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A Study on the Residual Stresses in Circumferential Welds of the Pipes
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Abstract

The existence of residual stress in the circumferential butt welded pipes is one of the most

important problems concerning stress corrosion cracking in service. In this paper, the residual

stress distributions in three kinds of circumferential butt welded pipes were measured by the hole

drilling strain gage method and calculation using finite element method is performed and its

results are compared with the experiments. At the inner surface of the pipe region near the center

line of welding is under high tensile residual stress. However, as the distance from the center line
of welding increases, the tensile component decreases and finally becomes compressive residual
stress at region far away from the center line of welding. The longitudinal residual stress at the

outer surface is compressive regardless of the diameter of pipe and the circumferential stress is

changed rom compressive to tensile as pipe diameter increases. The results also demonstrate that
the residual stress is mainly caused by seif restraint bending force in the pipe welding.
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Table 1 Chemical composition and mechanical properties of pipes

Outer | Thick- Yield | Tensile | Elong-

C Si Mn P dia. ness stress | strength | ation

(mm) | (mm) ((kg/mm?)|(kg/mm?)| (%)

Pipe A 0.027 0.024 0.38 0.015 0.015 102 4 27 36.9 38.4
Pipe B 0.12 0.12 0.72 0.015 0.008 150 4. 37.4 47.2 30
Pipe C 0.38 0.24 1.65 0.023 0.002 510 10 45.3 72.2 28
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Fig. 2 Weld joint geometry for girth-butt weld
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Fig. 4 Strain gage rosette
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Table 2 Welding conditions of each pipe

el e

- . e
Method of Current Voltage Wexdl.ng Diameter of .Spec1f1c heat
.. velocity electrode | No. of pass |input, 60VA/v
welding (A) V) .
(cm/min) (mm) (J/cm)
Pipe A SMAW 100 25 15 2.6 2 10000
Pipe B SMAW 100 25 15 2.6 2 10000
Pipe C SMAW 150 32 15 4.0 2 19200
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Table 3 Residual stress rosette
Resistance in Ohms 120+0.4%
Gage length (mm) 1.57
Grid center line dia.(mm) 5.13
Typical hole Min 1.5
diameter (mm) Max. 2.0
Length 15.2
Matrix (mm)
Width 15.2

AF¢He] A4g 9l RESTRESS £ zZE gjo]
Z2ado] AEEYc)

22z 2EdQl Aojx 2L Fig 4ol 2ol
A3} o] Rendler®s} wordt %32 EA-06-062
RK-120 =g Al&3lgEd o A49L Table 3
3 2o, 23 AFAPL YH2INE o]8Y s
Z/HN Wgdez AAsPEd, olw Agd
=28 setup Fu] 2t HAZY s}Zol] AYdE
£ END-MILL typeg o] &3tgich

3. AUy N R4

31 ZRS™He YWY

A7 LEd < Aeo]AY (hole drilling strain gage
method) & Mather®@o} 93] A& /4% o
Rendler®ef} ol o o]&A 7% 7 LL7)ko|
sy, FE}A 2 FAIAHe] ASTM
E8370%) FRAgez Hsigen, Hzee
He AY 24742 e AFHE Hof o
ARt 499 % ohls AP A
Holx HA FAA € 4 U+ AW AZregz

A

Center line of welding = : Strain gage

Fig. 5 Schematic drawing of pipe showing the strain
gage attached positions

A5l

ol9} & HDMS Aulxe F=2 od9 st
A Az FaAlddg, $A Fube 2EHQ Al
Ao At AXE sk s, 2= FAHAH
A% HubEA #okste], FH3A HFTAA
FAx 2esfol & F ohz} ARz A
Aol NG FEI ol E Wz ok o)
Bl £ AFelAE 1E AFEAN A
AYPYEIDE 238 2AE F LA
Re 2Ed AolA =A% WERE B
Qow, 4939 FAHez 4o oes)
-k,

A 2zddAClA 2L A stedll glo]
Ae 97e] & gol= Col& Atgle] HEYE 4
Q71 wEel AdabA ¥n A 2 o HEA
of AAsglot, FHFel 22 gho]z At Bej4
t HEDY Al Mol A7) wfel 9
Bde AHLTH &Ao] Byl F 7o nlgko g X
< 50mm ooz AHxiile Fo FAlfolA W
¥ 45 AAsh

AAAAE &Y Mt adz YzsE §4

o o it o A omu fo

Table 4 Location of gages

Location Distance from the center line of welding (mm)

I. D. 8 9, 11, 20, 30, 34, 40, 50, 60
Pipe A

0. D. 12, 13, 20, 30, 40, 50

I. D. 9, 11, 20, 30, 34, 42
Pipe B

0. D. 12, 20, 30, 42

L. D. 8 10, 20, 22, 30, 34, 40, 50
Pipe C

0.D. 4, 8, 12, 20, 30, 40, 50, 70
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