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The Effect of Stress Ratio on Fatigue Crack Propagation Rate in
SA516/60 Pressure Vessel Steel at Low Temperature

Keyung-Dong Park, Sang-Oh Park
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Abstract : The fatigue crack growth behavior of the SA516/60 steel which is used for
pressure vessels was examined experimentally at room temperature 25C, -30C, -60TC,
-80TC, -100C and -120C with stress ratio of R=0.05, 0. and 03. Fatigue crack
propagation rate da/dN related with stress intensity factor range 4K was influenced by
stress ratio in stable of fatigue crack growth (Region M) with an increase in 4K.

The resistance of fatigue crack growth at low temperature is higher compared with that at room
temperature, which is attributed to the extent of plasticity-induced by compressive residual stress
according to the cyclic loads. Fractographic examinations reveal that the differences of the fatigue crack
growth characteristics between room and low temperatures are mainly explained by the crack closure and
the strengthening due to the plasticity induced and roughness induced.
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Table 1 Chemical composition of specimen(wt.%)

C|{Si{Mn} P|S|N|CrjCu|V |Mo

0.12(0.23| 097 |0.017 0.04 |0.026]| 0.02 | 0.03 }0.

Table 2 Mechanical properties of specimen

Yield strength | Tensile strength| Elongation | Hardness
(Mpam) (Mpa) (%) (Hrs)
310 459 29 66.12
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Fig. 1 Configuration of CT-specimen(unit:mm)
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Fig. 6 Effect of Threshold stress intensity factor
and temperature
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Table 2 The value of fatigue crack growth
threshold - ZK» (MpaVm)

Tem.

Stress o 25T |-30C|-60C [-80T {-100T |-120T
005 11201 1165(1205{1338| 1559 | 1798
0.1 889 ( 939 { 991 {1125} 1319 { 1529
0.3 649 | 724 | 779 | 925 | 11.22 | 12.92

33 2xdgld e A8Y5(C, mAA

Fig. 7¢ JA2FddHAE ¥ A2¥HE Paris
A da/dN=C(JK)") we R85 mE %
R gul g e AFHY ;T vELd



Vehfgch 4L 2 -60Te AS$ 8|9 ¥
o] @2 mge o] BAgle] AT e
HRow, 257 ZALY =28 +2 mg9
EXE SN} ol we FUtHe d4E
Ryon, B3 -120CA Frrdde]l F3isHA
elgtch o} B4 FALCE AFF 9
AEo] HA4HA ATE BYoEH 1a3Hez
Agel 71AA Jdo) Wy E AL AL F
= 2 A=zt A4 AR i
NTE HAE Ao AGdEn.

48

£ 48 | —e— R=0.05

z —a—R=0.1

o =

g 4ab —e—R=0.3

g

o

g 42

-3

E a0t

e

]

2 38}

@

I
36} ———g

1 Fou— | 1 - 1 1 JPR— | 1

140 -120 100 -80 60 .40 20 [ 20 40

Temperature(*C)

Fig. 7 Relations between fatigue crack growth
exponent m and Temperature

Fig. 8= AE44 Co) eEdgd Be £
o AT S JdehiRed, AeAdE me) AgHE
e A%e 2dFn Yo €38 R=01, 039
A% AN -60TARNE Cirol dAsYLH,
o) ¥ el AE R=030] R-01XT} Z7}5)
t W4e ¢ 4 Utk £ R=005% R=01, 03
g wmsd Azt FAS Hate] @A v
3e ¢ & U = ALPRoE JYHWA
R=0069 W -60C ol%2 AL C7} 243
Ass 3 YT R=03Y W CHe F7HEo] FA
Yehtz ee ¢ 4 Atk

getd £9 $FuolN SEAsel wd A=
R OF ARDT FAAAASE mAh S7hEhe
AL FYAR F&o] dPS Jua, A4
A2 Y52 mel @ol ANE AT el YA
Ao, 257t A%E4E A4 TE HAT,
T H27RAR 57 sE0] HE Aol
YehtA s} Azas me 27En cs #a
so} H2FY AASE U FAAGHe] 3
290,

Material constant(C)
3'4
2

w0k

a L ' "

L N : 1
-140 120 100 80 60 40 -20 ] 20 40

Temperature(*C)

Fig. 8 Relations between Material constant C and
Temperature

Table 3& 2 &gt £xo wWE AHBYSF

. m¥% CE& F2AIAA] 284 FHA Paris

Ae) 4% ASe FFHez Yehhsic
Fig. 9¢ 2t g2ulo] o AZAEC o makel
Wsg el

Table 3 The gradient and constant of Paris

equation

Sgggs Temp(T) m C
' 25C 3610 | 487x107™"
-30T 3634 | 371x10™"
005 -60C 3649 | 308x107"
' -80C 3971 | 791x10
-100TC 4341 | 197x10™
-120C 4739 | 372%x10%
25C 359 | 7.09%x10™
-30C 3632 | 53%Bx10™"
o1 -60C 3642 | 416x10™
' -80°C 3927 | 187x10™"
-100C 4188 | 676x107"
-120C 4517 | 212x10
25C 35% | 764x107"
-30C 3622 | 564%x10™"
03 -60°C 3637 | 444x107"
) -80C 3801 | 2.37x107"
-100C 3975 | 1.34x10™"
-120C 4169 | 695x10™
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Fig. 11 Fractography of fatigue crack growth
surface at 25C, -30TC, -60TC, -80TC, -100C
and ~120C for R = 0.05, 0.1 and 0.3
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