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Low Cycle Fatigue of Carbon Steel in High Temperature Pure

Water Environment

Synopsis:

Makoto HicucHI and Hiroshi SAKAMOTO

An environmental fatigue test machine was developed and axial strain controlled fatigue tests could be

conducted in the pressurized high temperature pure water using it.

environment was investigated.
Results obtained are summarized as follows;

The fatigue life of carbon steel in the

(1) In 250°C pure water containing 8 ppm dissolved oxygen, the fatigue life of carbon steel degraded
markedly with decrease in strain rate in the comparatively large strain amplitude (above 0.25%). How-
ever, in the small strain amplitude, there was no degradation in fatigue life.

(2) The environmental fatigue degradation was significant in the temperature range of 250°C to 290
°C and in the dissolved oxygen contents above 0.2 ppm.

(3) It was supposed that the conspicuous environmental fatigue degradation was caused by the com-

bination effects of SCC and dynamic strain aging.

(4) The prediction method of fatigue life of carbon steel in high temperature water was proposed with

considering strain rate.

(5) The environmental correction factor K,, was proposed to correct the design fatigue strength of

carbon steel in high temperature water.
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Fig. 1.
aparatus for fatigue test in pressurised high
temperature pure water,

Schematic diagram of experimental

Table I. Chemical compositions and mechanical
properties of carbon steel pipe (JIS G3455 STS42,
12B, Sch. 80).

(wt%)
C Si Mn P S Cu
0.20 0.31 0.93 0, 020 0, 015 0.02
Temp. ('C) YS (kgf/mm?) UTS (kgf/mm?) El(%) RA (%)
RT 30.8 49,9 41 80
250 22.2 46,0 30 73

10 8% 0.01

207

Sk104 G.L.
I 106

Fig. 2. Details of test specimen. (mm)
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Table 2. Test conditions.

Environmental conditions

Temperature (°C) : RT~290
Pressure (kgf/cm?) : <80
Dissolved oxygen (ppm) :0,05~20
pH 61
Conductivity (#S/cm) 1 <0.5
Flow rate ({/h) 1 60

Fatigue test conditions . .
Control mode : Axial strain

Wave mode : Triangle or
Positive saw tooth
Strain ratio (Re ) :—1

Strain rate (%/s) : 0.0001~0, 4
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Fig. 3. Comparison of 3 S-N curves obtained in
various environmental conditions.
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Fig. 4. Influence of strain rate on S-N curves in
250°C pure water (containing 8 ppm dissolved

oxygen).

- & & STS42

g 70r a 00001 04 250°C
S s goor - Water
Y60k o 00! "
= u 004 - (DO= 8 ppu)
E 4 “ Eg =

© 5ok (*%/sec) s =‘i6|%

w
E-3
a
]

[N
i
Wﬁ
i
i
y
4
—_

Maximum Stress
~n

-

® !
\
j LR \i
L
i

10° 10’ 10° 10° 10°
Number of Cycies N (Cycles)

Fig. 5. Change in maximum stress during con-
stant strain cycling with strain rate at 250°C.
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Fig. 6. Influences of dissolved oxygen contents on
fatigue life in 250 and 290°C pure water.
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Fig. 7. Influence of temperature on fatigue life
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life.
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Photo. 1. Comparison of surface appearance of fatigue specimens tested in various

environmental conditions.
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Fig. 11. Comparison between pitting and fatigue
degradation map on carbon steel in pure water.
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