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A Study of Stress Ratio Influence on the Fatigue Crack Growth
Characteristics of Pressure Vessel Steel at Low Temperature
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ABSTRACT: In this study, CT specimens were prepared from Pressure Vessel Steel which was used for pressure vessel plates for

room and low temperature service. And we got the following
environment of room and low temperature at 25°C, -30°C, -60C,

characteristics from fatigue crack growth test carried out in the
-80°C, -100°C and -120°C and in the range of stress ratio of 0.05

and 0.3 by means of opening mode displacement. At the constant stress ratio, the threshold stress intensity factor range 4Ky in the

early stage of fatigue crack growth (Region | ) and stress intensity factor range 4K in the stable of fatigue crack growth (Region Il)

was increased in proportion to descend temperature. It assumed that the fatigue resistance characteristics and fracture strength at low

temperature is considerable higher than that of room temperature in the early stage and stable of fatigue crack growth region. The

straight line slope relation of logarithm dg/dN - 4K in Regionll, that is, the fatigue crack growth exponent m increased with

descending temperature at the constant stress ratio. It was assumed that the fatigue crack growth rate da/dN is rapid in proportion to

descending temperature in Region [l and the cryogenic-brittleness greatly affect a material with decreasing temperature.

1. M =
s oete d7]x] Ry B paie Ads
A AR gREEokeln], A Agd Atelel] F453] sl
Shek
FEEL e el 2 olagle] Ao, <ot
EAA g Ealg Frh vee] ddsos oot
e aska ok st te] Ay 2

: -
olg] a7 o], rwinT} Orowans 71 9]¢ @& skx}Eo] 9
o wzatalo] gt AvF AlEEH R slo) 7AW i
SFAMAE 9ete] WU} We Abme] Zzlo] _3? ]1 th}
Az FH 01]“ B ES AXMOH

(= e o — ]
of olaf Zﬂzg}o] EA8H Hok ]9]- ol Az UKol FA)S
A it ubEalFol 2A8akA w9, &Y HRE HH

sof wAE FEL B
297} thiseler shAch.

ek oluidt AR ¥zwdo] AdeA SuR o

T
= gee) WA 9 5t Aol
A ARG wje] AmewS Holsly] 98t o wgd WA

]
Aol o) o] 8} m sieblel K5 AL

Parist= 9 27EA 1
Sato] FHUHAEE dafdN7}L &3 F Al KO] A
& =qete] aste an MElny ety ?,1 Az2agxd A
%] o] 28 #Felslgo U%(Parl% and Erdogan 1963; ‘éh 1983, A,

o =l ¢
AL o, 714 H e }14” 73” Sk ]’04 ‘?‘— W
< el FHo] gtE T ALK, 1989).
Hcol §hel §7)u e RS Fo] ek ohleh 48
|8l 4A57F Bobdla, 1 AA Al {3
o Wae get ALz ol sl st 48 Aa
Ado] ol ANt A7]ol Tat ) AP AE ofF vnig A
golct
AT 878 A SASled] tiste] A 25T &) -3
0T, -60°C, 80T, -100T, -1207e] A8 Zola] H(+)wa
Apelzbd whE-EhS- Fildr 20cyclefsecE A 2-24] 0.05, 0.39]
el ot AdA Fdofa] Zhzre] F 2 FAAAEE dofdNe) <
Ha Al 1 kAR 9 A2 st ASE JKnE ot
o, 2k 3 gHed mas ARFIAHAF met 4R
7} Az gt S 71ES A

2
j:
1
2
>,
N
=
~
-

»)

ot

=
od
ol
ol
£
B3
o =
2
o
T
28 |
8
o0

100



ST &8 el FHnld] nh

A}-%;‘l Mg k878 7 (SAs16)olH, AlH
Table 1<) Vb Al D, 71412 A 22 Table 2

7-93(1993)2] 7] %ol
li‘—il?}% ]r] o} A E ‘%}%17}5 7] (wire
cutting E.D.M)Oﬂ A Al FEEol 607 9 Zhmef] leznke|i:

1»

Yrhge

0.lmm7} w7 7FEskdT

el g el 2 H o) cﬂ ARy o B s g gy 9
8 WS Azdlo] #12002 8 FH3) cinfalslen, 250 4
o]l LmgAR gHE7trmele] gEh gl H ASTM(1993)
E647-93 4ol oA 3mme] 3|2 o il EAv)
2.2 A B

Fig. 23 % 4glo] M8 7] 944 1] :24) ¢ 7](INSTRON

8501, L000KN)| ], |76 A21¥l A FE 3 o4

gto] T

Table 1 Chemical composition (wt. %)

C Si Mn P S Al C Cu V Mo b

0.12 023 097 0017 0.04 0.028 0.02 0.03 002 001 0018

Table 2 Mechanical properties

Yield strength Tensile strength  Elongation Hardness
(MPa) (MPa) (%) (Hew)
310 459 29 66.12
i
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Fig. 1 Configuration of CT-specimen (unit: mm)
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Table 3 The value of fatigue crack growth threshold - /K

(MPa V m)
Tem.
Stress 25T -30C -60C -80TC -100TC -120T
ratio
0.05 11.20 11.65 12.05 13.38 15.99 17.98
0.3 649 724 7.79 8.49 11.62 12.92
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Fig. 3 Relations between fatigue crack growth rate and stress
intensity factor range (R = 0.05)
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Fig. 4 Relations between fatigue crack growth rate and stress
intensity factor range (R = 0.3)
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Table 4 Experimental constants by da/dN=C(JK)" for the fatigue
crack growth
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K Tem. m C
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