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Fig. 1. Crack as displacement discontinuity. Fig. 2. Singular cases for boundary elements.
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4000.0
400.0
20.0
6.0
Elliptical surface
05 ~ 20
Inner surface
10 MPa

Variables

Bend radius ( 7,/7,,)

Shape

Pipe length( /,,, mm)
Thickness( £,,,,,, mm)

Diameter( D,, mm)
Axis ratio( b/a )
Internal pressure

Location

Table 1 Analysis condition for surface crack embedded in elbow.

Classification
Pipe geometry

Crack configuration
Loading condition
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Fig. 4 SIFs according to angle of the crack
tip for the surface crack in an elbow.

Fig. 3 Mesh configuration for a semi-elliptical
surface crack and finite element model.

300 700
2% |- 99 Elbow thickness, h= 20.0mm
Length of short axis, a= 20 0mm
— 500 |-
— 20 g
E,E\ E 400}
o
T 150+ a
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= =, — 300 -
= Length of short axis, &
100 | b= 10 mm
NS 200 |
S 100 |-
0 ' L . L L o '

o 5 10 15 20 25 30 o8

Length of a(long axis) [mm | b/h

Fig. 6 SIFs according to b/h for a semi-
elliptical crack in an elbow.

Fig. 5 SIFs according to the major length for
a surface crack in an elbow.
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Fig. 7 SIFs according to b/h for a semi-

elliptical surface crack in an elbow.

Fig. 8 SIFs of
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a semi-elliptical crack in an

elbow under cyclic loading condition.



U2 dod M2 AN WA e AN B BEAA AT Fas
TEYS ol §F AU TY AAPHS HAgsel, 44U EW FY AuolHe &9
FEASE Fon, A2FL Y32 AZHGth AL WBe) EARE EARLY

gl me SAYEATE FHYL, FAYBoR FILot AAHORE )
B gayel APHA 2HE AL & Yee BATY

A B G4 GAATE 03 e VoY T TS 43¢ Aol
$UFEATE Toh1, o] SAYEAFE viPoz el FYY YA A5 & 9se
B 28D F o 4AH 43R9e $4s] dAdE wedY EW 799 AW
of AFEWUF e FY ficlMe FAY HE TY + Y& A PHe] 2T

AT7E FHGAH(KOSEF) 4tsh AFadoista g du] a4y H7r 474
Elo] A7 2o o]Foj RoezA o] FAA A EA FAI=HYT

1) T. Nishioka and S. N. Atluri, “Analytical Solution for Embedded Elliptical Cracks
and Finite Element Alternating Method for Elliptical Surface Cracks, Subjected to
Arbitrary Loadings,” Engng Frac. Mech.,, Vol. 17, pp. 247~268, 1983.

2) 2hAis ZAejs, SN Atlurd, “FrdeA EYL o]&F Z= ] 3F &9 H4xY
e 4" g A3 =& (A), A244, @43, pp. 982~990, 2000.

3) S. C. Forth and W. D. Keat, "Three-dimensional Nonplanar Fracture Model
Using the Surface Integral Method,” Int. J. Fracture, Vol. 77, pp. 243~262, 1996.

4) G. P. Nikishkov, J. H. Park and S. N. Atluri, "SGBEM-FEM Alternating Method
for Analyzing 3D Non-planar Cracks and Their Growth in Structural
Components,” Comp. Modeling in Engng & Sci., Vol. 2, No. 3, pp. 401 ~422, 2001.

5) S. Li and M. E. Mear, "Singularity-reduced Integral Equations for Displacement
Discontinuities in Three Dimensional Linear Elastic Media,” Int. ]J. Fract., Vol
93, pp. 87~114, 1998.

6) A. Frangi, G. Novati, R. Springhetti and M. Rovizzi, "Fracture Mechanics in 3D
by the Symmetric Galerkin Boundary Element Method,” VIII Conf. on Numerical
Methods in Continuum Mechanics, Liptovsky Jan, Slovak Republik, 2000.

7) Hibbitt, Karlson and Sorensen Inc., ABAQUS User’'s Manual, 2001.

-392-





