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Classical Lamination Theory

• Constitutive Relations for a Single Orthotropic Layer

• Response of a Single Off-Axis Layer

• Laminated Composites, Classical Lamination Theory

• Elastic Coupling

• Engineering In-plane Stiffness Properties 
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Classical Lamination Theory
Stress-Strain Relation for Off-Axis Layers 
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Classical Lamination Theory
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Substituting stress and strain transformation

Starting with a modified stress-strain relation
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Classical Lamination Theory
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Premultiplying by [T]-1
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Classical Lamination Theory
Off-Axis Stress-Strain Relations

where

Q11 Q11m4 2 Q12 2Q66+( )m2n2 Q22n4+ +=

Q12 Q11 Q22 4Q66–+( )m2n2 Q12 m4 n4+( )+=

Q66 Q11 Q22 2Q12– 2Q66–+( )m2n2 Q66 m4 n4+( )+=
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Classical Lamination Theory
   • A simpler form in terms of multiple angles

Q11 U1 U2 2θcos U3 4θcos+ +=

Q22 U1 U2 2θcos– U3 4θcos+=

Q12 U4 U3 4θcos–=

Q66 U5 U3 4θcos–=

Q16
1
2
---U2 2θsin U3 4θsin+= Q26

1
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--- 3Q11 3Q22 2Q12 4Q66+ + +( )= U2

1
8
--- Q11 Q22–( )=
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1
8
--- Q11 Q22 2Q12– 4Q66–+( )= U4

1
8
--- Q11 Q22 6Q12– 4Q66–+( )=

U5
1
8
--- Q11 Q22 2Q12– 4Q66+ +( )=

where


