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A Study on Mechanical Stress Relieving in a Butt-Welded Pipe

Y.S. Yang*

Key Words : residual stress (Z#-83),

mechanical stress relieving treatment (MSR, 7]#)

A 527 o)), finite element method (F324H), pipe welding (3}

o]z &3)

Abstract

The heat transfer and thermal stress distribution were numerically determined by using the

finite element method for a butt-welded pipe. A mechanical stress relieving (MSR) treatment

which has been frequently used in the fabrication of pressure vessels instead of the post weld

heat treatment (PWHT) was also simulated to investigate its effect of reducing the residual stress

in the welded zone by a mechanical loading.
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Q : power transferred into the substrate

d : characteristic radius

(arc intensity falls to 5% of the max.

intensity)
d : distance from arc center, d2=z%+(d — .t}
{v,, :welding velocity, ¢, welding time)
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solution domain

Fig. 1 Schematic diagram of solution domain
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T, : atmospheric temperature

h, : natural convection coefficient
k

. thermal conductivity
r, - radius of pipe outer surface

r, * radius of pipe inner surface

z. * half pipe length
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Fig. 2 Boundary conditions of solution domain
for thermal and stress analysis
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Fig. 3 Schematic drawing of stress-strain
behaviors during MSR treatment in tensile
stress zone
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solution domain
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Fig. 4 Location of pressure load P at pipe inner
surface

[TTIITILI

solution domain

Fig. 5 Location of pressure load P on pipe outer
surface
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p - pressure, r : pipe radius, ¢ : thickness
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Fig. 6 Location of pressure load P on pipe end

surface
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Fig. 8 Hoop stress distributions at pipe inner
surface after various inner pressure loading
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Fig. 9 Axial stress distributions at pipe inner
surface after various inner pressure loading
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Fig. 10 Hoop stress distributions at pipe inner
surface after various outer pressure loading
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Fig. 12 Hoop stress distributions at pipe inner

surface after various end pressure loading
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Fig. 11 Axial stress distributions at pipe inner
surface after various outer pressure loading

400 T - " ‘
- aswelded
= 30% yield stress
3 —-=—-— B0% yield stress
o 200 N 80X yield stresa
=
7]
7]
8 -
el 0
7]
——t
«
S
< -200 }
1
400 L ' : y

o 20 40 60 80 100
Distance from weld center(mm)

Fig. 13 Axial stress distributions at pipe inner
surface after various end pressure loading
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Fig. 14 Hoop stress distributions at pipe inner surface
after various MSR loading of 90% vield stress
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Fig. 15 Axial stress distribution at pipe inner
surface after various MSR loading of 90%
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