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Some Recent Engineering Applications of Rubber
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Construction - seismic isolation rubber bearings
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Large rubber isolation bearings used to dampen seismic vibrations in 
structures susceptible to damage - durability

www.oiles.co.jp
wikipedia.org
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Textile industry - rubber rollers for fabric printing
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Rolling rubber stamps for printing applications commonly 
used for textile printing - solvent compatibility

oecotextiles.wordpress.comBBC
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Electronics - lithium-ion polymer batteries
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Polymer gels and solid state polymers for ion transport in 
batteries - diffusion

wikipedia.org
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Sealing gaskets - O rings and the Challenger disaster
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Use of rubber rings to provide seals in piping and for high 
vacuum applications - elasticity

https://www.youtube.com/watch?v=raMmRKGkGD4

wikipedia.org

“For a successful technology, reality must take precedence over public 
relations, for nature cannot be fooled.”
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Soft but tough materials design
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Tradeoff between modulus and toughness in soft materials
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µx = ⌫xkT =
⇢RT

M0Nx

µx = modulus = G0

M0 = monomer mass

Nx = monomers per strand
<latexit sha1_base64="luDGhPH55Qsx/lFyBWwVvleWcEE="></latexit>

Network modulus Network toughness
�(v) = �0(1 + �(aT v))

�0 = fracture energy at limiting velocity

�(aT v) = velocity dependent dissipation
<latexit sha1_base64="21jDdKXIq5SCPQsHZlPtFcAEbls="></latexit>

�0 = NxUb

X

Ub = bond energy ⇠ 350kJ/mol
X

⇡ ⌫xaN
1/2
x = areal density of strands

<latexit sha1_base64="UlyZScsT+Wo0RyQNo5oyo13EBTY="></latexit>
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<latexit sha1_base64="yWWjhKfJVLNRMBIJEnY+jSMMJXs="></latexit>

This implies a tradeoff between network 
modulus (elasticity) and fracture energy 
(toughness). Further, swollen gels with a 
similar value of Nx are more brittle than 
pure elastomers.

�0 / µ�1/2
x

<latexit sha1_base64="w6XpJzuYoeOrxSqK6/Doj9g5U90=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgxjpTBV0WXeiygn1AZxwyaaYNTWZCkhHL0JUbf8WNC0Xc+g3u/BvTdhZaPRA4nHMvN+eEglGlHefLKszNLywuFZdLK6tr6xv25lZTJanEpIETlsh2iBRhNCYNTTUjbSEJ4iEjrXBwMfZbd0QqmsQ3eiiIz1EvphHFSBspsHe9S8Q5ChzoCZkInUCPp8H9bXboHlVHgV12Ks4E8C9xc1IGOeqB/el1E5xyEmvMkFId1xHaz5DUFDMyKnmpIgLhAeqRjqEx4kT52STGCO4bpQujRJoXazhRf25kiCs15KGZ5Ej31aw3Fv/zOqmOzvyMxiLVJMbTQ1HKoEk77gR2qSRYs6EhCEtq/gpxH0mEtWmuZEpwZyP/Jc1qxT2uVK9PyrXzvI4i2AF74AC44BTUwBWogwbA4AE8gRfwaj1az9ab9T4dLVj5zjb4BevjG8bZmAk=</latexit>

�0 / ⇢0�p
<latexit sha1_base64="35yZWQfm+rOBfWLvsmf4Mvypu0g=">AAACB3icbVBLSwMxGMz6rPVV9ShIsAieym4V9Fj0oMcK9gHdsmTTbDc0L5KsUJbevPhXvHhQxKt/wZv/xvRx0NaBwGTm+0hmYsWosb7/7S0tr6yurRc2iptb2zu7pb39ppGZxqSBJZO6HSNDGBWkYallpK00QTxmpBUPrsd+64FoQ6W4t0NFuhz1BU0oRtZJUekovEGco8iHodJSWQlDncrJNaWRikplv+JPABdJMCNlMEM9Kn2FPYkzToTFDBnTCXxluznSlmJGRsUwM0QhPEB90nFUIE5MN5/kGMETp/RgIrU7wsKJ+nsjR9yYIY/dJEc2NfPeWPzP62Q2uezmVKjMEoGnDyUZgy7uuBTYo5pgy4aOIKyp+yvEKdIIW1dd0ZUQzEdeJM1qJTirVO/Oy7WrWR0FcAiOwSkIwAWogVtQBw2AwSN4Bq/gzXvyXrx372M6uuTNdg7AH3ifP9iumKk=</latexit>

Creton Macromolecules 2017, 50, 8297.



Designing for extensibility and toughness
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Ideal network

‘Real’ network

Tibbitt et al. Macromolecules 2013, 46, 2785. 

Creton Macromolecules 2017, 50, 8297.



Homogeneous network design
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Sakai et al. Macromolecules 2008, 41, 5379.
Matsunaga et al. Macromolecules 2009, 42, 1344.
Malkoch et al. Chem. Comm. 2006, 2774.
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Combining elastic and dissipative hydrogels
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Gong et al. Adv. Mater. 2003, 15, 1155.
Gong Science 2014, 344, 161.

Simple principles can be 
applied to hydrogels - creating 
double network gels with an 

elastic network and a 
dissipative network to increase 

material toughness in soft 
water-swollen networks.
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Tough double network hydrogels
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Sun et al. Nature 2012, 489, 133.
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Toughening by combining elastic and dissipative networks
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Ducrot et al. Science 2014, 344, 186.

Intelligent design of dissipation in elastomers can 
significantly increase network toughness.
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Macroscale properties are controlled by molecular details
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Network architecture

Molecular details

+k

Viscoelasticity

Diffusivity
Surface

chemistry

Macroscale Properties

Macromolecular details inform material properties and 
provide a tunable handle in their design.

Swelling

Degradation
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