show deterioration after cycles; Jiang et
al. [25] show field configuration effects. More work is needed to link
cycle severity, ice content, confining stress and yarn microstructure
to long-term in-plane conductivity.

Second, wetting-drying durability is underdeveloped. Existing
rainfall and field studies demonstrate service response, but
standardized wet-dry aging with salts, deicers, UV exposure of
daylighted tails, sediment deposition, and hydrophilic-treatment
retention is rare.

Third, clogging criteria for wicking geotextiles are not yet
mature. Conventional filter criteria do not fully address grooved
yarns that must remain open for capillary flow. Gradient ratio,
hydraulic conductivity ratio, and microscopy should be adapted to
capture groove blockage and surface blinding.

Fourth, models need better hydraulic functions. Numerical
GWRCs,
hydraulic  conductivity = functions, temperature-dependent
evaporation, freezing front movement and evolving clogging or
damage terms where possible.

simulations should include directional unsaturated

Finally, design should move from product qualification to
system qualification. A wicking geotextile layer only works as
intended when soil, fabric, boundary condition, and construction
details are compatible.

Conclusion

Wicking geotextiles are promising because they target the
unsaturated moisture regime in which conventional geotextile
drains often underperform. Their hydraulic durability depends on
retention of capillary uptake and in-plane transport, not merely on
saturated permittivity.

Soil-geotextile interaction should therefore be treated as
a coupled design condition. Fines may enhance the supply of
capillary water while simultaneously increasing water retention
and the potential for particle intrusion or clogging. Compaction
may improve physical contact but also modify pore structure,
suction, and hydraulic gradients. These effects interact further with
initial water content, environmental cycling, mechanical stress,
installation depth and the availability of an exposed drainage
boundary. Consequently, soil-specific system testing is more
defensible than adopting universal fines-content or drainage-
performance limits.

Future specifications should require directional unsaturated
hydraulic  characterization, conditioning
environmental cycles, project-soil clogging tests and post-
conditioning microscopy. This would convert wicking geotextile
design from promising empirical practice into a more durable and
mechanistic geotechnical technology.

under realistic
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