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 Pure mode II fracture toughness of polymethyl methacrylate and its components has been studied by 
essential work of fracture (EWF) approach via experimental and numerical methods. EWF fracture tests 
with double edge notched tension (DENT) were performed on the RT-PMMA specimens at room 
temperature. In this investigation, the mode II fracture of polymethyl methacrylate/graft-acrylonitrile 
butadiene styrene (PMMA/g-ABS) blends with different weight percentage of rubber (0, 10, 15, and 20) 
and the thickness of 0.8 and 4 millimeter samples was investigated. The results showed that the value 
for the speci c essential work of fracture given by including lower ligament length may be more 
accurate because the ligament is completely yielded. The results also showed that for the load-
displacement curves that have self-similarity in shape for the specimens with different rubber content, 
specimen thicknesses, and ligament lengths and the specific work of fracture (wf) increases significantly 
with the increasing of rubber content. The essential work (we) and the non-essential work ( wp) of 
fracture increase with the increased rubber for both thicknesses. The highest value of the specific 
essential work and the specific non-essential work of fracture belong to 20% composition in 0.8 mm 
specimen thickness 122.19 N/mm and 5.54 N/mm2 and in 4 mm specimen thickness 51.231 N/mm and 
10.258 N/mm2, respectively. Significant changes were observed in the amount of essential and non-
essential work of fracture when the thickness of the samples was changed. 
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Fig. 1 (a) Configuration of Zwick/z10 10 kN tensile machine with new 
fixture and double edge notch tensile (DENT) specimens, (b) sketch 
map of DENT specimen geometry 
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Fig. 2 The tensile properties of the PMMA and its components 
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(h) 

Fig. 3 Load-displacement curves for mode  with different compounds, 
ligament lengths, and specimen thicknesses: (a), (c), (e), and (g) 0.8 
mm specimen thickness, and (b), (d), (f), and (h) 4 mm specimen 
thickness, pure PMMA, 10%, 15%, and 20% compounds, respectively. 
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(b) 

Fig. 4 Plot of speci c work of fracture in mode  (wf) as a function of 
ligament length with different specimen thicknesses: (a) 0.8 mm and (b) 
4 mm 
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Fig. 5 Plot of ultimate elongation length as a function of ligament 
length with different specimen thicknesses: (a) 0.8 mm and (b) 4 mm 
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(e) 

Fig. 6 Photographs of crack propagation processes for loading angle of 
pure mode  (a) initial stage, (b) critical stage: starting to propagate, (c) 
growing stage: propagate a little distance, (d) rupture stage, and (e) 
rupture stage for long ligament length 
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Table 1 Comparisons of experimental and numerical we (N/mm) and 

wp (N/mm2) 
wp 

N/mm2 

Exp.          Num. 

we 

N/mm 

Exp.            Num. 

 
 

 

 

  
)mm( 

0.41 0.39 8.75 7.96 PMMA 

0.8 
0.47 0.44 77.01 68.54 10% 
3.07 2.90 96.43 83.90 15% 
5.54 5.18 122.19 105.08 20% 
0.96 0.91 8.01 7.29 PMMA 

4 
4.33 4.01 34.51 31.06 10% 
6.53 6.01 36.88 34.50 15% 
10.26 9.56 51.23 48.67 20% 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
48

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               7 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.48.5
https://mme.modares.ac.ir/article-15-12351-en.html


    

                            

1395163  139  

 

 

 

Fig. 7 Modeling and meshing of the specimen in ABAQUS 
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Fig. 8 (a) Contours around the crack tip and (b) collapsed two-
dimensional element 
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Fig. 9 SEM micrographs of fracture surface of a specimen with 
different magnifications and 0.8 mm specimen thickness (a) pure 
PMMA and (b) 15% rubber. 
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