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Crack Initiation Life Analysis in Notched Pipe
Under Cyclic Bending Loads

Sang-Log Kwak, Joon-Seong Lee, Young-Jin Kim and Youn-Won Park
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Abstract

In order to improve Leak-Before-Break methodology, more precisely the crack growth evaluation, a
round robin analysis was proposed by the CEA Saclay. The aim of this analysis was to evaluate the
crack initiation life, penetration life and shape of through wall crack under cyclic bending loads. The
proposed round robin analysis is composed of three main  topic; fatigue crack initiation, crack
propagation and crack penetration. This paper deals with the first topic, crack initiation in a notched
pipe under four point bending. Both elastic-plastic finite element analysis and Neuber's rule were used
to estimate the crack initiation life and the finite element models were verified by mesh-refinement,
stress distribution and giobal deflection. In elastic-plastic finite element analysis, crack initiation life was
determined by strain amplitude at the notch tip and strain-life curve of the material. In the analytical
method, Neuber's rule with the consideration of load history and mean stress effect, was used for the
life estimation. The effect of notch tip radius, strain range, cyclic hardening rule were examined in this
study. When these results were compared with the experimental ones, the global deformation was a
good agreement but the crack initiation cycle was higher than the experimental result.
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Fig. 1 Four point bending test specimen
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Table 1 Geometry of 4 point bending specimen

Inner dia. | 152.7 mm | Notch radius fess than
‘ ; : 0.1 mm .

Pipe thick. 6.4 mm | Notch depth | 1.2 mm

Pipe length 700 mm | Notch angle 60°

Table 2 Material properties of 316L steel™

Young's modulus ( E ) 187.8 GPa
Yield stress (o, ) 235.0 MPa |

Ultimate stress ( ¢, ) 530.0 MPa

" Poisson's ratio ( v ) 3

0.3
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- Fig. 2 Strain-life curve of 316L;steel(5)
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notch tip

Fig. 4 Sample of 3-D analysis model
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Fig. 5 Bilinear stress-strain curve used in finite
element analysis
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Fig. 6 Cyclic stress-strain behavior at notch tip -

(3% strain range, kinematic hardenjng)

Table 3 Results of cyclic elastic-plastic finite

element analysis (3% strain range)

Notch radius ( z m) 100 75 50
de (%) 1.90 | 2.14 | 253

O mean (MPa) 438 | 490 | 630

0 min (MPa) -241 | -235 | -218
0 max (MPa) 1,118 | 1,214 14?4
B max (Degree) 0.19 a
. Initiation cycle 710 | 460T 230

Table 4 Results of cyclic elastic-plastic finite

element analy31s (5% strain range)

Notch radius ( xm) 100 | 75. | 50
de (%) 196 | 223 | 2.63
O mean (MPa) 383 | 430 | 452
0 win (MPa) 263 | 257 | 239
0 mar (MPa) 1,030 {1,118 | 1,144

B max (Degree) 0.19
Initiation cycle 660 | 389 | 252
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Fig. 7 Deflection of the specimen along pipe length

(3% strain range)

Fig. 9 Deformed shape under 4 point hending load

Table 5§ Results of cyclic elastic-plastic finite
element analysis (30 «m from notch tip

Notch Strain Initiation
radius( u m) | range(s) |4 € R “oyeles
5 1.58 1157
50
3 1.52 1342
3 1.48 1457
75
3 142 1605
5 1.39 1700
100
3 1.35 1823
AR AFdke] digh $HWIE Fig 8,
WL AL Fig 99 vl 58 =3
Mol e dEE A5q40 Ase 18 3
#ahel ddela] ool rgl Beoly A A
Axg ARE N4 FRe BAsgg”
wXAGAA 30pm 9o @A WEE

Fig. 8 Stress distribution along the ligament
(3% strain range)

Table 6 Results of elastic finite element analysis

Notch radivs ( em) 100 75 50
0 ma (MPa) ;642 2916 | 3268
@ porinal (MPa) 352;
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