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Simulation analysis and experimental research on T-joint
welding of corrugated steel web girders

JI Wei'? | ZHANG Peng’
(1. College of Civil Engineering, Hunan University, Changsha 410082, China; 2. College of Civil Engineering, Lanzhou Jiaotong Uni-
versity, Lanzhou 730070, China)

Abstract; To study the distribution of the welding temperature field and residual stress of corrugated steel web gird-
ers, a 3D finite element model is constructed using Simufact Welding software. The welding temperature field and
residual stress of the model’s T-shaped joint are predicted, and the simulation results are verified by experiments.
The distribution of the welding temperature field of the corrugated steel web beam is related to the center distance of
the molten pool, and the closer the center of the molten pool, the greater the temperature gradient. The longitudinal
residual tensile stress primarily dominates the welding residual stress. The horizontal residual stress is relatively
low, showing a blend of tensile and compressive stresses. Changes in welding speed and base plate thickness do not
affect the distribution pattern of residual stress but only the peak value of stress. The numerical simulation results
align well with the experimental data, proving the reliability of the numerical simulation.

Keywords : bridge engineering; corrugated steel web girder; T-joint; welding temperature field; welding residual

stress; parameter analysis; welding speed; web thickness
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Fig. 5 Temperature field distribution of specimens at different time
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Fig. 6 Temperature history curves
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Fig. 11 Distribution of residual stress in path L, welding

12 S8 9 6 A 2 T T A T T (AR
L)) BRI 0 oA 2, AIE 12 AT LUE i, BB
B AR R o) R ) 5 A 7 g AW (A% Y R A 4
BB AL I R AN T B KB A 370. 5 MPa, i
A e s B, Ly B (AL A P 25 I T AR
RN A Ak 5 8 1 B AR R R N ) R K (E 43 S Ry
32.5 F1-36. 4 MPa, Ifif {4 P i 54 N ) 43 A0 V- 2%,
BUEEIET 0 MPa,

40 -
0,,=32.5 MPa ~~

[N
<

FEAR J1/MPa
[l

)
S

0 i —36.4 MPa

5

l(l)() 2(I)0 3(I)0 4(I)0 5(I)0
B /mm
(b) BErsRRR S

B 12 BEL BERRNASH
Fig. 12 Residual stress distributions of path L, welding

N T SR B AU B IE BV e AR R
PEFRTER I 28 R, R DH3816N i A8 AR

Jii SR SR MR A SRR AR e i 7 A B8 R o TR

AR RSk AR D T 5 R EAS UL P A AT AR
IS AERRE N (07 B LR NP 13 B, Rk
B — A 1200 mm AR BB AR R A2 7



- 696 - ®oR OE T

45 4

FXI5r A 5 HARBRLZE, [BIFE 300 mm, EEEIE N
HE A5 IR A A 7 AR S A 1) Gk 3 3 1T e AR g AR
J, WO I S IR AR B A o 1 E 150 mm 20 FF 4R
PR A B N 150 mm 7] _F 5P 50 mm %
R N 1 D N S S B I e I A S B W s o 8 o
25 AN R A e DA JRE AR 5 T Al AH 22 )
JRAGAZEED 50 mm WE —A4, N TR SRR
fAf L, ASCKE 1 200 7Y% 08 A0 1 Al 42 B v B Al L
(1) 5 AFRAR N B 5 BB A R BT XS L

z

g
2 2 2 ke k
= K i i "2 "2
%
<t a "2 "2 k ke
+
=
W 2 k& i ke 2
a3 "3 i "2 "

B 13 MELHEWEECE
Fig. 13 Sticking positions of strain rosette
14 S8 B9 I Al G i 50 I A9 5% AR 10 7 5 4K
(e ENBLZ N AT O N AL INE IR Ve S I35 2
R A 1wy R o) ke A 107 g 114 X {5 4D =2 )
B —E W 22 , o3 B S R 2 DR i R A 4 i 7
HRRSE R RE S (A N AR AR I TAE PR BE TR A
TP BORI ARG B T R, BARAFTE —E iR 2,
(ERSNISP S =gl 3 =) R & ) R Tl RS P S A

400 -
300
<
(=¥
S 200}
R —— 8 mm/s
e —— 10 mm/s
& 100+ —— 12 mm/s
&
0 - s wa
7100 1 1 1 1 |
0 100 200 300 400 500
e /mm
(a) Y\in]

& 15

RS R AR BAEFEA )5, AT LIUE W] £ EAE AL

) IEAR T
400 -

B I)
- - - EUE (M 1))
N o BUIR{E (R m))

= 200

R
E 100

0 2(I)0 460 6b0 860
2 /mm
14 RN

Fig. 14 Residual stresses comparison

4 R FEAR B S E A

4.1 1RIEXTHRR N SRR

P T 2 L R R AR o R Y
HHA T8 A B RN 2 B R AR IR
S RGN T 08 43 A0 5 KN, AR SOR R 4 il
AR g Y X AN [ O 0 B T A A R 1) R
RN AT X AT, S 3.2 1 A 4 B T
WA I A 2 e 172 AR Ak i 5 42 % A% N T I
K, NG AR SCEE X R A 1 5% 4% I 1 o BT F 5
TECR AR KRR 43 0 R 8,10 1 12 mm/s,
Horp 10 mm/s SRy ialge SO0 5 B, AN (] 0 482 3 A
W BRE AT 1/2 JE AR AL B 05422 5% 4% I 1 43 A
K15 s,

40 -
—— 8 mm/s
—— 10 mm/s
20+ —— 12 mm/s
<
A
s 0 ™
5
ol
#
—40 +
60 . . . . '
0 100 200 300 400 500
0B /mm
(b) K&

AR FE Xt T R R T B R

Fig. 15 Residual stresses of weldment corresponding to different welding speeds

NI 15 0 LAFE H AN [ K5 8 i ok 7 ) 20 1)
BRATIN 3RV [ 5% A% 07 0 040 43 i B AR R A A [ 4
TR T B R W AR A I T B UEAE  BUE I, 2408
N 8 mm/s B K F] 10 mm/s B, 2 0] A4 [a]
FRAI 1 AR 23 34T T 16. 7% F 56. 8% ; HLAE
b BRAR R R SR R LR R, BRI

AR Lk R [ 5% A% I 0 AR T A 1 B A
TR R B, O, AR PR IR 2 o
ARTEE T, LR AT A B4 B o At 4 2 B2 SR s/ T 7™ A
PRIFRARIL T o
4.2 FEWEREXFR MBI

h Y WA S B X I A B A SR AR R B A



B 55 PO IR T ISR AR 05 B 5 KR e - 697 -

w2, A Simufact Welding 844351 % HE AR 1
16,18 120 mm [0 3 HE AR 2 04T 1 SR A5
1,520 T IE A ZE 1/2 TR AL B AR 42 5% A% L

400
300+ —— 16 mm
—— 18 mm
£ ——20 mm
= 2001
5
%? 100+
=
0 OV W)
,100 1 1 1 1 |
0 100 200 300 400 500

2 /mm

(a) GhAskAREE )

Ji3 A 16 Fin . Hd 16 mm iR 56 32 16 SE )
BE , BRI AR B LAAN, A& RF S50

AHIA
40 -
—— 16 mm
—— 18 mm
20 ——20 mm

FRATRE F1/MPa
[l

0 100 200 300 400 500
B /mm
(b)) fEmFRAN F)

16 JRIREEX KRR AR

Fig. 16 Residual stress of weldment corresponding to different bottom plate thickness

ME 16 AT LA 1 J- 172 AR 1] 5% 43 i
1 BEE WY ARG ARRE JEE 1 3 in 5 4 07 9 W (A B
Mg /IS | E G B 43 A R SEAS AR ] s T 16 (b) AT
DAF HY Bl G A T 32 1 18T A P 8 1 3% 4% 1o
WA /I A8 Ak 5 FL ) Bk 1 ) — 3K, (L 1
YRR R A T ORI Ak, R AR AR I I, 18 AR
16 mm FRRCERE 0 583 RS b - e, i E AR A
18 1 20 mm S PIT A5 (9 5% A3 N 3RS - -,
A28 B KA AT, BB AR I 0 LTS 32 I RS B )
SO, A AR TRRSERR O T AN A R
SR IR 1A/ INFN 32 TR T 38, R AT g 1Y
B RIE R R

5 #ib

1) P HE A G AT e v 0 4 DX Il
Ji s OB il BE 3 A PR R
FRAEAT RO B AR A AL LA AR — B, PR 2
FERRSE DA AU BB BE . KRS A
I A DX Il 88 Lk AR, ik 138 370 9 L A ok
R

2) AR TR Bk 2 AT TR EE 1 5k A3 R g 3 D
DN FRATTLIN 120 T2, BRIV 77 1 AR e
R ERAEE B AR AR 1 il , AR T ARG
Ji A SR R [ R AR IV T B I g 7K S AR X AR
FER Iy 3EAF | B AR AR A3 T | 17 ) AR A RS E

3) W B HE R R R 4 5 A 1 D B A L
P ANSZ AL A (E 5 A IO g 4 Vg {52 A8 4%
LR MACR , NI AE GRS T i AT T, B
ST RE B B i A5 5 R R B/ T AR R R R AR
VeI

4) I A A A% % A% I 3 ) WA G A J2

RT3 T DBl I, A i) B 102 3 7 A1 BN 32 TR A
JELRERSEN R ) B I I 2, R TR S PR,
T A AN R AR AL B R HE SR AR 1 AN AAZ R
AR, N B AR AR

SEH .

[1] JIANG Ruijuan, KWONG AU F T, XIAO Yufeng. Pres-
tressed concrete girder bridges with corrugated steel webs:
review[ J |. Journal of structural engineering, 2015, 141
(2): 123-142.

(2] AfdA, XUBENI, St s, 2. P A A2 7 WG B

-G Z ERIKRIIR[T]. EART R,
2014, 47(8) : 89-97.
FAN Jiansheng, LIU Xiaogang, NIE Jianguo, et al. Ex-
perimental study on mechanical behavior of pier-beam junc-
tion of composite rigid frame bridge with corrugated steel
webs[ J]. China civil engineering journal, 2014, 47(8) :
89-97.

[3] SREfh, R, £, &5 BHEIRA NIRRT
SEERTHEREL )], BPRFER, 2023, 37(2) ; 148-154.
GUO Zhengwei, LONG Weimin, WANG Bo, et al. Pro-
gresses on research and application of welding residual
stress regulation technologies[ J]. Materials reports, 2023,
37(2) . 148-154.

(4] T, Jd, skoa, S5, /ORI 5 T aR A N

N ATRIATTE[ ], EFEH AR, 2016, 37(S1):
388-392, 398.
YU Haifeng, ZHOU Jianwei, ZHANG Yan, et al. Experi-
mental study on residual stresses distribution on small wel-
ded I-shaped section[ J]. Journal of building structures,
2016, 37(S1) . 388-392, 398.

[5] &M, b—2, R, % WHRERS USRS
RS o3 A P 1], V6 B 3238 K4 4l 2018, 53
(2):260-265.

CUI Chuang, BU Yizhi, LI Jun, et al. Distribution charac-
teristics of welding residual stress at U deck-to-rib connec-

tion detail of steel box girder [ J]. Journal of Southwest



-+ 698 - Mmook | OL OB R ¥ O 55 45
Jiaotong University, 2018, 53(2) : 260-265. PO AL 2 R R AR R S ()], JR 444, 2020, 41

[6] MRfls, BEACHT, RHME, 55, T IR 22 350 DU IR (7): 39-45, 99.

PR B[ T]. MRR 2 5T, 2021, 29 HU Xiaodong, WANG Jitao, YANG Yicheng, et al. Mi-
(5). 57-62. crostructure investigation and residual stress numerical
QIANG Wei, LU Yongxin, YUAN Yinhui, et al. Numeri- simulation on welded joint of 304/Q345R composite plate
cal simulation of T-joint welding with cold wire filling and [J]. Transactions of the China welding institution, 2020,
double heat sources[ J]. Materials science and technology, 41(7) ; 39-45, 99.

2021, 29(5) : 57-62. [12] SR, 3KkoC, R, & RIEEREXREe2E

[7] WANG Yanbo, LI Guoqiang, CHEN Suwen. The assess- R AT N I A gE [ 1], BRiE2F ), 2014, 36
ment of residual stresses in welded high strength steel box (1): 16-21.
sections [ J |. Journal of constructional steel research, MA Siqun, YUAN Yongwen, FENG Liangbo, et al. Re-
2012, 76 93-99. search on effect of welding speed on aluminium alloy

(8] WKJBFH, #Zm. WP U BB A5 A N J1 32 multi-pass welding residual stress[ J]. Journal of the Chi-

HE[]]. EERRES TR, 2022, 45(1) ; 56-60. na railway society, 2014, 36(1): 16-21.
GENG Xuyang, YANG Aili. Analysis on influence factors [13] PERIC M, TONKOVIC Z, RODIC A, et al. Numerical
of residual stress at the welded joint of steel bridge deck analysis and experimental investigation of welding residual
U-rib[ J]. Ordnance material science and engineering, stresses and distortions in a T-joint fillet weld[ J]. Materi-
2022, 45(1) : 56-60. als & design, 2014, 53. 1052-1063.

(9] XIET, 2R, RV, % FHEIUF X T Bk 07 [14] GOLDAK J, CHAKRAVARTI A, BIBBY M. A new finite
PR NS MN 3w )], #OnT. T4, element model for welding heat sources[ J]. Metallurgical
2019, 48(13) . 142-147. transactions B, 1984, 15(2) . 299-305.

LIU Guoning, LI Nannan, SONG Xiaohui, et al. Influence [15] CHANG K H, LEE C H. Finite element analysis of the
of welding sequence on temperature, strain and stress fields residual stresses in T-joint fillet welds made of similar and
of T type welding joint[ J]. Hot working technology, 2019, dissimilar steels [ J ]. The international journal of ad-
48(13) : 142-147. vanced manufacturing technology, 2009, 41(3). 250-

[10] FEHL, WRMS, BRERS, 45 JET SYSWELD HBOLE & 258.

SRR TR BUERLAN [ T]. IR =R, 2019, 40(3) . [16] whzliki, sk &, R & 2 EMRRE LB 1 %)

32-36, 162.

TANG Qi, CHEN Peng, CHEN Jingqing, et al. Numeri-
cal simulation of welding deformation in laser hybrid weld-
ing based on SYSWELD[ J].
welding institution, 2019, 40(3) . 32-36, 162.

Transactions of the China

[11] §I3LFR, £5%, W, 2. 304/Q345R & SHUREE

A5 AR,

BEA, KM, OB MBEAR G T IR S AR O B M SRR W SE [ ]

B P BN IWIFE[J]. AR HOR , 2022, 44
(9): 12-17.

BO Chunrui, ZHANG Xiaofei, LI Liangbi, et al. Study
on the residual stress of butt welding plate with material
hardening model considered[ J].
nology, 2022, 44(9) . 12-17.

Ship science and tech-

W R TE TR R oA, 2024 ,45(4) :691-698.

JI Wei, ZHANG Peng. Simulation analysis and experimental research on T-joint welding of corrugated steel web girders[ J]. Journal of Harbin Engineer-
ing University,2024,45(4) :691-698.



