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Lamina and Laminate
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General Material in 3D Stress State

Stiffness matrix [C]

Stiffness matrix [C] has 36 constants
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General Material in 3D Stress State

Compliance matrix [S]
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Isotropic Material in 3D Stress State

If all planes in an orthotropic body are identical, it is an isotropic material

Homogeneous and linearly elastic material

Compliance matrix [S]
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Isotropic Material in 3D Stress State

Stiffness matrix [C]
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Plane Stress Assumption

Upper and lower surfaces are free from external loads

0,0 23133 === ττσ

0,0 23133 === ττσ

0, 31232231133 ==+= γγσσε SS
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Reduction of Hooke’s Law in 3D to 2D
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Reduction of compliance matrix
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Reduction of Hooke’s Law in 3D to 2D

Reduction of stiffness matrix
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Compliance and Stiffness Matrix vs. Elastic Constants

(a) Pure tensile load in direction 1

(b) Pure tensile load in direction 2

(c) Pure shear stress in the plane 
of 1-2
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Pure Load in Direction 1
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Pure Load in Direction 2
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Pure Shear Stress in the Plane 1-2
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Coefficients of Compliance Matrix
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Coefficients of Stiffness Matrix
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Hooke’s Law for a 2D Angle Lamina
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Global and Local Stresses
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Global and Local Strains
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Global Stress and Strain 
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Transformed Reduced Stiffness Matrix

Elements of transformed reduced stiffness matrix:
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Transformed Reduced Compliance Matrix

Elements of transformed reduced compliance matrix:
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Engineering Constants of an Angle Lamina
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Pure Load in Direction x
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Shear Coupling Term mx

In an angle lamina, interaction occurs between the shear strain and the 
normal stress.

The shear coupling term that relates the normal stress in the x-direction 
to the shear strain is denoted by mx

The same parameter, mx, relates the shear stress in the x-y plane to the 
normal strain in direction-x

mx is a non-dimensional parameter like Poisson’s ratio
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Pure Load in Direction y
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Shear Coupling Term my

In an angle lamina, interaction occurs between the shear strain and the 
normal stress.

The shear coupling term that relates the normal stress in the y-direction 
to the shear strain is denoted by my

The same parameter, my, relates the shear stress in the x-y plane to the 
normal strain in direction-y

my is a non-dimensional parameter like Poisson’s ratio
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Shear in the x-y Plane
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Strain-Stress Equation of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Invariant Form of Stiffness Matrix
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Invariant Form of Stiffness Matrix
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Invariant Form of Compliance Matrix
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Invariant Form of Compliance Matrix


