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ABSTRACT

In this study, in order to reduce undesirable vibrations which is caused by seismic loads in structure a
special type oftuned mass damper(TMD) named doubletuned mass damper (DTMD) has been surveyed to
find optimal characteristics of thisdamper and it’s efficiency in comparosion withtuned mass
damper.Doubletuned mass damperconsists of one large and one smaller tuned mass damper for achieving
more effective and more capable system to reduce undesirable vibrations resulting from seismic loads.
Therefore the damper was located in roof storey of 5 and 10-storey structures with steel frames and about
850time history analyses have been done by considering nonlinear behavior of the structure. The criteria of
this study is displacement of storeys and the trial and error method has been used for obtaining the
specifications of damper.The result shows that double tuned mass damper is more effective than tuned mass
damper in order to reduce the displacement responses of these structures and in additionsome tables has been
presented for extracting the optimal characteristics of two types of dampers.

INTRODUCTION

In recent years, energy disipation and reducing responses of the structure against dynamic loads such
as wind and earthquake have been interested byresearchers. Passive control method is one of the most
common methods for this purpose, as well as useful which some of it’s advantages in comparison with other
methods are low cost of maintenance and operation and it’s capability of permanent exploit. Tuned mass
damper is oneof the passive control methods.

The basic ideaof double tuned mass damper has been proposed by Li and Han (2006) which was
raised for the first time using several DTMD which simultaneously forms MDTMD that creates a system
with more effectiveness and robustnessagainst the seismic loads. Then Li (2006) in other research on the
MDTMDnamed DTMD which is composed of a big damper and a smaller damper in terms of simplicity of
construction and practical application as a system that requires more research .Li and Zhu (2006) dedicated
to research on numerical method for finding the optimal DTMD indicated that it has effective and robust
fuctioninorder to reduceundesirablevibrations of structures against seismic loads.
Other important tips iswhen structure enter nonlinear area that so far few studies in this field has been
done.in this case the optimum specification of damper that was calculated by considering linear behavior of
structure,is not optimum any more in non-linear behavior of the structure and can even increase the
responses as well.
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SEE 7
E 7 The aim of this study is approaching to find the optimal characteristics of both types of DTMD and
TMD and their performance comparison for reducingdisplacement responsesby considering the non-linear
behavior of structures.

DAMPER SPECIFICATIONS

The three main features in the performance of both types of dampers are as follows: Mass ratio,
damping ratio and frequency ratio.These specifications along with the shape of both types of dampers are
shown in Figure 1 and Figure 2:

Figure 1: Tuned MassDamper (TMD) (Connor,2002)

µ= m/M       Mass ratio (1)

ζ=c/ (2mω) Damping ratio (2)

ƒ=ω/ω0         Frequency ratio (3)

where m is the mass of damper,M is the mass of first moodstructure,c is damping coefficient, ω0 is
thevibration angular frequency ofdamper,and ω is the vibration angular frequency of first mood of
thestructure.
The double mass tuned damper is a simple model of dual layer tuned mass damper that is in figure below.

Figure 2: double tuned mass damper (Li C. and Zhu B., 2006)

(4)µ1= m1/Mmass ratio ofthelargerdamper

(5)µ2= m2/ m1 mass ratio ofthe smaller damper

(6)ζ1=C1/ (2m1ω1)damping ratio of the larger damper

(7)ζ2=C2/ (2m2ω2)  damping ratio of the smaller damper

(8)ƒ1=ω1/ω0frequency ratio of the larger damper

(9)ƒ2=ω2/ω0 frequency ratio of the smaller damper
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In whichindex 1 corresponds to the largerdamper andindex 2 to the smaller one.

TRIAL AND ERROR METHOD

As was expressed in order to find the optimum specification of the TMD and DTMD, trial and error
has been done on two 5 and 10 storeystructurewith steel moment resisting frame which is two-dimensional
by locating damper on the roof.sevenfar field records have been used to apply over 850 time history analysis
on the structures byOpenSEES software.The criteria which is taken into consideration is displacement of the
storeysthat is expressed by damper efficiency percentage index, , indicates the extent of damper
effectiveness with the specified specificatoins.The relationship between the performance damper efficiency
is:

= 100
responseeduncontrollMax

responsecontrolledMax-responseeduncontrollMax


(10)

In the end the average of damper efficiency percentage of seven recordsconsidered as a criterion to
determine the amount of the damper efficiency.

In this study by choosing mass ratio the operation of trial and error is applied on damping ratio and
frequency ratio as presented in figure 3 and 4 for both TMD and DTMD. It should be noted thevalue of mass
ratio and the specifications of the smaller damper in DTMD was selected as accordingSadek et al. (1997) and
Connor (2002).

Figure 3: The selected specifications in trial and error for TMD

According to figure 3 in the case of TMD mass ratiois 0.03 and damping ratio was considered 0.1, 0.2 and
0.3, As well as the frequency ratio the ten values of 0.9, 0.91,... , 0.99 was checked out.

Figure 4: the selected specifications in trial and error for DTMD

The first and larger damper specifications with mass ratio of 0.03,frequency ratio of 0.0 and damping ratio of
0.99 was considered. The second and smaller one mass ratio equal to 0.08 and damping ratio in three modes
of 0.1, 0.2 and 0.3 was considered and finally frequency ratio in the ten values of 0.9, 0.91,..., 0.99 was
checked out.
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E 7TABLES AND GRAPHS

As previously mentioned, the result of trial and error on various specifications of dampers and time history
analysis are tables that optimal damper specifications can be extracted, which in summery is presented the
most efficient for reducing the responses.As was mentioned the criteria reviews was displacement ofstoreys
which have been specified in the left of table and in the top part of the table frequency ratio are intended for
specified damper and finally the numbers specified in table isdamper efficiency percentage index that
optimal amount of each storey represent the greatest percentage reduction of response displacement which
has been specified byunderlined and red text.

Table 1 : TMD with mass ratio of 0.03 and damping ratio of 0.1 in 5-storey structure

As can be observed, the best performance of TMD with these specificationsin the 5-storey structure with
frequency range between 0.94 to 0.97 and on the roof with a 17.4 percent decrease in the frequency ratio of
0.95 is occured.

Table 2 : TMD  with mass ratio of 0.03 and damping ratio of 0.1 in 10-storey structure

According to this table, the best performance of this TMD would be in the 10-storey structure in higher
storeys in the lower frequencies and on the roof in the ratio frequency of 0.9, with 17.2 percent reduction.

Table 3 : DTMD with a big damper with specifications of mass ratio of 0.03 and damping ratio of 0.0 and frequency
ratio of 0.99 along with the smaller damper with mass ratio of 0.08 and damping ratio of 0.3 in the 5-storey structure

According to the table the best performance of this DTMD in 5-storey structure except onestorey in the
lower frequency ratio and on the roof in frequency ratio of 0.9 the reduction percent is 19.7.

Table 4 : DTMD  with a big damper and specifications of mass ratio of 0.03, damping mass of 0.0 and frequency ratio
of 0.99 along with the smaller damper with mass ratio of 0.08 and damping ratio of 0.1 in 10-store structure
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As can be seen in the structure of the 10-storey,this DTMD with more dispersion than previous  cases in
higher frequencies is almost the best performance  and about  the roof in the frequency ratio of 0.98 with
22.3 percent of the reduced response of displacement has the best performance.
The time history Chart when it has been collecting withoutdamper, with the best TMD and DTMD according
to the tables for Superstition Hills record in two structures 5 and 10-storey in order to taking into account the
criteria for replacement of the roof in Figure 5 and 6 has been presented. In this chartsthe displacement of the
roof are based on meters.

Figure 5: time history comparative chartSuperstition Hills-02 record for 5-storey structure by considering the criteria for
replacement of the roof

Figure 6: time history comparative chart Superstition Hills-02 record for 10-storey structure by considering the criteria
for replacement of the roof

As in these two charts for a particular record the impact of TMD and DTMD  compared to the
structure without damper observed that overall it can be said the impact would substantially affect the
structure.

CONCLUSIONS

In this research it was trying to optimize the specifications is set to doublemasstuned damper and
along with mass tuned damper in the nonlinear behavior of structures obtained with the method of trial and
error and also the amount of the performance of this damper in reducing the displacement response relative
to the mass tuneddamper has reviewed. And finally by taking a percentage of the average performance of the

International Institute of Earthquake Engineering and Seismology (IIEES) 5

SEE 7
As can be seen in the structure of the 10-storey,this DTMD with more dispersion than previous  cases in
higher frequencies is almost the best performance  and about  the roof in the frequency ratio of 0.98 with
22.3 percent of the reduced response of displacement has the best performance.
The time history Chart when it has been collecting withoutdamper, with the best TMD and DTMD according
to the tables for Superstition Hills record in two structures 5 and 10-storey in order to taking into account the
criteria for replacement of the roof in Figure 5 and 6 has been presented. In this chartsthe displacement of the
roof are based on meters.

Figure 5: time history comparative chartSuperstition Hills-02 record for 5-storey structure by considering the criteria for
replacement of the roof

Figure 6: time history comparative chart Superstition Hills-02 record for 10-storey structure by considering the criteria
for replacement of the roof

As in these two charts for a particular record the impact of TMD and DTMD  compared to the
structure without damper observed that overall it can be said the impact would substantially affect the
structure.

CONCLUSIONS

In this research it was trying to optimize the specifications is set to doublemasstuned damper and
along with mass tuned damper in the nonlinear behavior of structures obtained with the method of trial and
error and also the amount of the performance of this damper in reducing the displacement response relative
to the mass tuneddamper has reviewed. And finally by taking a percentage of the average performance of the

International Institute of Earthquake Engineering and Seismology (IIEES) 5

SEE 7
As can be seen in the structure of the 10-storey,this DTMD with more dispersion than previous  cases in
higher frequencies is almost the best performance  and about  the roof in the frequency ratio of 0.98 with
22.3 percent of the reduced response of displacement has the best performance.
The time history Chart when it has been collecting withoutdamper, with the best TMD and DTMD according
to the tables for Superstition Hills record in two structures 5 and 10-storey in order to taking into account the
criteria for replacement of the roof in Figure 5 and 6 has been presented. In this chartsthe displacement of the
roof are based on meters.

Figure 5: time history comparative chartSuperstition Hills-02 record for 5-storey structure by considering the criteria for
replacement of the roof

Figure 6: time history comparative chart Superstition Hills-02 record for 10-storey structure by considering the criteria
for replacement of the roof

As in these two charts for a particular record the impact of TMD and DTMD  compared to the
structure without damper observed that overall it can be said the impact would substantially affect the
structure.

CONCLUSIONS

In this research it was trying to optimize the specifications is set to doublemasstuned damper and
along with mass tuned damper in the nonlinear behavior of structures obtained with the method of trial and
error and also the amount of the performance of this damper in reducing the displacement response relative
to the mass tuneddamper has reviewed. And finally by taking a percentage of the average performance of the



6 International Institute of Earthquake Engineering and Seismology (IIEES)

SEE 7
E 7damper efficiency that was the average of seven recordscases was significant that DTMD vs. TMD in the
reduction of thedisplacement response has better performance. For example, in 5-stoerys structure the best
performance on DTMD damper on performance of displacement response is 19.7, while the same amount for
TMD is 17.4. As for structureof 10-storey the best efficiency forDTMD to reduce the response displacement
is 22.3 while in the same amount as for TMD is 17.2. The results of the other numbers in the table are listed
and can be observed in the 10-storeystructures DTMD for reducing performance of displacement response is
better than 5-storey structure.
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