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Cyclic crack growth through typical weld HAZ microstructures of SA 533 gr.B
steel in simulated BWR water environment

Materials Engineering Laboratory, Division of Nuclear Fuel Research,
Tokai Research Establishment, JAERI
Dept. of Engineering Science, Faculty of Engineering, Tohoku University

(Received May 20, 1982)

The effect of BWR water environment on the cyclic crack growth
characteristics of SA 533 gr.B steel specimen of a common heat with different
microstructures was examined with major emphasis placed on the crack growth
along the weld heat affected zone({HAZ).

The variation employed was provided by three different heat treatments,
i.e. {1) air-quenched and tempered, (2) oil-quenched and tempered and (3) as
oil-quenched, each of which were to simulate the localized variability of
typical alternated microstructures of the weld-heat affected zones appearing
along fusion lines. '

In the preliminary air tests, no essential difference was observed ameng
all kinds of materials in their AK versus da/dN relationships for two stress
ratio conditions, i.e. R=0.1 and 0.5. In the BWR water environment, the crack
growth rates of those three types of materials were accelerated relative to the
air environment results. The degrees of acceleration were not greatly different
to each other under stress ratio, R=0.1, while considerable difference was noted
in case of higher stress ratio, R=0.5. Under the high stress ratio test condi-
tion, the quenched material, which was with martensitic structure and hardening,
showed highest degree of environment sensitivity among others.

The obtained results were consistent with the cyclic crack growth rates
when cracks were advancing along weld fusion lines through HAZ, where
considerable level of residual stresses were to have remained.

Keywords : Corrosion Fatigue, Environmental Effect, SA 533 gr.B Steel,
BWR Environment, Crack Growth Rate, Stress Intensity
Factor Range, Weld HAZ, Microstructures, Quench, Temper

The work was-performed under co-operation between Tohoku University and JAERI.
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Table 1 Chemical composition of material(wt¥)

c 54 Mn P 5 Wi tr Moty Y. sp As Sn
0.17 0.02 1.48 0.011 0.006 0.58 0.16 0.52 0.13 0.003 0.0041 0.015 0.008

Table 2 Heat treatment and room temperature tensile properties of specimen materials
Ten§1le Prbperties
Heat Treatment Yietd Ultimate Tensile | Total
Strength Strength Elongation

MPa MPa %

890°Cx3.5hr A.C. » 660°Cx3.5hr F.C. » 600°Cx40.5hr F.C. 480 608 27.0

1000°Cx30min 0.Q. ) ' 1103 1128 19.3

1000°Cx30min 0.Q. ~ 620°Cx40.5hr F.C. ' 499 ' ’ 629 30.0

A Conrse

Vessel insi

Fines.groined.

Fig.1 A macro-etch photograph of multi-pass submerged-arc weldment
and typical weld HAZ microstructures.
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Oil quench ?empered

Fig.2 .Three types of m1crostructures wh1ch were 0bta1ned by the
various heat treatments ' s
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Fig.4 Specimen extraction method from the original plate.
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ek BB EZRREEET 48

@ QTH, K&d, R=0.1

AK, MPayvm Aa,/AN) mm/cycle
11.9 3.61 x 107°
14.2 1.05 X 1073
16.6 1.36 x 107°
19.0 1218 x 1078
21.4 3.44 x 107°
23.7 7.44 x 107°
26.1 8.83 x 10™°
29.6 1,12 x 107
33.2 1.62 x 107*
35.7 2.05 x 107
415 3.53 x 107*
47.4 474 x 107
53.3 6.37 x 1074
59.2 8.73 x 107*
65.1 1.31 x 1073
71.3 1.31 x 1073
77.2 2.28 x 107*
84.3 2.00 x 107°
94.9 3.28 x 107*

@ Q#., K&H, R=0.1

AK, MPayv/m Aa /AN, mmscycle
14.2 7.01 x107°
16.6 1.75 x 107°
18.9 3.59 x 107°
21.4 5.14 x 107°
23.7 580 x107°
27.3 8.65 x 107°
30.8 1.41 x 1074
35.7 2.06 x 107
41.5 3.52 x 1074
47.4 4.90 x107*
53.3 7.40 x 107*
59.3 9.42 x 107*
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65.1 1.42 x 1073
71.3 1.65 x 1073
77.2 _ 2.92 x 107°
84.3 _ 3.20 x 107°
94.9 6.75 x 107°
@ #&H, K&F, R=101
AK, MPa+/m Aa AN, mm-cycle
9.5 1.30 x 107
11.3 2.06 x 107°
12.9 . 4.30 x 10°°
15.9 1.34 x 107°
19.8 2.10 x 10°°
23.7 3.65 x 10°°
27.6 ' 6.49 x 107°
31.6 1.11 x 107*
- 35.7 1.568 x 107*
39.7 2.22 x 1074
47.4 4.20 x 107*
55.5 6.20 x 107*
@ QTH, Kx#, R=0.5
AK, MPayv/m Aa, AN, mm/cycle
15.5 2.42 x 107°
23.3 8.69 x 107°
31.0 1.94 x107*
& Q#f, K&F, R=10.5
 AK, MPavm Aa AN, mm/cycle
23.3 6.30 X 107°
31.0 2.30 x107*
38.8 3.09 x 107*
46.5 3.78 x 107*
® #H, R&%P, R=10.5
AK, MPayv/m Aa AN, mmscycle
15.5 2.84 X 107°
23.3 9.46 x 107°
31.0 1.98 x 107*
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@ QTH, 288C*kth, R=10.1
AK, MPay/m Aa, /AN, mmscycle
39.7 7.07 x 107*
47.4 9.21 x 107"
55.5 1.34 x 1073
63.2 1.82 x 1072
® Q#, 288C7kH, R=01
AK, MPay/m Aa_ AN, mmscycle
39.7 4.65 x 10~
47.4 1.01 x 10™*
55.5 1.06 x 1073
63.2 1.11 x 1073
79.1 1.82 x 107*
94.9 3.70 x 107°
@ [#f, 288Tkeh, R=10.1
AK, MPav'm Aa, /AN, mm/cycle
35.7 3.38 x 107*
39.7 1.00 x 107°
47.4 1.50 x 1072
55.5 2.05 x 107°
63.2 1.80 x 1073
QT #f, 288C 7k, R=0.5
AK, MPa+m Aa /AN, mm/cycle
23.3 4.32 x 107*
31.0 1.02 x 1073
@ Q#, 288C7kt, R=0.5 _
AK, MPay/m Aa AN, mnsycle
23.3 6.66 x 107*
31.0 9.89 x 107*
38.8 2.47 x 107°
46.5 3.74 x 107°
@ 4, 288Ckth, R=10.5
AK, MPas/m. Aa AN, mmcycle
23.3 2.03 x 107*
31.0 4.00 x 107
@ fine grained HAZ, K&#, R=01

AK, MPa+/m
23.3
31.0

Aa AN, mm-cycle
58 X 107°
1.7 x 107
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@ coarse grained HAZ, K&, R=0.1

AK, MPa4m Aa /AN, mmcycle
23.3 _ 5.3 x 107
31.0 1.4 x 107*
49 fine grained HAZ, 260C7kd, R=10.1
AK, MPa+v/m Aa,/ AN, mmcycle
23.3 1.1 x 107*
31.0 3.5 x 107t
38.8 74 x 107*
@ coarse grained HAZ, 260C7/Ad, R=0.1
AK, MPay/m Aa /AN, mmscycle
23.3 3.7 X 1073
31.0 1.5 x 1074
38.8 ‘ 3.7 x 107°




