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Ultimate Strengths of a Unidirectional Lamina

Longitudinal tensile strength
Longitudinal compressive strength
Transverse tensile strength
Transverse compressive strength
In-plane shear strength
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Longitudinal Tensile Strength

Assumptions (Mechanics of Materials Approach)
Fiber and matrix are isotropic, homogeneous, and 
linearly elastic until failure
The failure strain for the matrix is higher than for the 
fiber.
When the fibers fails at the strain of         , the whole 
composite fails
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Stress-Strain Curve for Composite
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Example
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Critical Fiber Volume Fraction
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Experimental Evaluation
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Stress-Strain Curve for a Laminate

GPaE 5.1871 =

( ) MPault
T 28961 =σ

( ) %560.11 =ult
Tε



ME 582 Advanced Materials Science • Department of Mechanical Engineering Dr. Jan Gou

Failure Under Longitudinal Tensile Load

Brittle fracture of fibers

Brittle fracture of fibers with pullout

Fiber pullout with fiber-matrix debonding
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Modes of Failure (Longitudinal Tensile Load)

The mode of failure depends on the fiber-matrix bond strength and fiber volume fraction
Low fiber volume fractions (< 40%), model (1) failure
Intermediate fiber volume fractions (40-65%), model (2) failure
High fiber volume fractions (> 65%), model (3) failure
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Failure Under Longitudinal Compressive Load

Fracture of matrix and/or fiber-matrix 
bond due to tensile strains in the 
matrix and/or bond
Microbuckling of fibers in shear or 
extensional mode
Shear failure of fibers
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Matrix Failure Mode
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Maximum Strain Failure Theory
If the transverse strain exceeds the ultimate transverse tensile
strain,          , the lamina is considered to have failed in the 
transverse direction
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Ultimate Transverse Tensile Strain

Empirical Formula

Mechanics of Materials Formula
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Shear/Extensional Fiber Microbuckling Failure
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Shear Stress Failure of Fibers Mode

A unidirectional composite may fail due to direct shear failure of fibers 
(rule of mixture). 
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Factors to Affect the Predicted Values

Irregular spacing of fibers causing premature failure in 
matrix-rich areas
Less than perfect bonding between the fiber and the 
matrix
Poor alignment of fibers
Not accounting for Poisson’s ratio mismatch between 
the fiber and the matrix
Not accounting for the transversely isotropic nature of 
fibers such as aramids and graphite
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Experimental Evaluation
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Transverse Tensile Strength

Assumptions (Mechanics of Materials Approach)
A prefect fiber-matrix bond
Uniform spacing of fibers
The fiber and matrix follow Hooke’s law
There are no residual stress
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Representative Volume Element (RVE)
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Transverse Tensile Strength
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Transverse Tensile Strength
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Transverse Compressive Strength
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In-Plane Shear Strength
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In-Plane Shear Strength
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Longitudinal Thermal Expansion Coefficient
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Longitudinal Thermal Expansion Coefficient

Rule of mixtures approach

Predictions agree well with 
experimental data 
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Transverse Thermal Expansion Coefficient
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Transverse Thermal Expansion Coefficient
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Transverse Thermal Expansion Coefficient
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Longitudinal Coefficients of Moisture Expansion



ME 582 Advanced Materials Science • Department of Mechanical Engineering Dr. Jan Gou

Longitudinal Coefficients of Moisture Expansion
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Longitudinal Coefficients of Moisture Expansion
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Transverse Coefficients of Moisture Expansion


