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Strain-induced crystallization (SIC) represents a type of phase transition in natural rubbers triggered by defor-
mation. This is evident from the heterogeneities in temperature distribution observed in unfilled natural rubbers
subjected to homogeneous uniaxial tension [1], as temperature variations in natural rubber are attributed to
SIC. These heterogeneities become pronounced following the onset of SIC, particularly within the stretch ratio
range of 4 ⪅ Λ ⪅ 5.5 (see Fig. 1). Interestingly, prior to the onset of SIC (Λ1 ⪅ 4) and following the stress
upturn (Λ1 ⪆ 6), the temperature distribution remains homogeneous. This observation further implies that this
behavior does not stem from coupling instabilities, as observed in electroactive elastomers, but rather from the
loss of ellipticity associated with phase transitions.

In this contribution, we extend the recently developed thermodynamic regularization technique [2] to the con-
text of strain-induced crystallization in natural rubbers and formulate a novel computational framework based
exclusively on the laws of thermodynamics and a single thermodynamic potential. The predictions of the
computational framework with the four coupled fields (displacement, temperature and two nonlocal interac-
tions) is then demonstrated through multiple numerical benchmarks and comparison with experimental data.
Specifically, the average nominal stress, calculated from the ratio of force and initial cross-sectional area, is
demonstrated in Fig. 1 (left). In can be seen a good agreement with the experimental data and also there is no
stress plateau observed after the onset of SIC due to regularization. The predicted heat source at the center of
the specimen is plotted versus time in Fig. 1 (right). It can be observed that, initially, the heat source increases
with crystallinity. Near the end of the loading phase, the heat source decreases due to the inflection point in the
evolution of crystallinity.

Figure 1: Left: Average nominal stress in the uniaxial tension; Right: Heat source evolution at the center of the specimen.
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