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Abstract. The problem of damping vibrations of
under seismic influences is considered. The constru,
model of the motion of a mechanical system with
vibrations and simultaneous operation of
Transformations of differential equations
forces from a seismogram and damping agiion are shown. It is assumed that
the jet extinguisher works constantly, c
depending on the sign of the speed of mov:
The solution of the system of differential eq
transformations help to mod learly t
of mechanical systems during ances

its installation.
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1 Introduction

ote ings and structures from collapse is an urgent
ign. One of the most effective methods of combating the
s of elements of structures, which has been widely used
rs, is damping or damping of vibrations.

mechanical systems can be achieved in various ways: using
[1], friction vibration dampers [2], roller systems [3], new
lutions [4], etc. Currently, various types of vibration dampers have been
optimized, of which the most common are Tuned Mass-Damper [5-7], Tuned
[8, 9], used mainly for high-rise buildings. In the works [10-12], new
damping vibrations of various structures and calculation methods were

Improving and creafi

cases, seismic insulation of building foundations is used. For example, [13]
provides a study of the behavior of a seismic isolation system using lead-core rubber-metal
upports for various earthquake accelerograms using the ETABS software package according
BS-97 standards and software developed specifically for this study in Excel.
When developing vibration dampers, it is extremely important to understand the
processes of formation of weakened zones in the structural system of buildings under various
extreme influences.

In the works [14-19] the operation of reactive dampers under seismic loads was analyzed.
At the same time, direct step methods were used to solve the initial systems of equations of
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motion. This study examines the methodology for constructing and simplifying a system of
differential equations of motion with kinematic excitation of vibrations and simultaneous
operation of a reactive damper.

2 Subject, methods and materials

S =R, -At

obstructing the oscillatory movements of a building or structure.
control pulse will be the reactive force of the gas jet esc
extinguisher under high pressure. The reactive force from t
the known ratio:

@
tion of the mass of fuel.

d by the movement of the
support nodes according to the earth i - using kinematic perturbation

(Fig. 1).

displacement surface waves

wave P wave S |

time (1)

arthquike seismogram along one of the geometric axes

For a construction unit with an attached reactive extinguisher, the FEM equation of
otion will take the form:
.. n — “
(M, +m))u, + X ku, =B Fv,-m,
j=1

3)

where m;— is the variable mass of the reactive extinguisher.

In this case, the mass matrices and the vector of external loads have the
form
M =diag[M, M, ..M, +m, . ..M, ],

n

“)
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-
P=P R REV(m, -m) /a0 R
The main characteristics of the reactive damper, which ensure effective vibration
damping, are:
—  location on the building;
—  jetejection velocity V7%, m/s;

—  the rate of change in the mass of the combustible liquid m ;
—  jetjet ejection time per turn on T 9%, m/s;

—  the value of the maximum permissible relative deviation of the poi
mechanical system dmax, m.

and is directed opposite to it.
Let's assume the rate of gas outflow from the

and the law of change in the mass oft
function:

@

®)

MW + KW =R o

ere W; —are the movements of the nodes of the mechanical system, including the support

des moving along the earthquake seismogram; R — the vector of control damping effects:

R=[00..tR 00..0] )
Under the condition of constant braking action

R=[00..H,00..0] an



E3S Web of Conferences 549, 01006 (2024) https://doi.org/10.1051/e3sconf/202454901006
TransSiberia 2024

where
H = —|R,.|sign(vi/,) (12)
the following sign rule applies:
sign=1_w, >0,
and SiGn=-1_w; <0.

Let's introduce another notation:

V=WFK'R
Considering that the last term in (15) is a set of constants, diffesgnt1 ressiongl 5)
in time gives:
V=W (16)

In this case, equation (9) takes the form:

M\7+ =0 17)

Let the last m displacements of the system of Bquations deffribe the movement of the
supports using the functions

f 18)

Then, discarding the last ggli i displacements from (17), we obtain a
resolving system of n-m eq

et of harmonic disturbances. With harmonic excitation of vibrations

f. = b, -sin(6t)

(20)
the seismic load vector will look like

P,= 3 k -b,-sin(ot)

i=n-m @n

Here b, —are the specified amplitudes, and here 0 - is the frequency of seismic
disturbances. And equation (19) will take the form:
MV° +KV° =P,

sei @2
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The solution of equation (22) will take the form:

Ve =(K*-0°M°)"'P,, @3

When the supports move along the seismogram, equation (19) is solved by one of the
direct methods (Newmark, central differences, Wilson, the method of offset differences). The
final displacement vector will look like:

U=V°+K'R+U°,
where the vector U° corresponds to the static solution of the equation
KU®° =P

After the end of seismic disturbances, the problem of det
reduced to a homogeneous differential equation

M°V° + K°V° =

where VIE - are the vectors of the natu

constants.
The oscillation graph takes the form

w realized in the framework of the RSF support according to the research project
Ne 23-29-00653 «Development of methods for damping vibrations of dome-forming and
ctangular frames of buildings and structures».
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