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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the fracture trajectory in blunt V-notched specimens under mixed mode loading is
Received 06 December 2015 investigated by using two numerical approaches: 1) the extended finite element method (XFEM), 2) the
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‘Available Online 02 March 2016 incremental method. The first approach is an extended form of the finite element method in which the

fracture takes place and grows according to the cohesive zone model. The second one is also an
increment approach in which the fracture initiation angle for notched specimen is first determined

Keywords: . X . - A

Fraygfure path according to the concept of the maximum tangential stress (MTS) criterion. Afterward, a small crack is
Blunt V-notch added to the notched specimen along the fracture direction and then a new cracked specimen is
Fracture initiation angle generated. In the next step, the fracture initiation angle is calculated from MTS criterion and another

Extended finite element method

small crack is again added to the cracked specimen. These steps are continued until the crack reaches to
Incremental method

the back boundary. To evaluate these methods, the fracture paths of the rounded-tip VV-notched Brazilian
disk (RV-BD) specimens under mixed mode loading are predicted by both XFEM and incremental
method. It is shown that the incremental method can provide estimates more accurately than XFEM for
the fracture initiation angle of the notched samples. It is also demonstrated that both methods can
predict the fracture trajectory in good agreement with the experimental results.
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Fig. 1 Round-tip V-notch and its polar coordinate system.
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Fig. 3 The schematic of the RV-BD specimen.
(RV-BD) JSaV L slfo (o Sas igas (sled 3 St

[A7] Gralojl 8,90 ©dl 3 (Sla 5 (Su3ed olss 1 Jguzr
Table 1 The physical and mechanical properties of tested graphite [47].

e oyt
1710 (kgm?) Ji=
275 (MPa) 228 alSocind (pSiles
8.05 (GPa) il Jge
1 (MPam®®) (Kic) (sl amio )5 Cllo o ConSis (o i
0.2 () oslsy uro
2500
2000 [
g 150}
2
(=}
= 1000 |
500 [
0 1 1 1 1
0.0 0.1 0.2 03 0.4 05

Load deflection (mm)
Fig. 4 A sample of load—displacement curve obtained from V-notched
graphite specimen [47].
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Table 2 The specimen dimensions and the mean fracture loads for the
RV-BD graphite samples [47].
sl els 405

(P) s b 390
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(N) SIS
) (mm) (20)
2023 0° 1 30° |
2085 10° 1 30° 171
2190 25° 1 30° 1l
1439 0° 1 60° |
1654 15° 1 60° 171
2040 30° 1 60° 1
909 0° 1 90° |
1153 15° 1 90° /1
2396 35° 1 90° 1l
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Fig. 5 The load-displacement of load point curves for RV-BD with
20=60° and different mode mixities obtained from XFEM.
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Table 3 The required parameters for cohesive zone model
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8050 0.2 27.5 0.125
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Crack tip

Fig. 6 The typical mesh pattern used for modeling the RV-BD
specimens together with the crack tip mesh pattern.
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Table 5 The stress intensity factors and crack initiation angles for RV-
BD sample with 2 =90° and S =150btained in each increment.
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Fig. 7 The fracture trajectory of RV-BD with 2a=30° under mixed
mode loading ($=10°) obtained from XFEM.
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Table 4 Comparison of fracture loads obtained from XFEM and
experiments
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Table 6 The comparison of the fracture initiation angles predicted by
XFEM and RV-MTS.
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Fig. 9 The fractur trajectory of RV-BD W|t 20=
mode loading (b=15°) obtained from XFEM.
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Fig. 8 The fracture trajectory of RV-BD with 2a=30° under a) pure
mode | (5=0°), b) mixed mode I/11 ($=10°), c) pure mode Il loading
(8=25°) obtained from XFEM, incremental method and experiments.
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Fig. 11 The fracture trajectory of RV-BD with 2a=90° under mixed
mode loading (=15°) obtained from XFEM.
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Fig. 10 The fracture trajectory of RV-BD with 2a=60° under a) pure
mode | ($=0°), b) mixed mode I/ll ($=15°), c) pure mode Il loading
(8=30°) obtained from XFEM, incremental method and experiments.
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Fig. 12 The fracture trajectory of RV-BD with 2a=90° under a) pure
mode | ($=0°), b) mixed mode I/ll ($=15°), c) pure mode Il loading
(B=35°) obtained from XFEM, incremental method and experiments.
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