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 In this paper by use  of modified shear-lag model and superposition technique, the stress concentration 
factor in a unidirectional composite lamina with angled and staggered cracks is investigated. Unlike 
classical shear-lag model, in modified model, both the fiber and matrix are able to sustain axial loads.  
The differential-difference equations of equilibrium were derived and solved for displacements and 
stress fields within the lamina for a unit cell of fiber and matrix. The maximum stress concentration 
factor of lamina with angled and staggered breaks was calculated for a total fiber N and row of r, and 
number of broken fiber using superposition technique,. Results show that the classical shear-lag model 
cannot predict the stress concentration factor accurately when value of Matrix-to-Fiber moduli ratio  is 
increased. In glass-epoxy lamina with staggered and angled cracks, the maximum stress concentration 
factor decreases by 39% and 43%, respectively, versus the aligned fiber breaks. By increasing the 
Matrix-to-Fiber moduli and Matrix-to-Fiber volume fraction ratios the maximum stress concentration 
factor decreases. As Matrix-to-Fiber moduli approaches to zero, results are in  good agreement with 
primary shear-lag model. 
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Figure 1 SEM photograph of fracture surfaces of a graphite/epoxy 
laminate  [14] 
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2- Scanning Electron Microscope (SEM) 
3- Representative Volume Element (RVE) 
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Figure 2 A 2D-unidirectional fiber composite model, containing non-
symmetric transverse row of r fiber breaks 
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Figure 3 Lamina section with circular cross-section fibers 
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Figure 4 Force equilibrium of Representative Volume Element (RVE) 
shown in figure 1 
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Figure 5 crack path geometry in a composite lamina, (a) Real angled 
crack, (b) Simplified angled crack [6], (c) Real Staggered crack, (d) 
Simplified Staggered crack [6] 
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Table 1 Comparsion of maximum stress concentration factor of a 
unidirectional composite lamina containing symmetric fiber breaks with 
N=101 , r=21  to ref. [7]. 
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Table 2 The maximum stress concentration factor  (SCF) of a 
unidirectional composite lamina containing symmetric fiber breaks 
compared to results in ref. [6]. 
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Figure 6 A comparsion of SCF in this paper with ref. [6] for 
glasss/epoxy lamina containing aligned crack (N=16, r=4,Vf=50 % ) 
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Figure 7 The effect of crack eccentricity on the maximum SCF for 
modified shear-lag model (glass/epoxy , Vf=50%) 
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Figure 8 The stress concentration factor diagram in a lamina with 
aligned and staggered crack geometry compared to shear-lag model 
(Vf=50%) 
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Figure 9 The stress concentration factor diagram in a lamina with 
aligned and angled crack geometry compared to shear-lag model  

 9    
 (  )  ( ) N=16 , r=4, nrs=9  

)  (– 
9=nrs4=r 16=N  . 10

  1.821.31 1.27   

  .
  

 

 . 
  39% 43%   

6-5 - – 
 

  
 

 
Figure 10 The stress concentration factor diagram in a composite 
lamina with aligned, staggered and angled crack geometry in modified 
shear-lag model (Vf=50%) 
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Figure 11 The effect of the matrix-to-fiber elastic modulus ratio on 
stress concentration factor diagram in a composite lamina with aligned 
fiber breaks for N=16, r=4, nrs=9, Vf=50%  
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Figure 12 The effect of the matrix-to-fiber elastic modulus ratio on 
stress concentration factor diagram in a composite lamina with 
staggered  fiber breaks for N=16, r=4, nrs=9, Vf=50%  
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Figure 13 The effect of the matrix-to-fiber volume fraction ratio on 
stress concentration factor diagram in a composite lamina with aligned 
fiber breaks for N=16, r=4, nrs=9  
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