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Abstract

Single frame structures with notches were fractured by applying drop impact loadings at room temperature and low temperature,
Johnson—Cook shear failure model has been employed to simulate the fractured single frame structures, Through several numerical
analyses, material constants for Johnson—Cook shear failure model have been found producing the cracks resulted from experiments,
Fracture strain—stress triaxiality curves at both room temperature and low temperature are presented based on the extracted material
constants, It is expected that the fracture strain—stress triaxiality curves can offer objective fracture criteria for the assessment of
structural fractures of polar class vessel structures fabricated from DH36 steels, The fracture experiments of single frame structures
revealed that the structure on low temperature condition fractures at much lower strain than that on room temperature condition despite
the same stress states at both temperatures, In conclusion, the material properties on low temperature condition are essential to
estimate the fracture characteristics of steel structures operated in the Northern Sea Route,
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Table 1 Hardening and fracture criteria employed by
authors in ICCGS 2004 , 2007 and 2010

Author Hardening Z;Z:g? Year
Konter Piecewise isotropic 0.2 2004
Wu Bilinear isotropic 0.35 2004
Simonsen - 0.08, 0.26 2004
Zhang Piecewise isotropic 0.1, 0.2 2004
Yamada Bilinear isotropic 0.34-0.36 2004
Huatao - 0.34 2004
Takaoka Bilinear isotropic 0.2 2004
Vredeveldt Bilinear isotropic 0.16 2004
Lehmann - 0.05 2004
Okazawa Piecewise isotropic 06-1.8 2004
Tornquist Piecewise isotropic RTCL* 2004
Dimas Bilinear isotropic 0.35 2004
Ehlers - 0.54 2007
Tautz - 0.1 2007
Cho Bilinear isotropic 0.1 2007
Yamada Piecewise isotropic 02-04 2007
Darie Piecewise isotropic - 2007
Hallquist - 0.39, 0.66 2007
Cho - 0.2 2007
Ehlers - 0.1 2010
AbuBakar Piecewise isotropic 0.35 2010
Hung Bilinear isotropic 0.34 2010
Niklas Piecewise isotropic 0.35 2010
Z *RTCL : Rice-Tracey and Cockcroft-Latham model
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Table 2 Material constant of Johnson—-Cook failure
model proposed by Torngvist and Choung

Author Material a a as

. Unknown
TOFHQVISt o 348 MPa 0.28 4.4 2.26

Choung EH36 0.50 41 212
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Fig. 1 Failure strain and stress triaxiality curves indicated
by using material constants of Johnson-Cook
model proposed by Torngvist and Choung
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Table 3 Chemical composition of DH36 steels (%)

C Si Mn P S Cu Ni Cr Mo

0.18 050 1.06 0.04 0.04 03 0.04 0.2 0.08
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Fig. 2 Drawing of test model

Table 4 As—-measured dimensions of test models
before the drop test(unit: mm)

Test model U;ﬁgnzge Stiffener thickness
RT1-4 10.00 10.01
RT2-2 10.03 10.02
RT3-3 10.07 10.05
LT1-3 10.02 10.03
LT2-2 10.00 10.05
LT3-4 10.04 10.02
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Fig. 3 Average true stress—true strain at room
temperature and —-50°C
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Fig. 6 Failure strain and stress triaxiality curves
drifted left downward at low temperature

Table 6 Material parameter d1,d2,d3 of Johnson—-Cook
shear failure model for DH36 steel
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Fig. 7 Shear failure strain — stress triaxiality curve for
Johnson—-Cook shear failure model of DH36 steel
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Fig. 8 Numerical analysis results for the drop fracture
experiment at room temperature
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(a) Failure strain

(b) Stress triaxiality

Fig. 9 Numerical analysis results for the drop fracture
experiment at low temperature(-50°C)
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