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Multi-DOF Real-time Hybrid Dynamic Test of a Steel Frame Structure

ABSTRACT

The hybrid test is one of the most advanced test methods to predict the structural dynamic behavior with the interaction between a
physical substructure and a numerical modeling in the hybrid control system. The purpose of this study is to perform the
multi-directional dynamic test of a steel frame structure with the real-time hybrid system and to evaluate the validation of the results.
In this study, FEAPH, nonlinear finite element analysis program for hybrid only, was developed and the hybrid control system was
optimized. The inefficient computational time was improved with a fixed number iteration method and parallel computational
techniques used in FEAPH. Furthermore, the previously used data communication method and the interface between a substructure
and an analysis program were simplified in the control system. As the results, the total processing time in real-time hybrid test was
shortened up to 10 times of actual measured seismic period. In order to verify the accuracy and validation of the hybrid system, the linear
and nonlinear dynamic tests with a steel framed structure were carried out so that the trend of displacement responses was almost in
accord with the numerical results. However, the maximum displacement responses had somewhat differences due to the analysis errors
in material nonlinearities and the occurrence of permanent displacements. Therefore, if the proper material model and numerical
algorithms are developed, the real-time hybrid system could be used to evaluate the structural dynamic behavior and would be an
effective testing method as a substitute for a shaking table test.
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Fig. 1. Hybrid test system
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Fig. 2. Flow chart of Real-time hybrid system

Table 1. Performance of hydraulic dynamic actuator

Capacity 250kN
Stroke 250mm (£125mm)
+5mm at SOHz/250kN

Hydraulic Performance
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Table 3. Maximum value of real-time hybrid test (Linear)

. Numerical Analysis Real-time Hybrid Test Error (%)
Entries Node No.
(A) ® I(A-B)I/(A)
. Node 3 (1st story) 14.84 13.68 7.8%
Displacement (mm)
Node 5 (2nd story) 20.98 21.92 4.5%
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