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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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3- Span diameter to punch diameter ratio(SPR)
4- COOH-MWCNTs
5- penetration limit
6- impact and after impact
7- interlaminar shear strength (ILSS)
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Fig.1 Specimen of without fiber in different percentages of carbon nanotube 
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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 
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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 
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0.30 0.5751 3.26±0.17 18.72±.38 
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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 
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Fig.9 Force-displacement curve nano-hybrid composites
9 - 

  
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
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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

  

  
 

 .  .5 
  

13  
 

1 3.8 
  .

 ).5(
 - 

  .
 

 -
 .  

 ] 7 [ 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.4

4.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

21
 ]

 

                               8 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.44.2
https://mme.modares.ac.ir/article-15-9667-en.html


    

       

  

424  13941512  

4-3-5 -   
 ( )  

  .
-   

–  .
)   (

 .
  ( ) 

  
  

0.1 68.8 

5 -    
 ) MWCNTs (

 )  
 (

QS .  ( 
) MWCNTs-COOH (0

0.10.5 1  .
   .

0.5 
  . 
   0.11 

0.5 
 

13.6  .
 

8.3  1 
 3.8 

6 -   
[1] B. A. Gama, J. W. Gillespie Jr, Punch shear based penetration model of

ballistic impact of thick-section composites, Composite Structures Vol. 86,
No. 4, pp. 356–369, 2008.

[2] J. R. Xiao, B. A. Gama, J. W. Gillespie Jr, Progressive damage and
delamination in plain weave S-2glass/SC-15 composites under quasi-
static punch-shear loading, Composite Structures Vol. 78, No. 2, pp. 182–
196, 2007.

[3] M. Tehrani, A. Y. Boroujeni, T. B. Hartman, T. P. Haugh, S. W. Case, M. S. Al-
Haik, Mechanical characterization and impact damage assessment of
woven carbon fiber reinforced carbon nanotube–epoxy composite,
Composites Science and Technology, Vol 75,No. 1, pp. 42–48, 2013.

[4] E. M. Soliman, M. P. Sheyka, M. R. Taha, Low-velocity impact of thin
woven carbon fabric composites incorporating multi-walled carbon
nanotubes, International Journal of Impact Engineering, Vol. 47, No. 1, pp.
39-47, 2012.

[5] V. Kostopoulos, A. Baltopoulos, P. Karapappas, A. Vavouliotis, A. Paipetis,
Impact and after-impact properties of carbon fibre reinforced composites
enhanced with multi-wall carbon nanotubes, Composites Science and
Technology, Vol. 70, No. 4, pp. 553-563, 2010

[6] J. Muthu, C. Dendere, Functionalized multiwall carbon nanotubes 
strengthened GRP hybrid composites: Improved properties with
optimum fiber content, Composites: Part B Vol. 67, No. 1, pp. 84–94, 2014.

[7] V. C. S. Chandrasekaran, S. G. Advani, M. H. Santare, Influence of resin
properties on interlaminar shear strength of glass/epoxy/MWNT hybrid
composites. Composites: Part A Vol. 42, No. 1, pp. 1007–1016, 2011.

[8] A. F. Manzella, B. A. Gama, J. W. Gillespie Jr, Effect of punch and specimen
dimensions on the confined compression behavior of S- glass/epoxy
composites, Composite Structures Vol. 93, No. 7, pp. 1726–1737, 2011.

[9] J. Harding, L. Dong, Effect of strain rate on the interlaminar shear
strength of carbon-fiber-reinforced laminates, Composites Science and
Technology, Vol. 53, No. 3, pp. 347-358, 1994. 

[10] M. Rahmana, M. Hosur, Sh. Zainuddin, U. Vaidya, A. Tauhid, A. Kumar, J.
Trovillion, Sh. Jeelani, Effects of amino-functionalized MWCNTs on
ballistic impact performance of E-glass/epoxy composites using
spherical projectile, International Journal of Impact Engineering, Vol. 57,
No. 1, pp. 108-118, 2013.

[11] S. U. Khan, K. Iqbal, A. Munir, J. K. Kim, Quasi-static and impact fracture
behaviors of CFRPs with nanoclay-filled epoxy matrix. Composites: Part
A, Vol. 42, No. 3, pp. 253–264, 2011.

[12] Ö. F. Erkendirci, B. Z. (Gama) Haque, Quasi-static penetration resistance
behavior of glass fiber reinforced thermoplastic composites, Composites:
Part B Vol. 43, No 8, pp. 3391–3405, 2012.

[13] Ö. F. Erkendirci, B. Z. (Gama) Haque, Investigation of penetration
mechanics of PW Kevlar fiber reinforced HDPE composites,
International Journal of Damage Mechanics, Vol. 22, No. 3, pp. 304–322,
2012.

[14] L. P. Borrego, J. D. M. Costa, J. A. M. Ferreira, H. Silva, Fatigue behaviour
of glass fibre reinforced epoxy composites enhanced with nanoparticles.
Composites: Part B, Vol. 62, No. 1, pp. 65–72, 2014. 

[15] E. Mehrabani Yeganeh, Gh. H. Liaghat, M, H. Pol, Experimental
investigation of quasi-static perforation on laminated glass epoxy
composites by indenters with different geometries, Modares Mechanical
Engineering Vol. 15, No. 1, pp. 185-193, 2015. (in Persian)

[16] J. A. Nemes, H. Eskandari, L. Rakitch, Effect of laminate parameters on
the penetration of graphite/epoxy composites, International Journal of
Impact Engineering Vol. 21, No. 1, pp. 97–112, 1998.

[17] SV. Potti, CT. Sun, Prediction of impact induced penetration and
delamination in thick composite laminates, International Journal of
Impact Engineering Vol. 19, No.1, pp. 31–48, 1997. 

[18] RAW. Mines, AM. Roach, N. Jones, High velocity perforation behavior of
polymer composite laminates, International Journal of Impact
Engineering, Vol. 22, No. 5, pp. 61-88, 1999.

[19] A. Masoudi, Gh. H. Liaghat, M. H. Pol, Effects of nanoclay on the ballistic
behavior of GLARE-Experimental and numerical investigation, Modares
Mechanical Engineering Vol. 14, No. 7, pp. 43-51, 2014. (in Persian)

[20] M. H. Pol, G. H. Liaghat, M. Sedighi, Analytical modeling of perforation of 
projectiles into glass epoxy composites, Modares Mechanical Engineering,
Vol. 12, No. 2, pp.11-19, 2012. (in Persian)

[21] M. H. Pol, G. Liaghat, F. Hajiarazi, Effect of nanoclay on ballistic behavior
of woven fabric composites: Experimental investigation, Journal of
Composite Materials Vol. 47, No. 13, pp. 1563-1573, 2013.

[22] M. Pol, G. Liaght, F. Hajiarazi, Experimental investigation of effect of
nanoclay on ballistic properties of composites, Modares mechanical
Enginering, Vol. 12, No. 1, pp. 11-20, 2012. (in Persian)

[23] M. H. Pol, Gh. H. Liaghat, E. Mehrabani Yeganeh, A. Afrouzian, 
Experimental investigation of nanoclay and nanosilica particle effects 
on mechanical properties of glass epoxy composites, Modare  
Mechanical Engineering, Vol. 14, No. 16, pp. 76-82, 2015. (in Persian)

[24] Gh. H. Rahimi, R. Zamani, M. H. Pol, Studies on the tensile and flexural
properties of TETA-cured epoxy resins modified with clay, Modares
Mechanical Engineering, Vol. 14, No. 6, pp. 29-34, 2014. (in Persian)

  
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.4

4.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

21
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.44.2
https://mme.modares.ac.ir/article-15-9667-en.html
http://www.tcpdf.org

