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Influence of Microstructures in Heat-Affected Zone of Steels
on the Mechanical Properties during Post-Weld Heat Treatment

Mitsuru Naxamura, Kousuke Tacasura, Hiroshi Horie, Eiji Kanwara and Hirotaka Kawasaiva

Synopsis : Influence of post-weld heat treatment (PWHT) on the mechanical properties of high strength steel for welded structure
(TMCP steel), especially the relation between the microstructures of Heat-affected zone (HAZ), the stress relaxation
behavior and high temperature deformability was investigated. The synthetic-weld heat treatment were carried out
by Weld-heat cycle simulator and a maximum temperature of 1623K. PWHT conditions were done at heating rate
55.6K/ks. The mechanical properties during PWHT process were evaluated by means of high temperature tensile test,
constant-strain rate test on heating and constant-load test on heating. Influence of PWHT on the stress relaxation
behavior and the reducing ductility was discussed by each microstructures of HAZ (Bainitic or Lath-martensitic

structure). The results are summarized as follows.

1) As a result of high temperature tensile test, the value of elongation and the reduction of area of Bainitic structure
specimens were lower than that of Lath-martensitic and Bainitic-ferritic structure specimens.

2) The stress relaxation behavior of Bainitic structure specimens during PWHT process were delayed clearly over 500K
than that of another structure specimens. Bainitic structure specimens appeared to the resistance of softening tendency

of matrix during PWHT.

3) High temperature deformability of Bainitic structure specimens were a remarkable reducing tendency of ductility at
850~900K. The difference of these tendency of the microstructures of HAZ could be explained by the shape and site

of precipitated carbides during PWHT process.

Key words : TMCP steel ; post-weld heat treatment; microstructures of HAZ ; reducing ductility ; stress relaxation behavior ;
deformability ; precipitation of carbides ; grain boundary. ‘
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Table 1. Chemical compositions and mechanical
properties of TMCP steel used. (mass%)

Clsi|Mn| P | S | Cuql Peu Plate&};f)k“ess

.16 .28 ,1,33 .014 | 002 | .39 .24 45

Y.P T.S EL R.A Y.R |Absorved Energy | Grain Size
(MPa) {(MPa) | (%) (%) (%) {2V—273K) (]) | (um)

461 618 27 77 75 167 13~16
R.A ; Reduction of Area Y.R; Yield Ratio

As received

Fig. 1. Microstructures of TMCP steel (As Received).
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Fig. 2. Schematic diagram of synthetic-weld heat
treatment.
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Fig. 3. SH-CCT diagram of TMCP steel.

Table 2. Relation between Vickers hardness, grain
size and cooling time from 1073K to 773K
on TMCP steel.

1623K —2s holding

Cooling time from ] Hardness (R.T) Grain size
1073K to 773K (s) HV:2.94N (um)

1 409~413 120~130

5 280~320 120~130

10 270~ 280 125~135

20 225~240 125~135

50 200~220 125~140

100 210~220 136~150

200 192~202 143~156

500 195~207 150~160
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Fig. 4. Optical micrographs after synthetic-weld
heat treatment on TMCP steel.
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Fig. 5. Relation between the mechanical properties

of high temperature and PWHT temperature.
a)Tensile strength b)0.29% proof stress
c)Elongation d)Reduction of area
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Fig. 6. Stress relaxation behavior of three types of
microstructure on TMCP steel obtained by
Constant-strain rate test on heating.
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ing.
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