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Abstract: Damping is a complex phenomenon which acts in the form of absorption and dissipation of the
energy in the vibrational systems. Different factors affect on the damping such as type of joints in the
connections. In this research a comparison is made between welded and threaded (bolts and nuts) joints from
the point of view of damping capacity. This paper presents the results of a number of dynamic tests conducted
on two models. These models are similar in size but different in the connections. The damping ratios of these
structures are determined using free vibration test method. The results obtained show that the threaded joints
model experiences higher damping than the welded model.

Key words: Damping  Vibration  Welded joints  Threaded joints

INTRODUCTION Natural frequencies of the system,

Damping is a phenomenon where the amplitude of
vibration  in  a mechanical system steadily diminishes.
The effect of damping is to remove energy from the
system. Energy in a vibrating system can be dissipated
and converted into heat. Damping is present in all
vibrating systems. Every system which possesses mass
and elasticity is capable of vibration. The elasticity
component of a vibrating system stores strain energy and
releases it as kinetic energy in the form of motion.
Because of the presence of damping in the system, a
portion of kinetic energy is dissipated in each cycle.
Therefore, damping plays an important role in the
behaviour of any vibrating system. The damping level of
a structural system is a measure of the efficiency with
which the system dissipates the dynamic energy input.

This research studies the effect of the type of
connectors on producing frictional damping in the
structure and makes a comparison between two types of
the connections. In this paper the dynamic characteristics
of a structure has been presented and then the damping
phenomenon is briefly explained. The test models and the
tests which are carried out on the models have been
discussed afterwards. Finally, the results of the tests and
the conclusion are presented.

Dynamic Characteristics of a System: The dynamic
characteristics of a system consist of three major elements
which are:

Mode shapes and
Damping of the system.

A single degree of freedom system in a free vibration
oscillates at a frequency which is named the natural
frequency of the system. The natural frequency is
dependent upon the mass and stiffness of the system.

The number of the freedom of a system determines
the  number  of  the natural frequencies of the system [1].
It means that an n degree of freedom system has n natural
frequency. When a system vibrates at one of its natural
frequencies, there is a natural state of vibration with a
displacement   configuration   known   as   mode  shape.
In other words, when a system vibrates at one of its
natural frequencies all points of the system undergo
simple harmonic motion passing through their equilibrium
position, simultaneously. This motion which has a
specific displacement configuration of the system is called
a mode shape. So, there are n mode shapes for a n degree
of freedom system.

In practical systems due to the reduction in the
energy,   the    response,    such    as    displacement   of
the   system    gradually    decreases.     The   mechanism
by  which  the energy is gradually absorbed and
dissipated   is   known   as   damping.   The  damping
which  exists  in  a  system  determines  the  capacity  of
the system for absorption and dissipation of the
vibrational energy.
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Explaining of Damping: All  systems  possessing mass Necessity  of  Study  on  Damping:  Damping  is an
and  elasticity are capable of vibration. Damping is interesting subject in Engineering. Several groups of
present in all vibrationsl systems [2]. Its effect is to researchers are involved in research in damping with
remove the energy and dissipate it into the  other  forms different aims. The mechanical engineers are concerned
of energy  such  as heat. Dissipation of energy takes with many unwanted vibrations in mechanical devices and
place at any time that the system vibrates. The force- machines. These vibrations are produced due to the
displacement diagram in a cycle of a vibration produces rotating elements in the machines. These vibrations give
an area which is equal to the dissipated energy in that rise to fatigue in the machine elements. This fact reduces
cycle [1]. Operating force in damping process  is  named the useful life of the machines and is the main cause of
as damping force  and  denoted  by  F .  Because  of  the noise production in workshops. Turbines, compressors,d

complexity of damping the investigators could not define power transmission devices and power production
it precisely. As the result the exact physical model and engines are examples in which rotating elements with high
consequently the mathematical model could  not exactly rotational speed can produce unwanted vibrations.
be established [3]. However, all the types of damping can Unwanted vibrations with high amplitude can be the
be placed in three categories as follows: cause of the fatigue failures in machine elements and the

Viscous damping, increasing the damping capacity of the machines by
Coulomb damping and adding dampers can reduce the unwanted responses by
Hysteretic damping. absorbing some of the vibrational energy and dissipating

Viscous damping is the most commonly used engineers are interested in damping studies.
damping mechanism in the vibration analysis. When a Civil engineering investigators are the next group
vibrational  system  vibrates  in  a fluid medium such as who are involved in research on damping. They are
air, gas, water and oil, the resistance offered by the fluid responsible for constructing buildings to resist against
to the moving body causes energy to be dissipated. In powerful winds and earthquakes. The civil engineers are
viscous  damping  the damping force is proportional to concerned with wind induced vibrations in buildings,
the velocity of the vibrating body. The mathematical although, the level of these vibrations is not normally
modeling  of viscous damping is simple so, it is used in significant enough to cause structural damage. However,
the most dynamic analysis of systems [4]. strong  winds especially in tall buildings, frequently,

The damping force in Coulomb damping is constant cause notable vibrations which can cause anxiety and
in magnitude but opposite in direction to that of the discomfort to the buildings’ occupants [6]. Absorption
motion of the vibrating body. It is caused by friction and dissipation of the vibrational energy is one of the
between rubbing surfaces that are either dry or have best methods of reducing the motions induced by the
insufficient lubrication. Sometimes Coulomb damping winds and earthquakes in buildings and structures. Also,
referred to as the “dry friction damping”. to predict the behaviour of the structures and analyse

When materials are deformed, energy is absorbed and them, it is necessary to know the damping characteristics
dissipated by the material [5]. This effect is due to friction of structures.
between the internal planes, which slip or slide as the The type of joints in structures and machines are of
deformations take place. Hysteretic damping sometimes elements which have an important effect on the capacity
referred to as the “material or solid damping”. of damping. A, P, Jeary [5] has notified the parameters

In   present   research   the   damping  phenomenon which affected on the damping in structures. Although,
has   been   experimentally   studied   in   two  structures he has not discussed in detail, however, he mentioned
with  two  different  connections.  A  comparison  was that the joints are of elements which affected on the
made between two types of connection in producing damping in structures. There are number of methods to
damping  in  the  structure. Two models were exactly connect permanently the components of structures as
similar in dimension. However, one model used welded well as the methods for non-permanently connections.
joints while threaded joint has been employed for the Two major types of joints may be present in the structures
other one. which are threaded joints and welded joints. Most of

reduction of their working life. On the other hand,

it. The above considerations show why the mechanical
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prefabricated  structures  such  as space structures,
cranes,  etc  use  threaded  joints.  Also,  many of
building   and   I  ndustrial   structures   use  welding
joints.  The  effect  of tightness of joints on the damping
of the space structures has been investigated and the
results show relation between  the  damping  capacity
and  the  tightness  of bolts  [7].  Kumehara  Hiroyuki  and
Mori  Masaaki  [8] have studied vibrational characteristics
of the threaded joints of a bar. They investigated this
matter by creating a single degree of freedom model
instead of a bar having threaded joints. The results Fig. 1: The sketch of test model
obtained show the effects of accuracy of the contact
surface  on  the  damping  of bar in the form of decay of
the amplitude of vibration. Also, this study shows that
the damped natural frequency is affected by the quality of
the  contact  surface.The  behavior  of  the  threaded
joints   due   to   vibrating   load   has been  investigated
by J.H. Chen et al. [9].

Experimental Procedure (A)
Introduction: In order to find out the damping ratio of the
models described in sec. 2.2 a number of free vibration
tests were carried out on the models. If a system after an
initial disturbance ( initial displacement or initial velocity)
is left to vibrate while there is no external force, the
vibration is known as free vibration. In the current study
the ‘initial displacement’ method was used to carry out
the free vibration tests. This method involved deforming
the structure by applying a load which was then suddenly
released. This action caused the structure to vibrate freely
about its static equilibrium position. Due to the energy (B)
dissipation of the model the vibration amplitudes
decayed. Fig. 2: A: The threaded joints model

Test model: The experimental work was carried out on two
models. The test models are the same in dimension, The  models  are  clamped in   one   of   their   ends  and
material and support conditions but on the other hand act  as  cantilever  beam.  The  cross sections of the
two different types of joints have been used for the models are rectangle and equal having a dimension of
connections of the models.Fig.1 shows schematically the 50*50 cm.
model. Actually, what makes the models to be different is
the type of the joints. Welded joints have been used in Test Equipment: To carry out the tests some equipments
one model. All of the connections in this model were made such as sensor, data logger, connecting cables and a
using fillet welding. On the other hand the other model computer has been used. The sensor used in this research
used threaded joints in its connections. It means that all was the accelerometer type. It was used to sense the
of the members of this model were connected together vibration of the model and change the vibrational energy
using bolts and nuts. Fig. (2-A) shows the model which to electrical energy. The data logger which received the
used threaded joints in its connections. Fig. (2-B) shows output   signals  of the sensor consists of a 6 channel
the model  with  the  welded  joints  in   its   connections. front-end module.

B: The welded joints model 
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Fig. 3: Steel disks in loading arrangement

The analogue signals which were coming from the
accelerometer were converted to digital by this front-end
module. To analyse the recorded data and show them on
the monitor a software named “PULSE” has been used.
Also, all the operations during the tests were being
controlled by this software.

Explanation of the Test: The   free   vibration   method
(see Sec. 2-1) has been used to carry out the tests. To
make the model to vibrate, an initial displacement has
been applied on the free end of the model. A number of
steel weights have been hung up on the free end of the
model  (Fig. 3). The weights which were in the form of Fig. 4: The response of the welded joints model under
disks were arranged on a squared frame and hung on 50kg load
through a   steel wire. When the steel wire has been cut
by the iron-cutter, the load released from the model
immediately after cutting and the model started to vibrate
afterwards. The vibration of the model which was its
response was recorded. The response curve was in the
sinusoidal form.

The tests were carried out under different levels of
the loads which were 12.5, 25, 37.5, 50, 62.5, 75 and 100kg.
Different levels of the loading results in different
amplitudes  in  the  response  curves.  For  each  loading
the response of the model has been recorded. These
responses  have  been  used  to  determine  the  damping
ratio of the model.

RESULTS 50kg load

Fig. 4  shows  the  response of the welded joints presented as a time-displacement curve. These results,
model  under  50kg  load  and  Fig. 5  shows  the  response which have been produced by data acquisition system
of the threaded joints model under the same loading were  exported  to  the  Excel    software    and  plotted. 
condition  as   well.  The   response   of   each   test   was Fig. 6 shows a typical time-displacement curve.

Fig. 5: The response of the threaded joints model under
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Fig. 6: The response  of  welded  joints  structure  under
50 kg load

Table 1: The mean of damping ratios for two models; welded joints and

threaded joints

Load Size type

75 kg 62.5Kg 50kg 37.5kg 25kg 12.5kg of joints

0.0215 0.0185 0.0138 0.0132 0.0128 0.0115 Welded joints

0.0532 0.0465 0.0408 0.0375 0.0326 0.0215 Threaded joints

The damping ratio  of the model has been
determined from the response curve of each test. It was
done for both of the models. The logarithmic decrement
method has been used for calculation of the damping
ratios. This method which is a convenient way of finding
the damping ratio was described in detail in [8]. In this
method  two  successive  or non-successive amplitudes
are used to determine the damping ratio [1]. If x  and x1 n+1

are the first and (n+1)  amplitudes of the vibration,th

respectively, the term   is defined as follows:

(1)

Using Eq.(1) the damping ratio could be found as
follows: [1].

(2)

The data processing technique which was presented
above  was used  to  determine the damping ratios of all
the test cases in this work. Table 1 shows the damping
ratios  determined  from  the experiments. This table
shows the mean damping ratios determined under six  load

Fig. 7: Damping ratios of welded model

Fig. 8: Damping ratios of threaded model

Fig. 9: Damping ratios of two models

conditions. This table contains three rows. The first row
lists the amounts of the loads applied on the models. The
second and the third rows of this table show the damping
ratios for the welded joints model and threaded joints
model, respectively. The test for each of the load
condition was repeated for a number of times. In fact,
every  value  of  the  damping ratio which is shown in
Table 1 is the mean of those that are determined from a
number of tests in the same conditions. A comparison
between the damping ratios of two models shows a higher
damping in the threaded joint model than that of the
welded one. Also, the results of the tests on both models
show that the damping ratio increases as the load
increases.
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Actually, increasing the amount of the load makes there are a large number of bolts and nuts in these
the model to be more displaced. This matter gives rise to structures. Also, all the structures which use the threaded
an increase  in  the  amplitude of the vibration. It confirms joints are able to absorb and dissipate more vibrational
that the damping ratio is a function of the amplitude of energy.
vibration. The larger the amplitude the greater the The results obtained from the tests show that the
damping ratio will be. However, the results show a higher highest damping ratio corresponds to the maximum load.
record of damping ratio in the threaded joints model. Also, the lowest damping ratio corresponds to the

Figs. 7 and 8 show diagrammatically the variations of minimum load. This fact is true for two different joint
the  damping  ratio  versus the load for welded joints conditions. This phenomenon shows the effect of the
model and threaded joints model, respectively. For the amplitude of vibration on the damping. Actually, an
comparison, the diagrams of the variations of the damping increase in the applied load causes an increase in the
ratio versus the loads for two different types of joint are amplitude of vibration. So, the relation between the
illustrated in Fig 9. In this figure, the damping ratio for amplitude and damping is obviously shown.
each load case was shown by two columns. Every set of
columns shows the damping ratio for a specific joint case. REFERENCES
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