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Geo-mat system is considered as an alternative to a flexible or rigid pavement that
can be used for fire lanes, parking areas, or roadway shoulders for cars, pickup
trucks, utility/delivery trucks, and fire trucks. Also, it can be used to reduce the
thickness of the base course in unpaved roads. In this investigation, six cyclic
loading tests were conducted to assess the efficacy of the geo-mat system on
weak to intermediate subgrade layers, characterized by California Bearing Ratios
(CBR) of 2%, 3%, and 4%. Control sections, consisting of a 300-mm thick base
course over subgrade layers with CBR values of 2% or 4%, were compared against
the test sections comprising a geo-mat system placed atop aggregates of varied
thickness (150 or 50mm) on a geotextile layer over the same subgrade layers.
Each test section underwent cyclic loading, progressively increasing from 17.8 to
71.2 kN using a 300-mm diameter steel plate. The results demonstrate that the
geo-mat system, particularly when placed over a 150 mm-thick aggregate base,
exhibited comparable or superior performance to the control sections with a
300mm thickness, especially under substantial cyclic loading. This was
evidenced by the reduced permanent deformations beneath the loading plate
and awider load distribution. The increase of the subgradeCBR value reduced the
permanent deformation significantly. When the intermediate subgrade with a 4%
CBR was used, the geo-mat system played a more important role than the
aggregate base and the base thickness had a minor effect on the performance.
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Introduction

Weak subgrade soil refers to soil with low bearing capacity, high compressibility, or
inadequate stability, which can lead to significant deformation and failure under loading if not
properly addressed. Constructing roads on weak subgrade soils often requires a special
treatment to avoid excessive deformations in the weak layer. Chemical treatment is one of the
solutions widely used to improve the properties of the weak soils; however, this type of
treatment is often costly and requires special equipment and procedure. Another solution is to
place a layer of aggregate base over the weak subgrade to reduce the stresses on the weak soil.
Even though this choice is commonly used in practice, it needs a large amount of materials
and considerable effort for compaction and it is more suitable for permanent road projects.
For temporary roads, such as fire lanes, parking areas, or roadway shoulders for cars, pickup
trucks, utility/delivery trucks, and fire trucks, a geosynthetic mat-system has apparent
advantages over the previous solutions.
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The geo-mat system, one type of geosynthetics, is composed of
interconnected plastic cells, which can function as a stiff load-
distribution foundation for unpaved roads. The use of the geo-
mat system over weak soils presents an alternative method to
enhancing the performance and durability of roads in the areas
where traditional paved roads might not be practical or cost-
effective. The benefit of this technique can be summarized as
improving the load distribution, enhancing the bearing capacity,
minimizing soil particle migration, reducing maintenance need,
minimizing rutting and deformations, and having quick installation.

The use of geosynthetics to stabilize the base aggregate and to
reduce the load distributed on the weak subgrade in the road
projects has been investigated by several researchers (Giroud and
Han, 2004a; Giroud and Han, 2004b; Sun et al., 2015; Correia and
Zornberg, 2016; Sun and Han, 2019a; Sun and Han, 2019b; Sun
et al., 2020a; Sun et al., 2020b). Other research has also been
conducted on using geosynthetics in mechanically stabilized
earth (MSE) walls and geosynthetic-reinforced soils (GRS)
(Karpurapu and Bathurst, 1995; Shen et al., 2019; 2020;
Kakrasul et al., 2020; Liu et al., 2022; Jawad et al., 2020; 2021).

The benefit of geosynthetics in reducing the thickness of base
layer has also been investigated through conducting several
experimental studies (Anderson and Killeavy, 1989; Miura et al.,
1990; Webster, 1993; Gupta, 2009; Rejwanur Rahman et al., 2021).
Anderson and Killeavy (1989) found that the use of a geotextile
reduced the base thickness from 450 mm in the unreinforced section
to 350 mm in the reinforced section. Miura et al. (1990) observed in
the field that the reinforced sections with a 50 mm less base course
outperformed the control sections without any reinforcement across
all rut depths. Webster (1993) found that, on a subgrade with a
California Bearing Ratios (CBR) of 8%, the section consisting of a
geogrid with a 150-mm thick base showed equivalent performance
to an unreinforced section with a 250-mm thick base. Gupta (2009)
reported the base course reduction in the range of 20%–40% after
geosynthetic reinforcement, with a greater percentage reduction
observed for weaker subgrade. Rejwanur Rahman et al. (2021)
conducted four large-scale tests to evaluate the performance of
geocell-stabilized base course versus the non-stabilized section
placed on the subgrade with different CBR values. Their results
revealed that the performance of a geocell layer with a 58% thinner
base course was better than that of a non-stabilized base course.
Moreover, the effect of the geocell was more obvious when it was
placed on the weak subgrade than on the intermediate subgrade.

Even though the geo-mat system is not new innovation, limited
studies have been conducted as compared to geogrid, geotextile, and
geocell. Gartrell et al. (2009) assessed the performance of six types of
mat systems constructed on low strength soil (5%–6% CBR),
medium strength soil (8%–10% CBR), and strong soil (40%–50%
CBR). They plotted rut depths with the number of passes for each
test section and found that some mat systems experienced
deformations more or less than the allowable rutting depth, while
other mat systems had mechanical failure due to the applied load.
Rushing and Howard (2011) examined 11 matting systems placed
over loose sand and/or weak fine soils and then estimated a rut depth
using the developed regression equations. The failure criteria in
their full-scale tests were 20% damage in the mat system or the rut
depth exceeding 75 mm. Another experimental study was
conducted on geo-mat systems that were made of different

types of materials and subjected to aircraft loading (Dolye et al.
2014). Sun et al. (2021) developed an analytical method to evaluate
the vertical resistance by the geo-mat system and the reduced
vertical stresses on the subgrade layer, which were verified by
numerical results and experimental data.

This study was designed to compare the performance of geo-mat
systems over weak to intermediate subgrades with a typical section
of 300 mm-thick base course layer placed over subgrade layers of
different strengths. The comparisons between the tests were
conducted based on the surface permanent deformation, the
vertical stress at the interface, and the angle of load distribution.

Materials and test setup

Subgrade

The subgrade material used in this study was a mix of kaolin clay
(plasticity index, PI = 24) and non-plastic concrete sand (ASTM, 2018)
at a mixing ratio 1:3 (i.e., 25% clay and 75% sand) based on their dry
masses. Three subgrades at different CBR values were prepared at
different moisture contents in this study. The subgrade with a nominal
CBR value of 2% was prepared at a moisture content of approximately
9.8%, while the intermediate subgrades with nominal CBR values of 3%
and 4% were prepared at the moisture contents of approximately 8.9%
and 8.5%, respectively. The maximum dry unit weight of the subgrade
was 20.3 kN/m3. The subgrade was compacted in six layers of 150 mm
thick each layer at the desired moisture content and density to achieve
the required CBR value.

To control the quality of the subgrade material during
construction, vane shear tests were conducted according to
ASTM (2016c) for each subgrade layer, and also Dynamic Cone
Penetrometer (DCP) tests according to ASTM (2016d) were
conducted after the completion of the subgrade layers and after
the placement of the aggregate base.

Virgin granular base

The base course material used in all test sections was Virgin
Granular Base (VGB) that is usually utilized in road projects and
meets the specifications of the Kansas Department of
Transportation (KDOT) for granular base courses under concrete
pavements (KDOT, 2018). Figure 1 shows the gradation curves of
the base course along with the upper and lower limits defined by
KDOT (2018) . The plasticity index of the VGB particles passing No.
40 sieve was 7 and the optimum moisture content and its
corresponding maximum dry unit weight according to modified
Proctor tests (ASTM, 2016b) were 7.1% and 21.2 kN/m3,
respectively. The nominal CBR value of the aggregate base at the
moisture content of approximately 7.1% was 15% and verified by
DCP tests after the preparation of each test section.

Geotextile

A nonwoven geotextile layer was placed between the
aggregate base and the subgrade and anchored to the subgrade
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layer at the four corners of the test box. Nonwoven geotextile is
commonly used for a variety of functions including separation,
filtration, and drainage for geotechnical engineering projects.
Table 1 shows the parameter values of the nonwoven geotextile
used in the tests.

Geo-mat

The geo-mat made of high-density polyethylene material
consists of porous cells with the mat dimensions of 1 m long,
0.5 m wide, and 0.05 m high. Each cell is either rectangular

FIGURE 1
Base course material gradation.

TABLE 1 Specifications and parameters of the nonwoven geotextile
(provided by the manufacturer).

Parameter Unit Value

Unit mass g/m2 119

Grab tensile strength N 400

Grab elongation % 50

Trapezoid tear N 156

Puncture N 245

Mullen burst kN/m2 1276

FIGURE 2
Configuration of the geo-mat system: (A) geo-mat in the test box and (B) geo-mat in a bricklayer pattern.
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(83 mm × 165 mm) or square (83 mm × 83 mm) to provide
confinement to aggregate filled in the cell. The geo-mats were
connected using U-shape steel clips to form a geo-mat system.
Figure 2 shows the geo-mat system configuration in the test box.

Test setup

Totally six large-scale tests were constructed inside a test box
with dimensions of 2.0 m × 2.2 m × 2.0 high. In each test, six
subgrade layers with a thickness of 150 mm were placed and
compacted by an electrical compactor to a target CBR value

(i.e., 2%, 3%, or 4%). Five vane shear tests were conducted at two
depths for each compacted subgrade layer to confirm the CBR value.
After the completion of the subgrade layers, four dynamic cone
penetrometer (DCP) tests were conducted at different locations for
each test section. In the control sections (i.e., without a geo-mat
system), the base course material was compacted in two layers with a
thickness of 150 mm. In the test sections with the geo-mat system, a
nonwoven geotextile layer was placed on the top surface of the
subgrade and anchored to the subgrade layer by stakes at the four
corners of the test box before the placement of the base course layer.
The base course material was placed and compacted in one layer of
different thickness (i.e., 150 mm and 50 mm) as desired. Sand cone

TABLE 2 Summary of base and subgrade conditions in six test sections.

Test no. Test section Base course
CBR (%)

Subgrade CBR (%) before base
course layer

Subgrade CBR (%) after base
course layer

1 300 mm base course over 2% CBR
subgrade

11 (DCP) 1.9 (DCP) 2.5 (DCP)

2 (vane shear)

2 Geo-mat+150 mm base course over 2%
CBR subgrade

9 (DCP) 2.3 (DCP) 2.5 (DCP)

1.98 (vane shear)

3 300 mm base course over 4% CBR
subgrade

13.2 (DCP) 4.1 (DCP) 5.3 (DCP)

3.8 (vane shear)

4 Geo-mat +150 mm base course over
4% CBR subgrade

14.1 (DCP) 4.0 (DCP) 5.3 (DCP)

3.9 (vane shear)

5 Geo-mat +50 mm base course over 4%
CBR subgrade

9.5 (DCP) 3.9 (DCP) 5.0 (DCP)

3.8 (vane shear)

6 Geo-mat +150 mm base course over
3% CBR subgrade

9.8 (DCP) 3.2 (DCP) 3.4 (DCP)

2.9 (vane shear)

FIGURE 3
Cyclic loading wave form.
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method (ASTM, 2016a) was carried out for the base course layer to
confirm the relative compaction not less than 95% of the maximum
dry unit weight. Three more DCP tests were carried out after the
compaction of the aggregate base to confirm the CBR values for the
aggregate base and the subgrade. The correlation developed by

Webster et al. (1994) as shown in Eq. 1 has been commonly used
in the literature to estimate the CBR values of the base and the
subgrade from the DCP tests. The CBR value of the subgrade has
also been correlated with its undrained shear strength in the
literature. Walkenbach et al. (2019) established the correlation
between the subgrade CBR value and its undrained shear
strength from the vane shear test as shown in Eq. 2, specifically
for the subgrade used in this study. The geo-mat units were placed
on top of the base course and connected together by U-shape clips
and then filled in with compacted virgin granular base material.
Table 2 presents the average CBR values calculated from the DCP
test and the vane shear test for the subgrade and the base
course layers.

CBR � 292/DPI1.12 (1)
CBR � cu/29.54 (2)

where DPI = dynamic penetration index in mm/blow and cu =
undrained shear strength from the vane shear test in kPa.

Since the length of the geo-mat unit was 1 m, two of the geo-mat
units were cut in halves in all the test sections to arrange the geo-mat
units in bricklayer pattern inside the test box with the dimension of
2 × 2 m. The mat inside the test box was consisted of six complete
geo-mat units and four-halves units. The complete mat unit was
connected to the adjacent mats by 12 steel clips, while the cut mats
were connected to others by six steel clips. The load was applied on a
300-mm diameter steel plate seated on three adjacent mats.
Figure 2B shows the bricklayer pattern of the geo-mat system
with the location of the loading plate.

Cyclic load increments of 17.8, 35.6, 53.4, and 71.2 kN were
applied on the top surface to simulate different axle loads ranging
from a small axle load to an H-20 load that has a single axle load of
142.4 kN (i.e., each tire 71.2 kN). The time for each single cycle of
load was 1.3 s, i.e., a frequency of 0.77 Hz. The actuator produced
cyclic loading in a trapezoidal waveform with a minimum load
magnitude of 0.2 kN as shown in Figure 3. A pre-installed
displacement transducer (i.e., inside the actuator) was used to
measure the loading plate displacements during the test. Three
more displacement transducers were placed on the surface of the
base course or the geo-mat at distances of 300, 450, and 600 mm
from the loading plate center. To measure the vertical stress at the
interface between the subgrade and the aggregate base, six earth
pressure cells were used in each test, four of them, installed at the
center and at distances of 150, 300, and 450 mm from the loading
plate center, and the other two placed in the transverse direction in
front and behind the loading plate at the distance of 300 mm from
the center. Figure 4 shows the schematics of the test sections with the
locations of sensors.

Test results and discussion

Measured displacements under
loading plate

Figure 5 shows the displacements of the six tests under the
loading plate subjected to incrementally cyclic loading. Each load

FIGURE 4
Schematics of test sections.
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increment was applied to the maximum cycle number of 2000, or
until the maximum displacement reached 75 mm or more in some
tests. The permanent displacement represents the smallest
displacement in the curve for each load increment, while the
resilient displacement is the band thickness of the curve
(i.e., the maximum displacement minus the permanent
displacement). Figure 5A presents a comparison between the
two control test sections with different subgrade CBR values. As
expected, the control test with a strong subgrade (i.e., 4% CBR)
showed less vertical displacement and higher load bearing capacity
than the control test with a weak subgrade (i.e., 2% CBR). For
example, at the end of the cyclic load of 17.8 kN, the maximum
displacement under the loading plate center decreased by 38.5%
when the CBR value increased from 2% to 4%. Also, the control test
section with the weak subgrade reached a punching failure at the
cyclic load of 35.6 kN while the test section with the intermediate

subgrade (i.e., 4% CBR) failed at the cyclic load of 54.4 kN. To
assess the performance and the benefit of the geo-mat system,
comparisons between the control test sections and the geo-mat test
sections were made at different CBR values of subgrade. Figure 5B
shows the comparison between the control and geo-mat sections
on the weak subgrade. The test results show that both tests failed
before completing 2000 cycles at the cyclic load of 35.6 kN. At the
cyclic load of 17.8 kN, the control section exhibited less
displacement as compared with the geo-mat section, e.g., at the
end of cycle number, the permanent displacement in the control
section was 16.6 mm while 25.6 mm in the geo-mat section. This
behavior changed when the cyclic load increased to 35.6 kN. Even
though both tests failed before completing 2000 cycles of the load
increment of 35.6 kN, the permanent displacements at 500 cycles
of load were 82 mm for the control section and 71.1 mm for the
geo-mat section, respectively. It should be pointed out that the geo-

FIGURE 5
Loading plate displacement during cyclic loading: (A) Test No. 1 and Test No. 3, (B) Test No. 1 and Test No. 2, (C) Test No. 3 and Test No. 4, and (D)
Test No. 2, Test No. 4, Test No. 5, and Test No. 6.
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mat section had a base course layer of 150 mm thinner than the
control section. Figure 5C shows the comparison between the
control and geo-mat sections on 4% CBR subgrade. The test results
show almost the same performance for both tests up to the cyclic
load of 35.6 kN, but the geo-mat section exhibited more bearing
capacity than the control section with the increasing cyclic load.
For example, the control section failed at the cyclic load of 53.4 kN
while the test section failed at the cyclic load of 71.2 kN. Figure 5D
presents the comparison between the geo-mat test sections with
different base course thicknesses (i.e., 50 mm and 150 mm) and
different CBR values of subgrade. The test results show that the
bearing capacity of the test section increased with the increase of

the subgrade CBR value. Moreover, the thickness of the base course
layer had insignificant effect on the bearing capacity of the test
section on the intermediate subgrade (i.e., 4% CBR).

To quantify the benefits of the geo-mat system at different
cyclic loads, permanent displacements induced by each cyclic
load increment were determined and are presented in Table 3.
The permanent displacements were reported at the last cycle of
each load increment or at the cycle when the displacement
under the loading plate reached the maximum value
(approximately 75 mm or higher). Table 3 shows that the
geo-mat system reduced the permanent displacement by
approximately 13% at the cyclic load of 35.6 kN for the 2%

TABLE 3 Summary of permanent displacements due to load increments.

Test section Load increment

17.8 kN 35.6 kN 53.4 kN 71.2 kN

Cycle
(No.)

Disp. (mm) Cycle
(No.)

Disp. (mm) Cycle
(No.)

Disp. (mm) Cycle
(No.)

Disp. mm)

300-mm thick base course on
2% CBR subgrade

2000 16.6 500 82 - - - -

Geo-mat+150 mm base course
over 2% CBR subgrade

2000 25.6 500 71.1 - - - -

300 mm base course over 4%
CBR subgrade

2000 10.2 2000 32.4 1150 74 - -

Geo-mat+150 mm base course
over 4% CBR subgrade

2000 11.3 2000 30.8 2000 55.6 537 83.9

Geo-mat+50 mm base course
over 4% CBR subgrade

2000 15.3 2000 34.2 2000 58.9 537 88.2

Geo-mat+150 mm base course
over 3% CBR subgrade

2000 22.5 2000 59.1 2000 114.9 - -

FIGURE 6
Vertical stresses at the interface in the control test section with the 300-mm thick base course on 2% CBR subgrade.
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CBR subgrade and 24.8% at the cyclic load of 53.4 kN for the 4%
CBR subgrade.

Measured vertical interface stresses
Figures 6–11 show the vertical stresses at the interface between

the aggregate base and the subgrade at different locations with the
number of loading cycles. Figures 6, 8 present that the measured
vertical stresses at the interface in the control tests at the center
and a distance of 150 mm from the center increased with the
number of cycles, while the measured stresses decreased at the
locations from the distances of 300 mm–450 mm. Qian et al.
(2013) reported the same behavior and Giroud and Han
(2004a) attributed this phenomenon to the decreasing load
distribution angle with base course deterioration due to the
increasing loading cycles.

Figure 7A shows that the geo-mat system over the 150-mm thick
base course on the 2% CBR subgrade reduced the vertical stresses at

the center and at the distance of 150 mm from the center as
compared to those of the control section in Figure 6. For
example, at the cyclic load of 35.6 kN, approximately 30% stress
reduction was observed at the center and at the distance of 150 mm
from the center. This reduction in the vertical stresses can be
attributed to the combined stiffness of the geo-mat and the
aggregate filled in the geo-mat cells, indicating that the combined
stiffness was higher than the stiffness of the 150-mm thick
aggregate base.

Figures 7B, 9B, 10B, 11B show the vertical stresses at the
distance of 300 mm from the loading plate center in two
different locations. The first location marked as P1 was at the
interface between the base course and the subgrade beneath the
joint of two geo-mats, while the second location marked as P2 was
beneath one geo-mat. In general, the stresses at the location of
P1 were higher than those at P2. This phenomenon happened
because the rigidity or the flexural modulus of the geo-mat system

FIGURE 7
Vertical stresses at the interface in the geo-mat test section over the 150-mm thick aggregate base on 2% CBR subgrade (A) Along the joint, and (B)
Across the joint.
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at the joint was lower, thus transferring more load to the base
course under the geo-mat system. The test results also show that
the difference between the vertical stresses at P1 and P2 increased
with the CBR value of the subgrade. At the 2% CBR subgrade, the
vertical stress at P1 was almost the same as that at P2; however, it
increased to almost double and triple the stress at P2 in the test
sections on 3% and 4% CBR subgrade, respectively.

The results of the test sections on the 4% CBR subgrade show
that the vertical stresses in the test section with the geo-mat over the
50-mm thick aggregate base (Figure 10A) were higher than those in
the other test sections (Figures 6, 7A, 8A, 9A). This might be because
the load was distributed through the 50-mm thick base course on a
smaller area. Moreover, the stress was lower at the center than that at
the distance of 150 mm from the loading plate center. This behavior
is attributed to two reasons: 1) an increase in the permanent
deformation with loading cycles reduced the contact between the
mat and the base course and 2) the rigidity and the bending effect
reduced the stress near to the center. The vertical stresses under
the geo-mat system over the 150 mm-thick aggregate base
(Figure 9A) were slightly lower than those in the control section
with the 300-mm thick aggregate base (Figure 8); however, these
differences in the vertical stresses increased with the cyclic load
increments.

Angle of load distribution
To assess the benefits resulting from the geo-mat system on

the base course, the angle of load distribution through the
base course in each test was determined based on the force
equilibrium and the trigonometric principle as shown in Eqs 3, 4,
respectively.

π

4
d2.p � π

4
D2.σc (3)

D � d + 2H tan α( ) (4)
where d = diameter of the loading plate; p = applied pressure; σc =
measured vertical interface stress between the base course and the
subgrade; D = distributed diameter on the subgrade; H = thickness
of the base course or the thickness of the base course and the geo-
mat; α = load distribution angle.

The measured vertical stress used in Eq. 3 is the maximum
vertical stress at the last cycle of each load increment or the last
cycle before failure. Using both equations, the load distribution
angle was determined for each test at different load increment.
Figure 12 presents the relationship between the applied load and
the ratio of the load distribution angles between the geo-mat and
the control test sections at different subgrade CBR values.
Figure 12 shows that the ratio of the load distribution angle
increased with the decrease in the thickness of the base course
and the subgrade CBR value. The test results also show that the
ratio of the load distribution angle increased with the applied load,
indicating the geo-mat helped distribute the load onto a wider area
under a higher load.

Measured vertical displacement profile
Figure 13 presents the vertical displacement atop the surface

of the geo-mat or the aggregate base measured from the loading
plate center to the distance of 600 mm from the plate center. The
results represent the permanent displacements at the last cycle of
each load increment. Considering the high rigidity of the loading
plate, the vertical displacement at the distance of 150 mm from
the center of the loading plate was assumed to be equal to that
measured loading plate center. In general, the vertical
displacement profile was similar in all the test sections,
i.e., the maximum displacement under the loading plate and
the displacement dramatically decreased with an increase of the

FIGURE 8
Vertical stresses at the interface in the control test section with the 300-mm thick base course on 4% CBR subgrade.
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distance from the plate edge. The geo-mat sections showed some
negative displacements or heave at the distance of 450 mm and
farther; however, their values were small (i.e., less than 3 mm)
because of the steel clip effect that connected the loaded geo-mat
with the adjacent mats. The test results in Figure 13A show that
the maximum vertical displacement in the control section with a
weak subgrade (i.e., 2% CBR) was 34.5% less than the geo-mat
section of the same subgrade strength but the control section had
the base course of 100% thicker than the geo-mat section. This
percentage of displacement difference decreased to 8.7% with the
subgrade CBR value increasing from 2% to 4%, indicating that the
effect of the geo-mat system is more significant for the weaker
subgrade. Moreover, reducing the base course layer from 150 to
50 mm increased the maximum vertical displacement by 36%.
With increasing the applied load from 17.8 kN to 35.6 kN, the

control and geo-mat sections with 4% CBR subgrade had similar
vertical displacements under the plate but the control section had
the base course of 100% thicker than the geo-mat section as
shown in Figure 13.

Post-test inspection
Visual inspections were conducted before and after the removal

of the geo-mat units to identify whether the mat units sustained any
damage after cyclic loading. The inspection showed that all the steel
clips remained at their positions connecting the geo-mat units
together during the test; however, a gap of approximately 25 mm
wide was observed between the joints of the geo-mat units close to
the loading plate. Even though the high load and the large number of
loading cycles were applied, insignificant distortions were observed
on the wall of the geo-mat under the loading plate.

FIGURE 9
Vertical stresses at the interface in the geo-mat test section over the 150-mm thick aggregate base on 4% CBR subgrade: (A) Along the joint, and (B)
Across the joint.
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Conclusion

Six large-scale experimental tests were carried out on the base
course and the geo-mat system over different CBR subgrades. These
six tests included two control test sections of the 300-mm thick
aggregate base on 2% and 4%CBR subgrades, three geo-mat sections
over the 150-mm thick aggregate base on 2%, 3%, and 4% CBR
subgrades, and one geo-mat section over the 50-mm thick aggregate
base on the 4% CBR subgrade. The following conclusions can be
drawn from these tests:

1. The geo-mat system provided additional support for weak to
intermediate subgrade subjected to cyclic loading by reducing
permanent deformations. For the geo-mat system over the
intermediate subgrade, the permanent deformation at the cyclic

load of 53.4 kN decreased by 24.8% as compared to the
control section.

2. The subgrade CBR value had a significant effect on the
performance of the geo-mat section under cyclic loading
including the maximum load each section could carry. The
subgrade with a larger CBR value performedmuch better than
that with a smaller CBR value.

3. The geo-mat system over the 150-mm thick aggregate base
performed almost equally or even better than the control
section of the 300-mm thick aggregate base on both weak and
intermediate subgrades.

4. On the intermediate subgrade, the geo-mat system had a
more important effect than the aggregate base course and the
influence of the base thickness from 50 to 150 mm was not
significant.

FIGURE 10
Vertical stresses at the interface in the geo-mat test section over the 50-mm thick aggregate base on 4% CBR subgrade: (A) Along the joint, and (B)
Across the joint.
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5. The geo-mat system over the 150-mm thick base course on
the intermediate subgrade reduced the maximum vertical
interface stress at the cyclic load of 53.4 kN by
approximately 25% as compared to the control section
with the 300-mm thick base course. This percentage of
reduction increased to 33% at the cyclic load of 35.6 kN
when a weak subgrade was used.

6. The vertical interface stresses along the geo-mat joint were
much higher than those across the joint in all geo-mat tests
due to the stiffness difference.

7. In the direction across the joint, the vertical interface stress
under the joint of the geo-mat was similar to that away from the
joint when the geo-mat was placed on weak subgrade; however,
the vertical interface stress under the joint of the geo-mats was

two to three times higher than that away from the joint when
the geo-mat was placed on the intermediate subgrade.

8. The geo-mat helped distribute the applied load onto a wider
area on the subgrade and this benefit increased with the
increase of the applied load.

9. No significant damage caused to the geo-mat system was
observed during and after cyclic loading tests.

10. This study is limited to the performance of the geo-mat
system made of high-density polyethylene material and
placed on a layered foundation comprising a base course
and a subgrade of weak to intermediate strength subjected to
cyclic loading not exceeding 71.2 kN. For the future scope,
more studies can be conducted to evaluate its long-term
performance and optimize its design parameters.

FIGURE 11
Vertical stresses at the interface in the geo-mat test section over the 150-mm thick aggregate base on 3% CBR subgrade: (A) Along the joint, and (B)
Across the joint.
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FIGURE 12
Relationship between the applied load and the ratio of the load distribution angle with and without geo-mat.

FIGURE 13
Vertical displacements on the top surface of test sections at different cyclic loads. (A) Applied load = 17.8 kN and (B) Applied load = 35.6 kN.
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