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Abstract

Pumping is one of the major factors contributing to pavement failures, which reduces the
pavement life, affects road safety, and increases maintenance costs. Existing methods that are used as
drainage systems can drain gravitational (free) water under saturated conditions but not the capillary
water under an unsaturated condition. The objective of this study is to explore and identify the feasibility
of using a new wicking geotextile for pumping mitigation in pavement shoulder via laboratory tests and
field test section monitoring. Results obtained from monitoring the field test section for more than three
years verified the effectiveness of using wicking geotextile to reduce water content, especially where the
pavement is prone to pumping damage. As a result, the generation of positive pore water pressure is
delayed if not completely prevented. In this way, one of the requirements of pavement pumping is

eliminated.
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Executive Summary

A new type of wicking geotextile was used to mitigate pumping in pavement systems. This type
of wicking geotextile was found to be useful in draining water from the soils in the pavement and
reducing the risk of generating positive pore pressure that induces pumping. Three test sections on the
shoulder of 1-44 Highway in Missouri were constructed and instrumented. The construction of the field
test section finished in September 2018. In total 33 water content reflectometers were placed in the three
test sections. Two of these sections were treated by placing one layer of wicking geotextile on top of a
clayey subgrade at the road shoulder. One control section without wicking geotextile was instrumented

in order to make a comparison between improved and unimproved sections.

This report provides a summary of the initial report titled “PERFORMANCE OF WICKING
GEOTEXTILE ON MITIGATING WATER PUMPING ISSUE ON [-44 HIGHWAY”. Additionally,
the results of monitoring the field test section for more than 3 years from September 2018 to December
2021 are discussed in this report. Results obtained from field sections showed that the improvement in

pavement drainage is considerable due to the installation of wicking geotextile.
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Chapter. 1 Literature Review

This chapter provided a summary of the problem statement, limitations of current practice, and
the proposed method to mitigate pumping in pavements. Additionally, the construction of the field test

section is briefly presented.

1.1 Introduction

Pumping is caused by the migration of fines from subgrade soils into upper granular layers under
the action of moving traffic [1]. It is one of the major factors contributing toward concrete pavement
failures (Figure 1.1), which reduces the pavement life, affects road safety, and increases maintenance
costs [2]. For pumping to occur, four basic conditions must exist: (1) A soil layer with a high amount of
fines underlaying a granular layer having larger voids with no to little fines content, (2) soil that is
saturated with free water, (3) repeated heavy axle loads that causes deflection of pavement and
subsequently generates excess pore water pressure [3], and (4) presence of voids and cracks that form
continuous paths to the road surface. Figure 1.1 shows the schematics of the pumping mechanism.
Unfortunately, all four conditions are met in many pavement structures. Joints and cracks extensively
exist in pavement structures. Rainwater can easily infiltrate and accumulate in pavement’s larger voids
and cracks. Under heavy axle loads, the deflection at these locations is also larger. Repeated heavy axle
loads increase pore water pressure and over time, the “free” water, together with the fine materials,
squeezes out through the continuous paths to the road surface. As the fine materials are pumped out, the
voids of the pumping layer enlarge, and more “free” water is accumulated near the joints and cracks
during rainfall events. In turn, more fine materials are pumped out and the pavement eventually fails due
to lack of support. Therefore, if the amount of water (both “free” water and capillary water) held within
the base course can be controlled at a relatively lower range (unsaturated condition), the fines within the
base and subgrade will not be pumped out, and the overall pavement performance is expected to

improve [4-6].
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Main Lane Shoulder

Base Course

Pumping Water

Base Course

Figure 1.1 Schematics of pumping action.

In pavements, void space in form of joints, cracks, or voids between particles is always present.
Consequently, removal of any of the other three conditions can mitigate or eliminate pumping, namely:
a) limiting pavement deflection, b) separating fines from intruding upper layers, and c) removing free
water by improving soil drainage. Numerous studies have been performed on the application of
geotextiles in mitigating pumping in which the geotextiles were used as reinforcement [7-9],
separation/filtration [10-19], and drainage [8]. The reinforcing effect of geotextile is mobilized by some
degree of deflection under wheel load, and due to the low stiffness of most of the geotextiles, this
function of geotextile has not gained popularity. Up to date, geotextile is mostly used as a separator/filter
layer when it is used in pumping mitigation. However, issues such as clogging the drainage layer due to
fines migration may occur [12]. Improving the drainage of the pavement system using geotextiles seems
a promising and straightforward method in pumping mitigation. Pavement drainage is specifically
important as repeated traffic load can drastically increase pore water pressure in the pavement, which
accelerates the deterioration [20-25]. A major limitation of conventional geotextiles is their inability to
drain capillary water since they can only drain free gravitational water under saturated conditions [27].
As a result, pavements having conventional geotextiles usually are under near-saturated to saturated
conditions. Consequently, repeated traffic loads generate higher positive pore pressure under such
conditions and potentially initiate pumping. It was reported that the cyclic wheel load can generate
excess pore water pressure up to 28 kPa (4.1 psi) [3, 16]. Dempsey [26], based on field and experiment
results, pointed out that a 20 kPa (2.9 psi) increase in pore pressure is enough to easily move finer grains

(particles smaller than10 mm or 0.4 in.).
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In recent years, a new type of wicking geotextile has been developed. Different from
conventional geotextiles, the wicking geotextile was designed with polyethylene multifilament fibers for
reinforcement and the specially designed nylon wicking fibers with deep grooves for lateral drainage
purposes [26]. It was proven to be efficient in draining both free and capillary water under saturated and
unsaturated conditions [29], and there have been several successful applications of the wicking
geotextile due to this unique feature. Zhang and Presler, [30] first used the wicking geotextile to prevent
frost heave and thaw weakening at Beaver Slide of the Dalton Highway in Alaska, and available data
and field observations since 2010 have clearly indicated that the wicking geotextile has successfully
eliminated the frost boil problem in the test section. Other examples included the Alaska Department of
Transportation and Public Facilities’ Dalton Highway 197-209 experimental feature project and
Milepost 196 Parks Highway Broad Pass Railroad Overcrossing project [31-32]. In these projects, the
wicking geotextile effectively removed the excess water in the pavement structure and improved
pavement performance, leading to a significant cost saving on maintenance and repair [31]. In addition,
field observations of the drainage performance of the wicking geotextile indicated that clogging was not
a major issue, and the drainage system with the wicking geotextile still worked effectively in
dehydrating road embankment 5 years after the completion of the project [32].

Figure 1.2a shows a picture of the wicking geotextile used in this study. The schematics of the
cross-section of the wicking geotextile are illustrated in Figure 1.2b. As depicted in Figures 1.2a-b, the
wicking geotextile has two different warp yarns which are weaved by wefts. The reinforcing warp yarn
is made of polypropylene with high tensile strength. The unique properties of the wicking geotextile
come from its wicking warps that are woven at the top, middle, and bottom of the fabric cross-section.
These warps give the wicking geotextile a great potential for maximizing capillary action and water
transport in an unsaturated environment. Each wicking warp consists of 144 hydrophilic and
hygroscopic nylon wicking fibers (Figure 1.2c) for drainage purposes. These fibers are highly
hydrophilic with multichannel cross-sections, which have a high shape factor and a great number of
channels per fiber (specific surface area = 3650 cm2/g (16039 in.2/0z)). Each wicking fiber has an
average diameter of 30-50 pm and the opening of the grooves is 5-12 um (Figure 1.2¢). The working
mechanism of the wicking geotextile is depicted in Figure 1.2d. The weaving pattern of the wicking
geotextile allows it to absorb water from both the top and the bottom sides and transport it along the
deep grooved channels. Since the relative humidity of the air is usually less than 90% under most

conditions, the suction caused by air at the surface of a pore is very high (>14 MPa or 2 ksi). If the end
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of the wicking geotextile is exposed to the atmosphere, there is a high suction gradient in the wicking
geotextile from its buried end in the soil to the exposed end. The suction gradient is the driving force
that continuously transports water from the buried end of the wicking geotextile to the exposed end.
Water is then vaporized into the surrounding atmosphere at the exposed end and gradually dries the soil.

Wicking warp Reinforcing warp

¢ Suction > 14.000kPa
1 (RIT < 90%)

Centerline

Wicking Fabric

(©) (d)

Figure 1.2 Wicking geotextile: a) fabric photo, b) schematics of fabric cross-section, c) schematics of a
single fiber, and d) schematics of wicking geotextile working mechanism (adapted from [33]).

1.2 Construction of the Test Section

In order to evaluate the performance of the wicking geotextile, a full-scale field test section
(Figure 1.3) was constructed and instrumented with the help of the Missouri Department of
Transportation (MoDOT). A 225 ft. (68.6 m) -long road shoulder was selected at milepost 117.2 on the
eastbound Interstate 44 in Missouri. Three sections, including a 30 ft. (9.1 m) -long control section, a 20
ft. (6.1 m)-long section 1, and a 175 ft. (53.3 m)-long section 2 were constructed (Figure 1.3a). The
sections were instrumented with 33 water content reflectometers to measure volumetric water content
(hereafter referred to as VWC) and temperature as shown by numbers in Figure 1.3a. For this type of
sensor, the VWC measurement range is 0% to 100% +3%, and the temperature measurement range is -
50 to +70°C £0.5°C (-58 to +158°F £0.9°F) [35]. The control section was left untreated without the
installation of the wicking geotextile. Section 1 was in the middle with the installation of a 15 ft. (4.6
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m)-wide, toppled L-shape wicking geotextile at a depth 18 in. (46 cm) below the road surface at the
interface of subgrade and the base course layer, as shown by a solid red line in figure 1.3a. In section 2,
the 15 ft. (4.6 m)-wide wicking geotextile was placed horizontally at the interface of the subgrade and

the base course layer at a depth 18 in. (46 cm) below the road surface.

Figures 1.3b shows the construction of the field test sections. The existing road shoulder was
first excavated to a depth of 18 in. (46 cm) until the clayey subgrade was exposed. For each sensor
installed within the subgrade layer, a hole was dug at a depth of 4 in. (10 cm) below the subgrade (22 in.
(56 cm) below the final road surface) to place the sensor and then backfilled with uniform-graded sand.
After installation of the sensors in the subgrade, the wicking geotextile was placed over the subgrade in
sections 1 and 2. The second group of sensors was then installed right on top of the geotextile after its
placement and covered with the sand (Figure 1.3b (left)). Due to the test sections’ configuration, the
outer edge of the wicking geotextile in section 2 was approximately 1 ft. (0.3 m) beyond that in section 1
as shown in Figures 1.3a and 1.3b. Next, a layer of base course material was placed in one lift and
compacted above the subgrade (or the wicking geotextile) with the final height of 16 in. (41 cm) (Figure
1.3b (right)). The shallowest sensors in each section were then installed in the base course at a depth of 8
in. (20 cm) below the final road surface in a similar way as of the sensors in the subgrade. Finally, the
base course was covered by a 2 in. (5 cm)-thick hot-mix asphalt (HMA). The construction of the field
test sections was completed on September 28, 2018. The solid pink lines in Figure 1.3c show the vertical
cross-section locations of the three test sections. Soil moisture and temperature in all test sections were
monitored by the installed sensors right after the construction of test sections on September 28, 2018, at
an interval of every 15 minutes. The results were then averaged into hourly readings and stored in the

data logger for further analysis.
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Figure 1.3 Field test sections. a) design schematics, b) installation of the wicking geotextile and the
second layer of sensors (left), compaction of the base course (right), ¢) final configuration.
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Chapter. 2 Local Climatic Data

Moisture content in the pavement structure is closely related to local climatic conditions. Hence,
it is important to acquire local climatic data and compare it with the changes in moisture content in the
pavement when analyzing the field data. Figure 2.1 shows the local climatic data obtained from the
closest weather station (Camdenton, Missouri) 30 miles north of the field test section from 09/28/2018
to 12/23/2021.

As shown in Figure 2.1a, the mean daily air temperature varies between 20-30°C (68-86°F) in
summer whereas in winter, air temperature fluctuates around (-5)-10°C (23-50°F) most of the time. This
pattern repeats yearly without significant deviation from one year to another. The mean daily
temperature in 102 days out of 1183 days was below the freezing temperature (0°C or 32°F).

Figure 2.1b shows the relative humidity during the monitoring period. The relative humidity
ranged between 50-90% most of the time. It is clear that the air suction induced by the relative humidity
(Figure 2.1c) was always greater than 1 MPa (145 psi), with an overall average of around 100 MPa (14.5
ksi). This suction generates a hydraulic gradient in the wicking geotextile that is the driving force that

continuously transports water from the buried end to the exposed end of the wicking geotextile.

Precipitation indicates how much water is available to infiltrate into the pavement system. As
shown in Figure 2.1d, precipitation was observed in 356 days out of 1183 days, with an accumulative
value of 3005 mm (118 in.). Each year, most of the precipitation occurred from April to July, mainly in
the form of rain. The total amount of precipitation is divided into infiltration, runoff, and evaporation.

Usually, rainfall infiltration is the main cause of the increase in soil moisture.

Potential evapotranspiration in Figure 2.1d represents the maximum ability of a certain climatic
condition to vaporize water from a free water surface. Although the actual evapotranspiration could be
different from the potential evapotranspiration due to the availability of water in the pavement system
and other factors, the potential evapotranspiration is a good indication of the amount of water that could
be lost from a surface. The daily potential evapotranspiration, calculated based on ASCE's standardized
reference evapotranspiration equation [36], is presented in Figure 2.1d with the cumulative value of
2869 mm (113 in.). As explained before, water that is transported to the exposed end of the wicking

geotextile is vaporized continuously and causes the soil around the wicking geotextile to gradually dry.
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Figure 2.1 Average daily climatic data. a) Mean air temperature, b) Relative humidity, ¢) Air suction, d)
Precipitation and potential evapotranspiration.
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Chapter. 3 Performance of the Test Section

In this chapter, the performance of the field test section is discussed. First, general observations
and maintenance on the test section are presented. Later, temperature and moisture data obtained from

the field test section is used to evaluate and discuss the performance of the field test section.

3.1 General Fieldwork

Throughout the monitoring period, quarterly routine visits to the field test section were made.
During each visit, visual observations were made on the situation of the test section. In addition,
sensors’ data was collected to be used to evaluate the subgrade/base layer situation. Additional trips
were made as necessary in order to resolve issues that were encountered during the monitoring period.

Detailed information on these issues is provided in the following paragraphs.

As mentioned in the preliminary report, the whole width of the wicking geotextiles in sections 1
and 2 was completely covered by the base course layer when the construction of the field test section
was completed. Later, on 2/9/2019 soils at the shoulders of test sections, 1 and 2 were removed to
expose the wicking geotextile to air to facilitate the drainage (Figure 3.1). The exposed length of the
wicking geotextile in sections 1 and 2 was at least 12 in. along the whole length of the corresponding
sections. During a visit on 9/13/2020, it was found that the wicking geotextile in test section 1 was
completely covered by the collapsed base course soils and grass, while in test section 2, most of the
wicking geotextile was covered. 10 days later on 9/23/200, an additional trip was made to the field test
section. In this trip, the collapsed soils and grass were removed to expose the wicking geotextiles in both

sections 1 and 2 (Figure 3.2).
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(b)

Figure 3.1 Field test section situation on 2/9/2019. a) before exposing the end of the wicking geotextile,
and b) after exposing the end of the wicking geotextile.

Figure 3.2 Field test section situation. a) Field test section situation on 9/13/2020 before exposing the
end of the wicking geotextile, and b) Field test section situation on 9/23/2020 after exposing the end of
the wicking geotextile.
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Figure 3.3 Ant nests inside the datalogger chamber.
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3.2 Soil Temperature Data

In the following paragraphs results of temperature measurements at different locations in the test
section are discussed.

Figure 3.4 shows the temperature variation in sensors 5, 17, 30, located at depth 8 in. below the
shoulder surface in the control section, section 1, and section 2, respectively. It can be seen that the
temperature variations in different years are very consistent. In summer, the temperature rose to around
35°C (95°F) and it dropped to around 5°C (41°F) during wintertime. Except for a short period in early
2021, the base layer did not experience subfreezing temperature. Noting that these sensors are located

near the top of the base layer, soil freezing is unlikely to occur in the field test section.

As mentioned before, Ants nesting caused some data loss between 5/5/200-9/23/2020. During
this period the data related to some of the sensors, like sensor 30, was not recorded. This period is shown
by the green dashed double arrow in Figure 3.4. In addition, sensor 5 shows false temperature readings
for the most part in 2021. This problem might have been caused by mechanical damage or other
unpredicted issues.

50
40 ——S5 (Control) ~ ——S17 (Section1) = ——S30 (Section 2)
&)
<~ 30
° )
5 20 Free‘zmg
[
o \
2 10 =iy
g Data loss due ™. /
= 0 0 a0t nest | Corrupted
0 ant nests data
-10 il
B > 9 9 9 9 Q Q Q Q N N N
> D \ \ \) \ » » OV » Y ) )
B I I I I I O O
v v A v v v v v v v
\ NG N S N\ Q Y NG N N

Figure 3.4 Temperature variation near the top of the base layer in the control section.

Similar to sensor 5, sensors 10, 13, 22, and 28 have also stopped working at some time during
the monitoring period. The temperature readings in these sensors have been removed from the analyzed
data. The time at which each of these sensors stopped working is displayed in Figure 3.5. The arrows in
Figure 3.5 show the time when each sensor stopped reading valid temperature. Since most of the sensors

stopped working is within a few months before the data loss as a result of ant nests, it is believed that
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ants inside the datalogger chamber might have caused electrical short-circuit in these sensors and caused
permanent damage to them. It should be noted that the permanent damage mainly affected the
temperature measurement circuit in these sensors. As it will be shown later, the soil moisture

measurement of these sensors was used in the analysis despite their false temperature measurements.

50
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Figure 3.5 Temperature variation in corrupted sensors.

Since the temperature in other locations in the base layer and the subgrade was very similar to

what has been presented in Figure 3.4, the soil temperature is not discussed further.

3.3 Soil Moisture Data

The main objective of this chapter is to analyze soil moisture data in the test section, in order to

evaluate its performance with regards to the pumping issue.

The VWC profiles over the entire monitoring period at different locations of road shoulder are
shown in Figure 3.6 (using results from several sensors as examples). The VWC data in section 2 from
May 2020 to October 2020 was missing due to the ant nesting issue, as indicated by the discontinued
VWC for section 2 in Figure 3.6. Therefore, it was assumed that the trend of the VWC during the
discontinued period was close to that of the previous year. Figure 3.6a shows the variation of VWC from
the sensors at the inner edge of the base course in the control section (sensor 5), section 1 (sensor 17),
and section 2 (sensor 30). Over the entire monitoring period, the VWCs at all sections were always
higher than the VWC at which the base layer was compacted. As a result, pavement performance was
never as good as that at the end of the construction. After the initial increase in VWC and the following
drop, the VWC in the soil was almost constant for nearly three months. The VWC of section 1 was the
highest with a value of around 0.37. The VWC of the control section was approximately 0.35. The
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moisture in section 2 however, was much less than the other sections and the VWC was around 0.29, as

a result of longer exposed end.
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Figure 3.6 VWC profiles at different locations of the road shoulder. a) near the top of the base course
close to the vertical interface of the right driving lane and the road shoulder, b) near the top of the
subgrade close to the vertical interface of the right driving lane and the road shoulder, c) in the subgrade
below the wicking geotextile close to side slope.

As mentioned earlier, the outer end of the wicking geotextile was exposed to the atmosphere on
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2/9/2019 and 9/23/2020, as indicated by vertical dashed green lines in Figure 3.6. It can be seen from
Figure 3.6a that the trend of the VWC profiles in sections 1 and 2 changed right after exposing the end
of the wicking geotextile. Over a period of approximately 10 days, the VWC reduced by approximately
0.01 and 0.03 in sections 1 and 2, respectively. As the exposed area of the geotextile surface increased,
it’s expected that the evaporation rate from its surface increased, and thus the suction on the outer end of
the wicking geotextile increased, and more water was reduced from the soil. By March 2019, with an
increase in the precipitation, the VWC in all sections increased gradually until the end of July 2019.
During these four months where the VWC was relatively high, the average increase in VWC in the
control section, sections 1 and 2 were 0.16, 0.11, and 0.05, respectively. As can be seen in Figure 3.6a,
the increase in VWC in section 2 was the least. In addition, before exposing the end of the wicking
geotextile on 2/9/2019, the VWC in section 1 was higher than the control section. However, after
exposure, the VWC increase in section 1 dropped below the control section. By April 2019, the VWC in
section 1 was well below that of the control section, indicating the improved drainage performance of
the wicking geotextile since a longer width of wicking geotextile was exposed to the atmosphere. From
October 2019, the VWCs in all sections started to reduce due to less precipitation and then increased
from February 2020 due to the increase in precipitation. By April 2020, the VWC in section 2 started to
reduce despite the increases in VWC in other sections. Please note that the evapotranspiration at this
time, as shown in Figure 3.6c¢, is the highest in 2020. As a result, the soil in section 2 dried quickly. At
the beginning of 2021, a sudden increase in VWC corresponding to a few days of high intensity of
rainfall was observed, followed by a quick drop due to freezing, and then another sudden increase in
VWC due to the thawing process as shown by a dashed green rectangle. In both rainfall and thawing
time in this period, the increase in moisture in section 2 occurred quicker than in other sections. This
was because the extra moisture added by successive heavy rainfalls or thawing may have flowed back
into the pavement as the exposed portion of the wicking geotextile became nearly saturated. At this time,
the soil inside the pavement was still under unsaturated condition. The hydraulic gradient vector was
then from the exposed edge of the wicking geotextile to the inside of the pavement, transporting water

into the pavement.

Another reason for the apparent increase in moisture content after the thawing is the infiltration
of saltwater into the soil. Road salt applied during winter has possibly dissolved in water and percolated
into the soil and caused an increase in the electrical conductivity of the soil bulk. Since the VWC in the

soil is measured using the electrical conductivity of the soil, the added salt to the soil increased the
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electrical conductivity measured by the sensor. The sensors used in this study can measure VWC
accurately if the electrical conductivity measurement is less than 0.9 ds/m (deci-siemens per meter).
Assuming the soil void ratio is constant over the monitoring period, the limiting electrical conductivity
measurement corresponds to VWC equal to a value around 0.61. As a result, any VWC reading beyond
0.61 is a result of soil bulk electrical conductivity of higher than 0.9 ds/m. The black horizontal dashed
line in Figures 3.6a-b shows the limiting valid VWC measurement (0.61) for the sensor used in this
study. Nonetheless, quickly after the exposed end of the geotextile was dried, soil moisture started to be

wicked out of the pavement.

The VWC profiles at the inner end of the shoulder in the subgrade below the wicking geotextile
in the control section (sensor 2), and sections 1 (sensor 11) and 2 (sensor 24) are shown in Figure 3.6b.
One of the main differences of the VWC variations in Figure 3.6b compared to what has been shown in
Figure 3.6a, was the sharper increase in VWC variations during rainfalls. This can be explained by the
distance of the sensors from the wicking geotextile. As the sensors were placed closer to the wicking
geotextile, the water that was transported from the nearly saturated exposed end of the geotextile
reached the sensors quicker. This means that the difference in VWC in dry and wet conditions would be
larger and the transition time between these extremes would be shorter. Similar to the VWC variations
in the base layer (Figure 3.6a), the VWC in the subgrade showed the superior performance of the
sections with wicking geotextile. In general, the VWC in section 2 was up to 0.11 less than that of the
control section. Wicking geotextile in section 1 with shorter exposed length, reduced moisture from the
soil up to 0.03 compared to the control section. During a few heavy and/or continuous rainfalls and
thawing as shown by green dashed ovals in Figure 3.6b, the VWC in sections 1 and 2 were higher than
the control section for a short period of time. However, quickly after the runoff water was removed from

the surface of the geotextile, the VWC dropped quickly in the soil due to the wicking process.

Figure 3.6¢ shows the variation of VWC in the clayey subgrade, at the outer edge of the
subgrade below the wicking geotextile in the control section (sensor 4), section 1 (sensor 13), and
section 2 (sensor 26), respectively. These sensors were installed near the side slope of the road shoulder
where the subsurface flow regime was highly affected by the sloped boundary. In general, the difference
in VWC right before and after any rainfall event was higher in this location. Individual rainfall events
can be easily identified from the spikes in the graphs of sections 1 and 2. In these sections where

wicking geotextile was installed, water quickly drained out after the rainfall was over. On the other
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hand, the overall VWC in the control section was much higher than those in sections 1 and 2 most of the
time. As can be observed in Figure 3.6c, the fluctuation of VWC in the control section was much less
than those in sections 1 and 2. The reason for this is that in the control section, due to lower drainage
performance, water accumulated by the recurring rainfalls. Since the water could not drain as fast as
other sections, the control section showed less fluctuation amplitude of VWC during rainfalls, indicating
that the overall permeability of the section was relatively low. The low permeability delayed the increase
in the water content during the rainfall the same way as it prevented the soil from draining water

quickly.

It is important to point out that pumping usually occurs at the interface between the driving lane
and the shoulder. Thus, reducing the water content at this location is crucial for pumping mitigation.
Signs of pumping were abundant at this location as well as similar locations along the shoulder prior to
the construction of the test section. As observed in Figures 3.6a-b, the VWC in this location was reduced
up to 5-15% in spring when the pavement was relatively wetter than in other seasons. If it is assumed
that the control section at its wettest condition was saturated, then, section 1 and especially section 2
were far from saturated conditions with negative pore-water pressures. As pumping is induced by
positive pore pressure build-up [35], the improved section showed much less likelihood of pumping.

To better understand the effect of installing the wicking geotextile in reducing water content in
the paved shoulder, the spatial distribution of the VWC was plotted at moments of before, during, and
after a specific rainfall, as shown in Figure 3.7. Figure 3.7a shows the distribution of VWC on
11/12/2018, which is 7 days before the rainfall of 11/19/2018. At least one week had passed since the
last rainfall and all test sections were relatively dry. Section 2 was the driest among all sections. The
driest location in section 2 is at the upper part of the interface between the driving lane and the shoulder,
which indicated superior performance since if the soil at that point were dry, it is unlikely for the

pumping to occur.
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Figure 3.7 VWC at different times before exposing the tip of the wicking geotextile at section 1. a)
before rainfall on 11/12/2018, b) during rainfall on 11/19/2018, c) after rainfall on 12/11/2018, and after
exposing the tip of the wicking geotextile at section 1: d) before rainfall on 4/2/2019, e) during rainfall
on 4/4/2019, f) after rainfall on 4/13/2019.
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Figure 3.7b shows the spatial distribution of the VWC during a rainfall event of 11/19/2018. The
VWCs in all three sections increased in general, although the increases at the side slope portion were
larger than that inside the shoulder. In addition, a noticeable increase in VWC at the inner edge of
section 2 was observed. The VWC change in section 1 was between the increase in control and section
2. Figure 3.7c¢ shows the distribution of VWCs in all sections after one week of no rainfall. Compared
with Figure 3.7b, it was found that larger changes in VWC occurred in soils near the surface than those
inside the road shoulder, and the largest VWC changes occurred in section 2 at the lower part of the
interface between the driving lane and the shoulder. At similar locations in section 1, there were no
visible changes in VWC, while in the control section, there was a slight increase in the VWC. Note that

these readings took place before exposing the edge of the wicking geotextile.

A comparison of the same phenomenon after exposing the edge of the wicking geotextile in
section 1 is shown in Figures 3.7d through 3.7f. Figure 3.7d shows the distribution of VWC on 4/2/2019,
a few days after the last rainfall when the pavement was relatively dry. The overall VWC was higher
than that shown in Figure 3.7a, indicating that the VWC increased during the spring of 2019. Section 2
was the driest section and section 1 was drier than the control section. During the rainfall on 4/4/2019
(Figure 3.7e), the VWC increased in all sections. The increase in VWC in subgrade at the inner edge of
the pavement was much more compared to the upper layers. After eight days (Figure 3.7f), sections 1
and 2 noticeably dried compared to the control section, specifically at the outer edge of the pavement.
Similar to what has been observed in Figures 3.7a through 9c, the superior performance of the improved

sections is obvious.
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Chapter. 4 Conclusions

In this study, a new type of wicking geotextile was used to mitigate pumping in pavements in
Missouri. A field test section was constructed at milepost 117.2 of eastbound Interstate 44 in Missouri.
In order to compare the different placements of the wicking geotextile in reducing moisture content in
the pavement, three sections were designed. One was the control section without wicking geotextile,
section 1 was a section with L-shaped wicking geotextile, and section 2 was a section with the horizontal
installation of wicking geotextile. Continuous monitoring of these sections from September 2018 to
December 2021 clearly demonstrated that the installation of wicking geotextile had considerably
reduced the moisture content in the pavements structure and was beneficial to the mitigation of the
pumping issue, especially where the pavement is prone to pumping damage. The key findings of this

study are summarized as follows:

1. Although the road shoulder was constructed at very low initial moisture content, the
moisture content in the road shoulder quickly increased to a high level after the first
rainfall and never dropped to the initial moisture content. As a result, pavement

performance was never as good as that at the end of the construction.

2. Moisture contents in all three test sections in the road shoulder constantly changed with
the local climatic conditions. Rainfall infiltration was the major reason for moisture
content increase, which occurred quickly after the beginning of each rainfall event. Even
though there were no signs of surface damage/crack on the shoulder up to the time of this
report, a considerable amount of water was infiltrated into the pavement’s subsurface

layers.

3. Installation of a layer of wicking geotextile successfully drained more water from the

pavement and provided a drier subgrade/base course layer.

4. Exposing the end of the wicking geotextile increased its drainage performance
noticeably. To obtain the best performance, the end of the wicking geotextile needs to

remain exposed to the atmosphere.

5. During rainfalls, water could backflow into the pavement from the exposed end of the

wicking geotextile for a short period. However, shortly after rainfall stopped, wicking

29|Page



geotextile drains water out of the soil.

6. Among all three test sections, section 2 with the horizontal installation of wicking
geotextile performed the best due to the longer exposed length. Section 1 installed with

L-shaped wicking geotextile performed much better than the control section.

7. The reduction in VWC near the top of the base course layer was up to 25% in section 2
where a horizontal layer of wicking geotextile was installed. On average, the VWC in
section 2 was around 10% less than the control section at the top of the base course layer
where the pumping damage was mostly observed prior to the construction of the test

section.

Although this study did not directly address the separation/filtration functions of the wicking
geotextile regarding the pumping issue, it has been shown that the wicking geotextile successfully
drained capillary water in pavements and increased average suction in soil. The reduction in average soil
moisture at least delays the pumping if not completely prevent it. This would be beneficial in mitigating
pumping since even under repeated traffic load, the pore water pressure would not reach positive values,

thus, the potential pumping and clogging would not occur.

It’s noted that all the discussions presented in this report were based on the results from a limited
monitoring time period (39 months). As pumping is a gradual process that takes place over a long time,
continued monitoring of field sections is strongly recommended for a better understanding of the effect

of wicking geotextile on long-term pavement performance.
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