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Hybrid Photoelastic Stress Analysis Around a Central Crack Tip in a
Tensile Loaded Plate Using Isochromatic Data

Tae Hyun Baek and Lei Chen
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Abstract

An experimental test is presented for photoelastic stress analysis around a crack tip in tensile loaded plate.
The hybrid method coupling photoelastsic fringe inputs calculated by finite element method and complex
variable formulations involving conformal mappings and analytical continuity is used to calculate full-field
stress around the crack tip in uniaxially loaded, finite width tensile plate. In order to accurately compare
calculated fringes with experimental ones, both actual and regenerated photoelastic fringe patterns are two
times multiplied and sharpened by digital image processing. Regenerated fringes by hybrid method are quite
comparable to actual fringes. The experimental results indicate that Mode I stress intensity factor analyzed by
the hybrid method are accurate within three percent compared with ones obtained by empirical equation and
finite element analysis.
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Fig. 2 Finite-width uniaxially loaded tensile plate
containing a central crack

(b)

Fig. 3 (a) Original isochromatic fringes around a crack
tip in the light-field setup circular polariscope.
(b) Two times multiplied isochromatic fringes
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Fig. 5 Two times multiplied actual fringe pattern (left
half) and reconstructed (right half) fringes for
different number of terms (m ) of series type
stress function
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Fig. 6 Fringe-sharpened lines extracted from two times
multiplied actual fringe pattern (left half) and
reconstructed (right half) fringes for different
number of terms ( m ) of series type stress

function
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Table 1 Data locations (x and y ), input and calculated

fringes (N, and N, )and percentage error

No | x(mm) | y(mm) Ninp Neat (Féf)ii))
1 0.000 | 11.405 | 1.655 | 1.645 | 0.617
2 | 0.864 | 11.405 | 1.679 | 1.688 | -0.489
3 1.727 | 11.405 | 1.787 | 1.792 | -0.279
4 | 2591 | 11.405 | 1.912 | 1.908 | 0.169
5 3.480 | 11.405 | 1.998 | 2.001 | -0.116
6 | 4394 | 11.405 | 2.057 | 2.053 | 0.195
7 | 5.334 | 11.405 | 2.065 | 2.064 | 0.019
8 6.274 | 11.405 | 2.038 | 2.041 | -0.148
9 | 7.214 | 11.405 | 1.993 | 1.994 | -0.053
10 | 8.128 | 11.405 { 1.938 | 1.935 | 0.148
11 | 9.068 | 11.405 ] 1.879 | 1.880 | -0.056
12 | 9.068 | 10.516 | 1.879 | 1.879 | 0.011
13 ] 9.068 | 9.627 | 1.862 | 1.862 | -0.003
14 | 9.068 | 8.712 | 1.824 | 1.824 | -0.007
15 ] 9.068 | 7.823 | 1.761 | 1.761 | -0.006
16 | 9.068 | 6.909 | 1.670 | 1.670 | 0.028
17 | 9.068 | 5.994 | 1.548 | 1.549 | -0.047
18 | 9.068 | 5.004 | 1.398 | 1.397 | 0.025
19 | 9.068 | 4.013 | 1.224 | 1.224 | 0.068
20 | 9.068 | 3.023 | 1.042 | 1.042 | -0.004
21 | 9.068 | 2.007 | 0.872 | 0.873 | -0.105
22 | 9.068 | 1.016 | 0.743 | 0.745 | -0.397
23 | 9.068 | 0.000 | 0.699 | 0.697 | 0.401
Aeolm, $3& 4 % () 74 $UPS
AN Fe) FE m=3,52 HANZRL W 7
HAROZHE Al TAAE 2 W2 FAAA
ekl =9z o), =3 Fig 6 & Fig. 5 &

AR A 9% TP =) e ol},

Fig. 5 ¢} Fig. 6 9 & 7PEAgd ZA€E ¥
FAE 44 Aw 999 $8AE A & A
T2 317 98 FEM o o8] =X 42 AL
ste] dEd dlole 9XE& vebdth Fig. 5 %
Fig. 6 ol E<l uie} o] ;=3 52 WA A S
w, S vetd AA e TPX e FHPEoR
5 ALEte AR 59 TAAE M2 2
ek =

olZH, AAl9 ZTHA S Aitd ZTIA Y HA
2l HlwE ot AFAQ vt 7hsstE
E 93} Fig. 4 ¢ B-C & C-D A4 484
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Table 2 Comparison of stress intensity factor obtained
from hybrid photoelasticity, finite element
analysis and empirical equation

Stress Intensity Factor (K, /o v ma )
m SD :
Hybrid - (19)
Photoelasticity FEM | Equation
3 10363 1.090
1.060 1.065
5 10317 1.091

dlolEl(Fig. 5, 6 1A+ TA]) oA olae 4
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ot
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Table 1 A= ST o] m)7t 3L o,
Helg e &MNo), HER »), 2 A (1)l
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EoxE23 /9 diolEe 062 HAE wmwtoR
A2 A3
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E ox Wit EFHI(SD: standard deviation) =
AR 2 12)d0A & dEE doly &
A S
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Fig. 7 Normalized axial stress distribution from the
point ‘A’ to ‘B’ of Fig. 2 ( y =distance from the
center of the crack tip, g=a half of the crack

length)
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