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Fuzzy Control of Semi-Active Magneto-Rheological Dampers for
Seismic Response Control of Cable-Stayed Bridge
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ABSTRACT

This paper proposes semi-active fuzzy control technique of magneto-rheological dampers for seismic response control of cable-stayed bridges. Through the fuzzy
inference process, the proposed technique performs the semi-active control with the responses of MR dampers only. Moreover, differently from the conventional semi-active
control technigue, this technique does not require additional active controlier for the primary controller, which provides a simple design process. In order to validate the
control performance of the proposed technigue, the semi-active fuzzy control technique is applied to the benchmark contro! problem of cable-stayed bridge and its control
performance is compared with those of conventional semi-active control techniques. The comparative results show that the proposed fuzzy control technique can be an
effective control strategy by efficiently and simultaneously reducing the mutual conflicting responses such as the shear forces and moments at the base of the towers,
longitudinal displacement of the deck, and tensions in the stay cables.
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AE el XZISEHMAHE St £5F MR Z47|9] HX|X|0f
E 6 El Centro X0l Lk 7| & F&5& HOAZ7|HE E58 HXMO7IHe SR+ bR
Passive on SACH SAC2 SAC3 SAC4 FUZ1 FUz2
Ji 0.2914 0.3569 0.3511 0.3836 0.3863 0.3231 0.2927
J2 0.9472 1.1540 1.1918 1.1750 1.1470 0.9816 09103
J3 0.2835 0.3471 0.3053 0.2929 0.2985 0.2860 0.23%
Ja 0.4850 0.4170 0.5170 0.5772 0.5694 0.5576 0.4065
Js 0.2006 0.1853 0.2019 0.1852 0.1929 0.1873 0.1826
Js 0.6121 0.9228 0.9294 1.0780 1.1570 0.8588 0.6486
J7 0.2495 0.2342 0.2401 0.2075 0.2084 0.2412 0.2029
Js 0.7613 0.8451 0.9819 0.9568 0.9975 0.8135 0.7222
Jg 0.2545 0.2328 0.2347 0.2264 0.2307 0.2442 0.1892
Jio 0.4337 0.3583 0.5120 0.7247 0.7461 0.5578 0.4348
Jin 0.0606 0.0485 0.0491 0.0634 0.0659 0.0533 0.0443
Jiz 1.961e-3 1.961e-3 1.961e-3 1.891e-3 1.775e-3 1.961e-3 1.961e-3
Jis 0.4019 0.6059 0.6102 0.7076 0.7595 0.5639 0.4259
I 7 Mexico City XIZlof| tist 7|& £E55 Ho7|Hn £#55 HIMHOZ[He d&XF vlw
Passive on SACH SAC2 SACS3 SACA FUZ1 FUZ2
Ji 05118 0.5610 0.5857 0.4871 04617 0.5219 0.4876
J2 1.1420 1.3440 1.4366 1.2070 1.2600 1.1020 0.9787
J3 0.6310 0.5559 05126 0.5540 0.5746 04671 0.3958
Ja 0.5180 0.4838 04108 0.5626 0.5865 0.3826 0.3179
Js 0.1039 00792 0.0746 0.0637 0.0709 0.0595 0.0522
Js 05178 0.5123 0.6040 21750 2.2370 0.8151 0.8093
J7 0.6003 (0.5444 0.5438 0.4255 04279 0.4920 04082
Js 1.1570 0.9842 1.2054 1.0430 1.1120 1.0080 0.7958
Jg 0.5983 0.5394 0.4582 0.4692 0.4907 0.4584 0.3371
Jio 0.7761 0.5953 0.5988 1.0920 1.1640 0.5156 0.4438
Jis 0.0318 0.0247 0.0187 0.0202 0.0214 0.0176 0.0147
Ji 1.961e-3 1.961e-3 1.961e-3 6.417e-4 6.045¢-4 1.961e-3 1.961e-3
Jis 0.2608 0.2580 0.3041 1.0950 1.1270 04105 0.4076
I 8 Gebze X|Zlofl th$t 7|&= FE&5E HOZ|HI F5& HAHO7IHe MsX dlu
Passive on SACH SAC2 SAC3 SACA FUZ1 FUZ2
Ji 0.4520 0.4614 0.4628 04104 0.4053 0.4669 0.3925
J2 1.0650 1.1730 1.1936 1.2120 1.2230 1.1270 0.8656
J3 0.3368 0.3840 (0.3664 0.4245 0.4301 0.3512 0.2746
Ja 0.6064 0.7372 0.6274 1.1550 12190 0.7425 0.5663
Js 0.1558 0.1415 0.149%6 0.1376 0.1413 0.1513 0.1232
Js 0.7259 1.2540 0.8866 3.3640 3.4930 1.0210 1.2720
J7 0.3521 0.3472 0.3322 0.3191 0.3179 0.3460 0.2683
Js 0.9369 1.0660 1.0752 1.3550 1.3760 1.0240 09129
Jg 0.3700 0.3783 0.3350 0.4370 0.4460 0.3781 0.2853
Jio 0.6794 0.6405 0.6268 1.4460 1.5050 0.9766 0.7277
Jin 0.0342 0.0302 0.0264 0.0404 0.0416 0.0305 0.0239
Jiz 1.961e-3 1.961e-3 1.961e-3 1.695¢-3 1.724e-3 1.961e-3 1.961e-3
Jis (0.3980 (0.6874 0.4861 1.8440 1.9150 0.5597 0.6977
AgE AMEL 712 AME] AR YW AFL WAD v ohig 712 T Ayt o
BEASE Aolol A2 AFHY o) 478 BakE A o A5AF) dal 22 AEEE AL 9
% E 6-99 ARNY FAT F Yok 53, FEve T 4 Uik
QEYRz AST AR ANIMEFUZYS B A B o] AFoA EUF SACSACE AzEe] FAlo)]
E gsAceld S8 4% wolFn itk $AHN L AR FAGN AN Sle oAl LG Alol]
AAE Fo) ALD 255 #A Aol7lge] Aol WA B AL Aok £F WATA TANN IFsD 3
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A Y X|XSEHMAHE Y8t 253 MR 242712 HX|Hof
E 9 M 7FX] X|Zloll CHEt 7|&E E5& HMoj7|Hat 255 HX|MO{7|Ye MK |
Passive on SACT SAC?2 SAC3 SAC4 FUZ1 FUZ2
Ji 05118 0.5610 0.5857 0.4871 0.4617 05219 0.4876
Jo 1.1420 1.3440 1.4366 1.2120 1.2600 1.1270 0.9787
J3 0.6310 0.5559 05126 0.5540 0.5746 0.4671 0.3958
Ja 06064 0.7372 06274 1.1550 1.2190 0.7425 0.5663
Js 0.2006 0.1853 0.2019 0.1852 0.1929 0.1873 0.1826
Js 0.72%9 1.2540 0.9294 3.3640 3.4930 1.0210 1.2720
J7 06003 0.5444 0.5438 0.4255 04279 04920 0.4082
Js 1.1570 1.0660 1.2054 1.3550 1.3760 1.0240 09129
Jg 0.5983 0.534 0.4582 0.4692 0.4907 0.4584 0.3371
Jio 0.7761 0.6405 0.6268 1.4460 1.5050 0.9766 0.7277
Jit 0.0606 0.0485 0.0491 0.0634 0.0659 0.0533 0.0443
Jiz 1961e-3 1.961e-3 1.961e-3 1.891e-3 1.775e-3 1.961e-3 1.961e-3
Ji 04019 06874 06102 1.8440 19150 0.5639 06977
E 10 El Centro X|{Zlo| thet =55 HA|HO7|Hat EldFA DS 45A5 0|
Ideal active CIippgd optimal control with Semil—active friction damper in Hybrid control
(H2/LQG) modified Bouc-wen model combination with linear springs = (39 FUZ2
(Jung %) (Jung £ (Agrawal ) He )
Ji 0.2816 03112 0409 0.420 0.2927
J 0.8446 1.0209 1.260 1.251 09103
Js 0.2605 0.2254 0.343 0.340 0.2396
Ja 0.5898 05105 0.593 0.642 0.4065
Js 0.1571 0.1687 0.221 0.213 0.1826
Js 09793 0.7600 1.520 1.100 0.6486
J7 0.1999 0.1975 0.235 0226 0.2029
Js 0.7755 0.8113 1.190 1.092 0.7222
Jo 0.1850 0.1857 0.261 0239 0.1892
Jio 0.5056 05142 0.833 0.753 04348
i 0.0155 0.0167 0.026 0023 0.0443
Jre 96e-3 1.960-3 2;\; ;:g:g:j zﬁ | ?j§2§i§ 1961e-3
Jiz 06430 0.4990 0.995 0.722 04259
Jis 24 24 24 24 24
Jiz 9 33 16 5 4
%o|, dlA LQG Ao)7le ©d] WAt Aol o 9 F78 A8 TE Hola UALE ¢ 5 Ut :LEM
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Atgue| XIZSEHOIE /st ESE MR #2712 |0

E 11 Mexico City X Zlof tigt 255 HAMO 7|2 et Ae] dSX|4 Bl

ldeal active Clippgq optimal control with Semil—actlive fr?ctioln dampe.r in Hybrid control
(H2ILQG) modified Bouc-wen model combination with linear springs o 33 FUz2
(Jung S%) (Jung %) (Agrawat %) He 7
Ji 0.4992 0.4595 0.462 0.497 0.4876
Jo 1.0568 1.0820 1.420 1.372 0.9787
J3 0.4461 04278 0.607 0.596 0.3958
Js 0.4505 0.419% 0.638 0.594 0.3179
Js 0.0538 0.0516 0.082 0.073 0.0522
Js 1.7978 1.3263 2.950 2675 0.8093
J7 0.3519 0.3612 0.394 0.388 0.4082
Js 0.8481 0.8245 1.250 1172 0.7958
Jo 0.3158 03122 0.449 0409 0.3371
Jio 0.6958 0.6049 1.190 1.102 04438
Jis 0.0059 0.0057 0.010 0.009 0.0147
Jo 170e-3 1.356-3 ;i\; ;‘jgﬁiij PA s A1 '?%e_s 1.961e-3
Jiz 0.9054 0.6679 1.490 1.347 0.4076
Jis 24 24 24 24 24
Ji7 9 33 16 5 4
E 12 Gebze X Zlof st 255 HX|MO{7|HI EfAABte MSX|$ vj
Ideal active Clippgq optimal control with Semil—acﬂve frictiOﬁ damper in Hybrid control
(H2LQG) modified Bouc-wen model combination with linear springs e FUZ2
(Jung 5% (Jung 5% (Agrawal =) tHe )
Ji 04277 04153 0.434 0.448 0.3925
Jo 1.1988 1.2331 1.050 1.394 0.8656
J3 0.3341 0.3243 0.379 0.390 0.2746
Ja 0.8692 0.7437 1.300 1.047 0.5663
Js 0.1001 0.1172 0.155 0.147 0.1232
Js 20181 18145 3.380 2.664 1.2720
J7 02834 0.2765 0.308 0.296 0.2683
Js 10118 1.0841 1.370 1.426 0.9129
Jo 0.3304 0.3268 0410 0414 0.2853
Jio 0.8598 0.9027 1.440 1.480 0.7277
Jii 0.0104 0.0108 0.013 0.013 0.0239
Jo 1963 1.96e-3 gé; ég;zj zﬁ ; ?:Sé:g 1961e-3
Jia 1.1065 0.9948 1.860 1.461 06977
Jis 24 24 24 24 24
Ji7 9 33 16 5 4
FUZ2 A28l9] Aojdso] oAl -‘g—ozﬂop\]_/: o] Ao '3 F35% clipped optimal control A]Z~E]oj
M A g UED . deds gEaE Ol B 5o 8% e aeld, Aol el 3
$99 Sloe Jung 5 -"46‘}‘4 Z*WL 5% @ AERU)AINE A 2L AGNEE woln 3tk
clipped optimal control /‘li‘%ﬂol Hold AoldsE gy o9y EE FHECAA 1F %“Mﬁr 55
wolm glout lze) #uuMs (A YolMe o WHFOEH 1 BEAS AAT & YUk 3744 AA
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