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Numerical Simulation of Residual Stress and Deformation of FGB
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Abstract: A thermo-mechanical coupled finite element model for FGB submerged arc welding (SAW) was established for
20 mm thick S355J2G3 low-alloy high-strength steel plates used in offshore wind power piles. The temperature field, stress
field, and deformation characteristics under four welding sequences—single-side single-pass, single-side double-pass, single-
side triple-pass, and double-side multi-pass—were compared. The stress and temperature field models were validated by
blind-hole drilling method and thermocouple measurements, respectively. Results show that the overheated zone width in the
heat-affected zone (HAZ) extending 38.3 mm, posing a significant risk of grain coarsening. As the number of weld passes in-
creases, the peak molten pool temperature and overheated zone width decrease by 22.4 % and 23.7 %, respectively, effec-
tively mitigating microstructural overheating. Welding residual stress is dominated by longitudinal tensile stress, peaking at
585 MPa in single-side single-pass welding. Increasing the number of passes reduces this peak by 6.3%, and double-side
welding achieves a further 2.6% reduction. Although multi-pass welding lowers the residual stress peak, it induces Z-
direction stress reversal and Y-direction alternating stress, increasing the risk of lamellar tearing. Z-direction deformation ac-
counts for 52%-78% of total deformation, with the maximum deformation of 1.8 mm in single-side welding exhibiting a "V"
-shaped profile, whereas double-side double-pass welding demonstrates superior deformation control. This study provides

theoretical support and process guidance for residual stress control and structural deformation optimization in thick high-
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strength steel plate welding.
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Fig. 1 Establishment of finite element model
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Table 1 Chemical composition of S355J2G3 steel (wt. %)

C Fe Mn N P S Si
0.17 98.127 1.6 0.005 0.017 0.011 0.02
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Fig. 2 Thermal and mechanical properties parameters of S355J2G3 steel
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Fig. 4 Temperature nephograms of welding specimens under different

welding sequences
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Table 3 Comparison of measured and simulated residual stress for

single-side single-pass welding joint
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Fig. 5 Thermal cycles of heat - affected zone under different welding sequences
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Fig. 6 Stress nephograms of welding specimens under different welding sequences
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Fig. 7 Transverse stress curves of welding specimens under different welding sequences
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Fig. 8 Stress curves of weld center with time under different welding sequences
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Fig. 9 Stress curves of heat - affected zone with time under different welding sequences
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Table 4 Comparison of measured and simulated Vertical displace-

ment (Z-direction) for single-side double-pass welding joint

RN A WS SHE/mm S E/mm W%
A 1.1 1.0 10.0
*B B 1.2 1.1 9.1
C 1.2 1.0 20.0
i o C
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Fig. 10  Strain nephograms of welding specimens under different welding sequences
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Table 5 Summary of welding deformation characteristics under different welding sequences
MRS BAAEEKEmMm XS mm YRIEE/mm ZHIFFE Zih i BRI LLA/%
T LE 0.9 -0.6 £0.7 WIS, H0-+0.8 mm, ] FT-0.5 mm 52
LIPS 1.8 -0.5 -0.9~+0.6 VMG, Ht-1.8 mm, #1%+1.2 mm 78
L =1 1.6 -0.1 -1.3~+0.6 JERaE R, 0 -1.2 mm, #12+1.0 mm 70
PLGipyEEcs 1.0 -0.5 £0.7 FRAS, H0-0.9 mm, H125+0.5 mm 60

B — TR (UL 100) A e ol &2
SVRTE 2 2R WU A, e R AE 1.6 mm H AR IR
DU, X (A AR TE 1) B3I = -0.1 mm,
N NDRS e AR R Bk Ea (R SR €l
il o Yl CBE ) AR B E— 259 K E -1.3~+0.6 mm,
X FRMERF L A 5 Z 3l )y 1) S 4% o0 T IT-1.2 mm,
N2 EHAL.0 mm, EEAER LS. iR
Pt R b S 2 BRI HAZ BB 22 PR R I, G
HIEPUIMEAR I 68 0055 , B 5k T AR TR 1 [R]
BF, B T = SN LY I, R SR A R R AR TR
VENPI UG B FEIEA T — 8 - G e, i — 2
I T AR 2

KT AGE K (DL & 10d) BRI S 4 1o A, B
KA 2 1.0 mm, HHBU7E DU AF X8k, Xl oy 1) de K

W45 oA —0.5 mm, 55 BRI OUGE MR 457 Rk D 249 17%,
2 BRI P A B TSI G i 4q A8 08 . Yl
(K 1m) ) AR I 98 Bl -0.7~+0.7 mm , 4345 Xt R 5 Z %l (3
BT MR F U T U0-0.9 mm, 1% E#HE+0.5 mm,
FEIN Ay v A R SR o 33 T BH BT 4 AR XS A
P bR R A R ) 5 AR SR S KT L A
s TR

25 Ll A AR, Z i (e 5 )
AT AR TE A 1Y 52%~78% , 2 B3 B 7 [m) e il J&
SRS IE ) EERIE . IZ G FE TN T IR
R R R LA T R AR X RR B S A AR &
TNAER 5 BeAb, FETCHMRIe B ) A BT, %
PR R AR BTN AZ BRI, 2 — 25 i)y = 5 1) 1) A%
TR .
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