Abstract

The modal equation of motion is the foundation of structural dynamics, which plays a
key role in earthquake engineering computations. Each modal equation of motion has a
corresponding single-degree-of-freedom (SDOF) modal system. Thus, the modal equation of
motion and the corresponding SDOF modal system are regarded as the most basic elements
synthesizing the motion of the original multiple-degree-of-freedom (MDOF) structure. Modal
response history analyses are widely used in structural dynamic analyses due to the efficiency
in calculation and the clarity in conception. Although the vibration modes are only meaningful
for elastic structures, the inelastic SDOF modal systems have also been developed based on
the pushover curve representing the relationship of roof translation versus base shear for the
original MDOF structure. The stated inelastic SDOF modal systems are widely applied to
earthquake engineering. One of such applications is using inelastic response spectra to
estimate the seismic demands of original MDOF structures. In recent years, the modal
response history analyses considering the effects of higher vibration modes were proposed to
approximately estimate the seismic responses of inelastic MDOF structures. However, there
are three relationships of two roof translations versus two base shears and one roof rotation
versus one base torque simultaneously available for two-way asymmetric-plan buildings
subjected to seismic loads. Moreover, the pushover curves representing the stated three
relationships in acceleration-displacement response spectra (ADRS) format are bifurcated
after the original MDOF structure becomes inelastic. Thus, it is unable to use the conventional
SDOF modal system to simultaneously simulate the stated three force-deformation
relationships for inelastic asymmetric-plan structures. This research decomposed the SDOF
modal equation of motion into a set of three coupled equations of motion for two-way
asymmetric-plan structures. The mentioned set of three coupled equations of motion is called
as three-degree-of-freedom (3DOF) modal equation of motion. The 3DOF modal system
corresponding to each 3DOF modal equation of motion was constructed. The elastic
properties of the 3DOF modal system are exactly obtained from the corresponding 3DOF
modal equation of motion. The inelastic properties of the 3DOF modal system are determined
from the properties of the mentioned three pushover curves of the original MDOF structure. It
is verified that the modal response history analyses by using the proposed 3DOF modal
systems for two-way asymmetric-plan inelastic building systems are more satisfactory than
those by using conventional SDOF modal systems. It is also validated that the proposed
3DOF modal equations of motion are advantageous to the modal response history analyses for
non-proportionally damped two-way asymmetric-plan elastic building systems.
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