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General anisotropic materials

▪ Recap - isotropic stress, strain

- generalized Hooke’s law ; 81 elements

▪ Special material
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Orthotropic material

▪ 3 mutually perpendicular planes of material symmetry
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Transversely isotropic material
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- One of principal plane is isotropic
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Isotropic material
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More on the orthotropic material

▪ No interaction between

▪ No interaction between

▪ No interaction between
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Under plane stress

    02131233  

When stresses in thickness direction (3) assumed to zero

eg. Thin plate, (pressure vessel)
Normal component 
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More on the orthotropic material
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More on the orthotropic material
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How to relate Sij to engineering constants

▪ Orthotropic (general case)
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▪ In matrix form
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How to relate Sij to engineering constants
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Transformation of stress & strain

▪ Two coordinate systems

▪ Loading axes (x,y)

▪ Principal material axes (1,2)
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Transformation of elastic parameters

▪ recap – simplification of material constants
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General anisotropic (81)

orthotropic (9)

Transverseley isotropic 

(5)

Plane stress (4)

isotropic (2) – (E,υ)

   21

13233 0



 

66122211 Q,Q,Q,Q

Material axes (1, 2) – on axes

Loading axes (x, y) – off axes
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Transformation of elastic parameters

▪ In simple form
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Transformation of elastic parameters

▪ Actual matrix form

▪ Stress - Strain
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Eg. (3.31) & (3.35) are for ten/comp along principal axes – no shear strain

Similarly, under pure shear, τ3, along principal axes(1,2), only a pure strain γ3

No coupling between normal stresses & shear deformation and between shear stress 

& normal strains

Not true if along arbitrary axes(x,y)

)63.3( .



















































s

y

x

sssysx

ysyyyx

xsxyxx

s

y

x

QQQ

QQQ

QQQ

ei













      yxyxyx ,,, Q  
Match with previous page’s eq

Coupled terms

A





©  Sung-Hoon Ahn

Transformation of elastic parameters

▪ rewrite
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Transformation of elastic parameters

▪ Result
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Transformation of elastic parameters

▪ Strain - Stress

18

      yxyxyx ,,, S  





























































s

y

x

sssysx

ysyyyx

sxxyxxx

SSS

SSS

SSS













2

1

2

1

2

1

2

1
s

y Similarly 

     

   

            yx

yxyxyx

,

1

2,12,1

1

2,1

1

,,,

TSTST

T

S
















C



©  Sung-Hoon Ahn

Transformation of elastic parameters
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Transformation of elastic parameters

▪ Result
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Transformation of elastic parameters
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  constant gengineerin of in terms, yxS

“ shear coupling coefficient”

shear strain
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Micromechanics – E1, E2, G12, ʋ12 are assumed to be known from direct                                            

experiment of unidirectional (properties vary greatly)
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Transformation of elastic parameters

▪ Micromechanics

▪ Volume 

▪ Mass
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Transformation of elastic parameters

▪ Representative elements for elastic constants

▪ Longitudinal Young’s modulus
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Rule of mixture

▪ Transverse Young’s modulus
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Rule of mixture

(IROM-continued)
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Rule of mixture
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What about particulate composites

ROM, IROM

1)

2)


