


•  Simple tension:  cable

Note:  τ = M/AcR here.
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•  Torsion (a form of shear):  drive shaft
Ski lift (photo courtesy 

P.M. Anderson)

Ao = cross-sectional 

area (when unloaded)
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(photo courtesy P.M. Anderson)
Canyon Bridge, Los Alamos, NM

o

σ =
F

A

•  Simple compression:

Note:  compressive

structure member

(σ < 0 here).(photo courtesy P.M. Anderson)

Ao

Balanced Rock, Arches 
National Park



•  Bi-axial tension: •  Hydrostatic compression:

Pressurized tank

σ < 0h

(photo courtesy
P.M. Anderson)

(photo courtesy
P.M. Anderson)

Fish under water

σz > 0

σθ > 0
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𝝊

In footwear, auxetic design allows 

the sole to expand in size while 

walking or running, thereby 

increasing flexibility.
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ν = - L

e

metals:    ν ~ 0.33

ceramics: ν ~ 0.25

polymers: ν ~ 0.40



Figures provided courtesy of Professor Thomas Siegmund, Purdue University

•  Metals: occurs when noticeable necking starts.

•  Polymers: occurs when polymer backbone chains are

aligned and about to break.

Adapted from Fig. 6.11, 
Callister & Rethwisch 9e.
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Figures provided courtesy of Professor Thomas Siegmund, Purdue University



Figures provided courtesy of Professor Thomas Siegmund, Purdue University



𝜎𝑌𝑃 𝑢 = 𝑢𝑝𝑝𝑒𝑟 𝑦𝑖𝑒𝑙𝑑 𝑝𝑜𝑖𝑛𝑡

𝜎𝑌𝑃 𝑙 = 𝑙𝑜𝑤𝑒𝑟 𝑦𝑖𝑒𝑙𝑑 𝑝𝑜𝑖𝑛𝑡

𝜎𝑃𝐿 = 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝑙𝑖𝑚𝑖𝑡
Figures provided courtesy of Professor Thomas Siegmund, Purdue University



Figures provided courtesy of Professor Thomas Siegmund, Purdue University
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