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Table 1 Test results of mechanical properties of materials

F HURE T 1w Ji IR 3 & /M Pa HUH 5 B /MPa Ji 3 L i /% e R i B {EI
S 523 726 0.72 20.5 -20 164
AR IR 546 682 0.80 21.8 -20 248
4 IR AT EL 7 1) 591 700 0.84 18.3 -20 233
e E FL T 585 715 0.82 19.5 -20 219
2 B ILERIEMS N FEMEEE SR JE 3 DL [] L W g A D DU T 9 O 22 o R AR N
Z: WU T B 37 AR e Al A% 1 S R 2 ST 15, R S0 235 R K i e SR 1B H R B T 4 M AR A AR AT A
TR SRR P (GMAW) o A9 A0 2 8 10 AR RS A A2 77 B 5 JQ. YJ621K2-1, Bl %5 T624T1-
FEALE AR (H) B X 26 E R (66) o 1CIA-N3M1 255 Kt 22 R 22 HAR R 1.2 mm. J5 8K
2.1 Q500qD [ 4R & *F 07 3K 1o 17+ i A 4 & 77 5 M Re X 56 0 BORE O S an 1 2 B o
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Fig. 2 Sampling diagram for the tensile tests of deposited metal
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Table 2 Experimental results of welding wire cladding metal

B3 J IR 5 & /M Pa BUA5R EE/MPa i 5 L /% iR EE /T B {EI
Q500q B K 500 630 0.82 — — —
Q500q #i#i 546 682 0.80 21.8 — —

TR A BT LR I 589 665 0.88 25.5 -40 106
S E A A 591 653 0.90 25.0 -40 106

2.2 Q500qD 5 Q355B [ 40 ‘& 5 FF 40 A 4 1 42 9K Q500D 5 Q3558 ¢ [A) #L 4% 15 4K 45 $400x12,
3 0%t i ) S A AR i A% 1 AC D 00, AR 4 Q355B A Y Bt
AT 5 RPN R R R L 5 B, B R P75 B A5 DT B, 2R 3 T A R A ) 2 M R K
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Table 3 Experimental results of dissimilar steel wire cladding metal

2 Jifl 5 J% /M Pa PLPLAE E /MPa Jif 98 L i 2/% whi iR/ i ¥ {E
Q355B 4 411 550 0.75 24 20 138
YA A PR 480 550 0.87 26 -20 102
T8 4w A 481 580 0.83 28 -20 105
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Fig. 3 Groove design and welding sequence of welded joints
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Table 4 Q500gD steel plate chemical composition

it C Si Mn P S

Alt Nb \Y% Ti Cu Cr

21111163490101 8 27 162 9 5

26 49 2 14 2 28 9

TTEHMRSE RN C,(%)=m(C)+m(Mn)/6+
[m (Cr)+m (Mo) +m (V) 1/5+[m (Ni) +m (Cu) ]/15=
45% <50%

RN R BN P, (%) =m(C)+m

(Si)/30+m (Mn)/20+m (Cu)/20+m (Ni)/60+m (Cr)/
20+m(Mo)/15+m(V)/15+5m(B)=0. 2%<0. 25% .

MR g M TRER, flEBiE T LS8
mk s,

x5 BEIZSH
Table 5 Welding parameters

Wk BT B2 EB/mm R /(L min ! /A LR/ V TR /(cm - min) !
T GMAW 1.2 20 180 23 20
H7E GMAW 1.2 20 200 24 18
] GMAW 1.2 20 180 23 16
3.2 KB R oM $ir o B 35 Be W R K

b T4 Je BP9 A HE AT 45° [ e X
T 2S5 AT 8 X410 6G SR 1B b o BURE
R VR T N AN RN S| (3 IR L i W ) SRR WL 3
iR mE 6 .

M 2 6 $ 85 v UL, Q500qD [B A9 & X 5 45 %
J& L 4% WUPE R AR AR B W R R o JLrp I RE A T
$ir o B K T 4% i il o B2 DT IC A9 AR A0S B A T T
Pt A5 BE RO i R 3 R AR O A AL 8 (H BT

Hi & 4 i UL, fr Ak R 00 Dy W] AR OB R
Q500qD I}, W 24 v & iy H5 5% | WK 1A B i A £ 46
PG, 4% 4 )8 BU P o BE K T Q500qD R 5 AN 4
ARBR WA E B

FR e M A (A Rl = L T L M
E1ME VAR - S S I A o TR VA R Y e i
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Table 6 Welding test results
LT
FE g5 i 5 BARER [oRllERES e
JE
1-1.1 674(MREEWT) A
PUPLAE E /MPa 2630 i
1-1.2 T02(/REEW) A
1-2.1 0T R T i
1-2.2 e PAAS B A <3 mm, BN BRE 2 A B K <7 mm, 4 R T HiE
1-2.3 ‘ Pl pE K <24 mm T Gx
180°% & 16
1-2.4 PRI oL
9 81 50

1-3.1~3.3(K4E ) Gk

whk s (F176)

>23.25
(=40 C)H/1 124 113 129

1-3.4~3.6( 521 X)) G

CF#122)
Q50040 e 4 Q500gD 5 Q355B EINE F MW #IEE A

m "iw%) 5 1 B i B
. 4.1 KBy F&
. . Q500qD .

(a) 1B 1 e Xt Q500qD 2% = w49 7 49 45 5 Q3558 4% 5 fil

(b) 1K 2
&4 R R MR

Fig. 4 Failure locations of welded specimens
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Table 7 Butt welding parameters of Q500gD and Q355B dissimilar steel circular tubes

Si=R/ ¢ [CEP RS TR A mm PSR B /(L - min ™) /A MRV Y32 % /(cm - min ")
TR GMAW 1.2 20 200 24 22
li g GMAW 1.2 20 220 26 24
A GMAW 1.2 20 200 23 20
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Table 8 Welding test results of dissimilar steels
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Experimental Research on Mechanical Properties of Welded Joints of Q500D High-Strength Cold-Rolled

Circular Steel Tubes

Zunsheng Xing' Lei Wang' Yang Yan*’ Huiyong Ban® LeweiTong® Xiangwen Zeng'
(1. Zhejiang Jinggong Steel Building Group Co., Ltd., Shaoxing 312030, China;
2. China Railway Shanghai Design Institute Group Co., Lid., Shanghai 200070, China;
3. School of Civil Engineering , Tongji University , Shanghai 200092, China;
4. Department of Civil Engineering , Tsinghua University, Beijing 100084, China)

Abstract:

In order to solve the problem of insufficient research on the engineering application of Q500 high-strength steel tubes, this paper
conducted the material performance test and welding process research, the results showed that: after cold processing of Q500D steel
plates, the yield strength and tensile strength increased to 585-591 MPa and 700-715 MPa, respectively, the yield ratio increased to
0. 82-0. 84, while the ductility decreased. The impact energy (219-233 J at -20 °C) met the requirements of High Strength Low Alloy
Structural Steels (GB/T 1591-2018) , indicating good toughness after cold working. When T624T1-1C1A-N3M1 welding wires were
used for the same steel butt welding, the tensile strength of the weld met the standard requirements, and the fracture occurred in the
weld, which verified the validity of the yield strength matching principle. The tensile strength and impact power of Q500D and
Q3558 dissimilar steel welded joints met the requirements of Code for Welding of Steel Structures (GB/T 50661-2011). The research
showed that the yield ratio of high-strength steel increased with the increase of the grade. It is suggested that the steel plate used in
building structure should be preferred in the project, the welding parameters should be optimized (the same steel should be matched
according to yield, and the dissimilar steel should be strengthened according to tensile strength) to ensure the safety and reliability of
the structure.

Keywords: Q500 ; high-strength steel; cold-rolled steel circular steel tube ; welding process ; mechanical property
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