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3.2 Variation of force chains

The force chains are represented as lines of all grain interactions. The colour and
thickness of each line represents the magnitude of the contact force. As the contact force
increases, the line colour changes to red. Note that for clarity the internal bond interactions
of the rubber particles are not considered in the force chains. The force chains of samples
with rubber contents RC of 0, 20, 40 and 100% at a vertical stress of 250 kPa are shown in
Figure 6. The force chain distributions for RC=0% and RC=20% are very similar but with
increasing rubber content the number of interactions increase and force chains become less
pronounced. In fact, no clear force chains are developing in the sample with RC=100%,
indicating that it acts like a solid rather than a granular material.

RC=0% RC=20%

RC=40% RC=60%
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Figure 6: Force chain distribution for samples with different rubber content at 250 kPa vertical stress.
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3.3 Insights from contact network histograms

Figure 8 shows the polar contact network histograms (rose diagrams) for each type of
contacts, i.e., sand-sand (S-S), sand-rubber (S-R) and rubber-rubber (R-R), and for all
combined contacts at a stress level of 250 kPa. The data consistently shows that there is no
apparent bias in the number of contacts oriented in any particular direction. However, it can
clearly be seen that the increase in rubber content results in more contacts. For samples with
RC=0% and RC=20%, the number of S-S contacts is obviously higher than the number of R-
R contacts and, hence, the sand grains control the behaviour of the sample. For RC=40% and
RC=60%, the S-R contacts have the highest contribution. For the pure rubber sample
(RC=100%), the behaviour is fully controlled by rubber. From these observations it can be
concluded that sandy behaviour is observed for samples with less than 20% rubber content,
rubbery behaviour is observed for samples with more than 60% rubber content and samples
with rubber contents between 20% and 60% exhibit sand-rubber like behaviour.

4 CONCLUSIONS

Deformability and grain shape are two intrinsic characteristics of sand-rubber particle
mixtures which need to be taken into account. This paper considers both features in order to
carry out realistic simulations of 1D compression tests of mixtures with different rubber
content. The main focus of the study is the micromechanical behaviour of such mixtures.

Grain shape and deformability lead to interlocking of grains. The higher the interlocking,
the higher the residual strain. The numerical results are able to predict this phenomenon and
the predictions agree very well with experimental observations. Another reason for such
good agreement is use of a 3D model. The number of grain-wall contacts in 2D simulations
is significantly lower than a 3D which results in lower wall friction and, hence, in lower
residual strain (cf. [3]).

The concept of coordination number is used on grain-contact level. The number of grain-
contacts generally increase with increasing load. However, the range of this values for pure
rubber is about 60% larger than pure sand. Inspired by this observation, the value of average
number of contacts between two specific grains is investigated. This shows the change in
shape of the contact area from a point to point for sand-sand contacts to surface to surface
for rubber-rubber particle contacts. Such observations are consistent with the deformable
nature of the rubber particles.

The variations of the force chains show larger number of contacts with lower force
magnitude for samples with higher rubber content at the same stress level. More insights are
obtained from contact network histograms. The ratio of the number of contacts for each type
of contact (sand-sand, sand-rubber and rubber-rubber) to the total number of contacts is a
qualitative criteria to see which material controls the behaviour of the mixture. Results
indicate that sand is generally controlling the behaviour of mixtures for samples with rubber
content lower than 20% while a sample with rubber content of larger than 60% is controlled
by rubber.
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Figure 7: Contact network histograms at 250 kPa vertical stress.
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