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Abstract

The purpose of this study is to investigate the effect of bend angle on the collapse behavior of
locally wall thinned pipe bends. For this purpose, the present study performed three-dimensional finite
element analysis on the 30-, 60-, and 90-degree pipe bends with local wall thinning at the center of
intrados, extrados, and crown, and evaluated the collapse moment for different thinning dimensions
under closing- and opening-mode bending with a constant internal pressure. The results showed that,
for intrados and extrados wall thinning, the reduction in the collapse moment due to local wall
thinning became significant with decreasing bend angle of pipe bends. This effect of bend angle was
enhanced with increasing thinning dimensions, and it was clearer for opening-mode bending than for
closing-mode bending. For crown wall thinning, however, the effect of bend angle was unclear and
was less sensitive to the change of wall thinning shapes.
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Fig. 1 Definition of dimensions of pipe bend
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Fig. 2 Finite element model used in the analysis
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Table 1 Dimensions of wall thinning defect
considered in FE analysis
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Fig. 5 Effect of bend angle on the moment-
rotation behavior of wall thinned pipe
bends
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Fig. 6 Effect of bend angle on the collapse
moment of wall thinned pipe bend

F Qe A Po] @Y=} dYEE BF
ol Yzl Z4ge wet ZHE.FHA IFA
AA BZ9Y 71&719 £H 9G] EAE gof
=4 vehgth 284, d¥rE sE5AdqAE
Hyol ZF7Hp>0.15rad)oll wet FPZo] wWE
ERAE ge] o)z}t AlRtAE FeoE vehgoh

23z W ol ZAE-IA AL Z
g Aol uwal A zbolzp glodth Ed, =l
E grol b4 gaste
e A Zad vad o, AxEA Agl
A FAG AL & 5 Joh WA, I W
gzAoA FgatFol ALHE BHol S F
ol AAHA WIAF LS JH AA 9 )sietA
Aol ol W™, Z@EF EAsle ZH
ZAdtol dge AUHoz Ax L AL & F
A},

I

32 BUSWEN o|xE BEU FY

Ze xlof wE ez g9E
@9 AT vlA= 37491
FH oz utotsly] §s A, ZHol, 74,
Z} (tnom-1p) taom=0.534, ©/1=0.25, Ls/Da =3
ZAgol IAF WYIsH, 95d, a3 qholl zt
7t EAste 5@ ¥ARUNES FI49 A7)
o ozt A= Bttt Fig. 62 7S IT@e B3
AEM)E A FH9 FAEAEMcmE
—rz} 13}stol Fzhel Av)el wel YElE ol

A& A9y, Aol -

L
=
=8

400 — : T Y T r ,
(a) Closing(p=0.045rad.) :
R/R =3, R/t =10, P=10MPa

g 350} |

.\I |
g :
° "‘"‘\"*'i"/‘i \l~e-a=ﬁ1§'r-—-i-
2 300f: A\ T
5 : ! \'\E
. : : .
2 : : N
& 250} P30
9 ;} —8—¢=60°| !
90 60 30 0 30 60 90

Circ. location, B[degree]

400 T T r T T

(b) Opening(p=0.045rad.)
: R/R =3,R/t_=10,P<10MPa

o

W

<
T

l~-\

’ /n\.\k_.

oq.

/ »
f '/_'

P o S
I 5 :

Equiv. stress, . _[MPa]
W)
(=
(=)

250 5,,, —a— =30
g g | @ ¢=60"| 2
‘5 8 |—a—¢=90°| E
= O $=90 St

200 -9.0 -6IO 30 0 30 6IO

Circ. location, B[degree]

O
(=1

Fig. 7 Stress distribution along the circumference
at the bend region under in-plane bending
with internal pressure

o A7IA FadsE BARDE @S HAA
FWE A en, AT TS 74
RAE Zhd wXe #E5ATe dFPol &

< g

Fig. 6914 & & & 23 Zo| i 9
29 Z52%Y Bede 2dstT I B
Aglel F#2 Fgzol F7tgel wat HfAS
7 S7tste AEE Rk wd, 59 2
Aol P2 W FHoATe Wt A
YA FPA Foldl met HASF 4 F
Atte 2%E Btk AAHo=D osW ZAY
of Hlsh WzH AgtelA *2 HAFE B3
o, 93 AFY Afde FYzol 60°lA



5 Iue BAAR v

90°2 Z7}e u] ®Hrt} 30°04 60°2 F71% o
FHAFAFY Wt A delgo. dAxfHoezm
Znco vs PR F37d w2 F
SFAIG-e] WErE A FERHAG. B, s
wy elzd A Afde I FPzo
ALTE FHERNE At "X FSAE
Fo| IA vepdd, =W FFd AHdE &
YRAE Ztao) v ZS5AFTY F&go] §3
7 Arlel A9 JFS v et

whabd, Fgzto] 90° we} e ZHe #Fyz
o] 90°Q1 dxn o Hls L A o sF
AASEY g4t a9, &5 vl g 23
d BrloA 90° ABLE didez Jdd Frt
£ IHo FHLEe AL vBRFHY
g £ Ao|up. =3, i@ AlFA 7
o3t FFAATHY Harv FHZo|

I
ganl

3R m e O ol Y ko Hr o

0E olgd A
FHF FHYRE Aoz
. Fig. 72 Fig. 614 3
4% 23 FYT A Aol gle AA
ol 10MPad] Wt} B EdEC 3| Fate
HAZ}(p =0.045rad.)0] #EE o, FT/EY 4F
g YA & 5713 718 YErd A

o 2 Zo] gYPR=
HERE 2% J# s oz
Yzto] ZAL&FH -

e

')
2
ol¥
N
s
o,
&
=

4 J[N'

AAE FYA) we S Aot TR
om, AuHon =304 ol P W
T, 60°% 90° S Aol fAHE $HE men
=%, 7957 Felol BAGo] Gz o]
3 WEEAA AAMYeE ge 3% BYY

b A, Fig. 69 Ao} wastH, FHe F37
o wet g o7t 2 R E BHmd

= 58 53929 9% 1273
1.05 —— y r —_ —
(a) Intrados : L /D =1.0; 8/n=0.25
Ry 1.00} o .
- e
5 095} e oo
E o T
= 0.90; /; _______ ]
EJ 0.85+ LS Closing Opening U
g —.— O () =0.301
o080t —— -0 ()t =0.534 |
—A— At ) =0.767
0.75— s — —
30 45 60 75 90
1.05—— : g s
(b) Extrados : Ly/D =1.0; 8/n=0.25
E 100 S b --Bzzzszzszzzscmzzg
= V__—;__#da—— —
% 095t ¢ /2———8 __________
W A L. -
2 om0} ]
% 0851 ar” Closing Opening
2 —W— D (t 0301
0.80f —&— O (bt =0.534 |]
—h— O (tm-tp)/tm=0.767
0.75 L B e e T "
30 45 60 75 90
1.05—— : g .
() Crown : L/D =1.0; 6/=0.25
i e
g 095t T
&
® 090+
g S
L osing ning |
§ 083 —w— o (1t =0.301
0.80} —— -0o- (1t <0534 ]
b Ot n)/tm=0.767
0.75 1 n "

30 45 60 75 90
Bend angle, ¢[degree)

Fig. 8 Effect of bend angle on the collapse
moment of wall thinned pipe bend for
different thinning depths
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Fig. 9 Effect of bend angle on the collapse
moment of wall thinned pipe bend for
different thinning angles

a2t AY L #FE B %3, 2yncs=d
sla dYmeolA FHeblsol wlAE FY2
o] Bt F3EHA JERRT

A, WEEY o3 745 JFHgE A
9] o), E, aF]: do|7} Frtgd wet F3
Zto) wa FHAA g Wit Zoteigdd. £3),
A% Yolst Zo] Frtgol wet UL 9
ol AA F/Metgch wid, W Ao Lo
e A% dol, Z, 33 o] Frbol wat AA
Hoz HoAFe % FaSAY, FYZ
wE HEAS Wi Ares A9 fFAsI
A% Pl me oy AL FUaFd ¥
ol BAGlo] vl £ Figs. 8 & 99

1.05 T T — T r
a) Intrados : 8/n=0.25; (t -t )}t =0.534
1.00+ @ won ”) o
> ]
g 095} ]
Q
&
® 0.90F
E 085t Closing Opening )
3 —&— -0-L/D=05
B 0.0} —— -0-L/D=10]
—A— --4-1/D=20
075 1 P — 1 n
30 45 60 75 90
1.05 T . - — —
(b) Extrados : 6/7=0.25; (tmm-tp)/tnm=0,534
2 1.00+
£ 095}
&
2 090 1
§ 0851 Closing Opening |
3 —&— --0-L/D=0.5
* o8l —&— --0-L/D=L0 |
—A— --&-1/D=20
075b— . :
30 45 60 75 90
1.05 . r — —
(c) Crown : 8/7=0.25; (tnom-tp)/tm=0.534
3 1.00+
£ oos| ]
&
& 090+
_E; 085! Closing ?]-;;n-inLngzos 1
%’ s
080l —— --0-L/D=10 +
—&— --&-1/D=2.0
0.75 v v . : L

30 45 60 75 90
Bend angle, ¢[degree]

Fig. 10 Effect of bend angle on the collapse
moment of wall thinned pipe bend for
different thinning lengths

Fig. 109 Z23#%E viused, 23 AL &
at59) WA BAQlol HgAP vIXE FY
zte] @ol AF zZlolet Fof Wslol ulay
Zo| Histe] 3¢ AL & F Aok

a5 29 P we old AFL gA
E9® ups} o] FYPA4 [AF fAo w2
8 2719 Aold 71dste Aoz woddHn
5, 5979 w2t §39 Aol7t A dehie
AolM= 2 A7[7F S7hgel wet S
Ae 25 A 9@l A7) WEd FIAR
o mlA= F379 Tl A dYeuds
B W ¥ Aozt 2A @2
dMe 2 A7t FUMEAGE SR

o

T

ih)
oot oo



g 2pel $AATA WAL B

WEd wAE gYze @l A Ueis
Aoldh. E@, FUze] ol 2% Holsh o]
Hlal A% Qo) Wsel WPaA Ge AL FY
3% zadA QA AYLol ol NE B
Zolol e @R 88 Wi 3F Doy
Zo Wls) aX 7] WEoz BoAGE?

4. &2 B

M
2
Nz
rir
o
Ho
H
rJ
e
oft
R
i
é,
A
R
T

,.,
=2

)

o o
o
Q?[r'n
to
_&-_.
_I
o
N
o
)
-

o 21l
fo o2t rfe
vl S S e r.
ol my
o ol
N

r
il
Lo -y b
Q?lél
21_:{
2
N
Ho
4
X
to
of
i
X
off
2

=3
2l
oot
2N
091-"

Pl

£

dlo

£ 2
£

]

A8
(1) 887
2 A% ¢
¥ 7ol 'n‘/\]'ﬁ

J rlr a
R
I \) )
dH S
ol
Lo e
izl :2
L
)
2 (Im
R=A =)
o e
MO

_u

o 2% %
F8lo] Ut 9 z
ERE Ziod l A AEATY dFo] JH9
B3P A9 AFge wA Yt

(3) 2YEEd vl SYRRZN gz} o
ggFol AA BAHJLH, ARz 93z
Aol vls] UsH AggolM ZH A 9
BErrdE a7t 3A Ve

4 NEay 939 7S IFBoA= 49
A717 F7HEol wet B =

Ztol ggo] F71g wtd, &9 7+ ZRME
2o 7 Al g3z

¢ g

QA
(5) °1E AT Hie olF7A Fys=Hx £t
A 7‘% T HAN Hrt 2l B5HEe
FLFA 7|5 Ao F&F ¢ UL Aot
ZDFH

(1) Shalaby, M. A. and Younan, M. Y. A, 1999,
"Limit Loads for Pipe FElbows Subjected to
In-Plane Opening Moments and Internal Pressure,"
J. of Press. Ves. Tech., Vol. 121, pp. 17~23.

#9729 9% 1275

(2) Chattopadhyay, J., 2002, "The Effect of Internal

Pressure on In-Plane Collapse Moment of Elbow,"
Nucl. Eng. & Des., Vol. 212, pp. 133~144.

(3) Chexal, B., Horowitz, J., Dooley, B., Millett, P.,
Wood, C., and Jones, R., 1998, "Flow-Accelerated
Corrosion in Power Plant,” EPRI/TR-106611-R2.

(4) Korea Atomic Energy Research Institute, 2001,
"Development of Enhanced Safety Technology for
Operating PHWR Plant," KAERI/RR-2226/2001,
Final Report.

(5) Ahn, S. H, Nam, K. W, Yoo, Y. S, K,
Ando, K., Ji, S. H,, Ishiwata, M., and Hasegawa,
K., 2002, "Fracture Behavior of Straight Pipe and
Elbow with Local Wall Thinning," Nucl Eng. &
Des., Vol. 211, pp. 91~103.

(6) Kim, J. W, Kim, T. S., Park, C. Y., 2004, "An
Evaluation of The Effect of Local Wall Thinning
Defect on the Collapse Moment of Elbow," Trans.
of KSME (A), Vol. 28, No.4, pp. 402~409.

(7) Kim, J. W and Lee, J. G, "Effect of
Circumferential Location of Local Wall Thinning
Defect on the Collapse Moment of Elbow,"” J. of
Kor. Soc. of Safety, Vol. 20, No. 1, pp. 55~61.

(8 Kim, J. W, Na, M. G, and Park, C. Y,
2005, "Development of Failure Pressure Evaluation
Model for Internally Wall Thinned Piping
Components," Trans. of KSME (4), Vol. 29, No.
7, pp. 947 ~954.

(9) Hibbitt, Karlson and Sorensen Inc., 2002,
"ABAQUS ver. 6.2 User's Manual"

(10) Yahiaoui, K., Moffat, D. G. and Moreton, D.
N., 2000, Piping Elbows with Cracks, Part 2:
Global Finite Element and Experimental Plastic
Loads Under Opening Bending,” J. Strain Anal,
Vol. 35, pp. 47~57.

(11) American Society of Mechanical Engineer,
ASME B&PV Code Sec.VIII, 1995 ed., "Rules for
Construction of Pressure Vessels"

(12) Park, B. G., Kim, Y. I, and Kim, Y. J., 2005,
"Limit Load Solutions for Pipes with Local Wall
Thinning Based on Finite Element Limit Analysis,"
Proc. of KSME Spring Meeting, pp. 231~236.



