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Study on Mechanical Properties of Self-centering
Circular Steel Piers under Lateral Cyclic Loads
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Abstract:In order to explore the mechanical performance of self-centering single-column circular
steel piers under lateral cyclic loading and improve the seismic performance of bridge, the finite
element( FE ) models of self-centering steel piers were established referring to the previous tests.
The results obtained from FE analyses are in good agreement with the experimental results,
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demonstrating the numerical models are reasonable and effectively. Subsequently, by adjusting the
radius-to-thickness ratio, slenderness ratio,and the prestressing stress ratio,a total of 20 FE models
of self-centering steel piers were built. Under the constant axial force and lateral cyclic load, the
elastic-plastic analysis was carried out, and the influence of the radius-to-thickness ratio,
slenderness ratio, and the prestressing stress ratio on the ultimate force capacity, residual
displacement of self-centering steel piers is investigated. A simple mechanical calculation method is
given through theoretical analysis. From the FE results, it can be found that, with the increase of
radius-to-thickness ratio and slenderness ratio, the ultimate strength and recovery capacity of self-
centering steel piers will degrade. However, as the prestressing stress ratio increases,the strength of
piers will increase, while the recovery capacity will degrade. Based on the research results, a
reasonable control of slenderness ratio ,radius-to-thickness ratio and the prestressing stress ratio can
improve the ability to withstand deformation for this type of bridge pier and its recovery capacity,
and the calculation method of its mechanical property can provide guidance for engineering

practice.

Key words : circular steel piers;self-centering ; lateral cyclic loading ; mechanical properties
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Table 1 Sizes,design parameters,and FE results of the circular steel piers

%5 h/mm R/mm t/mm R, A a H/KN 8 /mm H,/kN §,/mm H,,/kN 8y/mm §/mm
MO032-35-150 4 300 465 40 0.032 0.35 0.150 1626.5 18.9 775.8 9.0 1190.6 207.9 5.9
MO038-35-150 5 100 550 40 0.038 0.35 0.150 1957.7 22.4 933.1 10.7 1395.4 246.4 7.6
MO044-35-150 5 600 600 38 0.044 0.35 0.150 2044.6 24.8 922.9 11.2 1370.3 272.8 8.8
M050-35-150 6 600 700 38 0.050 0.35 0.150 2393.8 29.5 1103.0 13.6 1515.6 324.5 13.6
M056-35-150 7 100 750 37 0.056 0.35 0.150 2505.9 32.0 1131.8 14.4 1521.9 352.0 15.9
M062-35-150 8500 900 40 0.062 0.35 0.150 3282.8 38.0 1491.3 17.3 1916.1 418.0 31.7
MO068-35-150 9300 985 40 0.068 0.35 0.150 3 614.7 41.7 1589.3 19.5 2047.8 458.7 38.5
M062-20-150 4900 900 40 0.062 0.20 0.150 5694.6 12.7 2518.9 5.6 3566.1 139.7 3.3
MO062-23-150 5 600 900 40 0.062 0.23 0.150 4982.8 16.5 2290.6 7.6 3088.3 181.5 7.5
M062-26-150 6 300 900 40 0.062 0.26 0.150 4429.1 21.0 1968.8 9.3 2712.3 231.0 10.0
M062-29-150 7 000 900 40 0.062 0.29 0.150 3986.2 25.8 1851.6 12.0 2416.2 283.8 10.8
MO062-32-150 7 800 900 40 0.062 0.32 0.150 3577.4 32.0 1650.2 14.8 2131.8 352.0 21.8
M062-38-150 9 200 900 40 0.062 0.38 0.150 3033.0 44.6 1414.4 20.8 1762.5 490.6 39.7
MO062-35-060 8500 900 40 0.062 0.35 0.060 3282.8 38.1 1344.7 15.6 1508.5 419.1 1.4
MO062-35-075 8 500 900 40 0.062 0.35 0.075 3282.8 38.1 1396.5 16.2 1598.4 419.1 6.4
M062-35-090 8500 900 40 0.062 0.35 0.090 3282.8 38.1 1465.4 17.0 1678.6 419.1 9.1
MO062-35-105 8 500 900 40 0.62 0.35 0.105 3282.8 38.1 1491.3 17.3 1753.0 419.1 10.3
M062-35-120 8500 900 40 0.62 0.35 0.120 3282.8 38.1 1525.7 17.7 1819.2 419.1 14.2
MO062-35-135 8500 900 40 0.62 0.35 0.135 3282.8 38.1 1543.0 17.9 1880.8 419.1 20.1
MO062-35-145 8 500 900 40 0.62 0.35 0.145 3282.8 38.1 1568.8 18.2 1919.7 419.1 25.8
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Fig.9 Comparison between theoretical results with FEA simulations
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