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Crack Growth Behavior in the Integrally Stiffened Plates (1)
— Experimental Evaluation of SIF —

Rhee, Hwan-Woo*

ABSTRACT

To assess the validity of the previously computed finite element analysis results, the photoelastic experi-
ment was carried out to determine stress intensity factors for crack originating from thin section of inte-
grally stiffened plates having discontinuous thickness interface. The stress intensity factors were deter-
mined by using linear slope method of photoelastic data. Results are presented as variable thickness geometry
factor, Fy,. for various crack lengths and thickness ratios. The experimental values of I, are compared
with 3-D finite element analysis results. The correlation between experimental values and analysis results

is reasonably good.

Key Words : Photoelasticity ((F8), Linear Slope Method (1% THI™) Stress Intensity Factor(58 &) A4,
Variable Thickness Model(8F2d), Geometry Factor (34A<)
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Fig. 1 Isochromatic fringe loop at the crack-tip
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Fig. 2 CT type model with variable thickness.
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Fig. 3 Isochromatic fringe patterms obtained from CT type
uniform and variable thickness model with crack
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Table 1 Effect of far field stress on the geometry factor.

Far :aiav;nx;l Geometry Factor

Filed | £ a A N . "
Stress |(t| wy | @y | TR %[ Fv(4.6 %
se0| 1 |02 | - |655

Gax=0| 1 072 = 6.675 229

vam0| 3 | - | 060 - 0783

om=0| 3 | - | 0g0 - 080 217

* Geometry factor for CT type upiform thickness model
+* Geometry factor for CT type variable thickness model
+ FError based on the value of o x=0

Table 2 Effect of non—dimensional crack length(A ) and
thickness ratio(8 ) on the tilt angle of isochro-
matic fringe loops

(=1, P=320N)
F‘ringe Tit |Fringe | Tit |Fringe| Tilt
8 A |order |Angle | order |Avngle | order jAngle
N {6, | N 6. | N |6,
058 | 2 ®»5 | 3 918 | 4 1.0
060 | 2 |05 | 3 980 | 4 93.0
3 |osz| 3 |5 | 4 130 | 5 | 1050
09z | 3 1245 | 4 1200 | 5 | 1170
096 | 3 |1zs | 4 25| 5 |1ms
060 | 2 975 | 3 920 | - -
o71 | 2 |88 | 3 138 | 4 | 1112
4 o080 | 2 |150 | 3 182 | 4 | 1120
089 | 3 1315 | 4 1225 5 | 1178
096 | 3 15 | 4 12 | - -
060 | 2 |1137 | 3 o7 | - -
¢ |os | 3 1242 | 4 133 | 5 | 1025
092 | 3 |1%5 | 4 1325 | - -
09 | 3 |1m3 | - - | - -

4\_} .
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Table 3 Comparison of photoelastic analysis results
with ASTM equation for CT specimen.

Ffa)
@= a/W Tpiotoelastic | ASTM SIF | Eror %
Results Equation
0.51 5.439 5.444 -0.09
060 6.055 5835 3.77
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0.91 8559 BAX% 1.59
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Fig. 4 Determination of geometry factor Fy, by linear slope
method
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Fig. 5 Comparison of photoelastic analysis results and 3-D
finite element analysis results for CT type variable
thickness model
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Table 4 Comparison of photoelastic analysis results and 3-
D finite element analysis results for CT type vari-

able thickness model
(w=1)
B Aia/W FpA,8) errors
(&/t)| FEM [Photo. | 3-D FEM |Photoelasticity|
0.60 0658 |- 0.843 0.819 -2.84
0.70 0.69 0801 0.800 ~0.12
3 0.80 0.82 0.747 0.740 ~093
0.90 092 0.602 0.602 0
095 0.96 0534 0.532 ~0.37
060 0.60 0.833 0.810 ~2.16
0.70 0.71 0.762 0.758 ~052
4 0.80 0.5 0.679 0.668 ~1.62
0.90 0.89 0.523 0565 803
0.95 0.96 0.444 0477 743
0.70 0.60 0.704 0.721 241
6 0.80 0.82 0.630 0.585 ~7.14
0.90 0.92 0.458 0.436 ~4.80
0.95 0.96 0.371 0.378 188

= Error based on finite element analysis

Table 5 Comparison of photoelastic analysis results
and the values calculated from Eq.(9)

(@=1)
Frda,8)
B A Error+
(#/t) |Ga /W) | Values of | Photoelastic %
Ea.(9) Results
0.58 0.901 0.819 -9.10
0.69 0.832 0.800 -384
3 0.82 0.719 0.740 292
0.92 0.603 0.602 -0.16
0.96 0.549 0532 -3.09
0.60 0.870 0.810 -6.89
0.71 0.784 0.758 -33
4 0.80 0.691 0.668 -332
0.89 0575 0.565 -173
0.96 0.466 0477 236
0.69 0.765 0.721 -575
6 0.82 0.606 0.585 -346
0.92 0.444 0436 -1.80
0.96 (.368 0.378 271

» Envor based on the values caleulated from Eq.(9)

A Ag) AA sk ROZ o}, & AT ALE
A oldl #P22a4 A} Bat, (940 £
e e+ A



5.2 &
U FEATY WEAY SEIATE B
%32 2 298 2 Q79 ALLAA QiR f8ad o

SRR '3%*&741-1*4 2244 Fy(B)gt 37 45
wmsigen, 1 A%E aste e Aok

1. LSM% °]43 Fa4 i e 2 329 FEMF A}
T AYEE 2 AR E AL 5 e, £ A7
A ool Feb4 g4 Ax= T8 W3 eds] FEM 4
A ZRo] W v vlolE 2 84 ¥ 4 dAG

2. M¥RYS) FANE FAX P4 B WA
9 9L Lob A 27 FAA £} BT FENG F
fo2 AAgel Sk IS UEidon, olae 2
A fx9) ANUAL LAl FANS dERE ¢
% gk,

3. W¥uds] 34 AN APa H4E7 2

ARG 244 Fy(LB)el AdAE Aa vz
o & 23}, 2 A7) A1uAA doldl FEM A4 2
9 By (LB)S) %84 32 ¥ & g

A% 2e ARE AAZ T, B Q79 Aluoly
A® OT Windsl ¢HAdA: Kpd 484
FA= 94 G218 Roleka ¢ 4 Yonz ¥ 979
A A %Q%‘tﬂﬁl-’? Ky o 289 ¥3eg
o FEAT A4 2 A5 5o 88 75T Aoz 42
ot ol BAE :r-%oaalow AEs2 B,

120

SIFe] SAEA”

. T. Sussman and K.J.Bathe,

. T. Sussman and K.J.Bathe,

. Y. Phang and C. Ruiz.

olgs, "dAY R FEARAL(I) -
ZegA

ppl50~156,1997.

‘Studies of
Finite Element Procedures On Mesh Selec-
tion,” Computers and Structures, Vol.21,
No.1/2, PP.257-264, 1985.

“Studies of
Finite Element Procedures Stress Band
Plots and the Evaluation of Finite Element
Meshes,” Engineering Computations, Vol.3,
PP.178-191, September, 1986.

“Photoelastic Deter-
mination of Stress Intensity Factors For
Single and Interacting Cracks and Compari-
son with Calculated Results. Part I @ Two-
dimensional Problems,” J. Strain Analysis,
Vol. 19, No. 1, PP. 23-34, 1984.

G. C. Sih, “On the Westergaard Method of
Crack Analysis,” Int. J. Fracture, Vol.2,
PP. 628-631, 1966.

. J.W. Dally and R.J.Sanford, “Classification

of Stress Intensity Factors From Isochro-
matic Fringe Patterns,” Experimental
Mechanics, Vol.18, PP 441-448, 1978.



