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Abstract. This study proposes a new elemental damping model for incorporating un-modelled energy dissipation in
the simulation of seismic response of large-scale structures. It addresses the problems of the existing elemental damping
model that result in difficulty in calibrating elemental parameters for desired global structural damping ratio and unin-
tended large coupling effects between modes. The new model maintains the consistency between elemental damping ratio
and global structural damping ratio, avoiding unnecessary complex calibration. It also allows the elemental damping ratio
to be better correlated with the states of elemental stresses, deformations, damage variables, or any other internal state
variables, such that a rational-based update on elemental damping ratio can be used to simulate un-modelled, changing
energy dissipation during nonlinear dynamic response. Examples will be used to demonstrate the performance of the new
model.

Introduction

Elemental damping models have recently been proposed to address the limitations of Rayleigh damping for
incorporating un-modelled energy dissipation in the simulations of seismic response of large-scale structures
[1]. In these models, elemental damping coefficient matrices are formulated based on elemental stiffness and
mass matrices, and the global damping coefficient matrix is obtained by directly assembling these elemental
matrices based on the common nodal degrees of freedom, just like how the global stiffness matrix is obtained
from elemental stiffness matrices. This idea is particularly advantageous because it results in a damping co-
efficient matrix that has the same skyline pattern as the stiffness matrix, so that these models have the same
computational efficiency as the Rayleigh model. Unfortunately, the resultant damping coefficient matrix is not
proportional, resulting in coupling between modes and the coupling effects could be larger than anticipated.
For a decent global damping ratio as low as 2 to 5%, the required elemental damping ratio could also be very
large and even larger than 100% [2]. This raises questions on the physical meaning of elemental damping ratio.
It is, therefore, warranted to have a new elemental damping model that addresses these problems.

Results and discussions

The new elemental damping model is derived based on the bell-shaped damping model recently proposed [3-6].
It uses a bell-shaped curve as the basis function to generate any user-defined damping ratio curve in the fre-
quency domain, such as a constant, linear, trilinear, or a stepped curve. Although its damping coefficient matrix
is fully populated, it can be expanded into a sparse block matrix using the idea of static expansion. The new el-
emental damping model adopts this sparse block matrix form of the damping matrix on the elemental level, and
assemble them to obtain the sparse block matrix form of the global damping coefficient matrix. This big idea
maintains a consistent damping ratio on both elemental and global structural level, thereby avoiding complex
calibration process. It also allows the elemental damping ratio to be better correlated with the states of ele-
mental stresses, deformations, damage variables, or any other internal state variables, such that a rational-based
update on elemental damping ratio can be used to simulate changing un-modelled energy dissipation during
nonlinear dynamic response. Examples have demonstrated the excellence performance of the new model.
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