Midterm of Crystal Mechanics 

2010. 10. 13.

1. (25  points) If the state of stress is such that the components (13, (23, (33 are equal to zero, then it is called a state of plane stress.

(a) For this stress state, find the principal values and corresponding principal directions.

(b) Determine the maximum shear stress.

2. (30  points) Position of a particle is given as follows :
x1= X1+ktX1, x2=X2, x3=X3
where t indicates time.

If orthogonal rotation tensor is identity tensor (R=I), find F(deformation gradient), U(right Cauchy tensor), V(left Cauchy tensor), C(right Cauchy-Green tensor), B(left Cauchy-Green tensor), E(Lagrangian strain tensor), e(Eulerian strain tensor), ((Infinitesimal strain tensor), L(velocity gradient), D(deformation rate) and W(spin rate).
3. (20 points) Given 
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, find 
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4. (25  points) Explain the concept of work-conjugate and derive the corresponding stress and strain measures.
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Measures of finite deformation

(Strain tensor)

referential or 

Lagrangian

spatial or 

Eulerian

Usually the strain measure should be 

expected to be zero tensor for rigid body motion.
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Deformation gradient and
deformation measure

dx:é~dX:Vx~dX:F~dX
X

F : Deformation gradient tensor
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[image: image7.png]Measures of finite deformation
(Cauchy-Green tensor)

dS? = dX-dX
= dX,dx,
=dx (FHTFds

=dx-B*.dx

B = (FY .F" C=F.F

Cauchy Deformation tensor Green Deformation tensor

[ left Cauchy-Green tensor ] [ right Cauchy-Green tensor ]
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Cauchy stress tensor 
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Usually the strain measure should be 

expected to be zero tensor for rigid body motion.
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[image: image10.png]Decomposition of

deformation gradient

Polar decomposition based on Cauchy theorem

F : non-singular second-order tensor can be decomposed uniquely into
F=R-U=V:-R

R : orthogonal rotation tensor
U : right Cauchy tensor (symmetric)
V : left Cauchy tensor (symmetric)

B=FF =V.RR".V' =V*
C=F".F=U"R".R-V=U’
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[image: image11.png]Velocity gradient

F : Total deformation of material related with X and x

Rate of change in area, line, volume can expressed by what?
Answer is velocity gradient L.

dv=@-dx=gradv-dx=L-dx
ox
L=gradv=a—V Lij =V =Xij
ox

F=L'F
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[image: image12.png]Deformation rate and spin tensors

L:@:D+W
Ox

1 .
D=— (L + LT) Deformation Rate Tensor

2

W= %(L - LT) Spin Rate Tensor

tr(L) = tr(D)
tr(W)=0

2007-10-02 <>



_1173707172.unknown

_1173707206.unknown

_1252845761.ppt
*



Measures of finite deformation

(Strain tensor)

referential or Lagrangian 

spatial or Eulerian 

Usually the strain measure should be 

expected to be zero tensor for rigid body motion. 
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