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Three-dimensional mesoscopic numerical model
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Fig.3 The bond-slip curve
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Tab.1 Parameters utilized in the bond-slip model
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Tab. 2 Mechanical parameters of the meso-components

of concrete and reinforcing bars
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Fig.4 Comparison of simulation and test of standard cylindri-

cal concrete under axial compression
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Fig.5 Comparison of test and simulated P-A curves
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Fig. 7 Reinforcement drawings of specimen section
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Fig. 10 Skeleton hysteresis curves of RC columns of different structural sizes
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Effect of structural size on seismic performances of RC columns under
combined shear and torsional loadings

JIN Liu, ZHU Huajie, DU Xiu-li
('The Key Laboratory of Urban Security and Disaster Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Under the horizontal earthquake excitations, reinforced concrete (RC) columns such as the piers of curved girder bridge
or the side columns and corner columns of the irregular reinforced concrete frame structure may be subjected to a combination of
shear force and torsional moments and often produce brittle failure, due to the eccentric center of gravity of the superstructure. In
addition, brittle failure often aggravates the size effect of reinforced concrete structures. In order to study the seismic performance
and size effect of RC columns under combined shear and torsional loadings, a three-dimensional meso-scale numerical model of RC
columns under combined shear and torsional loadings with different torsion-to-moment (T/M) ratios is established. Then, the ef-
fect of torsion-to-moment ratio on the seismic performance and size effect of RC columns subjected to shear-torsion combined load-
ing is studied. The results show that the RC column is more brittle and the bearing capacity is lower under the combined action of
shear and torsion. The increase of torsion-moment ratios leads to the decrease of deformation capacity, ductility capacity and ener-
gy dissipation capacity. The size effect on shear strength of RC columns is enhanced within a certain range due to the presence of
torque. The related equations of shear and torsional capacity proposed in Chinese regulation are compared and modified to ensure

the safety of the predicted results.
Key words: RC columns; shear-torsion combined loadings; seismic performance; size effect; meso-scale simulation
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