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 The aim of this paper is investigation of progressive damage in a metal matrix composite lamina using 
coupling of micromechanical method and continuum damage mechanics viewpoint. The 
micromechanical method is a representative volume element- based method known simplified unit cell 
method which possesses the capability of investigating progressive damage and plastic behavior in the 
representative volume elements. The studied damage is isotropic and anisotropic based on continuum 
damage mechanics viewpoint. Composite system under investigation is Carbon/Aluminum composite. 
The matrix behavior is considered as isotropic and elastoplastic and the fiber behavior is transversely 
isotropic and elastic. The fiber arrangement within the matrix is regular. The matrix elastoplastic 
behavior model is included as bi-linear behavior and solution method is successive approximation 
method. According to available previous studies, Silicon-carbide/Titanium composite system is noted 
for validation and comparison with experimental data. Also, the effect of fiber volume fraction on the 
damage progression routine is studied. The results show that by increasing the longitudinal and 
transverse loadings, the damage variable grows the fiber direction and perpendicular to the fiber 
direction and the axial and transverse Young's modulus decrease subsequently. Also, the results prove 
that in longitudinal loading, considering anisotropic damage, damage progression in the fiber direction 
is more than its growth, perpendicular to the fiber direction. Whereas, under transverse loading, damage 
growth in perpendicular to the fiber direction is faster. 

Keywords: 
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Fig. 1 Geometry of the cells in the representative volume element 

1   

  
Fig. 2  Fibers arrangement within the matrix corresponding to square 
regular distribution in the representative volume element 

2   

3-2 -   
 .   

[30-27] .Sz Sy Sx 
  ( )  x ,y ,z  

 .

) 7 ([30-27]:  
  
  

=  

  
=  

)7(  =  

          x        ij  

  ..  
) ) 8       (       (

 [31,30]::  
  = ( > 1) 
)8(  = ( > 1) 

      
        

) ) 9 ( ([33-31]:  
  

= = ( > 1) 

  
= = ( > 1) 

)9(  = ( > 1, > 1) 
     

 .-      )  ) 9((   
 [34]:  

)10(  = : + + +  
        

    .
) 10 () 11 ( 

[1]:  
  =

1
[ ( + ) + + ( ) + ( ) 

  =
1

[ ( + ) + + ( ) + ( ) 

  =
1

[ ( + ) + + ( ) + ( ) 

)11(  
) 8)  (9)  (11 () ) 12(( [1]:  

ai

Ei1
x
11-

ai

Eij
x
1j-

ai

Ei1
vi1 y

i1+
ai

Eij
vij y

ij-
ai

Ei1
vi1 z

i1+
ai

Eij
vij z

ij
c

i=1

 

   +ai( x
p(i1)+d x

p(i1))-ai( x
p(ij)+ x

p(ij))=ai( ij- i1 T          (j 1) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
30

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             3 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.30.7
https://mme.modares.ac.ir/article-15-7398-en.html


    

               

  

68  1395168  

-
bj

E1j
v1j x

1j+
bj

Eij
vij x

ij+
bj

E1j
y
11-

bj

Eij
y
i1-

bj

E1j
v1j z

1j+
bj

Eij
vij z

ij
r

j=1

 

  +bj( y
p(1j)+ y

p(1j))-bj( y
p(ij)+ y

p(ij))=bj( ij 1j T             (i 1) 

-
1

E11
x
11+

vij

Eij
x
ij-

1
E11

y
11+

vij

Eij
y
i1+

1
E11

z
11+

1
Eij

z
ij

r

j=1

 

   +( z
p(11)+ z

p(11))-( z
p(ij)+ z

p(ij))=( ij 11 T        (i 1, j 1)   
)12(   

 ) 13 (rc+r+c   
  

)13(  [A]m×m{ }m×1+[B]m×n({ p}n×1+{ p}n×1)={F}m×1  
[AA]  { }  {FF}        

== ×× ++ ++ cc   ×× n=3    .  .
    

1        .      .
2  [35]        

-3  .            
4      
)14(    [36]:  

  
x =

1
ET

x T
y

ET
L

z

EL
 

  
y =

1
ET

y T
x

ET
L

z

EL
 

  
z =

1
EL

z L
x

EL
L

y

EL
 

))14((  Ex = Ey = ET; Ez = EL; zy = zx = L; xy = T 

L T 
 .EL ET 

  

4 -   

30%  .

[37]33%
 .1 

  

 
5 [40-38] .

[40] .

 [39,38,33] 
0 

 ( )90  ( )  .  
  

1 Hardening 
2 Successive approximation 
3 Von-Mises yield criterion 
4 Transverse isotropic 
5 Interphase 

1  [4] 
[37]  

Table 1 Properties of the C/Al [4] and SiC/Ti composites constituents 
[37] 

0.1 8% 
24%  [33] .

 
[33] .

[40].  

5 -   
3  .

 
 . 

 ) 15 ([4]:  

)15( 
=

1
1  

-) 16 ( [4]:  

)16( 
=

1
1

+ 2
+

+
 

   .) 16 (
) 9 (

) 4)  (7)  (8)  (12 (
 .

) 17 ( [4]:  

)17( 
=  

[K] ) 18( -
[4]:  

=
4

9(1 ) +
1

9(1 ) +
1

9(1 ) +
1

3(1 ) 

=
2

9(1 )
2

9(1 ) +
1

9(1 ) +
1

3(1 ) 

=
2

9(1 ) +
1

9(1 )
2

9(1 ) +
1

3(1 ) 

=
1

9(1 ) +
4

9(1 ) +
1

9(1 ) +
1

3(1 ) 

=
1

9(1 )
2

9(1 )
2

9(1 ) +
1

3(1 ) 

  
)  )  

)  
)  

) GPa(  388.2  72.4 409 107 
) GPa(  7.6  72.4 409 107 

  0.44  0.33 0.2 0.3 
  0.45  0.33  0.2 0.3 

) GPa(  -  11.7  - 0.5 
) MPa(  -  286.7 - 910 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
30

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             4 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.30.7
https://mme.modares.ac.ir/article-15-7398-en.html


    

               

1395168  69  

=
1

9(1 ) +
1

9(1 ) +
4

9(1 ) +
1

3(1 ) 

=
+ +

3  

                                                    (18)  =   
-) 19 ([4]:  

=
+

+
+

 

)19(  

  
)20( [L] = [K]  

 ) 4)  (6 (.  

6 -   
            

 . .3  3××310××1020××2030××30  
50××50  30%            

 3      
20××20   .

  4 9 
         

    20××20  
   .   .20××20        

30%     ( )    ( ) 
  )   ) 21 C        
 ( )  ( ) 

 ( )  ( )     .    .
      

  
  

 
Fig. 3 Variations of the composite axial Young's modulus versus 
number of cells of the representative volume element 
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Fig. 4 Aluminum stress-strain diagram under uniaxial loading with 
isotropic and anisotropic damage and also without damage 
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Fig. 5 Carbon/aluminum and  silicon-carbide/titanium stress-strain 
diagram under axial loading  
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Fig. 6 Variations of the Carbon/Aluminum composite damage variables 
versus fiber volume fraction  

6  

  

  
Fig. 7 Variations of Young's moduli of aluminum versus strain under 
uniaxial loading 
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Fig. 8 Variations of axial Young's moduli of carbon/aluminum and 
silicon-carbide/titanium composites  versus axial strain under axial 
loading  
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Fig. 9 Variations of damage variable versus axial strain in isotropic 
damage under axial loading 
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Fig. 10 Variations of damage variable versus axial strain in fiber 
direction under axial loading 

10 
 

   
  

11 
       

z = 0.44 %      .z = 2 %   
= = 0.1505   
  

 .
12 

30%  .12 

 .z = 2 % 
= 0.261 = = 0.150   

30% 
33%  .

 -  
  

  
Fig. 11 Variations of damage variable versus axial strain in transverse 

direction under axial loading 
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Fig. 12 Variations of damage variables versus axial strain in 
longitudinal and transverse direction under axial loading 
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Fig. 13 Carbon/aluminum composite stress-strain diagram under 
transverse loading with isotropic and anisotropic damage and also 
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Fig. 14 Variations of transverse Young's moduli of carbon/aluminum 
and silicon carbide/titanium versus transverse strain under transverse 
loading  
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Fig. 15 Variations of the composite damage variables versus transverse 
strain in longitudinal and transverse direction under transverse loading 
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