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Influence of HAZ Microstructure on Reheat Cracking Susceptibility in Ni Free
Type Quenched-tempered High Strength Steel

Mitsuru NAKAMURA and Hideaki KAWAMURA

Synopsis : Relation between reheat cracking susceptibility and HAZ microstructure on Ni-free high strength steels were investigated. In this experiment,

HAZ microstructure obtained by synthetic-weld heat treatment was researched from relationship between stress relaxation behavior and high

temperature properties. Interaction between reheat cracking susceptibility and Post-weld heat treatment (PWHT) was investigated. As a re-

sult, from results of stress relaxation test, both specimens (N1 and N2) show the same tendency and reheat cracking of all HAZ microstruc-

ture was occurred. Second, results of Constant-load teat on heating, each HAZ microstructure of both specimen was strongly embrittled from
830 to 900K and gained less 5% obtained by reduction of area. Each bainitic structure of both steel (N1 and N2) was different of ratio of
bainitic type structure in spite of same cooling rate. Different of an amount of Mo (0.2 mass%) were not influenced by reheat cracking sus-

ceptibility.

Key words: reheat cracking susceptibility; HAZ microstructure; Ni-free high strength steel; type of bainitic structure; PWHT characteristics.
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Table 1. Chemical compositions and mechanical proper-
ties of Ni free HT steels used.

a) N-1steel (mass%)

C | Si [Mn| P S | Cu| CrffMofl V]A | N | B |[Ceq|Pom
119 ] 26 | .86 [.0029{.0009] .20 | .77 [ .34 | .036 | .070 | 0029|0011 515 | 252

0.2%P.S TS Elongation | ImpactValue | Hardness Grain Size
(MPa) (MPa) (%) (J/sz) HV:2.94N (um)
745 798 20 150 270~280 23~27
b) N-2steel (mass%)

C Si |[Mn| P S |[Cu | CrfiMol VA |N B || Ceq | Pou
119 | 26 | .84 1.0025].0011] 20 | .76 {| .54 [ .036 | .067 |.0021{.0009] .560 | .262

0.2%P.S T.S Elongation | Impact Value Hardness Grain Size
(MPa) (MPa) (%) (em?) HV:2.94N (4 m)
767 823 20 198 270~280 23~27
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N-2 steel

Fig. 1. Scanning electron micrographs of As-received HT
steels.
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Fig. 2. Scanning electron micrographs after synthetic-weld
heat treatment on Ni-free HT steels.
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Fig. 3. Scanning electron micrographs after synthetic-weld
heat treatment on Ni-free HT steels.
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Fig. 4. SH-CCT diagram of Ni free HT steels. (a) N-1
steel, (b) N-2 steel.
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Fig. 5. Relation between cooling time from 1073 to 773K
and volume fraction of bainitic structures. (a) N-1

steel, (b) N-2 steel.
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Fig. 6. Relation between Vickers hardness, grain size and
cooling time from 1073 to 773K. (a) N-1 steel, (b)
N-2 steel.
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Fig. 7. Optical micrographs after synthetic-weld heat treat-
ment on Ni free HT steels.
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Fig. 8. Stress relaxation behavior of HAZ microstructures
obtained Constant-strain rate test on heating.
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Fig. 9.

Fig. 10

N-1 steel N-2 steel

Fractgraphs of reheat cracking surface obtained
Constant-strain rate test on heating.

N-1 steel N-2 steel

&y

. Scanning electron micrographs of near intergranu-
lar cracking surface obtained by Constant-strain
rate test on heating.
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Fig. 11. Relation between the reduction of area, applied
stress and fractured temperature obtained by Con-
stant-load test on heating.
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Fig. 12. Evaluation method of the reheat cracking suscep-

tibility of Ni free HT steels.
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Fig. 13. Schematic diagram of reheat cracking mechanism
in intergranular behavior of HAZ microstructures.
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