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Abstract

1), Finite Element

Recently authors have proposed a new method to estimate failure strength of a pipe with local wall
thinning subject to either internal pressure or global bending. The proposed method was based on the
equivalent stress averaged over the minimum ligament in the locally wall thinned region, and the simple
scheme to estimate the equivalent stress in the minimum ligament was proposed, based on the reference stress
concept. This paper extends the new method to combined internal pressure and global bending. The proposed
method is validated against FE results for various geometries of local wall thinning under combined loading.
The effect of internal pressure is also investigated in the present study. Comparison of maximum moments,
predicted according to the proposed method, with published full-scale pipe test data for locally wall-thinned

pipes under combined internal pressure and global bending, shows good agreement.
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Fig. 1 Schematic illustration of a pipe with idealized
local wall thinning, under combined internal
pressure P and global moment M
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Fig. 2 Comparison of maximum moment from full-scale
pipe test data with those from existing limit load
solution for pipes with local wall thinning under
combined internal pressure and global bending
using (a) ay= (6;+0,)/2 and (b) ;= 0. Detailed
information on pipe test data is given in Table 1
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Table 1 Descriptions of experimental data for pipes with local wall thinning, under combined internal pressure and

global bending

, p= P Loading M,, M,, M,, M,
Speemen | AU O o ora | e | ML | ML | M, | M,
SP-12 0.74 0.25 0.79 10 Tension 0.89 0.74 1.00 0.82
SP-13 0.74 0.25 6.52 10 Tension 1.08 0.89 1.14 0.94
SP-1 0.74 0.5 0.79 10 Tension 1.13 0.92 1.29 1.07
SP-4 0.74 0.5 6.52 10 Tension 1.24 1.01 1.34 1.11
Sp-15 0.74 0.25 0.79 10 Compression 1.13 0.93 1.34 1.09
SP-16 0.74 0.25 6.52 10 Compression 0.95 0.78 1.40 1.08
SP-5 0.74 0.5 0.79 10 Compression 1.36 1.11 1.65 1.35
SP-8 0.74 0.5 6.52 10 Compression 1.03 0.84 1.57 1.21

Pipe geometry : D,=113.8mm, t=7.8mm

Material properties (ASTM A333 Gr.6): ¢,=302 MPa, 6,=449.8MPa, (o, +0,)/2=376MPa

For all cases, defect has a circular shape.

1 Type of loading acting on the section of wall thinned area.

a  Predicted maximum moment based on net-section limit load analysis using (o, +0,)/2.

b Predicted maximum moment based on net-section limit load analysis using o,

¢ Predicted maximum moment based on ot =0, ctiterion.

d Predicted maximum moment based on 0L =0, criterion.
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Fig. 3 True stress and strain data for A333 Gr. 6 steel
used for FE analyses in the present work

ABAQUS™E ol &3t zZh&uldo] oid 334
Fasids Y3k AN ALEE F7
AR HP4L mst] 14=BYTt
Fig. 1] EA|g ule} o] &R P Zu
3 4FUE B d¥eR ojidetd 2dY
STk Y A2Bel(0)E e 2ol FA
A3tste] Yt

£
R

p=
t

m

ey L AEYIA B
@, p, 017 R/E AAH L %
A9e AU B ERH neld T
weel wsle e 2o

0.35<dr<0.75, 1.23< p<4.92

0.125< 0/7r<0.5, 6.8<R,/t<20

Ao A2 feARALe AIEFA (10)9
Fig. 39| Yeld 22L& ALL51%
Fig. 32 ASTM A333 Gr. 69) 53-8y & 4
£ Yeld A=A, o8 AsEHoz Ay
MC} ASTM A333 Gr. 62] ©AAl$ E=204GPa, 3
BEZE 0,302MPa, A% 0,=449.8MPa, Q1%
A% o,=0,(1+5)=548MPa°)t}. FTEH (11)A
AARE vlel Zo] B =FoA s Hge
B gl FHEA HEISHER B =RolA
= 871 W@ g nesigch
W FIRAESL FA AEde E3s
& 1] 8 94 fFasazde ygs
ZgAIZ o, Uigkel 93 wAde= FELF
28L& wide] GEdd FEAAY O o F, &
2‘5}_9_/\131:410“ ——v’-'(g_l}l_u]]EE z}%x]%lonq —‘é'-c]y_
HES] 7= BHFAe FrtgEol AFA

g
n ]



2gaFol Agsis FRASuE F7bY A 1403

2o 2 £ UES 238 34 FEAAY =9, 20 274
wierel d@e BN A8 54 @4 (@05, @000
£=2.46, &/7=0.5 and R,/=6.8)°] Wha}d 37}A U R =
(Pi=5 MPa, 10 MPa, 15 MPa)& 1183}gl o), oj= T 149
4A 234745 el eANY L aejste] AAF S
gol o, SN, :

AR HAGde gRaEEss RAbsh) “t [ Prediction FE
93l ABAQUSHIS] )= ¥ ¥ & 5] 4(NLGEOM) T s
2 Agagith. AAMAHY 5783, = von os L AT e
Mises 9] HEge Szl 2ol whet 7414 05 Lo 1S 20
$Ac. RE AN FAEAcNe) 2 7 o %
THlE ZA Gm, FAFANMY HygAw 20—
BESYD AAHA . O e /

5. s A& 2t

Fig. 49} Fig. 52 4 g o3l 2ed §

148E #F3esaA Ao vAe FHozA, Prediction FE

uigtol 10MPaE RAH N Thdd YA 1 T
A%l e 27 Yl Yok Fig 4= 2% m e #r0S
Hof QLo AREE ASE Fig 5= AR 0 s 20
of Egeo] Heele ALE 2z Yehym g T ot

S Figs 454 fRazds ozt @011 20 ———
3 FALTdE pme Fasay | (c)dit=0.5 .

8/7=0.25 A
stgidh 4 (n= 019} z Rji=68 2=

o-lncal

M A (812 ‘rz}

15
2 WYos FAds Ao, Figs. 4-59 e ¥ ot
o wuheh ol wimyY R A FHA g |
AP BAS JElE AL B % Sl Figs. = ol
45914t Wetel AFguct FPYERAS kol [ =
AHolnzg, S5t 4T wA} 2 _ o
LEF (AN FYEAEL 8 7299 05 Lo
Avs fAET E, Erhgdo] melEd wal e
ABHez S8l FEZT TR 20 local 7y
2AEs Fsde s 285 AAS $2e of - (@ di=05

8/7=0.25
p=246

€ 47AA S7Hg o] HMastA g dHE Y
Wk 2 0%, oAl RAES] Frtel wel 514 15
go] Frtdh. [
ZEujae BEd FER doRrt dAs
3 e =2gen AR, §EAT o)y
o] HHelxe] A7t F et A333 Gr 62| %
c./o,=1.49°| 1 ¢,/ =1.810]T}, o] [
S7Hg8ol Fogow, o WYE Figs. 4-5011 ur T S a0
ehisie. @8, o] WY uldlA A ane AR £ o
FRasdddnte 2E Aol distel wma e
Z dAstn ok B, A and J4F At §
gaxsfidadsd 2o B A el
Fig. 6 W¢tol 57Hsol nixie 43S £4

ref

MiME

10} —
Prediction FE

— R/63
- = e R/FI0
meme e B[220

Fig. 4 Comparison of g_ , with FE results. The defect

is located in the tensile stressed region and the
internal pressure P is fixed to 10MPa



1404 Ax
2.0
(@) 0/2=025 -
p=246 / 7
i
\1.5 o ’ -
P L
< -
s |
= of
[ — — @=035
- e =05
H L i . X
0.5 ; —
0.5 1.0 1.5 2.0
£y
° local o:v
2.0 i
L () di=05 .
p=246 - /
R /t= 2,
._\1.5 - " /]
o ® 1
S
= of
05
0.5
2.0
(©dit=05 9
@/r=0.25
R/t=68
\1.5 -
o
s |
= ol
0.5
0.5
2.0
I (d) dit=0.5
9/x=0.25 /
- p= /’
\1.5 o
o B
x|
3 1.0 }
0.5 1 : rs
0.5 1.0 15 2.0
£y
Ulwnl o:v

Fig. 5 Comparison of of_,

with FE results. The defect

is located in the compressive stressed region and
the internal pressure P is fixed to 10MPa.

[ (a) Tension !
dit=0.5
0/x=025
| p=246
R/1=68

(b) Compression

F dit=05

6/m=0.25

| p=246
15+ 7

T} R/t=68.~

Fig. 6 Effect of internal pressure on estimated &

compared with FE results: (a) for the case when
the defect is subject to tension, and (b) for the
case when the defect is subject to compression.
Note that p = (PR,,)/(5,%).

@ Aol 4l (ol 9@ Ashel et
H7 opE 2 dASRou, Favel 4EHed
o] Agaim Wgtol Ahgoz Fe Aede T
A5} obzkel AolE UEhAAh Figs. 469
ehd ek ol A (e FeE ZAAA )
B4, 2594, 3E9A 2L AFHHAINA
2@3A Aol Hsa

>
T

e asz

oiete| ujw

AR E adazel Ress A9
g7t Bgae AFes) sl 1
e ddase vasgled, b3

Elf(stress state)oll whek (%’ﬂ)o A=
ABAE g0t



EH#stTol At

2.0
(a) O.Clocnl—;o.u
1.5+
: 8 s
~_1.0 >
0.5¢ e Tension
o Compression
00 i : " ' ——
0.00 0.25 0.50 0.75
Olx
2.0
c
(b) a Iocal=du,t
1.5}
N o
T o 8
\: 1.0 ®
) *
0.5t
® Tension
[ o Compression )
0.0

0.00 0.25 0.50 0.75
o/x

Fig. 7 Comparison of maximum moment from full-scale
pipe test data under combined internal pressure
and global bending with those from the proposed
method based on both ultimate tensile stress and
true ultimate tensile stress. Detailed information
on pipe test data is given in Table 1

B E=EAAN AN BEFEF] gj@d RS
3171 918 Table 10] Aeld Awid A@da7%
A&ttt ©ddEtE A9 FLEA T
NE(ol, =0, % of, =0,)% AHE3AT. F
& A and A8 BgaFo FEse
Suigo H RAEE d=dged, 1 278
Fig. 79 Jehiidch Z&Ro) AF 3o
il =0, 71¥& A&3IEE A$[Fig 7)),
d Hu 2HEZ 49288 Fol 243
ARE et gzt EMETE H24

st

)\

Yl Ke R ooty N oot gy

F3 4FZH FEI= A= TLY
ZEE Yerigley, ¥ Z23e] zolst o A
AW 70%) b 512 Ho) 70%9] 2ol 7}
UEFX T Fig. 29) AF9} nuPe AS B4
e 2§ SdAME Fig 79 27 g
BE%E YeEHAE Fig. 10)E o2, =0, 71EE

st 284399 2o)7t Frratg T (A 30%).

asua G A 1405

A& Ao YEerd Zlolt. HSd A B
FAdol Zadte ZEE Uguoy, F5Ed
Aol 2gstn &R AFwakzo|r) AF
o7 2L AXI=0250E 458 A%t 49
AR 20% xA AFH HEsHd FAE
LR,

QA Mg viel Zo| ol J|ES AMSE A
AA o) didt B ZH-o S wet 2
etk Feid JAFLHol g AL, TS
= A Uik A YF NSl ¥
Alo 283k o] F-3-8 A El(biaxial stress state)”}
goh. A w, vl g dFEuggYe vl
Aoz 2] Y 2 o5 E Y
bt whEbd, Tewist shéael ZRSEL
o, =0, % Or =0, Atol7t & Zolth wid,
AERA tHZH| Ajde Ao W
dEgdo) AuHeor ALE UEHESY
(uniaxial stress state)?} S &C =o,, e
2 g3t}

4, Fig. 704 927t #2855 G571
BHge) raste A¥E JeEhd, o AdEg
9} A (extrapolate) S B #2<02591 ZAfols vlB
FAA 245 verd F ok AR 00
d AERE SYY ZUTdd gAY,
g FEol EAsE WBY 2X48A= FYEA
E F3S A gou AFuargHd oA
o A AHT 09 gels, gr—00)d Hl RdEE
TEo] EAsHA &L wi#e FARAEY {4}

—_

g Aot B =EdA AAT HilAe A8
Z93 AR Wi olm 2 gr<025% A S o
g AHRe HY EAEE 402520 A% 2
so} H]%@ Hojrt
7.2 B
B =FdMes EFFG+FYEAE)0] 2
23 FSu#e BEAEE HUkg & e F
gty HoAEE ANFAT. B =RdA AAG
Hopge FREY (oA Sdsisuidt =8
VIRAE) et Al Frige] 7lxg W
HozA, AR FHAHMe 57152 E ot
ol

NEoE AHgETh T MBEN, TR 2
WeHe weidtel 39U ABLLHNE TAHY
o, 1 AT HrANosny L& Afe v
wate] iAo Hg4H usde YFsgich
g, dvle 29Astst B4 Fne uws)
o B7bgel e AFaAd.



1406 Aez. 28

z 7|
2 =82 dRYSAG et JFdigta i
dAdu FHAH} AFAEY dAPH AQdo=

o]Folx AozA, old AR AEEA A
E¥Yn.

i
ret

I-_TI__E_

(1) American Society of Mechanical Engineer, 1998,
“Requirement for Analytical Evaluation of Pipe Wall
Thinning,” ASME B&PV Code Sec. X1, Division 1,
Code Case N-597.

(2) Miyazaki, K., Kanno, S., Ishiwata, M., Hasegawa,
K., Ahn, S.H. and Ando, K., 1999, “Fracture Behavior
of Carbon Steel Pipe with Local Wall Thinning Subject
to Bending Load,” Nuclear Engineering Design, Vol.
191, pp. 195~204.

(3) Miyazaki, K., Kanno, S., Ishiwata, M., Hasegawa,
K., Ahn, SH. and Ando, K., 2002, “Fracture and
General Yield for Carbon Steel Pipes With Local Wall
Thinning,” Nuclear Engineering Design, Vol. 211, pp.
61~68.

(4) American Society of Mechanical Engineer, 1991,
“Manual for Remaining Strength of Corroded
Pipelines,” ANS/ASME B31.G

(5) Roy, S., Grigory, S., Smith, M., Kanninen, M.F. and
Anderson, M., 1997, “Numerical Simulations of Full-
Scale Corroded Pipe Tests with Combined Loading,”
Journal of Pressure Vessel Technology, Vol. 119, pp.
457~466.

(6) Smith, M.Q. and Waldhart, C.J., 2000, “Combined
Loading Tests of Large Diameter Corroded Pipelines,”
Proc. Int. Pipeline Conf., Vol. 2, pp. 769~779.

(7) Stephens, D.R. and Lei, B.N., 2000, “Development
of Alternative Criterion for Residual Strength of
Corrosion Defects in Moderate-to High-Toughness

ECE R T

Pipe,” Proc. Int. Pipeline Conf., Vol. 2, pp. 781~792.

(8) Cronin, D. and Pick, R.J., 2000, “Experimental
Database for Corroded Pipe: Evaluation of RSTRENG
and B31G” Proc. Int. Pipeline Conf., Vol. 2, pp.
757~767. '

(9) Stephens, D.R. and Francini, R.B., 2000, “A review
and Evaluation of Remaining Strength Criteria for
Corrosion Defect in Transmission Pipelines,” Proc.
ECTE/OMAE Joint Conference, pp. 1~11.

(10) Shim, D.J,, Lim, H., Choi, J.B., Kim, Y.J., Kim,
J.W. and Park, C.Y., 2003, “Effect of Wall Thinned
Shape and Pressure on Failure of Wall Thinned
Nuclear Piping Under Combined Pressure and Bending
Moment,” Transaction of the KSME (A), Vol. 27, No. 5,
pp. 742~749.

(11) Lim, H., Shim, D.J., Kim, Y.J. and Kim, Y.J., 2003,
“Development of Assessment Methodology for
Locally Corroded Pipe Using Reference Stress
Concept,” Transaction of the KSME (A), Vol. 27, No. 7,
pp. 1200~1209.

(12) Ainsworth, R.A., 1984, “The Assessment of
Defects in Structures of Strain Hardening Materials,”
Eng. Fract. Mech., Vol. 19, pp. 633~642,

(13) Penny, RK. and Marriott, D.L., 1995, Design for
Creep, 2nd Ed., Chapman & Hall.

(14) RS, 1998, “An Assessment Procedure for the High
Temperature Response of Structures,” Revision 2,
British Energy Generation Ltd.

(15) Shim, D.J,, Kim, Y.J., Kim, Y.J., Hwang, S.S. and
Kim, J.S., 2003, “Plastic Limit Load Solutions for
Circumferential Surface Cracked Cylinders Under
Combined Loading,” Transaction of the KSME (4),
Vol. 27, No. 9, pp. 1469~1476.

(16) Miller, A. G, 1988, “Review of Limit Loads of
Structures Containing Defects,” Int. J. Pressure Vessels
Piping, Vol. 32, pp. 191~327.

(17) ABAQUS, 2004, ABAQUS User s Manual, Hibbitt,
Karlson & Sorensen, Inc. '



