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Enhancement of Precise Integration Method for Dynamic Structural
Analysis using Inversion of State Matrix

S. Mirzaei and J. Akbari*
Department of Civil Engineering, Malayer University

Abstract: For solving the dynamic equilibrium equation of structures, several second-order numerical methods have so far
been proposed. In these algorithms, conditional stability, period elongation, amplitude error, appearance of spurious frequencies
and dependency of the algorithms to the time steps are the crucial problems. Among the numerical methods, Newmark average
acceleration algorithm, regardless of existence of spurious freguencies, is very popular in the structural dynamics due to its
unconditionally stability status of the method. Recently, several first-order methods have been introduced for resolving the
accuracy and stability issues. However, in these methods stability, accuracy and error in inversion of the state matrix are known
as major issues. When the state matrix became singular or ill conditioned, numerical errors will occure in the computational
process. Many of the available first-order methods were to improve the stability and accuracy and also to remove the error of
inversion. Even though the introduced methods are conditionally stable, no investigation on errors, occuring during dynamic
loading, has been reported for them. The main purpose of this paper is to utilize a specific decomposition method based on
Singular Value Decomposition (SVD) for modifying PIM algorithm. Using the SVD inversion technique, the singularity problem
of the state matrix has been resolved. In this paper, the modified method is called PIMS. As well, by applying the developed
method for dynamic loading, the error of responses has been investigated. The results show that PIMS algorithm is stable and,
comparing with secoend order Newmark and other available first order methods, has more accuracy.

Keywords: First—order Precise Integration Method (PIM), Second-order Newmark method, State matrix, Singular Value
Decomposition (SVD), Stability error.
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. higher precision direct integration with linear loading

form (HPD-L)

. higher precision direct integration with Fourier

expansion of loading form (HPD-F)

precise integration method (PIM)

precise time step integration method (PTSIM)

no inverse matrix calculation in precise integration
method

WO

=00

MUojU

singular value decomposition
observability

controllability

linear time invariant

0.precise time step integration method with singular

value decomposition (PIMS)
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