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Hybrid Stress Analysis around a Circular Hole in a Tensile Plate
by Use of Phase Shifting Photoelasticity
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Abstract A hybrid experimental-numerical method is presented for determining the stresses around a circular hole in
a finite-width, tensile loaded plate. Measured fringe orders along straight lines provided the input information on the
external boundary of the hybrid element. In order to see the effects of varying stress field, different numbers of terms
in a power-series representation of the complex type conformal mapping stress function were tested. For qualitative
comparison, actual isochromatic fringes were compared with reconstructed theoretical fringes using stress-optic law.
For quantitative comparison, relative errors and standard deviations with respective to relative errors were analyzed for
all measured points by changing the number of terms of stress function. The hybrid results are highly comparable
with those predicted by FEA. The results show that this approach is effective and promising because isochromatic
data along the straight lines in photoelasticity can be conveniently measured by use of phase shifting photoelasticity.
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Fig. 2 Circular polariscope (dark—field set
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Fig. 3 Finite-width uniaxially loaded tensile plate
containing an circular hole.

Ay WGV A Table 13 Zo| AFHLY &
90°, R WA 4R 9T 1EHFS 45°7 A AT
F 5 A 48wy Aguntes JE 4=
ZAg7y de zZdUxWEHe Fig 49 2o
Table 1 ¥} Fig. 42%H ;9 [,& gAok Mg
(dark field), 1831 I, Ig& Aol wj<(light

Table 1 Polariscope configuration and output intensities of 8-step phase-shifting method

No. Configuration Output Intensity Fringe Pattern
K
1 By Gis B, 4054 A :7(1 +os20e sinA ) None
K
2 Foo @5 B n@ 45 Ay L= 3(1 cos2asinA ) None
K i . )
3 By Qs RQ,AQ% A A 23(1 —csA) Circular Polariscope Dark Field
K ) ) . .
4 Ry Qs RQ,AQ;s 4, A =—(1+csA) Circular Polariscope Light Field
K
5 By Qs B, .G 4 I = 7(1 +sin2a sinA ) None
K
6 By Qs B 4Gy Ay = 3(1 —sinZa sinA ) None
7 fgo Q;s RQ,AQ) A45 I = (1 —COSA) Circular Polariscope Dark Field
8 Pgo st Rom%o A45 % = (1 +O(EA) Circular Polariscope Light Field
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Fig. 4 Fringe patterns of a tensie plate
containing a circular hole obtained by
8-step phase shifing method (P=318 N)

Fig. 5 Isochromatic fringe phase map obtained
from 8 fringe patterns.
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Fig. 7 Fringe order distributions along lines A-B,
B-C and C-D indicated in Figs. 5 and 6
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type stress function (P=318 N)
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Table 2 Variation of stress concentration factor
(K) and standard deviation(SD) for
different number of terms(m) of series
type stress function

e o K SD
3 341 0.99
5 3.38 0.78
7 341 0.38
9 3.43 0.39
11 3.34 0.47
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Fig. 10 Variation of standard -deviation (SD) for
different number of terms (m) of series
type stress function
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Fig. 9 Sharpened fringe lines from actual (left Fig. 11 Variation of stress concentration factor (K
half) and reconstructed (right half) fringes for different number of terms (m) of series

(P=318 N} type stress function



2 wEf 3, o), FEIE

SHFTY B FmE 3N 1A dAE A Mol 8] AdE ZAXE Nz vmsge
& de SHYFAS (K)9 HAEL R AFA vlng gt 24 9N PP
# EFUA (SD)E Aetd & ZI4e Table 3 22e] EEUR

2, Fig. 10 2 11 3} 2},

Table 29} Fig. 100]A =< ule} o] F43
S5 9 F7b m=7, 994 ®BFWEAI} 7}
& AA vrebso

Fig. 12%& m=99| 4} Fig. 30| vebd 79 f434
o 0°=<0<90° o o HA 3H(0y)e 3}ol
Bes $Ysie WY feasdos 7§ 89
& FASH(0) o2 FALNYD F aez=z
vetdlet stolHel = fgasyon 7 9
d 79 4539 dAeHL Fig 12014 Bu
s} 2ol N2 ZHSAY. selBd=ygn fe
2oz 79 FYIAFATE 3429} 3482 2%0]
Wz gxstgch

4
3 : EEEArid Method
g

S

. .
-1 g 90
-2

Fig. 12 Normalized tangential stress on the circular
hole boundary

=2

4.9 &
R
Z99) gEge B
dolHs #4385
= Jpgoz FRFYe $Ye
FERE 9L A2L aoaw
ey 2ol o3 FHow
RICRRET PR
JHE ol&F stolzel= 7]
Brele Aagde fRes
A5
@ stolnd=H fRestos T8 $91EA
2= 3429} 3482 2%o|E N2 U sYch
AFNE 4PATH BYHe $4Fe
371 skl QA ZAA) Folns ¢

253
o

A

)

=S|
=]

[e)

lo,

1)

ks

x
o

=
[=]

d

A% ARE =AAZe Ao
SRS B Fol weh RASAE B A
B4 o)L olgstw Peold
P8 24Y + Yem
949 7oz Azdd

fUoex oo om0 R
S S
°
o
i

[1] J. W. Dally and W. F Riley, Experimental
Stress Analysis, McGraw-Hill, Inc., (1991)
[2] G. D. Gerhardt, "A hybrid/finite element

approach for stress analysis of notched
anisotropic materials,” ASME Journal of
Applied Mechanics, Vol. 51. pp. 804-810,
(1984)

[3] T. H. Baek, M. S Kim, Rhee J. R and R. E.
Rowlands, "Hybrid stress analysis of
perforated tensile plates using multiplied and
sharpened photoelastic data and
complex-variable techniques”, JSME

International Journal, Series A, Vol. 43, No. 4,
pp- 327-333, (2000)
T. H. Baek and

evaluation of newly Dbuilt

M. S Kim,

multi-purpose

[4] "Test and

polariscope,” Key Engineering Materials, Vol.
321, pp. 81-86, (2006)

[5] T. H. Baek, M. S. Kim, Y. Morimoto and M.
Fujigaki, "Separation of isochromatics and
isoclinics from photoelastic fringes in a

circular disk by phase measuring technique,”,
KSME International Journal, Vol. 16, No. 2,
pp. 1207-1213, (2002)

Photoelastic Division, Measurement Group,
Inc., Raleigh, NC 27611, USA.

(6]

[7] ABAQUS/Standard, Hibbitt, Karlsson &
Sorensen, Inc., Pawtucket, RI, USA,
http:/ /abaqus.com

(8] T. H. Baek and C. P. Burger, "Accuracy
improvement technique for measuring stress
intensity factor in photoelastic experiment,"
Key Engineering Materials, Vol. 51-52, pp.
63-68, (1991)



