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Experimental investigation of the effect of the addition of carbon nanotubes

on the quasi-static punch shear penetration of the laminated glass/epoxy
composite
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*P.0.B. 14115-143 Tafresh, Iran, m_h_pol@tafreshu.ac.ir

ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the effects of adding carbon nanotubes to quasi-static punch shear properties (QS-
Received 21 September 2015 PS) and mechanical properties of hybrid laminated composites have been investigated

Accepted 14 November 2015

Available onfine 05 Decermnber 2015 experimentally. The nanocomposites have 12 layers of 2D woven glass fiber with area density of

200g/m2, and are manufactured by Hand lay-up method. Epoxy resin systems are made of

Keywords: diglycidyl ether of bisphenol A (DGEBA), Epon 828 as the epoxy prepolymer and Epikure F-205 as
Nanocomposite the curing agent. In this study the multi-walled carbon nanotube (MWCNTSs) was used, modified
punch shear with hydroxide (-COOH), with weight fraction 0, 0.1, 0.5 and 1 with respect to total weight of

carbon nanotubes

: i resin. Results of tensile test have shown addition of carbon nanotubes can change tensile
mechanical properties and energy absorbed

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
isaround 4% in 0.5 % sample.
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3- Span diameter to punch diameter ratio(SPR)
4- COOH-MWCNTSs

5- penetration limit

6- impact and after impact

7- interlaminar shear strength (ILSS)
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1- quasi-static indentation
2- Multi-wall carbon nanotube (MWCNT)
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1- microdroplet test

2- vacuum assisted resin transfer molding (VARTM) process
3- amino (NH,)

4- three-roll mill process

5- Carbon fiber-reinforce polymer

6- stiffness
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Table 3 The mechanical properties of nano-hybrid composites in different
percentages of carbon nanotubes

Sz Jeve GBS @l el (o8 oSt
9,

(Mi/m3) (GPa) (%) (MPa) (%)

063 2478 0.71+003 17598577 0 1

065 2431 0.73+003 177.52+5.08 0.1 2

071 2341 0.78+0.04 182.64+8.20 05 3

063 2381 0.73+0.05 173.87+0.23 1 4
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Fig.6 A 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
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Table 2 The effect of adding carbon nanotubes on mechanical properties of
resin

Seir Jehe  SSE GBSl plsoel RS gl

0,
MI/m3  GPa (%) MPa (%)
030 05751 3.26+017  18.72+.38 0 1
035 07547 30303 22.74+16 05 2
029 07489 295+026  22.04+0.81 1 3
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Fig.11 Maximum contact force at different percentages of nanotube
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Table 4 Amount of displacement at maximum contact force and out of
nanocomposites

JolS 355 50 55 cwlaig s mSlas o 55 S s gl

@,
mm mm (%)
9.36+0.69 6.5+0.17 0 1
9.64+0.63 5.92+0.02 0.1 2
10.06+0.32 6.36+0.037 05 3
10.14+0.95 6.62+0.057 1 4
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Table 6 Friction force values at different percentages of carbon nanotube
(kN) Shaol 5,5 (%) ()5 @3 6l s,

0.16+0.03 0 1
0.27+0.06 01 2
0.17+0.03 05 3
0.17+0.09 1 4
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Table 5 The energy absorbed at different stages in different percentages of
carbon nanotube

Ets ECSZ ECSl . .

QO
148 137 811 0 1
219 144 665 0.1 2
190 122 695 05 3
225 111 830 1 4
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