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Abstract 

In this investigation, the fiber-reinforced composite 

plates subjected to low velocity impact are studied by 

the use of finite element analysis (FE). To predict 

matrix cracking, the dynamic stress analysis is carried 

out by the use of a constitutive equation of composite 

laminates without damage. The impact induces damage 

at higher impact velocity including matrix cracking is 

predicted by the appropriate failure criteria.  The 

present results indicate that matrix cracking appears in 

the upper 90° plies with the dominance of transverse 

shear stress. The shape and dimensions of the cracked 

surfaces of different layers of a composite plate are 

numerically simulated. The cracked surface of the first 

layer increases in the time. At time st 51.30 , the 

cracked surfaces of the first two and last two layers are 

similar in the shape and dimensions. It is revealed also 

that at time st 69,66 elements located far from the 

contact point are also affected by cracking. These 

elements tend to disappear starting from the first layer 

at the last layer. 
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1. Introduction 

In the present study, a Mindlin’s plate theory with a 

modified Hertzian contact law is used to describe the 

behavior of Carbon/Epoxy laminated composite plates 

subjected to a central impact of a spherical rigid 

projectile. We intend, in the present work, to predict 

impact damage at a specific impact speed. Thus, we 

proceed for the computation of the dynamic stresses at 

the Gaussian points via our numerical model, then 

failure criterion suggested by Choi and Chang [1] are 

used to predict matrix cracking and delamination. 

 

2. Finite element formulation 

The displacements u, v and w at any point (x, y, z) in 

the laminate are given by:  
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Where 00 , vu and 0w  denote the mid-plane 

displacements and x and y  denote the rotations 

along the x and y axes, respectively.  

 

3.  Contact force 

The dynamic equation of plate is given by equation (2): 

       FuK  uM                            (2)   

The dynamic equation of a rigid ball is given by the use 

of the Newton’s second law: 

cii Fwm                                     (3) 

Where mi is the mass of the ball (impactor) and Fc is 

the contact force. 

The contact force between the impactor and the plate is 

calculated using a modified non-linear Hertzian 

indentation law proposed by Tan and Sun [2-4]:  

For the loading phase the contact force is given by: 
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For the unloading phase: 
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4.  Prediction of impact induced damage 

Once the numerical model has been validated, we 

intend to predict impact damage at a specific impact 

speed. Thus, we proceed for the computation of the 

stresses at the Gaussian points via our numerical 

model, then failure criterion suggested by Choi and 

Chang [1] are used to predict matrix cracking and 

delamination. The critical matrix cracking criterion is 

given by the following equation: 
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Where YT and Yc are the in situ ply transverse tensile 

and compressive strengths, respectively. 23  and 

22 are the averaged interlaminar transverse shear 

stress, and normal stress respectively [5,6]. 

The delamination criterion is given by the equation 

bellow: 
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Where Da is a constant to be determineted from the 

experiment. n and n+1 correspond to upper and lower 

plies of the nth interface, respectively .  

 

5. Damage analysis 

5.1 Prediction of matrix cracking 

To predict matrix cracking, dynamic stresses are 

calculated at nine Gaussian points of each element. The 

failure criteria given by equation (6) is then applied at 

each Gaussian point.  Only 2322  and stress 

components are concerned in the prediction of matrix 

cracking. 

The material properties of the impactor and composite 

plate and the yielding laminate strength are given in the 

table below. 

Table 1: Material properties of plate and impactor and 

yielding strength of lamina 

Composite materials 

  Plate properties 

supported-    Simply          conditionsBoundary 

Kgm.,.

                     GPa 5.92G ,GPa .GG

                           GPa .E      ,GPa .E

12

23

3

1312

21

21389300

107

6598144








         

Lamina Strengths 

MPa 1101

MPa 2.943           ,          MPa 0294

0281D            ,           MPa 2055 a

.S

S.Y

...Y

L

TC

T







 

Impactor properties     

37870

30200356





Kgm

.,GPaE,mm.R
 

 

The stacking sequences  222 0900 //  is considered. 

The plate is simply supported on all edges. Its size 

is  mm76.2 x mm271 and mm465.0t
layer

 . The time 

step used is st  27.0 . If we use 15x11 elements the 

impact force is applied on the up surface at the 83
th
 

element
 
in the Gaussian point (ipgs=2 and jpgs=2) 

with  3NPGS ). 

In this following section, we intend to determine 

matrix cracking initiation using an impact velocity 

equal to s/m12 . Table 2 shows that matrix cracking 

first appear in element 83 (ipgs=1 and jpgs=3) of 

lamina 3 with transverse Shear stress 

dominates  MPa.,MPa. 6237333 2223   . The 

next failure is observed in lamina 4 at the same time. In 

lamina 6 matrix cracking appear at around s. 4212 . It 

has to be pointed out that the stiffness matrix is not 

modified to take into account of matrix cracking. 

Table 2:  Position of matrix cracking,  222 0900 // . 

 

5.2 Prediction of cracked surface 

Numerical simulation of the shape and dimensions of 

the cracked surfaces of different layers of a composite 

plate, of stacking  262 0900 //  and 

dimensions 2276127 mm.x , subjected to an impact at a 

velocity equal to sm /20  and mmR 12  has shown 

in figure (1).  The stresses are computed at each 

Gaussian point. In this figure, we find that the cracked 

surface of the first lamina, subjected to the impact, 

increases by a value 2
1 mm1161,288S   at 

s.t 51301   to a value 2
2 mm1935,48S   at  

s.t 04999582   then it goes to a value of  

2
3 mm2399,9952S   at s.t 69663  . The figure 

plotted shows that at  s.t 51301   the cracked surface 

is the same for the considered plies. This surface equal 

to 
2

1 mm1161,288S  . This surface at s.t 05582   

decreases to a value 2
2 481935 mm,S   in the first 

lamina to a value 2
2 64161780 mm,S   in the second 

lamina then increases to a value 2
2 86721833 mm,S   

in the fifth lamina and finally it passes to a value 

2
2 64161780 mm,S   in laminas 9 and 10. At 

s.t 69663   the surface decreases to a value 

2
3 99522399 mm,S   in the first lamina to a value 

Lam.    Ele.     IPGS    JPGS    )s(t          22       23  

Nu        Nu                                                  MPa      MPa  

3            83        1         3          11.34      -3.62       33. 73 

3            83        2         3          11.34      -3.62      -33.73 

4            83        1         3          11.34      -1.21       33.73 

4            83        2         3          11.34      -1.21      -33.73  

6            83        3         1          12.42       13.74     -32.52 

6            83        3         2          12.42       13.74      32.52 
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2
3 70562038 mm,S   in the second lamina then to a 

value 2
3 86721883 mm,S   in the fifth lamina and 

finally to a value 2
3 64161780 mm,S   in laminas 9 

and 10. In ply 10 (figures 2), the cracked surfaces are 

less important and from an impact over time st 58 , 

the damage stabilizes.  

 

6. Conclusion 

In the present work, low velocity impact induces 

damage in laminated composite plates is numerically 

studied. A finite element approach based on a 9 node 

Lagrangian element including the effect of transverse 

shear stress is used. A parametric study has been 

conducted prior to damage prediction. The tendency of 

the results show that the matrix cracking appears in the 

upper plies with the dominance of transverse shear 

stress 23  and in the lower plies with the dominance of 

both transverse shear stress 23  and normal stress 

22 which explains the presence of two types of matrix 

cracking due to bending and to shear. It is also 

demonstrated from a dynamic stress analysis that crack 

initiation occurs away from the contact point. 
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c) 

Figure 1. Prediction of  the matrix cracking at 

different times of the first lamina.              

 a) st 51.301  .  b) st 05.582  . c) st 69.663  . 

Figure 2. Prediction of  the matrix cracking at     

different times of the lamina 10. 

 a) st 51.301  . b) st 05.582  . c) st 69.663  . 

a) 
         

         

         

         

  x x x x x   

 x x x x x x x  

 x x x x x x x  

……… x x x x x x x ……… 

           x x x x x x x  

 x x x x x x x  

  x x x x x   

         

         

         

         

 
           

           

           

   x x x x x    

  x x x x x x x   

 x x x x x x x x x  

 x x x x x x x x x  

……… x x x x x x x x x ……… 

 x x x x x x x x x  

 x x x x x x x x x  

  x x x x x x x   

   x x x x x    

           

           

           

 

b) 

c) 
           

           

           

   x x x x x    

  x x x x x x x   

 x x x x x x x x x  

 x x x x x x x x x  

……… x x x x x x x x x ……… 

 x x x x x x x x x  

 x x x x x x x x x  

  x x x x x x x   

   x x x x x    

           

           

           

 


