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ABSTRACT: Marginal and problematic soils such as dune sand and
sabkha cover wide areas in the eastern, southern, and western parts of
the Kingdom of Saudi Arabia in addition to the coastal line of the
Arabian Gulf. The most common problems of these problematic soils

Keywords: Sulfur are high compressibility, low shear strength, large volume change
Emulsified Asphalt; (especially in sabkha), and low bearing capacity. Therefore, this
Marginal Soils; Geogrid; research reported a series of finite elements modeled by the Plaxis 3D
Sabkha; Finite Element software to evaluate the critical responses of pavement structures
Modeling; Stabilized constructed using these marginal soils. The pavement structure
Pavement consisted of a standard asphalt concrete layer, a base layer of sabkha

soil treated with Emulsified Sulfur Asphalt (ESA), and a sand subbase
DOI: layer. These layers were resting on the natural sabkha subgrade. The

10.11779/CJGE202110.2 model’s input parameters for each layer were a combination of
laboratory and literature data. The simulation was done for a pavement
section without reinforcement and another reinforced with geogrid
positioned at different places to study the best location reducing critical
responses, i.e., fatigue, rutting strains, and damage ratio. The
hardening soil model was selected to model the nonlinear behavior of
an ESA-sabkha base, sand subbase layer, and sabkha subgrade while
the linear elastic model was used for asphaltic concrete layer and
geogrid material. The simulation outcomes displayed that positioning
geogrid reinforcement at the interface of an ESA-sabkha base and
sand subbase layers led to the maximum decrease in horizontal tensile
(fatigue strains) and vertical compressive strains (rutting strains) and
vertical displacement. Furthermore, geogrid reinforcement decreased
the fatigue damage ratio significantly (31 to 51%), while the reduction in
rutting damage ratio was a little bit lower (11 to 25%). Finally, placing
geogrid on the subgrade leads to a higher reduction in fatigue and
rutting strains and vertical displacement.

1. INTRODUCTION

Marginal and problematic soils such as dune sand and sabkha cover wide areas in the eastern,
southern, and western parts of the Kingdom of Saudi Arabia the Arabian Gulf shoreline. Akili (2006)
reported that sabkha soil covers 20% of the Arabian Gulf coastal strip area, approximately 50,000
km?, i.e., 1,000 km long with 50 km wide. Figure 1 shows sabkha soil distribution in the Kingdom of
Saudi Arabia and the coastal line of the Arabian Gulf. The construction of roads in these areas without
using the available local marginal soils, i.e., dune sand and sabkha, is not cost beneficial, not to
mention the scarcity of good construction materials. Stabilization of the marginal and problematic soils
including sabkha soil has proved its effectivity in enhancing their engineering properties, which can be
done with any suitable stabilizers such as cement, cement kiln dust, emulsion asphalt, foamed
asphalt, Emulsified Sulfur Asphalt (ESA), Foamed Sulfur Asphalt (FSA) Abdullah and Al-Abdul
Wahhab, 2015, 2018; and Al-Homidy et al. 2017), lime, and many other familiar chemical stabilizers
stated in literature.
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Figure 1. Sabkha soil distribution in the Kingdom of Saudi Arabia (after Abduljauwad and Al-Amoudi,
1995)

Over the few past decades, researchers have analyzed the performance of pavement structures with
conventional materials using different simulation programs such as ANSYS, ABAQUS, Plaxis 2D, 3D,
etc. The analysis was done for unreinforced and reinforced sections with geogrids, geotextiles, or any
other reinforcement materials. Using geogrid strengthening in the building of pavement structures was
introduced in the 1970s. Thereafter, the practice of geogrid reinforcement has been widely used and
several laboratories and theoretical investigations were conducted to evaluate the behavior of flexible
pavement structures reinforced with geogrid (Howard and Warren, 2009; Perkins, 2001, 2002; and
Berg et al. 2000).

Finite elements were modeled via ABAQUS software used by Wathugala et al. (1996) to investigate
the possibility of rut depth reduction due to the reinforcement of flexible pavement with the geogrid
membrane at different locations. The geogrid was placed at the interface of base layer and subgrade,
base, and asphalt concrete layers and inside the base layer at its first third of thickness from the
bottom. The research showed the maximum reduction of the fatigue strains was attained, about 46 to
48% when geogrid was put between the asphaltic concrete and base layers.

Mousavi et al. (2017) evaluated the optimal position of the geogrid reinforcement inside the aggregate
base layer in an unpaved road using the Plaxis 3D finite element modeling commercial software.
Results showed that regardless of the thickness of the aggregate base course layer, the surface
deformation was diminished when the geogrid membrane was placed at a distance equating to half of
the radius of the loaded area (D = 0.5r).
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Many Researchers and studies focused on this field using various 2D or 3D simulation programs and
different constitutive models like the linear elastic, Mohr-coulomb, and hardening soil models. Some
of them used plain strain and others used axisymmetric models according to the problem conditions
(Ling and Liu, 2003; Sukumaran et al. 2004; Pandey et al. 2012; Abdhesh et al. 2014; Al-Azzawi,
2012 and Tapase and Ranadive, 2016). Some researchers recommended that the optimal place of
geogrid reinforcement is at the interface of base and subbase layers while some others
recommended using reinforcement between the subgrade and subbase course layers. All these
outcomes imply that the location of geogrid reinforcement in a pavement structure is still an area of
investigation and research.

Abdullah and Al-Abdul Wahhab, (2018) studied the potentiality of stabilizing sabkha soil, availing
Emulsified Sulfur Asphalt (ESA), a new stabilizer in the field of soil stabilization called. ESA stabilizer
is produced by replacing asphalt with 30% of sulfur. This stabilizer material, i.e., ESA, was a part of a
patent investigated by the investigation group at the King Fahd University of Petroleum and Minerals
(KFUPM) [Al-Mehthel, Al-Abdul Wahhab, Hussein and Al-1di, 2017. Patent number is 11201604034Y
(Docket Number: SA5095-06)]. The results of the study indicated that ESA—stabilized sabkha fulfilled
the specifications in terms of indirect tensile strength, Marshal, and shear strength tests, where it can
be used in the pavement structure such as base layers. However, the critical responses in terms of
fatigue and rutting distress performance of this material (ESA sabkha) when used as a base layer in a
pavement structure resting on sabkha subgrade were not studied.

In this research, finite element simulations were done using the commercial Plaxis 3D geotechnical-
based software to simulate the performance and study the critical responses (fatigue, rutting strains,
and damage ratio) of a pavement structure comprising of a standard asphaltic concrete layer, sabkha
soil stabilized with Emulsified Sulfur Asphalt (ESA) base, and sand subbase layer used for drainage
purposes. The layers of pavement structure are resting on the natural sabkha subgrade. The analysis
was also performed on the previously mentioned pavement structure with additional geogrid
reinforcement at various locations. The Plaxis 3D software was selected as the tool of analysis
because it is a geotechnical-based software capable of perfectly representing and simulating soil—
structure interactions besides easy modeling and self-adaptive mesh generation; Plaxis 3D analyses
are always close and in agreement with the experimental work results. Thus, this study investigated
the performance of a new stabilized base material (ESA sabkha) which performance has never been
simulated or investigated yet.

2. FINITE ELEMENT MODELING

A typical section of flexible pavement comprising of a surface bituminous (HMA) layer, the base layer
of stabilized sabkha, i.e., ESA sabkha, sand subbase layer, and a natural sabkha subgrade soil was
modeled in a three-dimensional manner using the Plaxis 3D software shown in figure 2. The
thicknesses of the surface bituminous, stabilized sabkha base, and subbase layers were 0.1, 0.15,
and 0.3 m, respectively. The model was developed for pavement sections without reinforcement and
with geogrid reinforcement at different locations as well. Axisymmetric modeling was selected and
performed since it can simulate circular loading and does not require much time for computation. Due
to the symmetry, only one quarter was modeled to reduce the computational time. Axisymmetric
modeling was used by many investigators such as Moayedi et al. (2009), Kazemien et al. (2010), and
Howard and Warren (2009) because of the advantages mentioned beforehand. For the appropriate
boundaries of the model, Alex (2000) declared that the strains of nodal radial were generally
anticipated to be ignored at around ten times the radius of the area of distributed loading representing
utilized tire load. Furthermore, the nodular displacements and stresses were also expected to be not
significant and ignored at twenty times the radius of the area of applied load under the pavement
surface. Based on that, the length, width, and depth of the pavement section model were put as 3, 3,
and 5 m, respectively (Howard and Warren, 2009). The finite element modeling was performed for
pavement sections without geogrid and with geogrid placed at three locations. These locations are on
the stabilized sabkha base layer, subbase layer, and, finally, subgrade layer.

Figures 3 shows the axisymmetric finite element modeling for a pavement section with geogrid placed
at the interface of the asphaltic concrete and the ESA—sabkha base layers, whereas figure 4 shows
the model when the geogrid positioned between the ESA—sabkha base and subbase layer.
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Figure 2. Geometry of axisymmetric finite element modeling of pavement section without geogrid
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Figure 3. Axisymmetric finite element modeling of a geogrid-reinforced pavement structure at the top
of stabilized ESA-sabkha base layer
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Figure 4. Axisymmetric finite element modeling of a geogrid-reinforced pavement structure at the
bottom of stabilized ESA-sabkha base layer

2.1 Constitutive Models and Materials Parameters

The hardening soil model available in Plaxis 3D was used to model the nonlinear performance of the
stabilized base, subbase, and subgrade materials. The hardening soil model is a hyperbolic stress
strain model with limiting states resembling Mohr-Coulomb’s by means of the friction angle ¢,
cohesion ¢, and the dilatancy angle y (Schanz et al. 1999). In the hardening model, there are three
different inputs of stiffness to represent the dependency of soil stiffness on applied stress. These
inputs are the triaxial stiffness E50, the oedometer loading tangent stiffness Eced, and the triaxial
unloading stiffness Eur. In addition to secant, oedometric, and unloading-reloading stiffness, the
model is defined by extra parameters such as reference stress and a power factor (p'f, m). For the
asphaltic concrete layer and reinforcement geogrid materials, a linear elastic isotropic model was
selected to simulate their performance. The relation between the angle of dilation, y, and the angle of
internal friction of the soil suggested by Bolton (1986) has been adopted.

The soil-geogrid element interface was simulated as rigid and there is no drop in interface strength,
meaning that Riner = 1.0, as recommended by Mirmoradi and Ehrlich (2015a) for geogrids. The
physical meaning of presuming rigid interfaces is that the relative motion among the geogrid and soil
interfaces is not allowed. The material properties and parameters utilized in the hardening finite
element modeling are obtained from laboratory tests and literature data as given in table 1.

2.2 Loading, Boundary Conditions, and Meshing

Many factors affect the design of a flexible pavement system. These factors can be categorized into
four groups: traffic and loading, structural models, material characterizations, and environmental
conditions. Traffic is considered the greatest significant factor in designing a pavement structure. Tire
pressure, wheel load, load movement and repetition, and configuration of axles are all key factors.
Heavier vehicles are the main cause of distresses and failure of pavements. The contact area and
pressure between the surface of the pavement and the wheel depend on the tire pressure. The real
shape of the contact area is elliptical; however, scientists consider it as circular for purpose of
analysis simplification. The radius of this circular area is defined based on tire contact pressure and
wheel load. To model the dual wheel exercised load on the pavement surface, a contact pressure of
about 550 kPa was utilized in the modeling as shown in figure 2. The tire contact pressure on the
pavement is equivalent to tire inflation pressure with a circular area of a radius of 200 mm
representing the tire imprint. The tire wall stiffening’s effect was ignored. The boundary conditions
adopted in the modeling are such that the model was constrained at the bottom and no movements in
the directions vertical to the symmetry planes were considered, i.e., roller support.
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Plaxis 3D can generate the mesh automatically as seen in figure 5. The mesh of the finite element
model was established by utilizing ten-node tetrahedral elements to represent all pavement layers.
The geogrid reinforcement was simulated using geogrid elements offered by the Plaxis 3D software,
consisting of six-node triangular surface elements. The mesh size effect was avoided by using fine
mesh analysis for reinforced and unreinforced pavement sections to get accurate results. The mesh
generation created around 54,481 elements and 78,817 nodes in the unreinforced section and 86,619
elements and 122,752 nodes in the reinforced section.

Figure 5. Finite element meshing

.

X

Table 1. Material parameters for the finite element modeling

Parameter Asphaltic Stabilized Subbas Subgra Geog
Concrete Base (ESA e de rid
Sabkha) (Sand) (Sabkh
a)
Thickness (mm) 100 150 300 4450
Unsaturated Unit 20 19 17 155
Weight, yunsat (KN/m?3)
Saturated Unit - 20 18 17.5
Weight, ysat (KN/m?3)
Material Model Linear Hardening soil Harden Harden
elastic ing soil ing soil
Drainage Type non- Drained Draine Draine
porous d d
Eso ref (KPa) 8 *10° 30000 6000
Eoed ref (KPa) 8 *10° 30000 6000
Eu ref (KPa) 2400 * 103 90000 18000
Power in Stiffness 0.5 0.5 0.5
Laws, m
Unloading—Reloading 0.2 0.2 0.2
Poisson’s Ratio v
Cohesion, C (KN/m?) 12 1 1
Angle of Friction, ¢ 30 35 34
)
Angle of Dilatancy, W 0 5 4
)
Interface Reduction 1 1 1 1
Factor, Rinter
Axial Stiffness, EA 960
(KN/m)
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3. RESULTS AND DISCUSSION

A parametric investigation was conducted to surmise the influence of the position of a geogrid
membrane on the structural behavior of flexible pavement sections with a stabilized sabkha base
layer. Three locations were selected to place the geogrid separately. First, the geogrid was positioned
between the surface asphaltic concrete layer and stabilized sabkha base (ESA sabkha) layer. The
second location was at the interface of the ESA—sabkha base and sand subbase layers. The last
location was on the sabkha subgrade. Using the Plaxis 3D software, pavement critical responses
such as fatigue and rutting strains (et ™ and ec M) were calculated for all unreinforced and reinforced
pavement sections. The tensile and compression strains (et ™ and ec ™) were estimated at bottom
of the asphaltic concrete and stabilized base layers and the top of the subgrade, respectively. Table 2
presents the predicted responses of all cases.

Based on the presented results, it is seen that fatigue strains (horizontal strain) at the bottom of the
asphaltic concrete layer were reduced by 2.1% when the pavement was reinforced with a geogrid
located at the interface of bituminous concrete and a stabilized sabkha base layer. However, a
decrease of approximately 21.1% in fatigue strains was achieved when the geogrid was placed at the
bottom of the stabilized sabkha base layer while a decrease of 22.8% was achieved when placed on
the subgrade. It is clear that when the geogrid reinforcement is placed at the bottom of the stabilized
base layer, it substantially helps reduce the horizontal fatigue tensile strain developed at the interface.
This could be attributed to the high modulus of the stabilized sabkha base layer—thus high layer
stiffness, making it behave almost like the top asphaltic layer in fatigue resistance.

Table 2. Fatigue, rutting strains, and vertical displacement predicted through the finite element model

Geogrid Location gt ™ (x1079) £c ™ (x109) Total
Displacement
lu| (x10°) m

Unreinforced 4.292 1.873 9.671

Pavement

Geogrid at the top 4.204 1.846 9.555

of ESA-Sabkha

Base.

Geogrid at the 3.387 1.770 9.348

Bottom of ESA-

Sabkha Base (Top

of Subbase)

Geogrid at the Top 3.312 1.766 9.314

of Subgrade

On the other hand, no significant reduction in the rutting strains (vertical strains) was observed in all
cases of pavement geogrid reinforcement. The maximum reduction was noticed when the geogrid
was put on the sabkha subgrade and was about 5.7%. Similarly, marginal differences in total vertical
displacement under the load were found between unreinforced pavement and geogrid-reinforced
sections. Maximum reduction was at about 3.7% when the geogrid reinforcement was located on the
subgrade. This could be attributed to the fact that geogrids are tensile-resistant materials and are not
used mainly to reduce vertical displacement in most cases (Pandey et.al. 2012; Majedi et al. 2017
and lbrahim et al. 2017). However, from table 2, it is noticed that the maximum reduction in fatigue
and rutting strains and vertical displacement values are obtained when the geogrid is placed on the
subgrade, concluding that this is the best location for the geogrid.

To reduce the number of figures, we only presented some samples of the Plaxis 3D analysis results
for the unreinforced referenced pavement section and the case where the geogrid was positioned at
the bottom of the ESA—sabkha base layer, as it was found to be the best location for enhancing the
pavement section engineering properties. Thus, figures 6—8 show the horizontal and vertical strains
and absolute vertical displacement for unreinforced pavement while figures 9-11 present the same
parameters for pavement structure with geogrid reinforcement at the bottom of the ESA-sabkha base
layer.
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Figure 6. Total displacement for unreinforced pavement (applied tire pressure 550 kPa)
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Figure 7. Horizontal strains for pavement without reinforcement (load 550 kPa)
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Figure 8. Vertical strains for pavement structure without reinforcement (load 550 kPa)
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Figure 9. Total displacement for pavement structure with reinforcement at the bottom of the ESA—
sabkha base layer (load 550 kPa)
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Figure 10. Horizontal strains for pavement structure with reinforcement at the bottom of the ESA—
sabkha base layer (load 550 kPa)
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Figure 11. Vertical strains for pavement structure with reinforcement at the bottom of the ESA—sabkha
base layer (load 550 kPa)
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The analysis results of this research are quantitatively compared with the analysis outcomes of the
reported literature. It was seen that in the case of positioning the geogrid between the asphaltic
concrete layer and stabilized base, an insignificant reduction in fatigue strains was obtained (2.1%).
However, there was a fairly good matching in the reduction (21.1%) noticed in the horizontal strains
(fatigue strains) obtained in this research when the geogrid was positioned at the interface of the
stabilized base and subbase course layers and the outcomes stated by Dondi, (1994) and Pandey et
al. (2012) (20 and 22.35%, respectively). These remarkable results may be attributed, as mentioned
beforehand, to the stabilization-induced high stiffness of the base course layer. Al-Azzawi (2012)
reported the same trend even though the user base course layer was not stabilized. For rutting strains
(vertical strains), the maximum reduction occurred when the geogrid was placed at the subgrade
layer. This trend was stated and documented in literature by many investigators (Saad et al. 2006;
Wathugala, et al.1996; Moayedi et al. 2009; Kazemian et al. 2010 and Pandey et al. 2012).

4. COMPARING PLAXIS 3D OUTCOMES WITH LABORATORY TEST RESULTS

To validate the simulation results of Plaxis 3D, simulated pavement layers were constructed in the
laboratory and then tested using a Wessex wheel-tracking machine. The geogrid was placed on the
sabkha subgrade as the optimum location based on the finite element simulation outcomes discussed
beforehand. Two sample models were prepared with lengths of 50 cm and widths of 25 cm. Figure
12 shows the setup of samples on the Wessex wheel tracker. The test is applied under a wheel load
of 552 kPa (as used in the Plaxis 3D simulation) by putting sets of weights on each wheel of the
tracker (figure 12). Each wheel weighted 18 kg. A static weight of steel plates provides the necessary
contact stress (4.5 kg each). In other words, we needed to put eight steel plates (4.5 kg each) on
each wheel, so the weight of these plates combined with the wheel's weight, divided by the contact
area (1,000 mm?), gave the required load for testing (552 kPa). The deformation of pavement
samples with the number of wheel passes is recorded through the wheel tracker deformation-
recording unit. Figure 13 demonstrates the comparison of the vertical deformation resulted from the
finite element analysis using the Plaxis 3D software and the laboratory wheel tracking test results.
Based on the figure, it is clear that there is a reasonable agreement between the results. This leads to
the conclusion that using Plaxis 3D in the FEM can help predict the performance and deformation of
the pavement section with stabilized sabkha soil as a base layer properly.

(b)

Load plates

Passing No. recorder
.'M » =
UE T esmmm——— v

47

Figure 12. Wheel tracker machine
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Figure 13. Comparison between the FEM and laboratory test results

5. IMPACT OF GEOGRID REINFORCEMENT ON FATIGUE AND RUTTING LIFE INTERVALS
Based on field examinations and evaluations of pavement surface conditions of most roads, it is found
that fatigue cracking and rutting are considered the most significant distresses of pavements
structure. The load repetition applied by the moving wheel leads to the initiation of cracking in the
asphaltic concrete layer, called fatigue cracking. However, the accumulation of plastic strains in all
pavement layers under the repeated loads is called rutting that formed along the wheel path. It is
known that horizontal tensile strains (et™®) evolved at the bottom of the asphaltic concrete layer is
considered as an index for fatigue distress whereas the vertical compression strains (ec™) is
considered as an indicator for the rutting distress. Many models related tensile strains and load
repetitions number with fatigue failure and between-load repetitions number and compressive strains
for rutting failure (Heukelom and Klomp, 1962; Asphalt Institute, 1982; Fin et al. 1986). In this study,
the failure criterion for fatigue cracking and rutting was evaluated based on the correlations
established by the asphalt institute as follows:

For fatigue,
Nf = 0.0796 (&) 329 (E) 0854, (1)
Where
Nt = Load applications number till failure,
€: = Horizontal tensile strains at the bottom of the asphaltic layer,
And E = Modulus of elasticity of asphaltic concrete layer.
For permanent deformation (rutting),
Nt = 1.365 * 10 -9 (Ec) #4477, (2)
Where,
Nt = Load applications number till failure,
And €. = Vertical compressive strains at the bottom of the asphaltic layer.
It is well known that damage to pavement structure occurs and develops rapidly under heavier
loads. To address the influence of geogrid reinforcement on rutting and fatigue strains, higher
axle loads were applied through the 3D finite element model built using the Plaxis 3D software for
the unreinforced pavement structure section and geogrid-reinforced pavement structure in which
the geogrid membrane was positioned at the sabkha subgrade. The developed horizontal strains,
i.e., fatigue strains, at the bottom of the asphaltic concrete layer and vertical compressive strains,
i.e., rutting strains, at the top of the sabkha subgrade were used in equations 1 and 2 to deduce
the fatigue and rutting life intervals.
The damage (Di) produced by each application of a single axle load can be determined by
equation 3:
Di = 1/Ni, (3)
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Where Di is known as the accumulative damage and Ni the lowest number of load applications
caused either by rutting or fatigue failure, as given by equations 1 and 2. The whole number of load
applications (Nr) that are accepted over the pavement service life could be found when the entire
accumulative damage (Di) amounts to one. Figure 14 presents the determined fatigue damage ratios
against axle loads for unreinforced and geogrid-reinforced pavement structures. A noticeable
decrease in fatigue damage was observed in pavements with geogrid reinforcement ranging from 31
to 51% for the various axle loads applied. On the other hand, no significant differences in rutting
damage ratio were found, per figure 15, and the reduction in rutting damage ratio ranged from 11 to
25% were noticed for the various applied axle loads. From the results, geogrid is a tensile-resistant
material that can mitigate fatigue cracking to a certain degree and its effects in reducing rutting
distress is marginal.
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Figure 14. Fatigue damage ratio in unreinforced and reinforced pavement (geogrid is positioned
at the sabkha subgrade)
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Figure 15. Rutting damage ratio in unreinforced and reinforced pavement (geogrid is positioned at
the sabkha subgrade)
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6. CONCLUSIONS
A series of 3D finite element simulations were done to estimate the merits of incorporating a layer of
geogrid inside the pavement structure having a base layer of marginal sabkha soil stabilized with
Emulsified Sulfur Asphalt (ESA). The simulations were done under a parametric investigation to figure
out the positive effects of geogrid reinforcement on the rutting and fatigue strains criteria. Based on
the outcomes of the simulations, the conclusions are as follows:

When the geogrid was placed at the sabkha subgrade layer, it led to the highest reduction in
horizontal tensile strains up to 22.8%. Thus, geogrid reinforcement showed good potential for
decreasing fatigue strains in the pavement structure.

No significant differences in the vertical strains were found between reinforced and geogrid-reinforced
pavements. The highest reduction was about 5.7%. Similarly, the maximum reduction for vertical
displacement was about 3.7%.

Geogrid is a material with tensile stiffness and it can pronouncedly reduce the horizontal strains and,
hence, fatigue cracking. However, its effect in reducing vertical displacement is marginal.

Geogrid reinforcement decreased the fatigue damage ratio significantly (31 to 51%) while the
reduction in rutting damage ratio was a little bit lower (11 to 25%).

Positioning geogrid on the subgrade leads to a higher reduction in fatigue and rutting strains and
vertical displacement.

Geogrid reinforcement enhanced the performance of the pavement structures consisting of stabilized
sabkha with emulsified sulfur asphalt base layer, which was resting at the marginal sabkha subgrade
and was usable for low-to-moderate traffic volume.

The results of the finite element program Plaxis 3D were in good agreement with the results of the
laboratory experimental tests.

Finite element modeling using geotechnical-based software (i.e Plaxis 3D) is a powerful and reliable
tool to predict the performance of pavement structure material under traffic loading.
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