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x1 'swO |xk@] |}=Q}t c2 'pw= |xk@] |}=Q}t c1 'swO |xk@] |DNU K2 'pw=
R}t |}=Hx@=H� x}=B |}=Hx@=H U w swO |xk@] |}=Hx@=H x2 'pw= |xk@] |}=Hx@=H
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"xRQr R}t |wQ Q@ p=aixt}v sDU}U w |O=R; xHQO wO |xR=U "12 pmW

"pQDvm j=D= w xRQr R}t "13 pmW

w p=aixt}v sDU}U x@ RyHt |xR=U '12 pmW "CU= xOW ?Yv xR=U |wrH QO
QO 'u}vJty "OyO|t u=Wv xrRrR R=Ux}@W R}t |wQ Q@ =Q Q} wYD VR=OQB |xv=t=U

"OwW|t xOy=Wt pQDvm j=D= <=RH= x=Qty x@ xRQr R=Ux}@W R}t '13 pmW

uwtR; G}=Dv p}rLD w =yxOvvmpQDvm |R=UxO=}B "2"5
R}t uwtR; QO =yu; OQmrta w |R=UxO=}B p=aixt}v sDU}U |wQ Q@ =yxOvvmpQDvm
|xrRrR |xOWT=}kt CU=Q} w xm |R=Ux}@W OQwt |xrRrR "CU= xOW |UQQ@ xRQr

"OW p=ta= xR=U x@ x}=B R= 'CU= Cv=ir=J
xR=U '|rQDvm sDU}U I}y uwO@ |xR=U %pt=W 'Cr=L 4 |=Q@ uwtR; G}=Dv
?qk |xOvvmpQDvm =@ xR=U ' �QiY I}Bs}U u=} QH =@ Qo =Q}t� p=aiQ}e Qo =Q}t =@
|r= 14 |=y pmW QO xm 'CU= xOt; CUOx@ PID |xOvvmpQDvm =@ xR=U w '|v=tU;
|=yMU=B C=a@ Qt ẁtHt QwPHt Q=Okt 'uwtR; Qy u=}=B QO "OvwW|t xOy=Wt 17
x@U=Lt C=k@]|@Uv|}=Hx@=H w C=k@] ?=DW 'C=k@]CaQU 'C=k@]|}=Hx@=H
|=yu=tr= s}rUD Q=}at u=wvax@ C=k@] |@Uv |}=Hx@=H "Ov=xOW x�=Q= 4 pwOH QO w
|DL=Q u}vJty w x}=B VQ@ u=R}t QO QF-wt pt=wa u=wvax@ C=k@] ?=DW w |}xR=U

"Ov=xOW xDiQo Q_v QO u=vm =U
p=aiQ}e Qo =Q}t xm OwW|t xOy=Wt 4 pwOH QO xOW VQ=Ro G}=Dv x@ xHwD =@
QwPHt Q=Okt w �12 u=R}t x@ =Q pw= |xk@] |}=Hx@=H |xW} Q u}ov=}t QwPHt Q=Okt
u}vJty "CU= xO=OVy=m �19 u=R}t x@ =Q swO |xk@] |}=Hx@=H |xW} Q u}ov=}t
�22 u=R}t x@ =Q pw= |xk@] ?=DW C=a@ Qt u}ov=}t QwPHt Q=Okt 'QwmPt Qo =Q}t
xO=O Vy=m �27 u=R}t x@ =Q swO |xk@] ?=DW C=a@ Qt u}ov=}t QwPHt Q=Okt w

"|v=tU; ?qk pOt "11 pmW

QO "CU= swO |xk@] jr]t CaQU _zt w pw= |xk@] jr]t CaQU _zb 'u; QO xm
?Q[pY=L Qo = xm CU= CQwY u}= x@ |rQDvm OQ@y=Q 'xDUw}B |v=tU; ?qk pOt
OL 'OW=@ QiY R= QDlJwm C=k@] |@Uv CaQU QO swO |xk@] jr]t CaQU
?Q[pY=L Qo = w OwW|t xDiQo Q_v QO Q}eDt |}=Q}t ?} Q[ |=Q@ |}=Q}t u}}=B
'OW=@ QiY |w=Ut =} w QDnQR@ C=k@] |@Uv CaQU QO swO |xk@] jr]t CaQU

%�16 |x]@=Q� OwW|t xDiQo Q_v QO =ir; Q=Okt
_zb � Vrel � 0 C0 = a

_zb � V relh0 C0 = Low:state

� = max[Low:state;minf(g � _zb); High:stateg (16)

|HwQN p[=iD x_Lr Qy QO Q}op=QoDv= � Q}ojDWt � |@U=vD |xOvvmpQDvm
|rQDvm |=]N u=wvax@ =Q �QiY |}=Hx@=H� ?wr]t Q=Okt w swO |xk@] |}=Hx@=H
|@U=vD |xOvvmpQDvm "Ovm|t x@U=Lt =]N u=R}t T=U=Q@ =Q|rQDvm |OwQw wCi=} QO
p}mWD 24Q}ojDWt w 23Q}op=QoDv= '22|@U=vD CtUk 3 R= Q}op=QoDv= � Q}ojDWt �
w OQ}o|t Q_v QO |OwQw u=wvax@ =Q =]N p=vo}U =yu; R= s=Om Qy xm CU= xOW
"OwW|t `tH sy =@ =yu; |HwQN C}=yvQO w OvyO|t s=Hv= u; |wQ =Q |D=}rta
'CU= �PID� |O"|;"|B |xOvvmpQDvm|HwQN u=ty xm 'QwmPt |xawtHt|HwQN
|@U=vD |xOvvmpQDvm |rQDvm |HwQN "OwW|t xO=DUQi sDU}U x@ =]N KqY= |=Q@

[16]%CU= 17 |x]@=Q CQwYx@ Q}op=QoDv= � Q}ojDWt �

u(t) = Kpe(t) +KI

Z t

0
e(t)dt+KD

de(t)
dt

(17)

Q}ojDWt w Q}op=QoDv= '|@U=vD ?}=Q[ ?}DQD x@ KD w KI 'Kp 'u; QO xm
|xOvvmpQDvm |=yQDt=Q=B "OvDUy Q}op=QoDv= � Q}ojDWt � |@U=vD |xOvvmpQDvm
Q=}at T=U=Q@ w ?rDt Q=Ri=sQv R= xO=iDU= =@ Q}op=QoDv= � Q}ojDWt � |@U=vD
p=vo}U R}v e(t) "Ov=xOW s}_vD �1 Q=oOv=t Cr=L |=]N w �20 VyH=Qi

"CU=]N
|R=Ux}@W ?rDt Q=Ri=sQv QO 19 |r= 15 |]NQ}e Cr=L |=[i |=yxrO=at
PID |xv}y@ ?}=Q[ '=]N p=vo}U u}}aD w PID lwr@ ltm x@ TBU 'OwW|t
x@ 'PID ?}=Q[ uOt; CUOx@ R= TB "OvwW|t u}}aD l}DvS sD} Qwor= ltm x@
Q}op=QoDv= � Q}ojDWt � |@U=vD |xOvvmpQDvm |R=UxO=}B pta w} w?r Q=Ri=sQv ltm

"OwW|t s=Hv= |ikU ?qk |xOvvmpQDvm w
sDU}U "CU= xOW xO=iDU= w} w?r Q=Ri=sQv R= =yxOvvmpQDvm |R=UxO=}B |=Q@
xm CU= xv=o =OH u}@ QwO wO x@ RyHt Q} wYD VR=OQB |xv=t=U l} R}v QoUL
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=Q]"Cv=ir=J |xrRrR CLD xR=U (rms) xW} Q u}ov=}t QwPHt Q=Okt "4 pwOH

|@Uv |}=Hx@=H |xk@] ?=DW |xk@] CaQU |xk@] |}=Hx@=H Cr=L
(mm) C=k@] (mm=s2) swO (mm=s2)pw= (mm=s) swO (mm=s) pw= (mm) swO (mm) pw=

7 6327 1 2623 0 9307 2 4866 2 3476 18 8871 12 5963 pQDvm uwO@
5 8635 0 9129 0 6518 2 6611 1 8550 15 2073 10 9420 p=aiQ}e pQDvm
5 4183 0 7894 0 6360 2 5237 1 7918 14 6668 11 7980 |v=tU; ?qk pQDvm
5 1844 0 8396 0 6227 2 4394 1 7269 13 8790 10 2285 PID pQDvm

"Cv=ir=J |xrRrR |OwQw =@ xR=U swO |xk@] |}=Hx@=H Q=Owtv "17 pmW

|}=Hx@=H C=a@ Qt u}ov=}t QwPHt Q=Okt R}v p=aiQ}e Qo =Q}t 'u}= Q@ xwqa "CU=
"CU= xO=O Vy=m �23 u=R}t x@ =Q C=k@] |@Uv

|xk@] |}=Hx@=H |xW} Q u}ov=}t QwPHt Q=Okt '|v=tU; ?qk |rQDvm OQ@y=Q
x@ =Q swO |xk@] |}=Hx@=H |xW} Q u}ov=}t QwPHt Q=Okt w �13 u=R}t x@ =Q pw=
u}ov=}t QwPHt Q=Okt 'QwmPt |rQDvm OQ@y=Q u}vJty "CU= xO=O Vy=m �22 u=R}t
?=DW |xW} Q u}ov=}t QwPHt Q=Okt w �26 u=R}t x@ =Q pw= |xk@] ?=DW |xW} Q
?qk |rQDvm OQ@y=Q 'u}= Q@ xwqa "CU= xO=O Vy=m �37 u=R}t x@ =Q swO |xk@]
�25 u=R}t x@ =Q C=k@] |@Uv |}=Hx@=H |xW} Q u}ov=}t QwPHt Q=Okt '|v=tU;

"CU= xO=O Vy=m
|xW} Q u}ov=}t QwPHt Q=Okt 'Q}op=QoDv= � Q}ojDWt � |@U=vD |xOvvmpQDvm
|}=Hx@=H |xW} Q u}ov=}t QwPHt Q=Okt w �18 u=R}t x@ =Q pw= |xk@] |}=Hx@=H
'QwmPt |xOvvmpQDvm u}vJty "CU= xO=O Vy=m �26 u=R}t x@ =Q swO |xk@]
QwPHt Q=Okt w �27 u=R}t x@ =Q pw= |xk@] ?=DW |xW} Q u}ov=}t QwPHt Q=Okt
'u}= Q@ xwqa "CU= xO=O Vy=m �33 u=R}t x@ =Q swO |xk@] ?=DW |xW} Q u}ov=}t
u}ov=}t QwPHt Q=Okt 'Q}op=QoDv= � Q}ojDWt � |@U=vD |xOvvmpQDvm |Q}oQ=mx@ =@
x@ ?=DW Vy=m "CU= xDi=} Vy=m �32 u=R}t x@ C=k@] |@Uv |}=Hx@=H |xW} Q
u=tDN=U Qy |x}=B x@ xmCU=|WQ@ |wQ}v 'x}=B VQ@� x}=B VQ@ QO u; uOw@ QF-wtCra
?=DW QO xk@] Qy sQH ?Q[pY=L ẁtHt =@ Q@=Q@ u; Q=Okt xm 'OwW|t OQ=w
u}ov=}t QwPHt Q=Okt '|v=tU; ?qk |rQDvm OQ@y=Q "CU= C}ty= R�=L �CU= u;
'Q}op=QoDv= � Q}ojDWt � |@U=vD |xOvvmpQDvm w �30 u=R}t x@ =Q x}=B VQ@ |xW} Q
u}vJty "CU= xO=O Vy=m �32 u=R}t x@ =Q x}=B VQ@ |xW} Q u}ov=}t QwPHt Q=Okt
?=DW w |}=Hx@=H |=yMU=B 'hrDNt |=yxOvvmpQDvm OQmrta QDy@ |xU}=kt |=Q@

"OvwW|t xOy=Wt 20w 19 |=ypmW QO swO |xk@]

"Cv=ir=J |xOW T=}kt |xrRrR u=tR � ?=DW Q=Owtv "14 pmW

"Cv=ir=J |xrRrR |OwQw =@ xR=U pw= |xk@] |}=Hx@=H Q=Owtv "15 pmW

"Cv=ir=J |xrRrR |OwQw =@ xR=U pw= |xk@] |}=Hx@=H Q=Owtv "16 pmW
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yt C=k@] ?=DWVy=m Q@|rQDvm OQ@y=Q wO Qy xm OQm |Q}oxH}Dv u=wD|t ẁtHt QO

u=R}t u}= "Ov=xOw@ QF-wt C=k@] |@Uv |}=Hx@=H Vy=m w x}=B VQ@ Vy=m xH}Dv QO w
|}=Hv; R=um}r "Ovm|t|Q@=Q@|v=tU;?qk pOt|xOvvmpQDvm OQmrta =@ ,=@} QkDVy=m
C}U=UL 'uOw@ R=@xkrLCra x@ wCU= p;xO}= w =v@t pOtl} '|v=tU; ?qk pOt xm
QO u; R= |rta |xO=iDU= u=mt= 'CU= O=} R V=WDe= w pOt |=yQDt=Q=B Q}}eD x@ u;
|@U=vD |xOvvmpQDvmjiwt OQmrta R=|m =L Qt=u}= [19]OQ=Ov OwHw|ak=w|=ysDU}U
"CU= |v=tU; ?qk p;xO}= w =v@t |xOvvmpQDvm =@ xU}=kt QO Q}op=QoDv= � Q}ojDWt �

|Q}oxH}Dv "6
|}xR=U p=aixt}v sDU}U l} |R=UxO=}B w CN=U '|L=Q] x@ 'Q[=L VywSB QO
Qo =Q}t l} 'Qw_vt u}= |=Q@ "CU= xOW xHwD |U}]=vetwv=v OvtWwy Qo =Q}t ẁv R=
w |L=Q] QBtO |=yTi} Q= p}iwQB w x}=B |}=Q}t Q@ xS} w RmQtD =@ O}OH |U}]=vetwv=v
pOt |x}=B Q@ uwtR;G}=Dv R= xO=iDU= =@ OvtWwy Qo =Q}t |=yQDt=Q=B 'u}vJty "OW xDN=U
|@U=vD w |v=tU; ?qk p;xO}= |xOvvmpQDvm wO 'xt=O= QO "OvOW |}=U=vW uw � lw@
OQmrta 'xtD=N QO "OvOW |R=UxO=}B Qo =Q}t |wQ Q@ w |L=Q] Q}op=QoDv= � Q}ojDWt �
OyO|t u=Wv uwtR; G}=Dv "OvOW xU}=kt xRQr R}t uwtR;l} QO QwmPt |=yxOvvmpQDvm
x@ |r=kDv= ?=DW 'Q}op=QoDv= � Q}ojDWt � |@U=vD |xOvvmpQDvm R= xO=iDU= QF= QO xm
=@ Vy=m u=R}t u}= xm 'O@=}|t Vy=m �30 OwOL C=k@] |@Uv |}=Hx@=H w C=k@]
sw=kt x@ xHwD =@ "Ovm|t |Q@=Q@ |v=tU; ?qk |xOvvmpQDvm R= xO=iDU= R= |W=vVy=m
Q}}eD Q@=Q@ QO Q}op=QoDv= � Q}ojDWt � |@U=vD |xDU@ |xkrL |xOvvmpQDvm|@Uv uOw@
Q}ojDWt �|@U=vD |xOvvmpQDvmC}kiwt R=|m =L Qt=u}= 'V=WDe= w pOt|=yQDt=Q=B
p;xO}= |xOvvmpQDvm =@ xU}=kt QO |O=yvW}B p=aixt}v pQDvm sDU}U w Q}op=QoDv= �
"CU= xar=]tOQwt|y=oW}=tR; |xR=U x@|r=kDv= |=yV=aDQ= pQDvm QO|v=tU; ?qk

"hrDNt |=yCr=L QO xR=U swO |xk@] |}=Hx@=H MU=B |xU}=kt "18 pmW

"hrDNt |=yCr=L QO xR=U swO |xk@] ?=DW MU=B |xU}=kt "19 pmW

=yCWwv=B
1. passive control
2. semi-active control
3. hybrid control
4. active control
5. base isolation
6. tuned mass damper
7. friction damper
8. added damping and sti�ness damper
9. tuned liquid column damper
10. sensors
11. active mass damper
12. active tendons
13. magneto-rheological
14. Sutong
15. Russky
16. Bingham
17. base damping
18. ferromagnetic
19. rheological properties
20. Bouc-Wen model
21. on-o�

22. proportional
23. integral
24. derivative
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