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Governing equation
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Lead Rubber Bearing(LRB)

Lead: &I =0l A2 2h4| T
Rubber: -3 dtsio| 2 A
Steel: &£2lol&s ALl ==




Governing equation
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Governing equation

Co ko (cxXy + kx{) .
m m m

[m][x] + [c][x] + [K][x] = (Co$‘1;ll—0kos B C1x'11;|l'0k1x1

1 0 O 2 -1 0
[m] = m(O 1 0) [1]=[111]" [c]= c(—l 2 —1) [k] = k| —
0O -1 1




Matlab

Matlab®| ode45E 0| E7atJ| ¢l et coupling equation
YVi=X1 YV1=Y»

Y2 =Y : Co ko cy, + ky,
3’2 = x; my, = —(2cy; — ¢y, + 2ky; —kysz) + ( Yot — V7=~
Yo = y3 y3 =V,

Y5 = X3 k,

Ve =ys  MYs = —(cy, + 2cy4 — cys — ky1 + 2ky; — kys) + (m yg + — Y7 =

=S .
“ Vs = Ve

Vs = Y7 k
0 cy, + ky;
mye = —(— cy4+cy6—ky3+ky5)+< ys+ﬁy7—T>m
Y7 =Yg
. __ S ke +C3’2+k3’1_x.
Vs m)’s m)’7 Y
Co

k
,w(z) =EO -> UHEE]I _—T,_EO”/\-I Co, ko EH/d Co, (l)oE OloOH
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Point Graph: Acceleration, X component (mJss%)
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Prescribed in y direction
v, 0
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Comsol(RCAIE)

LRB 8= Ui

Prescribed in x direction {i Prescribed Velocity 1
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Acceleraton, X component (ms’)

Acceleration, X component (mie?)
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RC: Reinforced Concrete (2 Z32|E)

Comsol(RCAFE)

I;

197 — model.result.table. removel thil ):

198 — model.result. table. removel " thI12 );

199 — model.result. table.create( " tbl1", "Tahle'};

200 — model.result. table( thI1" ). comments( Point Evaluation 1 {ul’ );

201 — model.result. numerical { pevl ). set{ table’, "thl1°};:

202 - model . result . nunerical( pevl ). setResult:

203 — model.result.table.create{ " thl2", "Tahle };

204 — model . result . tablel "thI12" ), commentst Point Evaluation 2 (solid. u_tt®)");
205 — model.result. numerical { pev2’ ). set{ table’, "thl2°);

206 — model.result.numerical { pevZ' ).setPesult:

207 |

208 —  |with_disp=model.result.table( thil ) getReal; |

209 — [with_accel=model.result.table( thl12' ). getReal ;|

210 — n=lenath{with_disp): sum_disp=0; sum_accel=0;

211 — for i=1:n-1

212 — sum_disp=sum_disp+with_disp(i,2)"2+(with_disp(i+1,1)-with_disp(i.1));
213 — sum_acce | =sum_accel+with_accel{i,2) 2+ (with_accel{i+1,1)—with_accel (i, 1));
214 — end

215 — rins_disp=sart(sum_disps10)

216 — rms_accel=sqrt (sum_accel /10

AETAS = U &= 0.05m &2 Uk
LRB ALE X LRB ALEZ O

0.0346m 0.0026m

0.5340m/s"2 0.0300m/s"2




Eigen frequency _
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Eigenfrequency=62.073 Surface: Total displacement (m)

Eigenfrequency=59.923 Surface: Total displacement (m)
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Eigen frequency
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MR(Magneto-Rheological) Dam
..,_t.,ﬂ\

Thermal Expansion

> LHAEL XP| Ol 26l &
SN UE RAJFZ20HHE
viscocity S}

Fig. 2. Schematic of the large-scale 20-ton MR fiuid damper.
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MR (Magneto-Rheological) Damp

» MX+C X + KX = —MJa — Hf M, C,, K, :mass, damping, stiffné
>> X=—M KX -M1Cy;X — Ja — M~ 1Hf

A_ X = < =
state-space equation Pt= Al

1 1 X1
J=[1| H=|0| X=|*2| a=AITI JI55% f="4T{2] ¢

1 0 X3
x=[Y] A=[’..‘ X-AX+Bu |

X X

X — state-space equation
Y=|X Y=CX + Du

X _




MR (Magneto-Rheological) Damp
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-(system dynamics by ogata(8-15) & %)
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* ¥ Trace Selection
Mo MR damper
4

— MR damper

MR damper1

* ¥ Cursor Measurements Ax
= Settings

¥ Measurements

Time Walue
-5.020e-02
-4 046e-02
AT 776241 ms  AY 9.741e-03
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MR (Magneto-Rheological) Damp

- cle;

2 %x=lnodanper Oh 14 24)

1 WIS no damper 0OA 1A

4 - x1=[5,685 5,020 4,468 4.371];

5 x2=[5.176 4.406 3.046 2.883]; n=length(x1); 1% damping_ratio_1 =

b - for i=l:n

iE T danpingratio(i)=logls10i)/%200 1) /sart(dpi"2e(loglx1(i)/20i1)172); 1. 2103 2. 07es . 081 B.BUOZS
g-  Lend

-  dampina_ratio_|=damping_ratio=100

10 w25 7= damping_ratio_2 =

I - x1=[5.585 5,483 6,261 &.216]; =3

12 - %2=[5.176 4,270 3,592 3.489]; n=lenath{x1); 1.2103 3.9763 B. 0624 B.38358
14 - for i=1:n

14 - [E danping_ratiofi)=logi=1(i)/x2(1)) /sart(dspi 2+ (loalel (1) /2011))°2);

15~ “end 3 damping_ratio_3 =

16 - damping_ratio_2=damping_ratio+100 3%

17 w35 1.2103 3. 6755 5. 0G50 5. 4649
18- x1=[5.5085 5,046 4,753 4.728];

19— x2=[6.175 4,004 3.244 3.147]; n=lenathix1);

2 - for i=1:n

;;_ Tend danping_ratiofi)=loglx1(i)/%2(i)] /sart (depi 2+ (loalxl(i1/42(i1))°2); 1%0“ /\E_| 7<| G*E Zj Ol )

23— damping_ratio_3=danping_ratio«100
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Governing equation
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Governing equation

E%EH otod, base®l 1-25 Al0|Q] 2%
” 5
| e B L+ 5+ ) = —exy (0 — %) — kg + k(0 —
| . f Gio i & N _
0 [ RS TR A ER HEsEEy Al)

4 ol o8 . . CoS+Kos
| TomyXy + (6 + )Xy — X + (kg + k2)xg — kaxy = my( ombo

| 25 J|lEe=
| ] B A= O Q= UpA|Al
| /
- 'A'cl my (%, + 5 + xg) = —cy (X — Xp) + c3(x3 — X3) — ko (xp — xq) + k3
| S| ) .
- 8 +k +k =
T m e § ¥, = St SIR 0|0 2 Halsiel (by Al(1))
| 4 ( ) k (ky + k3)
— 7 7 /,‘H‘ mzxz = Cz.x:l + C2 + C3 .X:Z - C3.X:3 - le + 2 + 3 xz
/// /// / / (/ / /
<9 %(QM"” m,



Matlab

c k
2(O(‘)O =EO;CU(2) =;0 -> DHEEIZII-I ——?—EO“}d Co, ko [—Hjn\_l (0, (1)02 Ol o
{o: bearing?| effective damping ratio w,: bearing9l natural frequency

(o2t ko= LRB2| bilinear 22 2| Hysteresis loop= S

Displacement

stic stiffness (K,) , post-yield stiffness (K)

ld displacement (d,), yield force (F;)

ximum displacement (d,), corresponding force (F,)
teretic loop area (A), effective stiffness (k.fr)

Fy
k -
e dl
F, — F
kp 2 1
dy —d,
ko =k =
Q =F, — kyd;
A=4Q(d; —dy)
Ty = A
0= Zﬂkeffd



ie top and bottom
rolled carbon steel
1 A709 Grade 36

NR, as per ASTM

purity of 99.9 %

, v=0.29, Density=78
'=0.4999
m”3 E=2G(1+v)=1.199
sity=11340kg/m"
2):
'400kg/m"3

1.94e6 N/m
h H z

M M2l AP

LRB-S

LRB-S 500/100-110

kM i 4 mmim kN/mm mm mm mim mim mim

At dz = 83 min
197 247 550

35 162 106 g 1164 500 100

2700 1.94
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MR(Magneto-Rheological) Dam
of +3tx R} EHZA

> F=HH=FH LI2= o

Fig 11. Mechanical model of MR damgper [14] » z=hysteresis loop0i| A 2]
MR damper?| 4515 D¢ XZ_.,_S(K}j | 2O M| 7| )

F=giz+cplx—y)+hlx—y)+h(x—xg)=cy+i(x

—Xg)

2=y —yzlz By + A —y)

) 1
V= e {oz+cox+ho(x—y)}




MR (Magneto-Rheological) Damg
AM=g3d 2E
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MR(Magneto-Rheological) Dam
AB CD 3-8 A A

Hiufolds 47 = H=0
zeros(3,3) eye(3)

X=AX+Bu A=[ MUK, M, B=|

zeros(3,1
—ones(3,1
Y=CX + Du
eye(3) zeros(3,3) zeros(3,1
u=a=x, C=|zeros(3,3) eye(3) D=| zeros(3,1
~-M 1K, -M~1c, —ones(3,1

eye(3) zeros(3,3)

- |zeros(3,3) eye(3) |rx b.¢ - X
)AX=[ -1 1 . =[ ~1 1. ot 6x1 BIE] CX =|zeros(3,3)  eye(3) =
-M'K;, -M7c, [x] MK X - M71C.X M-k, —Mic, [x] MK -
zeros(3,1)17 .. .. .. ..
B =[—ones((3, 1)) %=[0 0 0 =iy —xy — ;] T: 6x1 HE zeros(3,1)
Du = | zeros(3,1) [x;=[0 0 0 0 0 0 —%; — X,
N ‘ o1 - —ones(3,1)
Y IR A :
~M KX - M 1C4X — Ja _ .
CX + Du = X .
~M KX —-M1CyX —Ja

v X=—M1KX - M1C,X - Ja)
(- X=—M1K X —M~1C4X — Ja)



MR(Magneto-Rheological) Dam
AB CD 73842 A A

1 0
Al b —— ; £ [ ] (138) ,H=[1] 28) ;Hz[o (32
0 1.

2o AR+B zeros(3,1) zeros(3,1)]
= +bU =
—ones(3,1) —-M'H
Y=CX + Du
P zeros(3,1) zeros(3,1)
u=lf]= [fg] D=| zeros(3,1) zeros(3,1)
—ones(3,1) -M'H
o |[zeros(3,3) eye(3) X . [ eye(3)  zeros(3,3)
f) AX= [ Mk, -mc,|lx [ ] [—M_IKSX—M'ICdX]' 6x1 HEl g _ zerlow.i(lii,{B) ez;e_(lgg [X]
|~ - d
zeros(3,1) zeros(3,1)| [ zeros(3,1)
=[—ones(3 1) -M'H ][ ]:[[ Kk, — Xy — %] T—M‘le] [ zeros(3,1)  zeros(3,1)
' 7 g7 Du=| zeros(3,1) zeros(3 1)
: 6x1 Yl E] |—ones(3,1) -M1
_ X _[x1_ s : 6x1 Y E
+Bu= [—M-leX—M-lch— Ja —M-lﬂf] - [x] =X " §
X+ Du =

X=—M"1KX - M~1C4X — Ja — M~Hf) ~M'KX-MCyX —Ja

(- X=—MK X - M 1C4X — Ja—



MR(Magnheto-Rheological) Dam
A= 28X A

3456 0 0 -
M=10'x| 0 3456 0 |kg  [MI{X}+ [K]{x}=0
0 0 3456

(K] — w?[M]){®} =0 , det([K] — w%[M]) =0
o?: eigenvalue o: eigenfrequency {: }: eigen vector

24 -2 0} mode shape

K=10%|~12 24 ~-12|N/m matrix \ Modal mass
-12 1.2 E i
0 -1.2 [¢]t[M] (0] = [ m‘]/ matrix

Al
£=0.012 713
A= 574 active control of earthquake responses Cg idlﬂg[ 2"3:1 'I':ﬂj M ]

Using fuzzy supervisory control technique &2
Park et al

W=1345600, 0, 0:0, 345600, 0: 0, 0, 345600] ; generalized damping matrix
kS=[240000000, -120000000, 0;-120000000, 240000000, -120000000; 0, -1 20000000, 120000000] ;
% Pl=mode shape matrix, M=mass matrix, Mw=modal mass matrix

% Cm=modal dampi i, Cd=dampi i t
Paare s or'crigr=| e ]

natural _freq=sqrt(diag(square_freql); \
Mn=(P1 " ) «M=PI ;

__ Damping matrix

for i=l:m _ Dam -i ma
cli)=[2+Zetalj)+natural _frealjleMnli,i)]; Cd —_|,— OfE _'l’g — ;p g

end (—l_ Oi—'—
Cn=diagic);

Cd=inw (Pl +Cu+inwiPl);
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