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Seismic performance of variable cross-sectional
concrete filled steel tubular laced columns with flat lacing tubes
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(1. College of Civil Engineering, Fujian University of Technology. Fuzhou 350116, P.R. China;
2. College of Civil Engineering, Fuzhou University, Fuzhou 350118, P.R. China)

Abstract: A finite element analysis model of variable cross-sectional concrete-filled steel tubular (CFST)
laced column with flat lacing tubes is built with universal program of OpenSEES, and the calculating
results of specimen obtained by OpenSEES agree well with the quasi-static test results. The seismic
performance of four-element variable cross-sectional CFST laced columns with flat lacing tubes is
researched with calculation parameter of column slope, including the rules on energy dissipation capacity,
skeleton curve, structure ductility, and stiffness degradation of elements, and these calculation results are
compared with the research results of uniform cross-sectional CFST laced columns. And the influence of
axial compression ratio, column height (slenderness ratio), vertical spacing of flat lacing tubes, steel ratio
of longitudinal element, diameter ratio of lacing tubes to longitudinal tubes, yield strength of steel,
concrete strength and other structural parameters on seismic performance of variable cross-sectional CFST
laced columns with flat lacing tubes are investigated. It”s hoped that the results can provide reference for

the improvement of CFST calcalation theory and engineering application of variable cross-sectional CFST
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laced column piers.
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Fig.1 Quasi-static testing of variable cross-sectional

CFST laced columns with flat lacing tubes (BP-1)
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Table.1 Parameter of specimens

A WA B

e iy !/m Lon !
1 S-0 — — 10.0
2 S-1 — 1:70 9.3
3 S-2 — 1: 60 9.2
4 S-3 2.5 1:50 9.1
5 S-4 — 1:40 8.9
6 S-5 — 1: 30 8.6
7 S-6 — 1:20 8.0
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Fig.3  Configuration of specimens
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Table.2 Calculation values of energy dissipation capacity index

B B

W E h.
1:71

S-0 2.475 0.394
S-1 1.70 2.431 0.387
S-2 1.60 2.424 0.386
S-3 1:50 2.413 0.384
S-4 1.40 2.397 0.382
S-5 1:30 2.368 0.377
S-6 1.20 2.299 0.366
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Fig.4 Calculation diagram of the hysteresis curve Fig.5 Comparison of k. (equivalent viscous damping coefficient)
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Table.3 Calculation results of characteristic value on skeleton curve

A P,/kN  A,/mm P../kN  P,/kN  A,/mm e
S-0 31.83 21.50 50.75 43.14 103.48 4.81
S-1 32.60 20.06 55.37 47.06 102.86 5.13
S-2 33.63 20.06 55.92 47.53 103.24 5.15
S-3 36.51 20.15 56.43 47.97 103.97 5.16
S-4 38.03 20.11 58.25 49.51 104.23 5.18
S-5 38.57 20.09 61.08 51.92 104.45 5.20
S-6 40.10 20.08 66.25 56.31 105.21 5.24
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Fig.6 Comparison of skeleton curves
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Table4 Comparison of calculation results of stiffness AR
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1
(kNemm™) (kN+mm™") %
2L
S-0 1.69 0.29 0.827
S 1.85 0.32 0.827 =
1L
S-2 1.88 0.33 0.827
S-3 1.92 0.33 0.828
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Fig.7 Comparison of stiffness degradation curves
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Fig.8 Skeleton curves under different axial compression ratio
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Table.5 Comparison of main parameters of skeleton curves

n P,/kN Ay/mm  P,./kN  P,/kN A,/mm S
0.1 37.60 21.22 60.01 51.01 111.63 5.26
0.2 37.84 22.29 56.87 48.34 94.45 4.24
0.3 37.40 23.42 52.33 44.48 85.17 3.64
0.4 35.91 23.12 46.22 39.29 76.20 3.30
0.5 30.09 19.50 40.62 34.53 63.23 3.24
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Fig.9 Skeleton curves under different column height
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Table.6 Comparison of main parameters of skeleton curves
[/m A P,/kN  A;/mm  P,./kN  P,/kN A,/mm e
1.25 4.7 64.07 9.60 99.32 84.42 61.24 6.38
2.50 8.9 38.03 20.11 58.25 49.51 104.23 5.18
5.00 16.0 24.24 41.58 37.96 32.27 203.53 4.89
10.00 26.7 18.28 78.23 30.07 25.56 314.89 4.03
15.00 34.3 14.77 115.70 28.04 23.83 435.56 3.76
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Fig.10 Skeleton curves under different vertical spacing of lacing tubes
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Table.7 Comparison of main parameters of skeleton curves

d/m P,/kN Ay/mm  P../kN  P,/kN A,/mm S

0.125 51.47 20.85 83.15 70.68 108.52 5.2
0.250 37.68 20.12 58.25 49.51 102.22 5.08
0.375 32.81 21.97 50.46 42.89 100.96 4.6
0.500 30.68 23.04 46.22 39.29 103.6 4.5
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Fig.11 Skeleton curves under different diameter ratio of tubes
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Table.8 Comparison of main parameters of skeleton curves
b P,/kN Ay,/mm  P,./kN P,/kN A,/mm fa
0.2 23.66 23.33 36.79 31.27 91.87 3.94
0.4 38.03 20.11 58.25 49.51 104.23 5.18
0.6 55.41 20.27 85.90 73.02 109.2 5.39
0.8 81.31 19.47 124.1 105.5 116 5.96
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Fig.12 Skeleton curves under different steel ratios
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Table.9 Comparison of main parameters of steel ratios

a/% P,/kN A,/mm P.../kN P./kN A,/mm s
4 29.18 19.46 45.38 38.57 96.23 4.95
7 38.03 20.11 58.25 49.51 104.23 5.18
11 43.12 20.85 71.80 61.03 109.13 5.23
15 51.68 21.56 85.36 72.55 114.53 5.31
19 58.56 22.09 97.68 83.03 117.86 5.34
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Fig.13  Skeleton curves under different concrete strength
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4 Skeleton curves under different fy of longitudinal element tube
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Fig.15 Skeleton curves under different fy of lacing tube
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