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Frame-Invariance (objectivity)
1.3. PRINCIPLE OF MATERIAL FRAME-INDIFFERENCE 193
4.3 Principle of Material Frame-Indifference

This section explores the notion that material response is invariant under
(indifferent to) superposed rigid motions and shifts in the origin of the time
scale. Only invariance under superposed rigid motion is relavent in the con
text of elasticity theory which does not include memory effects., We begin
with the notion of equivalent motions

Definition 110 Two motions of a body, {f(-,t)} and {f (-.1) } , are equiv-
alent w.r.t. material response if they differ by a rigid deformation for each

t € [ty,o0); t.e., 3 functions ¢ : [tg,00) = V and Q : [ty,00) = Orth V* 3
. 0
f(x.t) =c(t) + Q(1)f(x,t) V (x.t) € B x [ty, x)
Next we compare the stress vectors of an elastic body associated with a
pair of equivalent motions, {f(-, 1)} and {['-‘~.l|} For the motion {f(-,t)},
consider a plane through point y € B, with unit normal n and stress vector

t,(y.t). The corresponding items for the equivalent motion {fw~ Il} are

denoted ¥, 0 and t, (V.1).

Figure 4.2: Surface tractions from equivalent motions

Ahe u\*’?'/"‘“"*'”j L o
4 = ?((x)ﬂ

w ;&»\b o8] »{rm‘cr't\

Yo a hb‘J" Q) vl

N~

R R s

)

T /7% =

shooie £ 5 'Lt 5 QU) yan

X TS L VR Y P S Ny P A Y et
Obgrrys

ratmne— 0

CM Page 1



i m(w& ‘“V\ be alym
z&h’* é -

P,
< (M@) -(c) @ XL)

QU) (Eﬁ*&) . @V@JQ

N o\ Q’%\\\ © S Ang /\]L/

22 (@ g e

0\96 Q_U\N\;/Hj Sy d




TSy
[m(@xf

Qn

— QTV\ \~\

3O/\ N \ Q
e Cher no a(\,h]r‘p/y >
. Q1A
»I/‘L&J
Yoy or” MLo«A G'/‘S:PJ’”
b e e ok
mos™ Oy cf oo e Al Vi b prak= e Je J

o Qg )
. ry.dma’

\ Objed &R v Totabe o Josrt M5

GoCdnde Wi ’8\ X4 ] 1
Hore, ~Q have  {he ?f“& Lot 7 L\OVJ e
X Qoo ok on ) S L
X Costdel  her pul st .

2
51 < —% X

5 S0
o V?} .

$68 c.h




~
QO 1Q
by amdL& 0

Q Qmoﬂ Mw

Q\ojcd:vM QM{ Corsi® 9

- uls.

.CZ/M n{

G

Y ——= T

(-



{‘OJVO\A»W\* O\pjcdtviv Qw{ Coriir® 9 | -

PUS  Somy N p hond  O7 Vi 10“““ °{ G

FRU Mo de compi~
Q(@&@) . QG(r) ol

“l@n0) « qoglet
Choely chg-’f

GO -G ¢ Q\a*@\ U> = (\33\ & (€) (Rt)lr —

CGE) -f «@r —

Ola®y - R QOI¥ G s rely o foo of
U e pod /r"/“\p]u"J by R

PR Re gy

e - -1\¥ - -
C(ﬂ-\ EP:\-)-J\ G(U)@ﬁ\i) - F ( U G(O) U't) ‘Ff

- — 0 g
Ew .U o0t

\@ G- ¢ & ((}))Ffj (J-Cefe
L




Theorem 173 If the elastic constituitive equation
T(x,t) = G(F(x,t),x) (4.1)

is consistent with the Principle of Material Frame-Indifference, then it can
be written in any of the following reduced forms:

T(x.t) = R(x.t)G(U(x.t).x)R!(x.1): (4.2)

T(x,t) = F(x.t)G(U(x,t),x)F!(x,1); (4.3)
o E— T(x F(x,t)G(C(x,t),x)F!(x 1.4
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Hyperelastic material is a material for which the internal energy

density is a function of F C — 8(_ F) 00,2// /I S’L«W
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Summary
Objectivity restricts the form of constitutive equations:

Starting point Objectivity satisfied

General elastic T~ Q( ﬂ /& T N F a (C> f“‘&L

Hyperelastic (more restricted space than elastic)

2= E(F

e« & (Q)

How can we further simplify a constitutive equation using
symmetry groups
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symmetry groups
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