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A Study on the Production Mechanisms of Residual Stress in Welded T-joint of Steel Pipe Member
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Abstract

Steel members have advantages of resisting torsion and axial compression. In design, residual stresses at the welded
joint of T-shape steel pipes are one of the most important points to be considered. In this paper, characteristics of
residual stresses of welded joints are clarified by carrying out 3D non-steady heat conduction analysis and 3D thermal
elastic-plastic FE-analysis. According to the results, the production mechanism of residual stresses at the welded joint
of T-shape steel pipe is clarified.

In this paper, circumferential stresses depended on thermal histories but axial and radial stresses were more
dependent on geometrical shape than thermal histories. Residual stresses in the axial direction on the lower part of
pipe member were tensile, controlled by geometrical shape. However, in case of middle part, residual stresses in all
the directions were controlled by thermal histories.

* Corresponding author : changkor@cau.ac.kr (Received May 16, 2003)
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Fig. 1 Analysis model

Table 1 Welding conditions

Voltage | Current Speed Efficiency | Heat input

28V 720A | 6mm/sec 0.9 1200(J/mm)

Table 2 Material properties

Base metal Yield stress Tensile stress
SPS400 240MP, OMP. '
N & N Fig. 5 Isothermal contour(t=220.8sec)
KiaRE RS 214 H6%, 20034 104 647

Copyright (C) 2003 NuriMedia Co., Ltd.



42

B3R5 - A - 3R - ol2H

2500
On the starting point (x=0,y=500,z=150mm)

s? 2000
iy
o 1500 .
3 Welding Completed (223sec)
© 1000 § -
:
g ]

0

0 1000 2000 3000 4000
t (second)

Fig. 6 Thermal history on the starting point

—— Circumferential Stress z
400 [\ -~ Axial Stress
300 —— Radial Stress y

Q_~"

|
o | \\V
-100 / Member 1 - upper part - inner surface

Residual Stress(MPa)
BN
e o
e o

-200 B.C = Simpple supported
t/D = 0.033
-300
o 100 200 300 400 500
y(mm)

(a) member l-upper part-inner surface

—— Circumferential Stress
-~ Axial Stress
—— Radial Stress fl

:

-
Q
=]

Residual Stress(MPa)
N W
0888

00 Member 1 - lower - inner surface
-200 B.C = Simpple supported t/D = 0.033
-300
o 200 400 600, %00 1000 1200 1400
y(mm

(¢) member 1-middle part-inner surface

—— Circumferential Stress
. 400 -~— Axial Stress
é 300 —~— Radial Stress z
E’ 200 QIE )
100 Y
w =
s o T i
2
2 ~%00 Member 1 - lower part - inner surface
-200 | B.C = Simpple supported
t/D = 0.033
-300
o 200 400 600 00 1000 1200 1400
y(mm
(e) member 1-lower part-inner surface
500
—— Circumferential Stress
400 |7\ -~ Axial Stress

—— Radial Stress

W

h

Residual Stress(MPa)
BooRoN
88288

M\K7 Member 2 - inner surface :

B.C = Simple Supported
t/D = 0.033

N
o
e

8
©

o 100 200 300 400 500
z(mm)

(g) member 2-inner surface

3 T® ZEA 8M olgRel MESHE
=of MAY|T

31 TEE (Member 1)2] 2738 X

39 WA IAE AN Fas Lol
ofgom, o Lol o

waelol 4w BAe B

tlo
to K

35 o
e
M w
il rﬂ:‘;
—L] A=)
& e
o [‘ﬂ,
2 B
B
e}
1%

& 2~y = [) B35y
Fig. 7(a)~(f)e 2549 Y - 5 A[IHEXE
= . i W =
& ez st Fig. T(a)e F35A 249 WS
o H od
ARSY BRI §H ol&y MlME BE 3
H ) o >~ (= -]
2ol Qe Uehe o & Atk 84 oley Av
= = 0 H H o = &
9% 788 EX(Fig. 7(b)9 2% 474F 3¢
[ = =] o = =
& W3 BUA AFS vein ot Hu3w
500 = =
- Cir 1{ | Stress z
. 400 -~ Axial Stress
§ 300 — Radial Stress y
200 |/ ‘z 9
100
3 o ==
= /
3 -100 - Member 1 - upper part - outer surface
-200 j B.C = Simpple supported
t/D = 0.033
-300
o 100 200 300 400 500
y(mm)
(b) member 1-upper part-outer surface
700 = =
600 -— Circumferential Stress
- -~ Axial Stress
& 590 | __Radial Stress
= 400
E 300
& 200
s 100
3 100 |\
= Member 1 - lower - outer surface
-200 r B.C = Simpple supported  t/D = 0.033
-300
o 200 400 600, 300 1000 1200 1400
y(mm
(d) member 1-middle part-outer surface
=00 -~ Circumferential Stress
oy 400 -~ Axial Stress
é 300 —— Radial Stress
E’ 200
w 100 ))UW’D,( >>>>>>>>> v
§ o PP O e
=]
‘g -100 Member 1 - lower part - outer surface
-200 B.C = Simpple supported
t/D = 0.033
-300
o 200 400 600, soo 1000 1200 1400
y(mm
(f) member 1-lower part-outer surface
500
-— Circumferential Stress z
o 00 -~ Axial Stress
& 300 | -~ Radial Stress L_.V
=
E 200 |
& 100
s o —
p: -
g -100 / Member 2 - outer surface
-200 B.C = Simple supported
t/D = 0.033
-300
o 100 200 (mm):wo 400 500

(h) member 2-outer surface

Fig. 7 Distribution of residual stress

648
Copyright (C) 2003 NuriMedia Co., Ltd.

Journal of KWS, Vol. 21, No. 6, October, 2003



o |
oft
o
e
op

A olg¥el AReH AT BE AT

43

Sog 8 ol g% Audlre] AFede W3
ded gEsdel WARS ¢ 5 Uk ol AR
SRBTE T 4% o|&el §Hd 97 exole]
oz FRA Y& BRE SRS Aol
2831} Fig. 8o L 23t o] #33A 44 9|
Zo| 73 AFWBS AU FIPR ALY A7
gejo] dszo] o JserA pHstel JPE @
of Egeo] UEte & 5 Utk AFUY S
2o] A% Ul - 95 wF doje] GFE Mo} AP
42 e glovt Wl - 943 slsketEg sl <
W2 AFE (411 MPa)o] 9% 2552 (230MPa)
2o RS 2 ke JEE 98 ¢ 5 Udt
Fig. 7(0), (d)E $8%A F08 9259 A7
gee Ueln gtk ole FFWAR)INY
BReAL - 93 BE 94eES Uehia ok
87 ole¥oly Wold4E 453U Holth} YAl
0o sl daH FA4HE Jenin Yot
osh e BRSARTE Wl A AZYF AR
g 22V 4418 A% Uil Utk %, 49
2 Ftace] ARsYe Aeket Fapastel 9%
of Ax g0l ol dolee] ola) AR UL
% % olek.
Fig. 7(e). (N +85A4 kel ol - 915 2559
£5 Uehln 9rh 9% 2 9%, $AYY 39
g 92 B Qgsde ysln glow 934
@e Hol

T K o o A
B

w

2 TR EX(Member 2)2| MRS 22X

A 788 BES Fig. T(g), (h)ol Kol
ok &3 ol FelMe AREHEXE WS
ZoE QTP

WL G vehin

2o R

e oo

X rld
olo
iV
ox

T HLT-

b 9
rO
oX

3 o
)
fo
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