3rd.

International Conference on Modern Research in

CIVIL ENGINEERING, ARCHITECTURAL
& URBAN DEVELOPMENT

¥ cAllo)| ) yuliais (ogu
mm 12 (ug) crlayiing)y
eojlupdii g crjlo.20 Jjlkoc
IP9oologi 19 (loli- jup

Berlin - Germany 9 July 2016

Evaluation of Seismic Performance of Simple Steel Frames with External Braces Axis with
Viscous Damper

Mahmoud Reza Mortazavi,H.H.Lavasani?

1.Ms. student, Engineering, civil engineering, Azad Aslami University, Rodehen branch.

2. assistant professor, civil engineering, engineering Faculty, Kharazmi University.

Abstract

The present study was performed with the aim of evaluation of seismic performance of simple
steel frames with external braces axis with viscous damper. Viscous dampers have the ability to
absorb the earthquake's energy and supply the energy for resisting the movement of the structure.
In the current study, we evaluate the seismic performance of frames with external braces axis under
dynamic load in two states. In the early state a two-floor frame with the external braces axis (lack
of viscous damper) in ABAQUS software was analyzed. The results were considered and
compared to the outcomes of modeling in another frame with the same dimension and with the
presence of viscous damper. The results indicate that by adding of the viscous damper to the
structure the change of transferring rate during the time has reduced in the alignment of the first
floor. In the hysteresis diagram of the structure, the function of the damper has been very effective
in wasting of energy in seismic analyzing, so that if the internal area of the diagram increased then
it absorbs more energy from the earthquake force. The rate of energy absorption causes 70%
decreased in transferring of the structure in the direction of earthquake lateral force. The energy
absorption rate by the damper is 70%.

Keywords: seismic function, simple steel frames, external braces axis, viscous damper

Introduction

From a long time ago, different systems were studied for resistance against lateral forces which
enter to the structure, especially the earthquake forces; finally, some of these systems were
recognized by the law. The related standards have expressed to design of them, among them, we
can refer to bracing, shear wall, moment frame, dual or combinational system (Mohammadi and
Ebrahimi, 2013). In fact, the energy dissipation systems can control the seismic vibrations in the
structure by different forces. The correct control of vibrations leads to reduced respond of the
structure transferring or acceleration against the earthquake lateral forces. The common method in
seismic designing of the structure is an enhancement of resistance by absorbing the energy. Using
the traditional methods and hardening of the structure cause absorption in a great level of
acceleration. In an intensified earthquake, a building with non-structural components cannot
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tolerate the force and make damages even the foundation and main components are firm. This
damage is not acceptable for the buildings which are made costly. Some important structures such
as hospitals and fire stations require a reliable and secure designing method (Hwang, J. S., and
Huang, Y., 2002). In general, the common methods in designing and analyzing of the buildings
have this base that it has a bearing framework include steel or concrete frames, which carries the
vertical loads. For horizontal forces like wind and earthquake we use the bracing and shear wall
and similar systems. The braced frame is one of the common forms of implementing of the steel
structures in Iran. The braced systems of structures against the earthquake may design in different
methods. The function of each one of the braces depends on the especial circumstances (Farshchi
et al, 2011). What we consider in this study is viscous damper which is one of the inactive means
in wasting of energy. Viscous dampers are used for the first time in military and aerospace
engineering for absorbing of the produced strike from the missiles or landing of an airplane. When
these dampers for the first time were produced for developing usages, their technologies were
completed, but at that time the dampers were used for protecting of missile silos from shockwaves
(Behrosh et al, 2011). Therefore, our purpose in this study is an evaluation of seismic performance
of steel frames with external braces axis with viscous damper.

Divergent or external braced frame (EBF)

This brace was proposed by professor Popov in Berkeley University for the first time in 1977. One
of the most important profits of these braces is their high maneuverability in the architecture aspect.
In this place, the brace components are not in the connection point of beam and column, and then
it prevents from the complexity of connection point (Khan et al, 2015). In this system a part of the
beam that is between the diameter and the column or between two braces is called link, it has the
property that can transfer the braced forces by itself to a column or another diameter and finally
enters the moderate forces to the brace. In fact, this link acts like a ductile fuse and it attracts most
of the earthquake energy. Nowadays, using the eccentric braced frames for resistance against the
earthquakes is noticed. The good ductile function of this system has a direct relation with a shear
yield of link beam. So, in the designing procedure, determining of the optimized length of the link
and providing of suitable hardening criteria for the beam is one of the essential points. As follows
there are some important points in designing of eccentric braced frames:

1- The designing principle should be used as the basic designing of the frame. By this, we can be
sure that dough or plastic hinges create in ductile link beam and not in a bracing, beams or columns
which have less ductility.

2- For limiting of axial force in the beam avoid from bracing angles with a beam less than 30
degrees.

3- According to the junction of rigid connection of brace to the joiner beam, both the brace and
beam should estimate based on firm criteria of beam-column (axial force in addition to the bending
moment).

4- The function of the short link beams is better than the long links in the aspect of energy
depreciation based on the maximum ductility. It seems by using this system between 15 to 50
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percent of steel is reduced in comparison to ductile moment frames, the main cause of it is a
reduction in changing the place (Bosco, 2014).

Though there are many advantages but each EBF system has weak points which the most important
one is a lack of ability to change of link beam after an intensified earthquake. Because the link is
a part of the main frame beam and its change is difficult. Furthermore, in order to activate the
energy depreciation of shear links, the heavy diameter elements are required; these elements
operate just in lateral intensified loads. The link elements are exposure to very complex states of
tension-prostration because of their size and place; this matter causes more complexity of
analyzing and designing procedure. Another subject is that the system in order to activate the shear
links requires to rigid connections and we know these connections have some problems (Tafhim
et al, 2013). Generally, in external bracing frames EBF, the diameter member connects to the bed
beam. In the connection place of beam and column, a little eccentricity creates, and then the
connector beam can tolerate the great ductility and acts like a ductile fuse (Hamrah, 2006).

The building and working method of viscous damper

The energy dampers are tools which are improvised on the structure and are kinds of passive
systems that reduce the seismic respond of the structure by absorbing of earthquake energy. In the
energy damper systems, the earthquake energy has been absorbed after entering the structure.
These systems are divided into the related groups to transferring, related groups to speed and the
other cases. The related tools to speed include viscoelastic and viscous dampers. The idea of using
energy dampers in the structure in order to control of seismic vibrations was expressed in 1972 by
Mr. Kelly’s analyzing and laboratory studies (Takewaki et al, 2013). Nowadays, different
materials are used for making waste of energy systems in the structures or dampers. These
materials can be useful in increased hardening and resistance of the structures. The systems like
dampers are used for achieving to some goals like reduction of possible destruction, diminution in
collapsing of the structures and the related costs, reduction in the weight of the structures and also
seismic rehabilitation of the buildings. The structure that has damper should be design optimizing
in order to the justification of the damper using costs (Varzak et al, 2015).

One of the used dampers in the structure is a viscous damper. It has a steel piston with a bronze
hole on the top. The cylinder fills with a glutinous fluid substance like silicone gel. The movement
of the piston in this liquid encounters to the resistance. We can design the glutinous fluid damper
that acts as pure energy damper or as a spring or as a combination of both of them. As you see in
the figure (1) the glutinous fluid damper is similar to a shock absorber of a vehicle. The movement
of the piston in the cylinder which has silicon liquid, causes absorption of kinetic energy and
conveys it to thermal energy. Since in these kinds of dampers the damper force has been out of the
entered tensions and the damper forces change very fast, then the damper reduces the created
tensions and changes in the structure (Shamsi Zadegan and Ketabdari, 2008).
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Figure 1 — Picture of a viscous damper (Malek and Hosseini, 2014)

The contrived holes in viscous dampers have the ability to design in a different range from damper
functions. We can minimize the fluid viscosity changes in order to stabilize their function. In these
kinds of dampers, the result is independent of temperature and the fluid type. In the place of coming
out of piston from the cylinder in these dampers the dam is required for preventing of wasting of
the fluid in the cylinder. This dam should have the ability to tolerate the high pressures and does
not miss its efficiency during the time, and we should be careful in making it in order to guarantee
its function (Pezeshki and ziaee far, 2010). If the viscous dampers design in a good manner they
do not have permeation and they do not need to storage instrument of the external fluid for filling
the damper by the fluid. As well as, in a viscous damper which is designed correctly, there is no
thing for corrupting and no practical limitation in expiring time. It should be said that all of the
materials in damper such as the fluid must be informal (Lee et al, 2001). This system has the
prominent effect on the vibration control. This system has become a complete technology with
inventing of dampers with a different structure, improving of modeling technics, progressing in
new estimation methods, using dampers in designing of new buildings and resisting of the existing
buildings. The study on the function of damper structure depends on the type of the damper and
its formation. We can divide the damper sets into two classes: 1- The sets that are depend on speed
2- The sets that are depend on transferring. The viscous damper is one of the damper sets which
depends on the speed (Saeedi and Vahdani, 2015).

Research method

Regarding the topic of the research, the purpose of this research is to analyze the function of the
simple seismic steel frames with carrier output bracings with viscosity damper. On the basis of
that, the method used in this research is stimulation and analysis using the limit component
software ABAQUS.

In the present research, we analyze the seismic function of carrier output braced frame under
dynamic load in two methods. In the first method, a two- floor frame with carrier output bracing
(the absence of viscosity damper) in ABAQUS software will be modeled and analyzed. Then the
results will be compared with the results of analyzing and modeling of another frame with the
same measurements in which the viscosity damper is present. The height of each store will be
determined 3 Meters and the length of the link beam will be determined 0.8 Meters.
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The results of seismic analysis

The time- load chart has been defined as Fig 2.
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Fig 2 : the chart of load coefficients on the basis of time

In the graph of fig 2, the history of the load is stated on the basis of time. The increasing of the
value of the side load to structure in a period of time and changing its direction and again
increasing in the opposite direction is a causative factor of creating sinus graph. By imposing sinus
load to the structure the movement of the defined point in justification of the first floor changes
after analyzing the structure. The maximum values of the total movement in retrogression
movement of the structure are +5E-4 and -5E-4, respectively. Also, the movement value of the
structure is variable in small periods of time. The maximum values of movement in this method
(structure without damper) are comparable with the structure equipped with damper.

After combining the movement chart, time chart, power chart, time of the power of chart, the
change of place ( hysteresis) is earned according to the graph 3.
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Fig 3: hysteresis chart of the structure without the presence of damper

In the graph of fig 3, the value of the imposed power to the structure per movement has been
drawn. As can be seen, the maximum value of movement is variable in the range orf +7E-3 to -
TE-3 Meters and accordingly, the imposed power also varies in the range of +15W3N to -15E3N.

The results of the analysis of the second method with viscosity damper

The maximum values of the total movement in retrogression movement of the structure are +7E-
3 and -7E-3, respectively. In addition, the value of changes of the movements of the structure in
small periods of time has also reduced compared with the method in which the structure was not
equipped with damper. The values of the maximum movement in this method ( structure equipped
with damper) are comparable to the structure without a damper. Also, the effect of the damper in
the simple metal frame has been effective in reducing the value of movement of the roof frame
multiplied by 14. The maximum value of movement varies in the range of +0.55E-3 Meters to -
0.55E-3 Meters, and accordingly, the value of the imposed power also varies in the range of
+15E3N to -15E3N Meters. Regarding the fact that only one loading cycle of retrogression is
imposed to the structure, the hysteresis chart also has one retrogression cycle. In fact, due to the
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utilizing damper, the value of extension of the chart has been reduced due to the increase of energy
absorption by the damper and wasting the energy caused by the side power of the earthquake and
the resistance of the structure against the side power of earthquake increases. Comparing this
analysis, it could be said that the function of this damper in the waste of the energy of the structure
has been quite effective. In other words, the portion of the structure equipped with the damper in
absorbing the energy caused by the earthquake is more that the inside surface of the hysteresis
chart is an indicator of the increase of energy absorption.

Modeling and seismic analysis of a five- floor building in two methods of equipped with
damper and without damper

After modeling and analyzing the simple steel frame equipped with damper in previous sections
and analyzing the effect of presence of a damper on the value of energy absorption and reducing
the structure movement at the time of imposing seismic load and analyzing results, now we model
and analyze the five- floor building with carrier output shaft in addition to the effect of damper
and comparing it with the method of absence of damper. The steel building with five floors and
two 5- meters crater is in accordance with the X-axis and a 5- meter crater in accordance with the
Y- axis and the floor height of 3Metrers. In the first geometric model, the structure is considered
without a damper and is analyzed under the side load vibration. In the second geometric model
the same structure with the same measurements and stores and so on, but equipped with damper
under the same seismic load is put and analyzed. The results in these two methods will be
compared and analyzed. After drawing the first geometric model, we prepare and determine steel
materials. In this model, we define the kind of level as IPE14 and specify it to elements. Then we
assemble the model and form a unified model. The second geometric model is drawn with the
insertion of the damper in the frames of the X axis. The properties of the damper are of the
Translator kind and are modeled in all the stores. After modeling the buildings in two different
methods, we will put them on the side seismic load of 15000 N that varies according to time under
an increasing coefficient. After analyzing the two geometric model in the software, the results of
the seismic analysis with and without damper in floor justification will be stated as follows. The
value of roof justification after seismic analysis has been drawn in the chart of fig 4, in which fig
A is for the structure equipped with damper and the fig B is belonging to the structure without a
damper.
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Fig 4: the chart of movement of roof justification based on time. A) building equipped with
damper. B)) building without a damper.

As can be seen in fig 4, the value of structure movement based on time has been drawn for both
models. In this graph which has been gained after seismic analysis of the structure, the response
of the structure regarding the increase of the value of imposing load to the model will be different.
it is seen that in the structure without damper the maximum values of retrogression movement of
the structure in times of 0.26 and 0.28 seconds are 0.86 and 0.97 Meters, respectively. On the other
side, in the structure equipped with damper, part of the energy caused by the side power of
earthquake is absorbed by damper and consequently, the value of the movement of the structure
has been reduced, in such a way that the maximum of the value of the retrogression movement of
the structure equipped with damper at the times of 0.27 and 0.29 seconds are 0.05 and 0.18 Metres,
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respectively. By combining the two charts of the power per time and movement per time, the power
per movement chart (the hysteresis chart) has been earned ( Figure5).
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Figure5: the hysteresis chart. A) structure equipped with damper. B) structure without a damper.

Regarding the chart, the effect of the presence of a damper on the value of the energy absorption
by the structure is seen. By equipping the structure in floor justification with viscosity damper,
the value of the movement has been reduced and the level of the hysteresis chart has been reduced.
The reduction of the level of the hysteresis chart is an indicator of the increasing of the absorption
of the side energy caused by the earthquake by the damper and therefore, the imposed power to
the structure reduces. But in ordinary structure (without damper), the absorption of the total energy
is through the main structure and therefore the hysteresis chart includes more surface and the value
of the movement of the structure also increases. Also, the value of tension in both structures
regardless of the positive or negative values of them has been drawn in Fig 6, that, by comparing
the colorful contour and the stated values, the effect of the damper can be analytical. The maximum
values of tensions in the structure equipped with damper are 1.79E7, while in the structure without
a damper, this maximum amount reaches 6.01E7. The values of the maximum of tensions occur
in the place of the connection of the beam with the column and the effect of the damper in reducing
the number of tensions is significant.
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Fig 6: tensions A) structure equipped with damper. B) structure without damper

The obvious change in the value of tensions in both structures that have been the same in the fields
of measurements and floors and one of them is equipped with the damper and the other one is not,
has been analytical in fig 6.

It is inferred from fig 6 that in structure without damper the maximum tension has occurred in the
link beam that with the presence of the damper the effect of the vibrating load on the structure
significant reduction in the value of these tensions in the whole of the structure especially the place
of the link beam can be seen. The value of the movement of the elements in both structures is in a
way that by increasing the height in structure the value of the effect of the side powers on the value
of the horizontal movement of the structure is efficient. In these structures, regarding the effect of
the equal side powers, it can be seen that a number of movements affected by the presence of the
damper have been differently reported. In fact, the effect of the damper in energy absorption and
reducing the value of the imposed power to the structure and consequently, reducing the value of
structure drifting in roof justification is analytical. The maximum of the value of the movement in
the structure equipped with the damper in roof justification is 905E-2, and in the structure without
a damper, this values reaches 1.7E-3. In the first geometric model, the structure is considered
without a damper and is analyzed under the side vibrating load. In the second geometric model,
the same structure with the same measurements and the same number of floors and so on, but
equipped with damper is put under the same vibrating load and will be analyzed. the results in both
methods will be compared and analyzed. Then, the solution method and load function per time in
the form of a retrogression cycle with an increase in the domain within the time period of 0.3
seconds for each of the structures in upper roof justification will be defined and applied.
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Figure 7: the load function per time during 0.3 seconds of time

Discussion

By inserting the viscosity damper to the structure, the number of its movement variables in a time
period in justification of the first floor have been reduced.

In hysteresis chart of the structure, the function of this damper in the wasting of the energy of the
structure has been so effective in seismic analysis in such a way that by increasing the inside
geometry of the chart, it has absorbed more energy of the earthquake power.

Reducing the changes of movement of the floor justification under dynamic loading in the
empowered frame with damper.

Reducing the changes of the basic cutting power under dynamic loading in the presence of the
damper.

The reduction of the level of the hysteresis chart is an indicator of the increase of the energy
absorption caused by the earthquake by the damper and therefore the imposed power to the
structure reduces. While in the ordinary structure (without damper) the absorption of the total
energy is through the main structure and hence, the hysteresis chart includes more surface and the
amount of the movement of the structure will also increase.
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Increasing the value of energy absorption cause a reduction of 70% in the movement of the
structure in order to impose the side power of the earthquake. Also, the value of energy absorption
by damper was earned 79%.

Conclusion

In this study, regarding the fact that the structures have undergone the retrogression load, so after
the performance of the analysis by the ABAQUS software, different results including the power-
movement chart (hysteresis) for the selective sample of the structure are accessible. As stated, in
order to analyze the function of the structure ,the mode of number analysis has been totally
modeled. After performing the number analysis by the ABAQUS software, it was seen that by
imposing the retrogression loading to the structure, the tension will increase in link place by
increasing the lateral displacement, and in some places, it has reached the surrounded condition.
As another result, in the figure the movement power curve (hysteresis) on the basis of the number
analytical studies with the aid of the limited element by the ABAQUS software, the chart first
illustrated that by increasing the cyclic lateral displacement power, the tolerable cutting force
increases by the structure. According to the results of modeling using the viscosity damper, the
hysteresis curve earns more broadening indicating the more energy absorption compared to the
structures without dampers. Also, the value of shaping, lateral resistance, and the change of final
place is more.

Suggestions
Performing new ideas and plans in areas with an earthquake to reduce the imposed damages.

It is suggested that other researchers and experts in other fields of research and in their future plans,
for increasing the effects of these dampers develop this method by modifying and changing its
structure.

The analyzing of the results of this method compared to other proposed methods like a fluid
damper and tuned mass damper also be dedicated to future studies so that students and researchers
can include that in their own research programs.

It is also possible to analyze the use of other methods like the effect of arrangement and the manner
of placing dampers in different areas of the structure on this issue and compare the results to the
results of this research.
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