MOl TRER T > L RS ERIZH 115 HAZ BBRLRFIEEI N D
FEM 24T FiEDHEIL

aA At (REHE SR - ONEE)

FE Analysis of Grain Boundary Liquation Cracking in HAZ during Welding of Heat-resistant Stainless Steel

by Takuya Iwamoto

Abstract

Welding is essential to construct steel structures. However, when welding condition and weld material are not appropriately
chosen, weld defects may occur. One of welding defects is the hot cracking which occurs in the weld metal and the HAZ (Heat
Affected Zone). There are three kinds of hot crack, namely, solidification crack, grain boundary liquation crack and ductility-dip
crack. The solidification crack occurs in BTR (solidification Brittleness Temperature Range) in the weld metal. The grain boundary
liquation crack occurs in GLR (Grain-boundary Liquation Temperature Range) in the HAZ. The ductility-dip crack occurs in DTR
(Ductility Drop Temperature Range) in the weld metal and the HAZ.

Shibahara et al. proposed the criteria using a plastic strain increment in BTR and DTR during cooling of the solidification crack
and the ductility-dip crack in weld metal and verified the validity. However, only a few methods are proposed to prevent a grain
boundary liquation crack in the HAZ from the mechanical viewpoint.

In recent years, although the stainless steel is widely used to improve oxidation-resistance and heat-resistance, the hot crack may
occur in this material. Then, in this study, FE analyses are carried out to establish the criteria of the grain boundary liquation crack
in the HAZ during welding of heat-resistant stainless steel. The simulated results are compared with the experimental results. As a
result, computed results evaluated by using a plastic strain increment in GLR during cooling in the HAZ agree well with the cracked
area obtained as the experimental results, and it is clearly seen that it is possible to predict the grain boundary liquation crack using a
plastic strain increment in GLR during cooling.
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Fig.1 Hot Crack.

(a) Solidification Crack (b) Liquation Crack (c) Ductility-dip Crack
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Fig.2 Schematic illustration of relationship between ductility of
alloy and temperature of heat-affected zone.
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Plastic strain increment in GLR during cooling
Fig.3 Schematic illustration of plastic strain increment in GLF
during cooling.
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Fig.4 Schematic illustration of restraint crack test.
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Fig.5 FE mesh division.
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Fig.6 Distribution of maximum temperature.
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(b) Thickness: 12mm.  (c) Thickness: 24mm.

Fig.7 Vector diagram of principal plastic strain increment in GLR.
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Fig.8 Distribution of plastic strain increment in

in y-direction.
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Fig.9 Schematic illustration of restraint crack test.
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Fig.10 Position of grain boundary liquation cracking after
experiment.
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(b) Zoomed view of welding area.
Fig.11 FE mesh division.
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(a) Element A
Fig.14Timehistory of plastic strain increment in GLR and temperature.
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Fig.15 Distribution of plastic strain increment in BTR

Fig.13 Vector diagram of principal plastic strain increment in GLR.
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