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Abstract

Construction of welding structure is greatly dependent upon welding heat cycle. Fracture toughness
is decreased remarkablely due to coarse grained HAZ and inequal residual stress of three dimensions to
originate in welding.

Post weld heat treatment(PWHT) is carried out to increase the fracture toughness in HAZ and to
remove the residual stress. There occur some problems such as toughness decrement and stress relief
cracking(SRC) in the coarse grained HAZ subject to the effect of tempering treatment.

Therefore, in this paper, the effect of heat inputs affecting cooling rate and PWHT under the no stress
on fracture toughness were evaluated by crack opening displacement (COD), SEM and micro-hardness test.

Experimental results are as follows;

1. Fracture toughness of weld HAZ is dependent upon weld heat cycle and it is decreased with incre-
ment of heat input, but the degree of improvement of fracture toughness after PWHT was linearly
increased with heat input.

2. Hardness of the parent metal is not changed, but the softening of coarse grained HAZ is remar-
kable due to PWHT,

3. Fracture surface of as-weld show the perfect brittle fracture with the cleavage fracture, but after
PWHT they appear the ductile fracture surface with dimple.
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Table 1. Chemical compositions and mecha-
nical properties

(a) Chemical compositions (wt %

o si | M | P | s
0.39 | 0.26 02 | 0.02 | 0.008
ca | Nio| Cr | Mo
0.002 | 0.02 | o | 0.1

I

(b) Mechanical prorerties

Tensile strength | Yield strength Elongation
(kg /mm*) | (kg/mm?) (%)
104. 1 ll 66.8 | 19.2
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Fig. 1. Welding plate configuration and ex-
traction of specimens,

Table 2. Welding conditions (submerged arc welding)

Heat input Pre-heating P Welding speed ’s .
CkJ/cm) temperature (QC)‘) Current (A) Voltage (V) Com/min) Wire dia(mm)
10 1 200 300 20 36 3.2
30 200 500 30 30 .
40 200 500 40 30 3.2
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(c) Heatinput:40K/J/cm

Photo. 1; Macroetch photographs of the bead
weldment,
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Fig. 2. Schematic illustration of slit location.
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Fig. 3. Schematic diagram of heat treatment
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Fig. 4 Schematic diagram of COD test eqipment.
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Table 3. Characteristic quantities in weld HAZ
H(‘;jf/lc’;,f)“t Condition | Ttr (°C) Mgfcr))“ | Hv \ Le \ Xar Par \ CHV) mas
| Parent 63 \ B | |
10 As weld —44 0 330 1.7 2.8 3.24 370
PWHT —120 —76 230 1.2 1.6
20 | As weld N 12 0 E 360 2.1 2.8 2. 64 l 420
PWHT —143 —155 | 270 1.8 2.6 |
40 As weld 1 64 0 320 2.8 3.4 2.26 370
PWHT L —155 —219 190 1.4 2.0

Le: BEEH—EMS A o] (mm)

Xa: fusion line o 23] A, BAeEE7}LR] 9 A2 (mm)
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(b) Heat input: 30&]/cm

Photo. 4. Difference of fracture surface for
heat input after PWHT. (test temp:
-100°C, PWHT conditions: 650°C,
1/4 hr, 220°C/hr)
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