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Numerical simulation of construction control for residual stress in Q355 steel
butt welds
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(1. School of Civil Engineering, Shandong University, Jinan 250061, Shandong, China; 2. China Power Construction Municipal

Construction Group Co., Ltd., Tianjin 300384, China)

Abstract: Welded connections are widely used in prefabricated steel residential structures, and residual stresses from welding
adversely affect structural quality. Welding simulations were conducted using ABAQUS to compare the effectiveness of weld
activation methods, including the event sequence method, element birth and death method, and field variable method. The event
sequence method was selected to improve computational efficiency, and its accuracy was validated by experiment. The effects of
groove shape, post-weld heat treatment (holding temperature and time) , and ambient temperature on residual stress in Q355 steel
butt welds were investigated. Results showed that U-shaped grooves suppressed residual stress, and the selection of groove shape
should consider both stress control and processing cost. Increasing holding temperature and time improved stress relief, with 500 C
for 3 hours recommended. Lower ambient temperatures reduced interpass cooling time and improved welding efficiency, while a
range of 5-20 C was suggested to ensure welding quality.
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Fig.1 Construction of prefabricated steel structure housing
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Fig.2 Simulation flowchart
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Fig.3 Double-ellipsoid heat source model
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Fig.4 Groove dimensions
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Fig.5 Finite element models and boundary conditions
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Fig.7 Comparison of results
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Fig.18 Distribution of residual stress at different
holding times (Line 2)

25 b, B R R R A R A B T BR AR AR N
T3 AR e ek v B A R PR e )R] I AN S R B
BERHEBRACRE, A2 EE, R R
500 CHMEIRFE] 3 h A,
33 ERE

SR JFH U Bk A 50 A5E AR 2 B U, AN [ 34 58 1R
JET IR PR 7 00 AT B AR — 2, MR E
20 CHF MR o BRI GE 4 R Y4 A an &l 19

(i) e, BV IR B i 4 T e B

DIKRIE 3 FAEE 4 0], RRIFREERE T 12
(¥ AP a] an 18] 21 Frs . fR B 21 AT PR I AT
XFJZ A1 AT ) 5 e 5 25, 76 -20 T HI 30 CH, 4%
I3 FARIE 4 2 (A ¥8 Z0 B R 43 50 AH 22 737 s R
899 s, P HHIRBEIR B A4 20t T AR, [FIH % 1&
CO, MR ELA K SRR, A0 2 (<M
BlMEAR 22 5 MR T A I o T SO
97 BEIMBAE R R



SRAE 45 : Q355 YRS HE M SEFR AR 1 il T 47 i B (E AL 93

52 W
30001
2750 —-20C
—10C
2500 — 0
2250 F — 10C
—20C
2000 — 30
. 17501
J.iix 1500 F
e 1250
1 000
750
500 K
NSNS -
0
-250 : : : 1
0 1 000 2 000 3000 4000

/s
B 20 ON[RIEAEEI BE Y AR Bl R R AR £k 5]

Fig.20 Variation of node temperature with time
at different ambient temperatures

1800'E¢§g§3
1 600 = 2R g
1ae o b=

_1400F 1o -~ [ 85
Z1200f is-- | PR
ﬁT’ /—'_ o
i 1000 - 8- 9B
g 863_ - ~ 813 =
= 800 R
M 644 -
4 600
400

200

0
20 10 0 10 20 30
R C

21 AN[RIPREE IR EE 2 [A)ve 201 [H] (f51E 3 .4)
Fig.21 Interlayer cooling time at different ambient
temperatures ( weld beads 3 and 4)

AR EEIRE T, Mises W /14T Line 2 431l
i 22 frR, A 22 WYL SR PR IR T AR AR
W53 AT TR N LAF— B, AN 2 PR IR 5, X
JE PRI R AR 5 A 10 ) 3 S B e T I (IR 3 R 24 R
A T U VR 32 B AR R e T AR Y T B
AP ARG R A R S AR R A BT
PABRAR N T JLF—FE

400

—20C 7N
-10 C | |
— 0%
300 | 10 C
- — 20C
= Fl[— 30c
=
R 200}
o
2
= 100}
O 1 " 1 1
50 100 150 200
B /mm

E 22 A[EFEIRE Mises 7 JJ (Line 2)
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