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Abstract : This study describes structural reliability analysis of actively-controlled structure for which random vibration analysis is
incorporated into the first-order reliability method (FORM) framework. The existing approaches perform the reliability analysis based on the
RMS response, whereas the proposed study uses the peak response for the reliability analysis. Therefore, the proposed approach provides us a
meaningful performance measure of the active control system, i.e., realistic failure probability. In addition, it can deal with the uncertainties in
the system parameters as well as the excitations in single-loop reliability analysis, whereas the conventional random vibration analysis
requires double-loop reliability analysis; one is for the system parameters and the other is for stochastic excitations. The effectiveness of the
proposed approach is demonstrated through a numerical example where the proposed approach shows fast and accurate reliability (or
inversely failure probability) assessment results of the dynamical active control system against random seismic excitations in the presence of

parametric uncertainties of the dynamical structural system.
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Fig. 1. SDOF structure with active tendon system
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Table 1. Comparative results of control performance between original
structure with no control and actively controlled structure

Displacement Acceleration
Weight
Peak(cm) Ratio(%) Peak(g) Ratio(%)

No control 6.10 - 1.08

33 3.28 46.23 0.603 44.25

30 322 47.19 0.595 44.96

25 3.11 48.96 0.580 46.34

20 2.98 51.07 0.562 48.02

15 2.81 53.93 0.539 50.17

13 272 55.40 0.528 51.21
Weight Control force(kN) Stroke(cm)
No control

33 406.20 1.255

30 421.09 1.301

25 449.64 1.389

20 484.42 1.497

15 528.35 1.633

13 549.57 1.698
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Table 2, Comparative results of failure probabilities of structure and
active control device

Uncertainies Excitation only(m, ¢, k: fixed) Excita;)i;r;;:g r:ystem
Xmax(cm) Umax(cm) Xmax(cm) Umax(cm)
No | P 0.0462 - 0.0489
Control B 1.6827 - 1.6556
Control | Pr | 2:11x10° | 359x10° | 734x10° | 7.31x10”
(=33) | p 4.0946 5.7868 3.7965 5.6658
Control | Pr | 906x10° | L01x10° | 141x10° | 9.90x10°
(=13) | p 52176 42624 4.6839 42672
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Table 3, Comparative results of reliability analysis of structure and ac—
tive control device during the earthquake

o Excitation and system parameters
Uncertainties
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