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INTRODUCTION 

 
Reviewing normal exploitation of the 

building, the great importance, is the study of its 
behavior in time. Normal operation can be ensured 
if is known the behavior under load of the building 
in question and evaluation of displacements and 
deformations over time of entire construction or its 
components.  

Deformation of bodies will stabilize by 
achieving the equilibrium between internal and 
external forces. A change of equilibrium state will 
lead to new results. Safety and hazard-free 
operation is achieved by studying and systematic 
tracking of displacements and deformations of 
construction. 

 
 

1. THE PROBLEM FORMULATION 
 

Considering the case, that a given beam is 
resting on viscoelastic medium (fig. 1), stressed by 
two concentrated forces. 

 

w(x)w0

y

x

F F

w(x)

 
Figure 1. 

 
For modeling of behavior of viscoelastic 

medium can be chosen different rheological models, 
which represent combinations of Maxwell and 
Kelvin simple models. 

For beam in question is chosen that it rests on 
viscoelastic Kelvin-Voigt medium. 

 
 

2. SOLVING THE PROBLEM 
 

Given the differential equation of beam 
deformed axis: 
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and reactive pressure of Kelvin-Voigt medium (fig. 
2), resulting from the interaction between the beam 
and the environment: 
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results differential equation: 
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where: p – environment reactive pressure; 
k – stiffness coefficient of the environment; 
η – coefficient of viscosity of the environment; 
w – displacement; 

dt
dw

– speed of displacement. 
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 Figure 2. 

 
Expressing the displacements of the sections 

of the beam according to the displacement of its 
extremity that is positioned in the origin of the 
coordinate system: 
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and taking account of (1) and (2) resulted 
differential equations: 
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System (5) is expanded in series. It contains 
five unknowns, and three equations more will be 
evolved. In relation to the time, the system is solved 
by successive approximations. 

Considering that the speed of deformation of 

the starting section 
dt

dw0  is constant over the time 

interval t∆ , and its equal with semi-sum of values  
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from the range of end sections, can be written: 
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Therefore, considering displasment of initial 
section over time i and time interval t∆ , may be 
determined displacement of the initial section at the 
time )1( +i ... 

Entering the boundary conditions: 
 

for 
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result: 
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 And for 1=i  results 2,nW , 2,0w  and 

2,nM , knowing the previous step. Thus, determine 

2w , 2w , 2M  and … nw , nw , nM . 
 
 

3. CALCULATION EXAMPLE 
 

Was calculated a concrete reinforced beam 
( 51021,0 ⋅=E MPa) with 6040× cm2 section and 

6,3=L m length, with free ends, and loaded with 
loads 100=F kN (fig. 1). The beam rests on the 
viscoelastic Kelvin-Voigt environment with 
characteristics: 2000 =E MPa; 4750=k N/m, 

161074 ⋅=η P. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Evolution of the displacements in the 

sections of the beam. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Development of the bending moments in 
the first three seconds. 

 
The results are plotted in figures 3 and 4. 

Figure 3 shows the evolution of the displacements 
in the sections of the beam, in the first three 
seconds, and figure 4 shows the development of the 
bending moments.  

This method allows the determination of the 
displacements and the bending moments in all 
sections of the beam at the given intervals of time. 
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