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Abstract; In order to investigate the seismic and fire resistance performance of hot-rolled SQ460FRW steel, the steel
was kept at a temperature range from 250 °C to 650 °C for 1 hour to simulate fire environment, and the microstructure
evolution and seismic and fire resistance performance of SQ460FRW steel after different heat treatment were analyzed.
The results show that granular bainite (GB) and ferrite (F) can be observed in SQ460FRW steel before and after high-
temperature heat treatment, but the degree of decomposition of martensite/austenite (M/A) islands in microstructure is
different. After heat treatment at 250—-650 C, internal friction curve of SQ460FRW steel shows that the SKK peak
gradually decreases from 3.926X 107 to 1.348 X 107*, and the carbide precipitation gradually increases from 8.78% to
65.96%. Compared to hot-rolled SQ460FRW steel, SQ460FRW steel has little change in its strength and plasticity after
heat treatment at low-temperature (250 C) and medium temperature (350 “C) , but has remarkably higher yield
strength and increased yield ratio after heat treatment at or above 450 °C. It is shown that SQ460FRW has its yield ratio
less than 0.85 after treatment at or below 550 °C. After treatment at 250—-550 °C for 1 h, SQ460FRW steel can have its
tensile properties up to the requirements for earthquake and fire resistant steel in GB/T 19879—2023 and GB/T
28415—2023 standards, and it can have higher strength after treatment at 550 “C. It is concluded that after SQ460FRW
steel for construction is heat-treated at 250—650 °C, its yield ratio exhibits a negative linear correlation with room-

temperature internal friction.
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1.1

Fz 1 MELE SQ460FRW IR ZR S (FREHE)
Table 1 ~Chemical composition of hot-rolled SQ460FRW
steel plate %
C Si Mn P S Cu
0.047 0.25 1.01 0.010 0.004 0.39
Mo Ti Nb Cr Ni Fe
0.24 0.012 0.036 0.46 0.42 At

1.2\ RRE AL

Jeds SQ460FRW AL B AR N T4 550 mm | BE
330 mm J5 20 mm AR IAREAE , Fe Lt K wgk  k
TJ5 & T DZF-6050 % E23 JEAR i iEFT 80 °C/15 min 1Y
BETAb3 W 5 28 v 2 A T 5 BEAUL K TR RS0 285 T

LB SQ460FRW NI FEHEAT 250~ 650 °C fRIE 1 h
HFRAL 3 BT FH A B o R TSR 35 2 (Carbolite
Gero) MTF & =0p, iK1 B ] fg o i rh B | 76
FEPRHREINR,
1.3 MhEiKAE

i FHER VIR 7 oA AL 3 T 2R A A
I TR, 2R 1207 ~ 1200 b 4632 95T 8 4 Nl
W B MG, FHRFL SRR 3.5% Ao his B IS G 1 105 ok
TR REER SRIGAEZEE] Axio Observer. Alm BG4 g i
FI TESCAN VEGA RUESLT 22 A Hi 7 W AEe F WAl
WLZH 27 4 4% GB/T 228.1—2021, & Zwick ProLine
ZO10NT AU J7 REMEHAIE ML AT = IR PPk REI I,
R 6 AR T, S8 GB/T 13665—2007,
i GEP-100 %Y £ T 5 A FE KU SQ460FRW 4
HIAFE (@1.8 mmx 70 mm) 47 NFESLL: | 10 AR
BEF W= IR AR B AL AT =

2 RIS

BRAR
K1 AL SQ460FRW M A B i ZH 4,
B 1(a) AT 0L, $EL A X Al 2 21 H kIR DT AR (GB) i
BRZER(F) 1A ; B 1(b) AT UL, FR A/ B FG AR /N 5
A EZI A F I FAL, He BRSP4 5 (G R/ LG
B (M/A) 3 RHAKTF 2 pm KT 2 pm P, Hidr,
JEFART 2 wm B9 M/A 22 BURRIR A BE ) £ 3
JEMR, RSP RT 2 wm 19 M/A R 52 BEIEA,

(o) B ‘%}3@2@) . D TR
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(a) GAAIL; (b) FMHRERMARN
Bl 1 #ELZS SQ460FRW SRR A BIHE R
Microstructure of hot-rolled SQ460FRW steel plate

Fig. 1
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Fig.2  Microstructure of SQ460FRW steel after heat treatment

at low and medium temperatures
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Fig.3  Microstructure of SQ460FRW steel after heat treatment

at high temperatures
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B, AR (250 °C) FHR (350 °C) PRl 1 h #UAb B
SQ460FRW F 4 Ji FIRBE E (R, ) HLHLRREE (R,) TS
R (A) BRI, JE 3R L (R ,,/R,) AT 0.763 ~
0.790, 450 °C K LA b Hab FEm; | JefA 20 4 rh R 3k
1 M/A HEE B, RSPAKT 2 wm B9 M/A 4
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BN A PN R i 3 NA AR ST TE i 5 WA B2 VAN
FRLIR)  HE R 2 rh 2R Mg 230 T8 1 5 ER A/ L K
/N B A 2B [ 4t 4K, SQA60FRW 44 1) 548 J3 A7 T 184
U AE AT B TR (650 °C) £ fHif5 F 441 % A= B
AR K SQ460FRW 4% 4 8 5 i /)N .

R2  HELSTHALIEA SQ460FRW N =B 14 AL
Table 2 Room-temperature tensile performance of hot-rolled

and heat-treated SQ460FRW steel

T/C Rygo/MPa R /MPa  A/%  Ry,/R,
PELS 451.63 602.60 21.1 0.749
250 462.56 606.09 20.7 0.763

350 472.77 598.41 20.5 0.790

450 520.43 614.42 20.0 0.847
550 513.41 619.46 19.8 0.829
600 554.37 630.42 19.6 0.879
650 546.43 617.26 19.2 0.885
GB/T 19879—2023
(Q460GJ) 460~590 570~720 =18 =0.85
GB/T 28415—2023
(Q460FR) 460~ 600 =570 =18 =<0.85

HRAE GB/T 19879—2023 ( & 57 45 #4) FH 84 A ) A
GB/T 28415—2023  Tif J 25 ¥4 FH 44 A Fn 49 47 ) it
Q460G] 1 Q460FR X i iz i J& | B P ik & | 7 S feh 4
SRS LA B SR (A0 g 2 FraR ) Al Bk B R
250~550 CHJ SQ460FRW MHJ R, R, A FI R ,,/R,
KR AAREESR | B 550 °C i} SQ460FRW 40 i R,
Ko FR2EREW FELDIT 550 C K LLF KK FE
Ji ,SQ460FRW AR HL M TERETI R4 & GB/T 19879—
2023 F1 GB/T 28415—2023 Ay X 45 45 44 FH 49 Al A1
T ¢ 25460 FHARAR 1 223K
2.3 HUEm AERE

4 g N [R) AL BRI BT SR AN 1 = IR FE S
RO R ML . IR NFEZ N FESR T BT R
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Fig.4 Relationship between room-temperature internal friction and

yield ratio of SQ460FRW steel at different temperatures
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PULHZS SQ460FRW Y AR L b & AL
SQ460FRW 1) SKK IE{E >y 4.320 x 107" Rk 4T
B0, IR 250 °C TFE £ 650 C AT, SQ460FRW
Y SKK I 3.926 % 107*Jdi/NZE 1.348 % 107 #ifk
Y odr o M 8.78%IGINE 65.96%, 5 L A&
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RN, A AT th i S e 25 55 B m e
FRIE B R, SQ460FRW X H M/A £H 21 4 i 55 i 72
GrUOT AR b B AL AT K R SKK I A
79380 1 P S TS [] 3L B P A B AS SQ460FRW X 119
WAL i 5 TR Y R SO R S SR A

R3  HIELESFIPMAIES SQ460FRW NI =B A FEH0
BT H 8
Table 3  Internal consumption at room temperature and

carbonate precipitation of hot-rolled and heat-treated

SQ460FRW steel

BRAL AT H A

T/°C FIRAFE/107* SKK W /107 B0 /%
25 6.867 4.320 —

250 6.473 3.926 8.78

350 5.984 3.495 18.51

450 3.159 1.886 54.82

550 2.735 1.572 61.91

600 2.526 1.436 63.98

650 2.472 1.348 65.96

3 4k

1) PELEA 250~ 650 CHALFE S SQ460FRW 44
MIZHZUER S GB+F, ZRAIRiL , rh il 0 s T A Ak 38 s Sk A
LU M/ A H L5 R B AN [R] 5250 ~ 650 °C #ukb FE
J& , SQ460FRW 41 SKK I {E M 3.926 x 10™* B/ N 2
1.348 x 107 ALt Hi i M\ 8.78% % i N ZE 65.96%

2) FHEL T AL SQ460FRW 49, AL (250 °C ) FiI
FRIR (350 °C) P kb HH 5 SQ460FRW 4 1) ik 8 1 7% 4k,
AR, IR AT 0.763~0.790, 450 °C K LA | ik BE 4
b3S, SQ460FRW 4K A Jee Al ik B2 W I b7, Jis otk LE A
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