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Abstract

This paper investigates the force properties and restoring force model of shear-compression dam-
aged reinforced concrete flat columns. Flat columns, as a kind of transitional cross-section members,
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show similar force characteristics of columns or walls under different force conditions. The re-
search on this type of member is not sufficient and its definition is not clear in the current standards.
The force performance of this type of members is quantitatively summarized through the low cir-
cumferential repeated static tests on six 1:3 scaled-down reinforced concrete flat columns with var-
iable axial compression ratio, variable cross-sectional aspect ratio, and variable horizontal distrib-
uted reinforcement ratio. The test results show that the shear-compression-damaged flat columns
have a small number of cracks, only one diagonal main crack, a high flexural strength ratio, a small
safety reserve, a poor ductility, a weak energy dissipation capacity, and a bow-shaped and narrow
hysteretic curve. Based on the experimental results, a restoring force curve model applicable to
shear-compression damage is proposed, which adopts a triple-fold line to fit the skeleton curve and
combines the hysteresis law with the normalized energy dissipation index, which has the advantages
of fewer parameters and simpler application. The research results provide theoretical references
for the design of shear-compression damaged flat columns, and have certain practical significance
and value for engineering applications.
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Figure 1. Elevation of flat column BZ7~BZ9 specimens
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Figure 2. Elevation of flat column BZ10~BZ12 specimens
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Figure 3. Schematic diagram of cross-section dimensions and reinforcement of flat columns
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Figure 4. Photograph of test piece molding
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Figure 5. Installation of test pieces
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Table 1. Specimen information sheet
1 WHEEE

N FESA SRR HE A FE R KA A
oty W WEE W W W R AW RmE
BZ7 4012 + 2910 2.38 8D6 1.23 D6@100 0.75 - -
BZ8 4012 + 2910 2.38 8D6 1.23 do@100 0.75 - -
BZ9 4012 + 2010 2.38 8D6 1.23 6@ 100 0.75 - -
BZ10 8d12 2.08 6d10 1.22 D6@100 0.77 D6@100 0.38
BZ11 8d12 2.08 6d10 1.22 D6@100 0.77 D6@100 0.38
BZz12 8d12 2.08 610 1.22 6@ 150 0.77 do@150 0.25
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Table 2. Indicators of mechanical properties of reinforcing steel
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o6 2.02 x 105 354 456
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Figure 6. Concrete stress-strain test curve
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Table 3. Loading table of specimen axial
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NS BZ7 BZ8 BZ9 BZ10 Bz11 BZ12
FIIKN 300 450 600 480 960 960
L 0.30 0.45 0.60 0.30 0.60 0.60
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Figure 7. Specimen hysteresis curve
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Figure 8. Skeleton curve
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Figure 9. Schematic diagram of triple folded skeleton curve fitting
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Figure 10. Schematic diagram of standard hysteresis loop
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Table 4. Indicators of mechanical properties of reinforcing steel
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p b/mm  ho/mm fu/N-mm-2 ASVIS KN F,,/kN Fo. /KN
BZ7 2 150 450 456 0.5652 300 215.729 192
BZ8 2 150 450 456 0.5652 450 241.979 259
BZ9 2 150 450 456 0.5652 600 260.354 285
BZ10 2 150 750 456 0.5652 480 358.1484 326
BZ11 2 150 750 456 0.5652 960 417.9984 436
BZ12 2 150 750 456 0.3768 960 366.6906 402
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Figure 11. Linear regression of normalized energy consumption index against relative displacement angle
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Figure 12. Comparison of fitted restoring force curves with test results
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