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 In this research, the influence of adding carbon nanotubes on the tensile and the mode I interlaminar 
fracture of glass-fiber-epoxy laminated composite has been experimentally studied. For this purpose, the 
hybrid glass-fiber-epoxy-nanotube laminated composites which have 18 fiber-glass plain-weave layers 
were manufactured by hand lay-up method. The epoxy resin system is made of Epon828 resin with 
Epikure F205 as the curing agent. The multi-walled carbon nanotube (MWCNTs) modified with 
hydroxide (-COOH) is also dispersed into the epoxy system as a reinforcement in a 0%, 0.1%, 0.5% and 
1% ratio in weight with respect to the matrix. In addition, the tensile nano-resin and hybrid nano-
composite specimen were produced. The results of the tensile test of nano-matrixes indicate that the 
maximum change in Young's modulus, ultimate strength and fracture toughness of the samples is in the 
0.5% sample, with a 31.2%, 21.4% and 16.66% increase with respect to neat sample, respectively. 
Moreover, the results of the tensile test of hybrid nano-composites indicate that the maximum change in 
fracture toughness, ultimate strength and fracture strain and of the samples is in the 0.5% sample, with a 
12.6%, 9.8% and 12.6% increase with respect to neat sample, respectively. The result of the mode I 
interlaminar fracture toughness test of hybrid nano-composites shows that the maximum change in 
value of the force (in force-displacement diagram) and value of the energy (of crack propagation in 
mode I interlaminar fracture), is in 0.5% sample, with a 24.4% and 24.15% increase respect to neat 
sample, respectively. 

Keywords: 
Mode I interlaminar fracture 
Laminated composite 
Carbon nanotube 
nanocmposite  

 

  

1 -   
  

  

 .

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
41

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                               1 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.41.8
https://mme.modares.ac.ir/article-15-9931-fa.html


    

             /      

  

194  1395163  

 -
 . 

 .
 .

 
 .

[2 1] .(1 
(2 

 .(3 
 

[3] .
 

 [4] .

 .
 

 .

 .
 

   

 .

 .

 .

[5].  

) a0 (
 .

) h)   (a0 (
1  )2( 

8.5‹a0/h‹19 

[6]. 

  .[7] .
 

  .

 .
3 

4 5 [7] .  
67 

-   

-

  

 -[8].  
8 

[9].  
9 

 .

[10]. 

 
10 

1- R-curve 
2- Double cantilever beam  
3- epoxy 
4- matrix 
5- fibre  
6- CTBN 
7- CSR 
8- Nano clay 
9- Carbon nanotubes
10- ENF 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
41

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                               2 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.41.8
https://mme.modares.ac.ir/article-15-9931-fa.html


    

             /      

1395163  195  

  .
) 61 )  ( 161 (

[11].  
1 

 

 .
0.5 

15 3 
30 [12]. 

2 3 
 .

 .

0.5 [13].  

 .

 
[14].  

 .

  .

 .  

2 -     
2 -1-  

   4  .
 5  . 6 

 .
200g/m2 2400 kg/m3  .

 (

1- MWCNT 
2- Ml_506 
3- HA-11 
4- MWCNT 
5- E-glass fibre 
6- woven 

7 828  
 2058 1 2 

  .
   

9 1   

2 -2-   
24 70 

00.10.5 1 )  
 (828  .

828 
2.5 3000rpm 

 .
150kW/cm2 0.5kHz 87.5µm 

 .
3000rpm  .

15    .1 2 
5  -

  

2 -3-  

 .

 [15] .
70  .

 1  

2 -4-  

00.10.5 1 10 12 
2.5cm ×25  ASTM D3039  

 
1   

Table 1 the details of the carbon nanotube  
    

1  OD 8-15 nm 

2  Length 50 µm~ 

3  -COOH content 2.56 wt% 

4  Purity 95 wt%› 

5  Ash 1.5 wt%‹ 

6  SSA 233 m2/g› 

7  EC s/cm 102 

7- Diglycidyl ether of bisphenol A 
8- Epikure F-205
9- COOH 
10- Hand ley up 
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Fig.1 The tensile test specimens of the nano-resin  

1  

2 -5-   
18 

 ( ) 45  .

 
 ASTM D5528 .

) 4 1  (2 
 .5  -

20µm 
9 10  .

 .
170  -

 .2 

 .[16].  
 .

.  

3 -  
3 -1-   

30 
500 2mm/min 

 
 ASTM D638 M-9   

 

 
Fig. 2 Geometry and dimensions of   DCB specimen (all dimensions 
are in mm) 
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Fig. 3 The hybrid nanocomposite specimen under tensile test 
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Fig. 4 The DCB hybrid nanocomposite specimen under mode I test 
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Fig. 5 The stress-strain diagrams of the nano-resin specimens 
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Table 2 The nano-resin tensile properties 
     wt 

MJ/m3 GPa )(% MPa % 
0.30±0.02 0.5751 3.26±0.17 18.72±0.38 0 
0.35±0.05 0.7547 3.03±0.3 22.74±1.6 0.5 
0.29±0.04 0.7489 2.95±0.26 22.04±0.81 1 
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Table 3 The tensile properties of the hybrid nanocomposite specimens   

   
MJ/m 

 
GPa 

 
)%( 

  
MPa 

wt 
% 

0.63±0.023 24.78±0.23 0.71±0.03 175.98±5.77 0 
0.65±0.045 24.31±0.30 0.73±0.03 177.52±5.08 0.1 

0.71±0.068 23.41±0.14 0.78±0.04 182.64±8.20 0.5 
0.63±0.044 23.81±1.6 0.73±0.05 173.87±0.23 1 
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Fig. 6 The stress-strain diagrams of the nanocomposite specimens 
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Fig. 7. Force-displacement diagram of the mode I test of glass/epoxy 
composite  
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Fig. 8 The force-displacement diagrams of the mode I test of the hybrid 
nanocomposites  
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Table 4 The critical force by three methods 
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Fig.9 The compliance-crack length curve of mode I test of 
nanocomposite specimens 
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Fig. 10 how to calculate the correction factor for the crack length in the 
modified beam method [16] 
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Fig. 12 How to calculate factor n in a compliance calibration 
method[14] 
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Fig. 14 The R-curves diagram of DCB specimens 
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Fig. 15 The crack propagation mode I fracture toughness of 
nanocomposite calculated by compliance calibration method 
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