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Research on the seismic performance of high-strength square steel tube
ultra-high performance concrete columns

QIN Jingkai, HE Xuejie, ZHANG Juan, LUO Zhi, YU Zicheng, DU Guofeng
(School of Urban Construction, Yangtze University, Jingzhou 434023, China)

Abstract: In order to study the seismic performance of ultra-high performance concrete filled high-strength square
steel tube (UHPCFHST) columns, this paper uses the hoop factor, length-to-slender ratio, and axial compression
ratio as the parameters of study to conduct the low cyclic reversed loading test. The damage patterns of the
specimens were observed, and the influence of each parameter on the hysteretic properties, stiffness, ductility and
energy dissipation capacity of the specimens was analyzed. The test results show that the damage characteristics of
all specimens are similar, and the phenomena of steel pipe buckling and concrete crushing appear at the bottom of
the column. With the increase of the hoop coefficient (from 0.55 to 0.98) , the ductility of the specimens increased
by 8.91% and 21.52%, respectively. The initial stiffness, horizontal bearing capacity and ductility of the specimens
decrease with the increase of the length-to-slender ratio, and the greater the length-to-slender ratio, the more
significant the weakening of the ductility of the specimens. When the axial compression ratio increases from 0.1 to
0.2, the initial stiffness and horizontal bearing capacity of the specimen increase, while the ductility decreases. At
the same time, the load-bearing capacity test results in this paper and the calculated values of each specification are
compared and analyzed. The calculation results of the United States ANSI/AISC 360—16 AISC specification for

structural steel buildings are lower than the measured values by 48%, which is relatively conservative. The
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calculation results of the GB 50936—2014 technical code for cencrete filled steel tubular structures are higher than
the measured values by 17%, After analyzing the Fujian provincial local standard DBT/T13-51—2010 technical
specification for concrete-filled steel tube structures, the calculation is the most consistent with the actual
measurement, which provides a reference basis for the design of high-strength square steel pipe ultra-high-
performance concrete columns under low cyclic reversed loading.

Key words: high strength square steel tube; ultra-high performance concrete; pseudo-static test; seismic

performance ; bearing capacity
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Table 1 Specimen design parameters

[ENGE TR BEJEL o/mm iR n KAty BHEAKe  SEH/mm HRKE L/mm WAL/ MPa
HU-T6-N10-L3 6 0.10 28.19 0.55 2000 1465 Q460
HU-T8-N10-L3 8 0.10 28.19 0.90 2000 1465 Q460
HU-T10-N10-L3 10 0.10 28.19 0.98 2000 1465 Q460
HU-T6-N20-L1 6 0.20 18.57 0.55 1500 965 Q460
HU-T6-N20-1.2 6 0.20 22.42 0.55 1700 1165 Q460
HU-T6-N20-L3 6 0.20 28.19 0.55 2000 1465 Q460
HU-T8-N10-1.2 8 0.10 22.42 0.90 1700 1165 Q460
HU-T8-N15-1.2 8 0.15 22.42 0.90 1700 1165 Q460
HU-T8-N20-1.2 8 0.20 22.42 0.90 1700 1165 Q460

RS DU R H O Q460 BAE; U i UHPC; T A R N I s L n /ANEORUS B0 B2 L2 1~ 1500 mm,
2~1700 mm,3~2000 mm,
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Table 4 Material property of steel specimens

WEEAEE PR /mm SRPERR E/(x10° N/mm?) JE SR EE f,/MPa B £,/ MPa

Q460 6 2.06 480.2 609.4
8 2.08 567.2 664.3
10 2.09 442.4 578.7
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Fig.2 Test loading system
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Fig.5 Hysteresis curve
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Table 5  Load-displacement values of each characteristic point of the specimen
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B7 SWEEEE
Fig.7 Equivalent energy method

EiE A pIE v g
A /mm P /kN A,/ mm P, ./kN A,/mm P,/kN
HU-T6-N10-L3 iEm] 27.61 75.67 40.00 90.98 70.00 85.66 2.85
ydi| 24.57 -60.83 40.00 -71.93 70.00 —-57.06 2.54
HU-T8-N10-L3 iE[m] 31.29 103.9 60.00 119.26 90.00 101.75 2.99
) 30.08 -78.9 60.00 -93.02 90.00 —-78.86 2.88
HU-T10-N10-L3 iEln] 29.40 125.98 60.00 171.27 90.00 132.41 3.15
) 28.57 -117.76 60.00 -163.37 90.00 -112.78 3.40
HU-T6-N20-L1 NG| 16.56 218.68 30.00 259.16 40.00 189.64 2.65
i Jm) 15.11 -230.31 30.00 -237.00 50.00 -146.30 3.02
HU-T6-N20-1.2 1T 16.88 112.28 30.00 132.97 50.00 118.88 2.49

i 1m) 16.77 -115.56 30.00 -142.15 50.00 -124.00 2.96
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A /mm P/kN A, ../ mm P,../kN A,/mm P,/kN
HU-T6-N20-1.3 1] 19.13 81.15 30.00 91.08 50.00 75.99 2.98
111 14.26 -77.16 30.00 -94.22 50.00 -75.86 2.61
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Fig.9 Schematic diagram of the hysteresis curve
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Table 6 Comparison of bearing capacity calculation results

ANSI/AISC 360—16 GB 50936—2014 DBJ/T13-51—2010
R g PRGN P/kN

P_/kN PP, P_/kN PP, P_/kN PP,
Sl HU-T6-N10-L3 81.5 44.9 0.55 103.5 1.27 75.80 0.93
S2 HU-T8-N10-13 106.1 50.9 0.48 126.2 1.19 2.3 0.87
S3 HU-T10-N10-L3 167.3 82.0 0.49 197.4 1.18 157.3 0.94
S4 HU-T6-N20-L1 248.1 126.5 0.51 302.6 1.22 213.4 0.86
S5 HU-T6-N20-1.2 137.6 67.4 0.49 166.4 1.21 114.2 0.83
S6 HU-T6-N20-L3 92.7 44.5 0.48 121.4 1.31 80.7 0.87
s7 HU-T8-N10-1.2 127.2 64.9 0.51 152.6 1.20 104.3 0.82
S8 HU-T8-N15-12 141.7 69.4 0.49 165.7 1.17 117.6 0.83
S9 HU-T8-N20-L2 137.2 68.6 0.50 168.7 1.23 116.6 0.85
SEHE 0.50 1.22 0.87

W% 0.062 0.127 0.121
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