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Crack Shape Analysis of PWSCC in S/G Tubings
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Abstract

Crack shape of PWSCC was analyzed, based on the fractured pulled-out S/G tubings
of Ulchin—1 steam generator. The shape of the cracks in kiss roll transitions was elliptical
shape for short cracks, and car shape for long cracks with flat crack front. The bulging
was observed under the inner wall after shot-peening. Crack shape change after
shot-peening was resulted from the crack growth restraint in axial direction due to

compressive residual stresses on the primary side surface.
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(a) R4C33(Crack length: 2.39 mm, (b) R4C33(Crack length: 5.88 mm,
Max. depth: 0.58 mm) Max. depth: 1.18 mm)

Fig. 1 Crack morphologies before shot-peening®

(a) R4C39(Crack length: 2.1 mm, (b) R4C30(Crack length: 6.15 mm,
Max. depth: 1.07 mm) Max. depth: 1.09 mm)

Fig. 2 Crack morphologies after shot-peening®
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Table 1. Metallographic results on pulled—out S/G tubings

k .
Shot- Pulled— | Crack Crac Max. Depth| Ligament |MRPC max.
. . Length
Peening | Tubing No. (nm) (mm) (mm) (mm)
1 6.86 1.26 0.075
R2C45 70
2 0.39 0.11 1.25
Before
1 5.88 1.18 0.09
S/P
R4C33 2 2.93 0.82 0.45 71
3 2.39 0.58 0.69
1 3.86 1.02 0.25
2 2.51 1.09 0.18
3 245 1.02 0.25
4 484 1.1 14
R13C34 8 3 0 5.43
5 3.45 1.27 0.00
6 3.34 1.14 0.13
After
7 2.25 1.10 0.17
S/P
1 4 .56 1.14 0.13
2 3.67 1.07 0.20
R4C30 3 5.59 1.09 0.18 483
4 3.86 1.16 0.11
5 4.48 0.91 0.36
R2C39 1 1.7 1.07 0.20 S/IN
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Table 2. Quantitative evaluations of crack shape observed after shot—peening

Aa
Crack Length Crack Length
(= CL—CLw) Aa /CL Aa [/CL
(Mouth): CLy (mm) | (Inside): CL, (mm) (m'm) M M !

1.70 2.10 0.40 0.24 0.19

2.25 2.59 0.34 0.15 0.13

245 277 0.32 0.13 0.12

251 2.98 0.47 0.19 0.16

3.34 3.89 0.55 0.16 0.14

3.45 4.00 0.55 0.16 0.14

3.67 4.09 0.42 0.1 0.10

3.86 3.95 0.09 0.02 0.02

3.86 4 .56 0.70 0.18 0.15

448 495 0.47 0.10 0.09

456 492 0.36 0.08 0.07

484 5.28 0.44 0.09 0.08

5,59 6.15 0.56 0.10 0.09
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4.83 mm

Table 3z} ZcC}.
5.43 mm

8tn
5.0 mm
5.5 mm

7tn
5.0 mm
5.5 mm

6tn
4.0 mm
5.0 mm

5'[I’]
4.0 mm
4.0 mm

4II’]
3.8 mm
4.0 mm

CYCLE
R13C34
R 4C30

Table 3. ECT records of Ulchin—-1 S/G-C tubings (R13C34 & R4C30)
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