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Fatigue Life Prediction of Welded Structures Based on Crack Growth Analysis
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Abstract

A fatigue life prediction system for welded structures has been developed based on crack growth
analysis. In the developed system, the fatigue life can be predicted taking into account the effects of
the residual stress and the load sequences by the crack opening and closure simulation. Further-
more, the effect of fatigue strength improvement techniques, such as UIT, can be accurately pre-

dicted by the developed system.
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Behavior of fatigue cracks in a welded structure
(a) Initiation of cracks, (b) Propagation and coalescence of
surface cracks, (c) Propagation of a through-the-thickness
crack

*ORGEAGIIZEE EEAZER LHE RPRRSTIRT 21 T870-0992



ERGERERN (O & 2 B EIEEM DR S FHa T El

o THEESZAEL, ZRODPEE-ARL THE—-0FRE &

HEPHET 5o TORMESHPBE L THMINE % BiE

L, SOHICHEE XA L CRABIEICE S, KK

T PEE T, EEIRE SR OBy R I FR I &

HEBEL, ThOOREMEIEOBE - G I 21—

TarEir) 2 kicky, ERPWERET S F TOREY

Fmrkkos, VIl —varyOFEELUTBIUOX?2

2R T

(1) 3KILV Y v FERE BT O FEM AT =
T L, 7 S PERE A E T A WH OIS 04, 5%
RIS hodi e e henRkd 5,

(2) EHARIGEAE o S OB BT b Is I £ 585k
Kxiicdaimvict v sm L, BonhKxH
V2 C Glinka |12 & 2 ¥R & A F DL A 2R X0 %
HH L IR s O ) 545 % KD, FEM 12
LB ONTILII A LS IR T 5,

(3) EABEKFE 0L, (1) (2) THLNZIET, EE
153 % B CE R IR IS B 2 S N o K
EHORET L ORI O RREEER T 5,

(4) EBEAENETNVEZICH LA SEBAOY I 2V —
Ta vz X, HRISTIIERREE A K, (& RE
H X NS S 2 I DL KRR ) % 4 & Oz
MERIMFICOWTHET 5, SRMAMOY I —
Ya VEICOWTIERENC T E A ST %,

(5) AK,, BIHEDYE 57 S ZMERIICED &, FrE 0k L
AN T 5 S5GERRE Aat £ S HORIFRE L
FEEBIZDOWTRD, FREFNOFMTEHEFIEET
%o

(6) Bitid 2 SHOBKRELHEL, AL HEINILE

T ERETERT b SROBGNHE L HERD T
13 WES2805-07'"012%E 9 o

(7) XBNESHPWEIE LA IR E T L, 208
MOBEE L MR EN,E 50 BIEIGEL TV
WA IR LEANZINELT 3) IR %,

22 FHEMAAOLI2L—Y 3>

W57 & FHT E BT S 7B RMEVEIN &
B LT, EZMIERBBIEEATEE S, FRICX 0K
5 EFUIR/IMTEICE L LN 5 2 &b Tw
bo F7z, SRHMEIONETT SSLERMEE, ok, TRE
o), fEEREORE JHE T HH, TSI E
HORMOZRE) L BELERED 0, JE55 550 O BRIk
EAIL, JET EREMOBE LT §5 2 LPEETH
%o

SEDPAO L 72REB L, E2UEImE R OIL R ICR

Load

Maximum load Pmax

effective range
Crack closure

load PCL

Minimum load  Ppin

Time
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Definition of effective load range

‘ Stress analysis (FEM) ‘
¥

Modification of the stress
distribution near the weld toe

—'{ Calculation of strefs intensity factors }'— of the surface cracks

Initial configuration

‘ Crack opening and closure simulation ‘
¥

Increment of

Calculation of the crack growth rate
based on the crack growth law

number of cycles

‘ Extension of the cracks ‘

Cracks coalesced ?

No

Cracks penetrated the
plate-thickness ?

Reconfiguration of
the surface cracks
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Procedure of the fatigue crack propagation analysis
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bar elements divided by
fatigue crack propagation
—\5 crack opening
N displacement: Vinax(X)
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Configuration of bar elements based on the crack opening
displacement
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growth analysis
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Stress distribution near the weld-toe
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