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2. Vibrations in the record structure 
 
 One of the basic criteria used in the design of modern crane structures are dynamic properties 
of the structure. They have a direct impact on system vibration, noise emission, fatigue strength 
and stability of the structure. Analysis of dynamic properties, in most cases encountered in practice 
is made on the basis of the behavior of the construction model. 
 The quality of the analysis depends on the reliability of the model, measured compliance 
behavior of the object and the model subjected to disturbance of the same kind. Model design can 
be created in the process of transformation of analytical formalism used to describe the system 
dynamics or the results of experiments performed on the real object [6]. 
 Dynamics is a branch of mechanics involved in the movement in terms of macroscopic bodies, 
including the reasons causing the movement. So dynamic is the science of vibration structure, 
geometrically unchanging, by conservative form of balance. The aim is to determine the dynamic 
response of structures (displacements, stresses) treated any dynamic load. Dynamic load is a load 
whose value, direction, phrase or place touchdowns change over time [2,9,13,22]. 
 The main problems in the design phase structure should be mentioned inter alia: 
• determination of static and dynamic loads acting on individual nodes and elements of design, 
• determine the stress distribution in selected areas of computed design, 
• selection of the most loaded elements and to estimate their fitness 
and durability (operational reliability). 
 The most difficult undertaking, therefore, is to set the course, the nature of change and the 
extreme dynamic loads in the proposed structure. The accuracy of the designation of the status of 
these charges will depend on the correctness of the design calculations carried out, and as a result 
the reliable operation, as well as operational advantages and cost of fabrication. 
 The first step in analyzing the dynamics is usually determining the frequency vibrations of 
structural elements (ie. The spectrum of vibration elements or team). Typically, it is observed that 
random vibrations with these frequencies in the structure are subject to rapid-borne. But always the 
risk of a build-up of vibration, when external impact in their structure will also contain the force of 
frequencies close to the natural frequency of the structure. 
The most dangerous states of dynamic loads associated with the extreme values of the stresses 
arising in the area of lowest resonant vibration frequencies of their own structure. Dynamic high 
loads may result, for example. During a high-speed (displacement) in the environment of the 
construction, the impact of climate, wind, temperature, or passing vehicles. Usually occurring at 
the change in load structure nodes are transient processes 
about fading amplitude. 
 When determining the dynamic load structure may be used physical methods and mathematical 
modeling - Figure 3.1. Physic modeling methods are used for the test structural models in 
positions of laboratory and during specially prepared test polygon. Laboratory studies allow for 
significant shortening of time for a test polygon. It is also easier to keep the repeatability of test 
conditions. However, each of these methods is very costly and time consuming [14,71,81]. 
 Most often to describe the structural dynamics apply structural models are built in accordance 
with the finite element method. This method is based on discretization of the continuous 
distribution of parameters, assuming certain assumptions, eg. Related to the line deflection 
modeled element. However, they constructed in this way models, in particular for analysis of the 
dynamics give the results approximate whose use is very limited. They require some fine-tuning 
based on knowledge of the properties measured on a real object. 
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 It shows that the vibration own system with one degree of freedom are completely determined 
by the vibration frequency. The amplitude of the vibration depends on the initial conditions, and 
the frequency of its own and the oscillation period of them are independent. The solution of this 
equation (displacement) is: 
                                            )sin( 0   tAx                                     (1.2) 

Differentiating this equation is obtained vibration velocity: 

                                           )cos( 00

*

  tAx                      (1.3) 

which is also a periodic function of time with the same period as the offset. On the other hand, 
differentiating the speed obtained by the vibration magnitude: 

                                            xtAx 2
00

2
0

**

)sin(                  (1.4) 

 It is a periodic function of time with the same period as offset and speed. The acceleration is 
proportional to displacement and is directed opposite to the shift, which is constantly directed to 
the equilibrium position. 
 The parameters a, v, x - these are the parameters of the process of vibration, which argues that 
oscillations well describe the state of the structure. 
 In the low frequency structures can be modeled discrete systems with several degrees of 
freedom, and often with one degree of freedom. Discrete circuitry in contrast to the continuous 
distribution is characterized by a point mass, stiffness, damping and dimensions of these elements 
play no role. The number of degrees of freedom specifies the number of independent coordinates 
to be made for a clear description of the traffic (the number of degrees of freedom equal to the 
number of the masses in the system). In practice, the system shown in Figure 2 may be model: 

 heavy construction m dampers (k, c) secured to the foundation a high molecular weight. 
 working machine (vehicle) weighing m dampers (k, c) moving the perfect equality of the 

road, 
 high building construction (large chimney, mast) exposed to the wind. 

 In the first approach can be a lot of systems modeled system with one degree of freedom, and 
his property look towards mathematical description and analysis of the equations that describe it. 
You can also explore the property using the parameters of vibration (x ሷ x ሶ x) that as a result the 
mathematical description of model solutions interchangeably describes the same property, but 
from the side of the measuring system vibrations. 
 In commercial practice generally measured vibrations, avoiding complicated theoretical 
considerations. 
 The use of vibration in the study of building construction quality results 

for the following reasons: 
 Vibration processes reflect the physical phenomena occurring 

in structures (deformation, stress cracks), which determine the degree of destruction 
(fitness) and correct functioning, which results from the nature of the spread of vibration 
process; 
ease of process measurement of vibration in normal operation of the facility, without 
having to shut him out of traffic and special preparation allows indestructible assessment of 
the state of destruction; 

 Vibration processes are characterized by high speed transmission of information 
per unit time by the formula Shanon'a: 
C = F 〖g〗 _2 (1 + N_s / N_z) (1.5) 
dependent on the spectral width of the process F and the ratio of useful signal power to the 
noise power Ns interfering Nz; 

 Vibration processes are characterized by a complex structure of the time, amplitude 



and frequency, which provides for the proper processing of the evaluation of the whole 
structure, as well as single elements. 

 During operation of the structure due to the existence of a number of external factors (force 
environment force of other structures) and internal (aging, wear, cooperation of elements) in the 
structure followed by disturbances of equilibrium states, which propagate in the elastic - material 
which is built structure. Disorders are dynamic and keep the conditions of equilibrium between the 
state of inertia, elasticity, damping and extortion. This causes the dissipation of energy as a result 
of waves, the diffraction, reflection, and the overlap. The existence of sources and the spread of 
the disorder is causing the vibration of structural elements and the surrounding environment. 
 
3. Model effects of vibration 

 
1.  As a result, the existence of the input and execution states representing transformation 

processes taking place in the structure, formed a number giving a measure of symptoms 
characteristic contained in the processes starting from the structure. These processes are 
also the basis for building a model of signal generation, determining the method of 
construction, operation and destruction of the object state changes [16].  
 

 
TRANSITION MODEL FEATURES vibration signals 
for the building structure under random failures 
 

1. As the structure is uniquely defined by the signal characteristic i(t,),  generated 
separately at each forcing. This signal changes over time dynamic (short) "t" and the 
evolution in their spare time (long) "". 

 
2. The signal characteristic is a complex process determined o and accidental "n", while the 

intensity and rate of change characterizes the destruction of the structure. So while the i-th 
extortion signal is generated: 

                                                           i(t,) = 0(t,) + ni(t,)       (1.6) 
3. Converted into a signal which is characteristic mapping of internal interactions - the 

destruction of the material - is perceived as y(t,), and in the simplest case is a response to 
test material with characteristics h(t,)  to force x(t,). Considering the vastness of space 
(dimensions) "r" construction can write: 

      y(,r) = 
i




1

i(t,,r)  h(t,,r)  (t - iT)  (1.7) 

4. The processes of construction output (selectively) influence back upon the processes of 
destruction and continue on the state of the building (element) by the positive feedback 
disruptive, distorting the original signal  i (t,). 

 
5. For a fixed value of the life of i = const all building objects are treated as linear, stationary 

systems, the properties of which clearly describes the impulse response h (t, i , r) or its 
Transform: Laplace operators H (p, i , r) or Fourier spectrum H H(j,,r). 

Described a string of assumptions leading to the signal generation model can be represented as a 
block model, as shown in Figure 3. 



 
Fig. 3. Model pass through the test piece walled 

 
The signal output any point of collection you can express 
approximately formula [16]: 
,௞ሺΘݕ ሻݎ ൌ ∑ ܽሺ݇ሻ݄௜ሺݐ, Θ, ሻݎ ∗ ሾݑ௜ሺݐ, Θ, ሻݎ ൅ ݊௜ሺݐ, Θ, ሻሿݎ

௞
௜ୀଵ  (1.8) 

Where: 
 Pulse transition function h (*) are recorded material destruction of property, 
A (k) gives different weights aggregation associated with space collection "r". 
 The present interpretation of the output signal  y(t,,r) is the general case of excitations objects 
of batch true, but not always so simple as in Figure 4, which shows the formation of excitations 
from the random effects of wind on high buildings, chimneys, towers and record responses in the 
form of a complex vibration signal. 
                    

  
Fig. 4. Transformation signal which i (*) in the output signal y (*) as a model generation of the signal in buildings 

by applying to environmental [16] 
   
 The received output signal at any point of the structure is the weighted sum of the responses to 
all elementary events i (t,,r), acting always in the same sequence in different points of the 
dynamic system of the pulse transfer function h h(t,,r). These effects add up and are further 
transformed along different axes of reference, with the change of signal reception "r" is also 
connected with the change of the transmittance. 
 Model passage of the vibration signal by the test structures or masonry components in practice 
featured a function of the FRF - marked out in an experimental modal analysis as the ratio of the 
exciting force vibration amplitude of the vibration acceleration on the exit. Inverse function FRF is 
transmittance H (f), defined as the ratio of response to extortion. 
 It features transition process model developed by the vibration test materials further used to 
assess changes in the degree of degradation of the structure or masonry, studying vibration signals 



pass through different structures masonry elements and segments. 
 
4. Identification of simple and complex 
 
 The dynamics is the study of how things change over time and the forces that are causing these 
changes [14,22]. The aim of the study is to understand the dynamics of the principles of operation, 
changes in dynamic loads and predict the correct behavior of the system. The need for knowledge 
of system dynamics due to the increasing requirements for structures. With the increase of 
burdens, increased requirements for durability and reliability, as well as the need for in many cases 
indestructible assess the degradation of old buildings, the significance of dynamic analysis of 
structures. 
 Analysis of the dynamics of the system consists of the following steps: 
� Stage I - the precise arrangement of its essential features and building the physical model whose 
dynamic properties are reasonably consistent with the properties of a real object; 
� Phase II - analytical description of dynamic phenomena as reflected physical model, which is to 
find a mathematical model of differential equations that describe the movement of the physical 
model; 
� Phase III - study of the dynamic properties of a mathematical model on the basis of the solution 
of differential equations of motion, determine the expected traffic; 
� Stage IV - take design decisions, ie. The adoption of physical parameters of the system, with the 
modernization adapted to expectations. The synthesis and optimization, leading to achieve the 
required dynamic properties of the structure. 
 The following procedure is based on knowledge of the system model and conclusions 
the actions models depend on their quality. Construction of the models involved in the 
identification, which identifies real systems with their models. 
Figure 5 shows the steps for the study of the dynamics of the system with an indication of 
feedback for improving the physical model and to compare the project with the construction done. 
In developing the study of structural dynamics tasks they are extensively used flowcharts. They are 
designed to show the sequence of events or their mutual relationships, help show complex systems 
using block diagram dependencies and relationships between parts of those systems. Complex 
systems can thus be studied separately to finally put this together. For each block can be given a 
mathematical model describing the dynamic properties and diagram shows the path fusion blocks 
and corresponding models, enabling analysis of the dynamic properties of the entire system. 

 
Fig. 5. Stages of system dynamics study 

 
 Obtaining a physical model of the building is the first step in its dynamic analysis. In many 
cases, the resulting system will dynamic system of elementary, primary, called the system or the 
model with one degree of freedom. The procedure for reaching the actual object to the replacement 
of a dynamical system, often called a model is the first step to dynamic analysis. The importance 



of this step for all dynamic analysis let them spell out the fact that for one object you can think of 
an infinite number of models, from very simple to extremely complex, and for this no one cannot 
give a sufficiently precise sought object property. So modeled procedure, which is coming to a 
replacement model of the object should be analyzed on the example and draw general conclusions 
methodical. The sum of the guidelines provides: a model of discrete linear, with several degrees of 
freedom, stationary determined. 
 The next step in the analysis of dynamic object is to apply the laws of mechanics and physics 
to obtain the differential equations of motion. Analysis of solutions to these equations as a function 
of the model parameters gives knowledge of the dynamic properties of the model. The conclusions 
of the analysis of the behavior of the model should continue to be confronted with the results of 
the experiment on the subject. In case of significant differences, we change the model so far to get 
consistent behavior of the object and its model. This requires additional full knowledge and skills 
of the experiment. 
During the analysis of the dynamic state can seek answers in terms of: 
� assess the stability of the system; 
� amplitudes of vibration or forces occurring; 
� describe steady-state or transient processes; 
� determine the resonance frequencies. 
 Depending on the purpose of analysis of dynamic object put different requirements on built 
models and their evaluation is carried out using various experimental methods. 
Changes in the degradation of the construction of buildings reported a vibration signal reflected in 
fluctuating levels of vibration or a change in transmittance, or FRF from the point of extortion to 
the collection point. 
 Quality tests the state of degradation is carried out using the methods for identifying a single or 
complex, using for evaluation of changes, respectively, resonance frequency, amplitude and 
attenuation coefficients in those frequencies. 
                            
Identification straight 
 
In most applications, use of the identification line, where the determined change in the value m k, 
c, or change the parameters characteristic of amplitude - frequency (spectrum). For simple 
identification tasks to be [7,8,16]: 
� determination of the structure of the model, the value and the interconnections between 
elements of the mass (m), spring (k) and dissipative (c); 
� determining amplitude characteristics - frequency systems or only a certain set of parameters. 
Transmittance module value )(H determined from the quotient of the amplitude response of 

forcing harmonics to the amplitude of the force. The transmittance owns: the force - displacement 
is as follows [16]: 
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Form transmission system with one degree of freedom completely define two parameters: the 

resonant frequency 
2
m

k

fr  and the degree of attenuation
krc

c
 . Both of these parameters are 

easily measured: the first position of the resonance peak on the frequency axis dimension rf , the 



second from a height of the resonance peak, as: 
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200
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wherein: 
k

F
xst

0  is the static deflection of the spring under the force F0. 

 Changing the resonance peak may be due to only a change in rigidity or mass in the system, 
and the change in the amplitude of the resonant oscillations may result from a change of force F0, 
the stiffness k or the degree of attenuation . 
 By measuring the position of the resonance frequency fr and amplitude at this frequency x0r 
you can decide to change or stationary transmission system, and thus the behavior of the physical 
parameters m, k, c same object model. 
A similar approach can be applied to systems (real engineering structures), provided that 
resonances are sufficiently spaced apart. Such a system can then be considered as weakly coupled 
to a set of systems with one degree of freedom tuned to different frequencies rfF 2 . 
 Research transmittance change reflects the dynamic properties of the structure can be carried 
out using three methods: 
- Using pulse test (hammer blow); 
- By means of a harmonic (signal generator); 
- Using a random test (stimulation of multiple resonances simultaneously). 
 In each of these cases specific design constraint corresponds to a vibration signal output for 
using the FFT spectrum of the vibration is determined, wherein the determined resonant frequency 
and amplitude at this frequency. 
 
Identification complex 
 
 For complex systems, often nonlinear used for the identification design - modal analysis. As a 
result of modal analysis obtained modal model, which is an ordered set their own rate, the 
corresponding coefficients of damping and mode shapes. Based on the knowledge of modal model 
can predict the response object for any disorder in both time and frequency domains. 
In practice the following types of modal analysis [14]: 
• theoretical, which requires the solution of their own problems to the adopted structural model of 
the object, 
• experimental requiring controlled identification experiment, during which the forced oscillation 
of the object and measures the force and measure the response in one or a plurality of points 
arranged on the test object, 
• operational, based on operational experiment, in which measurements are made only system 
response in a number of measurement points, while the movement of the subject is due to the 
actual operating extortion. 
 In further discussion of this study nature and use of modal analysis methods in the study of 
destruction of masonry forms the basis of a study. There also are given details concerning the 
suitability of modal analysis to differentiate the state of degradation of construction (masonry 
element) using the vibration signal. 
 
 
5. Analytical Tool in Autodesk Inventor environment 

 
 Modal study aims to determine dynamic properties truss elements commonly used in the 
construction of harbor cranes to indicate possible opportunities to diagnose and even modify these 
properties through structural changes which would ensure a high quality of these objects. To 
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