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Abstract: To provide experimental data and recommendations for the application of high-strength steels in low-temperature
environments, this paper focuses on two key influencing factors: welding heat input and different delivery
conditions of base metals. Two types of high-strength steels, Q550D and Q690D with thicknesses of 20mm,

were selected in thermo-mechanically controlled process (TMCP) and quenched and tempered (QT) conditions.

A% B H.2023-11-20
A7 B BEAaAKAHFEL(52020105004), L% 7 AHH X R B (23DZ21202303)
(=R R
B é§<1972—) B AR, SR LA, 2 RONF FH AL MR R (TAZ) W KR Ak (AR ) R T S S BT
Fo L E A KB R . E-mail: cuigiang@njsteel.com.cn,
A W (1995—), 8 LR AL, FBANFHRBMFET @GHFR,
B
EEH(1983—), B B+ #8, F N FHBMNE M Z A S LB R, E-mail: ybwang@tongji.edu.cn,



5 53

SRR R A TMCP AT QT 285 8 i 49 2 3k ok 9 12 174 52 il

89

Three commonly used gas shielded welding heat inputs of 1.0 kJ-mm ', 1.5 kJ-mm ™', and 1.9 kJ-mm ' were

applied to prepare the joints. The impact toughness tests were conducted, and the results were analyzed and

compared. A systematic study was performed on the Charpy impact energy and transition temperature of the base

metal, weld metal, and heat-affected zone (HAZ) in butt joints under different delivery conditions. The results

indicate that the effect of welding heat input on the impact toughness of various regions of the joints is

insignificant, while the delivery condition significantly affects the impact toughness. Specifically, the impact

toughness of the HAZ in QT steel joints is superior to that of the base metal and weld metal, whereas in TMCP

steel joints, the impact toughness of the HAZ is lower than that of the base metal and weld metal. The study on

the ductile-to-brittle transition temperature under controlled conditions suggests that the high-strength steels used

in this study exhibit good low-temperature sensitivity.
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Table 1 Chemical components of steel plates in test
' ‘ ' /:?:)?E» #&Ifﬁ’« "y
H# LA C/% SU/% Mn/% P/% S/% Ti/% Cu/% Cr/% Ni/% Mo/% Nb/% V/% B/% %E/ %E/ /9
MPa MPa
QT 0.13 0.26 1.34 0.012 0.001 0.015 0.04 0.24 0.02 0.080 0.024 0.002 0.0010 708 752 19.6
@oo0b TMCP 0.06 0.24 1.56 0.010 0.001 0.015 0 0.19 0.02 0 0 0 0.0016 675 717 19.0
£ BHG-2 0.06 0.74 1.76 0.008 0.002 0.120 0.06 — — 0.280 — — — 585 657 19.0
QT 0.13 0.25 1.37 0.013 0.001 0.016 0O 0.33 0 0.150 0 0 0.0015 784 819 20.5
[aosob TMCP 0.08 0.25 1.62 0.009 0.001 0.017 0 0.25 0 0.004 0 0 0.0016 818 839 164
F £ BHG-4M 0.07 0.57 1.64 0.008 0.001 — — — — 0.28 — — — 710 795 228

& A K F X ARFE A 100 mm,
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Fig. 1 Butt welded connection
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Table 2 Welding parameters of butt welded

connections
AR b2 woR O wE FHERE/  JFEHRHEA/
gwkA 7 A U/V (mmemin ) (Kemm™Y)
270 26.2 390 1.08
Q550D 245 27.2 265 1.51
285 27.9 244 1.95
QT
244 25.1 365 1.01
Q690D 250 26.2 260 1.51
270 28.4 230 2.01
240 22.0 325 0.97
Q550D 285 29.3 333 1.50
290 28.1 260 1.88
TMCP
285 25.2 433 0.99
Q690D 280 28.5 321 1.49
310 28.3 279 1.89
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Fig. 2 Diagram for manufacturing process of toughness impact specimens
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Table 3 Grouping and sampling of welding specimens

Vi Uy wwen SLAAT
oo Mgk
Q550 1.5 F,R1,R3,R5 5
1.9 F,R1,R3,R5 5
ar BM-P,F,R1
Lo RB’,R’S ’ 0
Q650 1.5 F,R1,R3,R5 5
1.9 F,R1,R3,R5 5
oo M
Q550 1.5 F,R1,R3,R5 5
1.9 F,R1,R3,R5 5
mer BM-P,F,R1
1O RS’,R’S ' 0
Q650 1.5 F,R1,R3,R5 5
1.9 F,R1,R3,R5 5
&1t 260
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Fig. 3 Impact test device
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Table 4 Impact toughness of specimens in different conditions under —20C
B fn B Aoy of &2
Ty . BWEAHEAN/ - _
®A M5 (kJ-mm- ") BM-I F R1 R3 RS
w/l e/l o/u p/l o/l o/p  p/l /] o/p w/I 6/I o/u w/I  e/] olu
1.0 185 5.0 0.03 210 5.3 0.03 221 8.1 0.04 208 19.1 0.09
Q550 1.5 247 6.4 0.03 50 10.6  0.21 227 8.1 0.04 224 9.2 0.04 192 15.1 0.08
1.9 209 50 0.02 198 14.4 0.07 223 3.1 0.01 233 3.1 0.01
TMCP
1.0 135 5.8 0.04 227 2.3 0.01 151 5.0 0.03 206 2.3 0.01
Q690 1.5 241 1.2 0.00 79 3.1 0.04 145 4.2 0.03 156 16.4 0.10 146 22.3 0.15
1.9 119 8.3 0.07 122 8.0 0.07 122 3.5 0.03 148 3.5 0.02
1.0 175 6.4 0.04 253 9.9 0.04 247 7.0 0.03 249 3.1 0.01
Q550 1.5 199 4.6 0.02 96 5.0 0.05 210 8.3 0.04 194 174 0.09 180 21.2 0.12
1.9 89 6.4 0.07 249 3.1 0.01 247 3.1 0.01 193 6.4 0.03
QT
1.0 135 9.9 0.07 233 11.7 0.05 223 9.9 0.04 222 3.5 0.02
Q690 1.5 171 23.4 0.14 102 5.3 0.05 219 18.6 0.08 213 19.7 0.09 209 22.3 0.11
1.9 87 3.1 0.04 175 8.1 0.05 241 11.0 0.05 219 5.0 0.02
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Fig.4 Impact energy for different parts of butt welded connections under various welding heat input
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Fig.5 Impact energy for different parts of butt welded connections under various manufacturing process
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Table 6 Ductile-to-brittle transition temperature

AT AT WIMETBET/C #Wiks JEE Ty/C

)L/Nl

135.0 36.5

TMCP 7 Q690D iz 4% 3 5

Wi X ) v oty 2 A X A

90 M 2 A e 2 AR OGS BEAEG A B e g s B

x1T NEARFHEREETERE

Table 7 Existing studies on ductile-to-brittle transition temperature of steels

AR5 REHFH LRRE RE 15 F AT A/]  WMEEEERET/C WMEFETRETLE T/C
- 60 BM 0 157.8 —31.3 16.6
o - 90 BM 0 161.4 —26.1 17.3
o ) - 120 BM 0 123.3 —18.1 12.8
- 150 BM 0 89.6 —12.1 8.7
WM 25.3 53.3 —29.3 14.3
Q460" C QT 14 HAZ 11.6 57.2 —20.1 22.9
BM 24.4 58.8 —11.1 3.3
Q690( A ) D TMCP 20 HAZ - 139.8 < —40.0 44.6
WM 46.0 74.5 —13.9 4.8
Q960'® - QT 14 HAZ 25.0 62.8 —12.7 6.2
BM 27.2 81.5 —19.5 5.7
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