7| AS =83 A, #1284 A 8%, pp. 1229~1236, 2004 1229

SHYA Y FAATH 7 Fe
44 F9Y AP SR F A

USHE . &

— 1% =
=&". X

RSP Ey

(20043 29 20¢ S, 20043 69 5 HAAESE)

Application of the Static Photoelastic Experimental Hybrid Method
to the Crack Propagation Criterion for Isotropic Materials
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Abstract

The specimen materials used in this research are isotropic epoxy resins. The static photoelastic experiment
was applied to them. And then the specimens used in photoelastic experiment were fractured under static load.
The static photoelastic experimental hybrid method was introduced and its validity had been assured. Crack
propagation criterion used the stress components, which are considered the higher order terms, obtained from
the static photoelastic experimental hybrid method was introduced and it was applied to the minimum strain
energy density criterion, the maximum tangential stress criterion and mode mixity. Comparing the actual
initial angle of crack propagation with the theoretical initial angle of crack propagation obtained from the
above failure criterions, the validities of the above two criterions are assured and the optimal distance (r)
from the crack-tip is 0.01mm in order to get the initial angle of crack propagation of isotropic epoxy resin.
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Fig. 1 Specimen of photoelastic Experiment

A: Light source B: Polarizer 1(P,) & Quarter wave Plate 1(Q,)
C: Specimen D: Loading device ~ F: CCD camera
E : Polarizer 2(P;) & Quarter wave Plate 2(Q,)

Fig. 2 Optical system of photoelastic experiment
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Table 1 Material properties of epoxy resin

Properties Material
Epoxy resin
Young’s modulus, £ [Gpa] 3.20
Shear modulus, G [Gpa) 1.16
Poisson’s ratio, v 0.38
Stress fringe value, £, [kN/m) 10.62

(b) p=60°, 5,=37.07TMPa

Fig. 5 Whole actual isochromatics [left side], actual
isochromatics [upper right side] and grapic
isocrhomatics [lower right side] (2a/W=0.3)
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Fig. 7 Contour plots of 4 /g, 10, 1,10, obtained
from the photoelastic hybrid method (2a/W=0.3)
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(@) 2a/W=0.3,
o, =17.42MPa

(b) 2a/W=0.6
o, =1.78MPa

Fig. 9 Fractured specimens ( g =30°)
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o, =18.79MPa o, =15.20MPa

Fig. 10 Fractured specimens ( 8 = 45°)

@) 2a/W=03,
o, = 44.48MPa

Fig. 11 Fractured specimens { g = 60°)
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7} 30°, 45°9} 60°%0 %9 #EMDAA Hoizl
Az ol N FEAH AA 27 A=
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Table 2 Stress intensity factors of isotropic materials

. 22 K, /K, K, /K,
B Tl W Exp. Theo. Exp. Theo.
Value | Vatue"® | Value Value
30 0316 0.895 0.803 0.475 0.442
0.590 0.931 0.984 0.495 0.480
45 0315 0.562 0.541 0.563 0516
0.596 0.623 0.661 0.599 0.568
60 0.304 0.294 0.273 0.493 0.452
0.604 0.345 0.333 0.530 0.502

Note: The values of theory are in cases of 2a/W=0.3, 0.6 & H/W=2.
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Table 3 _Initial angle of crack propagation in the isotropic material(2a/W=0.3)
Slanted | /. Calculated initial branched angle, 8, [’ Actual
angle of Mixit initial
crack ’XL)’ r=0.0001mm r=0.005mm r=0.01mm r=0.05mm r=0.1lmm angle
Yij [0] 4y MTSC | MSEDC | MTSC | MSEDC | MTSC | MSEDC | MTSC | MSEDC | MTSC | MSEDC
30 27.96 18.41 18.41 3845 38.45 41.25 41.25 42.67 42.67 42.25 42.25 40.8
45 45.05 20.41 20.41 41.55 41.55 43.91 4391 43.91 43.91 43.98 43.98 42.6
60 59.19 21.88 21.88 39.91 39.91 45 44.75 46.7 43.31 47.75 42.06 44.8
Note : MTSC = Maximum Tangential Stress Criterion
MSEDC=Minimum Strain Energy Density Criterion
Table 4 Initial angle of crack propagation in the isotropic material(2a/W=0.6)
Slanted | \fo 4o Calculated initial branched angle, 6, [°] Actual
angle of Mixit initial
crack 1XLY r=0.0001mm r =0.005mm r=0.01mm r=0.05mm r=0.1mm angle
¥ [o] e[l MTSC | MSEDC | MTSC | MSEDC | MTSC | MSEDC | MTSC | MSEDC | MTSC | MSEDC
30 27.99 18.32 18.32 38.35 38.35 40.85 40.85 42.30 42.30 41.71 41.71 39.3
45 43.87 20.33 20.33 39.09 39.09 41.73 41.73 44.35 44.35 44.63 44.63 41.0
60 56.94 22.09 22.09 3948 39.48 42.13 42.13 45.22 44.79 45.85 44.16 43.3
o] MTSCY MSEDCOlA T& #dzst 27|A4%  HIHOE, HAWFNUAZENE F& T84
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