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Nonlinear behavior of silk minimizes 
damage and begets spider web 
robustness from the molecules up 
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Steel: strength ~1 GPa 
strong bonds 
 
Spider silk: strength  
~1-2 GPa & 60% strain 
@ failure 
weak bonds 
 
Made @ room 
temperature via self-
assembly  
 
Natural construction 
material  
 

macro nano 



Mechanics of web from molecular principles  
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Problem solved: Source of great strength of silk (comparable  to  steel)  
despite material being constructed from weak H-bonds (e.g. water) 

Based on: Nature 
Materials, 2010; 
Nature, 2011, in 
submission 

genetic  
information 

Silk structure identified 
using statistical methods 
(replica exchange MD) 

31-helices 
(semi amorphous) 

beta-sheet 
nanocrystal 

Constitutive behavior 
(derived from molecular 
principles, w/ mechanisms: 
Unfolding, slip, failure) 

Macroscale system (web) 

Web failure (simulation, 
model and in situ 
experiment) 

Stiffening  highly  
localized failure 

Nanomechanics 
characterization 

Link macroscale 
web failure back 
to molecular 
mechanisms  

Scheibel et al. 
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