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Abstract: Selecting Q355 grade steel as the research object, this study explores the performance of T-shaped joints
in building prefabricated steel structures under different welding speeds. Using Hypermesh software for modeling,
the system analyzed the effects of three welding speeds, 60mm/min, 80mm/min, and 100mm/min, on the residual
strain and overall performance of T-shaped welded joints. The results showed that a welding speed of 60mm/min
caused excessive temperature in the weld area, increasing the risk of joint damage. The welding speed of 100mm/
min increases the difficulty of operation and may affect the welding quality due to insufficient heat input. In
contrast, a welding speed of 80mm/min has been proven to be the optimal choice, which not only effectively controls
residual strain (below 0.025), reduces radial displacement, enhances structural stability, but also maintains excellent
microhardness, thereby comprehensively improving the comprehensive performance of the welded joint. Therefore,
this study suggests prioritizing the use of a welding speed of 80mm/min in T-shaped welded joints of prefabricated
steel structures in order to maximize joint performance and minimize residual strain.

Keywords: welding speed; prefabricated steel structure; T-shaped welded joint; residual strain

EETH . THEAETRHEE (GlJ18149) |
FVEF . BN, AR, TR, RS RO LREEE S5hE TH A, E-mail; wwe0915@163.com,
WAEVEE . RoEbk, AFF, TR, FEHFR B TS S LA, E-mail: mxml197512@163.com,

® 20254 5]
4\&)»’1 AmL mf.mw/950.com 43




20254 #5H)

%45 ) &l

Welding & Cutting

1 FE

FEREFLAE AL AN (DL T RIFR “E54” )
e, TR LR R CEEAERELR, B
o B T AR e . X RSkl A i S A
R ECATIEAR 2 05 2, T e oA S B 44 i
B A, G T AR R, ) T BB 8
ST A, 8 25 5 AR A R [R] AR E
TR, DLRIAE R Tk 35 A5 R BXRDARG A 485 vl o
SRR, p TR B Sk 1 B B R PR AR IR
SRR, DR O AR R R v AR A
PR IR, BRORIREE T o0 IR 1B TR R R A I %
ORISR PERERY SCHE . AR1f0, (R R,
TR PRI MR 45, S5 7= A 5 A A, S
R BB AN AT e T BUR e K AR R T, B T
RES LR R DS, T RSk S R 4y . ]
b, XL PR T B LD,

5 3o 25 VI A [T 432 07 2T 13 Sk PAL B T S
(o sk 4% B 5 R R AdbERE . Hba 55 SR E T A
TR 8 TR 32 Sk A 42 78 TR e 5 2 o7 o G Tl Y00
SR, DRGNS S TR Ak B 5 LR ) B
HELG, R BRIC o A ik 3 TI 2 Sk I et 72
BEATRE R, o W i F i B b iR BE S RN H 8
WAL, ATIEHEK R A BRAL AV LI, TAO
SECWIR oY T A NRE S K S EAZ3IBEEA & S
DPSOOM AR B IR e L T R

T LRMERERF R 5Tk, AR X E R AR
e B NN TR e A P RE
2 MESHTRIEEE LA R TR

WG OUT WA JE B AR IR R A A &
AT IERA RS, R, W& S B
MG, T AR R R T ST
TEAREER A B AR B, A SCR A PRTEEAU TS
i, TRITAN I o B e 12 S MR B A LA 520
2.1 TRIREELEREST

REIR MK EH600mm | R T H200mm.
JE R A28mm, & iHIVIES AR HanE LR .
P4 TR M B OB R, IR0 A e s —
Wy, PR —, R AR R RIR, BEE
‘moAh3mm, MEEEREAT5 ~ 150A, MK 422
~26V, 3R 4 B12560mm/min, 80mm/min,

§ &L nmT

44 Smﬁmwlﬁ'a.com

100mm/min,

60°

< 7

[
l
(=]

28

0~3

Bl VORI

it Hypermesh# iyt T TR R I
Ao SR T NI R WA BT AT BT, BRI AR
A Wi AT R I SC B, A J B2 10 B 28 oy
R g T e ScA AR R, IR, B R AT Y
X, SRR A R BT o D O A K
Sy, TEREEHILL G AL - 2, DLW A B R %4
PERAERTE . B A TIRAR R 1 1211244 B
TCALR, AOURE T orprdsk, kIl Tt fe
RS AR 0L, AR 4% DU IR O/ NBEE
0.5mm,  FAGZM X [ FA% R /NS A imm, - THAAR$%
LB G RAR Y R BOC A B 217

z

A

X y

a) TRk

b) FREERTREROR
B2 TRESZEIRESEENERA
2.2 MRBMESHEBREFERIT
BERE FH Q35S ML & 453 i 58 FE S5 A HN,  1X — 4Rk



Wz B TS b, Bk RES R AR L,
MPEATIR L EIE BB SR SR 1 22

R, BEEIREIREA20C,
Bt B iy - Gk A a3 R . IR K AP

w1 BYHRMIENESH

ok TR/

Welding & Cutting

EREIC R SR 2% eIk 25 Ji AR 5% P s B A
fm. [ (kgim3) | W/ (mK) 1| /7 (kg:K) T | 7 (10 %K) IMPa IMPa IGPa
20 7800 50 450 11 345 490~ 630 200~ 210
250 7710 48 470 12.1 320~330 470~610 195~ 205
500 7600 42 520 138 290 ~ 300 440~ 580 185~ 195
750 7500 28 680 15 250 ~ 260 400~ 540 170~ 180
1000 7460 30 670 133 200~ 220 360 ~ 500 150~ 160
M, TR A M AT, AsR AN EE FE TR, R AR BT R SR T R, i
B, TR, BREITX, y. zX34 XN, FESCH R R iR E AR S
J5 A, AR T A R AT E R oy PLAS ATy, AT i A A, SRS o B AR AR

HAN 2 R R e A AR ) SO LA L A i e R A
VG, BRI S, LT 1A
JeVFEE AR TERT DO, AR 1 X,y R4~ 5 [ #Y
HEE, BORBAFTLAfEZ W B E BRfsah, HAEK
b Oy PE) BREERN. CRLTAHE
AR ETT W B, ABANTREAE AT ) b IR
FasE PR DI, PRA Ty 7 [ B B, BARC AT
CAEX, 2750 kA difgah, (HAREAEY T [ EARFHR
SE o XS S, AT G AR 4y R
HAWIERZ ) o

B3 MAmnREs
2.3 BERIRILT
h T R T T I 1K A AR B At A vp

BT & BV T RS R IR e E 9, S
AR AR Y VR A — T AR AR Y, HLAR

EF A2 O SRR 1 QA 3 A A
EAsfEs, W
k I

0-=— M

T
R s ashahx (W) |
k——$hIE S b 28
r—— I B 2 X N 5 BT O

B (mm) .
T RS E VS R PR R R sk, B
k:(&] (2)
f

TGS R R R K IETE BTG — A
[55, 85]mm, Hrh[Al{E 70mmigEfTit4,
MR A RHGEN @ X (3) T,
Ap
HGEN =Uln/ AVt (3)
X dt——@AEH PRI DK (s) |
A——RJEVE F X RS AR I A ()
V—JEE A X R R (m®)
U—HIHBE (V)
I— R (A)
H— RS, RSGEFEA0.7,
FEA FRTTA AL A R v 17 40 A B AR BGIR 3EA 7
PIFITHR, B4R,

§ &2 nm

20254 #5H)

mf.mw/l950.com 45



20254 #5H)

1% 4 5 ) &l

Welding & Cutting

B4 HRARRE

3 EEEMK
3.1 TRGEELEEIAST

HEEALL 53 BT AN (] A48 o 1 T I e Skt FE 3
TR, AT AR ANES PR .

ES5 AEEZEEREIARNZ M

FH IS W], A5 o B 1R A R B rp A S
4, IR R BE Sy oy A B B . BE A
SRR R ST, BAOLIE R BRI I RS 1 B s R
BRI, XA T R IE R4 K AR
DR A 4 B T2 [RII, sl B R A5 A% vh o0 S BE
25 1 & mAY i A AL A B AR 2 R
JERLRIN, JRAEIR A Bk . (E3FMR R E ,
60mm/minf R4 B 25 B R IRAE AL TR B, RHREE AT
SR A5 U s i 100mm/minfr #4250 B 25 5 3R
PR, AR TCE T B, N
SN TR

§ &L nmT

46 mf.mw/950.com

3.2 BEIEPTRERELN NS

1) S WA Bl B X A T A5t B v S
s, R EATR, H, B .ORIEE
BoA0mmiEt, AL TR O, Hofth ABEIA A
£ BE B [0, 40] mm,

E6 TEIEHERE THERREI

M6 %0, fEAEIREEOL EAL, BRI O
—10mmE510mmibsas v Dok, MR EAR A
ORI, 543 N AR N, o L3R
MR h60mm/mingef, R R AR EETR R B D
AT EERACE, b RIS A B 45 B2 B AR A 1
ARIRAE T, DR R A A8 T G5 M) e SN T A 1R
A PINER U N 0L 27 S VA B N 85 s R B2 Y
PRARREL, IR DR, ISR
BRI, AR H100mm/minis, HFR 4 B )
5K B 2 5 F-80mm/miny S B, Al L AESN )
=, 80mm/minfy KR4 B AT UL SE 47 M OR E A5 42

=

H o

2) Sy b S TR AR et R ) b A7 R I D 5
RIS, EERAE TR,

HE 7R, AR B RO B R
WK, P EOR R A B AG B N, H Y B g >
aommjg, Bk A MIFFAEH Friss N, TESFhEHEH
FEH, 60mm/minfaZe (R B 5 AR A, 1
BN R B 25 W B RS R R AT S s T 2 AR
LR F100mm/minit, KRR AR BARA T T
B, 055K i F80mm/minist s sz b2 A% . pR AT
WL, fE8Omm/minfy R T, ke iR,



E7 FERREETEEERNEST

3) HT B BRI ARHE PR
WG BEAT IR, BRI, & F0R . R
BEEE R, ARLERE, WA BRTTO Hrik it i
WG T O X B 0 - BB Bt K HR A B p 2%
B 2 g - 7l £ o LIS [ A5 o AT AR
PRAEH O XA R B B - R il 2% (L
8) , M AL SR IR e SR AR S B R It
(5 T3 - B2 A MR RS 53 7 AN [ ok B o AR ek
“EPERERTRZN

B8 ARREEEEE TR A-RE &
HIFEIBHI J, FEARIREEE LT, 24 BB 4
RIS, B B2 ™ A B D TR — ok S
LR S 60mmminikf, KRR ) (B X A
i, B EnAFI800MPal L, i H fl P AR o
T TE AR/, H.80mm/ming5iss s i BT 7= (14 7 7
([l mi AL 600MPa, [Hit, R FH80mm/minfyfs

ok TR/

Welding & Cutting

Hell BEHEAT AR, REMS AT M PR UE TR B2 K A0 vl 42
Pk,

4) sy W AEAS [ 12 o B T O TR 2 K 78 T 1
U, Hdd M mEFRR, SRMETR,

a) JE-He 24 60mm/minit 5% 5 [E

b) I B 80mm/minikt it (F% = ]

C) HEHEH FE Y 100mm/minf (L%
B9 1EEEEM TR

IO R, St bl AN [R] A o B 42 B AR Y
ks B, ATLLA 24 0540 5 oh 60mm/minitt, fir
PR LR AR IR R, U W /N R 0 B 25 T 3
JRAE B A AN 2 BLG, INIP AEER R RIS
50 B 2 100mm/minit, B ™ A B A2 2 B2 5
T-80mm/mind 4 T AVALES . kAT WL, 28R
LK, [RIFESS IR A TR

5) 5y HT AN R 32 0 8 5 TIA A 4 3K T 7 A Y
r N, R mE L08R,

§ &2 nm

20254 2551

mf.mw/l950.com 47



20254 #5H)

1% 4 5 ) &l

Welding & Cutting

E10 ARERFEEREREEENZRIBEI T

H 10w a1, BEPREE ol bR, SRRk
Fr e R T L RS kbR R . Y A5 B AR /N,
PR BT 7 A AR TR 2 B A e s L 2 e e
okl RfESSEERLEBRR. ik,
somm/minfy R EER B, WA Bk SRR R AL
A
3.3 AENGEEE B TR IR N M RE R I 24T

T 4 B A [ A5 B e T R e Sk ik
REFSZIR , ] A ROPF (R B K TR b D MR D AR
TEABIL. Ak, A0 M AR H B T K 1Y
fhsE e, S PR B T, R EEEER B AS TR
(Zndag . B BEdSE) FEAT R
e, AEA L E ARSI, BCEE{E DL 5%
%, DMREGREE80mm/min sk, AT 1 skbrik
B, SRR SIRIE A R 22 R, ELLFTR,

HEILLR] (T b 22 5, AN TR AR BE A f] A2
b, B 200 fe s R (A # k et T350HV, X —3i
G A, B B TR PR R S B i o
KB HHEZ, T FEAREE O ORI FAGZ A X N 1 &
T O AL AR, BRI TR AR, R
Bt R, AR B O AN K, A AT
RERZMA 42 K B 0k O = PERE AN CYERE, (H 2 RLRE
FEMAE LN, SNSRI R, F D
flh R & P B AT, Sy M LI T S0, FEAS R4
BT, 80mm/miniry R B AT LR fE R AR
DR B, DT PR B AR O R, A [ A ok
T, RS SRR e £ 3 1 A R (R

§ &L nmT

48 mf.mw/950.com

E1l RREEESH
BRRREMA2.3HV, FWLBAULE R B AR
‘I\éo

4 ERIE

R Hypermesh{f Bk M, ASCHEETT
TR AT, SEBL T AN [R5 B T Sk
REFORIFIE . X E T 2 1R 08 AT % bk o #r s
F ORI IT T R4 B X TR AR e Sk e o o A %
PERERIE AR NN, Sl 0 B dT, AR SRR R T
ATl o T KR R B G 0L, B4R T
omm/mindF 2 BT, KA AR FevN HAREE B
BEMAVEETE, AWMEHIEE L 2ot TA
¥, HABERKHNE,

S 3k -

[1 Z2F4, KR, H&HE, . #HFHELERREH
WTABREE LA REREHZ ] IR IEMN
¥F, 2023, 47 (11) ; 6-11

2] Re, BEMH, &, & LELHEFEFQI604 X
B OR L AT A D] MR TN,
2023, 47 (12) . 12-18

[81 &%=+, K&K, AE, %. 5A064 &4 # L H A
HERETHE LA R 5 W E0]. BEFH), 2022,
43 (6) : 56-60, 95, 116

[4] 2%, W, THE, & BERFAREAER
FAUFE 2 B TCAK S A TR LR AR A W % H
[l T T ¥, 2022, 51 (9) . 122-126, 129.

[6] k&4, W, RE, & HARTEEEELT Y
AEEERBARD] THRBHAFEFR (ARH

(THL4558T1)



20254 #5H)

1% 4 5 ) &l

Welding & Cutting

[D]. #®: W&k K%¥, 2007.

[20 ZHANG Z H, YANG Z, QU J W, et al.
Magnetron sputtering preparation of Cu,Sn,
preferred-orientation coating and its influence on
wettability of Sn-based lead-free solder[J]. Surface &
Coatings Technology, 2023, 450. 129014.

[21] KUMAR A, PATNAIK A, DANGAYACH S G.
Parametric optimization corrosion erosive wear and
XPS response of FeCrCoAITiB and FeCrCoNiSiB
coatings on Q235 steel substrate by HVOF spraying
using taguchi method[J]. Engineering Research
Express, 2024, 6 (1) . 015513.

[22] DONG K X, HUANG S, WANG X H, et al.
Insight into the suppression mechanism of bulk traps
in AlL,O, gate dielectric and its effect on threshold
voltage instability in Al,O,/AlGaN/GaN metal-oxide-
semiconductor high electron mobility transistors[J].
Applied Surface Science, 2023, 638. 158000.

[23]LIUS S, JIANG J H, JIANG C Z, et al.
Enhanced photocatalytic activities of ZnO/Bi,0,
hollow composites via the Z-scheme mechanism
through p-n heterojunctions[J]. Journal of Alloys &
Compounds, 2023, 969. 172312.

[24] WAN S B, YAO Y, WANG W J. Microstructure
and size effect of interfacial intermetallic on fracture
toughness of Sn3.0Ag0.5Cu solder interconnects[J].
Engineering Fracture Mechical, 2018, 202. 259-
274.

[25] EL-DALY A A, SWILEM Y, MAKLED M H,
et al. Thermal and mechanical properties of Sn-Zn-
Bi lead-free solder alloys[J]. Journal of Alloys &
Compounds, 2009, 484. 134-142.

[26] WAN Y Q, LI S, HU X W, et al. Shear strength
and fracture surface analysis of Sn58Bi/Cu
solder joints under a wide range of strain rates[J].
Microelectronics Reliability, 2018, 86. 27-37.

[27] YAZZIE K E, FEI H E, JIANG H, et al. Rate-
dependent behavior of Sn alloy—Cu couples. Effects
of microstructure and composition on mechanical
shock resistance[J]. Acta Materialia, 2012, 60.
4336-4348.

[28] KUNWAR A, GUO B F, SHANG S Y, etal.
Roles of interfacial heat transfer and relative solder
height on segregated growth behavior of intermetallic
compounds in Sn/Cu joints during furnace cooling[J].
Intermetallics, 2018, 93. 186-196.

(W ks F DT . 20241030)

(_F&584811)
¥H) , 2022, 36 (6) : 15-22.

[6] K, £&, BEF. #HAEXPISENLIG A [FE
BILELARN AR FERGEHI] #imT
T %, 2023, 52 (3) : 22-24, 30.

7l v %, Kiak, To8 EERRKESTAE
KRBEL T RAAAR N A TN o % 3], A T
A&, 2022, 44 (11) . 132-139.

[8] #h&My, FEFH, BAE. TRHEXEEIRNKE
IOl 2B mI (AwI) , 2024 (2) . 38-41.
[9] TAO T, ZHOU D, LIU J, et al. Improvement of
laser welded joint properties of AZ31B magnesium
alloy to DP590 dual-phase steel produced by
external magnetic field[J]. Journal of Manufacturing

Processes, 2022, 79. 270-283.

[10] X%, EZEE, HEE, F ETEHBE o 4ke
STHEXFOLEERERYRTHMD] #b 5
St F o &, 2022, 59 (19) . 272-279.

ol Y

58 mf.mw/950.com

[11] xl#tHe, # &M, KRAE, % Ti60HKELTA#E
KRB R EARE T R0 KA,
2023, 43 (11) . 71-77.

[12] XI5, # &, %REF, %. FFKAHETX65
B SR B Sk A 7 AT oA 0] BB F R,
2023, 44 (7) . 24-31, 78, 130.

[13] M#A, BEH, A, F TRREILRERK
LS 4 AR B B SR 4 M B R AR B e [J]. Tk
%1, 2023, 53 (1) . 41-49, 134.

[14] ABE T, ARAKAWA J, AKEBONO H, et al.
Analysis of fatigue crack propagation behavior
of structures with one-sided welding in fillet
welded joint for load-carrying type[J]. Materials
Transactions, 2022, 63 (7) . 1037-1045.

[15] M, DRL#H, BT A, ¥ ETRHAFOEEZYT
T HY B R pR A0 B[] AL B, 2023,
40 (5) . 299-303, 340.

(Wschm H . 20241202)



