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a b s t r a c t

An online optimization method was proposed in this paper to improve the accuracy of
numerical–experimental hybrid simulations of bridges subjected to earthquake forces.
The online optimization method aims to solve the problem induced by the inconsistency
of the multiple identical bridge piers where only one or a few of them are simulated exper-
imentally by physical specimens, while the others are numerically simulated within a
hybrid framework. This method adopts multi-variable nonlinear optimization in order to
find the optimal material parameters of the numerical models, and updates the numerical
models instantaneously during the hybrid simulation. A numerical verification of a bridge
hybrid simulation was conducted using the proposed online optimization method. The
numerical results showed that the online optimization method is capable of obtaining bet-
ter material parameters during the first few seconds of a hybrid simulation, which results
in more accurate nonlinear dynamic response under earthquake loading.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

The numerical–experimental hybrid simulation method, sometimes called pseudo-dynamic testing, was originally pub-
lished in 1980s [1]. The dynamic response of a new type of bridge subjected to earthquake forces can be simulated by run-
ning numerical simulation and experiments concurrently taking into account any interactions between them. Bridge decks
and other devices having well established mechanical properties are simulated by numerical sub-structures, while new
types of piers or bearings without reliable numerical models are simulated by experimental sub-structures. Interaction
forces between numerical and experimental sub-structures are measured and analyzed, and instantly applied to these
sub-structures in every time step of the process. The hybrid simulation method has been improved and modified for various
purposes. Several numerical time integration algorithms have been proposed and evaluated to reduce the numerical errors
and to improve numerical stability [2,3]. Facility controlling methods have been developed for real-time hybrid simulations
to compensate for control and measurement errors induced by facility control and measurement time lags [4,5]. Some of the
past research has conducted hybrid simulations with nonlinear and/or multiple experimental sub-structures [6,7], while
software platforms and communication protocols have been implemented for network-based, geographically distributed,
multi-laboratory collaborative hybrid simulations [8–13].

Unfortunately, researchers generally encounter difficulties when running a multi-pier bridge hybrid simulation. Due to
the high cost of constructing an experimental environment of a bridge pier specimen, a hybrid simulation normally has only
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one or a few experimental piers simulated by physical specimens, as shown in Fig. 1. Hybrid simulations with nonlinear sub-
structures are generally a challenging task and require advanced models [6]. They are even more difficult to handle if there
are multiple identical sub-structures and one of them is a physical specimen. It is very likely that the physical specimens and
numerical sub-structures possess different structural nonlinear behavior, despite their identical structural design, leading to
inconsistent sub-structure response or improper system behavior such as overestimated torsion effects.

This paper proposes an online optimization method for hybrid simulations with multiple identical sub-structures. During
a hybrid simulation, a set of parameters that matches the experimental data measured from the physical specimen are opti-
mized. The models of the numerical sub-structures are then updated online according to the optimized parameters, ensuring
that their response matches the experimental behavior.

2. Theory and methodology

This section briefly describes the concepts of a conventional hybrid simulation, elaborating on the concepts and formu-
lations of the proposed online optimization method that can be used to perform a hybrid simulation with multiple identical
or similar sub-structures. In order to distinguish hybrid simulation methods, a hybrid simulation without online optimiza-
tion is referred to as a conventional hybrid simulation herein.

2.1. Conventional hybrid simulation

A conventional hybrid simulation is much alike running a numerical time integration dynamic structural analysis in
which a part of the structure (i.e., experimental sub-structure) is simulated by a real physical specimen. Data of analyzed
displacements and measured reacting forces are instantly exchanged between the numerical program and the experimental
controllers. Fig. 2 presents the flowchart of a conventional hybrid simulation. The time integration estimates the required
displacements to assign to the numerical and experimental sub-structures at time t + Dt. The fugN

t and fugE
t denote displace-

ments of numerical and experimental sub-structure(s) at time t, respectively.
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Fig. 1. Conventional hybrid simulation of a bridge subjected to earthquake forces.
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Fig. 2. Flowchart of a conventional hybrid simulation.

Y.-S. Yang et al. / Simulation Modelling Practice and Theory 28 (2012) 42–54 43



Download English Version:

https://daneshyari.com/en/article/493610

Download Persian Version:

https://daneshyari.com/article/493610

Daneshyari.com

https://daneshyari.com/en/article/493610
https://daneshyari.com/article/493610
https://daneshyari.com

