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In this paper, the effects of adding carbon nanotubes to quasi-static punch shear properties (QS-
PS) and mechanical properties of hybrid laminated composites have been investigated
experimentally. The nanocomposites have 12 layers of 2D woven glass iber with area density of
200g/m2,  and are manufactured by Hand lay-up method. Epoxy resin systems are made of
diglycidyl ether of bisphenol (DGEBA), Epon 828 as the epoxy prepolymer and Epikure F-205 as
the curing agent. In this study the multi-walled carbon nanotube (MWCNTs) was used, modified
with hydroxide (-COOH), with weight fraction 0, 0.1, 0.5 and with respect to total weight of
resin. Results of tensile test have shown addition of carbon nanotubes can change tensile
properties of matrix. Maximum increase of around 31% can be seen in modulus of the resin of
0.5% nanotubes content Moreover, the results of tensile properties of hybrid laminated
nanocomposites show maximum change in toughness of sample of 0.5% nanotube content around
14% with increasing tensile strength and fracture strain. The results punch shear test shows that
addition of carbon nanotubes has little effect on total energy absorbed so that maximum increase
is around 4% in 0.5 sample.
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1- quasi-static indentation
2- Multi-wall carbon nanotube (MWCNT)
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3- Span diameter to punch diameter ratio(SPR)
4- COOH-MWCNTs
5- penetration limit
6- impact and after impact
7- interlaminar shear strength (ILSS)



    

       

  

418  13941512  

 . MWCNTs 0.5 
 

1  . 
  .

  .
  

 ]  8 [
 S-2 

SC-152 
 .    

  
] 9 [

 . 
090045   . 

[10]  
 .MWCNTs 

3 00.3 0.5  .
 

4  .
0.3 

 
 ]  11 [

  5 
 . 

    .
 0.3 0.5 

]  12 [
 S-2/SC-15E/HDPE S- /HDPE 
  .

-   . 
   

 . -
 E/HDPE S-2/HDPE  

S-2/SC-15   .  
E/HDPE 2S- /HDPE 6 

 S-2/SC-15 ]   .13 [
   

  / 

1- microdroplet test
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1- diglycidyl ether of bisphenol (DGEBA)
2- Epikure F-205
3- van der Waals force
4- ultrasonication
5- calendaring
6- ball milling
7- shear mixing
8- extrusion
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Fig.1 Specimen of without fiber in different percentages of carbon nanotube 
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Table1 Details carbon nanotubes 

         
8-15 nm OD   
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2.56 wt% -COOH content   
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Fig.2 Typical of punch shear test specimens hybrid nanocomposite 
2    

Fig.3 Typical of tensile test specimens hybrid nanocomposite
3      

  
Fig.4 Fixture of punch shear for hybrid nanocomposite specimen
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Fig. 5 Composite specimen under tension 

5   

 1 
70     . 
 12cm×12   ASTM-

D3039 2.5cm×12  ).2 3 (
5   

2-5 -   
 

cm 20×20 
15mm 5mm   .

 . 

4 .(  10mm 
2210      

3 -    
3-1 -     

   
  .
  .   

   .      
 .

   
  ASTM D638 M-9 

mm/min 
ASTM D3039 mm/min  .
     

  .
1 )  8  (

  . 
30 500  .

  
  )5(  

3-2 -   

 .
 ) 6 .( 

-
 .  

00.10.5 1    
  

1- Tab 



    

      

13941512  421  

Fig.6 view of the fixture and indenters ready to shear punch test
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Fig.7 The stress-strain curve nano matrix in different percentages of carbon
nanotubes
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Table The effect of adding carbon nanotubes on mechanical properties of
resin 

MJ/m  GPa

  
 )% (  

  
MPa

  
)%(

  

0.30 0.5751 3.26±0.17 18.72±.38 
0.35 0.7547 3.03±0.3 22.74±1.6 0.5
0.29 0.7489 2.95±0.26 22.04±0.81
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Fig. The stress-strain curve nanocomposit in different percentages of
carbon nanotubes 
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Table 3 The mechanical properties of nano-hybrid composites in different
percentages of carbon nanotubes 

  
)MJ/m(  )GPa( )%(  

  
)MPa(

  
)%(

0.63 24.78 0.71±0.03 175.98±5.77 
0.65 24.31 0.73±0.03 177.52±5.08 0.1
0.71 23.41 0.78±0.04 182.64±8.20 0.5
0.63 23.81 0.73±0.05 173.87±0.23
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Fig.9 Force-displacement curve nano-hybrid composites
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Fig.10 Stages of fracture mechanism in the force-displacement curve
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Fig.11 Maximum contact force at different percentages of nanotube 
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Table Amount of displacement at maximum contact force and out of
nanocomposites
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1- Peak load 

  
mm

  
mm  

  
)%(

9.36±0.69 6.5±0.17
9.64±0.63 5.92±0.02 0.1

10.06±0.32 6.36±0.037 0.5
10.14±0.95 6.62±0.057
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Table The energy absorbed at different stages in different percentages of
carbon nanotube

(J) (J)  (J)   )%(
1.48 1.37 8.11
2.19 1.44 6.65 0.1
1.90 1.22 6.95 0.5
2.25 1.11 8.30

  
Fig.12 Different areas of energy absorption at force-displacement curve
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Fig.13 The total amount of energy absorbed at different percentages of
carbon nanotube
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Table Friction force values at different percentages of carbon nanotube 

)kN(  )%(
0.16±0.03
0.27±0.06 0.1
0.17±0.03 0.5
0.17±0.09
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