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The vibration control system for high-rise constructions presupposing foundation insulation with the help 
of roller supports and structural rigidity adjustment is proposed. Passive elements – diagonal links with hydraulic 
dampers. They supplement an active part of a control system, increasing reliability of control with construction os-
cillations. In the active system the oscillation control is executed by electric hydraulic actuators. The active system 
comprises a subsystem of measurement and estimation of state variables and of identifi cation of disturbing effects 
at incomplete information. Control subsystem providing optimal the control law. Mathematical models of the object 
with built-in control links and electro-hydraulic actuators (EHA) have been set up. Method of arranging EHA in the 
structure has been proposed. Effectiveness of the proposed vibration control system under seismic impact on the 
structure and at different design concept of passive-active communication has been studied.
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1. The urgency of the problem. Con-
trolled structures are of current interest in high-
rise building construction. Vibrations of high-
rise buildings, pipes, TV towers are the result 
of seismic, wind, technological, and pulse 
pressures and can achieve several meters in the 
structure’s high points. There are bending, ver-
tical and torsional oscillations, with bending 
and torsional deformations being considered as 
the most dangerous. 

Typical damages arising from these load 
impacts are as follows:

1) at a relatively moderate foundation and 
soft soil destruction comes from non-uniform 
yielding of foundation;

2) during the loading affect there may oc-
cur a phenomenon close to the resonance, 
which leads to strong rocking of structures, 
with the stresses in structural elements and at 
their joints exceeding the tensile strength, so 
the building collapses.

Control process consists of reducing vibra-
tions to allowance or eliminating vibration am-
plitudes of the construction at minimum time 
and of eliminating resonance. 

2. Development of the problem. In the 
process of working out the vibration passive 
control systems (VPCS) a device (a set of de-
vices) with constant parameters that reduce 
the vibration amplitudes of high-rise buildings 
without an external energy source are used. 
VPCS are classifi ed [1, 2] on the operation-
based principle: damping, isolating, adaptive, 
inertial, aerodynamic, regulating construction 
rigidity. The last systems are considered most 
effective.

Each system has its advantages and dis-
advantages. However, all passive systems are 
simple and reliable, always ready for operation 
but they also provide an effective vibration 
control in the restricted range of disturbing fre-
quency spectrum and need additional adjust-
ment and control during building’s vibrations.

Vibration active control systems (VACS) 
with external power supply operate according 
to a specifi c program and provide:

– installation of measuring devices and the 
use of algorithms or devices for optimal esti-
mation of state variables and identifi cation of 
external impacts;

– applying algorithms for calculating opti-
mal control actions, analog-digital and digital 
to analog converters and computers;

– optimal placement of actuators in the de-
sign to ensure the generation of optimal control 
efforts.

Depending on the type of energy used we 
distinguish hydraulic, pneumatic, electrical, 
electromagnetic systems of active vibration 
control. Selecting the type system defi nes the 
required technical specifi cation

3. Description of the VCS. We choose the 
combination system which comprises: 

– insulating roller VCS, that reduces the 
cutting efforts in the object’s foundation;

– electro-hydraulic system controlling rig-
idness of the construction enabling passive and 
active vibration control.

The main part of the insulating system is 
homogeneous roller moving without sliding. 
It is necessary because of the exact unwind 
specifi cation before the seismic disturbance. 
Practical implementation is possible by using 
steel, cast iron rollers etc.

Passive link is made in the form of rein-
forced concrete or steel beam, with one end be-
ing rigidly connected to the structural framing 
assembly and the other one is adjusted to the 
piston (cylinder) of the actuators. Girder sec-
tion meets the optimum operating conditions 
of additional links [3].

A positioning electro-hydraulic servo drives 
of translational motion on the basis of electro-
mechanical transformer and hydraulic booster 
of the «nozzle-fl apper» type and main shift feed-
back is accepted as a VACS actuator (Fig. 1).
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Further, during the study let’s consider 
three types of passive link: tough; equipped 
with a «hydraulic spring», equipped with a hy-
draulic damper with communicating hollow-
ness through an alternating choke with shift 
feedback. 

The initial state of the actuator in the con-
trol system is characterized by: declutched 
electromagnets of electric-hydraulic distribu-
tor; fi lled pipes, hydraulic ram hollowness un-
der pressure of hydraulic fl uid in the hydraulic 
accumulator. As a result, we obtain the operat-
ing mechanisms’ availability performance even 
under impulse loads on the controlled process.

At the passive control the electric unit of 
the actuator is switched off. Electromechanical 
converter and electro-hydraulic amplifi er are 
in a neutral position. Fluid overfl ow from one 
hydraulic ram hollowness into another one is 
done by means of the choke.

With the active control by management 
signal from the computer Uin there appears 
current on the windings of electromechanical 
transformer that results in the shifting of the 
control sliding valve of the hydraulic booster 
and forces the hydraulic ram stock move to-
gether with the control object. The rod move-
ment results in joint action of potentiometer 
lamellas that leads to development of current 
in the main negative feed-back circuit. This 
current is compared by adder in magnitude and 
sign with the control current iin.

Thus, the translational motion of piston 
and hydraulic control cylinder is performed, 
the system of actuator working both in length-
ening, and shortening of the additional link. 
Thereby the construction vibration control is 
available under disturbing force effect. Let’s 
compile a mathematical model of a high-rise 
building with built-in passive-active links.

4. A mathematical model of the object 
with a built-in VCS. During modeling it is 

suggested that the internal forces and shifts 
caused by static lad component are given. 
Therefore, the model will describe small vibra-
tions of the construction relative to stationary 
balanced state .In addition; we rely on the fol-
lowing assumptions.

Fig. 2. High-rising construction scheme equipped 
by passive-active links and roller bearers

Fig. 1. Functional diagram of electro-hydraulic actuators



EUROPEAN JOURNAL OF NATURAL HISTORY №4, 2012

41Technical sciences

1. The high-rise building is set on roller 
bearings, according to the scheme shown in 
Fig. 2. Roller slippage is not observed. Restric-
tion of the building horizontal motion of the 
building is performed mechanically and by 
means of springs and dampers.

2. General lay-out of the links must: con-
nect the adjacent sections of the structure in 
order to suppress the horizontal and vertical 

vibrations of the high-rise building, and satisfy 
the controllability criterion; should not disturb 
the structure’s static equilibrium and interfere 
the control object technological process. 

3. It is believed that the passive-active 
links located on all sections of the multi-
dimensional structure, with the he vector of 
generalized coordinates being written in the 
following form 

With the following marking-off vectors of 
the object’s generalized coordinates in the re-
spective directions are formed by the scheme

Vectors of generalized moves of pistons 
(cylinders) HA

where n – number of vertical sections of the 
construction; t – transposing sign.

To take into account inertial and dissipative 
characteristics of the passive-active link we 
use a four-mass mechanical model of a multi-
variable construction and the 2-type Lagrange 
equation at the disturbing efforts impact.

Where the Lagrangian function L = T – Π is 
a function difference of kinetic and potential en-
ergy of the construction; D is a dissipative ener-
gy function of the object; F – disturbing impact 
vector; q(t) – the generalized coordinate vector. 
The equation of the controlled high-rise build-
ing (see the paper) [1, 4] looks like

  (1)
where it is designated:
– inertia matrix

– the object mass matrixes

   
mw,j – section mass of the construction j; 

‒ piston (cylinder) mass matrixes with associated mass of additional link 

– dissipative K(t) and rigidness H(t) matrixes are described in details in paper [1, 4],
– block matrix of disturbing efforts «distribution»

–  ‒ disturbance «distribution» matrixes over the building;
– disturbing effort vector 

where  – priming coat acceleration vector at seismic activity.
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So, the mathematical model of a controlled 
space multidimensional modeling (see equa-
tion (1)). has been obtained. Its feature is a reg-
istration of inertia and dissipative characteris-
tics of actuators of a passive-active vibration 
control.

5. Actuator mathematical model. 
At drawing up a deterministic vibration 
model for a loaded choke hydraulic con-
trol one relies on the following assumpti-
ons [3, 5]:

1. The choke hydraulic control is consid-
ered as a system with lumped parameters.

2. Hydraulic control power supply is per-
formed at a constant pressure from an unre-
stricted consumption source.

3. Hydraulic accumulator capacity is 
matched on the basis of supplying the entire 
control process. 

4. Hydraulic accumulator, spool-type dis-
tributer, electromechanic convertor are located 
near the hydraulic control. Therefore, due to 
short hydraulic lines wavelength processes do 
not make signifi cant impact on the hydraulic 
control dynamics.

5. Hydraulic ram is located in the middle of 
additional link , with symmetry being assumed 
for study simplifi cation.

6. The piston and the cylinder move right 
and left relative to mid-(zero)position.

7. During transient analysis the inertia, dis-
sipative and position load is considered.

8. Metering -difference characteristic of 
the fl ow controller (control valve) is approxi-
mated by the parameter with zero values in the 
neighborhood of datum origin.

9. The fl ow control windows have equal 
specifi c consumptions.

10. Hence the vibration control system op-
eration is momentary the hydraulic fl uid tem-
perature variation is neglected.

11. In the study of dynamic processes in 
the hydraulic control the adiabatic fl uid elastic 
modulus Fzh is taken which is considered to be 
constant in the service pressure range, hydrau-
lic fl uid being clean.

12. Pressure being changed, hydraulic fl uid 
specifi c density is neglected and variation rate 
is considered by the following relation

13. In the study of hydraulic control dy-
namics gas-air phase occurrence and dissolu-
tion in the operating fl uid is considered.

14. Volume strain of pipes and building 
chamber curtains are noted by the reduced 
elastic modulus Epr.

15. Hydraulic head losses in the connect-
ing fl ues are negligible.

16. Acoustic effects in the connecting 
fl ues and time lag in the transmission lines are 
not considered.

17. Hydraulic fl ow inertia in the connect-
ing lines and in the hydraulic control chambers 
are not considered due to pipelines being short 
and fi lled with hydraulic fl uid.

18. In the hydraulic control the viscous and 
dry friction are considered. The dry friction 
characteristics are taken as linear. Fluid viscos-
ity index is constant.

Mathematical model of a loaded electro-
hydraulic actuator is described [2] by equa-
tions given in this table. The analog block dia-
gram of the loaded electro-hydraulic actuators 
is shown in Fig. 3.

Fig. 3. Block diagram of a loaded electro-hydraulic actuator analog (Additional controlled link)
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Mathematical model of a loaded electro-hydraulic actuator

Cauchy form Standard image form

Here is considered that the piston and cyl-
inder dynamics is described in the multidi-
mensional structure mathematical model, with 
marking-off introduced:

U, Uin, Uoc – electro-hydraulic amplifi er in-
put voltage, input voltage, and feedback link 
voltage accordingly;

Kpos position feed-back ratio;
yp, yc piston and cylinder moving accord-

ingly;
TEGU, KEGU – electro-hydraulic amplifi er 

time constant and coeffi cient of amplifi cation;
xz, xgk – sliding valve and hydro-condenser 

movement correspondently;
P – differential head in the hollowness of 

hydraulic vibration absorber;
R – hydraulic vibration absorber force;
An, Vpol, Epr hydraulic vibration absorber 

piston area, hydraulic vibration absorber hol-
lowness fl uid volume, reduced elastic modulus 
correspondently;

KQx, KQP – mutual conductance and и me-
tering-difference characteristic correspond-
ently; 

Tgk, Kgk – hydraulic condenser time con-
stant and coeffi cient of amplifi cation.

Equation conversion given in the table pro-
vides obtaining dependence of the control volt-
age and output force of the hydraulic vibration 

absorber with consideration of actuators loca-
tion it can be written as

where E, G, L, N are corresponding matrix co-
effi cients. Further it is assumed that all actua-
tors are similar.

6. VCS Performance study. Numeri-
cal study of control system is presented by 
the example of a high-rise structure – tower-
type headgear. A mass reinforced concrete 
tower-type headgear erected in the sliding 
form 120 sm high and plan sizes 21×21 m 
was subjected to seismic impact with oscilla-
tion strength of 7 grades with direction cosines 
cos x = 35°, cos y = 55°, cos z = 45° elative to 
global coordinate system. Impact frequency 
resonates with the structure’s main vibration 
tone. Control system sensors and additional 
links are set on the marks 12, 24, 36 m, provid-
ing its observability and controllability relative 
motion of the tower-type headgear on the mark 
36 m by axes x exceeds allowance by 8 times, 
by axes y – 6 times , by axes z – by 1,5 times; 
on the mark 24 m by axes x – 7 times, by axes 
y – 6 times, by axes z – 1,3 times; on the mark 
12 m by axes x – 6 times, by axes y – 5 times, 
by axes z – doesn’t exceed.

7. Conclusions. Analysis of numerical 
modeling outcomes provides the following 
conclusions:
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– using rigid links and links equipped with 
«hydraulic spring» alternates frequency char-
acteristics of a building and allows to avoid 
resonance by reducing vibration amplitude but 
it does not protect the structure from failure;

– using passive links with hydraulic vibra-
tion absorber changes the frequency charac-
teristic of the structure reducing vibration am-
plitude signifi cantly, That being provided, the 
links maintain serviceable condition and the 
building does not collapse. As a result of re-
ducing general link rigidness the required full 
vibration suppression of the multidimensional 
structure is not achieved;

– using active links reduces vibration am-
plitude of the structure down to allowance level 
and maintains the building’s integrity vibration 
amplitude signifi cantly. 
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