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Abstract

Post weld heat treatment (PWHT) is carried out to increase the fracture thoughness in heat affected
zone(HAZ) and remove the residual stress. There occur some problems such as thoughness decrea-
ment and stress relief cracking(SRC) in the coarse grained HAZ subjected to the effect of tempering
treatment. Especially, embrittlement of structure directly relates to the mode of fracture and is
appearred as the difference of fracture surface, that is, grain boundary failure.

Therefore, in this paper, PWHT was carried out under the stress of 0, 10, 20 and 30kg/mm? to
simulate residual stress in HAZ welded by heat input of 10, 30 and 40KJ/cm.

Applied stress in weld HAZ during PWHT assisted precipition of over saturated alloying element
in the structure, and grain boundary failure according to welding heat input didn’t almost appear at

the heat input of 10 KJ/cm, but it appearred from being the applied stress of 30kg/cm?® at 30KJ/cm
and 20kg/mm? at 40KJ/cm.
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Table 1. Chemical compositions and mechanical properties
(a) chemical compositions (wt %)
C Si Mn P Cu Ni Cr Mo
0.39 0.26 0.72 0.025 0.008 0.002 0.02 0.98 0.193
(b) mechanical properties
tensile strength (kg/mm?) [ yield strength(kg/mm?) ] elongation( %)
104.1 ‘ 66.8 | 19.2
Table 2. Welding conditions (submerged arc welding)
heat input pre-heating current voltage welding speed wire dia.
temperature .
(KJ/cm) (&%) (A W) (cm/min) (mm)
10 200 300 20 36 3.2
30 200 500 30 30 3.2
40 200 500 40 30 | 3.2
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Fig. 2 Schematic diagram of COD test equipment.
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Fig. 3 Relation between critical COD and test
temperature. (Heat input; 10 KJ/cm,

PWHT conditions ; 650°C, 1/4hr, 220°C/hr)
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Fig. 4 Relation between critical COD and test tem-
perature. (Heat input; 30KJ/cm, PWHT
conditions ; 650°C, 1/4hr, 220°C/hr)
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Fig. 5 Relation between critical COD and test
temperature (Heat input ; 40 KJ/cm, PWHT
conditions ; 650°C, 1/4hr, 220°C/hr)
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Table 3. Resulis of fracture toughness and
microhardness test for heat input

Heat Stress Ttr  (4Ttr)e=o qv
input (kg/ Hv
(Kj/cm) mmZ) (o C) (° C) (Hv)ﬂ’=o
As weld — 44 330
0 —-120 0 230 1
10 10 —145 ~25] 250 1.09
20 —153 —-33 250 1.09
30 —-125 -5 275 1.2
As weld| 12 360
30 0 —143 0 270 1
10 —113 30; 280 1.04
20 —-120 23 275 1.02
30 —130 13 260 0.96
As weld 64 320
0 —155 0 190 1
40 10 —138 17| 220 1.16
20 —-120 35 215 1.13
30 ~ 90 65| 200 1.05
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Fig. 6 Relation between transition temperature

and heat input for applied stress.
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(a-1) Stress:0 kg/mm? X 300

5,/

(a-3) Stress : 20kg/mm? X 300 (a-4) Stress : 30kg/mm? x 300
(a) heat input : 10KJ/cm

(b-1) Stess : 0kg/mm? % 300 (b-2) Stress : 10kg/mm? X 300

Journal of KWS Vol.5, No.2, Jun., 1987



Cr-Mofl BEHMPENY Bttt} Mg ARE 23 PR 15

(b-3) Stress : 20kg/mm? % 100 (b-4) Stress : 30kg/mm? % 100
(b) heat inpat : 30KJ/cm

(c~1) Stress : Okg/mm? X 300 (c-2) Stress : 10kg/mm? x 300

(c-3) Stress : 20kg/mm? x 300 (c-4) Stress : 30kg/mm? x 300
(c) heat input : 40KJ/cm

Fig. 10 Fractographs showing on intergranular facet in variety of applied stress during PWHT.
(Test temperature ; —100°C, PWHT conditions ; 650°C, 1/4hr, 220°C/hr)
(a) heat input; 10KJ/cm (b) heat input ; 30KJ/cm (c) heat input ; 40KJ/cm
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Table 4. Evaluation of fracture surface due
to the change of heat input

heat input

stress 10 kJd/cm 30 kd/cm 40 kJd/cm

0 kg/mm? X X X -
‘/

10 kg/mm? X X _-1"" M

20 kg/mm* X _a4-"m 0

30 kg/mm? - 0 0

X : nothiog grain boundary failure
M : mixed grain boundary failure and dimple
O : grain boundary failure
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