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An axial crack growth prediction procedure initiated at butt welded joint
(Growth prediction for surface crack deeper than semi-circular
and that retarded at weld fusion line)
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Abstract Structural integrity of cracked pipes is assessed by predicting crack growth. In
the fitness-for-service code of the Japan Society of Mechanical Engineers(JSME), the crack
growth is predicted using stress intensity factor at the deepest and surface points. A semi-
elliptical crack is assumed not to become deeper than a semi-circular crack. However, in reality,
the stress corrosion cracking initiated at nickel alloy welds stops growing at the fusion line and
becomes deeper than a semi-circular crack. Furthermore, crack shape is close to a rectangular
shape rather than a semi-elliptical shape. In this study, validity of the JSME code procedure was
discussed for predicting the growth of stress corrosion cracking at nickel alloy welds. Crack
growth was simulated by finite element analysis together with an auto meshing technique.
Various residual stress distributions and retardation of the crack growth at the fusion line
were considered in the simulation. It was demonstrated that the growth prediction procedure
prescribed in the JSME code brought about a conservative prediction even if the crack became
deeper than the depth of a semi-circular shape crack. It was revealed that, when the growth
to the surface direction was retarded at the fusion line, the change in crack size in the depth
direction could be predicted conservatively by the current JSME procedure. It was suggested
that, when the retardation at the fusion line is assumed in the growth prediction, the crack shape
should be modelled by a rectangular shape.

Keywords Fittness-for-service, Crack growth, PWSCC, Nickel based alloy, Weld,
Automeshing technique, Nuclear power plant
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Fig. 1 A schematic drawing representing crack growth
behavior of stress corrosion crack initiated at
Nickel weld. The crack is difficult to go into low
alloy steel and stainless steel.
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Fig2 Cracked plate model for crack growth simulation.
The stress intensity factor was calculated by
finite element model with the boundary conditions
shown in this figure.

L5, BEOBEEICNUTA Yy v a5E%  HE)
MIZAT9 % wTFhov 7 by 27 Th, R
BEORMICLELR KM% Abaqus il X 2 A REE
FRFTIC X SR> 5.

2R T &9 %, RIS 5 RnAZE % xf
Gl FHROESHIT0 mmE L, EW, EE
Biddrk L7z, HHEAZEELIA4AETVE, K3
WRT LI Ay Va2 GE LT Ay v a/Elic
¥ 2 %Y IZFE-CRACK 12 2 W T Uik @,
RECT-CRACKIZ DWW Tt ® THIESh T
w5,

22 MRMSEH

BEILIRIE, M2 TRTEIIC, RS Za, RS
Z2cTEFKT D, Y 7HIF180GPa, KTV VI
(30.3 DA F 2 RUE L7z

—RIGHIBE D = v 7 VG SR COREIL T
ops & LT, LT 3MHONAm 2 e L7z (X4
Z).

INSS JOURNAL Vol. 26 2019 NT-1

(b) RECT-CRACK

Fig.3 Typical finite element meshes used for crack
growth simulations
(@ =c¢="7mm, =70 mm, W=140 mm, B = 140 mm).
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Fig. 4 Residual stresses in the circumferential direction
assumed in the crack growth simulations.
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Table 1 Growth procedures considered in crack growth simulation suing FE-CRACK and RECT-CRACK.

Mode Procedure

Mode 1
(Basic Mode)

Crack shape is altered using growth rate calculated at each node along the
crack front (for simulating actual growth behavior)

Mode 2
(Follows FFS code, allows a/c > 1)

Crack growth is calculated at the surface and deepest points and crack keeps semi-
elliptical or semi-circular shape.

Mode 3
(Follows FFS code, not allow a/c > 1)

The same as Mode 2 although crack shape is not allowed to be a/c > 1. The crack
shape is replaced with semi-circular one when a/c > 1. This procedure is the same as
that prescribed in JSME FFS code.
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Mode 1 Mode 1 (L,> 0)
(Arbitrary shape)

c=awhenc<a
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Mode 2 Mode 3
(Semi-elliptical) (Semi-elliptical, a/c < 1)

(b) For FE-CRACK

Mode 2

Mode 2 (L, > 0)
(b) For RECT-CRACK

Fig. 5 Crack growth modes assumed in crack growth
simulations. Table 1 describes the details of each
mode.
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Fig. 6 Crack growth simulation results conducted for Mode 1. The growth behavior depended on the residual stress

distribution.
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Fig. 7 Crack growth simulation results conducted for
Modes 2 and 3. The cracks kept semi-elliptical
in shape. The results of Modes 2 and 3 were the
same for the
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Fig. 8 Crack growth simulation according to Mode 1
considering limitation in growth in the surface
direction. The surface length can be larger than
Lx. Residual stresses of opgasur Was applied.
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Fig. 9 Crack growth simulation according to Mode 1
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Fig. 10 Crack growth simulation according to Mode 2
considering the limitation in the growth in the
surface direction. The crack kept semi-elliptical
shape and the surface length could not be
larger than L,.
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Fig. 11 Crack growth simulation results obtained by
RECT-CRACK code. The Mode 2 growth rule
was applied for a surface crack of rectangular
shape.
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Fig. 13 Crack growth simulation obtained using RECT-

CRACK code with limitation of growth in the
surface direction.
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