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ABSTRACT 
Soft composites are widely used in the modern materials industry and play a significant role in emerging 
engineering fields such as soft robotics, wearable medical devices, and intelligent responsive materials. Due to the 
multiscale complexity and structural heterogeneity of soft composites, classical theories struggle to describe the 
coupling between particle interaction networks and the elastic matrix in the dense limit. To address this issue, this 
study systematically investigates the role of shear jamming in the nonlinear mechanics of soft composites. First, a 
phenomenological model based on critical scaling laws was established to capture the nonlinear mechanics of soft 
composites [1]; Second, by controlling the coupling between shear-jamming structures and matrix elasticity, we 
achieve both programmable non-reciprocal responses [2] and tissue-like strain-stiffening [3]. These studies provide 
new insights for addressing key challenges in dense soft composites and open new pathways for the development 
of mechanically intelligent materials. 
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