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Abstract: - Interior soundproofing is a requirement for buildings with special activities where the level of 
vibration and noise shall be minimal. This paper specifies the essential requirements for the definition of 
performance vibration isolation from the outside of buildings for special purposes. This category includes 
operating rooms, facilities and premises of "white rooms", rooms processing, calibration and mounting 
the semiconductor where the level of vibrations from the urban environment and/or industry should be 
below the allowed threshold. In this context, we detail the dynamic model of a building  placed on 
elastomeric elements for which are set the physical and geometric conditions by decoupling and reduction 
their frequency in ratio 1/4 .... 1/6 of the excitation frequencies. Also, are set the equations of motion for 
the externally excited system in order to evaluate the level of forced vibrations. 
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1. INTRODUCTION 
 

Aiming to put into evidence the three-orthogonal 
stiffness, specific for the elastomeric antiseismic 
isolators, a passive base isolation system is 
presented. Thus, it has been adopted the model of a 
three-floors building, having rectangular shape in 
plane 20 x 10 m and total height of 9 m the overall 
mass of the building is 300 tones, and the inertia 
mass moment related to the mass centre is Jy = 5 x 
106 kg m2. The base isolation system consists of 
elastomer identical isolators and having the 
elastomer layers separated by intermediary metallic 
shims. 
  
Table 1. The passive systems with elastomeric isolator 
layers 

 

The seismic excitation is transmitted by means of 
the elastic system under the form of fundamental 
component in the acceleration spectrum a1 = A1

2 

sin t, where  = 2  rad/s for the frequency of 1 Hz, 
and a0 = A1

2 = 0,25·g = 2,5 m/s2 is the amplitude 
for the acceleration in the fundamental spectrum.  
 
2. DYNAMIC ANALYSIS MODEL 
 

Figure 1 illustrates the simplified dynamic model 
for the passive isolation system together with the 
hanging structural system in case of a three-floors 
building, as rigid configuration. It has been assumed 
the hypothesis that the supporting is symmetrical on 
four points with N/4 isolators.  

 

 
Figure 1. Simplified dynamic model 

Variant Var I Var II 

Number of 
elastomer 
isolators 

20 20 

Diameter of 
isolators [mm] 500 500 

Height of 
isolators [mm] 450 600 

Shearing 
stiffness  

kx = ky [N/m] 
1,5 · 106 0,7 · 106 

Compression 
stiffness kz [N/m] 78,5 · 106 40 · 106 
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The motion equations can be written as follows:  
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where xk~  = Nkx, yk~ = Nky, zk~ = Nkz, and N 
representing the total number of isolators. 

 
The eigen pulsations equation is under the form: 
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resulting in px and p y for the complete vibrations in 
directions x and y, and in the direction z the vertical 
vibrations are decupled and have the eigen pulsation 

2
z
 = pz

2    = zk~ / m. 
 

Under force regime, the dynamic response is 
given by the amplitudes Ax, A y in x direction and 
around the y axis, respectively. Thus, we have: 
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where A1 is the ground displacement amplitude 
during the earthquake with the spectral line . 
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The amplitude A y is the form: 

 
with 
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The total force transmitted in the x direction is 
obtained as follows: 
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The maximum moment of the torque transmitted, 

in respect to the y axis, is: 
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3. EFFICIENCY OF THE PASSIVE 
ISOLATION SYSTEM  

The dynamic isolation is assessed by the dynamic 
transmissibility, as follows: 
 

       2
1

max

mA
FT x

x                           (11) 

in the x direction, and  
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around the y axis. 
 
 

For the analyzed case, the following 
characteristic quantities have been obtained, namely: 

 
Table 1. The characteristic quantities obtained in the two 
variants analyzed 

Variant Var I Var II 

  [rad/s] 2  2  

x = px  [rad/s] 3,65 1,80 

x = p x  [rad/s] 182 91 

z = pz  [rad/s] 22,8 10,4 
Ax  [m] 0,028 0,003 
A y  [rad] 0,012 0,005 
A1  [m] 0,25 0,25 
Tx  % 11 5 
T y  % 0,5 0,03 
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4. CONCLUSIONS 
 

In case of seismic excitation with the maximum 
acceleration a0 = 0,25g at the frecquency of 1 Hz, 
the passive isolation of a rigid building having the 
mass equal to 300 tones, provides the dynamic 
protection with the isolation degree of about 90%. 
The lateral displacements of the building are reduced 
approximatively with 90%, so that the resistance 
structure is subjected to loading in a reduced 
measure as a dymanic loading as well as kinematic 
loading.  
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