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The Effect of PWHT on Fatigue Fracture in HAZ of Cr-Mo Steel:
(for heating rate)
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Abstract

During PWHT, it is well known that residual stress in weld HAZ is one of the reasons for PWHT
embrittlement. In case of static loading, it was experimentally found ‘that fracture toughness of weld
HAZ was dependant upon PWHT conditions. However, the effects of PWHT on fatigue behavior are
not clearly verified.

Therefore, in this paper, the effects of heating rate of PWHT conditions and residual stress simul-
ated in weld HAZ of Cr-Mo steel on fatigue crack propagation behavior were evaluated by fatigue
Testing and SEM observation.

The obtained results are summerized as follows ;

1. Applied stress(10 Kgf/mm?) in weld HAZ during PWHT tended to decrease fatigue strength and to

increase fatigue crack growth rate.

2. Applied stress and slow heating rate of 60°C/hr during PWHT contributed to precipitation of

impurity elements as well as carbides, which promoted the fatigue crack growth.

3. Fatigue crack growth rate decreased at the heating rate of 220°C/hr in contrast with 600°C/hr

and 60°C/hr.
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Table 1. Chemical compositions and mechan-
ical properties

(a) Chemical compositions(wt %)

C Si|Mn{| P S Cu ‘ Ni| Cr Mo
! | [
0. 39;0. 26:0. 7Zi 0. 025i 0. 008‘ C. 00210. 021 0.98 | 0.193
(b) Mechanical properties
Tensile strength| Yield strength Elongation
(kgf/mm?) (kgf/mm?*) (%)
104.1 l 66.8 19.2
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Fig. 1. Welding plate configuration and extraction
of specimens
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Table 2. Welding conditions (submerged arc
welding)
Heat \’Pre-hea— Current| Voltage|Welding | Wire dia.
input ting speed
(KJ/ |temp, (em
cm) %) (A) (V) | min) (mm)
J ‘
38 | 200 1 800 l 40 ’ 50 3.2
j !
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Fig. 2. Heat treatment conditions
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Fig. 3. Schematic diagram of heat treatment
furnace
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Fig. 4. Specimen dimensions and notch position for
fatigue test.
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Fig. 5. Relation between maximum stress (Tmax)
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442 % 2elstd AT ASLE 2¥8dA £
2 9 x| 220°C/hr, 60°C/hr, 600°C/hre] o=
A 8} as-weldA o] v]sle] s|2gge] FobAa gl
A AFSHe] g A PWHTE 7d<s

L) w}a} Aol et AdALw A2tdE A
FAz ed & 47 vk

?&3& dxjelAle] 10kgf/mm?e] F#o] =& A
%% Fig.63 zter, F3HQ AL wud &
E Afolel A E ZFolE LA T vk o
w3kl M e]jel 2gH  10kgf/mm?Y AE-F
& A% dxelAe] S-NFGAd 42 2 4 v
= R%H °‘E‘r v 244 s T =
AL sz adY AsiAseR
o) ol A o & 212 213 18 10kgi/
mm?2] FY-LH-e 7HgE 2AEA S22, 2A

r —-o— : Parent
a T —_o~ :A
sk o~ s weld
E | ~e- :600°C/hr
g r -A- 1220 #
=~ -a-1'60 #
g 1o
2t
5 |
P...l b g ool gl v gt
10 log 10* o}

Cycle, N
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Fig. 7. Relation between fatigue crack growth and
number of cycle (PWHT, on,=0 kgf/mm?)
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Fig. 8. Relation between fatigue crack growth and
number of cycle(PWHT, o,=10 Kg/mm?)
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(b*) Heating rate ; 220°C/hr, o, = 10kgf/mm?
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(c*) Heating rate ; 60°C/hr, o,= 10kgf/mm?
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