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Evaluation of Reheat Cracking Susceptibility of 780 MPa High Strength Steel
Welds with Low Cold Cracking Sensitivity

Mitsuru NAKAMURA, Hiroshi HORIE and Kazuyoshi TOMIDA

Synopsis

Key words:

: 780 MPa high strength steel with low cold cracking sensitivity was characterized by lowering carbon equivalent (Ceq) and weld cracking sen-

sitivity (Pg,,), and made a strong thermo-mechanical control process (TMCP) treatment. Therefore, these new 780 MPa steels have a good
weldability. This paper has investigated the evaluation of reheat cracking susceptibility during post-weld heat treatment (PWHT), especially
the relation between the stress relaxation behaivor and high temperature deformability. Simulated-weld heat treatment was carried out a max-
imum temperature of 1623K. PWHT was done at a heating rate of 111K/ks. The results are summarized as follows : 1) From the results of
stress relaxation test, reheat cracking occurred all HAZ microstructures. Especially, the reheat cracking susceptibility of Bainitic types struc-
ture were higher compared with Lath-Martensite structure. Threshold retained stress of reheat cracking was differed about 200 MPa values on
both structures during PWHT. 2) From the results of the high temperature deformability obtained by constant-load test on heating, all HAZ
microstructures shows the minimum embrittle value (about 5%) from 800K to 900K during PWHT. The reason of these embrittlement causes
the carbide precipitation behavior during PWHT process ,and exerted the effect on deformability in the matrix. 3) When the reheat cracking
susceptibility and the brittleness of material were evaluated, the grasp of the deformability of HAZ microstructure in PWHT was necessary. It
was important that the brittleness evaluation chart of the material was shown from the relation to a necessary the amount of displacement
with the deformability of the microstructure during PWHT.

780 MPa high strength steels; post-weld heat trcatment; reheat cracking susceptibility; stress relaxation behavior; HAZ microstructures; em-

brittlement of HAZ.
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Table 1. Chemical compositions and mechanical properties of HT780 steel used.

(mass%
C Si Mn P S Cu Ni Cr | Mo \4 Nb || Ceq | Pcm
.09 21 | 1.07 | 003 | 002 § 23 | 1.23 | 45 37 .05 .01 49 | 23
0.2%P.S. T.S. Elong. Impact Value Hardness Grain Size
(MPa) (MPa) (%) (J/em?) HV:2.94N (1 m)
833 860 25 301 280~300 17~25

9200

1623K-2s]
holding

800 |-

700

Temperature (K)

600

1 10 100
Cooling time from 1073K to 773K (s)

Fig. 1. SH-CCT diagram of HT780 steel.

1000

250
1623K-2s |
holding

200

Grain Size(y«m)

50

Vickers hardness HV:2.94(N)

i H R Ll iidiil g
1 10 100 1000
Cooling time from 1073K to 773K(s)

Fig. 2. Relation between Vickers hardness, grain size and
cooling time from 1073 to 773K.
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Fig. 3. Scanning electron micrographs after synthetic-weld heat treatment on HT780 steel.
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Fig. 4. Relation between the mechanical properties of high temperature and PWHT temperature.
a) Tensile strength  b) 0.2% Proof stress
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Fig. 5. Stress relaxation behavior of 5 types of microstruc-
ture obtained by Constant-strain rate test on heat-
ing.
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Fig. 7. Scanning electron micrographs of intergranular fracture surface obtained by Constant-strain rate test on heating.
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Fig. 8. Scanning electron micrographs of lower bainitic structure near by reheat cracking surface.
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Fig. 9. Relation between the reduction of area, applied
stress and the fractured temperature obtained by
Constant-load test on heating.
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Fig. 10. Scanning electron micrographs of reheat structures near by fractured surface obtained by Constant-load test on heating.
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