#35%K H3#M }%éﬁﬁ']"ﬁ—'lﬁlﬁi%%ﬁ Vol. 35 No. 3
2018 55 A Journal of Architecture and Civil Engineering May 2018

XEHS:1673-2049(2018)03-0001-06
E =8 55K Q890 FiE 1F ikl

FEE,H FLRk A
(L RISRY SA TR K EFE AR, LI 2000925 2. ¥ A% A TREE. LiE 200092)

HE . AIBEEMREETE SR GEMN Q0 ERRA KR GBREH T A FHEHITT XE
MR FA SGRBRTAMOAFREARL BEA-REXZABMEFRRBAL. FENRFRABERSNE
MBAKETAER X EZEBERNARLK T SEAHERALEREFTLER., 2 F KRB L AL F
A B iRl M AR 2 X I A R BT HMAM A AL FH BT QB0 4 F Mk A ey AR,
LREAW . REBELMHTH Q890 MXMFERXBE AW RERR G ARG RS- E X
FWMAAARABREFEK; S ZHBEILT 500 Cot, HAE SR EMEEITSET B, G
fhkFEEMRK; AT 500 C BBRREARE FTHRERERNI ik e KkELBBRHEL
AR R QS0 4R M AL KA R it ik A b ik ah

KERE AR GERN; SR AERE; R R AR

FESES:TU3IL XEARERD A

Experiment on Mechanical Properties of Domestic Ultra-high Strength
Steel Q890 at Elevated Temperatures
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Abstract: By steady-state test, an experimental study was conducted on the mechanical properties
of domestic ultra-high strength steel Q890 under different fire temperature. The mechanical
properties, stress-strain curves and experimental phenomena at elevated temperatures were
obtained. The experimental results were compared with high temperature material models
determined by fire resistant design of steel structures and literature on ultra-high strength steel.
In order to obtain the mathematical models for mechanical properties of Q890 at elevated
temperature, polynomial model and high temperature material model proposed by National
Institute of Standards and Technology were employed for fitting the experiment data. The results
show that the specimens with different temperatures have different appearance characteristics
after the tests and different basic shapes of stress-strain curves. When the temperature is below
500 ‘C, the elastic modulus and strength slightly decrease, and the elongation changes little.
When the temperature is over 500 “C, the declines of elastic modulus and strength obviously
accelerate, and the elongation increases rapidly. The material models can be used for fire
resistance of Q890 steel structure.
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Tab.1 Chemical Constitution of Q890 Steel Plate
(A% C Si Mn P S Cr Al Mo Ti Cu Nb Ni \
FR4P%/ % | 0.160 | 0.330 | 1.250 | 0.110 | 0.002 | 0.270 | 0.041 | 0.560 | 0.017 | 0.020 | 0.021 | 0.110 | 0.048
2 HBEREHH o A A B T &
PR K R BLAR 4085700 °C A1 800 °C i
2.1 RWHEK FI AR A, H 800 “C B ik 14 4 Ak 5 31 v 30 42 ™

Bl 3 RAFIEET Q890 4Nk F M okt . H
K3 AN 3R AR a0 S5 2 TH R K R 5200 °C
A, 2% T2 B0 4 B 0 4 TR OB R 5 300 °C i) 2% 1w 2 AR
A 2, R 15 65 400 °C 1 450 °C B 36 1 55 O B 4

L TR o
2.2 MA-MEXFHE

K4 R ATRNIEEE T i Q890 #Y i I J7-hj 4% 3¢
ALk, MIE 4 TLIE Q890 HY1E ¥ il i A7 —



% 3 ZEE,F B SA2GEM Q890 &R H F L XE 3
o 1200 —— T=20°C v T=200C
] S RIO o e T=300C ---- T=400 C
2X45 g 2%X45° 1000 pmssimeemineg, - T=450 C ==——-T=500TC
= - —T=550C —=--T=600C
,—:{ b & 800 el W he- T=700C === T=800C
b = K
S E 600 - I
13 50 18 A _—— TN
f— j— EA PO Al <~
400 LN
I 62 : s‘\—\__~\
, 112 , 200
. . Ly
0 ; y " ; : )
- - 0.05 0.0 015 020 025 0.30
B2 KRS (B4 :mm) RS

Fig. 2 Size of Specimens(Unit: mm)

3 AREIEET Q890 ik 4 # ¥Rk iR
Fig.3 Failure Modes of Q890 Steel Specimens at
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Fig. 4 Stress-strain Curves of Q890 Steel at

Various Temperatures
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Tab.2 Mechanical Properties and Reduction Factors of Q890 Steel at Elevated Temperatures

WE/C | SRR/ MPa ﬁw’a‘% Ji e 3 J / MPa Efﬁ&ﬁ? 1% R R FE/ MPa WM? W 4 5/ % WTMH‘?
R R R RS

20 204 976 1. 000 1010 1. 000 1 057 1. 000 16. 64 1. 000
200 204 400 0.997 938 0.929 1025 0.970 13.87 0.834
300 201 032 0. 981 904 0. 895 990 0.937 16.97 1.020
400 183 367 0. 895 849 0. 841 906 0. 857 16.93 1.017
450 175 592 0. 857 810 0.802 845 0.799 18. 68 1.123
500 174 246 0. 850 738 0.731 754 0.713 22.17 1.332
550 150 692 0.735 633 0.627 640 0. 605 26.91 1.617
600 132 509 0. 646 472 0.467 475 0. 449 27.14 1.631
700 60 189 0.294 117 0.116 120 0.114 70. 80 4.225
800 23 209 0.113 43 0.043 45 0.043 162.02 9.737
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Fig.7 Comparison Between Test Values and

Fitting Equation Curves of Q890 Steel

3.1 EMERE

EATIR S/
I?T =—1.428X10 *T°—6.869X10 "T*+
20
3.229X 10" T-+0. 986 7

20 C<<T<800 °C (D

NIST #EAE LG N

ET: 7L T—20 240767L T—20 6. 442

E. expl =5 (oag) > o200
20 C<<T<800 °C (2)



% 3 47 ZEH®%,E.H 5% Q890 FHiE A F AR 5

3.2 HEiREE
Z I HUA A
—3.143X10 °T°+1.829X10 °T* —
6.573X10 ' T+1.012
for _ 20 ‘C<<T<C400 C 3
Sy [1.231X10 T —2.589X10 "T°+
1.945X10 ' T?—6.365X10 *T+
8.593 400 ‘C<<T<800 C

NIST BRI A5 AN

f”:o. 041 69+ (1—0. 041 69) -
v,20
7i T—20 l.llSii T—20 5.7
expl =5 (7505 7 s
20 “C<<T<<800 °C (4)

3.3 HRIREE
EA /R /N W)

—4,649X10 *T*+1.834X10 *T? —
3.638X10 ' T+1.007

. 20 ‘C<T<400 C

Fow 113710 T —2. 403X 10 T+

1.824X107*T*—6.093 X107 * T+

8.514 400 °C<<T<<800 °C
NIST # ARG 220N
Jf’ =0.042 24+ (1—0. 042 24) -
u, 20
_i T—20 2.567_i T—20 9.828
expl =5 (5553 2 Gor5) ]
20 C<<T<<800 C (6)

3.4 BiRMKZR
LA AN

1 20 “C<<T<C400 C
e |2.489X10 7T —3.599X10 *T*+
Sul — <)
€00 0.175T—27. 35

400 ‘C<<T<C800 C
NIST BRSO

Eu.T _ _ T—20 455
e 1.008+21.08[ 1 —exp( (839.1) )]

20 C<LT<800 C (8)
4 45 i

AR SC I 1o A A AR L 45 B A R KRR T
77 g 0 B Q890 YIS LA g 2 MEBE 2 B
IR 3-8 56 28 2 K8 B 45 77 22 4k fiE 2 20 5
45 21 55 1R P SN S5 R B0 K BT R R i R A AT 5
SCHR F g I B A B 45 R BE AT X b W ST A B

20~500 °C PAE) A4 i J3E RSP AR R T L T AR I R
A s 500 °C 5 . Q890 i Bk A9 A TR AR 1A
LA e A AU o JEE TSR AR T A AR T R
11 T J A A AR . A A B I TR RE 2 A
BRLIF AT T Q890 #Y . f i MR 4 il 4 45 2R . 71
91 2R FH 22 301 3R R0 R A A6 o 368 P A RS B UL 5 15
B Q890 HIAY oy il 1 4 MR BES BB, W] ] T 4R &
Q890 HILE T J & AP Ah 5 Bt

S & Lk

References:

C1] ZEM, EEMH, MRS 5. & S50 AT o0 Lk

B HAE 72 i B XL R) LT ], SR 45 0 2 4R
2013,34(1):1-13.
LI Guo-qiang, WANG Yan-bo, CHEN Su-wen, et al.
State-of-the-art on Research of High Strength Struc-
tural Steels and Key Issues of Using High Strength
Steels in Seismic Structures[ ] ]. Journal of Building
Structures,2013,34(1) :1-13.

270 BfAkde. ) 3. GJEHT. 5. w54 4 5K 2E 3 b 1
REFAWEFEBARLT ] Tl @ $7,2014,44(3) : 1-5,47.
QIU Lin-bo,LIU Yi, HOU Zhao-xin, et al. State Ap-
plication Research of High Strength Steel in Steel
Structures[ J |. Industrial Construction, 2014, 44 (3):
1-5,47.

[ 3] %okl {THEH, 00 02T, 45, o A0 45 A0 Bt ok F 9% it

JELT] REER P24 AR 5 TR . 2016,
49(44) . 104-121.
LUO Yong-feng, REN Chu-chao, QIANG Xu-hong,
et al. State-of-the-art on Fire-resistance Behavior of
High Strength Steel Structures[J]. Journal of Tianjin
University : Science and Technology,2016,49(S) :104-
121.

[4] QIANG X H,BIJLAARD F,KOLSTEIN H. Deterio-
ration of Mechanical Properties of High Strength
S460N Under Steady State Fire Condition[ ] |. Materi-
als & Design,2012,36:438-442.

[ 5] QIANG X H,BIJLAARD F,KOLSTEIN H. Deterio-
ration of Mechanical Properties of High Strength
Structural Steel S460N Under Transient State Fire
Condition[J]. Materials & Design,2012,40:521-527.

[ 6] QIANG X H,BIJLAARD F S K,KOLSTEIN H. Ele-
vated-temperature Mechanical Properties of High
Strength Structural Steel S460N; Experimental Study
and Recommendations for Fire-resistance Design[]].
Fire Safety Journal,2013,55:15-21.

[ 7] QIANG X H,BIJLAARD F S K,KOLSTEIN H. De-
pendence of Mechanical Properties of High Strength



6 A E L TSR 2018 4%
Steel S690 on Elevated Temperatures[ J |. Construc- [13] GB/T 228.1—2010. 4 @M B &5 130 .=
tion and Building Materials,2012,30:73-79. IR 77 (S
[ 8] QIANG X H,JIANG X,BIJLAARD F S K,et al. Me- GB/T 228. 1—2010, Metallic Materials — Tensile
chanical Properties and Design Recommendations of Testing — Part 1:Method of Test at Room Tempera-
Very High Strength Steel S960 in Fire[ J ]. Engineer- ture[ S].
ing Structures,2016,112:60-70. [14] GB/T 43382006, 4 Ja 1 %} & iR Hr 3 56 5 [ S].
[9] CHIEW SP,ZHAO M S,LEE C K. Mechanical Prop- GB/T 4338—2006, Metallic Materials — Tensile
erties of Heat-treated High Strength Steel Under Testing at Elevated Temperature[ S].
Fire/Post-fire Conditions[ ] ]. Journal of Construction- [15] CECS 200:2006, 2 5150 45 44 B K F2 AR T[S ].
al Steel Research,2014,98:12-19. CECS 200: 2006, Technical Code for Fire Safety of
(100 2= [ e, 2 B 3E. BT, 5. & iR T w0 8 1R Steel Structure in Buildings[ S].
20MnTiB® a9 #1 B RE R I 9T [T ). £ R TR 4R, [16] EN 1993-1-2:2005, Eurocode 3:Design of Steel Struc-
2001,34(5) :100-104. tures Part 1. 2: General Rules Structural Fire
L1 Guo-qiang, L1 Ming-fei, YIN Ying-zhi, et al. Ex- Design[ S].
perimental Studies on the Behavior of High-strength [17] AS 4100-1998,Steel Structures[ S].
Bolts Made of 20MnTiB Steel at Elevated Tempera- [18] ECCS. Technical Committee-fire Safety of Steel Struc-
tures[ J |. China Civil Engineering Journal, 2001, 34 tures, European Recommendations for the Fire Safety
(5):100-104. of Steel Structure: Calculation of the Fire Resistance
[11] F WK% =, Z2ER. 5% E Q460 44 & iR 1127 of Load Bearing Element and Structural Assemblies
PEREIRIG AT ST LT . Bl KK TR 244 .2012,32(38) . Exposed to the Standard Fire [ M]. Amsterdam:
30-35. ECCS,1983.
WANG Wei-yong, LIU Bing, LI Guo-giang. Experi- [19] ANSI/AISC 360-05, Specification for Structural Steel
mental Study on Mechanical Properties of Q460 High Buildings[ S].
Strength Steel at Elevated Temperature[ J |. Journal of [20] CHOE L,ZHANG C,LUECKE W E,et al. Influence
Disaster Prevention and Mitigation Engineering, of Material Models on Predicting the Fire Behavior of
2012,32(S) :30-35. Steel Columns [ J]. Fire Technology, 2017, 53 375-
(12] o I%, E Tk, E . %, &0 B Q460 MA: 41k 400.
Haeiaz)]. £ K TRE2%#,2012,45(9) :19-26. [21] ZHANG C,CHOE L,GROSS | L. High-temperature

LIU Bing, WANG Wei-yong, LI Guo-giang, et al.
Study of Fire Resistance of High Strength Q460 Steel
Columns[J]. China Civil Engineering Journal, 2012,
45(9) :19-26.

Material Constitutive Models for Structural-fire Anal-
ysis[ C]//SIF. Proceedings of 8th International Con-
ference on Structures in Fire. Princeton: SIF, 2014

616-623.



