
MACROMECHANICAL BEHAVIOR OF A LAMINA

The analysis is based on the following assumptions:

1- Both of the fibre and the matrix materials behave elastically under loading.

2- Bonding between the fibre and the matrix is perfect.

3- Fibre and matrix are isotropic materials.

4- In the fibre direction, ply strains at the fibre-matrix level are equal to the strains

in the fibre and the matrix.

5- The elastic modulus and thermal expansion coefficient of both the fibre and the

matrix materials are independent of temperature.
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If the lamina was tested at arbitrary angles 𝜃 to the principal material directions
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𝜎𝑥
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=

ത𝑄11
ത𝑄12

ത𝑄16

ത𝑄12
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The matrix ത𝑄𝑖𝑗 is called the transformed reduced stiffness matrix and the stiffnesses could 

have the following forms:

Classical lamination theory

𝑄ത11 = 𝑄11𝑐
4 + 2 𝑄12 + 2𝑄66 𝑠

2𝑐2 + 𝑄22𝑠
4                        

𝑄ത12 = (𝑄11 + 𝑄22 − 4𝑄66)𝑠2𝑐2 + 𝑄12(𝑠4 + 𝑐4)                 

𝑄ത22 = 𝑄11𝑠
4 + 2 𝑄12 + 2𝑄66 𝑠

2𝑐2 + 𝑄22𝑐
4                        

𝑄ത16 = (𝑄11−𝑄12 − 2𝑄66)𝑠𝑐3 +  𝑄12 − 𝑄22 + 2𝑄66 𝑠
3𝑐

𝑄ത26 =  𝑄11 − 𝑄12 − 2𝑄66 𝑠
3𝑐 +  𝑄12 − 𝑄22 + 2𝑄66 𝑠𝑐

3

𝑄ത66 =  𝑄11 + 𝑄22 − 2𝑄12 − 2𝑄66 𝑠
2𝑐2 + 𝑄66 𝑠

4 + 𝑐4   
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