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ABSTRACT

Geogrids are frequently employed to enhance the performance of flexible pavements by improving load distribution
and minimizing deformation. In this study, the load transfer mechanism between the geogrid and aggregate was
explored through Discrete Element Method (DEM) simulations using three-dimensional Particle Flow code (PFC 3D)
in a pavement model featuring a biaxial geogrid within granular base layer. A Hill material is generated for aggregate
using a user-defined Hill Contact Model (HCM) with linear bond between unbounded grains, whereas the geogrid is
composed of strings of overlapping spherical balls connected by beamed contacts. This study investigates the effect of
varying geogrid lengths (3D, 4D and 5D, where D is the size of loading plate) on stress distribution and load transfer
mechanisms. The study analysed force distribution and displacement profile along the geogrid, and the development
of contact forces in the aggregate-geogrid layer under incremental loading. The results indicate that geogrid length
significantly influences the load transfer mechanism, with shorter lengths leading to higher stress concentrations near
the loading area. In contrast, longer lengths result in a more even distribution of load across the pavement surface.
These findings provide valuable insights for the design and optimization of geogrid-reinforced pavements, allowing

engineers to improve performance and durability by tailoring geogrid length to specific loading conditions.
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1. INTRODUCTION

Geogrids have played a significant role in
enhancing the performance of flexible pavement,
leading to either an extended service life or significant
reductions in the required thickness of the base course
(Castro and Galindo 2024). Additionally, it offers
significant advancements in mitigating common
pavement issues such as reflective cracking, and
rutting, contributing towards improved load
distribution, and enhanced structural resilience,
making them valuable components in cost-effective
and sustainable road construction practices (Wang et
al. 2023). The understanding of geogrid-aggregate
interaction is crucial for the design and analysis of
these reinforced systems. Numerous experimental
investigations (Ochiai et al., 1996; Peng & Zornberg,
2017) provide an understanding of the effect of geogrid
properties (aperture, junction, rib, stiffness and
interface behaviour) on force transfer between geogrid
and aggregate in geogrid-reinforced systems.
However, while the effect of geogrid properties is

thoroughly analysed, the specific influence of geogrid
length on the load transfer mechanism in the granular
layer remains unexplored. Numerical methods like
Finite Element Method (FEM) and Discrete Element
Method (DEM) are commonly used to analyse soil-
geogrid interaction. Chhetri & Deb, (2024), utilised
FEM to highlight the effectiveness of geogrid in soft
soil conditions. Simulation results exhibit an effective
reduction in vertical compressive strains equal to 40%.
Even though a user-friendly Finite Element Analysis
(FEA) provides a macroscopic, continuum-based
analysis of soil-geogrid interaction, it fails to establish
a microscale, particle-based analysis, capturing the
discrete interactions between particles, essential for
understanding granular materials behaviour and their
interaction with geogrids. DEM is ideal for research on
particle-level interactions and their impact on geogrid
performance, making it a preferred choice for studies
on soil-geogrid interactions. Wang et al., (2022) used
the DEM to analyse the interface between geogrids and



granular soils, focusing on aperture ratios, soil-geogrid
interlocking, and geogrid flexural rigidity, aiming to
optimise reinforcement strategies in designing
reinforced soil structures. DEM models the mechanical
interactions between granular aggregates in pavement
layers, simulating their response to traffic loads.
Hence, it stands as a promising approach to
understanding pavement response and  stress
distribution, offering insights at the particle level. This
paper investigates the effect of the length of the geogrid
on the load transfer mechanism in stabilized granular
layers under wheel load. The geogrid-aggregate
interaction is simulated, and the distribution of forces,
displacements and related load transfer mechanisms
are analysed using DEM with Particle Flow Code 3D
(PFC3D). This study aims to visualise the load transfer
mechanism between geogrid and aggregate resulting in
a better understanding of the mechanism involving
geogrid-aggregate interaction at a particulate level,
providing valuable insights for optimising geogrid
design in road applications.

2. NUMERICAL MODELLING OF THE
GEOGRID-REINFORCED
AGGREGATELAYER

PFC3D-based numerical modelling is conducted
for simulating the mechanical behaviour of granular
materials and their interaction with geogrids at the
particle level. The pavement-design package
incorporates a simulation system to create and perform
wheel load tests on layered pavement systems with and
without geogrid. The simulation includes the
generation of materials and vessels for simulation
purposes, with a specific focus on accurately modelling
granular materials and geogrid structures of various
lengths. The integration phase involved placing the
geogrid within the packed granular material at a
specified location to study their combined behaviour.
Finally, the materials were packed within the vessel,
and the properties were assigned, preparing the
simulation for loading and analysis.

Granular materials were modelled by defining their
physical and mechanical properties listed in Table 1.
Using the Hill Contact Model (HCM) in PFC3D
spherical aggregates were simulated. This method
enabled the creation of a granular assembly using
spherical particles, providing a detailed representation
of granular materials. Hill material used in pavement
simulation excludes finer particles for computational
ease. Geogrid materials were modelled using bonded
sphere strings with a linear parallel bond contact
model. Each rib of the grid functions as a rectangular
elastic beam with varying cross-sections. The grid acts
as an elastic structure, retaining its original shape upon
unloading and not prone to breakage. Table 1 gives the
geogrid parameters considered in the study.

Table 1: Input parameters for DEM Simulation.
Granular particle model parameter

Density of solids, ps [kg/m?] 2650
Local damping co-efficient, dp 0.7
Friction co-efficient, ua 0.5
Effective modulus, £ (MPa) 2x 104
Normal to shear stiffness ratio, & 1
Geogrid particle model parameter

Geogrid type Biaxial
Density of grid particles, ps [kg/m?], 972
Friction co-efficient, ug 0.42
Grid surface Effective modulus, £ (MPa) 6 X 102
Stiffness ratio, k 2
Aperture size, mm 38
Dia. of the particle at the junction, mm 5.0
Dia. of the particle at the rib, mm 2.5

Beam cross-section at the junction, mm x mm 5.0x3.5
Beam cross-section at the junction, mm X mm 2.5x2.8

3. NUMERICAL SIMULATION OF LARGE-
SCALE MODEL PAVEMENT EXPERIMENT
(LSMPE)

For numerical simulation of Large-Scale Model
Pavement Experiment, a material vessel of 1000mm X
1000mm X 450mm is considered, as shown in Fig. 1.
In the initial packing phase, granular particles within
the geogrid incorporated aggregate layer are
rearranged into a packed state under zero friction
conditions. Then, obtain specified layer density via
boundary contraction. This is followed by the
finalising phase micro-mechanical properties are
assigned to particles. The granular material of 450 mm
thick corresponding to the 250mm base layer and
200mm subbase layer is assigned a user-defined Hill
contact model to all grain-grain contact and a linear
contact model to all grain-wall contact. Geogrid is
integrated at one-third of the base layer thickness. The
linear contact model is assigned to grid-grid, grid-wall,
and grid-grain contact.
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Fig 1: 3D Discrete element model of the geogrid-reinforced
aggregate layer.

During the loading phase of DEM simulations, the top
wall is removed, the material is allowed to attain
equilibrium. A rectangular plate of 160mm X 240mm
is then introduced to simulate the wheel contact
area(Ren, et al. 2011), and tyre ground pressure is taken
as 250 kPa on top of the base layer. Key parameters



such as displacement profiles and contact force
distributions are measured. Further, material
generation and analysis have been conducted for
varying lengths, L = 3D, 4D, and 5D (where D is the
width of the loading plate) of geogrids to investigate
the effects of the length of geogrid on their
performance.

4. RESULTS AND DISCUSSION

4.1 Applied pressure vs. settlement response

Fig. 2 displays the pressure-settlement relationship of
the granular layer with and without geogrid
reinforcement of varying length. The settlements are
normalized by the width of the loading plate. The load
carrying capacity of plate on the stabilised granular
layer is higher in comparison with unreinforced
conditions. An increase in the length of the geogrid
shows improved bearing performance. However, when
the geogrid length reaches four times the width of the
loading plate, further increment in the reinforcement
length shows minimal improvement in the q-w/D
curve. This shows that the additional geogrid provided
is not significantly contributing to the stress
distribution.
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Fig. 2: Pressure vs. Settlement ratio of unreinforced and
reinforced granular  layer  considering  varying
reinforcement lengths ((L=3D, 4D, 5D).

4.2 Displacement distributions of granular particles

Fig. 3 illustrates the vertical displacement component
normalised by the width of the loading plate, for
varying distances, z, under the loading point. Higher
displacements are observed in the unreinforced
condition in comparison with the reinforced condition.
In the L=3D case, granular layer displacements tend to
localise with higher vertical settlement concentrated
directly under the loading plate, however, the
increment in length of reinforcement exhibits a
reduction in the vertical displacement. Beyond
optimum length (L=4D), further increase in length
(L=5D) shows diminishing returns with minimal
impact.
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Fig. 3: Normalized vertical displacement profile for
unreinforced and reinforced (L=3D, 4D, 5D) granular layer.

4.3 Force distribution in the granular layer along

geogrid
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Fig. 4: Contact force distribution in aggregate and tensile
force distribution along geogrid in (a) unreinforced and
reinforced, (b) L=3D, (¢) L=4D, (d) L=5D at 250kPa
pressure.



Fig. 4 quantifies the microscopic contact forces that
can characterize stress transfer patterns in the granular
layer and tensile force mobilized in the geogrid. The
thickness of the lines shown in the figure is
proportional to the magnitude of the forces. In
unreinforced conditions, the distribution of contact
force is continuous with a diffusion angle, 6=30.9°.
There is a significant increment in the diffusion angle,
0 =47.65° (L=3D) and 6 = 54.7° (L=4D) showing the
wider spread of the contact force and increase in the
area of geogrid under tension. However, when
reinforcement length, L=5D the 6 = 56.3 shows
minimal improvement in stress distribution.

4.4 Influence of the length of geogrid on load
distribution

The geogrid length significantly influences the load
transfer mechanism in the stabilised granular layer.
Fig. 5 reflects the effect of the length of the geogrid on
the performance of the stabilised granular layer.
Bearing capacity ratio (BCR), Modulus Improvement
Factor (MIF) and Diffusion Ratio (DR) (Baadiga and
Balunaini 2023; Bhattacharjee et al. 2011) are plotted
considering varying geogrid lengths (3D, 4D, 5D). Fig.
5 shows all three parameters are increasing with
geogrid length but diminishing beyond optimal length,
highlighting the limits of geogrid effectiveness.
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Fig. 5: Influence of the length of geogrid on load distribution

5. CONCLUSION

This study numerically investigated the effect of length
of the geogrid reinforcement on the load transfer
mechanism in stabilized granular layers under wheel
load. The results indicate that an increase in the geogrid
length enhances load bearing, reduces displacements
and stress concentration, resulting in effective
distribution of forces and enhanced stabilisation.
However, beyond the optimal length of 4D, further
benefits diminish, highlighting efficient design

ACKNOWLEDGEMENT

Authors extend their heartfelt gratitude to Itasca
Consulting Group for selecting them for the Itasca
Education Partnership (IEP) program and providing
Particle Flow Code (PFC) software, which was
instrumental in conducting this research.

REFERENCES

Baadiga, R., and U. Balunaini. 2023. “Evaluation of pavement
design input parameters of biaxial and triaxial geogrid
stabilized flexible pavements overlying soft subgrades.”
Cleaner Materials, 9. Elsevier Ltd.
https://doi.org/10.1016/j.clema.2023.100192.

Bhattacharjee, A., S. Mittal, and A. M. Krishna. 2011. “Bearing
capacity improvement of square footing by micropiles.”
International Journal of Geotechnical Engineering, 5:
113-118. Maney Publishing.
https://doi.org/10.3328/IJGE.2011.05.01.113-118.

Castro, J., and A. Galindo. 2024. “Life cycle costs and mid-term
performance of a geogrid-stabilized pavement section,
an economical and sustainable approach, case study, RN-
39 Honduras.” E3S Web of Conferences. EDP Sciences.

Chhetri, S., and P. Deb. 2024. “Finite Element Analysis of
Geogrid-Incorporated Flexible Pavement with Soft
Subgrade.” Applied Sciences (Switzerland), 14.
Multidisciplinary Digital Publishing Institute (MDPI).
https://doi.org/10.3390/app14135798.

Ochiai, H., J. Otani, S. Hayashic, and T. Hirai. 1996. “The Pull-
Out Resistance of Geogrids in Reinforced Soil.”
Geotextiles and Geomembranes, 14 (1): 19-42.
https://doi.org/10.1016/0266-1144(96)00027-1.

Peng, X., and J. G. Zornberg. 2017. “Evaluation of Load
Transfer in Geogrids for Base Stabilization Using
Transparent Soil.” Procedia Eng, 189 (May): 307-314.
The Author(s).
https://doi.org/10.1016/j.proeng.2017.05.049.

Ren, R., L. Geng, and W. Qi. 2011. “Dynamic response analysis
for two typical structures of saturated asphalt pavements
with 3D finite element method.” Adv Mat Res, 3391—
3396. Trans Tech Publications Ltd.

Wang, S. L., D. Wang, S. Tighe, S. Bhat, and S. Yin. 2023b.
“Investigation of Rutting Performance in Geogrid-
Reinforced Asphalt by Penetration Test.” Materials, 16.
Multidisciplinary Digital Publishing Institute (MDPI).
https://doi.org/10.3390/mal16227221.

Wang, Z., B. Ma, G. Yang, and M. Ziegler. 2022. “Investigation
progress of geogrid-soil interaction using DEM.” IOP
Conf Ser Mater Sci Eng, 1260 (1): 012042.
https://doi.org/10.1088/1757-899x/1260/1/012042.



