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An Experimental Study on the Residual Stress
Distribution at Circumferential Welds in Pipes
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Abstract

A knowledge of the residual stress distribution at circumferential weldments can normally in-
crease the accuracy of a fracture assessment in pipe line. '

In this paper. we present the measurements about the residual stress distributions at three
kinds of circumferential butt welded pipes using the holl drilling strain gage .method.

By this experiment, we have obtair_\ed the following characteristics. . At the innér surface of
the pipe regicn near the center lin-e of welding is under high tensile residual stress. However,
as the distance from the center line of welding inéreases, the tensile component decreases and
finally becomes compressive residual siress 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 from compressive to tensile as pipe diameter
increases. The rasults also demonstrate that the residual stress is mainly caused by self-restraint
bending force in the pipe welding.

* o AFAAWE ARG 25
**dEdta FRdet AFYR 2Zg

41



HE Al

.M =2

IL‘I

EAE wfBEr] Ee S FTEEIY LAtz
AGR)TA eire AFFFA] AM-o] 3o

ol olE 722§ Alole) AT BA S el
A WFe shhe dol=e YR ol
o

Agar)e 24 % A JW%J_ ﬁ—xﬂ
27ET Utk

AF7A BER AFAE(1-7) o] o3t dutzo =
gholz o] AFHMEF S A M FH-THL Y
o} 42y SHE T dFolxe] ol 4T

8 AES ofe F3 ke vem e,
olg goksd ted 2o
() 9E7ZE 2 943 SA0) oaf A34ake]
S5& AoIA BT o)z U3 AET] We)
& 275 453l Hoopgd-& w2
t}-_

Aoz §Y HRSUo) 2Al

=

(2) &xd=t
i

(3) olx ol whisl HlEFWYPol AUk
(4) ¥Ede

AEAT YEDN BF-2Hol A
2 vad zgad.
WS4 AR BEee B

ghelxeol U3

TEaatet Haste A9 d7(L,2),

TAPH BAASN(3,4,5), REasrel o ug
4 R U6 )5 42 dAHAT.

Watanabe(1)& A2 2@ golzof e

<3 93wl e Tosly] Ysl, 28] Burdekin(2)&

Al P SHe e3bE e ML) A BFS

ol 2o ¥ YA ATE AT

1% Vaidyanathan et al. (3)2 2% 9579
PG Jhske A fuix|et A3 Ae] $
Aol o3} A7} TS olgste VF-IAY
ZAMH e A% JIxE AYen, Fujita et
al.(4]), Satoh et al.(5),% Vaidyanathan Zo] AL
F HAYSE e o] 2ARME W Esle Rayleig

42

h-Ritz*gell oJg EetaAdel g F3l7ie &gk

283 1978 olFole e o AAd
olxe] BB AFE wtEdEele A7) olFolx]7)
]Z}*S}d‘:—tﬂ Rybicki et al. (), Ueda et al. (71 =

£ Girth-butt D&8H o] sl B]Hdd o2 . wag
A, HEol olg 7shEEE L Tad S &
Hel g neFoRs 4¥ATe) Bot F2E o
zedg AR sgch

ZY o]ze Be Azolw BEsly zF7ix]e)
ATZEIAEL I FA) dlg F Bk ols}
1Z¢] 3 = FA @2 2 EHxE 29si
TR A 2§ dAolnh

I olfRAE 4 deadG ARy &5
4o} e oldg ol mAYT X Batm U7
HEoln, E4dAe] YHRUU $HY L E ¥
AoIM =z FEFE ofZo] AAHT YA B3}7] R o]
o 2z goge ATFEH slojMe ostpe
AXEE A3aa iMool G vz ul
Gk AlmEo] olFojAol & Zo|n, olE siA

FAROT FHF TS ) T3 4493
Adso] M= ojor & olnk

ol & dre 01%% d7E A% 712EA A
8o vldz3e] EALH 0w Wt} AAEr)
3] T2 &H 0] .9-:115]t 3o 1—'1’?3'3’} AF 2E
Q1 Ale]A¥ (Hole Drilling Strain Gage Method)-&

olg3te} Wolze] 974w £ L AFo] e 3&v
o} ol g Ao 2 st SR o BFY By
AYHEos ZA354L, olg T8 &HYE -8 “*-”H
W EAT QA & Y=L HEFo =N I}
2 ARE fEea 299 7L 9% sizxga
AFE & A st

[+]

2. HSHO| 23 TFSo| HHAY
2-1. M= U Fx

¥ AYel 23 gholxe) AFgAl0] Bk
RF-geol oz el A, £, Ao wet Astst
€ 2 54% 9% dEsked Utk olg s A%
8 dgAEE 435 4 R Aol GE 357
HolZg oz stgon AHgd 371A FFe %
°}% 5/4& Table 13 2o}



Table 1. Chemical composition and mechanical
properties of pipes
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Pipe:A:] 0027] 00241 0.38 0.015 (0.015] 102 4 27 369 384
PipeB1042 (012 |0OT2 0.015 [DOO8{ 150 4 374 472 0
PipeC | 038 | 024 | 165 0.023 0o | 510 10 453 722 28
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Fig.1 Schematic illustration of pipes used in
this stude study
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Fig.2 Weld joint geometry for girth-butt weld.
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Table 2. Welding conditions of each pipe

Fig.3 Cross-sectional view of weldment
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Fig.5 Strain gage rosette

Table 3. Residual stress rosette
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Fig.6 Hole drilling set-up by high speed air

turbine method
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