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ABSTRACT

Scrape tires pose a significant environmental challenge. One proposed
management strategy is mixing soil with tire additives of various sizes.
While numerous studies have investigated the properties of tires and soil-
tire mixtures, numerical studies remain relatively scarce. This research
aims to simulate the mixture's behavior realistically. Given the flexibility of
rubber shreds, the irregular shape of sand grains, and the inherent
heterogeneity of the mixture, the Discrete Element Method (DEM) was
employed for simulation. This method allows for the simulation of
geometric features and mechanical properties of individual particles and
bulk behavior at the granular scale. The simulations were conducted using
the YADE software. Rubber shreds measuring 8040 mm were simulated
in samples with volumetric rubber shred contents of 0%, 20%, 40%, 60%,
and 80%. The triaxial tests with confining pressures of 100, 200, and 400
kPa were simulated and the results showed good agreement with existing
literature. To investigate anisotropy, shear was applied in two directions:
perpendicular to the rubber shred plane (z-direction) and parallel to it (y-
direction). The results indicate that the shreds exhibits reinforcing action
when loading is in z-direction. Furthermore, the contact number increases
with the addition of rubber shreds. Although the peak friction angle
consistently decreases with higher rubber content for both z and vy
directions, the sample with 40% rubber shreds exhibits the highest friction
angle under residual stress conditions in the z-direction.
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Introduction

Scrape tires are considered a major
environmental challenge, and their reuse as a
geotechnical material has been proposed as an
engineering solution. Among these
applications, sand—rubber shred mixtures have
attracted attention due to their improved
mechanical behavior and reduced
environmental impacts. However, the behavior
of such mixtures is influenced by
micromechanical factors—including particle
shape, shred flexibility, and shred orientation—
which have not been fully examined in previous
studies. The objective of this research is to
numerically simulate triaxial tests on sand-—
rubber shred mixtures using the Discrete
Element Method (DEM), while accounting for
these microscopic parameters. The main
innovations of this study lies are to consider the
actual particle shape of sand grains, the
flexibility of rubber shreds, the effect of loading
direction relative to the shred plane, and the
analysis of specimens with shred contents
ranging from 0 to 80%.

Simulations

In this study, the DEM-based YADE
software was used for three-dimensional
simulations. Sand particles were modeled as
rigid connected spheres (clumps), while rubber
shreds were represented by interconnected
assemblies of 128 spherical particles leading to
shred deformability. The shred dimensions
were set to 8 x 4 cm with an aspect ratio of 2
(Fig. 1 a-c). Calibration of the shred parameters
was performed by comparing results of
laboratory tensile and bending tests with
corresponding simulations. Sand parameters
were adopted from the literature. Cubic
specimens with a side length of 0.22 m,
containing 9,000 to 12,000 grains and various
volumetric shred contents (0, 20, 40, 60, and
80%), were generated. After primary and
secondary compaction (Fig.1 d), the samples
were subjected to three confining pressures
(100, 200, and 400 kPa), and deviatoric loading
was applied in two directions: z-direction
(perpendicular to the shred plane) and y-
direction (parallel to the shred plane).
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Fig 1. a) sand grains, b) a simulated shred, c) the
internal bonds between the spheres of a shred and

d) the generated samples
Results and Discussion

The simulation results were analyzed at
macro-scales, including deviatoric stress—axial
strain, volumetric strain—axial strain, dilation
rate—axial strain, shear strength, and micro-
scales including contact number and force
chains. At the macro scale, the deviatoric
stress—strain curves showed that increasing
rubber shred content shifts the behavior from
dilative to contractive (Fig. 2). Analysis of the
dilation rate clearly indicated that specimens
with up to 20% shreds exhibited sand-like
behavior, whereas those with higher shred
contents demonstrated rubber-like behavior.
Loading direction had a significant effect on
strength: in the z-direction (perpendicular to the
shreds), higher peak and residual strength was
observed due to the reinforcement effect.
Moreover, the peak friction angle decreased
with increasing shred content, while the
residual friction angle in the z-direction reached
its maximum for the specimen with 40%
shreds.

At the micro scale, the contact number
increased with shred content, attributed to shred
planar shape and deformability. Examination of



force chains showed that in the z-direction, the
sand-shred forces were markedly higher than in
the y-direction, highlighting the effective role
of shreds in load transfer and the reinforcement
mechanism in this orientation. These findings
are consistent with previous laboratory
observations.
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Fig 2. Deviatoric stress-strain curves at confining
stress of 200 kPa

Conclusion

This study demonstrates that the Discrete
Element Method, with its capability to model
shred deformability, is an effective tool for
analyzing the behavior of sand-rubber shred
mixtures. The results indicate that the loading
direction relative to the shred plane plays a key
role in the shear strength of the mixture due to:
loading perpendicular to the shred plane (z-
direction) mobilizes a reinforcement effect and
increases residual strength by approximately 5

degrees. Furthermore, several findings-such as
the optimal shred content and the threshold
between sand-like and rubber-like behavior-are
consistent with previous literature. Overall, the
study effectively reveals the reinforcing role of
rubber shreds in sand-rubber mixtures.
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