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Table 1 Chemical composition of specimen(wt, %)

C Si | Mn| P S I N | C |Cu| V | Me| Cd| Al

016 1 030 | 1.14 10.008]0.001 | 0.36 | 0.07 | 020 10.027 | 0.097 | 0.018 | 0.028

Table 2 Mechanical properties of specimen

S:I; fé]r?gljfh Yield strength Hardness Elongation
> . 9%
(MPa) (MPa) (Hrgr) (%)
208 390 71.37 26
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Fig. 9 Apparatus of fatigue test machine( INSTRON 8501)

Fig. 10 General view scanning electron microscope (model S-2570)
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Table 3 Experimental constants by da/dN=C(4K)" for the fatigue

crack growth (R=0.05)

Temperature AK Range da/dN Range
(T) (MPa+/ m) (mm/cycle)
_ 7211x10 " <da/dN
25 11.2< AK <4057 3 )
<6.053%10
) ) 7.205x10 ° <da/dN
-30 12.7< AK < 42.07 ) )
<6.032x10
_ o 6.714x10 ® <da/dN
-60 1358 <AK =456 4
<6.281%10
_ 5.117x10 " <da/dN
-80 1498 <AK<47.93 y
<6.442%10
) 4539x10 ° <da/dN
~100 17.17<AK < 46.37 ,
<6.683%10
) 4.492x10 ° =da/dN
-120 18.67 < AK < 46.59 ,
<6.188x10
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Table 4 Experimental constants by da/dN=CUAK)™ for the

fatigue crack growth (R=0.3)

Temperature AK Range da/dN Range
(T) (MPa+/ m) (mm/cycle)
_ 6.34x10 * =da/dN
25 7.79< AK <31.19 )
<3.38%10
6.32x10 ° <da/dN
-30 0.29 < AK < 32.69 ;
<3.35%10
4.99x10 " <da/dN
60 0.44<AK=<32.08 ,
<271x10
_ 479x10 ° <da/dN
0 10.86 < AK < 34.37
<3.07x10°
i ) 3.4x10 “ <da/dN
-100 12.01 < AK <35.03 y
<3.59x10
_ . 3.3x10 °* <da/dN
-120 13.51 < AK < 36.53 N )
<357x10
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Fatigue crack growth rate, da/dN(mm/cycle)

1%x10™

%107 |
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| e -80°C
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L - T Orientation
Stress Ratio : R =0.05

-120°C

1 2

10 20 40

Stress intensity facior range, Ak (MPam

hi74
)

60

Fig. 11 Relation between fatigue crack growth rate and stress

intensity factor range (R=0.05)
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Fig. 13 Relation between faugue crack growth rate and stress

intensity factor range (25T, -30T)
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Table 4 The velue of faligue crack growth threshold - 4K

Temperature(T)| 25 -30 -60 -80 | -100 | -120

R=0.05 )
112 | 127 | 1358 | 1498 | 17.17 | 1867
AK(MPa+/m)
R=0.3
779 | 929 | 944 | 1086 | 1201 | 1351
AK (MPa+/ m)
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A Study on the Fatigue Growth
Characteristics of Pressure Vessel Steel

at Low Temperature

Sun-soo Lee

Dept. of Precision Mechanical Engineering,

Graduate School of Pukyoung National University

Abstract

Fatigue crack propagation rate and threshold characteristics of the
SA516 70 steel which 1s used for the low temperature pressure
vessels, were siudied in the room temperature of 25T and low
temperature ranges of -30°C, -607T., -80TC, -100C and -1207T with
stress ratio of R=0.05 and RF=0.2. In the logarithmic relationship
between the Tfatigue crack propagation rate(da/dN) and stress
intensity factor range AK, the linear relationship was obtained up to
da/dN = 4.425%10 *mm/cyele in the same of room temperature, but
in low temperature case, the relationship was extended to the range
of low crack propagation rate. The fractured specimens were

examined by SEM. Tested results showed that specimen failed at
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low temperature exhibit the quasi-cleavage fracture formation

however considerable ductility proceed final fracture.
Key words : Crack Propagation(v* €3}, Low Temperature( 7-2), Fatigue

Crack  Propagation(® 27€ A3}, Stress  Rato(8##]),  Threshold

Characieristics(&HeH Al 400,
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Nomenclature

da/dN : Fatigue crack growth rate
K . Stress intensity factor

AK  : Stress intensity factor range
AP : Load range

R . Stress ratio

Ko Maximum Stress intensity factor

Koo - Minimum Stress intensity factor
C © Material constant
m . Fatigue crack growth exponent

a/W  : Crack length of width ratio

Betr . Effective specimen thickness
Bhret © Net thickness

E' - Elastic modulus of material

v . Crack opening displacement(COD)
P : Load on specimen

Cy . Normalized K-gradient
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