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Fatigue Fracture Analysis of Pressure Vessel with Cracks

GUO Dong, ZHAI Zhen-dong, LIU Dong-po
(School of Architectural Engineering, Chang’an University, Xi’an 710061, Shaanxi, China)

Abstract: In order to study the fatigue of pressure vessel commonly encountered problem in
engineering with large destructibility, based on the theory of fracture mechanics, the pressure
vessel existing original crack was equivalent to the problem of infinite flat with center crack. The
stress intensity factors of infinite flat forced uniform tensile stress at infinite place with surface
half ellipse crack and through crack were deduced. The critical crack size can be ascertained by
the criterion. Using the Paris expression to analyze the crack extends speed, the crack fatigue
extension life of different original crack sizes and forms was deduced. The results show that the
fatigue life of pressure vessel with different original crack sizes and forms can be clearly expressed
by crack fatigue extension life. These analyzed conclusions provide theoretical reference for the
active security assess of using pressure vessel.
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Fig. 1 Thin-walled Cylinder Pressure Vessel
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Tab.1 The Second Ellipse Integral

K 1 2 3 4 5
a/b 0.1 0.2 0.3 0.4 0.5
® 1.014 8 | 1.0505 | 1.0695 | 1.1507 | 1.2111
= 6 7 8 9 10
a/b 0.6 0.7 0.8 0.9 1.0
® 1.276 4 | 1.3456 | 1.4181 | 1.4935 | 1.5708
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Tab.2 Critical Fracture Sizes of Different Original Cracks

5= 1 2 3 4 5
a/b 0.1 0.2 0.3 0.4 0.5
¢ 1.0148 | 1.0505 | 1.0695 | 1.1507 | 1.2111
a./mm | 34.7 37.6 39.1 16. 2 51.7
F5 6 7 8 9 10
a/b 0.6 0.7 0.8 0.9 1.0
¢ 1.276 4 | 1.3456 | 1.4181 | 1.4935 | 1.5708
a./mm | 52.6 65. 2 73.0 81.5 90. 8

H2% 2 ] LUE 0 T AR 0 2 2L A0, Holm
RHGRA RTIE S B REIR B a. =1, I RS
DY RN FERL B R s S H R L
PR IENBUG A 2 BV R AR Fa W L, B T2
RIS R . A FIE AR 2SO 46 R
ao ¥ B 235 F QU R TAE R 08 3R 8k N,
B 3Ca) s o W T AATE 558 280 TR 45 4 FILH
3 (12) ] PLAS 2 2L A 8] 1) 9 1 R a0 37 2]
I A W7 RS @ IR AR s ) 0 36 80 N an ]
3(b) 7R o MIEL 3 HR] DLUF Y B A LG
R ao BIHE K J) 45 88 09 9% 55 F 4 N B 8] .
HRLRATY R AW R R AT a0 W, B4R
WHENVEMT S BV B Rfa k2. X FRm#
L MR RS EBUIN B a<<10 mm, N Fi & a,
1) 38 R 2 RIS L B SR AR S L IR A
PBW LG, HA T AR R RLLEE ¢ 1Y
SR, ST [ 2L SO i T2 R TR ) 2 AR B 57
FEfir No BTN s 0T 5835 280, BB 28] i R
S ao BIIE R BT 54 9 97 75 A N 2w TR

4 45 iE

(DRI T Wi 2400, W FH 24 80 A b 3
HEW 23 BT T e SIS 8 e A8 BAE N L R 1 5 4%
(A9 55 1 IR Fh 40 0 2% T S B0 R Bk 2F 0B AL I
LR BEH R A R TR RBIR .

(2) FE T3 5 25 W9 9% 57 2% BUH & A 78 90 16 B B 1
P o7 e I R E K ASME [ ASME VII-2 F1 b [E



90 AHAFE TRFR

2007 4

121
10
8_
> —-—9=1.0505
= 6 = 0=12111
= —A0=1.4935
4+
2-
0
10 20 30 40
a,/mm
(a)RMRL
14
4
12
10
o 8
2 6
4
2
0 )
2 50
a,/mm
()5 B L

B3 EHNARESHES

Fig. 3 Fatigue Life of Pressure Vessel
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