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Finite Element Analysis for Deformation and Strength
of Pipes with Local Wall Thinning

Soo—Sig Lee

Department of UR Interdisciplinary Program of Mechanical
Engineering Graduate School

Pukyong National University

Abstract

Fracture behaviors and strengths of pipes are very important for
the integrity of energy plants, ocean structures, and so on forth. In
pipes of energy plants and ocean structures, sometimes, the local
wall thinning may result from severe erosion—corrosion damage.
Recently, the effects of local wall thinning on fracture strength and
fracture behavior of piping system have been well studied.

In this paper, the monotonic bending analyzes were performed of
full-scale carbon steel pipes with local wall thinning. A monotonic
bending load was applied to straight pipe specimens by four-point
loading at ambient temperature without internal pressure. Also, the
elasto-plastic analysis is performed by FE code ANSIS on straight

pipes with wall thinning. We evaluated the failure mode, fracture



strength and fracture behavior from FE analysis. Also, the effect of
the axial strain on deformations and failure modes was estimated by

FE analysis.
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1.2 o] &4 WA

i AAA BrpHole A ed 9 G HLEFM) S ©Aa/d 9] 4 5
(EPFM) &°] it
g aa g FHolM =
1) ¥4 %5 gr}tojo} 18 (Crack Driving Force Diagram; CDFD)®
2) ] HEW
3) A A4 (Tearing Modulus)Z o] &3+ J-Ta) A H
4) AW EaEH 7 olol13(Deformation Plasticity Failure  Assessment
Diagram; DPFAD)Y
5 =5 WA (local neckong) AAIel HrpHel 3HA 3 FH (limit
load analysis) ¥ T2 449 o7} HE=(DPZP) ¥
So] o) g} @BAB
T3 AxE vA Ao A= ASME Boiler & Pressure Vessel Code

=

Sec.XIol 98] AA| Ao 2 Hriste WS st b,
1.2.1 AdH 22 criterion
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Hets A o] A A5 FEIH(0,)H JNFAE(0)] F1He
oz 3trp HdwW-2E criterione dEWH lojA HF-$Eo] gy
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= S Erbgolth & o] 23 YA AdhdgHe waAz $54Y
(flow stress, 022  AFEm wj#gHo] o] Zro] Toald utxy
Akl Aosty olwjel FElE  AA BT (plastic collpse)dhil B},
Kanninen 5"? o] 0:% o] 83t #7t2 stn g o] £5

7138 H7h= Net Section Stress criterion(A@H S8 7] =374 3}

T W (limit load analysis))olgl dta, A8E dALAMANZA HFel=
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a) o, =1.040,+ 10 ksi = 0.51 (o, +0,)

3
b) o _ 89T 0y

4

o, + 0o
c) o; —_ Yy ' Fu

2.4
d) o; =04(o, +0,)

1.15
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Actual Stress Appraoximation
Distribution

L T LTI Fer

Plate Tensian 4

Fig. 1 Stress distribution modelling of Net-Section Collapse

Criterion"?

Actual Stress Distribution Approximation

! f
- 5 -2 & -

of

Pipe Under Interna)
Pressure and Bending

Fig. 2 Stress distribution modelling of circumferential

part—through(m)
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Fig. 3 Stress distribution modelling of circumferential cracked

pipe for Net—Section Collapse Criterion?

Note: R : Mean radius of pipe
t : Wall thickness
p : Internal pressure
My, © Moment
B : One half of neutral angle
a : One half of crack angle

o; : Flow stress



M , = 20 _R *t(2 sin p, sin 6 )
where ,

o r - 0 T Rp
o = 2 4 to

ML:20',.R2t(2sin B, — —sin 9]
where
S
,B _ t __71' Rp
‘ 2 4 to,

2)B .,y -6 9 BY$
M, = Zaith{Z(l——cf—)sin B, + —di——sin 6}
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2. A5 2 SAEH
21 A=

2 Ao AMEH AEE A7 486mmSl Schedule 80 STS370 %t
74 a) ZH(Carbon  Steel Pipes for High Pressure Service; JIS
Standard G3455)0]™, Auwj#o 2 HE HFHI AZAHHEL ALEsld]
AEAANFezdY 78 2 7AH Ad 2 g 8-S 7247 Table 1%

1O

20 e
aEi, AR A R EgREd I 3y dvAE N
3S Fig. 4o vepdo, 782332 74574 5(20),
A& () L AEANDE FetulEE ste] dojHoz g ol
mestgivh. g FH olM it 20-45°, 90°, 180°, 360°2) 47}
Froll oA, /=20, 80, 140mm ¥ d=2, 4dmmE 7}7} A &35t}

S
ol g AWT WA
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p o — — ——

Thinned
area

¢ © Thinned length
d : Thinned depth
t : Nominal thickness (5.1mm)

28 : Thinned angle

Fig. 4 Pipe specimen with local wall thinning and 4-point

bending load used in the FE analysis
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Table 1 Mechanical properties

Tensile strength  Yield strength Elongation
Material
0, (MPa) 0, (MPa) (%)
STS370 402 273 28

Table 2 Chemical composition [wt%]

Material C Si Mn P

STS370 0.25 0.17 0.5 0.035

0.035
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A oAM= FIRAY AZEQ ANSISE o] £3A BFAA A
S 3 A} isoparametric 208 H 2 AE o] Ll WAL 1 A

1/4 o] vi#e A, o= Von Mises?] 3EZHE ALg

o, Wit sielelA] &dnt. e A8 datas F AE9 AAAF
oa deldl @& tANIANN Agsach JELS 2066pa, Eold
M) 03, BEHSHE 30MPaz Ak AL 5UARAE A

shelth ahge) Rahs weol@ S AGE /e vl 487 et Fol

gt Ao AT I3 S ATe st tis]A] QW Zo
FolEE stk oju, H = Zoli= 150mm, XX 2 ZHolE

600mm= 3} o}
Fig. 5(2)%} (b)oll= wvhe] &
Fig. 6913 FE sialel Ab&® 2lge-19de 248 Jepd,
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ELEMENTS

(a) 1/4 model

Thinned area

ELEMENTS

(b) Detail of A

Fig. 5 A example of FE analysis modeling for thinned pipe
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specimen

S

True stress (MPa)

0 L i L | 1 1 1 1 1 | 1 | L
00 02 04 06 08 10 12 14

True strain

Fig. 6 True stress— true strain curve used in FE analysis
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w

[\

— dt=0, /-0mm
- - --dt=0.392, [=20mm

Bending moment, M (kN-m)

RN
T

d/t=0.392, /=140mm

1 ! ! | 1 | 1 1 1 | L 1 L |

0

2 40 60 & 100 120 140
Load point displacement, 6 (mm)

Case of 26-45° and d/t=0.392

160

Fig. 7 Bending moment(M)-load point displacement(d) curves

of wall thinned pipes by FE analysis
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& —— d/t=0, /=0mm
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= | N (R di=0.784, I=140mm

=

L

M
0 1 I N ] 1 I} 1 ] n 1 ) | " | )
0 20 40 60 8 100 120 140

Load point displacement, & (mm)

Case of 26-45° and d/t=0.784

160

Fig. 8 Bending moment(M)-load point displacement(d) curves

of wall thinned pipes by FE analysis
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M
O L | @ 1 X i 2 1 1 | 1 | L | 1
0 20 40 60 & 100 120 140 160

Load point displacement, & (mm)

Case of 26-90° and d/t=0.392

Fig. 9 Bending moment(M)-load point displacement(d) curves
of wall thinned pipes by FE analysis
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S 3
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()
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o2

s —— dt=0, =0mm

%0 I - - - - dt=0.784, [=20mm

S =0.784, I=140mm

5

M
O | ) 1 N 1 2 | ) | : | ! | s
0 2 40 60 & 100 120 140 160

Load point displacement, & (mm)

Case of 26-90° and d/t=0.784

Fig. 10 Bending moment(M)-load point displacement(8) curves
of wall thinned pipes by FE analysis
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S 3

o5

O

g 5[,

Q — dt=0, /=0mm

fb _ - - - - t=0392, I=20mm

E= | I IPRERS d/t=0.392, /=80mm

<= 1+ ----- d#=0.392, I=140mm

A
0 1 | 2 1 2 1 " 1 1 1 s | 1 1 2
0 20 40 60 & 100 120 140 160

Load point displacement, & (mm)

Case of 26-180° and d/t=0.392

Fig. 11 Bending moment(M)-load point displacement(d) curves
of wall thinned pipes by FE analysis
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Gl
Z —— dt=0, =0mm
gl - - - - t=0.784, I=20mm
2“ ------ dt=0.784, =80mm
= d=0.784, I=140mm
Safl -
g | TR
%D -:_'/ ....................................
ER |
]
m

O L ! L l s | N i . | " i n 1 2

0 20 40 6 8 10 120 140 160
Load point displacement, 3 (mm)

Case of 28-180° and d/t=0.784

Fig. 12 Bending moment(M)-load point displacement(8) curves
of wall thinned pipes by FE analysis
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e dt=0392, /=140mm
O 2 | 2 | 1 1 N | N 1 s 1 |

0 20 40 60 & 100 120 140 160
Load point displacement, & (mm)

Case of 26-=360° and d/t=0.392

Fig. 13 Bending moment(M)-load point displacement(8) curves
of wall thinned pipes by FE analysis
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Load point displacement, & (mm)

Case of 26=360° and d/t=0.784

Fig. 14 Bending moment(M)-load point displacement(d) curves
of wall thinned pipes by FE analysis
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NODAL 30LUTION

STEP=L
SyUB =17
TIME=L
/EXP ANDED
SEQV
DX

(AVG)
=159.857
My = 668297
IMX =52.177
D3¥3I=11

686297
7.519 21.183

AN

MAR 30 2004
10:38: 19

62.177

Case of 26=45°, d/t=0.784 and [=140mm

Fig. 15 Stress distributions of wall thinned pipes by FE analysis

NODAL SOLUT IONW

3TEP=1
SUB =17
TIME=1
/EXPANDED
SEQV
DM

(aVe)
=158.587
MW =.715293
SMX =61.528
DEYs=11

- 715293

AN

MAR 20 2004
10:54: 58

14.251
61.628

Case of 26-90°, d/t=0.392 and /=140mm
Fig. 16 Stress distributions of wall thinned pipes by FE analysis
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NODAL SOLUT I0W AN

STIP=1 MAR 30 2004
SUB =19 10:43: 27
TiME=L

/LXPANDED

SEQV (AUG)

DHEX =163.247
SHN =.532033
SMX =61.667
D3YS=11

. 532033 14.118 27.703
7.32

61.667

Case of 26-90°, d/t=0.784 and [=140mm
Fig. 17 Stress distributions of wall thinned pipes by FE analysis

NODAL 3OLUT IOK AN

STEP=1 MAR 25 2004
SUB =19 12:37: 20
TIME=1

/EXPAMDED

3Lev (AUG)

DMX =170.959
3HN =.398225
SHX =52.009
DSYS=11

. 398225 14.089 27.781 41.472
7.244 20.938 3

62.009

Case of 26-180°, d/t=0.392 and /=140mm
Fig. 18 Stress distributions of wall thinned pipes by FE analysis
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WODAL 3OLUT ION AN

STZP=1 MAR 24 2004
SUB =21 1§:25:11
TIME=1

/TXP AWDED

SEQU (ave)

DMX =172.692
3NN =.202936
IMX =62.957
D3Y¥S=11

. 202936 14.148
7.176

62.957

Case of 28-180°, d/t=0.784 and [=140mm
Fig. 19 Stress distributions of wall thinned pipes by FE analysis

NODAL 30LUT 10K AN

STEP=1 MAR 16 2004
SUB =21 15:41: 18
TIME=L

/EXPANDED

SEQV (AVG)

DX =187.336
SMN =.225096
SMX =80.512
D3YS=11

71.8592

.225096 18.067 35.908 5§3.75
9.146 26.988 44.829 62.671 80.512

Case of 26-360°, d/t=0.392 and /=140mm
Fig. 20 Stress distributions of wall thinned pipes by FE analysis
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— dt=0392, /X0 mm
- - --dt=039, /=140mm
o3k | dit=0.7%4, 20 mm
- = dit=0.784, =140 mm
R=
E
02
8
01f
0.0"«"’"1.1.|.|.|.|.1.
0 2 40 60 & 100 120 140 160

Load point displacement, & (mm)

Case of 28-45°

Fig. 21 Relationship between load point displacement and axial strain



04
03+ — dt=0392, /=20 mm
- - - -dt=0392, /=140mm

= T S dt=0.784, EX01mm
g ----- dt=0.784, =140 mm
Z 02t
S

01F

00 *-”'1‘!::71 —I S N SRR SR N B

0 2 40 60 8 100 120 140 160
Load point displacerment, & (mm)

Case of 268-90°

Fig. 22 Relationship between load point displacement and axial strain
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— dt=0.392, =0 mm
N - - - -dt=0.392, /=140 mm
03F S RS =0.784, =0 mm
e dit=0.784, I=140 mm
o
g
2 02}b
8
01}
0.0'if’./;:‘l:;:—l N R ST P I
0 () 40 a0 & 100 120 140 160
Load point displacement, & (mm)

Case of 26-180°

Fig. 23 Relationship between load point displacement and axial strain
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Fig. 24 Relationship between load point displacement and axial strain
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