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ABSTRACT: The current approach to estimating peak accelerations in diaphragms over the height of a building is through 
the use of the Pseudo Equivalent Static Analysis (pESA) method. The main intention of the development of the pESA 
was to have an elegant design approach by which a realistic estimate of peak floor acceleration over the height of the buildings 
could be obtained. Applying pESA directly for assessment, especially of inelastic structures, can result in highly conservative 
solutions which can have significant cost implications.  It is also an issue that the pESA method is stated as being only 
applicable for buildings up to 9 stories in height. In this paper a simplified inelastic response history-based methodology is 
proposed to compute the peak floor accelerations for multi-modal inelastic systems. The simplification in the methodology is 
not in the analysis process but in the model idealisation.  A two-step process is proposed: In the first step, a 2D idealisation 
of the 3D building system is adopted with appropriate inelasticity defined. Nonlinear time history analyses are performed 
using the direct modified Newmark total equilibrium framework. Peak floor accelerations are extracted from the computed 
responses and stored. In the second step, a torsional single degree of freedom is derived based on the torsional mass 
participation. Using Cheung’s Methodology, a rotational component of the ground motion is derived from the translational 
components. The effective elastic torsional SDOF system is solved by direct integration and the torsional accelerations are 
derived. The inelastic translational peak floor acceleration obtained in the first step are scaled by a factor determined from 
the torsional acceleration obtained in the second step. The contribution of torsion is treated in an elastic manner and hence 
is conservative especially as computation of peak floor accelerations is the focus. The methodology is validated against the 
peak floor accelerations obtained from a full 3D nonlinear time history analysis. It is shown that the simplified methodology 
can produce lower peak floor accelerations than predicted by the pESA method and which are in good agreement with those 
obtained from the more complex models.   
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