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Keywords Abstract

Geogrid, Grid reinforced overlays are considered for flexible pavement rehabilitation to ensure that

ASPha-{f concr ete, Viscoelastic the pavement condition can be maintained, with extended service life. This work evaluates

g’f{};‘”‘m Reinforcement, the influence of two types of plastic biaxial geogrid reinforcement (AR-G and AR-1) on
111mness,

viscoelastic behavior of asphalt concrete in terms of stiffness, deformation, and load bearing
ability. Asphalt concrete mixture for surface course layer was prepared. Circular asphalt
concrete specimens of 152 mm diameter and 38 mm thickness have been constructed with
optimum asphalt content, and static compaction to a target density. The overlay mixture
was compacted over those circular specimens, and the Grid reinforcements were introduced
in between, then, tested in a model box of 50 x50 x70 cm filled with loose sand layer of 40
cm thickness representing the existing subgrade. It was found that at failure, the load
bearing capacity increased by (56.25 and 55.62) % for grid reinforced mixture with (AR-1 and
AR-G) respectively as compared with the control mixture. Smaller aperture size and lower
thickness of geogrid had furnished higher load bearing capacity for AR-1 geogrid as
compared with that of AR-G geogrid. The stiffness of the grid reinforced asphalt concrete is
higher than that of the control mixture by (56.2, and 62.5) % for AR-G and AR-1 geogrids
respectively. It was concluded that implementation of the geogrids is beneficial in enhancing
the sustainability of asphalt concrete. The obtained mathematical models of viscoelastic and
viscoplastic failure stages can be used to predict the improvement in the properties of
reinforced asphalt concrete.

Load bearing capacity, Interlayer.

1. Introduction

The contribution of geogrid significantly can add to extending serviceability of the flexible pavement and improving benefit/cost analysis.
Geogrids in asphalt overlays are expected to develop a type of reinforcement mechanisms that contribute to the pavement structural capacity
and may improve the mechanical behavior of the flexible pavement by controlling permanent deformation and reducing strains in the
pavement layers. Zofka et al., 2017 [1] investigated the effect of geogrid reinforcement on asphalt concrete specimens under mono tonic and
cyclic testing. A significant strengthening contribution of geogrid was observed regarding the fracture and deflections of the mixture. A
reduction of pavement deflections due to the geogrid application a significant extension of pavement fatigue life was observed. Brusa et al.
2016 [2] presented a design methodology which is an empirical mechanistic process for reinforced asphalt concrete pavement. Geogrid
Reinforcement design software of Asphalt Pavements was presented and recommended for use in overlay design. Zofka et al., 2017 [3] assessed
the benefits of using geogrids within asphalt concrete pavement layers. Glass and carbon geogrids were implemented as reinforcements.
Specimens were evaluated to observe their behavior under stress-controlled fatigue test and strain-controlled fracture test. Results
demonstrated a beneficial and positive influence of reinforcement. Correial and Zornberg, 2016 [4] presents the results of large model tests
involving polyvinyl alcohol geogrid as reinforcement and unreinforced hot mix asphalt overlays. Cyclic wheel loads were applied. A
considerable increase in pavements structural performance was noticed. The use of geogrid as reinforcements was found to reduce permanent
lateral movements in the surface layer. It was concluded that geogrids can provide enhanced structural capacity to flexible pavements. Correial
and Zornberg, 2018 [5] investigated the distribution of tensile strains along geogrids used to reinforce asphaltic layers. The permanent and
elastic displacements induced in geogrids were examined with the aid of strain gages. It was observed that elastic tensile strains in the asphalt
mixture and rutting under the wheel path were comparatively smaller when using geogrids as compared to the case of unreinforced asphalt
concrete. It was concluded that implementation of geogrids in asphalt concrete overlays exhibits lateral restraining mechanism which had an
influence on the mechanical behavior of flexible pavements. Lee et al., 2022 [6] analyzed the advantages of carbon grid reinforcement in asphalt
pavement based on performance tests with the aid of four-point bending, and shear bond strength test. It was detected that carbon grid
reinforcement can enhance the performance of asphalt mixture and prolongs service life of the flexible pavement. The resistance to reflection
cracking was improved while the rutting velocity was reduced due to the presence of a grid layer. Oreskovi¢ et al., 2024 [7] proposed a new
approach to calculate the number of cycles to failure during the four-point bending beam fatigue tests of control and grid reinforced asphalt
concrete. The impact of reinforcement on fatigue life was evaluated by comparing the critical strain values of reinforced and unreinforced sets
through fatigue resistance. It was revealed that the use of geogrids improves fatigue life, and that the traditional approach of (50% reduction
in initial stiffness is considered as failure criterion) might not always be appropriate for assessing the fatigue resistance of reinforced asphalt
mixtures. Alimohammadi et al., 2021 [8] reveals that improvement of the asphalt concrete performance due to the grid reinforcement is related
to geogrid geometry and stiffness, geogrid depth, asphalt layer thicknesses, and subgrade stiffness. Realizing and understanding the structural
benefits of geogrids can reduce the thickness of the asphalt pavement and extend the service life and reduce maintenance costs. Moreover, it
is expected that the appropriate use of geogrids can be significantly saving per project. Mounes et al., 2016 [9] performed dynamic creep test on
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fiberglass grid reinforced asphalt concrete samples. The grids used contained different sizes of grid openings and tensile strengths. The results
proved that grid tensile strength and grid mesh size are of great importance in resisting the development of permanent deformation. Higher
tensile strength and smaller mesh size grids lead to better performance of grid reinforced samples. Correia and Mugayar, 2021 [10] investigated
the effect of geogrid properties on the interface shear bond performance. It was reported that Geogrid physical characteristics exhibit more
significant influence than geogrid tensile properties. The stiffer geogrid provided lower shear strength at the interface and lower shear stiffness.
Ziegler, 2017 [11] stated that construction of geogrid reinforced flexible pavement exhibited significant advantages in terms of ecological and
economic aspects against classical pavement. It is also well known that grid reinforced pavements have a much higher bearing capacity while
the deformations are much lower than expected. Zarei et al., 2025 [12] evaluated the influence of implementing geogrids within the asphalt
concrete layer on controlling rutting and cracking. Viscoelastic analyses of control and reinforced pavements were conducted using a three-
dimensional finite-element model. The results indicate that placing high modulus geogrids can significantly enhance the pavement
performance. Geogrid reinforcement, reduced shear strain by 48.4 % and vertical compressive strain by 28.1 % at 50 °C, which can control the
rutting. Solatiyan et al., 2021 [13] revealed that implementing grid reinforcement at the interface of asphalt concrete layers, with varying degree
of surface texture can significantly enhance the fracture toughness of the flexible pavement system, it exhibits combined functions of crack
resistance and bonding quality. Liu et al,, 2024 [14] investigated the performance of control and glass fiber geogrid-reinforced asphalt concrete
pavement. A void was developed in the subgrade. It was found that the inclusion of geogrids extended the fatigue life of asphalt pavement. It
was found that the inclusion of geogrid in asphalt had a limited effect on the dissipated energy in the pavements, and the composite module of
the pavements increased. Chango et al.,, 2022 [15] investigated the influence of asphalt concrete material in the geogrid-reinforced-pile-
supported embankment structure subjected to high-speed train moving. The asphalt concrete viscoelasticity behavior was incorporated into
the geogrid-reinforced-pile-supported embankment model. The impact of asphalt concrete material characteristics was investigated, analyzed
and discussed. Nguyen et al., 2024 [16] examined the performance of flexible pavement, considering geogrid’s axial stiffness, geogrid’s position
within the pavement layers, and applied stress. It was found that the stress- strain response of the reinforced pavement was linear for the
dynamic applied stress and nonlinear under the static applied stress, while the position of the geogrid has a significant influence on the
pavement performance. Sarsam, 2013 [17] investigated the properties of biaxial geogrid reinforced asphalt concrete. It was revealed that thicker
geogrids ribs exhibit better reinforcing performance when compared with thinner rip thickness of the grid. Andrea et al., 2014 [18] constructed
an instrumented pavement section, glass fiber polymer grid and carbon fiber grid were installed inside asphalt concrete surfacing along an in-
service road. It was concluded that the strain field inside the surface layer was considerably reduced after installation of the grid. Ragni et al.,
2020 [19] assessed the possibility of rehabilitation of asphalt pavement with geocomposite to control rutting and cracking. Two types of beam
specimen (unreinforced and reinforced with geocomposite) were obtained and tested for three-point bending tests. It was concluded that
implementation of the geocomposite is an effective method to enhance asphalt pavement performance. Kumar and Jallu, 2022 [20] explored
the efficiency of implication of the geogrids sandwiched between the bituminous layers subjected to interfacial shear properties. Therefore, the
mechanical and flexural fatigue properties of geogrids embedded with asphalt layers were assessed and the effect of deformation, cracking, and
service life of flexible pavements were monitored. Bekheet et al., 2019 [21] investigated the effectiveness of varying the geogrid type on the
behavior of asphalt pavement. Two types of geogrids were used, Triaxial geogrid and Biaxial geogrid. Three-point bending beam tests were
performed on beam specimens composed of two asphaltic layers, a surface course layer of 5 cm thickness and a binder course layer. The
maximum loads and deformations were monitored. Test results indicate that implementing triaxial geogrid in asphalt concrete layers exhibits
lower deformation and maximum load sustaining capacity. Leiva-Padilla et al., 2016 [22] measured and modelled the characteristics of asphalt
concrete with a geogrid interlayer system prior to overlaying. The viscoelasticity properties were evaluated from Indirect Traction Tests. The
increase in fatigue life, reduction in the cracking process when geotextile materials are used as interlayer system could be detected.
Alimohammadi et al., 2021 [23] assessed geogrids' reinforcement effects on asphalt concrete. Cyclic load tests were performed to simulate
vehicle-loading conditions. The test g results exhibited the positive effect of geogrid reinforcement in the structural performance of asphalt
concrete pavements. It was stated that Biaxial and Triaxial geogrids caused a reduction in permanent deformation of (47 and 68) % respectively.
Canestrari, et al.,, 2018 [24] stated that the service life of flexible pavements can be extended by installing geosynthetic reinforcements. Geogrids
can be placed at the interface of asphalt concrete layers rehabilitating existing pavements, to improve rutting resistance and to delay reflective
cracking. However, the geogrid inter-layer reinforcement supports the transmission of horizontal shear stress between asphalt layers.

The aim of the present assessment is to detect the influence of implementing two types of geogrids (AR-1 and AR-G) as inter-layers on the
viscoelastic properties of asphalt concrete. The overlay mixture will be compacted over a prepared circular specimens of asphalt concrete after
inserting the geogrids in between. Specimens will be tested under static load bearing test in a model box filled with loose sand which represents
the poor subgrade. The load carrying capacity, deformation, and the stiffness of the control and grid-reinforced asphalt concrete specimens will
be studied and compared through the unique testing setup for the experimental program.

2. Materials and Methods

2.1. Aggregates

Combiner coarse and fine aggregates were obtained from Al-Nubai, Mineral filler with 95 % finer than 75 micron was obtained from Karbala
quarry; the physical properties are illustrated in Table 1. The testing was conducted as per the ASTM, 2015 [25] procedure.

Table 1. Physical properties of aggregates according to ASTM, 2015 [25] testing procedures

Property Coarse aggregate Fine aggregate Mineral filler ASTM Designation
Specific gravity 2.680 2.620 2.640 ASTM C-127 and C-128
Absorption (%) 0.4 0.7 Not applicable ASTM C-127 and C-128
Percent Wear 19.6 Not applicable Not applicable ASTM C-131

(Los-Angeles Abrasion)

2.2. Asphalt cement binder

Asphalt cement binder of penetration grade (40-50) was obtained from Dorah refinery; the properties are as illustrated in Table 2. The testing
was conducted as per the ASTM, 2015 [25] procedure.

Table 2. Properties of Asphalt cement according to ASTM, 2015 [25] testing procedures
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Property Test results ASTM Designation
Penetration (0. 1 mm) 48 ASTM D-5
Softening point ('C) 49 ASTM D-36
Ductility (cm) +100 ASTM D-113
Specific gravity 1.024 ASTM D-70

2.3. Geogrids
Two types of Tensar biaxial geogrids have been implemented; Table 3 illustrates their properties.

Table 3. Tensar biaxial geogrids reinforcement’s properties (as supplied by the manufacturers)

Type of geogrid Biaxial AR-G Biaxial AR-1
Unit weight 0.25 gm./ m? 0.24 gm./ m?
Transverse strength 20 kN/ m 18 kN/ m
Longitudinal strength 17 kN/ m 14 KN/ m
Thickness 1.2 mm 0.8 mm
Aperture size 60x76 mm 51x71 mm
Polymer Polypropylene Polypropylene

2.4. Preparation of asphalt concrete mixture

Coarse and fine aggregates were mixed with mineral filler, the combined aggregates fall within the lower and upper limits of the SCRB, 2003
[26] specifications for wearing course pavement layer. The combined aggregates were heated to 160 °C then the required amount of asphalt
cement binder which was heated to 150 °C was added and mixed thoroughly to create homogeneous asphalt concrete using mechanical mixer
for 120 seconds. Table 4 presents the properties of the design asphalt concrete implemented. Figure 1 exhibits the combined aggregates
gradation. The maximum size of aggregate was 19.5 mm, and the nominal maximum size was 12.5 mm which was implemented for the mix
design. The mixing temperature was maintained to 160 °C.

Table 4. Properties of the Asphalt concrete wearing course mixture

Properties of asphalt concrete mixture Test results ASTM Designation
Optimum asphalt binder content (%) 4.8 ASTM-D-2172
Maximum theoretical specific gravity (Gmax) 2.482 ASTM D-2041
Marshall stability (kN) 10.1 ASTM D-6927 - 15
Marshall flow (mm) 2.8 ASTM D-6927 - 15
Specific gravity at optimum asphalt content 2.290 ASTM D-1188
Volume of voids (%) 4.9 ASTM D-2041
Voids filled with asphalt binder (%) 78 ASTM D-2041
100 3
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Figure 1. Combined gradation of asphalt concrete
2.5. Preparation and testing of asphalt concrete specimens

Asphalt concrete specimens of 152.4 mm diameter and 38.1 mm thickness were constructed using the traditional CBR mold and spacers, the
required amount of hot Asphalt concrete mix (at 160 ° C) which gives the predetermined density of (2.290 gm / cm?) at optimum asphalt content
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of 4.8 % was weighted, spread into the preheated mold, and subjected to initial compaction through a 50 spatula strikes, then the specimens
were subjected to static compaction using Versa compression machine until the required specimen thickness was obtained at the target density,
a total load of 5000 kg was required. The specimens were compacted to 95 % of the maximum theoretical density. Filter papers have been
introduced at the top and bottom faces of the specimens to prevent sticking to the spacers. Specimens were kept overnight to cool then
withdrawn from the mold using hydraulic jack. For control specimens, the material required to construct the upper layer which represent the
overlay (when it was loose at 160 ° C) was compacted over the pre compacted lower layer specimen which represent the existing pavement layer,
this could simulate the field condition when constructing an overlay over existing pavement layer. The bonding between the upper and lower
specimens is expected to occur due to the high compaction temperature rather than the need for a tack coat. However, for reinforced system,
the material required to construct the upper layer (overlay) (when it was loose at 160 ° C) was compacted over the pre compacted lower layer
specimen after inserting the geogrid in between. The expected bonding between the upper and lower specimens and the geogrid occurs due to
the high compaction temperature of 160 ° C and interlock of aggregates with the geogrid rather than the need for a tack coat. The coupled
specimens (upper and lower) were seated into the testing box model of 50 x50 x70 cm dimensions on a layer of loose sand of 40 cm depth. The
loose sand condition has been selected so that it could simulate compressible and poor subgrade, so that the reinforcing effect of asphalt
concrete could be clearly detected. The loose sand was added into the model box by raining method. It was poured from height not exceeding
20 cm in layers, 100 mm for each layer until the desired height of sand was reached, and the layer was leveled with a straight edge. The sand
is classified as poorly graded sand with a coefficient of uniformity (Cu )= 1.57 and coefficient of curvature (Cc) = 1. The maximum and minimum
dry unit weight of sand are 17.4 kN/m? and 14.7kN/m?3 respectively and the specific gravity value of the used sand is 2.65.

The load was applied through a circular metal plate of 10 mm thickness and 40 mm diameter using a strain-controlled system. An initial seating
load of 10 Newton was applied consistently for all the tested specimens to ensure perfect contact between the plate and asphalt concrete top
surface, also such contact was insured between the loose sand and the bottom face of Asphalt concrete. The thickness of the overlay specimens
and the size of the loading plate were modelled to represent 50 % of the real field size (60 mm is the typical overlay thickness and 80 mm is the
tire print). The load was applied to exhibit punching shear type of failure and maintained at a rate of 2 mm / minutes and the load — deformation
data were recorded until failure. The adopted failure criteria of asphalt concrete specimens were the drop in load among increasing the
deformation and the punching deformation which is monitored by visual observation using bubble level. A total of 12 asphalt concrete
specimens have been constructed and tested in duplicate. Figure 2 exhibits the preparation, compaction, and the check of deformation of asphalt
concrete cylindrical specimens with the aid of CBR molds and spacers. The accepted standard deviation between the strength and deformation
values of each couple of specimens was 5 % and the average value of a minimum duplicate specimens was considered for the analysis for each
testing condition.

Placing a spacer over
the prepared mixture

Checking the Punching
Deformation

Compaction of Specimen 8
in CBR Mold

Figure 2. Preparation and compaction of asphalt concrete specimens with the aid of CBR molds and spacers

Figure 3 shows the preparation of grid reinforced specimens with various types of reinforcements. The compaction temperature was maintained
to 160 °C. The 50-Ton capacity compression machine was used for static compaction of the specimens and for testing the coupled specimens in
the model box.

Load
Deformation
Dial Gage —\ l Loading Plate
Geogrid ﬂ.ﬂ Asphalt concrete
coupled specimens

Tensar AR-1 Geogrid

+ L3 " 50 Cm

Figure 3. Preparation and testing of geogrid reinforced asphalt concrete samples
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3. Results and Discussion

3.1. Influence of geogrids on load bearing and deformation

Figure 4 exhibits the load-deformation characteristics of control and geogrid reinforced asphalt concrete. It can be observed that there is a

significant increase in the load sustaining capacity of asphalt concrete after the implication of geogrid reinforcement as compared with the
control mixture.

The trend of the load-deformation was sharp at early stage of practicing the stress for reinforced mixtures, while it changes to gentle after a
punching deformation of 10 mm regardless of the geogrid type. However, the trend of increment in the load-deformation for control mixture
(unreinforced) changes from sharp to gentle after 3 mm of punching deformation. This may be attributed to the ability of geogrids to increase
the load bearing capacity of asphalt concrete due to generated particle interlock by the aperture of the geogrids. Smaller aperture size and lower
thickness of geogrid had furnished higher load bearing capacity of 2.5 kN for Tensar AR-1 geogrid as compared with that of 2.49 kN provided
by Tensar AR-G geogrid. This may be attributed to a more homogeneous mixture obtained by the small aperture size and low rib thickness
within the limited thickness of the overlay layer nominal particle size of aggregates. On the other hand, at failure, both geogrids type exhibit
higher load bearing capacity of (56.25 and 55.62) % for (Biaxial 0.8 and Biaxial 1.2) respectively. Similar behavior was reported by Correia and
Zornberg, 2016 [5]; Zarei et al., 2025 [12].
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Figure 4. Influence of geogrids of load bearing capacity of asphalt concrete

3.2. Influence of geogrids on failure stages of asphalt concrete

The control asphalt concrete specimen exhibited changes in the failure stage from viscoelastic to viscoplastic after 2.5 mm of punching
deformation. However, when the geogrids were implicated, a significant variation in the failure mechanism could be detected. The change of
failure stage from viscoelastic to viscoplastic appeared after 10 mm of punching deformation which was checked with the aid of bubble level.
This could be attributed to the restriction of lateral creep of asphalt concrete mixture under the applied punching stress due to the particle
interlock offered by the geogrids. Such behavior agrees with the findings reported by Bekheet et al, 2019 [21]. Figure 5 demonstrates the graphical
representation of failure stages of control and reinforced asphalt concrete.
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Figure 5. Graphical representation of failure stages

Table 5 summarizes the influence of geogrids on the viscoelastic behavior of asphalt concrete. It can be observed that during the viscoelastic
and viscoplastic stage of failure, the control mixture exhibits a gentle and linear trend of failure due to the homogeneity of the asphalt concrete
mixture. When the geogrids were introduced as an interlayer to asphalt concrete, the failure trend changed to polynomial mode with high
coefficients of determination for AR-1 geogrid. On the other hand, the implication of AR-G geogrid exhibits a linear mode of failure through both
stages. Similar findings were reported by Kumar and Jallu, 2022 [20]. The choice of linear or polynomial models was based on the high coefficient
of determination (R?) provided by each and the observed scatter of data.

Table 5. Mathematical models of failure stages

Geogrid type Failure stages

Viscoelastic stage Mathematical model R? Viscoplastic stage Mathematical model R?
Control Y=0.094 X +0.14 0.917 Y=0.06 X + 0.44 0.969
Biaxial 0.8, AR-1 Y=0.009 X%+ 0.0926 X +0.0543 0.951 Y=-0.009 X?+0.322 X +0.302 0.988
Biaxial 1.2, AR-G Y=0.21X-0.15 0.975 Y=0.05X+1.58 0.877

3.3. Influence of geogrids on stiffness of asphalt concrete

Figure 6 exhibits the influence of geogrids on the stiffness of asphalt concrete. It can be detected that the implementation of geogrids exhibited
higher stiffness of asphalt concrete as compared with that of the control mixture. This may be attributed to the interlocking of aggregate
particles with the ribs and aperture of the geogrids. At failure, the stiffness of the grid reinforced asphalt concrete is higher than that of the
control mixture by (56.2, and 62.5) % for AR-1 and AR-G geogrids respectively. It can be revealed that implementation of geogrids has changed
the properties of asphalt concrete from flexible to semi-rigid as exhibited in Figure 6.

Such findings from the implemented testing program could be beneficial in the decision for overlay and the future requirements from such
rehabilitation regarding the sustainability issue and the cost effectiveness.
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Figure 6. Influence of geogrid on the stiffness of asphalt concrete

Conclusions

Based on the limited testing program and limitations of materials, the following remarks may be addressed:

>

Smaller aperture size and lower thickness of geogrid had furnished higher load bearing capacity of 2.5 kN for Tensar AR-1 biaxial 0.8
geogrid as compared with that of 2.49 kN provided by Tensar AR-G biaxial 1.2 geogrid.

At failure, both geogrids type exhibit higher load bearing capacity of (56.25 and 55.62) % for (Biaxial 0.8 and Biaxial 1.2) respectively.
‘When the geogrids were implicated, a significant variation in the failure mechanism could be detected. The change of failure stage from
viscoelastic to viscoplastic appeared after 10 mm of punching deformation.

‘When the geogrids were introduced as an interlayer to asphalt concrete, the failure trend changed to polynomial mode with high
coefficients of determination for AR-1 geogrid. On the other hand, the implication of AR-G geogrid exhibits a linear mode of failure
through both stages.

At failure, the stiffness of the grid reinforced asphalt concrete is higher than that of the control mixture by (56.2, and 62.5) % for AR-G
and AR-1 geogrids respectively.

Geogrids are recommended to improve the load bearing capacity of asphalt concrete.

Various overlay thickness, loading rate, testing environment, and geogrid type are recommended for future testing programs.
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