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Multiple polymer networks comprising a sacrificial and a matrix network, exhibit 

exceptional mechanical toughness and strength, commonly attributed to the 

development of an extended dissipative zone involving sacrificial bond scission 

in front of à growing crack. However, crack initiation in such materials remains 

poorly understood[1]. We report a combination of advanced mechanochemistry 

experiments and coarse-grained molecular dynamics simulations to investigate  

how the local force redistribution at the polymer strand scale of single-network 

and double-network elastomers delays crack nucleation. Mechanochemical 

experiments show that microscopic rearrangements and bond breaking events 

are very localized near the crack tip in single networks, readily causing the crack 

to advance, while double networks exhibit delocalized bond scission and 

microscopic rearrangements well ahead of and not directly correlated with crack 

propagation[2], effectively delaying the correlated bond scission needed for 

crack growth. Molecular scale simulations show that, in contrast to single 

networks, where anisotropic stress redistribution promotes rapid localization and 

catastrophic fracture, the presence of a soft matrix in double networks induces 

a screening of stress redistribution generated by sacrificial bond scission. This 

screening suppresses correlated rupture events and stabilizes multiple damage 

zones, leading to a strongly delocalized damage landscape over a broad 

deformation range. Together, these results identify stress-screening-induced 

damage delocalization as a central microscopic mechanism underlying toughness 

enhancement in multiple-network elastomers[3,4]. 
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