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Torsion and the brain

Adjunct Professor,
University College Dublin,
Zhejiang University.



Quick survey:
What happens to the length of a 
cylinder when you twist it?

1. Increases (cylinder lengthens);
2. Decreases (cylinder shortens);
3. Stays the same;
4. I don’t know.

Torsion of a cylinder



Torsion of a cylinder: The POYNTING effect

Zurlo et al. ‘The Poynting effect’. American Journal of Physics (to appear)

Watch the YOUTUBE video at
https://www.youtube.com/watch?v=ugD6PsDaLu4

https://www.youtube.com/watch?v=ugD6PsDaLu4


Discovery Hybrid 2 rheometer

The rheometer measures the 
torque  and normal force Nz
required to twist a cylindrical 
sample by an angle α. 

τ

Nz τ

M
ichel Destrade

Torsion testing of brain matter
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The sample is pushing up against the top plate

Poynting effect in torsion
M

ichel Destrade
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Experimental data: Torque
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Result1: The Torque depends linearly on the twist!
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Experimental data: Normal force
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Result2: The Normal Force depends linearly on the twist squared!



Modelling the torsion
Nz

Deformation:
8
><

>:

r =
1p
�
R

✓ = ⇥+ ��Z
z = �Z

<latexit sha1_base64="l0BvkgQEmh0y9G3i/YNKBYrBcxk="></latexit>

� = ↵/l
<latexit sha1_base64="mAgWztbLyQMlQk06VtQlgf3enGw=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKtiABA1SBA1lkMhDSqxofdkkp5zt426NFFkp+ApaqOgQLZ9Cwb/ghBQQmGo0s6udnUAracl1P5zcwuLS8kp+tbC2vrG5Vdzeqds4MQJrIlaxaQZgUckIayRJYVMbhDBQ2AiGVxO/cY/Gyji6pZFGP4R+JHtSAGWS39YDedEGpQdwpDrFklt2p+B/iTcjJTZDtVP8bHdjkYQYkVBgbctzNfkpGJJC4bjQTixqEEPoYyujEYRo/XQaeswPEgsUc42GS8WnIv7cSCG0dhQG2WQINLDz3kT8z2sl1Dv3UxnphDASk0MkFU4PWWFk1gbyrjRIBJPkyGXEBRggQiM5CJGJSVZPIevDm//+L6kfl72TsndzWqpczprJsz22zw6Zx85YhV2zKqsxwe7YI3tiz86D8+K8Om/fozlntrPLfsF5/wIxbZZb</latexit>

Twist: 

Longitudinal stretch: �
<latexit sha1_base64="jUHjNcnBPQifILri/LeuCc6ZHr8=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogkYeURNH6sgmnnB+6WyNFVj6CFio6RMvXUPAvnI0LSJhqNDOr3R0/VtKQ6346pZXVtfWN8mZla3tnd6+6f9A2UaIFtkSkIt31waCSIbZIksJurBECX2HHn95kfucRtZFReE+zGAcBTEI5lgLISp2+stERDKs1t+7m4MvEK0iNFWgOq1/9USSSAEMSCozpeW5MgxQ0SaFwXuknBmMQU5hgz9IQAjSDND93zk8SAxTxGDWXiuci/p5IITBmFvg2GQA9mEUvE//zegmNrwapDOOEMBTZIpIK80VGaGl7QD6SGokguxy5DLkADUSoJQchrJjYYiq2D2/x+2XSPqt753Xv7qLWuC6aKbMjdsxOmccuWYPdsiZrMcGm7Ik9sxcndV6dN+f9J1pyiplD9gfOxzf3O5QF</latexit>
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Mooney-Rivlin model predicts 
• Torque ∝ 𝜙
• Normal force ∝ 𝜙!



Torsion in Abaqus: Torque 
M

ichel Destrade
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S1: 7% compression

S2: no compression

M
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Torsion in Abaqus: Normal force 
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Conclusions

Estimated elastic parameters: 
shear modulus μ=2(c1+c2), 
Mooney-Rivlin parameter c2 and 
the two coefficients of determination 
for the torque (R2

τ) and the normal 
force (R2

Nz) data fits. 

1. Brain displays the 
classical Positive 
Poynting Effect in 
torsion

2. Brain behaves as a 
Mooney-Rivlin
material in torsion M

ichel Destrade
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Simulation: Rotational head impact

S33 [Pa]

Sagittal section Coronal section

Axial section

Normal component Shear component

Peak acceleration: 2,170 rad s−2 (thresholds for mild DAI are >5,000 rad s−2)

Normal and shear stress are of the same order of magnitude (kPa) as 
thresholds for DAI (Deck & Willinger, 2008)

M
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The destructive brain team

V. Balbi (UL) A. Ní Annaidh and A. Trotta (UCD) M
ichel Destrade
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Conclusion
Come visit me in 
beautiful Galway!
• as a student
• as a postdoc
• as an academic 



M
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Advertisements

Write a review for 
Proceedings A!

Propose a Special 
Issue to NLM!
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