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constitutive equations

constitutive equations [kon'str.tu.ttv 1'kwer.zons| in
structural analysis, constitutive rela-
tions connect applied stresses or forces to
strains or deformations. the constitutive
relations for linear materials are linear.
more generally, 1n physics, a constitutive
equation 1s a relation between two physical
quantities (often tensors) that 1s specific
to a material, and does not follow directly
from physical law. some constitutive .
equations are simply phenomenological; I B
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constitutive equations

constitutive equations [kon'sti.tu.trv 1'kwer.zons]
or equations of state bring in the charac-
terization of particular materials within
contlnuum mechanics. mathematically, the
purpose of these relations 1s to supply
connections between kinematic, mechanical
and thermal fields. physically, constitu-
tive equations represent the various forms
of 1dealilzed material response which serve
as models of the behavior of actual
substances.

Chadwick ,Continuum mechanics" [19/76]
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tensor analysis - basic dernvatives
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tensor analysis - basic dernvatives
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Neo hooke'lan elasticity

o free energy ¥ = 1 Ao In’(det(F))
+ L[ F* - F . I —n® — 2 In(det(F))]
e Cefintion of stress
P — Dy
= X2 In(det F)F" +5p02 F — pioF
= o F + [ Mo In(det(F)) — po | F™
e Cdefinition of tangent operator
A" — Dyt — Dp P
= M F' @ F"' + ygIxI1
+[pto — Ao In(det(F))] F*oF!
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Neo hooke'lan elasticity

e oo energy Y™ = 5 Ao In’(det(Fy))
+ 5 o[ FijFij — n™ — 2 In(det(F7;)) |
e definition Of stress
PR — Dy, )i
= £ X2 In(det Fij) F;} +3p02 Fiyj — poE;
= 1o Fij + [ Mo In(det(Fij)) — o | Fy;
e Cdefinition of tangent operator
AT = Dy 8% = Dy, P
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Neo hooke'lan elasticity
B, B,

undeaformeo
ootato

deformed
ootato

o free energy ¥ = 5 Ao In’(det(F))
+ L[ F* - F . I —n® — 2 In(det(F))]
® Jdefinition of stress
P — D e

= o F + [ o In(det(F)) — po | F™ %\
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Neo hooke'lan elasticity
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P o

= puF + [An(det(F)) — p)F™ %\

e remember! mashing potatoes is not an elastic process!
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Neo hooke'lan elasticity
B, B,

undeaformeo
ootato

deformed
ootato

o free energy  ¥5™ = 3 doIn (det(F))
+ L[ FtF T - nd™ — 2 In(det(F))]

® |arge strain - lamé parameters and bulk modulus
\ — Ev _ _E o — B
A+o][1—2 0] M= 91

3[1-2v]
e small strain - young's modulus and poisson's ratio %\

3KR—2
E=3r[l-2v] Vv=j3g7a

constitutive equations



