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Hybrid Full-field Stress Analysis around a Circular Hole in a
Tensile Loaded Plate using Conformal Mapping and Photoelastic
Experiment

Tae Hyun Baek, Myung Soo Kim and Juhun Rhee

Key Words: Stress Analysis(5-3  3J4]), Hybrid Stress Analysis(3toj B = F &34,
Photoelasticity(Z3 H43) Conformal Mapping(5Zt A3 W), Complex Stress
Function(Z34&4 % "’51 e9), Least Squares Method(# 425 %), Digital Image
Processing(1 A %3 ’2}7‘1 2]), Fringe Multiplication(:Z##) %41), Fringe Sharpening
(ZEA AdHE)

Abstract

An experimental study is presented for the effect of number of terms of a power series type stress
function on stress analysis around a hole in tensile loaded plate. The hybrid method coupling
photoelastsic data inputs and complex variable formulations involving conformal mappings and analytical
continuity is used to calculate tangential stress on the boundary of the hole in uniaxially loaded, finite
width tensile plate. In order to measure isochromatic data accurately, actual photoelastic fringe patterns
are two times multiplied and sharpened by digital image processing. For qualitative comparison, actual
fringes are compared with calculated ones. For quantitative comparison, percentage errors and standard
deviations with respect to percentage errors are caculated for all measured points by changing the
number of terms of stress function. The experimental results indicate that stress concentration factors
analyzed by the hybrid method are accurate within three percent compared with ones obtained by
theoretical and finite element analysis.
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Fig. 3 Light-field isochromatic fringe pattern of a
loaded tensile plate containing a circular
hole (P=327 N).
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Fig. 4 Original photoelastic fringes (left half) and
two times multiplied fringe pattern from the
right half of Fig.3.

Fig. 5 Fringe-sharpened lines extracted from fringe
pattern of upper half of Fig. 4 and
measured data locations ("+" marking) on
the fringe sharpened lines after two times
fringe multiplication.
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Fig. 6 Two times multiplied actual fringe pattern Fig. 7 Fringe sharpened lines from two times actual
(left half) and calculated (right half) fringes fringes (left half) and data locations ("+"
for different number of terms (m) of marking) on the fringe sharpened lines (right

series type stress function. half) of Fig. 6.
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Table 1 Data locations (x and y), experimental and
calculated fringes ( N, and N_,), and

percentage error ( E).

No (x(mm) | y(mm) Nexp | Neu |Error(%)
1 77751 1986 750 785 4.620
2 94161 2073 750 187 4970
3 | 11.146| 2.245 750 780 4.030
4 | 13132 2245 750 762 1.630
5 | 149451 1.900 750 748 -.320
6 | 16589 691 750 31 | -2520
7 7.689| 2.850 1.000 1.003 340
8 9589 | 3.023 1.000 1.032 3.240
9} 11836 3543 1.000 1.015 1.510

10 | 14168 4.061 1.000 1.000 -.030

11 | 16.848| 4.493 1.000 996 -.430

12 6911 3.889 1.250 1.227 | -1.820

13 8034 3630 1.250 1.246 -.290

14 9.848 3975 1.250 1.240 -840

15 | 11.750 | 4.925 1.250 1.253 .240

16 | 13995] 6.134 1.250 1.246 -.310

17 | 16761 7.602 1.250 1.245 -.430

18 195251 9.070 1.250 1.261 920

19 864 | 16.761 1.250 1.256 460

20 22451 17.193 1.250 1.260 770

21 5961 4925 1.500 1452 | -3.220

22 7.689| 4.580 1.500 1.500 -.030

23 9.1571 5.011 1.500 1.504 .240

24 | 10886 | 6.307 1.500 1.509 .600

25 | 123551 8034 1.500 1.511 710

26 | 13650 9.761 1.500 1.491 -600

27 7771 10.627 1.500 1476 | -1.620

28 1.900 | 11.923 1.500 1468 | -2.140

29 2936 13305 1500 1.487 -.880

30 4234 14.859 1.500 1.490 -.690

31 4666 5702 1.750 1683 | -3.840

32 6.430| 5616 1.750 1.730 | -1.120

33 80341 5961 1.750 1.746 -.210

34 94161 7.689 1.750 1.759 540 -

35 9848 9675 1.750 1.753 180

36 3.639| 11.836 1.750 1.753 200

37 6.825| 12.182 1.750 1.757 .390

38 47521 11.232 1.750 1.752 .090

39 3.371 | 10.109 1.750 1.733 -.950

40 691 ] 8811 1.750 1.788 2.190

41 3716 6.739 2.000 2.023 1.150

42 3457 17.602 2.000 2.000 .010

43 1986| 8.034 2.000 2.016 .820

44 691 8207 2.000 2.022 1.120

45 | 21.684| 10.023 1.250 1,246 -.350

46 | 19.698 | 4.580 1.000 997 -.340

47 | 14.254 1 11.491 1.500 1.495 -.340
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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.

Number of P=327 N P=490 N

Terms

(m) K: | SD | K; | SD
3 3396 | 2903 | 3598 | 2.370
5 3432 | 2.022 | 3537 | 2.001
7 3436 | 1874 | 3538 | 1.402
9 3439 | 1715 | 3495 | 0911
11 3439 | 1605 | 3493 | 0.858
13 3439 | 1629 | 3481 | 0.852

3

Standard Devtation {SD)

g 13 17
Number of Terms {m}

Fig. 8 \Variation of standard deviation ( SD) for

different number of terms (m) of series
type stress function.

3.7
-0-327 N
~0- 490 N
s a
D ............ a.
¥3.5 R S
34t o
3.3
1 5 9 13 17
Number of Terms (m)
Fig. 9  Variation of stress concentration factor

( K,) for different number of terms ( m)

of series type stress function.

(a) P=327 N

(b) P=490 N

Fig. 10 Two times fringe-multiplied actual (left)
and calculated (right) photoelastic fringe
patterns.

(b) P=490 N

Fig. 11 Fringe-sharpened lines extracted from actual
(left) and calculated (right) fringe pattern of
Fig. 10 and measured data locations ("+"
marking).
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Table 3 Comparison of stress concentration factors
(K,) obtained from hybrid photoelasticity,

finite element analysis and empirical

equation.
Hybrid
Photoelasticity | ANSYS | Heywood
D/W -
(m=9) ( K t ) ( K t )
Load (P)| K,
327N | 3439
0.333 3473 3444
490N | 3495

Note : D=hole diameter (12.7mm)
W=plate width(38.1mm)
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