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A Study on the Development of Reflection Type Photoelastic
Experimental Hybrid Method for Orthotropic Materials

Dong-Chul Shin, Jai-Sug Hawong, Jeong-Hwan Nam and Joon-Hyun Lee
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Abstract

The reflection type photoelastic experiment can be used more effectively than the transparent type
photoelastic experiment in industrial fields. However, the reflection type photoelastic experiment for
orthotropic material has not been studied. Therefore, the reflection type photoelastic experimental hybrid
method for the fracture mechanics of orthotropic material was developed in this research. Comparing
the results obtained from this method with those from the hybrid method for isotropic material about
the same isotropic specimen, the validity of this method was verified. And then, the reflection type
photoelastic experiment for orthotropic material was applied to the orthotropic plates with a central
crack of the various inclined angle. Using this hybrid method for the orthotropic material, it is able to
obtain stress intensity factors and separate stress components at the vicinity of the crack-tip in
orthotropic plates from only the isochromatic fringe patterns of isotropic coating material.
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Fig. 2 Relationship between the reference axes and
principal axes of material
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Fig. 3 Schematic of the specimen for reflection
type photoelastic experiment
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Fig. 4 Reflection type photoelasticity system

Table 1 Material properties used in this research

) Material
Properties -
CY230 | 1Cr-0.5Mo | Epoxy resin | C.F.E.C.
Vi (%) . . . 10.9
E,, (GPa) | 2.86 206.3 3.20 13.75
E,, (GPa) | 2.86 206.3 3.20 4,18
G, (GPa) | 1.08 78.80 1.16 143
0 0.33 0.31 0.38 0.376
f, (kN/m) | 13.82 . 10.62
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Fig. 5 Actual isochromatic photographs and graphic
isochromatic fringes
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(b) Hybrid method for orthotropy
Um/(fo O'yy/O'O Tw/a0

B =45°,2a/w=0.4,h, = 2.18mm,o,=261.6MPa

Fig. 6 Stress contours obtained from the hybrid
methods for reflection type photoelasticity

Table 2 Stress intensity factors (isotropy specimen)

Ky /K Ky /K

B | Method | Theo. | gxp. | Error | Theo. | Exp. | Error
value' | value | [%] | vaue!® | value | [%]

Iso.

Hybrid 0578 | 1.07 0534 | 095
45° Ortho 0.5719 0.5290
Hybria 0066 | 1.11 0532 | 057
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Fig. 7 Actual isochromatic photographs and graphic
isochromatics
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Table 3 Stress intensity factors (Orthotropy)
K, /K, Ky /K,

&) 2a/W | Theo. Exp. Theo. Exp.

Value™ Value Value™ Value
0° | 0400 | 1.109® | 1.189 0.000 0.006
15° | 0375 | 1.040 0.944 0.256 0.267
30° | 0442 | 0.874 0.871 0.455 0.524
45° | 0417 | 0.573 0.533 0.531 0.585

= o l
I I A Tr/\}ﬁ%
Fig 82 Fig. 79 7 A4S0l WAl FeA
°MHF4E e ’Gﬁo}fﬁ T &
e = &
TR 1q'H98ﬂH¢.£€:%%ﬂ<&%£
A o,9% 7,7t 002 AH BUY 214
53] whslal gtk
aga sfelHEE How dojxl =
b)E A (10)o] Agste] ArtE 3
H|Z Table 39| YElSlE=d A o]+t
9 o] zlo] glormw ZHMAA|Y o
o g3k o] & Zh(LW=2)o. = A&t}
ol o] AEM E Ao A U
oF Ao g A& wAY Fed A3
Mol Fads Fdssien, o

ERIECE EE IR RIEREE

of i

do

=

X

>

1 oo
ofo ox o nly o
ﬂémllﬂm
(2 o = 2 o%

— oo oo [T ox
>, o ol 2

o, Olﬂ o
oL
o
=

o
18
i)
2
2
1o,
2
1%
)
N
X
ofr
i)
o
12
>
o
kv

offt

Qﬂ

2

o O,
oo
o=}
N

rlo

z
[
o
o
=
e
_0|L
2,
o
o g
|
olo H OM
8 o=
11(1} (RSN
ox X
o >
to
rO e}
ol

o

)
£
=
&
o

o] =i 20051 A (LS5 A A5 o] A

Qom @%@%J;ZHWA AP o} S E
OHL(KR -214-D00002) ], o]el] AR} o

il
ol

i)

(1) Huang, Y. M., Lin, C. H., Suhling, J. C. and
Rowlands, R. E., 1991, "Determining the Three
Individual Stress ~ Components  from Measured
Isochromatic Fringes", Exp. Mech., pp.310~318.

(2) Hawong, J. S., Lin, C. H., Rhee, J. and Rowlands,
R. E., 1995, "A Hybrid Method to Determine Individual
Stresses in  Orthotropic  Composites  Using  Only
Measured Isochromatic Data", J. of Comp. Mat., Vol.
29(18), pp. 2366~2387.

@) AEH, FAA, olaA, FAL, deA, 1998, T
AA sk dtel] Rty FeA AP stolBBY
g, 37183 =57 AT, 22(5), pp. 834~842.

(4) AEd, G, olax, FH%, desd, 1998, “4
. oGAA mpa| A ste] Tt FrHd A slol
By A8, diASs =y AY, 22(6), pp.
1036~1044.

(5) Hawong, J. S., Shin, D. C. and Lee, H. J., 2001,
"Photoelastic Experimental Hybrid Method for Fracture
Mechanics of Anisotropic Materials", Exp. Mech., Vol.
41, No. 1, pp.310~318.

(6) Muskhelishvili, N. I., 1963, Some Basic Problems of
the Mathematical Theory of Elasticity, 4th Edition, P.
Noordhoff Ltd., Groningen, Netherlands.

(7) Sih, G. C. and H. Liebowitz, 1968, "Mathematical
Theories of Brittle Fracture”, Fracture an Advanced
Treatise, Academic Press, Vol. II, pp. 67~190.

(8) Isida, M., 1973, "Analysis of Stress Intensity Factors
for the Tension of a Centrally Cracked Strip with
Stiffened Edges ", Eng. Frac. Mech., 5(3), pp. 647~665.

(9) Kitagawa, H. and Yuuki, R., 1977, "Analysis of
Arbitrarily Shaped Crack in a Finite Plate Using
Conformal Mapping”, Trans. Japan Soc. Mech. Engrs.,
43(376), pp. 4354~4362.

233



	Text1: 대한기계학회 2008년도 추계학술대회 논문집


