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Low Cycle Fatigue Behaviour of Pressure Vessel Steels in
High Temperature Pressurized Water
Shunji SATO, Norio NAGATA and Yasuyuki KATADA
Synopsis :

Low cycle fatigue behaviour of low alloy steels JIS SFVQ1A (equivalent to ASTM A508 cl. 3) and
SQV2A (A533B cl. 1) for reactor pressure vessel was investigated in high temperature pressurized water
environment. Total strain range, strain rate and dissolved oxygen (DO) concentration were varied from
0.5% to 2.2%, 0.1%/s to 0.001%/s and 10 ppb to 8 000 ppb, respectively. Fatigue tests in ambient air and
561K air were also conducted for comparison.

Reduction of fatigue life in high temperature water environment was observed. It decreased with de-
creasing total strain range and rather longer fatigue lives than those in air were observed at lower total
strain range. SQV2A steel showed a distinct strain rate dependence of fatigue life compared to SFVQIA
steel, while both steels showed a similar DO concentration dependence. It was found that fatigue cracks
initiated at surface corrosion pits due to MnS inclusion and the low cycle fatigue behaviour of both steels

depended on their sulphur contents.

It can be conclusively remarked that the materials tested possess a plenty of safety margin in high
temperature water environment by judging from the fact that the present data fell on the points far above

the design fatigue curve in the ASME Code Sec. .

Key words : low alloy steels ; pressure vessel steels ; low cycle fatigue ; corrosion fatigue ; high temperature
water ; S-N curve ; strain rate ; dissolved oxygen ; corrosion pit.
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Table 1. Chemical compositions, heat treatment and mechanical properties.
Chemical compositions (wt%) Mechanical properties
0 Heat treatment
. . YS UTS El RA
C Si Mn P S Ni Cr Mo \% Cu (MPa) (MPa) (%) (%)
SFVQ1lA | 0.17 0.28 1.38 0.003 0.003 0.74 0.15 0.48 0.003 — 1259~1295KX7h1/4 WQ. 447 598 29.1, 73.0
940~ 952K X7h3/4 AC.
883K X 23h FC.

SQV 2A 0.19 0.24 1.28 0.008 0.007 0.64 0.19 0.45 tr 0.04 1273K wQ. 454 601 29.0 68.0
955K X 5h FC. o
897KX45h  FC.

. Table 2. Conditions of fatigue tests.

m g T Materials JIS SFVQ 1A (ASTM A508 cl. 3)

o) T I s JI? SQV 2A (ASTM A533B cl. 1)

16 tress ratio -
1 164 L1 g/ave form Triangle ,

train rate 0.1, 0.01, 0.001%/s
10 35 40 35 10 Control mode Strain 0
130 Temperature 561 K
Pressure 7.8 MPa

Fig. 1. Specimen geometry (mm). Water chemistry Ef(l) ::(51.()21%(?20 ppb
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Fig. 3. Data of total strain range Ag,, plastic
strain range Ae¢, and elastic strain range Ae, vs.
fatigue life Nos and fitting curves by eq. 1 for
SFVQI1A and SQV2A steels at room temperature.

OB%E% Fig 3I15RT. Ag 3L CHIGND X (T
POF AR Ae, L WBEOTRES A, %0,
NENOEDTIIOWT Nos & DERERD S &,
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Aey = Ae. + Ae,

=AN{5a-FBN§5B ................................. (1)

LEENB, ZIZT, A B o BEIEHKTHSH. T/
(1)XABLE 2 HIZV WS Manson-Coffin @ £
TdHH. XH 5K 72 Manson-Coffin @ BRI DI
B8k, SFVQIA ##50.68, SQV2A ¥ 7% 0.67 & (FiF
MLTho7. (1)RKEFHWT S-N F— 7 o a/Reh#
RO R L NAIRT. £ &EK% Table 312
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Table 3. Calculated values of constants in eq. 1.

Material | Environment (%5/5) A a B B
0.1 0.01 0.02 1.06 0.68
561 K water | 0.01 0.02 0.14 1.51 0.76
0.001 0.02 0.12 0.47 0.62
SFVQ 1A
561 K air 0.1 0.02 0.15 1.29 0.72
RT air 0.1 0.02 0.17 1.05 0.68
0.1 0.02 0.11 0.23 0.55
561 K water | 0.01 0.01 0.11 0.38 0.64
0.001 0.41 0.64 0.02 | 0.32
SQV 2A
561 K air 0.1 0.01 0.07 0.57 0.65
RT air 0.1 0.01 0.10 1.20 0.67.
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KECEEHEBROBERTIKEL 2 BRIz DH - 7. Bin
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A LEIHEO T HFEGEV LT MIEL, BEHRICLS
HHOBETAREDONL. Lich > T, BRARPTIH
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WFicko TR S, BECLDBEIMMEL TS
ENbhol. BiRKFPOEFFMIE Ae, HH TR
B AEAIRERPLEEGERMCEOLATED, O
ABEHHRICIBLDEELZLRATWEY, (1)ROBH
BAPFRUBERAXEAFOEER Y ERARP L LB
Table 3 (Z/R L 7-.
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Fig. 4. Comparison of Ae, vs. No5 curves in
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zZ [ ]
o [ ] DT AEERENY Fig. 6 12/, mffEE & Eicdy
= r ] DEBA A SNDBD, Nog= Ce" P NILDE L TK
,é i . Oy OfEIZ SFVQIA 4% 0.10, SQV2A #4% 0.36
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T ™ S = O3 AR GEICETE O AK & v &) D
Strain rate £ (%) CbdY, MEL)LMEO I 7o ERIKETSLO
Ae=0.8% LEIOLNS.
Fig. 6. Strain rate dependence of N5 for 3-1-4 EFEEE (DO) BEKGMH

SFVQ1A and SQV2A steels in high temperature

water.
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Ae=0.7~0.8%. ¢=0.1%/s
Fig. 7. DO dependence of N,s for SFVQIA and
SQVZA steels in high temperature water.

Ae=1.0% :=0.1%/s
A typical example of fatigue crack ini-
tiation on the fracture surface of SQVZ2A in high
temperature water.
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Photo. 2. EPMA analysis of MnS inclusion of SQVZA.

a : Before immersion

b : After immersion for 1h

¢ : After 150h

Photo. 3. Dissolution of MnS inclusion of SQV2A in high temperature water.
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- Ag=1.5% £=0.001%/s
Photo. 4. A sectional view of corrosion pit with
crack of the specimen of SFVQ1 A.
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a:46=0.9%, :=0.1%/s b,c:A6=0.8%, ¢=0.01%/s
Photo. 5. Corrosion pits observed on the specimen surfaces of SQV2A.
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THFAEMER SFVQIA & b b SQV2A # DAk
EnZ LIEHBATH D, Fig. 5, 6 IR asn/: ¢ KENR
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DHELIC X > THELBRY » MElfie LTREL,
ZETHIl, EHOBERZIARICETHPSE
HRICBURTHAZ L LIRSS,
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240,01
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Density of pits (n ent)
I
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0 0.5 1.0 1.5 2.0 25 30
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Fig. 8. Relation between density of pits and total
strain range.
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Fig. 9. Relation between density of pits and strain

rate.
4:-2 ASME Code Sec. T & DELEE

ASME Boiler & Pressure Vessel Code Section [
&, BRSO RGHETMMsBHE S hTns, o
WML, KRPOT— 7 oR#ElE b &2, iR

TR, HHREOHELR & B L T EOREREE

PHFTEDONTWVEY, KREERTF— & % RAEIS T 12 #
HLU, SEHE MM L B L -6 0% Fig 10 (2R,
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10’ sign fatigue curves in ASME Code Sec. III.
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