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1.0 INTRODUCTION 
 
This course focuses on presenting a well established computational method for 
calculating stresses/strains in reinforced laminated composite structures. The basis for the 
presented computational method is often referred to as classical lamination theory. A 
clear understanding of this approach is supported by the development of the fundamental 
mechanics of an orthotropic lamina (ply). Various failure theories are presented each 
requiring that stresses/strains be quantified on a ply-by-ply basis in order to make failure 
predictions.  Both applied loads and hygrothermal (thermal and moisture) effects are 
treated in the computational procedure. Stress and failure predictions are an important 
part of the process required in the design of laminated composite structures.  
 
The learning objectives for this course are as follows: 
 

1. Understanding the differences between isotropic, orthotropic and anisotropic 
material behavior 

2. Having knowledge of the material constants required to define Hooke’s law for an 
orthotropic lamina (ply) 

3. Understanding the restrictions on the material constants required in evaluating 
experimental data  

4. Knowing the difference between reference and natural (material) coordinates for 
an orthotropic lamina 

5. Being familiar with the stress-strain relations in reference and natural coordinates 
for an orthotropic lamina 

6. Understanding the coordinate transformations used in transforming stresses and/or 
strains from one coordinate system to another  

7. Knowing generally the types of tests performed to determine the stiffness and 
strength properties of an orthotropic lamina 

8. Having knowledge of a number of biaxial strength (failure) theories used in the 
design of laminated composite structures 

9. Understanding which in-plane strength quantities are needed, as a minimum, in 
applying various failure theories 

10. Knowing the difference between separable and generalized failure theories 
11. Understanding that the maximum stress and maximum strain failure theories 

make similar predictions except under certain material behavior 
12. Appreciating under what conditions the Chang failure criteria reduces to the 

Hashin failure criteria 
13. Knowing the basis for the fact that the Tsai-Wu failure criteria is more general 

than the Tsai-Hill failure criteria 
14. Being familiar with the effect of the direction of shear stress on lamina strength 
15. Understanding the laminate orientation code used to define stacking sequence 
16. Being familiar with a number of special laminate constructions designed to 

eliminate undesirable composite material behavior 
17. Understanding the computational procedure for determining the stresses/strains in 

a laminated composite subject to applied loads and/or hygrothermal effects 
18. Having knowledge of the limitations of classical lamination theory. 
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It is important to note a limitation on the computational methodology presented in this 
course. Stress predictions from classical lamination theory are quite accurate in locations 
away from boundaries, e.g., free edges, edge of a hole or cutout, etc., of the laminate. 
Thus at distances equal to the laminate plate(shell) thickness or greater, the 
computational method presented herein is accurate and useful in the preliminary design 
of laminated composite structures. The basis for this limitation is that lamination theory 
assumes a generalized state of plane stress which is reasonably accurate away from 
boundaries. Along boundaries, the state of stress becomes three-dimensional with the 
possibility that interlaminar shear and/or interlaminar normal stresses can become 
significant. Deviation of lamination theory along laminate boundaries is often referred to 
as a boundary-layer phenomenon. Computation of stresses along laminate boundaries is 
generally accomplished through the application of finite difference, finite element or 
boundary element method computer programs and is beyond the scope of the 
methodology presented in this course. 
 
2.0 MATERIAL DEFINITIONS 
 
A lamina or ply can be thought of as a single layer within a composite laminate and is 
comprised of a matrix material and reinforcing fibers. When the fibers are long the layer 
is referred to as a continuous-fiber-reinforced composite and the matrix serves primarily 
to bind the fibers together. Alternatively layers with short fibers are denoted as 
discontinuous-fiber-reinforced composites. Lamina are quite thin, i.e., generally on the 
order of 1 mm or .005 in. thick. Lamina can have unidirectional or multi-directional fiber 
reinforcement. Therefore a number of lamina bonded together form a laminate. Most 
laminated composites used in structural applications are in fact multilayered. Laminates 
have identical constituent materials in each ply; otherwise the term hybrid laminate is 
used for laminates comprised of plies with different constituent materials. Fiber 
reinforced composites are heterogeneous but for purposes of design analysis are typically 
assumed to be macroscopically homogeneous. Thus for the computational methodology 
presented in this course, orthotropic lamina (plies) are treated as homogenous with 
directionally dependent properties. Orthotropic material behavior falls somewhere 
between that of isotropic and anisotropic materials. 
 
2.1 Isotropic Material Behavior 
 
For isotropic materials deformation behavior is independent of direction. Thus normal 
stresses produce normal strains only and shear stresses produce shear strains only, as 
depicted in the figure below. 
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