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Introduction

In today’s architecture an atrempt to construct very high buildings is chserved. The
potential and usually unpredictable external loads caused by winds or earthquakes can be very
dangerous to the inhabitants. Tkerefore, a very important queston appears: how to prevent the
inhabitants against the mentioned loads?

A commonly used protection relies oo a so-called passive comtrol of buildings.
However, their advantages are rather limmed because they can not be adaptad to changes of the
mentioned loads. Hence, the active control is used (sse Roberti {(1994) and Inman (1989)),
which is the subject of this report.

Active control(1-2]
Let us consider a building modalled by a discrete svstem with 1 degrees of freedom,
witich is governed by the following second order differential equations {ODEs)

Myt + Co(e) + Kp(6) = D, £(£) + Bua(). )

Thoe n x ! vector y(t) represents displacements of the building ficors m a previously established
" co~ordinate system. A, C and X are n x n order mass, damping and stiffness marrices
correspondingly. The matrix B, represemts the influence of external excitation f#). The
introduced control u(t) can be presented in the following form:

u(t) = Fy(t) + Fp() + F 1 (1), @
where F; , i=1,2,3, are the amplification matrices. Substinmng (2) o (1) we get:

My(t) +(C - BEYI) +(K ~BE)) = (D, +BE) /(1) @

It is seen from (3) that the comtrol modifies parameters of the construction, i.e, its stiffness and
damping in order to achieve a suitable response of a building to the excitation /).

Algorithm of control
The equations (1) are transformed 10 the first order ODEs

(1) = A()x(t) + B(tu(1) + Dz(1), (4
where
(1) = (), 5O 5)
is the 2n vector of a strucmire state, and
(1) = (), FOF ®
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s the J x n vector of an external excitation. The 2n x Z2n matrix A represents the structure
parameters, and it reads:

L= O 1, -
N-MTE -MTC
The 2n x m matTix
B =(0 M™B,) ®

defines control positions, whereas the 2n x p matrix D

D =0 M~D) ©)

defines an infiuence of the external excitation oo the system behaviour. Finally, 0 and J, are the
A x 1 zero and unit matrices, correspondingly.

Optimal control
In order to achieve the optimal comrol a sought vector u(t) is found through a
minimisation condition applied to the following functional:

J = I (00x(@)+o” (YRl a0

By 2 proper choice of the equilibrium matrices { and R during the action of excrtations ft,t,]
one can find a suitable compromise berwesn the effective control and the smaliest energy
dissipation.

Numerical results and conclusions

- I order to investigate a control of an object, which consists of a building and a soil 2
two degrees of freedom approximation will be usad In order to comtrol the buildng 2 (modeliled
as the material point) a fores generator situated berween two masses is applied (Fig.1).

o v

Fig. 1 The lmgamd sysiem.

The sysiem is governed by the followmg ODZEs:
{ () = ~u()+ k() = 5 () + 6,7 (0) -5 (),
m,E (1) =u(t).
Let the comrol law will be governed by the equation:

an

u(f) = —R-IBT (st(r) + K:z(r)) = Frx(t) + "r:.'z(t)) (]2)
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where the matrix X; is the solunion to a Riceati equation, and X, is the solution to a Lvapunov
type equation. They are defined by the following squations:

KA+ A K +Q-KBRPB'K, =-K,, K,((,)=6,

. 13,

T o “Anplp _ —
for 4 |KD+K.A AR, =S-KBRBK, =-K,, K.@)=0 farge

enough ( ~ tr T e ), the matrices 4 . B. O and R ¢am be treated as the constant ones, and
therefore also the matrices X, and K, approach the tables with constant valnes. The mentioned
situation corresponds to the stationary case. In order to testify the starionary property of the
system (13) we apply the force f=ficos(wt) e™*' | and the following system parameters are
fixed :

m, = 1500 kg, m, = 11000 kg, k, =975000 N/m, k, = 530000 N/m,
, =10800 Ns/m, ¢, =15000 Ns/m, A=10, &=L f, =20N
r=10" ¢ =10, ¢, =,

and the matrices ¢} and R are defined in the following way;

rﬁ*‘% -q; 0O 0\
~q. ¢q 00 (14)
R=(, Q=1 0" 0 0f

Lo 0 00

In this case the control takes the form of

u(f)y = fix, (t)-,f,xz(t)+f,i,(I)ff‘iz(t)+_f:.:(l)+j;£(t), (15)

where the matrices F, and F; componems are shown in Fig, 2.
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Fig. 2 Components £, i=1,..6 of the amplification matrices F, and F,
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In order to compare the passive and active (With the control forces) control the value ufi/} has

been compured using (15). kt is obvious thar acceierarion plays the key point on the building
inhabrans’ bebaviour.

atcelesation 2
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Fig 3 Acceleration versus tirne for the passive and aciive control.

Figure 3 illustrates that the application of an active comtrol is more suitable in comparison to
classical passive coatrol.
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