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ABSTRACT: Vibrations of civil engineering structures, generated by dynamic loads, may be very dangerous to the structures 
themselves as well as may have significant influence on human perception and comfort. A number of different methods have 
been proposed in order to minimize such situations. This concern newly designed structures as well as those which dynamic 
properties have to be modified due to problems with excessive vibrations. One of the methods is to increase stiffness of the 
structure so as to avoid resonance with the excitation. Another approach assumes installation of additional dampers so as to 
increase dissipation of energy during vibrations.  
In this paper, an idea of using polymer dampers, in the form of tapes, is proposed. An experimental study on aluminum 
cantilevered beam has been conducted. Two different models have been considered and analyzed. One of them presents a plain 
cantilevered beam, while the second one considers beam with the polymer tape attached. The behavior of both models under 
different loads has been investigated. Two cases have been analyzed and damping ratios have been identified.  
The results of the study clearly show that the response of the beam with and without polymer damper is substantially different. 
They indicate that the application of the polymer tape may lead to even five times higher values of damping ratio. Therefore, the 
method can be considered as an effective one in reduction of structural vibrations.  
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1 INTRODUCTION 
Dynamic loads are often found to be the most important ones 
at the design stage of civil engineering structures [1]. Newly 
designed and erected metal structures are often composed of 
very slender and light components that are easily excitable by 
different types of dynamic load. Wind, earthquake or crowd 
load effects determine the design procedure of metal 
structures that are regularly subjected to such significant 
dynamic loads (see, for example, [2, 3, 4]). If the induced 
vibration excites a natural frequency of the affected part of the 
structure, resonance might occur. It may lead to severe 
damages of civil engineering structures, their collapse or panic 
among the people [4, 5].  

One of the methods to avoid resonance with the excitation is 
to increase stiffness of the structure. However mentioned 
solution in some cases is not possible or difficult to be 
adopted. There is proposed using of elasto-visco-plastic 
materials, which has been proposed and used [6] as a 
technique of filling the cracks with the elastomeric polymer 
mass to repair damaged masonry structures. The polymer 
mass is a specially designed flexible two-component grout, 
which is based on polyurethane resin. The method is mainly 
dedicated to masonry and historical objects where minimal 
intervention is allowed. Based on previous experimental 
study, that were aimed to obtain parameters of the special 
prepared polymer mass, it has been proven that this kind of 
material has also additional damping properties [7], [8], [9]. 

In this paper, the application of polymer mass, in the form 
of tapes as dampers, is proposed and analyzed. The aim of an 
experimental study is to analyze the response of aluminum 

cantilevered beams (with and without polymer dampers) 
subjected to impact loads. 

2 EXPERIMENTAL STUDY 
An experimental study has been conducted at Cracow 
University of Technology (Poland). Two different models of 
aluminum cantilevered beams have been tested. One of them 
presents a plain cantilevered beam, while the second one 
considers beam with the polymer damper installed. Aluminum 
beam, which has been examined in the study, has a total 
length of 0.965 m, width of 0.03 m and thickness of 0.009 m. 
Polymer mass, which have been used during an experiment, 
has been applied in the form of tape of the same width and the 
total thickness of 0.007 m. Both models of beams are 
presented in Figure 1 and Figure 2.  

 

 
Figure 1. An aluminum cantilevered beam. 
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Figure 2. Aluminum cantilevered beam with polymer tape 

attached at its top surface.  

Aluminum cantilevered beams have been excited by impacts 
of modal hammer applied at the middle of the elements 
length. The behavior of the beams has been observed and 
recorded by two accelerometers that were installed on the 
metal side at the end of each beam (see Figure 1 and  
Figure 2). Moreover, the response of cantilevered beams has 
been analyzed under various values of vertical load (from  
10 N to 60 N) also applied at their ends. Total time duration of 
each measurement was equal to 12.5 seconds. 

The aim of an experimental study was to analyze the 
response of aluminum cantilevered beams subjected to 
dynamic loads. The first stage of the study concerns the 
estimation of modal characteristics for the plain aluminum 
beam as well as for beam with polymer damper. In this paper 
modal characteristics, such as natural frequencies of vibration 
modes and damping ratios, are described. 

A large number of tests have been conducted. The results of 
the experimental study have been presented in the form of 
acceleration time histories, based on which modal 
characteristics have been determined. The results for three 
representative load cases are described in this paper in details. 
The results for each load case show the comparison between 
behavior of beam without and with polymer damper. 
Acceleration time histories describing the behavior of 
aluminum beams with additional load of 10 N are presented in 
Figure 3 and Figure 4. 

 

 
Figure 3. Acceleration time history of the plain aluminum 

cantilevered beam (load 10 N). 

 
Figure 4. Acceleration time history of the aluminum 
cantilevered beam with polymer damper (load 10 N). 

 
Two modes of free vibrations and corresponding natural 

frequencies for each case have been determined by conducing 
Fast Fourier analysis. The results of the analysis are shown in 
Figure 5 and Figure 6, for the beam without and with polymer 
damper, respectively. 

 

 
Figure 5. Spectral response of the plain aluminum 

cantilevered beam (load 10 N). 

 

 
Figure 6. Spectral response of the aluminum cantilevered 

beam with polymer damper (load 10 N). 

 
Two natural frequencies observed during experimental 

study have been analyzed separately by filtering out the 
components with other frequencies from the measured 
acceleration time histories. The results for the first modes of 
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vibrations (corresponding to the natural frequencies of 3.1 Hz 
and 3 Hz) are presented in Figure 7 and Figure 8.  

 

 
Figure 7. Vibrations with the 1st natural frequency determined 

for the plain aluminum cantilevered beam (load 10 N). 

 

 
Figure 8. Vibrations with the 1st natural frequency determined 

for the aluminum cantilevered beam with polymer damper  
(load 10 N). 

 
In Figure 9 and Figure 10, the second modes of vibrations 

(corresponding to the natural frequencies of 37.3 Hz and  
32.8 Hz), for both model of beams are shown. 
 

 
Figure 9. Vibrations with the 2nd natural frequency determined 

for the plain aluminum cantilevered beam(load 10 N). 

 

 
Figure 10. Vibrations with the 2nd natural frequency 

determined for the aluminum cantilevered beam with polymer 
damper (load 10 N). 

 
The next load case analyzed in this paper describes the 

response of aluminum cantilevered beams (without and with 
polymer damper) when additional load of 35 N is applied. 
Figure 11 and Figure 12 present the acceleration time histories 
for both models of beams. 

   

 
Figure 11. Acceleration time history of the plain aluminum 

cantilevered beam (load 35 N). 

 

 
Figure 12. Acceleration time history of the aluminum 
cantilevered beam with polymer damper (load 35 N). 

 
The results of the Fast Fourier analysis, for this load case, 

are shown in Figure 13 and Figure 14, for the beam without 
and with polymer damper, respectively. 
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Figure 13. Spectral response of the plain aluminum 

cantilevered beam (load 35 N). 

 

 
Figure 14. Spectral response of the aluminum cantilevered 

beam with polymer damper (load 35 N). 

 
Two natural frequencies observed during experimental 

study have been analyzed separately by filtering out the 
components with other frequencies from the measured 
acceleration time histories. The results for the first modes of 
vibrations are presented in Figure 15 and Figure 16. 

 

 
Figure 15. Vibrations with the 1st natural frequency 

determined for the plain aluminum cantilevered beam  
(load 35 N). 

 

 
Figure 16. Vibrations with the 1st natural frequency 

determined for the aluminum cantilevered beam with polymer 
damper (load 35 N). 

 
In Figure 17 and Figure 18, the second modes of vibrations 

(corresponding to the natural frequencies of 36.5 Hz and  
31.9 Hz), for both models of beams are shown. 
 

 
Figure 17. Vibrations with the 2nd natural frequency 

determined for the plain aluminum cantilevered beam  
(load 35 N). 

 

 
Figure 18. Vibrations with the 2nd natural frequency 

determined for the aluminum cantilevered beam with polymer 
damper (load 35 N). 

 
The last analyzed in details load case concerns the behavior 

of aluminum cantilevered beams (without and with polymer 
damper) when additional load of 60 N has been applied. In 
Figure 19 and Figure 20, the acceleration time histories have 
been presented for this load case. 
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Figure 19. Acceleration time history of the plain aluminum 

cantilevered beam (load 60 N). 

 

 
Figure 20. Acceleration time history of the aluminum 
cantilevered beam with polymer damper (load 60 N). 

 
The results of the Fast Fourier analysis, for this load case, 

are shown in Figure 21 and Figure 22, for the beam without 
and with polymer damper, respectively. 

 

 
Figure 21. Spectral response of the plain aluminum 

cantilevered beam (load 60 N). 

 
 
 

 
Figure 22. Spectral response of the aluminum cantilevered 

beam with polymer damper (load 60 N). 

 
Two natural frequencies observed during experimental 

study have been analyzed separately by filtering out the 
components with other frequencies from the measured 
acceleration time histories. The results for the first modes of 
vibrations (corresponding to the natural frequencies of 1.4 Hz) 
are presented in Figure 23 and Figure 24. 

 

 
Figure 23. Vibrations with the 1st natural frequency 

determined for the plain aluminum cantilevered beam  
(load 60 N). 

 

 
Figure 24. Vibrations with the 1st natural frequency 

determined for the aluminum cantilevered beam with polymer 
damper (load 60 N). 

 
In Figure 25 and Figure 26, the second modes of vibrations 

for both models of beams are shown. 
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Figure 25. Vibrations with the 2nd natural frequency 

determined for the plain aluminum cantilevered beam  
(load 60 N). 

 

 
Figure 26. Vibrations with the 2nd natural frequency 

determined for the aluminum cantilevered beam with polymer 
damper (load 60 N). 

 
All results obtained from the experimental tests have been 

grouped in the form of tables. Table 1 shows values of the 
natural frequencies of the plain aluminum cantilevered beam 
under different values of additional loads.  

 

Table 1. Natural frequencies of the plain aluminum 
cantilevered beam under different values of loads. 

 
 

Load 
[N] 

1st 

natural 
frequency 

[Hz] 

2nd 

natural 
frequency 

[Hz] 
0 7.5 47.5 

10 3.1 37.3 
25 2.1 36.6 
35 
50 
60 

1.8 
1.5 
1.4 

36.6 
36.6 
36.6 

 
Values of natural frequencies corresponding to both modes 

of vibrations calculated for aluminum cantilevered beam with 
polymer damper are presented in Table 2. 

 

Table 2. Natural frequencies of the aluminum cantilevered 
beam with polymer damper under different values of loads. 

 
 

Load 
[N] 

1st 

natural 
frequency 

[Hz] 

2nd

natural 
frequency 

[Hz] 
0 6.4 42 

10 3 32.8 
25 2 32 
35 
50 
60 

1.8 
1.4 
1.4 

31.9 
31.8 
31.8 

 
The next aim of analysis was to determine the second modal 

parameter, i.e. the damping ratio, so as to quantify the 
effectiveness of reduction of structural vibrations. The 
damping ratio, ξ, has been calculated according to the formula 
(1): 

 
1

ln
2
1

+
=

j

j

a
a

nπ
ξ  (1) 

where j = number of cycles; an = amplitude of n-th cycle;   
an+1 = amplitude of (n+1)-th cycle. 

 
Damping ratios have been separately determined for both 

frequencies of natural vibrations for the loaded beams. Values 
of these modal characteristic estimates for plain aluminum 
cantilevered beam and beam with polymer damper, are 
summarized in Table 3 and Table 4, respectively. 

 

Table 3. Damping ratio for both frequencies of the plain 
aluminum cantilevered beam under different values of loads. 

 
 

Load 
[N] 

Damping 
ratio of 1st 
frequency 

[%] 

Damping 
ratio of 2nd 
frequency 

[%] 
10 0.46 0.58 
25 0.67 0.35 
35 
50 
60 

0.72 
0.57 
1.11 

0.49 
0.47 
0.32 

 

Table 4. Damping ratio for both frequencies of the aluminum 
cantilevered beam with polymer damper under different 

values of loads. 

 
 

Load 
[N] 

Damping 
ratio of 1st 
frequency 

[%] 

Damping 
ratio of 2nd 
frequency 

[%] 
10 1.06 1.67 
25 0.71 1.21 
35 
50 
60 

1.21 
1.67 
2.99 

1.24 
2 

1.54 
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3 DISSCUSSION OF OBTAINED RESULTS 
The carried out experiment confirmed that adding of mass to 
the cantilever structure causes shifting of natural frequencies 
to lower value (Figures 27 and 28). The changes are of 
exponential character for the 1st natural frequency and quickly 
convergent to a constant value for the 2nd natural frequency.  
The obtained results indicate that application of a polymer tap 
to a cantilever structure increase damping properties of it 
(Figures 29 and 30).  
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Figure 27. Change of the 1st natural frequency of the tested 

beams according to the applied load (with trend lines and R2). 
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Figure 28. Change of the 2nd natural frequency of the tested 

beams according to the applied load (with trend lines and R2). 
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Figure 29. Comparison of damping ratio of the tested beams 

determined for the 1st natural frequency and for various loads. 
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Figure 30. Comparison of damping ratio of the tested beams 

determined for the 2nd natural frequency and for various loads. 
 

The increase ratio of damping is generally higher for the 2nd 
natural frequency than for the 1st one (Figure 31) and can 
reach even the value of almost 5, what implies that this 
method of the structural damping increase can be effective. 
There was not observed clear correlation of the damping ratio 
with the load increase even though the values of damping 
increase ratio are higher for the higher load level in the case of 
the 2nd natural frequency (Figure 31).  
 

damping increase ratio after applying of polymer

2,3

1,1

1,7

2,9
2,72,9

3,5

2,5

4,3

4,8

0,0

1,0

2,0

3,0

4,0

5,0

6,0

10 N 25 N 35 N 50 N 60 N

Load

in
cr

ea
se

 ra
tio

 [-
].

1st natural frequency 2nd natural frequency

 
Figure 31. Comparison of effectiveness of damping using 

polymer tape, calculated for both natural frequencies and for 
various loads.  

4 CONCLUSIONS 
This paper has been devoted to experimental study of the 
response of aluminum cantilevered beams. Effectiveness of 
application of polymer dampers, in the form of tapes, in 
reduction of structural vibrations has been considered. The 
experiment has been conducted so as to determine values of 
natural frequencies and damping ratios for the aluminum 
cantilevered beams without and with polymer damper. Three 
representative load cases have been presented and described 
in details in the paper. 

The results of the study have confirmed that installation of 
additional polymer dampers may lead to even five times 
higher values of damping ratio. Therefore, the method can be 
considered as an effective one in reduction of structural 
vibrations. Further detailed experimental and numerical study 
is planned to be conducted so as to verify the effectiveness of 
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the method on real metal structures, such as metal 
grandstands. 
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