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Abstract

Operating experience of steam generators shows that the tubes are degraded by stress corrosion
cracking, fretting wear and so on. These defected tubes could stay in service if it is proved that the
tubes have sufficient structural margin to preclude the risk of tube bursting. This paper provides
detailed plastic limit pressure solutions for through-wall cracks in the steam generator tubes. These are
developed based on three dimensional(3D) finite element analyses assuming elastic-perfectly plastic
material behavior. Both axial and circumferential through-wall cracks in free span and in u-bend
regions are considered. The resulting limit pressure solutions are given in a polynomial form, and thus
can be simply used in practical integrity assessment of the steam generator tubes.
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Table 1 Geometry and dimensions for axial
through-wall cracks in free span

0.D. t 2c oys ouUTS
Mat.
(mm) | (mm) | (mm) (MPa) | (MPa)
19.06 | 1.09 | 0.0 361.0 | 754.0
19.06 | 1.09 | 7.0 361.0 | 754.0
19.08 | 1.08 | 150 361.0 | 741.0
19.06 | 1.07 | 250 Ay 6005 o T7a10
19.05 | 1.09 | 30.0 361.0 | 754.0
19.08 | 1.10 | 50.0 361.0 | 741.0

Fig. 2 FE maodel for axial through-wall crack in

free span
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Table 2 Geometry and dimensions for axial
through-wall cracks in u-bend

o.D.
(mm)

2¢
(mm)
0.0
7.0
11.0
150
25.0
30.0
50.0

Crack
Loca.

RBend
(mm)

avs
(MPa)

auTs
(MPa)

(mm) Mat.

76.2 Int.

Alloy
600

19.05 1.07 361.01 754.0

2794 Ext.

Fig. 3 FE mode] for axial through-wall crack in
u-bend
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Table 3 Geometry and dimensions for circumfer-
ential through-wall cracks in free span

Boundary [O.D.| t 26 Mat | O | duts
Condition |(mm)|(mm) |(deg.) " | (MPa) | (MPa)
22.24| 1.33 0 360.0 | 748.0
2224|133 | 45 360.0 | 748.0

Free 2225/ 1.33 | 90 360.0 | 748.0
Bending {22.27| 1.29 | 180 346.0 | 725.0
22.26| 1.29 | 250 346.0 | 725.0

22.26] 1.30 | 300 |Alloy| 346.0 | 725.0
2226|129 0 600 | 346.0 | 725.0

2226 1.29 | 110 346.0 | 725.0

Restrained {22.26! 1.29 | 140 346.0 | 725.0
Bending |22.26] 1.29 | 180 346.0 | 725.0
2226} 1.29 | 250 346.0 | 725.0

22.26| 1.30 | 300 346.0 | 725.0

Fig. 4 FE model for circumferential through-wall

crack in restrained bending condition
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Table 4 Geometry and dimensions for circumfer-
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5
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