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S1. Uniaxial tension behaviors of three material models
[image: ]
Figure S1(a). 
Normalized nominal stress versus stretch ratio under uniaxial tension for all three material models used in this work.
[image: ]
Figure S1(b). 
Normalized true stress versus stretch ratio under uniaxial tension for all three material models used in this work.

S2. Computation of energy release rate




In Abaqus, calculations for the J-integral are conducted employing virtual crack extension/domain integral methodologies, as in the Abaqus documentation [1]. Following the steps outlined in the Abaqus documentation, we can determine the energy release rate for a 2D pure shear sample with varying crack lengths. The numerical results are verified through several ways. Firstly, the J-integral values corresponding to different integral “contours” (Figure S2) are found to be reasonably close. Secondly, even with a significant mesh refinement, there is no significant deviation in the J-integral value from its original result. Thirdly, as illustrated in Figure 3, when crack length  is greater than and smaller than , the FEM-derived energy release rate remains relatively constant and is close to theoretical value, .
[image: Graphical user interface

Description automatically generated]
Figure S2.
Different “contours” (domains, marked in red) used to evaluate the J-integral in Abaqus. In Abaqus, the closed path integral is converted into the domain integral.


S3. Comparison of Arruda-Boyce (AB) ,  and neo-Hookean (NH)
[image: ]
Figure S3(a). 
[image: ]
Figure S3(b). 



Normalized energy release rate  versus c/w for two specimen geometries.  Material model is AB with ,and NH. The results show very small differences using these two strain-hardening parameters, although they cover a large range of values that are practically applicable.

S4. Comparison of Eqn. (6) with the FEA for 
[image: ]
Figure S3(a). 
[image: ]
Figure S3(a). 
Comparison of Eqn. (6) with FEA for . Under large stretch ratio, energy release rate for MR may be 10% less than , even if the crack length is larger than height of the specimen.

S5. Deformed shape of uncracked PS specimen

[image: ]
Figure S5. 
Deformed shape of uncracked PS specimen simulated using four material models. Due to symmetry, only one quarter of the specimen is presented in the plot. The results indicate that if the second strain invariant, , is more involved in the strain energy density function, the edges exhibit increased curvature. Therefore, we can expect the stretch in  direction to deviate more from the value for an ideal pure shear specimen, which is λ=1.
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