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Abstract of Thesis

In this study, the stress intensity factors (SIFs) were evaluated based on a developed technique for
fatigue cracks in welding residual stress (RS) fields using the crack face traction force analysis. The
research was conducted in four parts:

1. validating the superposition method using different numerical integration methods.

2. proposing a technique for calculating SIF for surface cracks in welding RS fields.

3. verifying the proposed technique based on welding simulation and fatigue life evaluation.

4. developing the proposed technique to evaluate mixed-mode SIFs for cracks in non-uniform
stress fields.

Cracks, in general, are considered one of the main factors that influence the structural integrity of
welded structures. For reliable prediction of fatigue crack propagation rate, accurate SIFs solutions
along the crack front are needed. Therefore, in order to obtain accurate SIFs solutions for surface
cracks in welding RS fields, the influence of RS field must be included.

The thesis is composed of seven chapters, as follows:

Chapter 1 gives a background on welding RS and their influence on the integrity of structures, the
concept of SIF and the superposition method. The challenges, objectives and structure of this thesis is
also addressed in this chapter.

Chapter 2 gives a background on the numerical methods that used in SIFs evaluation for 3-D cracks.

Chapter 3 studies the validation of the superposition method using different FE models based on
different numerical integration methods. It was found that when the crack face traction (CFT)
integral is included in the SIF numerical method, a percentage difference of less than 0.5 is obtained
at the crack deepest point.

Chapter 4 presents a proposed technique used for evaluating SIF for surface cracks in non-uniform
stress fields. It is noticed that when a fine crack mesh is used, the smoothness and accuracy given by
the CFT-solutions are improved. A percentage difference of less than 1% was obtained at the crack
deepest point between the CFT-solution and that given by external loading for all numerical
examples examined in this study. As well, SIF was evaluated appropriately based on real welding RS
using the proposed technique. Moreover, simplification of welding RS gave a clear influence on the
behavior of SIF. Therefore, actual RS field is recommended to be used to obtain accurate SIF solution.
Chapter 5 examines the influence of the change in welding heat input (HI) and the induced welding
RS on the behavior of SIF and fatigue crack propagation (FCP) for a bead-on-plate model. It is
observed that the change in welding HI has a clear impact on the distribution of welding RS.
However, it gave trivial influence on the behavior of SIF and FCP. In addition, it is found that
welding RS has a significant influence on the behavior of SIF and FCP compared with the results that
neglected the influence of welding RS. It is noticed that if the difference in the applied RS is small, a
disregarded difference is obtained in the behavior of SIF and FCP and vice versa.

Chapter 6 introduces a developed technique to calculate mixed-mode SIFs accurately for cracks in
non-uniform stress fields. The developed technique was validated based on the superposition method
in which a percentage difference of less than 0.5% was obtained at the crack deepest point.

Chapter 7 summarizes the conclusions of the main points in this study. This chapter also gives some
recommendations for further works related to this study.
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BHAEFICA U S 203, BSOSO RERPERN T Th L. WHEEETOEZEE, £ 0H4A,
BRI R AT 5. FREETT ORE & HORAEI « ~HE - BIRIIZHTH 5. BERVIEY & ZU=HE
FEf S K OEEETR L AEAIG 2 Ak 5 121E, & 2ATRRICTR o TG R RAREL (SIF) OFHESMIECTH 5. SIF FHE T
FREHIS DS SIF 25 2 5 8% ERNICTHET 20836 528, BEEMFZE T, <HkT - 2R & RIS 1004
FERDIRE SN, T—F 1 TOREZZR SIF HEFEHELMRES R TOVARV. KIFETIE, EEOMT - X ZRRIC
WHTE, IRAE— K SIF OB FIREAFHITFIEMER SN, TOAMENRIEIN TS, KiwUE, LLFD 7
ENDLBRINTND.

01 BT, WEHEIREIS ) O AR L IR RIS I SRR IS RAZ TR BICBET DR O R L, RIS I
A9 2 XTI BRI A DS AE B L T D, BREISIGHR &2 SIF OFEFIEL L ToEREG DY FE
DEIEEIRRTWD. BT, EEOMT - ERBIRERR L LIRGE— N SIF O43BED rIRe 22t Tk
MELINTWRNZ LEZRL TS, ZOMARRESEAAMROBN L ERELRLTND.

2 T, ABFET 3 kocFRmx# SIF OFUEFH R & L CERA Lzl /»E (D) B X interaction
integral & (IIM) IZOWTHFERL L, ERGOERMAHHAT 25 GO AKE S (CFT) BHONLEEEZRL TN,
Fo, CFT G ZIZE L FEFRY 7 by = 7 BIEMEAMEH = — R WARP3D LEBRAFELZ2WZ &, 3B L UVWARP3D ©
b &AW FICH AR ERIS D DMER T 2854 LR TE AW TH D Z L 2R RTINS,

%5 3 T TIE, WARP3D # AREJ— CFT A TR TE L L OKR L, VR - IWHHkF LG ICA Ul R EHO FE 7V
ZERR LT, ERAEDTEOREEZBEMICRIEL T\ 5. ERAbEFEIE, MSC Marc « DI ¥ & WARP3D « TIM (CFT
V) CEMLTWD. ZOREID, CFT 0% FEMT 5 &, SIF O iEOEEARIIITT 2 FHERFRZED 0. 5%
UTICnZE, BLOCFT B &21ToR2 L SIF NEHEFEL VWS KFHiish D 2 &, 3725 MSC. Mare D
P FE B o — R&EA Lo ERAbEEFAED, EREMO SIF iz 5252 2R LTV,

W4 EETIE, 553 TN L7 AR — CFT FE/HREST WARPSD %4l L C, flix DT « X 2% - fERER T,
XHT oy s OFE NEEEZ CHEMEE ERADEMRA LKL, FHHEEZEE 19U TISH <& 5 HESE FE /3 Eikk %
RLTWD BT, EEET O SRS S oA I U= 2 & o STF 255 L 7= 5828 Shiratori et al.
(1986) DOEBMMF &L BIFIC—FT 5 Z L &R L, R — CFT RESHERERT WARP3D DFRRIIS fih & S~ ftEZ 7R L
TWD. F7, KETHH LIMNOFERITY, 53 EORMERGHER & RIS, CFT 0 21T RV EH 1T SIF 3
5%/ NMIFH SN D Z AR LTV D.

5 T, WHEABNEREIC SR XA SIF 122 2885 3 L T\ 5. @553 Kusuba (2007) 23 77 & 4
4% (FCP) 3RBR % FEbf L 7=, MRRVABENR T 28U Lo b — RA VIR IRIR R X R TH 5. RIS 004 (B FE
fRET 21— R JWRIAN IC K VI LTV D, KRE SHNERZR DEEABTEER LIRS i 0% 2 T, BIRFIEICLY
FHR L7 SIF 2l L, ARWFFEOMATSME T SIF ~OBEBEABOEEN/ NSWZ E 2R LTS, Kusuba (2007) D
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FCP #RBRSAE CRBIS N E2EE LR K « R/ MGEMNO SIF 235 L, Kusuba (2007) D& 7 222 b 2 kiR &
Kumar (1992) @ B 1 HeHERE A VT FCP fifdT 2 FEf L, MEHTHE RAVRBRAE R & RAFIC—BT 22 L 2R LT0D. 2
OFERIT, BIZE SIF FHAETFIED, BEISHGTIC S DEHMT PR & RO S ZUREBHFMHEEICANTHD Z L &R

LTWo. EBIZ, BEIGH &2 B LUIc5E EEBEABRDIERICRE WA D FCP fjfTa2 FEfi L, —OBEICHIT
DAL 2 AURBEFHEMOBMBRIZ OV TIHE TN 5.

56 BT, WARP3D I & B 72 2B A M2 TRAE— FAY%— CFT i/ HEREST WARP3D ZBHEE L, IRAE— FAAET
DAL H & O STF #EEE - BERADTETHRELTHBRL TS, TORBE, WEOBWERFTHEFE A v a
FHEATE, IBRAT— RA¥— CFT BOMEHERT WARP3D (2 X v, IREE— F SIF 2D CRWKEE (GHAREE 0. 5%
LIF) THRETEAZLEERLTNAS.

B TETIIAMATHONRR L IEARIE L, KaXofmaitTns.

LLED X 51T, KT, EEOMT - S29PRICHEH T, IRET— K SIF OB AIREZ:, AH—THabik
REICH DRSSP ORMME LD SIF FHEFERYO TRES N, %< O LI Bk R & oIz LY, %
DFEIE & 9575 & WG HMHEE COHMENRFES N TS, ZHUC L0, IEEREEY OB - AT AR O 5
WAL L, SRR S ORISR PRI EAT O S I R E S HBT 2 Z E AW TE .

Lo TARBIUTE LRI E LTESH 2D LD 5.






