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Elastic behavior



Elasticity

(I)   General Hook’s Law

(II)  Stiffness/ Compliance matrix

(III) Relation between Young’s modulus and  Orientation 
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Estimation of the elastic constant
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The attraction forces in ionic solids are of a coulombic nature and the 

exponent is m=1.
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The force is equal to zero at the bottom of the interaction energy curve, 

which corresponds to the equilibrium separation, r0.



Young’s modulus and melting point
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G and E
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3D Hook’s Law



Isotropic elasticity
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General Hook’s Law: Elasticity tensor

klijklij S  

klijklij C  

S: compliance

C: stiffness

331133321132311131

231123221122211121

13111312111211111111







SSS

SSS

SSS







klijklij S   klijklij C  or

Four-rank tensor



Four-rank tensor Sijkl

klijklij S  



Symmetry of Four-rank tensor S
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klijklij S  

jiklijkl SS ijlkijkl SS 



Symmetry of Four-rank tensor S



Hooke’s Law for Anisotropic Materials

jiji S  

jiji C  

S: compliance

C: stiffness
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Compliance Matrix [S] for General Material



Stiffness matrix [C] has 36 constants
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Stiffness Matrix [C] for General Material
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Stiffness Matrix C for Monoclinic Materials



Stiffness matrix C for Orthorhombic (222)
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Stiffness matrix C for Tetragonal 
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Stiffness matrix C for Hexagonal
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Compliance matrix S for Hexagonal
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Stiffness matrix C for Cubic
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Compliance matrix S for Cubic
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Demonstration of twofold symmetry on stiffness/ compliance

Two-fold rotation in simplified notation   
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Rotate about x3



Twofold symmetry on stiffness (Monoclinic system)
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Twofold symmetry on stiffness (Orthorhombic system)



























66636261

5554

4544

36333231

26232221

16131211

00

0000

0000

00

00

00

CCCC

CC

CC

CCCC

CCCC

CCCC

33

22

11







66

55

44

33

22

11













33

22

11







33

22

11







66

55

44

33

22

11













66

55

44

33

22

11







































66

55

44

332313

232212

131211

00000

00000

00000

000

000

000

C

C

C

CCC

CCC

CCC

R x3 R x2 R x1



Demonstration of fourfold symmetry on stiffness 

(Tetragonal system 4 )
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Fourfold symmetry on stiffness (Tetragonal system)
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Relations among Elastic Constants for Isotropic Materials



Elastic Compliance and Stiffness Matrixes
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Elastic Compliance and Stiffness Matrixes
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Elastic Compliance and Stiffness Matrixes
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Shear modulus



Young’s modulus

Shear modulus

Bulk modulus

Poisson’s ratio

Lame΄ constants
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Relationships Among Elastic Constants
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Orientation dependence in cubic crystals
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Because of isotropic 

Orientation dependence in cubic crystals-

conti.
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Elastic modus in terms of orientation for cubic
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Young’s Modulus of single crystalline Cu (Cubic)
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Elastic modus of polycrystals
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