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FIGURE 4.1
Schematic of a lamina

If a ply fails, has the whole laminate failed?  Maybe.  
When the first ply fails, you may get catastrophic failure 
or you may be able to still apply for more load.



The only load applied is a tensile normal load in the x-direction, that is, the 
direction parallel to the fibers in the 0o ply. Find the ply-by-ply failure load for a  
[0/90/0] Graphite/Epoxy laminate. Assume the thickness of each ply is 5 mm and 
use properties of unidirectional Graphite/Epoxy lamina from Table 2.1.  
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Assume we apply Nx=1 N/m

Mid-plane strains (midplane curvature are zero)
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Ply# 

 
Position 

 
σ1 

 
σ2 

 
τ12 

 
1 (00) 

 

 
Top 

Middle 
Bottom 

 
9.726×101 
9.726×101 
9.726×101 

 
1.313×100 
1.313×100 
1.313×100 

 
0.0 
0.0 
0.0 

 
2 (900) 

 

 
Top 

Middle 
Bottom 

 
-2.626×100 
-2.626×100 
-2.626×100 

 
5.472×100 
5.472×100 
5.472×100 

 
0.0 
0.0 
0.0 

 
3 (00) 

 
Top 

Middle 
Bottom 

 
9.726×101 
9.726×101 
9.726×101 

 
1.313×100 
1.313×100 
1.313×100 

 
0.0 
0.0 
0.0 

 



   
Ply# 

 
Position 

 
Maximum Strain 

 
Tsai-Wu 

 
1 (00) 

 
Top 

Middle 
Bottom 

 
1.548×107  (1T) 
1.548×107  (1T) 
1.548×107  (1T) 

 
1.339×107 
1.339×107 
1.339×107 

 
2 (900) 

 
Top 

Middle 
Bottom 

 
7.254×106 (2T) 
7.254×106  (2T) 
7.254×106  (2T) 

 
7.277×106 
7.277×106 
7.277×106 

 
3 (00) 

 
Top 

Middle 
Bottom 

 
1.548×107  (1T) 
1.548×107 (1T) 
1.548×107 (1T) 

 
1.339×107 
1.339×107 
1.339×107 

 



Nx=(1 N/m)x(7.277x106) =7.277x106 N/m

Nx/h = 7.277x106/0.015 = 485.1 MPa

εo
x = (5.353x10-10)x(7.277x106) = 0.003895
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Q for the undamaged plies

Q for the damaged plies  
0o 
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z = -2.5mm 

z = 2.5mm 

z = 7.5mm z 

z = -7.5mm 



Assume we apply Nx=1 N/m

Mid-plane strains (midplane curvatures are 
zero)
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Ply# 

 
Position 

 
σ1 

 
σ2 

 
τ12 

 
1 (00) 

 
Top 

Middle 
Bottom 

 
1.0000×  102 
1.0000×102 
1.0000×102 

 
0.0 
0.0 
0.0 

 
0.0 
0.0 
0.0 

 
2 (900) 

 
Top 

Middle 
Bottom 

 
--- 
--- 
--- 

 
--- 
--- 
--- 

 
--- 
--- 
--- 

 
3 (00) 

 
Top 

Middle 
Bottom 

 
1.0000×  102 
1.0000×  102 
1.0000×  102 

 
0.0 
0.0 
0.0 

 
0.0 
0.0 
0.0 

 



 
Ply# 

 
Position 

 
Max Strain 

 
Tsai-Wu 

 
1 (00) 

 
Top 

Middle 
Bottom 

 
1.5000×  107 (1T) 
1.5000×  107(1T) 
1.5000×  107(1T) 

 
1.5000×  107 
1.5000×  107 
1.5000×  107 

 
2 (900) 

 
Top 

Middle 
Bottom 

 
--- 
--- 
--- 

 
--- 
--- 
--- 

 
3 (00) 

 
Top 

Middle 
Bottom 

 
1.5000×107(1T) 
1.5000×  107(1T) 
1.5000×  107(1T) 

 
1.5000×107 
1.5000×107 
1.5000×  107 

 



Nx=(1 N/m)x(1.5x107) =1.5x107 N/m

Nx/h = 1.5x107/0.015 = 1000 MPa

εo
x = (5.525x10-10)x(1.5x107) =0.008288
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FIGURE 5.1
Stress-strain curve showing ply-by-ply 
failure of a laminated composite
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