
 

RJAV vol IX issue 1/2012                                            3                                                         ISSN 1584-7284 

Analytical and experimental assessment of degrading structures 
dynamic behavior 
 
Tudor SIRETEANU  
Institute of Solid Mechanics, Romanian Academy, 15 Constantin Mille, RO-010141, 
Bucharest, siretimsar@yahoo.com 
 
Ana-Maria MITU  
Institute of Solid Mechanics, Romanian Academy, 15 Constantin Mille, RO-010141, 
Bucharest, anamariamitu@yahoo.com 
 
Claudia MEGLEA  
Center of Technology and Engineering for Nuclear Projects, 409 Atomistilor , 
Bucharest – Magurele, claudiameglea@yahoo.com 
 
 
Abstract: - The paper presents an inverse method for time dependence identification of equivalent 
stiffness and damping coefficients of a SDOF oscillating system with degrading hysteretic behavior. The 
method is based on forced and free vibration laboratory experiments conducted on a cantilever drywall 
beam with a concentrated mass placed on its free end. The experimental results show an important 
amplification of the output vibration level due to the stiffness degradation when the driving frequency is 
slightly lower than the first vibration mode frequency of non-degraded structure. The relatively short time 
interval for system entering the resonance frequency due to its stiffness degradation outlines a drawback 
of structural design allowing the occurrence of plastic hinges as seismic building self-protection, 
particularly in the case of   seismic motions with low frequency dominant spectral components (“slow 
earthquakes”). 
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1. INTRODUCTION 
 

By structural stiffness degradation an oscillating 
system can be either “dragged” into the resonance 
regime or “pulled” away from it. This effect could 
be beneficial if the system natural vibration 
frequencies are lower than those of the main spectral 
components of the input. Otherwise, the system 
output can display an important amplification, even 
in a relatively short time interval. Therefore, the 
effects that stiffness deterioration could have on 
system performance or reliability must be taken into 
account in the modeling and design of seismic-
resistant structural systems.  

The basic requirement to perform such analyses 
is the availability of accurate analytical models 
based on capable of representing deteriorating 
structural behavior. In most practical problems, 
system identification in time domain requires an 
empirical model constructed to match experimental 
data.  

One of the most widely accepted empirical 
models to portray the degrading hysteresis behavior, 
included strength, stiffness and pinching degradation 
effects is the generalized Bouc-Wen differential 
model [1-5].  

In this model, the total energy dissipated through 
hysteresis is considered as a convenient measure of 
the effect of duration and severity of the building 
seismic loads.  

Oscillating SDOF systems with harmonic, 
random white noise or seismic inputs were used for 
both experimental and analytical studies on dynamic 
behavior of structures modeled by simplified visco-
elastic or Bouc-Wen degradation models [6-8].  

In this paper is employed an inverse method to 
assess the hysteresis degradation effect on the 
dynamic behavior of a drywall cantilever beam with 
base imposed motion. The continuous structure is 
assimilated with a SDOF oscillating system with 
time dependent equivalent stiffness and damping 
coefficients.  

From practical point of view, this experimental 
study is relevant only when the beam vibrates in the 
neighborhood of the first resonance vibration mode 
because in this case the dynamic structural output is 
strongly amplified and damaging bending moment 
and shear force are developed.  
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2. EXPERIMENTAL RESULTS 
 

To illustrate the change of dynamic behavior due 
to the restoring force degradation, an experiment 
was conducted on a simple mechanical structure. A 
cantilever beam from dry wall with a concentrated 
mass on top (acceleration transducer) was mounted 
vertically on an electro-dynamic shaker. The 
frequency and amplitude of the horizontal periodic 
motion, imposed to the beam embedded base, were 
maintained constant throughout the testing time 
interval 600sT .  

The driving frequency was chosen slightly lower 
than the first vibration frequency in order to 
highlight the vibration level amplification due to the 
degradation of beam bending stiffness. 

The base acceleration amplitude was set by trial 
and error tests on several beam samples as so to 
avoid the beam breakage at maximum amplification 
of the free end vibration. The accelerations of beam 
base and free end were simultaneously recorded on a 
PC oscilloscope. The experimental setup is shown in 
Figure1. 

 

 
Figure 1. Experimental setup 
 

The structural degradation resulted in a decrease 
of bending stiffness and some increase of internal 
damping. The effect of beam stiffness degradation in 
time, due to fatigue cyclic stresses, was monitored 
by measuring at different moments the vibration 
amplification factor, defined as the ratio of the r.m.s 
values of the top and base acceleration. The initial 
and final values of the first vibration mode 
frequency and of the corresponding equivalent 
damping ratios were determined from free vibration 
records, as shown in Figure 2. One can observe that 
the initial linear behavior of the tested structure 
becomes nonlinear due to structural degradation. 
The system free vibrations were recorded only at the 
beginning and end of the testing time interval in 
order to maintain the continuity of degrading 
process.  
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Figure 2. Free vibration time histories recorded at the 
beginning ( 0t ) and the end of test ( 596st ) 
 

As the degradation process became very slow 
after 250s, the forced vibrations were recorded only 
at eighteen moments within this time interval. The 
first and the last records are shown in figs.3 and 4. 

The input amplitude and frequency, maintained 
constant through the test, are highlighted by the 
oscilloscope screen markers.  

 

 
Figure 3. Forced vibration recorded at 0t  
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Figure 4. Forced vibration recorded at 250st  
 

a. syst inputf f  

b. syst inputf f  

c. syst inputf f  
Figure 5. Modification of beam vibration regime due to 
structural degradation 
 

Figure5. presents three moments of the 
continuous evolution in time of beam forced 
vibrations from below to above resonance. This 
shifting of vibration regime is a direct consequence 
of structural degradation, which results in a gradual 
decrease of beam bending stiffness and, therefore, of 
its modal frequencies. The corresponding vibration 
records on the PC oscilloscope are plotted in figs.6-
8. The input peak to peak value (0.24g) and 
frequency (5Hz), maintained constant through the 
test, are highlighted by the oscilloscope screen 
markers. The calibration factor for both recorded 
signals was 1g/VK . 
 

Figure 6. Forced vibration recorded at 112st  
 

Figure 7. Forced vibration recorded at 140st  
 

Figure 8. Forced vibration recorded at 204st  
 
 
 



 

RJAV vol IX issue 1/2012                                            6                                                         ISSN 1584-7284 

3. IDENTIFICATION OF ANALYTICAL 
MODEL 
 

Although the test was conducted on a hysteretic 
cantilever beam with a concentrated mass on top, the 
empiric model adopted is a SDOF system with time 
dependent visco-elastic characteristic, the aim being 
to approximate the effect of beam structural 
degradation in the range of its lowest mode. 
Therefore, the equation of motion can be written as 

 
2

02 ( ) ( )x t t x t x x (1)
 
Since the evolution of structural degradation is 
relatively slow as compared with the input 
period, the time variation of the acceleration 
amplification factor can be approximated by 
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where 0X  is the base acceleration amplitude, 

1 0x t x t x t  is the free end acceleration 

and inputt t portrays the time evolution 
of structural stiffness degradation.  

The maximum value of amplification 
factor, mA t , is obtained when by degradation the 
system natural frequency becomes approximately 
equal with the input frequency, i.e. when 

m 1t . Introducing this value in (2), yields 
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The maximum value of amplification factor 

m 8.6A t was observed at m 140st . The 
corresponding value of damping ratio given by 
relation (3) is 140 0.058 . Figure9 shows the 

three estimated values 0 , 140 , 596  and 
the plot of their analytical fit 

 
0.17 0.135 exp / 745t t  (4)

 
By introducing (4) in (2) one can obtain the 

discrete values of time evolution of t  which 
minimize the error between the analytical and 

experimental values of amplification factor. In 
Figure10 
are plotted these values and their analytical fit 
expressed by  
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Using in (2) the identified functional time 

dependence of degrading system parameters 
t and t  given by (4) and (5), yields the 

analytical expression of amplification factor 
evolution within the testing time interval. Figure11 
depicts the identified analytical expression and 
experimental values obtained for A t . 
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Figure 9.  Identification of time variation of damping 
ratio 
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Figure 10. Identification of time variation of damping 
ratio 
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Figure 11. Identification of time variation of 
amplification factor 
 

As one ca see from Figure11, due to the 
structural degradation the amplification factor 
increased with approximately 50% in140s, 
displaying a very rapid increase in only 28s followed 
by a relatively lower decrease in the post-resonance 
range. Although the vibration amplification factor 
shown in Figure11 is described by a function of 
time, its shape is typical for systems with softening 
stiffness characteristic. 

Denoting byk t the time variation of system 
stiffness, the structural degradation can be expressed  
in terms of relative stiffness variation 

 
     2 20 0t k t k t  (6) 

 
where 0 1.09 . 

 
 Figure12 shows the identified values of 
degrading relative stiffness and the plot of their 
analytical fit. 
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Figure 12.  Identification of time variation of relative 
stiffness. 

4. CONCLUSIONS 
 
An inverse method based on vibration 

measurements, conducted on a drywall cantilever 
beam structure with degrading hysteretic properties, 
was developed by using an equivalent SDOF system 
with time dependent stiffness and damping 
parameters. As the driving frequency was slightly 
less than that of non-degraded structure, by stiffness 
degradation the system was “pulled” toward the 
resonance regime within a relatively short time 
interval (140s), leading to an important amplification 
of the output, which accelerated the degradation 
process.  

The initial value of system damping ratio being 
very small, its relative increase due to the structural 
deterioration wasn’t sufficient to reduce the 
resonance amplification under safe limits for 
structural integrity.   

The results of the present study outlines a 
drawback of structural design allowing the 
occurrence of plastic hinges as seismic self-
protection of buildings by increasing the structural 
energy dissipation, particularly in the case of seismic 
motions with low frequency dominant spectral 
components (e.g. Vrancea “slow earthquakes”). In 
this case, the use of hysteretic devices with high 
damping capacity in order to limit the inter-story 
drift by bracing installation could be a more efficient 
seismic protection technology. 
 
FURTHER WORK 
 

Further work will investigate the correlation 
between the identified time dependence of stiffness 
and relative damping coefficients with time 
evolution of energy dissipated by the degrading 
structure within the testing time interval. 
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