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The Effect of PWHT on Fatigue Fracture in HAZ of Cr-Mo steel
—for applied stress—
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J. K. Lim*.S, W, Kim**.Y. J. kim***

Abstract

Post weld heat treatment(PWHT), at more than 600°C, is essential to remove residual stress and
hydrogen in weld HAZ and improve fatigue characteristics. However, residual stress during PWHT is
responsible for PWHT embrittlement and it promotes precipitation of impurites to grain boundary.

In this paper, the effect of stress simulated residual stress on fatigue failure was evaluated by fatigue
test, microhardness test and fractograph.

The obtained results are summerized as followss;

(1) The fatigue crack growth rate(da/dN) of parent and heat treated parent was affected by microst-
ructure due to heat treatment and it depended on stress intensity factor (J&).

(2) The fatigue strength of weld HAZ was dependent on applied stress during PWHT and da/dN
after PWHT was slower than as-weld.

(3) Softening amount of weld HAZ was bigger than any other due to PWHT. Hardness value of
weld HAZ was affected by heat treatment under the applied stress of 10 kgf/mm?, but beyond 20 kgf
/mm? it was increased by the applied stress rather than heat treatment.

(4) Beyond the applied stress of 20 kgf/mm? during PWHT, intergranular fracture surface was
observed and its amount was increased with applied stress during PWHT.

(5) Effect of applied stress during PWHT on aspect of fracture surface was larger rather than that

on fatigue crack growth behavior.
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Table 1. Chemical compositions and mechanical properties
(a) Chemical compositions (wt %)
C si | wm | P | s | o | N | e Mo
0.39 0.26 | o7z | oo | o008 | ooz | o0z | oo 0.193

(b) Mechanical properties

Tensile strength (kg/mm?)

Yield strength (kg/mm?)

I Elongation (%)

104.1 [

66.8

| 19.2
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Table 2. Welding conditions (submerged arc welding)

. Pre-heating
Heat imput ; Current Voltage Welding speed Wire di
(RJ/cm) Temperature 4 V) Comimin) Cnmy
38. 4 200 | 800 40 [ 50 | 3.2

Photo 1. Macroetch Photograph of bead on
plate weldment.
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Fig. 2. Notch depth and width
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stress intensity factor.
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Photo 3. Microstructure of weld HAZ.

2500 As wald
. .
v 400 | °:::=,a:
2 S e
° 3 oo S, 06 o * L)
F300l citeltlesziogetieialls
= . ..-.oo.:
et o0,
200+ -t
Weid HAZ Parent
meroi metal
- . L 2 . ; s s L I
5] 2 4 ) 8

Distarce X, mm

Fig.7. Hardness distribution in weldment.
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(a) Stress: 0 kgf/mm? X300

(b) Stress : 10kg f/mm? X300

v c) Stress : 20 kg f/mm? v 300

(d) Stress : 30 kg f/mm? X300

Photo 6. Difference of fracture surface cn
applied stress during PWHT. (PWHT
conditions : 650°C, 1/4Ar, 220°C/hr)
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