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Hysteretic performances of prestressed concrete-filled steel
tubular columns under complex loading conditions
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Abstract: Prestressed concrete-filled steel tubular (CFST) lattice towers capitalize on superior load-bearing
capacity and lateral stiffness of composite CFST members. The application of unbonded prestressing strands
effectively addresses dimensional design limitations and fatigue issues. Wind turbine towers in service are
subjected to compression-bending, bending-torsion, and compression-bending-torsion loads. To investigate the
seismic performances of key components, four low-cycle reversed loading tests were conducted on prestressed

CFST columns, focusing on failure modes and hysteretic performances. Results reveal that under compression-
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bending, failures were dominated by flexural buckling of outer steel tubes near the column base, while

specimens under bending-torsion and compression-bending-torsion exhibited coupled flexural-torsional failure.

Prestressing strands mitigated steel” s local buckling and suppressed diagonal cracking along columns,

increasing initial stiffness and energy dissipation by 34.55% and 37.67% , with limited effect on ultimate

capacity. Bending-to-torsion ratios significantly affected peak load, ductility, and stiffness, but had a minor

impact on energy dissipation. And prestress loss was strongly correlated with plastic deformation.

Keywords: wind turbine structures; prestressed concrete-filled steel tubular columns; complex loading

conditions; failure modes; hysteretic performances
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Fig.1 Geometric dimensions of prestressed concrete-filled steel tubular corner columns
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Fig.2 Tensioning of post-tensioned strands
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Fig. 5 Arrangement of strain and displacement meters
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Fig. 6 Failure modes of specimens
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Fig. 8 Hysteretic curves
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