% 45 K% 6 AR5 xRE A FROP E D Vol. 45 No. 6
2023 412 A Journal of Civil and Environmental Engineering Dec. 2023

DOI: 10. 11835/j. issn. 2096-6717. 2023. 031

UK Juth 5t LR i3 9 4 R JE FE DU P GE i 45 0F 58

B AT @ AR S AR
(l.ERRF a EARIERFRE; b LWHMAEREHEARKLFTHRE LKL E, E)X 400045;2. F
ARMBAEHEGSFFR £FXER, TR 401331;3. TREAMNHER, &K E 050023)

i EREMOHHRZRAZRELS, BT HRMALRZ LT G0 FA,RE T FHRMEZE
REMPHOREXTERA, SKRELZBELEMMNBITHBERR, AL E —HHAMKRZL
Q620F # 3B 40 . *F b #7 A 3 3% 40 69 30K Ak BEAT K IR AT 2 AR 9B BEAUE B F Rkt B | R R
) 89 48 7% A @ AR, xd dh R L 2 0.2 40 0.35 89 3 5% 4R A B AR S AT AR R AR B e BK B, a8 Ad L AKX A
HARAER RGO E R REE,NRE S R FEEEDS B RRESF 7 @RI IR
EWR AT N, 5 Q690D &8 FH iR NAR L E AL AT LR, RIE L R A KR TR L 5 RN
ALA BRI F eI R BE T BN ERTEILS M RE AR Y 5 BRI R
ALK W R T AR B B R R 4 AR T Q690D 38 & 5% 40, Q620E #T AL 4R A F s 5
WA EFT AR BERGEY TEEESERNEALEH T IBRELM,

K : F 5k AN KR IR L B YA AR AR IR R AR B B X e

RESES:TU3I MEKARERD A X E S :2096-6717(2023)06-0029-09

Experimental analysis on seismic behavior of low yield ratio
high strength steel box-section column
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Abstract: The high strength of steel structure is the main trend. At present, the high yield ratio is the problem
of the high strength steel, which limits the application of high strength steel in the seismic design of structures.
A new type of high strength steel with a low yield ratio Q620E has been developed in HBIS Group by
improving the material properties of low alloy high strength structural steel. In order to study the seismic
performance of it, box-section columns with different cross-sectional dimensions were designed according to
classes width-to-thickness ratio of steel columns. Low-cycle reversal tests were performed on box-shaped

columns of high strength steel with nominal axial compression ratios of 0.2 and 0.35. The seismic performance
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of steel columns was investigated in terms of bearing capacity, ductility, energy dissipation performance and
damage index by observing the damage modes, extracting hysteresis curves and skeleton curves of the
specimens and comparing the seismic performance with that of Q690D ordinary high-strength steel columns.
The test results show that the designed high-strength steel columns have good hysteresis performance and
plastic deformation capacity; width-to-thickness ratio has a significant effect on the bearing capacity and ductility
of the members; the larger width-to-thickness ratio is, the faster the stiffness dissipation capacity of the member
decreases and discontinuous damage development occurs; compared with Q690D ordinary high-strength steel,
Q620E steel shows greater advantages in mechanical properties and seismic design of the member, which can be
considered for high-strength steel structures.

Keywords: high-strength steel; low yield ratio; box-section column; seismic performance; low-cycle reversal
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Table 1 Mechanical properties of Q620E HSS plates and
welding stick-HS80GJ

VA )

ME E/MPa S/t €, o/% Z/%
MPa MPa
Q620E 210286 655.1 761.9 0.86 0.0753 22.5 65.9
HS80GJ 755.0 875.0 19.5
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Fig. 1 Stress-strain relationship of Q620E steel
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Table2 Chemical composition of welding wire %

C Si Mn S P Ni Cu
0.10 0.45 1.80 0.002 0.009 1. 80 0.71
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Table 3 Limits of width to thickness ratio for plates of

HSS box-section columns
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Table 4 Dimensions of box-section specimens

RIOERS  Lo/mm  D/mm  ¢/mm bo/t n
B-1 1060 210 8 24.3(S4) 0. 20
B-2 1060 180 8 20.5(S2) 0. 20
B-3 1060 180 8 20.5(S2) 0. 35
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Fig. 2 Dimensions of box-shaped column sections
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Fig. 3 Testloading device
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Fig.4 Mechanical analysis of loading device
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Fig. 5 Loading protocol
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Fig. 6 Measurement setup for box-section column
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Table 5 Test observations of box-section specimens
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Fig.7 Failure modes of box-section specimens
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Fig. 8 M-d hysteretic loops and M-0 skeleton curves of box-section columns
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Table 6 Test results of hysteretic curve

4> M,/(kN-m) M,/(kN-m)  M,/M, 0./ %
B-1 292.7 349.2 1.19 4.18
B-2 210. 6 339.1 1.61 5.51
B-3 210.6 352.2 1.67 4.61
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Table 7 Bearing and ductility coefficient of specimens

%% M,/(kN'm) M,/(kN-m) S, ! 6./ %
B-1 342.9 349. 2 1.02 3.8  4.18
B-2 248.4 339.1 1.37 4.8  5.51
B-3 248. 4 352.2 1.42 4.83 4.61
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Fig. 9 Strain-column end horizontal displacement ¢-d hysteresis curve of box-section

column B-1
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Fig. 11 Energy consumption index
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Fig. 13 Damage index-D
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Table 8 Comparison of HSS properties

Gip) E/MPa  f/MPa  f/MPa  [/f, €,
Q620E 210286  655.1 761.9 0.86  0.0753
Q690D 236900  779.0 834.0 0.93  0.0590
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Table 9 Dimension information of component

K D/mm  ¢/mm  L,/mm holt A n

B-3 180 8 1060 20.5(S2) 30.3 0.35
B-L 250 16 2505 13.6(S1) 52.3 0.35
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Table 10 Comparison of component test results

. M,/ M,/ 0,/ 0./
FERGE M, /M, ,
(kN*m) (kN+m) (107%rad) (10 %rad)
B-3 248.4 352.2 1.42 0.81 4.76 5.87
B-L 1026.6 892.9 0.87 1.53 4.34 2.84
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Fig. 14 Energy dissipation performance of specimen
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