ENG 302 -SOLID MECHANICS

LECTURE 5. DIGRESSION: THE DIVERGENCE THEOREM FOR TENSORS

Let v be a vector field. Then

fdi\-'vdef v-ndAd — /vqi:dlr":_/ omndA.
0 a1l L a1

(To see this, take v = e for ¢ # 0, constant.) This implies

/5¢dv’=f én,; dA.
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Apply this to each component of a Cartesian tensor, Tjge . then
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In particular
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3.4.2 DMore on the stress tensor

or in index notation,

Consider again the stress tensor T

e normal stress: f, =n-(Tn)=n-t
If t; = 0 then this stress is tensile, and if ¢, < 0 it is compressive.

o shear stress: {, = |t — Tn|

Particular case Suppose t; = 0 and t, is independent of n. Then

This is hydrostatic stress.
T;; is the j*® component of the force in the i*® direction.
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Ti1: normal stress; Ti2, Tis: shear stresses.
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3.4.3 The nominal and Piola Kirchhoff stress tensors

The Cauchy stress tensor is defined in the current configuration. We can ask the following
question, which tensor defined in the reference configuration gives the traction when applied
to an local area element? To answer this question we usese Nanson's formula:

nda = JF'NdA
and apply it to the traction vector
= tda=Tnda= (JTF)NdA,
where 8 is the nominal stress tensor,

ST is the Piola—Kirchhoff force per unit undeformed area.
Since T is symmetric, T = T*,

J'FTST = J7'Fs,

—  [F7ST=Fs|
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