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Influence of Steel-making Process and Heat-treatment Temperature
on the Fatigue and Fracture Properties of Pressure Vessel Steels
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Abstract

In this paper, high strength pressure vessel steels having the same chemical compositions were manufactured by
the two different steel-making processes, such as vacuum degassing(VD) and electro-slag remelting(ESR) methods.
After the steel-making process, they were normalized at 955°C, quenched at 843°C, and finally tempered at 550°C or
450°C, resulting in tempered martensitic microstructures with different yielding strengths depending on the tempering
conditions. Low-cycle fatigue(LCF) tests, fatigue crack growth rate(FCGR) tests, and fracture toughness tests were
performed to investigate the fatigue and fracture behaviors of the pressure vessel steels. In contrast to very similar
monotonic, LCF, and FCGR behaviors between VD and ESR steels, a quite difference was noticed in the fracture
toughness. Fracture toughness of ESR steel was higher than that of VD steel, being attributed to the removal of
impurities in steel-making process.
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Table 1 Chemical composition of ASTM A723 steel (%owt)
C Mn P S Si Ni Cr Vv Mo Fe ‘
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Table 2 Mechanical properties of ASTM A723

steels

Properties | VD170 | VD190 | ESR170 | ESR190

E(GPa) 2189 2144 2123 208.9

0,s(MPa) 1226.0 | 1263.0 | 12456 | 1253.2

0.{MPa) 1302.0 | 1346.0 | 13275 1367.7

& (%) 237 24.8 278 238

U{MPa) 1232.8 1944.1 | 2013.4 | 1939.8
| n 0.0208 | 0.0165 | 0.0182 | 0.0229

K (MPa) 1384 1413 1401 1477
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