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Figure S1 the engineered spike for piercing tests.
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Figure S2 FT-IR spectrum (a) and TG results (b) of S-ST polymer matrix, PU sponge and S-
ST/PUC sample in the range of 4000-500 cm.
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Figure S3 Rate-dependent mechanical properties of the S-ST polymer with different external
excitation: pristine sample (a and g); fractures abruptly if stretched quickly (b) and adheres
ideally (c); if stretched slowly, the composite is soft and tensile (d-f); flexible and plastic if

compressed slowly (h) and small changes in dimensions can be observed if impacted violently (i)
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Figure S4 Stress-strain curves of PU sponge under the excitation of different shear rates.

Figure S5 The schematic of piercing test results of PU sponge and witness paper (a and b); S-ST

polymer and witness paper (¢ and d); S-ST/PUC and witness paper (e and f).
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