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 In this paper, the effects of adding carbon nanotubes on quasi-static punch shear behavior of 
glass/epoxy laminated composites under penetration of three different indenters has been investigated 
experimentally. The hybrid laminate nanocomposites have 12 layers manufactured by Hand lay-up 
method. Fibers have a plain-weave configuration with density of 200 g/m2, while the epoxy resin 
system is made of diglycidyl ether of bisphenol A resin (DGEBA), Epon 828, with Epikure F-205 as the 
curing agent. The multi-walled carbon nanotubes (MWCNTs) modified with hydroxide (-COOH) are 
dispersed into the epoxy system in a 0% and 1% weight ratio with respect to the matrix.  In order to 
study influence of the nose shape, three different indenters, flat, conical and ogival, were used. 
Moreover, the tensile test was performed on the nanomatrix and the hybrid laminate nanocomposite 
samples. The tensile test indicated that the addition of nanotubes on the tensile properties of resin saw 
significant increase, but no significant changes were observed in the tensile properties of the hybrid 
laminate nanocomposites. Results of the quasi-static punch shear test show that the highest contact force 
is exhibited by flat indenter, while the highest absorbed energy is shown by conical indenter. Totally, 
the addition of carbon nanotubes reduces the contact force and absorbed energy. 
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1 quasi-static indentation 
2 Multi-wall carbon nanotube (MWCNT) 
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Table1. Details of carbon nanotubes 

     
8-15 nm OD  

50 um~ Length  
2.56 wt% -COOH content  
>95 wt% 
<1.5 wt%  

> 233m  /g 

Purity 
Ash  
SSA 

 
  

s/cm10 EC   

5 A diglycidyl ether of bisphenol A (DGEBA)  
6 Epikure F-205 
7 van der Waals force  
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Fig1. Specimen of nano-resin  
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Fig2. hybrid nanocomposite specimens of punch shear test  
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Fig3. Hybrid nanocomposite specimens of tensile test 
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Fig4. Fixture of Punch shear test  
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Fig5. Indenter a) Flat b) Conical c) Ogival 
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Fig6. A view of shear punch test  
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Fig7. The stress-strain curve of nanomatrix 
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Table2. mechanical properties of nanomatrix 

 
MJ/m 

 
GPa 

  
 )% ( MPa ) %( 

0.30±0.02 0.5751±0.02 3.26±0.17 18.72±.38 0 
0.29±0.04 0.7489±0.04 2.95±0.26 22.04±0.81 1 

 

 
Fig8. The stress-strain curve of nanocomposites  

 8 -    

0 1 2 3 4 5 6
0

5

10

15

20

25

strain×100

st
re

ss
 (M

Pa
)

0%

1%



    

           

1395164  201  

3  0   1
  .

 

4-2 -  
  

  
 - ) 9(.  

4-2 -1 -  
 

  -   .
   

   
 -6 

10 .  
AB :

 
  

   
BC :B 

  .
 . 

  .  .
     

CD :  .
   .   

 
 3    

Table3. The mechanical properties of hybrid nanocomposites   
 

m
 

GPa 
 

)(
 

(
 

0.63±0.01 24.78±1.72 0.71±0.03 175.98±5.77 0 1 

0.63±0.04 23.81±3.12 0.73±0.05 173.87±0.23 1 2 

  

 
Fig9. Force-displacement curve of hbrid nanocomposites 
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Fig10. Stages of fracture of composites under shear punch test  
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Fig 11. Maximum contact force 
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Fig12. Amount of displacement at maximum contact force 
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Fig13. Amount of displacement at out of nanocomposites 
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Fig14. Different areas of energy absorption at force-displacement curve 
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Table 4. The energy absorbed at different stages of shear punch test 
 

 
(J) 

 
(J) 

 
(J) 

 
(J) (%)  

10.97±0.32 1.48±0.68 1.37±0.36 8.54±0.54 0 

11.39±1.62 2.25±1.26 1.11±1.05 8.30±1.32 1 
  

 

 
(J) 

 
(J) 

 
(J) 

 
(J) 

 
(J) %( 

13.47±0.50 9.79±0.50 - 2.24±0.51 1.27±0.51 0 

9.91±0.35 7.20±0.25 - 0.74±0.34 1.97±0.12 1 
 

 

 
(J)       (J)  

(J) 
 

(J) 
E  
(J) %( 

12.22±0.52 5.04±0.91 - 5.53±0.72 1.65±0.72 0 

9.34±0.36 3.70±0.71 - 4.36±0.67 1.28±0.05 1 
 

 
Fig15. Friction force values 
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