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Abstract

In this study, a plastic hardening constitutive equation for steels of polar class vessels at low temperature is proposed, The equation
was derived using the experimental data obtained from tensile tests at room and low temperatures, Tensile tests at low temperature are
pboth costly and time consuming because an expensive cold chamber is necessary and it takes too much time to cool down a specimen
to set temperature, Using the proposed plastic hardening constitutive equation the plastic hardening characteristics of steels for polar
class vessels at low temperature can be easily predicted from the tensile test results at room temperature,
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Table 1 Material properties at various temperature

Steels Yield Tensile K Temp

stress  stress n s
grade MPa]  [MPal [MPa] [°C]

GL-DH32 375.7 524.1 0.21 891.5 RT

GL-DH32 451.8 626.2  0.21 1084.4 -30

GL-DH32 425.8 57119  0.22 988.7 -50

GL-DH36 385.1 562.1 0.20 929.5 RT
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2 =20ME Min, et al. (2011)2] A2 QIZtAISoM A
Y MSHE-XHHEE AE 0|83 Hollomon, Ludwk J2|1
Swift AAASH FAEEYAll IMATS AlAlsl0] HEE Z3t
X|=ot ZTAHISE T5104 Table 2 ~ 4ol LIERHRACE T &
THSot HEE ZsiX|Z=2| ZF Hollomont} Swift= H2| A

g atg HoiF 0 AU=d| ghel Ludwike ALEH A10I1E 2031

GL-DH36 427.3 599.1 0.21 1021.3 =30 olct
AA .
GL-DH36 448.0 596.3 0.23 1048.8 -50
Table 2 Obtained mechanical properties for GL-DH32
GL-EH36 3962 5169 016 801.74  RT Corsiiiive model 5 K (VP3)
GL-EH36 4426 5639 0.6 8845  -30 Hollomon 0.21 891.50
Ludwik 0.39 527.75
GL-EH36 442.5 572.6 0.18 929.98 -50 Swit 0.20 898.70
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Table 3 Obtained mechanical properties for GL-DH36

Constitutive model n K (MPa)
Hollomon 0.20 929.50
Ludwik 0.36 542.73

Swift 0.18 933.39
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Table 4 Obtained mechanical properties for GL-EH36

Constitutive model n K (MPa)
Hollomon 0.16 801.74
Ludwik 0.33 414.35
Swift 0.14 802.63
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Fig. 1 Comparison of constitutive models for GL-DH32
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Fig. 2 Magnification of constitutive models for GL-DH32
between 0 and 0.5 strain
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Fig. 3 Comparison of constitutive models for GL-DH36
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Fig. 4 Magnification of constitutive models for GL-DH36
between 0 and 0.5 strain
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Fig. 5 Comparison of constitutive models for GL—EH36
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Fig. 6 Magnification of constitutive models for GL-EH36
between 0 and 0.5 strain

Table 5 Material parameter under low temperature plastic
hardening equation

Material m*
DH32 1.3
DH36 1.0
EH36 0.74
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Fig. 7 Comparison of average true stress—true strain by
experiment and proposed one for DH32 under —=30°C
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Fig. 8 Comparison of average true stress—true strain by
experiment and proposed one for DH32 under —50°C
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Fig. 12 Comparison of average true stress—true strain by
experiment and proposed one for EH36 under -50°C
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