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Numericka simulacija, optimizacija i
realizacija seizmic¢kog amortizera

U radu je posmatran problem ublaZavanja
uticaja zemljotresa na zgrade upotrebom raz-
licitih vrsta seizmickih amortizera (Tunned Mass
Damper, u daljem tekstu TMD) (Constantinou et
al. 1998; Liu i Coppola 2010; Connor 2002).
Numeric¢ke simulacije vrSene su u softveru
Comsol. Ispitivana su tri razli¢ita modela zgrade,
u dve varijante, sa i bez seizmi¢kog amortizera.
Ispitivan je uticaj amortizera u formi opruge
(slika 1a) i amortizera u formi fizickog klatna
(slika 1b) na modelu zgrade u centimetarskim
dimenzijama i na modelu zgrade u metarskim
dimenzijama. Tredi ispitivani model je model
zgrade u realnim dimenzijama, sa TMD-om u
formi fizickog klatna (slika 1c). U treéem slucaju
vrseno je variranje mase i duzine klatna, ¢ime su
pronadeni optimalni parametri za prigusenje
oscilacija zgrade.

Model simulirane zgrade u realnim dimen-
zijama se sastoji od 8 spratova. Temelj je oblika
kvadra dimenzija 21 x 21 x 1 m i nepokretan je
tokom simulacije. Svaki sprat se sastoji od poda
dimenzija 20x 20 x 1 m i osam stubova koji pred-
stavljaju zidove, dimenzija 1 x 1 x 3 m. Masa
zgrade iynosi m = 9.8 -10° kg, a TMD-a m, =
=5.567-10° kg. Po&etni impuls je zadat vrhu
zgrade i polozaj vrha zgrade je pracen tokom
vremena. Na slici 2a je prikazan grafik zavisnosti
polozaja vrha zgrade od vremena kada se na
zgradi ne nalazi TMD, dok je na slici 2b prikazan
slu¢aj kada se na zgradi nalazi fizi¢ko klatno. Sa
grafika moZemo da zaklju¢imo da prisustvo
seizmickog amortizera znacajno prigusuje os-
cilacije zgrade, $to pokazuje efikasnost klatna pri
apsorbovanju energije oscilovanja zgrade (Va-
gelis et al. 2012; Chen 2010).

Koriste¢i Comsol izdvojene su sopstvene
mode zgrade i uocena je najveca frekvencija. U
simulaciji je frekvencija oscilacije podloge na
kojoj se nalazi zgrada podesena blizu sopstvene
frekvencije, jer je prenos energije na zgradu u
tom slucaju najveci. Varirane su duzina i masa
klatna i ispitivano vreme potrebno da se oscilo-
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vanje zgrade zaustavi. Na slici 3 prikazana je za-
visnost vremena potpunog zaustavljanja zgrade
od duzine klatna, za razli¢ite mase klatna izra-
Zenih u procentima mase cele zgrade. Minimalno
vreme zaustavljanja zgrade se dobija za duZinu
klatna od 7 metara i masu klatna koja iznosi
0.7% mase zgrade. Primeéujemo da zgrada brzo
ulazi u ravnotezno stanje, §to potvrduje uspes-
nost merenja.

Drugi deo projekta je uspeSna implementa-
cija seizmickog amortizera. Realizovan je model
zgrade kod koje je dodatkom seizmic¢kog amor-
tizera vreme do zaustavljanja smanjeno sa 8 se-
kundi na 5 sekundi. Nizom empirijskih merenja
eksperimentalno je potvrden princip rada TMD-a
pri priguSivanju oscilacija zgrade.

Literatura

Chen X. 2010. Optimization and estimation routine
for tuned mass damper. Master degree thesis.
Department of Mechanical Engineering, Blekinge
Institute of Technology, Sweden

Connor J. J. 2002. Introduction to structural motion
control. Prentice Hall, 1st edition

Constantinou M. C., Soong T. T., Dargush G. F.
1998. Passive energy dissipation systems for
structural design and retrofit (MCEER Monograph
No. 1). Buffalo: Multidisciplinary Center for
Earthquake Engineering Research

Liu K. Coppola G. 2010. Optimal design of damped
dynamic vibration absorber for damped primary
systems. Transactions of the Canadian Society for
Mechanical Engineering, 34 (1): 119.

Filip Miljevi¢ (2001), Beograd, ucenik 3.
razreda Matematicke gimnazije u Beogradu

Nikola Ruzi¢ (2000), Beograd, ucenik 3.
razreda Devete gimnazije u Beogradu

MENTOR: Stefan Graovac, Fizicki fakultet
Univerziteta u Beogradu

* Rad je prezentovan na XVII konferenciji
., Korak u nauku” 2018. godine

FIZIKA « 129



a) b)
a) =
E 35 t
I
£ 30 ‘llnlhl |‘
S 25 TTTS .
g 20 Aidaa
N
E 1.5 LA AAAAR ‘
5 10 = i
T osf . :
< 00 L
o 0 1 2 3 4 5
Vreme [s]
b)
€ 25 ; :
E ‘
o 207 Tl
©
©
5 15 \
N
£ 10
>
g 05
9
L 00 .
0.0 0.2 04 0.6 0.8 1.0
Vreme [s]
3.5
sl
25
»w o2r
@
N
S 151
l
0.5

10 12
DuZina klatna [m]

130 * PETNICKE SVESKE 78

Slika 1. a) Simulirani model zgrade
sa TMD-om u formi opruge;

b) Simulirani model zgrade sa
TMD-om u formi fizickog klatna;
c¢) Simulirana zgrada sa TMD-om u
formi fizickog klatna. Zgrada je
realnih dimenzija.

Figure 1. a) Simulated model of a
building with the spring TMD;

b) Simulated model of a building
with the pendulum TMD;

c¢) Simulated model of a building with
the pendulum TMD in real
dimensions.

Slika 2. Grafik zavisnosti polozaja
vrha zgrade od vremena: a) bez
TMD-a; b) sa TMD-om. Na y-osi je
prikazan polozaj vrha zgrade, dok je
na x-osi prikazano vreme proteklo od
zadavanja impulsa vrhu zgrade.

Figure 2. Graph representing the
dependence of the position of the top
of the building as a function of time:
a) without the TMD; b) with TMD.
On the y-axis the position of the top
of the building is shown, and on the
x-axis the time since the initial
momentum is given.

Slika 3. Zavisnost vremena potrebnog
zgradi da se umiri od duzine klatna.
Trouglovi oznacavaju rezultate kada
je masa TMD-a jednaka n =0.7%
mase cele zgrade, plusevi oznacavaju
rezultate za n = 0.9%, a krugovi

1 = 5% mase cele zgrade.

Figure 3. Dependence of the time
needed for the building to stop the
motion as a function fo the length of
the pendulum. The triangles represent
the results when the mass of the TMD
is equal to 1 = 0.7% of the mass of
the building, pluses for n =0.9%,
and the circles for n = 5% of the
mass of the building.
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Numerical Simulation, Optimization
and Realization of Tuned Mass
Dampers

In this paper we considered ways of mitigat-
ing the effects of earthquakes on buildings using
different kinds of seismic dampers called Tuned
Mass Dampers (TMD) (Constantinou et al.
1998; Liu i Coppola 2010; Connor 2002). Nu-
merical simulations were done in the Comsol
software. Simulations were made for three dif-
ferent models of buildings, of which every model
had two cases: with and without TMDs. TMDs
were modeled in two forms, in a form of a spring
(Figure 1a) and as a physical pendulum (Figure
1b), mounted on the building models which were
in centimeter and meter dimensions. The third
model depicted a building with realistic dimen-
sions and a pendulum TMD (Figure 1c). Optimi-
zation was done on the third model, where the
optimal parameters for oscillation damping were
found, by varying the mass and length of the pen-
dulum.

The model of the simulated building in real
dimensions consists of 8 levels. The foundation
is in a shape of a cuboid, dimensions 21 x 21 x
x1 m, and is fixed and unmovable. Every level is
of the dimensions 20 x 20 x 1 m, and contains 8
pillars that represent walls of the dimensions
1 x 1 x3 m. The mass of the building is m =
=9.8-10°kg, of the TMD is m, = 5.567 - 10° kg.
Initial momentum was applied on the top of the
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building and the position of the top of the build-
ing was plotted as a function of time. The graph
of the position of the top of the building versus
time with the TMD is shown in Figure 2a,
whereas the case without the TMD is shown in
Figure 2b. If we take a look at these graphs we
can conclude that the TMD greatly muffles the
oscillations of the building, which shows the ef-
fectiveness of the pendulum TMD in absorbing
the energy of the oscillating building (Vagelis et
al. 2012; Chen 2010).

Using Comsol we distinguished the eigen-
modes of the building and detected the biggest
frequency. In the simulation the frequency of the
oscillation of the foundation is set to be near to
the natural frequency, because the flow of the en-
ergy onto the building is the biggest in this case.
The length and the mass of the pendulum were
varied and the time needed for the oscillations of
the building to stop was examined. In Figure 3
the dependence of the time needed for the build-
ing to completely stop as a function of the length
of the pendulum is shown. Different lines repre-
sent the different masses of the pendulum. The
minimum time found appears for the length of
the pendulum of 7 meters and mass of the pendu-
lum equal to the 0.7% of the mass of the whole
building. We notice the building quickly stops,
which confirms the success of the measurements.

The second part of the project is the success-
ful implementation of the TMD. The model of
the building was constructed, where the stop time
was reduced from 8 to 5 seconds by adding the
TMD onto the building. The series of experi-
ments has confirmed the principle that the TMD
works while absorbing the oscillations of the
building.
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