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Fig.1 Geometric model
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Fig. 2 Finite element model
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Fig. 3 Crack enlargement diagram
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Fig.4 Moment diagram
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Fig.5 Crack tip coordinate systems and typical path
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Tab.1 Relationship between D, and Ky, p, m
Ki/(MPa « m'/2) p/MPa m/ (kN ¢ m)
do/di  Do/Dy di/ Dy
D;=10 mm D;=100 mm D;=10 mm D;=100 mm D;i=10 mm D;=100 mm
1.01 1.01 5 21.913 21.913 0.183 0.183 6.573 6.573
1.02 1.01 0.5 17. 786 17. 786 0.651 0.651 17. 364 17. 364
1.01 1.02 > 10. 654 10. 654 0. 384 0. 384 8. 682 8. 682
1.01 1.01 0.3 7.255 7.255 0. 704 0. 704 4. 288 4. 288
Z:% 2 Kls ’% Klp S Klm é"] 7\.4( /%
Tab. 2 Relationship between Ki, and Ky, s Kim
a/()  do/di Do/Di di/Di Ki/(MPa+m'?) Kp/(MPa+m'?) Kpm/(MPa+m'/?) Kip + Kim 1 2/ %%
6 1.01 1.01 0.5 29. 329 21.779 8.51 30. 289 —3.27
6 1.02 1.01 0.5 23. 605 17. 392 6.56 23.952 —1.47
6 1.01 1.02 12.378 10. 704 1.96 12. 664 —2.31
6 1.01 1.01 0.3 13. 602 6.874 7.40 14. 274 —4.94
12 1.01 1.01 0.5 81. 045 63.934 20,47 84. 404 —4.14
18 1.01 1.01 0.5 145, 957 103. 535 35.68 139. 215 4.62
24 1.01 1.01 0.5 189. 659 133. 037 48. 34 181. 377 4. 37

M2 &M 7 a(6°~24") . d,/d;i. D,/ D
Ml di/ Dy AR O T . 7E P=1 MPa, M= 10
kN «m F,K.5 Ky, + K I 22 8 K, % I 2%
(K. — Ky — Kin) /K 2 F—5%~+5%. HlfE 3
SUIF K BE /N T 247 16F, 32 P9 R BK A 1
T YRy R T K A2 N T R 5 R P
T 5052 55T 75 B PR 2 1 .

TELE L Z5 1T L A6 N R SRR T B K, £
4 Ky=Yo v/wa, X K, 5 f1 o LML R,
Mo5 PWREAHXR, WL P 5 K, R2LMX
A MM MY K, 2ELEXR. WILEARSFR P
B M T, HEALE 1 MPa % K, 3k L) — 2% P
(BAf; MPa) 16 1 kN « m BB Ky, 3 DL —4 2 5L
MCHA] kN« m) BEA[ SR 4054 P 3 MR (16
7758 BE R

PRI I 32 PN R4 B 45 4 FH T B iz 7 i B 1A
F K it&m T .

Ki.= P+ K, + M- K, (D

2.3 AR

B6dsd a=6"d,/d=1.02,D,/D =
1. 02 F d;/ D;=0. 5, N & FS A 6 A VR R iR
ff BBUE. B & SO AR N R T 48278 T 7k a2
e PR 25 5 (L 5 [ Bt 2 A S () A T 4324 BT K
Z A B PSR 1A

Bl 6 ASUCHIEZ NE T8RN EME
pas BREOWAUZ BH T HEE WIS H A me. WK 6
R LA W A R 2R BR B B I FE DL ALB

PR LE ) 5 O A58 7 B SE BRI A2 7
FLZE AB N7 R IA BN BRAY B0 . 7E H 2k AB L
7 9 e A R A 17 L

my P+p; M-myp,=0 .
. A . A , A A
01 02 03 04 05 06 07 08
P/MPa

B 6 IR REME

Numerical value of limit load

Fig. 6

FIRAARFE S8 Cacd,/di . D,/ D Fl di/ D) Y
P2 AR AN Z AR BR Y A pa AN 32 25
TN A PR S A s, I ST AN IR 6 ISR - MR
B, 2 A MER R Cpas0), b i B ARFR A
(0,mp). HZ AB A Ny 7K 52 N A 8 G4 H
AR GRFINMRRES A EL. HE AB -
R A 2 7R 42 58 Ok B IR R S I 2245 T B 7R 2 B e
KON H IO B2k AB fiv 4 oW BR A 2k 28, W
SR IT RN
mges P+ pae M—mye pp =0 2)
Moy e P4 pae M— my » pa << 0 BN 3E
R TR B BRCR S o =2 78 O P s 38 A BRCER 285 i
RA. A PR T 2R 2k R 4R LT S8 B aldo/d s
D,/ D; Fl di/ Dy 8 7€ . % T 7] — S Hoe 45 1 IR far 2%
LR AR X T AN [R) S B A e B or Rk el A



490 X # ¥ T

¥ 2 B 552 %

3 K..L. W

3.1 K Wi

HENESEHEKGERTMEZ W K it
AR L

K, = KIS/KPTL‘O (3)
K K, WEE T LR85, U 58 B W7
FER WM R BT 24 B B 5 o S E AR OB T Y 9
& 1E H 7.

K, p2REEW GB/T 19624 —2004 H1 5. 7. 5.
3.2 L e

TSR AE RS RN AR B A VR T 458 8 R AL
B3 1 15 A s S R R VIR AL HE M/ PN
AREE LT KR P ORAS AR MRl AR AR (A A A%
B, A28 I I T o AR S E A R G R A S B
BLLIEW RS AR T 58 JH S 248U i
N7 5 AN R R M R A B B B AN R
KR TR LR X R, Bk 3B B,
N 75 M ar 2 5 2R O &R L LA BGR BT R
FE S BRI 1K R AR 8518 T 1R <7 . A e B e
AR S B — & 2 (X FE TR T
FRIT 5. T AR 78 M/ P ARZS B LT CBE M
P EGYERF) IE M AP A VEH T4 R
715 M. P 43 il #B 2 2k &

TEM/P = ORI AT #E 6 fE 1
AFREPR G AR, B 7 45 M/P = ¢\
GG N fr R AR Tl gk LA B A BIR 107 2R 26

mE 7 s, Dl 8k A8t 4 OCDE i,
OCDE /R 8FEHEETE M/ P = & T fir 0% i 3
B 2 20 B2 AR e ¢ s R AN R4 A
W, MR A KA A GG G B IR
H&E SCRHAA L. BARAFRIMALE ¢ xR
B2 A HE AN

e Pipbmyp

00 01 02 03 04 05 06 0.
P/MPa

H7 AWEMEHEHAL

Fig. 7 Combined ratio of internal pressure and
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bending moment
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Fig. 8 Combined ratio of internal pressure and

bending moment (to &, for example)
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Safety assessment for nozzle containing through-wall crack under multiple loads

YU Jian-liang®', DONG Shuo'*, YAN Xing-ging', LIU Ming'

(1. School of Chemical Machinery, Dalian University of Technology. Dalian 116024, China;
2. China Textile Industrial Engineering Institute, Beijing 100037, China )

Abstract: There are still no reliable approaches to safety assessment on pressure vessels containing
defects under multiple loads now. The 3D finite element method was adopted to calculate fracture
ratio and load ratio used in safety assessment for nozzle containing through-wall crack at the shoulder
under the combination of internal pressure and moment. Research results indicate that fracture ratio
can be obtained by the stress intensity factor Ki, of crack under internal pressure and moment, which
is the summation of stress intensity factor of crack under internal pressure and that under moment.
Load ratio can be obtained by actual external loads, limit internal pressure p and limit moment m, and
the relation between p and m fits the linearity equation. Therefore, safety assessment of nozzle
containing through-wall crack at the shoulder under internal pressure and moment can be

accomplished.

Key words: safety assessment; through-wall crack; fracture ratio; load ratio; stress intensity factor;

limit load



