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Seismic Response Control of Cable-Stayed Bridge
using Fuzzy Supervisory Control Technique
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ABSTRACT

Fuzzy supenvisory control technique for the seismic response control of cable-stayed bridges subject to earthquakes is studied. The proposed technique is a hybrid
control method, which adopts a hierarchical structure consisting of several sub—controllers and a fuzzy supervisor. Sub-contrallers are independently designed to reduce the
responses 1o be controlled of a cable-stayed bridge, and a fuzzy supervisor achieves improved seismic control performance by tuning the pre-designed sub-controllers.
t is realized by corvering stalic gains of the sub-controllers into time-varying dynamic gains through the fuzzy inference mechanism. To evaluate the feasibility of the
proposed technique, the benchmark control problem of cable-stayed bridge proposed by Dyke et al. is adopted. The control variables for the seismic response contral of
the cable-stayed bridge are determined to be the shear forces and bending moments at the base of the towers, the longitudinal displacements at the top of the towers,
the relative displacements between the deck and the tower, and the tensions in the stay cables. Comparative resuits between the fuzzy supenvisory controller and LQG
controller demonstrate the effectiveness of the proposed control technique.

Key words : fuzzy supervisory control, seismic response control, cable-stayed bridge, benchmark control problem, hybrid control fechnique
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Uncontrolled | LQG | FSC | Uncontrolled | LQG | FSC | Uncontrolled | LQG | FSC
Max. deck displacement at pier | and IV (cm) 9.76 865 | 860 2.43 473 | 480 7.19 17.10 | 1817
Max. base shear (MN) 48.78 17.16 | 1750 11.18 496 | 468 30.85 1349 11228
Max. base moment (MN m) 1,030.0 2498 | 2650 198.0 1072 | 920 698.0 2486 | 2480
Max. top tower displacement (cm) 14.86 1393 | 1063 483 587 | 544 13.12 14.23 | 16.11
Max. rel. displacement of deck and tower {cm) 073 718 | 730 0.14 409 | 441 0.51 16.09 | 16.77
Max. tension in stay cable (MN} 5.60 538 | 526 5.24 517 | 514 549 543 1523
Max. instantaneous control force (kN) - 963.0 | 966.0 - 399.9 | 3251 - 1000.0 |992.9
Max. sum of controf force (MN} - 2391 | 20.83 - 1001 | 847 - 2432 12123
Max. instantaneous power (MW) - 266 | 242 - 046 | 044 - 324 | 294
Total work done by actuators (JLJ103) - 53.10 | 48.37 - g9.12 | 887 - 64.77 @ﬁ
Max. control force (pier 2) - 9630 | 8728 - 3999 | 3249 - 1000019715
| Max. control force (pier 3 % - 914.1 | 966.0 - 3808 | 325.1 - 969.7 |992.9
Max. control force (bent 1 - 5194 | 4855 - 2153 | 161.1 - 5321 m
Max. control force (pier 4) - 5089 | 4916 - 2135 | 1643 I 5264 14943
Max. control force (top of tower 1} - 6538 | 7529 - 2482 | 2652 - 5138 | 3614
Max. control force (top of tower 2) - 634.0 | 6405 - 2717 | 3050 - 5722 15485
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