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3-D Finite Element Numerical Simulation and Analysis on Butt
Welding of Thick Steel Plate

GUO Yan-lin, CHEN Hang, YUAN Xing
(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract; Finite element numerical simulation was adopted to erect 3-D finite element model,
considering heat-solid coupling effect. Meanwhile, live-dead element technology was applied to
simulate the whole welding process. The effectiveness of the model was verified in the aspects of
residual deformation and residual stress. The influences of plate boundary constraint, welding
layer and pass, plate thickness, welding sequence and construction process on the behavior of
steel plates on calculation results were analyzed. The possibility and correctness of simplified
calculation were discussed. The influences of construction techniques such as heat preservation
and support setting on welding were considered. The conclusions can provide some references to
welding design and construction.
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Fig. 3 Divisions of Welding Layer and Pass
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Fig. 4 Graphs of Out-of-plane Deformation for Free Plate
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Tab.3 Calculation Results of Maximum Residual

Deformation of V Welded Seam for Free Plate mm
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Tab. 4 Calculation Results of Maximum Residual

Stress of V Welded Seam for Free Plate MPa
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Tab.5 Calculation Results of Maximum Residual

Deformation of V Welded Seam Under

Different Constraints mm
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Tab. 6 Calculation Results of Maximum Residual Stress of

V Welded Seam Under Different Constraints MPa

BUR LY S 0 [ AR S 00 5 SR A i
P TR 5E B 345 304 249
AL 345 345 293

FEAN TR 20 S8 25 P 02 5 A% L T 0 B A A
TE R ANASTR] o 65 370 181 42 A 1 30 57 2 R B o T N
FHEN A A2 TE 32 29 0, A8 T8 o fi /0N {HL B A% 7 ) e
Ko MRS S B AR R AR AT & AT, KT
S 100 [ R AR S TE o (HLBR AR B T BN . X U I 2
HOHI 55 5 S AR T AR A ) A5 B R, HLARTE 32 222U
x J7 1) W U4 RET A AR TR S F . A B R 4% ) AR
T HBAT BRI e K ER AR ML 7 B A 35 31 i IAEL i 4
W MR o J5 [ F y Ty [a] A8 T HR A 2 A i
SO Ry O T AR T A 2 o B RBR AR L ) ik
) J AR AE

FI AR S I R A AL P AT TR S Y R 1T
BIER AR N1 A B 6 s Hob e, R AN T
FI bR T T AR U ) B AR B R T T3
BRAXI ) 43 A i 7 BOR

i &L 6 FIIEL 7 15 30/ B i AR H BR AR N ) Y 43
i SCA ML IRAHM G, A #5145
A FFRARN A T 055 G A AR
Ao TRV AR L RR MR R o R b T i 2 Y 6
MR AR R S AR BN AR R ¥k 03X i — 25
YT A AR A S IR
2.3 HHEE

TEILBY B 1 155 )2 S5 A 1 v JER AN Al BT g 4k

0.2r

05 0.2 0.4 0.6 0.8 )
AT AL B /m
E6 HRAWREREHE x AEKKRENSH
Fig. 6 Distribution of x-direction Residual Stress in

Mid-span Section for Free Plate
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Tab.7 Calculation Results of Maximum Residual
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Deformation of V Welded Seam with Different

Welding Sequences for Free Plate mm
S 5% I ) MR | 5] ) A e ] 1 6
TN x Jy s | —2. 453 —2.028 —1.887
I S5 TE 7.823 7.181 7.366
*8 BEHMAREEZIRFTVERESAZREN
HEER

Tab. 8 Calculation Results of Maximum Residual

Stress of V Welded Seam with Different

Welding Sequences for Free Plate MPa
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Tab. 9 Calculation Results of Maximum Residual

Deformation of V Welded Seam Under Different

Thermal Conditions for Free Plate mm
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Tab. 10 Calculation Results of Maximum Residual

Stress of V Welded Seam Under Different

Thermal Conditions for Free Plate MPa
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Tab. 11  Calculation Results of Maximum Residual

Deformations of V Welded Seam Under Different

Support Conditions mm
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Fig. 12 Influences of Support on Maximum

Out-of-plane Residual Deformation
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