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Geometric Characteristic of Wall-thinning Defect Causing
Circumferential Crack in Pipe Elbows

Jin Weon Kim' and Sung Ho Lee’
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ABSTRACT

The objective of this study is to classify the geometry of wall-thinning defect that causes a circumferential crack
in the pipe elbows subjected to internal pressure. For this objective, first of all a criterion to determine the
occurrence of circumferential cracking at wall-thinned area was developed based on finite element simulation for
burst tests of pipe elbow specimens that showed axial and circumferential cracking at wall-thinned area. In addition,
parametric finite element analysis including various wall-thinning geometries, locations, and pipe geometries was
conducted and the wall-thinning geometries that initiate circumferential crack were determined by applying the
criterion to the results of parametric analysis. It showed that the circumferential crack occurs at wall-thinning defect,
which has a deep, wide, and short geometry. Also, it is indicated that the pipe elbows with larger radius to thickness
ratio are more susceptible to circumferential cracking at wall-thinned area.

Key Words : Wall-thinning defect(Z-5-723%}), Pipe elbow(&3#), Circumferential crack(9F%W& w4), Failure
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D,=outer diameter of pipe elbow

Lc =axial wall-thinning length

L, =equivalent axial wall-thinning length

trom =nominal thickness of wall-thinned pipe elbow
t, =minimum thickness at wall-thinned area
P =internal pressure

R, =bend radius of pipe elbow

R, =outer radius of pipe elbow

&4 =axial strain at wall-thinned area

gc =circumferential strain at wall-thinned area
¢ =half circumferential thinning angle
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o, =ultimate tensile stress
0, =yield stress
o =true ultimate tensile stress
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(b) Wall-thinning geometry

(a) Wall-thinned elbow specimen
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Fig. 2 Failure modes of wall-thinned elbow under simple

Fig. 1 Elbow specimen and local wall-thinning geometry
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Table 1 Matrix of failure test of wall-thinned elbow

.o Equiv. Max. Circ.
Thinning . . .
Jocation thinning thinning depth, thinning
length, Ls/D, (tnom-tp)/tnom angle, O/t
Extrados 0.25~1.5 0.706~0.833 | 0.125~0.5
Intrados 0.25~1.5 0.706~0.833 | 0.125~0.5
Full-circ. 0.50~1.5 0.774 1.0

H5(0m=1.0)51 A do|s} Zo|7t 7zt
=0.5% (toom-tp)/taom =0.774%] 27N AM =

oot L
ot r
ool frone ?;g

2 fo

T

ot
ofl
ox
_t"_l‘
il
o
to
}011
1
of
12
=2
>
0
N
o,
o

A3

A= o] Aul(F 280° AT)E =

o}, Fig. 2& €44 g4 #Ed I3
5 Y

A}
p

Mo > i

we e[

to lo

oA dAE 2 793 AFY
3 ok

N
[\°)
Ho
R
0x
02!:
Ell
e
=3
0=
N
fr FA
|.|'|
e

b o
ox L

e
X

0,
o
oo My
o
=
o
m
o
=
oi_‘. I
ETI(
AN
&
oz mi
o ol

I gy

ol
&
el
% R e =
e
U=TEN)
o= fo oF
Ry
52 mot
o ofl
rir 2 ox
=

Hr ot o
[
rO
&
v
\._i' —10
N N
to lr rlr
R IS

Ml
12
o
)
o=
I

N

o

5 ox

1z

2 o N x>
>

of
-
=2

E
o
o
S
B
Ho
a1
R
rbr

I [l S O [ R o
i N
o 2
fo 4 =
>
i
I
=2

ofl

w tio

z
o
A=
N
I
©
E
B >
o2
QL

o
il
m?:
o
I
pass
)

N
Yol
>

£

iuj

£

¥
>
il

[

=
u2
4
%0
rir
=
o
m
o
e
>
=
o
=
ST}

o
ol
R
(o
£
il
B ot

o)
ot i

2 oox :
e o
o

9‘14‘
3@ P oox @ i 2

L o ro
=
e
Of

1
e
lo
=
=}
)

(e}
i)
o
1o
Ho
2 e
i—";
e
o
N1}
32
)

=
o~
fo
-z
o o
w 1

or B X

4
_tg
>
=)
2
R
32 > fo
o 2 b
3

o o2t td of
% 5

4

X

o

ot

o

u

go & o
= oo
Za
2

kS
to
B

5 T
% o
S X
el
NS
N
G
oo =
G
- rr
o g
ol dz o
o
fru
)
(o]
0,
2
ﬂJIO 150
tlo oo o o B E W 2 &

2

)
o
3R
o
i
o,
lo
B
r
=
2
ey
=
B =

lo i

Ho o & o o

LU
32
5
>
)

L

o

g

=

o e

—

gy o T
o o P

oo jod b 5

4 A
so o
bri &
du ok
o o

o3

v o omi

T gaie 44 54 29

y
9, % -
Y 2y

Fig. 3 Finite element model for simulating burst test
of wall-thinned elbow
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Fig. 4 True stress-true strain curve used for finite
element simulation
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Table 2 Matrix of parametric finite element analysis

Thinning Equiv. thinning length, Max. thinning depth, |Circ. thinning angle,| Radius to thickness
. . Etc.
location Ls/Do (tnom-tp)/thom o/ ratio, Ro/thom
Extrados | 0.0625, 0.125, 0.25, 0.5, 1.0, 1.5, 2.0 | 0.25, 0.50, 0.625", 0.75 | 0.125, 0.25, 0.5 10
Intrados | 0.0625, 0.125, 0.25, 0.5, 1.0, 1.5, 2.0 | 0.25, 0.50, 0.625", 0.75 | 0.125, 0.25, 0.5 10
) 0.0625, 0.125, 0.25, 0.5, 1.0, 1.5, 2.0 | 0.25, 0.50, 0.625, 0.75 1.0 10
Full-circ.
0.25, 0.5 0.75 1.0 20
* only for Ly/D,=0.0625 & 0.125 and 6/n1=0.5
8 8
Extrados: L /D =0.25, 6/n=1.0 Intrados: L /D,=0.25, Ie/n=\‘.0
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Fig. 7 Variations of ea/ec with internal pressure for
different defect geometries for extrados wall-
thinned elbow

Fig. 8 Variations of ex/ec with internal pressure for
different defect geometries for intrados wall-
thinned elbow

daete 7171833 =24 A7d A1z 20119 3€



32 papy|

t -t

nom p’ nom

=0.75, 0/n=1.0

€ /e

10 ; 20(=Rjt_)
——---- L/D=025
2r r —a—--0--L/D=0.5
o om0 ;a-ﬂfnf;;i“—.-‘w“‘-.‘
0 1 1 1
0 10 20 30 40

Internal pressure, P[MPa]

Fig. 9 Effect of Ro/tiom on the eafec for full-
circumferential wall-thinned elbow

Figs. 73} 82 o4 2oz 2E 239 9
ool ATl B A9 UF
AAZE 5T Aol B FHAA kel
enec] WEHE vebd Zoltk. 2l A & %

T ol

O

b

®
3k
=
S
A o] AT 9A o) BAYe] A AT
AFYY E3} Yo7k A4S Teln B52Y
of o7}t HoHAFF eyect F7HSHE AT B
L B3, AFWF E3} oyt A3 Dol7k Fe
AEAFNAE AETNA 24Mdo] B
et evecrt HA3 F7beke] 1€ 2o we
A, SBoH Z5ARe Zolst Eo| F71ska 2
o7} ZHadtol wet S FolH AT Fol ¥
Aol dxugoz Ankd 7hsAol FolA 2
DR
S, 3 Ao AFYY 7Y DAl o

Ae &
FYT Ao 54% 2404 Reftaon”t 103} 20
ol Fho] ZFSH A g/ecE HIEATH Fig 95

1
Ro/tnomol 10—' 20?_ _3_"7_31‘:]:0“ 271017]' (tnom'tp)/tnom:().75
ol YFE AA7F 258 AsKon=1.0)°] A3}
90 ealecS Wt UERA Zlolth 18|

rlr

Transaction of the KPVP, Vol. 7, No. 1

A e AT 2ol A5Ade] doldf TA

2 =] B Ry/taom=20%1 30|
w2 YAz ANA ealecol S 1
S 2R A2 dol7t LyD,=0.5%1 7
9l Ro/taom=10%1 el A= HSto] F7HEA g =
ealec’t 18 23382 FATE Ry/taom =200 I3l

A= ~
S gaRolA AFPF 2ho] WY Ah5H o 2
Ae & 5 Aot

32 HFWY 7Y WM STY HY

A S A5 Ao Al 2L AE
stol Spe] g oA YR Fdo] WY 5
e AR Wae RS IHlN 2%
Aol AFUT Fol on=025 olskel Afolt
Table 2014 328 BE Z5A% Lolsh Qo] =

#Fdol WAHA Lotk B9, 2

[e]

o
FHE Fof A7)0 BAQ ] F5
FolM AFE wd& BAEA Foheh T,

ZH5A%ke] A3 Zo] gn=0.50]1443 Aol
TEAT] Zlolgh Holof what RN LT

—
~

7} (taorm=tp)/thom =075 C1&(FA7} tp/taom=0.25 ©]3]
o]a Z+&A e Zol7t LyD,=0.125 o]sto|H 7
oA A5 Fgo] HAS AT LT3
A7} 259 AHOm=1.00E ZFSFlA A
g Fdo] AL 5 Jde AFAT Fdol
HAok. 52 2ot (tomtp)/tm=0.75 17
(FAZE t/taom=0.25 °0J3hY] 23X & 523
ZAo|7} LyD,=0.25 ©|3tol| Al AFHaF Fgo] LA
H o, 78439 ZAo|7} LyD,=0.0625¢ =7
ANME ZON7t (tomtp)taom=0.625 (FATF to/toom =
0.375)7HA ZHSHollA A3 Fho] HAEHE
Ao R o ZH U

o=

O
=

iy
o2



1.00
. Extrados: 6/7=0.5
if 075/am m = [ ] [ ] ]
8
5]
=
2
S 050am m = [] n n
=
2]
N .
<
E 025fom =m [ ] [ ] ]
3
= W Axial flaw
O Circ. flaw
000 1 1 1 I
0.0 0.5 1.0 1.5 2.0 2.5
Thinning length, L /D,
(a) Extrados
1.00
. Intrados: 6/n=0.5
‘\‘f 0.75am m = ] [ ] [ ]
2
Q
£
2
S 050(am m = ] ] [
B
N -
<
g 0250 m m [ ] [ []
Z B Axial flaw
O Circ. flaw
0.00 L L L
0.0 0.5 1.0 1.5 2.0 2.5
Thinning length, L /D,
(b) Intrados
1.00
Full circ.: 6/m=1.0
f; 0.75fam m = ] [] []
g
g
]
2 050 mm m m ] [ ] [ ]
=
Q o m
é 02500 = ] [ ] []
I<ZD B Axial flaw
O Circ. flaw
000 1 1 1 I
0.0 0.5 1.0 1.5 2.0 2.5

Thinning length, L/D

(c) Full-circ.
Fig. 10 Wall-thinning geometries to occur circumferential
crack in wall-thinned area

AA W FEA Tl g 8 FAVIES AN
31 )= ASME Sec.XI Code Case N-5979] 4+ #j
#o A FEel Wt H5F] HAAE FATE t/taom
<0.3 (Class 1 ¥]&) =T ty/tym<0.2 (Class 2&3 Hl
HolH F7HE<1 Hot glol 25 wil#HES AHIsHA
U wASGES 87383 QT wetbA, Fig 109 4
Zo] g/n=0.25 °|3}<l

| SARe] ZASFEL S
AFAC 228Ags &R dF8F 44

) Aol
A &R A3 #do] BAE 4 ot wel
A, o] Ao wj# AT g DA Ht
A &R A AFurer Fdo] WAl 754 S 89
doF & Aoz BT
4. 4 E
B =RoAE td ygzdcA 2o 742
o)A A7 Fdo] Y 4 Y= 754
o A 27L& gtetay] YeA, S FH £FA
& Avlo] U3 4394 ABHMS S5t 7+
SRo|A A7 Fdo] HAEE 20 T2}
Atk =&, e A P4 nHI Fde
& WFdy e Fsta, I Ao AFE 7 F
A 7)1 A gstel T SR A AFuE F
do| HAE 4 = AT g 20 vot
stoith o= ARZRE theo A2L Atk
1 7+ AgRo|A 20 Ay sy A7 09 W
FE| N7} 12 238 o, F8 FERlA g7
g #do] wAETh
2. 59| oo} Y3 Lo 242 I8
Aol7} Fe5E YgzAcd M A7 79 Ly
7hsA o] %7184
3. 0548 gao] BUd A, 2o wiAY)
Az 79

FA Bl Ro/taom)’t ETE 2HFH A
A ks el ket
4. 52T AFHEF Zo] 9/n=0.25 °|3to|H
2574359 Zdol7t Ly/D,=0.0625 o]l Ae 25
9] 4 FH7F ASME Sec.XI Code Case N-5979]
GAFAA EF@AgE AFHF Fdo] LT3}
[e)

A ookt
dAte =
B =S 201095 AABAR Ao S

WA 71&37HA(KETEP)] A9 wol 39
T3HA o] Ay

e 2

daete 7171833 =24 A7d A1z 20119 3€



34

ikl
rok

=]

. ASME, Section III, “Rules for Construction of

Nuclear Power Plant Components,” Appendix G,
Protection Against Nonductile Failure., 1998ed.

. ASME, Section XI, “Rules for Inservice Inspection

of Nuclear Power Plant Components,” Appendix
A, Analysis of Flaws., 1998ed.

. ASME Section XI, Div.1, ASME Code Case N-597

rev.2, “Requirement for Analytical Evaluation of
Pipe Wall Thinning,” 2003ed.

. ANSI/ASME, B31G, “Manual for Determinating

the Remaining Strength of Corroded Pipelines,”
1991ed.

. Leis, N. and Stephens, D.R., 1997, “An alternative

approach to assess the integrity of corroded line
pipe. Part 1 current status and II alternative
criterion,” Proc. of 7th Int. Conf. on Offshore
and Polar Eng., pp. 624-641.

Transaction of the KPVP, Vol. 7, No. 1

6.

10.

. Kim, J.W.,, Lee,

Li, Z., Yinpei, W., Jin, C., and Cengdian, L.,
2001, “Evaluation of Local Thinned Pressurized
Elbows,” Int. J. Press. Ves. and Piping, Vol. 78,
pp. 697-703.

S.H.,, and Park, C.Y., 2009,
“Experimental Evaluation of the Local Wall-Thinning
on the Failure Pressure of Elbows,” Nucl. Eng.
and Design, Vol. 239, pp. 2737-2746.

. Kamaya, M., Suzuki, T., and Meshii, T., 2008,

“Normalized the Influence of Flaw Lngth on Failure
Pressure of Straight Pipe with Wall-thinning,” Nucl.
Eng. and Design, Vol. 238, pp. 8-15.

. Hibbitt, Karlson, and Sorensen Inc., 2009. ABAQUS

Ver. 6.8 User’s Manual.

Herman, 1., and Meshi, T., 2008, “Fracture Mode
Prediction Method for Pipes with Wall-thinning
by using the History Data of Strain Ratio,” Proc.
of PVP 2008, PVP2008-61908.



