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A Study on Fracture Criterion of PMMA Plates Having a V-Notch with an End Hole
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The aim of this study was to examine the validity of fracture criterion for PMMA plates that have a
V-notch with an end hole. The predicted stress intensity factors and crack initiation angles by the
fracture criterion based on the maximum circumferential stress and the novozhilov’s criteria were
compared with the experimental results. By increasing the radius of end hole, the differences of
predicted stress intensity factors and experimental results increased, possibly due to the plastic
zone size. The results indicated that when the radius of end hole is < 1 mm, the fracture criterion

would be useful.

KEYWORDS: V-Notch with an end hole (£t& V- X|), Fracture criterion (Zt2|7|Z), PMMA plate (PMMA ), Brittle
material (|4 &), Plastic zone (28 YH)
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a= Notch length

C,;, C;= Stress correction factors related to mode I and
mode I1

d,= Critical distance as a material constant

F=Loading force

r, 6= Polar coordinates of an arbitrary point

7o~ Radius for an end hole

K= Fracture toughness

K, K;= Stress intensity factors for mode I and mode 11

K., K,;= Notch stress intensity factors for mode I and

mode II
o = Half notch angle
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p=Loading angle

y= Half wedge angle (y=7 - a)

6,= Crack initiation angle

Ap, 4= Eigenvalues related to mode I and mode 11

up, ui= Configuration correction factors related to mode
I and mode II

o= Tensile critical stress

oy~ Circumferential stress

o = Mean circumferential stress
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Fig. 1 The shape of a V-notch with an end hole
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Table 1 Mode I parameters for loading force, 20 N

K,
0 20 i
[mm] [0] j'l Hi CI [MPa . rnl-/ll ]

0 0.500 | 2.318 | 1.606 0.086
15 0.500 | 2.315 | 1.603 0.085
30 0.501 | 2.309 | 1.604 0.085
1 45 0.505 | 2.295 | 1.612 0.084
60 0.512 | 2.270 | 1.631 0.083
75 0.525 | 2.236 | 1.659 0.084
90 0.544 | 2.190 | 1.697 0.086

0 0.500 | 2.344 | 1.789 0.083
15 0.500 | 2.344 | 1.786 0.083
30 0.501 | 2.339 | 1.787 0.082
2 45 0.505 | 2.323 | 1.794 0.081
60 0.512 | 2.293 | 1.815 0.081
75 0.525 | 2.246 | 1.849 0.080
90 0.544 | 2.185 | 1.895 0.081

0 0.500 | 2.354 | 2.020 0.080
15 0.500 | 2.366 | 1.993 0.080
30 0.501 | 2.348 | 2.022 0.079
3 45 0.505 | 2.333 | 2.030 0.078
60 0.512 | 2.303 | 2.049 0.077
75 0.525 | 2.254 | 2.086 0.076
90 0.544 | 2.185 | 2.140 0.076
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Table 2 Mode II parameters for loading force, 20 N

70 2a K
[mm]| [°] Air Hir Cr [MPa - ml-/l,,]
0 0.500 | 3.669 | 1.257 -0.060
15 0.545 | 3.498 | 1.297 -0.074
1 30 0.598 | 3.336 | 1.369 -0.097
45 0.660 | 3.188 | 1.471 -0.141
60 0.731 | 3.052 | 1.625 -0.231
0 0.500 | 3.764 | 1.231 -0.067
15 0.545 | 3.580 | 1.271 -0.080
2 30 0.598 | 3.404 | 1.318 -0.102
45 0.660 | 3.241 | 1.372 -0.143
60 0.731 | 3.094 | 1.431 -0.229

Fig. 2 Configuration of the fixture installed a V-notch
specimen with an end hole
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Fig. 3 Predicted critical stress intensity factors and
experimental results under mode |
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Fig. 7 Predicted critical stress intensity factors and experimental results under mixed mode
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Fig. 8 Predicted crack initiation angle and experimental results under mixed mode
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