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Influence of Temperature on the Fatigue Crack Initiation and Growth

in Reactor Coolant Environment
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It has been clarified that the fatigue life is reduced in the fatigue test of high-temperature and high-pressure water
that simulates PWR reactor coolant environment compared to that in the atmosphere, and temperature, strain rate,
etc. affect the decrease of fatigue life. In this study, the influence of crack growth behavior on fatigue life of
SUS316 in simulated PWR reactor coolant environment of different temperature was investigated. Fatigue tests

were conducted under different temperatures (325°C and 200°C) in simulated PWR reactor coolant environment
with interrupting tests, and cracks generated on the specimen surface were observed with two step replica

observation. From the results of observation, the influence of crack growth behavior in different temperature on

the fatigue life was clarified. As a result, it was confirmed that the decrease of fatigue life due to high temperature

is mainly caused by the increase in crack propagation rate and the acceleration of crack propagation rate by crack
coalescence due to the increase of crack initiation number.

Keywords: Environment Assisted Fatigue, Temperature, Crack Initiation, Crack Propagation Rate,

Crack Coalescence
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Table 1 Water environment during fatigue tests

Dissolved oxygen(ppb) Lessthan 5
Dissolved hydrogen(ppm) | 2.7£0.1
HzBOz(ppm) 500%+13

LiOH(ppm) 2.00*0.07

Table 2 Chemical content of test material (wt%)

Si | Mn P S Ni Cr

05| 1.3 16.94

Fig. 1: Geometry of hollow specimen (unit : mm)
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Table 3: Interrupted cycles for crack observation

200°C 325°C

(Nr= 1525 cycles) (Nr =709 cycles)

Step Cycle N NI/Nt Cycle N NI/N¢
1 50 0.033 25 0.035
2 100 0.066 50 0.071
3 200 0.13 100 0.14
4 300 0.20 150 0.21
5 500 0.33 200 0.28
6 700 0.46 300 0.42
7 1000 0.66 400 0.56

-5

Fig. 2: Photograph of a hollow specimen and 3-dimensional

replica
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Fig. 3: Cracks on film replica observed by optical microscopy
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Table 4 (a): Number of observed cracks, initiated cracks,

coalesced cracks (200°C)

Cycles 50 [ 100 (200|300 500( 700 | 1000
Observed cracks 16|40 69| 74| 61
Initiated cracks 16|42 75| 95| 98
Coalesced cracks 0 00| 2|6 |21] 37
Table 4(b): Number of observed cracks, initiated cracks,

coalesced cracks (325°C)

Cycles 25 | 50 | 100| 150 200 | 300| 400
Observed cracks 241 96 [107| 91
Initiated cracks 24 1100|133 154
Coalesced cracks 0 0Of0] 0] 4 /|26] 63

79

£ 100
9
<
5
- 80
:
g 60
K
= 40
5 -
£ 200°C
= =305
Z o
0 200 400 600 800 1000
Cycles

Fig. 5: Transition of number of observed cracks

3.2 BREREE

A A 7 VY% 57 0 BRI B 1 X O AR R S
ERVWHBEZRT ZENEARLTNIICL VHE SN
TW5. OTHIERBEITIN (1) TRansd. h
72 B O L 0 BAT HREOIINGREL £ 135
EHRS] DA TR L= (2) THH L.
T, BEOT A7 M (BS SR E) IESCHS)
DOBIEFER LY 05 SRELTWA.

Ae & a lXZTENENOT HfibH & BAEES T, A
ZETIXOT HHPH de 13 1.2%TH DD TOTHILK
REUTBRR I ORI GFTH. 2L T, BROT
ARy NS —ETHIUR, HEREE & OFRynK
B ORI, HEEERE & ARE S ORMRICE X ik
AHZENTE S, BHEOERERE L BHUESOHM
%% Fig. 6 \I”7. BHROE S OWEIMRRE DRI
RENCE D RIEOREAENK 2.4 um AL D EHES
NTeDT, Flr A 7 VR CHEREN 5 pm KiiFo
BIEREFIIERA LT D, R h ZREREIC L W K
(3), @PFEFEoT-.

- >
— —

AK, = fAS\/ﬁ M

ay* a~3 N2

f=0929 (?) —0.836 (?) +0.333 (?)
+amm(9 +0.657 @)




R4 Vol. 20, No. 4 (2022)

10

o
% ‘AAA‘A ‘A A—i———;
B 1 T L S
= “ .,‘;;.“A'——»g‘i"-ﬁ LS
N g_'.,. i APa . e * o
2 g :‘.5‘ SR ¢
fal e LI ..A .
= 01 A* e ¢
ig - . e & ¢ o o
5 - °
g . ® 200°C
% 001 [ il =003)
= + 325°C
= P JEAER = (4)
O 0.001

10 100

Crack length [ um ]

1000

Fig. 6: Crack propagation rate
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Fig. 7(a): Crack growth behavior of penetration crack (200°C)
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Fig. 7(b): Crack growth behavior of penetration crack (325°C)
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Fig.8 Crack propagation rate of penetration cracks
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