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ABSTRACT: Water is one of the major detrimental factors that reduces pavement service life. A pavement
section with a moderate stability factor will be serviceable only about 50% of its fully drained performance
period. The problem will worsen with time because cracks become wider, joints and edges become more deteriorated. However, the existing subsurface drainage design methods only considers water flowing under gravitational force and capillary water is considered undrainable. No matter how well the road is compacted, it
will gradually suffer from moisture increasing for the long run. Fortunately, a recently developed geotextile
with wicking fabrics has the potential to dehydrate the base course under unsaturated conditions. Both lab and
field tests have proved its efficiency in laterally draining capillary water under unsaturated conditions. The
purpose of this paper is to evaluate the geotextile drainage efficiency when applied with different types of
soils. Two types of soils were used to simulate good and bad drainage conditions. Test results indicated the
geotextile with wicking fabrics is effective and capable to drain capillary water out of the soils.
1 INTRODUCTION
Excess water can cause numbers of detrimental issues, for instance, causing soil expansion and collapsing, reducing the soil strength and stiffness, increasing excess pore water pressure and developing
seepage forces, stripping asphalt pavement and generating cracks (Arnold 2004). For unbounded aggregate base and subbase, the stiffness loss is about
50% or more. The resilient modulus loss for ATB
(Asphalt Treated Base) layer can be up to 30% and
this value is over 50% for fined-grained soils
(AASHTO 1993). Moreover, the excess water induced problems will be worsen with time. Cracks
will become wider, joints and edges become more
deteriorated, and channels will be developed for water flow. If the pavement system is saturated only
10% of its life (about a month per year), a pavement
section with a moderate stability factor will be servable only about 50% of its fully drained performance
period (Cedergren 1987). Furthermore, when encountered with shallow groundwater table and subfreezing temperature, frost heave and subsequent
thaw weakening will cause severe distresses (Henry
1990).
By investigating the existing subsurface drainage
design methods (AASHTO 1993, FHWA 1980, and
MEPDG 2004), traditional approaches to address

moisture in pavements involve implementing a layer
of either geotextile or coarse material, which has
large pore size that allows water to freely flow out of
the pavement meanwhile stops capillary water from
rising upward. However, conventional drainage systems were designed for water flow driven by gravity
(free water), and capillary water was not considered
in the designing process. Recently, a new type of
geotextile with wicking fabric has been developed,
which is designed to drain capillary water under unsaturated conditions. The cross section of the fibre
has special multi-channels that can provide high surface areas and channels to wick water under unsaturated conditions (see Figure 1). The average diameter of the wicking fabric is between 30-50 μm and
the average groove spacing is between 5-12 μm.
Both lab and field tests proved its efficiency in dewatering road embankment and capability of wicking capillary water out of soils (Zhang and Presler
2012, and Zhang et al. 2016).
There are still some concerns regarding the extensive application of the geotextile. Firstly, will the
geotextile be still functional with different types of
soils. Secondly, will the geotextile splicing influence
its drainage efficiency. The purpose of this paper is
to evaluate the effectiveness of the geotextile with
wicking fabric when applied with different types of
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Two testing flumes were constructed to evaluate
the soil-geotextile systems drainage efficiency. One
testing flume was 6.5 m (width of a two-lane road)
in length filled with sand, and the other one was 22.3
m in length filled with E-1. Here only take the testing flume for sand as an example to demonstrate the
construction process due to the similarity in flume
design. Figure 3a shows the schematic plot of the
design. The testing flume was covered with a layer
of plastic wrap to prevent water leaking. The geotextile was installed 2.54 cm from the bottom. A 1-m
geotextile splice was placed at 1.52 m from the left
side due to the limited geotextile roll width (5.18 m).
Then the soil and geotextile were saturated, and EC5 moisture sensors were installed (see Figure 3b). In
total, three layers of sensors were installed at depths
of 2.54 cm, 12.7 cm and 22.86 cm. The testing flume
was oversaturated before the test started. The data
acquisition system composed of a CR1000 data logger and a AM16/32 multiplexer. The moisture content data was recorded hourly.

(b)
Figure 1. Cross section of the wicking fabric. (a) schematic
plot; and (b) SEM image of cross section

soils. Two types of soils were used to simulate good
and bad drainage conditions. Detailed information is
demonstrated in the following sections.

Figure 2. Gradation curves for sand and E-1 materials.

2 TESTING FLUME CONSTRUCTION
Two types of materials were used to evaluate the
new geotextile drainage efficiency, including a freedraining, clean river sand, and a gravel with silt
(designated as E-1 material per AKDOT specification), a dense graded soil with about 14% fines. The
gradation curves are shown in Figure 2. The sand
material is used to provide an understanding of how
well the new geotextile works in permeable soil. For
E-1 material, this type of soil contains about 14% of
fines and is the commonly used in the unpaved road
as a surface course. Soils containing more than 6%
of fines are classified as frost susceptible soils.
Therefore, this type of soil can be a representative to
demonstrate the geotextile drainage efficiency in
similar frost susceptible soils. In addition, the numbers of the geotextile splice sections may increase
for wider road sections and the drawbacks of the application for this type of road is also evaluated in
this paper.
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Figure 3. Testing flume construction process. (a) schematic
plot of testing flume for sand; and (b) construction process

3 TEST RESULTS
The recorded data was first used as controlling
points to generate moisture contours. Due to limited
numbers of sensors, one dimensional interpolation
was adopted to achieve the best visualization of the
moisture variations within the testing flume. Figure
4a shows the test results for sand. The dash line represents the geotextile location and the colormap
ranges from white (lowest moisture content, 0.1) to
black (highest moisture content, 0.35). The saturation moisture content for sand was 0.3, which could
be used as an indication of any saturated zone in the
testing flume. The average moisture content on the
left side was about 0.23 and 0.28 on the right side. In
addition, a zone (0.29 isoline) extended from 1.8 m
to 3.6 m in the horizontal direction, where was the
geotextile splice location. The test was conducted
for one month. After the test, the moisture content
on top of the testing flume was 0.16, which was
32.3% smaller than that at the beginning of the test.
The area of the saturation zone at 3 m increased
while the saturation zone at 5.5 m was replaced by a
drier area than the surrounding soil. In addition, the
moisture content from 1 m to 2 m continued to decrease, resulting in an expansion of the dry zone in
the left section. In sum, these observations verified
the fact that the geotextile had the ability to wick capillary water out of the testing flume. However, the
geotextile splice impeded the wicking process and
significantly reduced its drainage efficiency.
Figure 4b shows the test results for E-1 material.
The saturation moisture content was 0.4. At the
starting point, the moisture content at elevation
above 0.12 m was between 0.12 and 0.15. There
were several spots with moisture content close to
0.2, which might result from soil inconsistency and
less compaction effort. For elevation lower than 0.12
m, in total six water concentration (saturated or
nearly saturated) zones were all observed at the geotextile splice locations. The saturation zones were at
three locations (5.3 m 14.0 m and 17.0 m). After the
test, the remaining oversaturation were all located at
the geotextile splices. Moreover, a minimum of 0.3
m of the geotextile exposed to the air remained in
wet condition after the test, indicating that it continued to work.
4 CONCLUSIONS
This paper studied the drainage efficiency of a new
geotextile when contacting different types of soils
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Figure 4. Moisture contours before and after test. (a) testing
flume for sand; and (b) testing flume for E-1

under unsaturated conditions. The new geotextile
had the ability to wicking capillary water by taking
advantage of the suction gradient generated between
the two ends.
The new geotextile still functioned after the test
for both sand and E-1 materials. It is a continuous
process and can reduce the soil moisture content to a
lower level for the long run. However, geotextile
splices significantly reduced the drainage efficiency,
resulting in excess water accumulation. For future
work, the influence of splice on the new geotextile
drainage efficiency needs to be further investigated.
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