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Abstract : To assess a creep life of elevated temperature plant components, inspections and analysis are usually
focused on the critical locations. In this study, stress analysis of a weld region in branch part of Y-piece was con-
ducted by using a three-dimensional finite element analysis. The stresses at the inner and outer surface in the weld
part were estimated by using elastic and elastic-creep analysis. For the elastic-creep analysis two kinds of elastic-creep
analysis was conducted. The one was assumed that base and weld material properties were same and the other was
that material properties were different between base and weld metal. The material properties of base and weld metal
were used from reference data. The results showed the stress relaxation level and its location. The result stresses are

also compared with elastic stresses.
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Table 1, Creep properties of Y—pipe
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Fig. 1. Schematic diagram of Y—pipe.

Table 2, Mechanical properties of Y-pipe

A (MPa™) n m (X20C CrMoV 121 steel)
Base metal 6.44¢-34 12.3 1 Temperature (C)| 0y (MPa) | 0w (MPa) | E (GPa) v
Weld metal 1.91e-57 21.6 1 545 385 461 132 0.3
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Fig. 2. Finite element model of a Y—pipe.
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Fg. 5. Stress distribution from elastic analysis in weld part of
Y-pipe.

S oEEX|, H2A H2%, 20074

Y ujztel 32|= £

140 ~ weld part in down

Von Mises stress ( MPa )

0F

1 A 1 " 1

0 - L
Inner surface outer surface

Distance ( mm )
Fig. 8. Stress distribution through thickness from inner to outer
surface at meximum stress position in weld part Y—pipe,

160
L | — from max. elastic stress by base metal in weld part
’; MOE | by weld metal in weld part
E 120
TN
-~ T,
§ 100
@ L
g %f
g 40:—
> 2F
0:.x.1...|...|...|...1...
0 5000 10000 15000 20000 25000 30000

time (h)
Fig. 7. Von Mises stress histories for elastic~creep analysis
in weld part of Y—pipe,

ES
o] FA3] 74ad Fo Algto] B2
o ]2 AL & & JdNew, F
HE EAAE BARY t2A n#e B9l
2,300h AERE o] AEu|F o) A7to] 52
£ HY Ao ol2F AL & F ANk

o ot rir
L o2, ol
I rlr oo & 48 |

R

oX

160 —@— Weld part in branch (upper, inner surface)
- (middle, " )
—~ 140 —A—- (down, "
o —O— Creep : Weld part In branch (upper, inner surface)
& w=f |--O-- (middle, ")
2 — D (down, " )
-~
@ 100
2
3=
% 80
fw
=
a 40
=5
> 2
0 n n A i i L 1 1 i i 'l 1 I 1
0 45 90 135 180
A :] c
Angle (degree )

Fig. 8. Comparison of stress distribution for elastic and elastic—
creep analysis along inner surface by using base metal
properties,

25



A-aZZaN-g 533 A9ER Gl &g
& Fo] I 228 Fig. 59] BHAJEA
7 vlagk 1ol oA B A X gk
oJale] &8 siddo] LA £3E YR &
o] A "ojgAw, I AL edaiA At}
H=g Aee 7HE & 5 Ak

Fig. 9= 3 WA #$-9) Hal% &35 Y7
9 9B FUe oo gA-a Ty AFS
Hug agoed, 3= g oste £4F
5o ejFe &8 atol7k A9 glolde & F 3
At

Fig. 102 F WA oT-’] |75 E4AE BA
Fof 24 nEste] Bz 4559 WP ¥4
S oz BHAg- aalusﬁ e ST A9z A
B e =2t $o] A= $H & Fig 89 A
HA Ao gg-me =z Aol dA vjud
aolth el B £3HE BEAXE g2
2% A EARe 8459 AAR &, Ady
e 2R R Az BAR] Gl oty F3t
599 $EEY HojFd e & = glglon, Y-uj#
AHER A A A-eA M = JElt T BE 7}“4
Al 548 dojd & C AH F, Y-ul n}
2 7MHA o] oA g8 & F Alii&rﬂ,
O AL A F9 BT A Jesta, A WA 3
9 #4-z3= &N Agdres 24 Jehdg
& 4 Sk

Fig. 118 & ¥4 299 &35 EAAE g2

nte BAX] S35 o FH S oz
Fig. 9] A WA 7 9-9] e©4d-Ae|=a)A Zoeol 3

160
—@— Creep : Weld part in branch (upper, inner surface)
140F | g (middle, " )
el (down, " )
120 —O— Creep : Weld part in branch (upper, outer surface)
--0-- (middle, " )
100 —B— (down, " )

Von Mises stress (MPa)

Angle (%egree)
Fig. 9. Comparison of stress distribution for elastic and
elastic—creep analysis along inner and outer surface
in weld part by using base metal properties,

26

—@— Creep: Weld prpperties (upper, inner surface)

e (middle, " )

— A {down, " )

——O— Creep : Base prpperties (upper, inner surface)
(middle, " )
(down,

Von Mises stress ( MPa )

Angle (Zegree )
Fig. 10. Comparison of stress distribution between base and
weld metal properties on weld part inner surface in
Y—pipe for elastic—creep analysis,

—@—  Creep: Weld prpperties (upper, outer surface)

140 - (middle, " )
— - (down,

120 wes{D=== Creep : Base prpperties (upper, outer surfnce)
O (middle, ")

(down,

)

Al AT A TATAY
31 ! s
=-=---!.5'

Von Mises stress (MPa)
3

] Angle (Bdegree )

Fig. 11, Comparison of stress distribution between base and
weld metal properties on weld part outer surface in
Y—pipe for elastic—creep analysis.

A MmE agolch 2PN HH Y-ihghe] 91z
2, A NPORRE 430 §HYY T B
HA2 A3kl R WA FEReke O B et
HAR T ol FREE AL g EHE B
A 2T BANE o847 F3eh Rolsk A
o gee ¢ F ATk

58 B

s giols 85 Yooz
#83 FEE A 5 )
29 93 Ay By
248 wa EEEREL B
J-e) TN Al Y-he §PRE o
¥ =e)x gyAsh 2A & Aok &4
2YXE el D@ 499 F 7R

EEE P

ol 4L fo 9 wo rr op
[y mosE
S
:zrj&

o
2

Journal of the KOSOS, Vol. 22, No. 2, 2007



gt we Y ufnte| 32|=
WS ARERY RN Y 5
o) ¥& AWE WO BY-IT 4L Tt
9 B Yal ST s, 8 <
23} upd% TGN B-2E 34 AFE v
@ahol, S FEA VSR BALNN 85 Y-
W g% fARG A BEAES Sk
B AT72YH #4820 et 2o FES @
ek

X mkr e
. rlo F-?L

o>’

) B389y da ez st &7
W Fdolre] So] o B B} wA Uet
B g T AU WF BHAME A, $L 2
23 shet 9 25 S¥o] A Yehgoy, 9F
2 s 791 &, Y-ujgo= ks FlolA
8ol 71 =4 L}E}‘a‘—% & = Atk

2) &A-Z T A] BRA] ST WE &
He e AR AT EYAE @4-38
ZNE FET A FUZ G st §H
st gdo] RS FHF WM S8 A2
A doFdE & & ddom, 5 Ufel R
o] &8 Aol A9 gloldE & & YA

3) -2y A 8T BAAE F—Hﬂl‘f—

2 02 neid 34 2dx g iy g9

dpez BaPish $U3S AAF % e 29
o9 HAIE 2R 22T 242 G0 ot
of F7+ ¥919 $HRT} Wolgow 1 B 7

A derg s, BARe SelT 2442 o]%a& %
R e ER R CEAEE B
A $3H%Y 9% EAS AL A Y-ujne o
ze $3%9 AYT BYAZ Askd ot B
derAE, AAgeR 9F EHe BARel 2
IZ BHAE o143 B} $8 Helt AY ¢
e 9 & 9k

sHRolxBI8Ix|, H22H M2%, 200744

2 IS et SAH Sy

A 2 2 ATE 2006dE Frsn ot
A} A3} Post-Doc) 4 WA 7 A AT 1
AQBTNLAIG Y A5 AT SHHRAL 919
Z1 2g AR A BAle] dFH] Loz 53
Hor) Az AeEA APk

l-ﬂ

gLy |

ita]

) AT, AEA, £71%, RS Y) A4S T-
Mg 2% 2T S0 B2 A S A
AT, A= AY, A0, #B3,
pp- 873 ~879, 2006.

2) £71%, “12 F7] golz o FoFr HIP, o
#-24353]%), A3Y, A3, pp. 12~24, 1995.

3) HEA, olal, W, “12dH] FHBIE ¢
& EREA| Hate] FE3P, 7| AT =13
A, A244, A9Z, pp. 2381~2386, 2000.

4) Colombo, P.P., Garzillo, A., Meriggi, M., Ponzoni,
C. and Sampietri, C., “Creep and Damage Analysis
of a Serviced Tee Intersection in a Boiler Header:
Comparison between Numerical and Experimental
Results”, Int. J. Pres. Ves. & Piping, Vol. 66, pp.
243 ~251, 1996.

5) A0, $71%, “BYdy 1% Fvie #E-H
37L” 8- 8ts) x|, A13Y, A3, pp. 25~31,
1995.

6) Park, YK, Kim, K.S., Chung, YXK. and Park, J.J.,
“Creep Crack Growth in X20CtMoV 121 Steel and
Its Weld Joint”, J. of Pressure Vessel Tech., Vol.
123, pp. 191~196, 2001.

7) ABAQUS Version 6.5, Hibbitt, Karlsson & Sorensen
Inc., 2005.

27



