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Fig .1.1 Simplified imperfection
(a) Simplified initial deflection
(b) Simplified residual stress

(552 =]
Fig.2.1 Test Specimen
Fig.2.2 Results of experiment
(a) Angular distortion
(b) Longitudinal bending distortion
(¢) Component along the welding line
(d) Component perpendicular to the weld line
Fig.2.3 Location of gauss integration point in the 3dimensional hexahedral element
(a) 2X2X2
(b) 1X1X1
Fig.2.4 FEM grid
Fig.2.5 Temperature dependency of material
(a) Physical constants
(b) Mechanical properties
Fig.2.6 Temperature histories
Fig.2.7 Isothermal contours
Fig.2.8 Welding distortion
(a) Welding distortion (IDT)
(b) Welding distortion (LDT)
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Fig.3.1 Coordinate system and model size

Fig.3.2 FEM grid of Analysis model

Fig.3.3 Results of non-steady thermal conduction analysis
(a)Temperature histories
(b) Isothermal contour

Fig.3.4 Angular distortion

Fig.3.5 Longitudinal bending distortion
Fig.3.6 Welding perpendicular direction distribution of residual stress
(a) Distribution of o,

(b) Distribution of 5,

(c) Distribution of G,
Fig.3.7 Welding direction distribution of residual stress
(a) Distribution of o,

(b) Distribution of o,

(c) Distribution of G,
Fig.3.8 Analysis model

Fig.3.9 Results of non-steady thermal conduction analysis
(a)Temperature histories
(b) Isothermal contour
Fig.3.10 Angular distortion
(a) T model
(b) C model
Fig.3.11 Longitudinal bending distortion
(a) T model
{b) C model
Fig.3.12 Welding perpendicular direction distribution of residual stress
(a) T model
(b) C model
Fig.3.13 Welding perpendicular direction distribution of residual stress
(a) T model
{b) C model
Table 3.1 Dimensions of analysis models

Table 3.2 Welding condition
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Fig4.1 Analysis model

Fig.4.2 Reproducing results of angular distortion (t==6mm)
(a) b/2=250mm
(b) b/2=160mm
() b2=125mm
Fig.4.3 Reproducing results of longitudinal bending distortion (£=6mm)
(a) b/2=250mm
(b) b/2=160mm
(c) b2=125mm
Fig.4.4 Reproducing results of residual stress (=6mm)
(a) b/2=250mm
(b) b2=160mm
(c) b/2=125mm
Fig.4.5 Reproducing results of residual stress (t=6mm)
(a) b/2=250mm
(b) b/2=160mm
(¢) b2=125mm
Fig.4.6 Reproducing results of angular distortion (t=12mm)
(a) b2=250mm
(b) b/2=160mm
(c) b2=125mm
Fig.4.7 Reproducing results of longitudinal bending distortion (t=12mm)
(a) b/2=250mm
(b) b2=160mm
() b22=125mm
Fig.4.8 Reproducing results of residual stress (t=12mm)
(a) b2=250mm
(b) b/2=160mm
(c) b/2=125mm
Fig.4.9 Reproducing results of residual stress (t512mm)
(a) b/2=250mm
(b) b/2=160mm
(¢) b2=125mm

Fig.4.10 Reproduction accuracy of welding distortion

Fig.4.11 Reproducing results of welding imperfection (T model)

(a) Angular distortion

(b) Longitudinal bending distortion

(¢) Residual stress component along the weld line
Fig.4.12 Reproducing results of welding imperfection (C model)

(a) Angular distortion

(b) Longitudinal bending distortion

(c) Residual stress component along the weld line



Fig4.13 Convergence calculation method
(a) Calculation of Ad
(b) Convergence of Ad

Fig.4.14 Analysis model

Fig.4.15 Reproducing results of angular distortion (t=6mm)
(a) b2=250mm
(b) b/2=160mm
(¢) b2=125mm

Fig.4.16 Reproducing results of longitudinal bending distortion (=6mm)

(a) b2=250mm
(b) b2=160mm
(c) b2=125mm
Fig.4.17 Reproducing results of residual stress (t=6mm)
(a) b/2=250mm
(b) b2=160mm
(c) b/2=125mm
Fig.4.18 Reproducing results of residual stress (t=6mm)
(a) b/2=250mm
(b) b2=160mm
() b2=125mm
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Fig.5.1 Analysis model

Fig.5.2 Angular distortion (Butt-welded plate)
(a) b/2=250mm
(b) b/2=160mm
(¢) b2=125mm
Fig.5.3 Longitudinal bending distortion (Butt-welded plate)
(a) b/2=250mm
(b) b/2=160mm
(¢) b/2=125mm

Fig.5.4 Distribution of welding direction stress (Butt-welded plate)

(a) b/2=250mm
(b) b/2=160mm
(c) b2=125mm

Fig.5.5 Average stress and average strain curves (Butt-welded plate)

(a) b/2=250mm
(b) b2=160mm
(c) b2=125mm

Fig.5.6 Analysis model
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Fig.5.7 Angular distortion (T model)

(a) b2=250mm
(b) b2=160mm
(c) b2=125mm
Fig.5.8 Longitudinal bending distortion (T model)
(a) b=625mm
(b) b=416mm
(¢) b=313mm
Fig.5.9 Angular distortion (C model)
(a) b=625mm
(b) b=416mm
(c) b=313mm
Fig.5.10 Longitudinal bending distortion (C model)
(a) b=625mm
(b) b=416mm
(¢) b=313mm
Fig.5.11 Distribution of welding direction stress (T model)
(a) b=625mm
(b) b=416mm
(c) b=313mm
Fig.5.12 Distribution of welding direction stress (C model)

(a) b=625mm
(b) b=416mm
(c) b=313mm
Fig.5.13 Average stress and average strain curves (T model)
(a) b=625mm
(b) b=416mm
(c)b=313mm
Fig.5.14 Average stress and average strain curves (C model)
(a) b=625mm
(b) b=416mm
(c)b=313mm

Table 5.1 Initial deflection of butt-welded plate

Table 5.2 Initial deflection of fillet-welded plate



H
1k

B
=

11 HIRDOES

AR, SREEMOBREIIRWT, Batt, BREE, X8, ILHIKE, RE~OERERLE,
BB THo3 0| NERENTWS, & ZAT, fitEEmoOER, T/,bb, M0
BlfE, #Y, BRIV S —EHOTLRIZBWT, R (Lbkh (FELRRFIIEEENER)
BXOBREREN ) BARTRMIZEL D, RESEEY O NEEBICEAZEYRITTZ &
D—RIZHLNTEY, REASRBEICRDDLZ L, $-, BREEICRDEREZE AL LT,
WM OAFEFEEZHA LI LT Z &1, BEEmOties mEEIC2E - 3T 2850
b, EELREEEZ D,

ZHUCREE L7RFgEE LT, SIS OB BRIEAR TIZBWT, B, A LU
Y, FONFFECRITTEEICEL, M40 FATL D ZOWENBRENTE TN D,

NS - AEA ST EBOSYEIZE S X, HRARKO mIVERE L OVEEE RIS 0B EEE & =
fa L7 MY JIE S EAERE, BEBRETTEICREN D HMRERE RO 5L
TThHdHIEEERETH T, SMEICKL, ZRANCEE LI BRSO FIRE 272
RLTz, INEEKRE LT, HMOME P ERE 2RO DEOREET NV (Figl.l &28)
WRESN 'Y, ZOBROMEICEWTHLIESAVWLND I E tleol, 7o, FHETIL,
FRORBEE TN AYHIAREET IV EMSEZ LT 5, ZOYEIREET /LA RV TEAER OB
SRR 24T ), IR, B ERZEHe &, mNERERTE A= T HRROEEEAEN - RIE T
WEARIE O BA T~ et LT D Y, &5l SEHERES, @S, AW/ L ot
HEAR Pz 2HROBBIESEN G SR ER LN TE TG 1017,

L IAT, THIREET L THHN, WIVETRIL, FONE S M REREO R KE (Bt
LR OB E, WIBO 1/150) 'Y L, oKL EREOENEDYE L LT LTS,
— 7, BREIEHICOWTE, BRERBICONEL L TEEINTWA LOD, FERTROIL
NS OHREE L, 1o, BESHICES{LL D Y,

ZOUAREET APREINBRRL, EHERAER AT L2280, 26k HD
SIS EBREEILRD D Z EIIREThH -7, ZOX I RRRO T, VIEIAEET VL, L
TOMEREBELTNDEEZXD,



(b) Simplified residual stress

Fig.1.1 Simplified welding imperfection
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532 WUHREETNL

REN & FIER, Case 11X, BVEUBMEMENT CROBEEREL AV, Case2id, BEREET IV

ZRWD,

B{E - bHIRGDIRTEREOERELEICEIVEX D, TORKEX, Hif & FEE,

Wt W B ORKEEZ 525, I bHDOHRKIE wo % Table 5.2 1R T,

WA= bR R % Fig.5.7~Fig.5.10 (Fig.5.7 : T EFVORAZER , Figs.8 : T TF /L Ofiteh
W&, Figs.9: CETFTNVDALER , Figs.10 : CETF NVOHtdh D ZER) 17T,
F72, 2 DO —ADEBICHHM (BERF P RICE T SEEREAFROSR) &

Fig.5.11 (T €5 A) BXUFigs.12 (CEFN) ITFT,

RIS LB G RIS OBERT, AEORGEEELROEE LR L TH S,

Table 5.2 Initial deflection of fillet-welded plate (unit :mm)
Model Width Length Thickness Case 2
(b/2) (a) (t) (Wo)

625.0 600 12.0 0.894

T model 416.0 600 12.0 0.876
313.0 600 12.0 0.865

625.0 600 12.0 0.242

C model 416.0 600 12.0 0.243
313.0 600 12.0 0.246
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Fig.5.7 Angular distortion (T modei)
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Fig.5.8 Longitudinal bending distortion (T model)
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Fig.5.9 Angular distortion (C model)
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THRERE LIROFEE S —$hE 0T B8R % Fig.s.13 (TEF/V) BLUFigs.14 (CE
TNV AT,

TET/VOBE (Fig.s5.13) , WIBIZ L > CHEERER A L BEEEIENONTH IR Bir b
DS, VIAREL U CHEERELBEICHB L Case 1 (AR &, BHERELZUEREL L
Case 2 (OH)) DEMRETIZBITDEEH;IKRER, ZhUL, FEIBETERRLL I, TE
TNDEE, BERFRISTRS @ o M DIEHRSIHFEE e ThH D ThH 5,

izt L, CEFNADEE (Figs.14) , Case 1 (B & Case 2 (OHI) DZFEEhI KX

KB H->TWNB,
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Zoivh,

& AT, HIE : b=625mm DFA L Case 1 [T, Case 2 DIEFRE AR X VA, K
T8 : b=416mm BB X 313mm DEFA, Case | IZH, Case 2 DKFBIREEIT 40%FEE /N XUy,

C EFNVTIE, BREMEL LT, #AMOANRAF 7 U — hORANEMEREL TEY,
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THU EREIT EFET, KRIREIZET 5, RIE : b=625mm DI5E, EEEREICICEH~,
B S FR R IE I DB RIS D TFAER D IE N, HRIE : b=416mm 3 L O 313mm OIS, EERZEISSH
EESREIS I OSIRISATEERIITIER U Th 503, EERBISHOFN, BHREISIC
e, GIRISHNARE <, [EMHE TICB W THRFEE S BT 5 CREN LR T 57
¥, Case 1 {ZH3, Case2 DEBHEEN/NE Lot D EEZ BN,

JERETE T ORERIFFRIZBWTE, FEMRISHICER SN A 2 ENTL AL ThH 703, BER
FMHC Lo T, SIRIGDBIROEBIREICRE S FEL RIZTT BN bhoTz, ARkENn5
FIRICHORE SIIRERISHAUEE T 5 2 3000, FOFEERE K& < REELEMIC
HY, ZADHERRE AR REHET A ERENRH D, B, RIESKEWEE, IR OE
TECA RS 2 2 &7, SRS O£ T VA ERT 5358, 53R OfFE
WICHEEOFEENMLETHDL I Enbool,
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Nominal stress / Yield stress Nominal stress / Yield stress

Nominal stress / Yield stress

Fig.5.13 Average stress and average strain curves (T model)
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Nominal stress / Yield stress Nominal stress / Yield stress

Nominal stress / Yield stress

Fig.5.14 Average stress and average strain curves {(C model)
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