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A tuned mass damper is a system installed in very tall buildings that counteracts the motion of
the building at any given time and particularly during high winds and seismic activity. In interest of
discovering the value of tuned mass dampers I built an apparatus that could demonstrate the role a
TMD plays in a scaled down model. The scaled down model operated in a single degree of freedom
for ease of understanding data and interpretation of the system. The result of the experiment found
that, in the case of a pendulum style TMD in a single degree of freedom the optimized set up of
the system resulted in a 41% decrease of the root mean square value of the wave that depicted the
motion of the building under synthetic seismic activity.

INTRODUCTION

A common design in tall building these days must in-
clude some sort of structural motion control. Motion
occurring within the structure of the building, typically
referred to as some sort of swaying, is caused by a number
of natural factors that cannot be avoided. High velocity
winds and seismic disturbance are two of the main in-
terests of building designers and engineers. The swaying
motion of a building can be, not only nauseating for the
patrons residing in the top most floors, but also pose a
serious danger for the structural integrity of the build-
ing. In 1911 a man named Hermann Frahm was dealing
with a similar issue at sea and developed the first con-
cept of a tuned mass Damper to control the motion of
the ships rolling[1]. after much more study and investi-
gation the tuned mass damper (TMD) and a number of
systems derived from it are common place in the world
of structural engineering, construction, and architecture.
To ensure optimal damping for their buildings companies
build scaled down replicas to monitor the effects of differ-
ent designs, sizes and variables surrounding the damper.
To investigate the effectiveness of TMDs on my own I
created an apparatus to scale down testing to a single
degree of freedom and visualize what the result of chang-
ing variables in my damping feature would be.

THEORY

The theory behind this study is based on a very com-
mon civil engineering task of simulating a buildings abil-
ity to withstand natural disturbances. When tall build-
ings are being designed a team will build a replica to
test the buildings strengths. TMD’s or systems of the
sort are common place these days. For the sake of time
I made simulation that demonstrates the capacity of a
TMD to steady a building that is being displaced in one-
dimension. The manner in which I scaled down the test-
ing is derived from a museum exhibit which allowed the
viewer to shake a table back and forth with their hands
while two adjacent buildings rock back and forth on a

hinge. One building had a heavy cylinder rolling back
and forth on its top floor, the other had not roller. As
you shook the table the “non-damped” building fell to
the ground while the other withstood the same forces.
To better quantify this occurrence I created this appara-
tus to model the concept of using a TMD and how to try
and understand the optimizing of tuning and damping
using a pendulum.

Tuning is the changing of how the damper interacts
with the period of the building, and damping is the
amount of restraint holding the system from rocking
wildly in any manner that the TMD is fashioned.[2] The
tuning is done by changing the length of the pendulum
and therefore the period and the damping was done with
rubber bands. In Fig 2 you can see how the pendulum
was mounted. There are many types of TMDs not just
pendulums; There are a lot of spring mass systems, hy-
draulic systems, and particle tuned mass dampers. But,
a pendulum is a very simple way of understanding how
a damper interacts with the movement of its building.
The building constructed, was mounted to the top of a
shaking table using a single door hinge. It was placed
on the rear of the building, on the opposite side of where
the motor is, so that it would fold in the direction of
the tables movement. This was done so that the point
of pivot caused the building to rock in a single direction
allowing me to look at the building in a single degree of
freedom, for data, as opposed to 3-Dimensional instabil-
ity and needing to account for motion everywhere. The
Natural disturbance that is being induced in this exper-
iment is loosely based off of earthquakes. In reality an
earth quake only lasts a few seconds, but in order to see
clear results in my data I used 90 second to three minute
long earthquakes, at constant frequency. An erratic fre-
quency would cause a very hectic and undesirable data
set that would not yield any sort of conclusive result.

PROCEDURE

For the creation of the actual apparatus I worked in
part with the Carpenters shop on campus, where I work
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part time, and with the machine shop for the Physics
and Chemistry departments. The first challenge was to
design a table on which the replica building would stand
that could be shaken in a seismic manner. The seismic
disturbances were scaled to just a single degree of free-
dom for the purposes of this experiment. This meant
that I needed to build a table that would slide back and
forth at a desired frequency with enough force to shake
the building I would make. I used three-quarter inch
signboard because of its smooth surfaces. I took a 40
by 15 inch piece of signboard and routed two one-inch-
wide groves an eighth inch deep, down the length of the
board. These were placed 2 inches from the sides of the
board for maximum stability. Cutting the board at 18.5
inches allowed for the top at 18.5 inches, to roll back and
forth within the space of the board below 21.5 inches,
using polyurethane rollers an inch in diameter and cut
to roll in the grooves nicely. To ensure the rollers did
not gather during testing I implemented spacers to keep
them in ideal areas for pressure distribution.

The table, what I will call the combination of the two
boards sandwiching the rollers, was then mounted to a
lab bench where I began to attach it to the planetary
gear motor. The motor needed to be quite strong, as the
weight of the entire system’s moving parts was around
5.5 kg. The motor was mounted horizontally in front of
the table with a 6 cm disk attached to the rotor, with an
added bracket for extra length on each push and pull..
Then with an arm mounted to the disk like a pin, still
able to pivot, the other end of the arm was pinned to the
front end of the top of the table. This motion was much
like a locomotives wheels. The motor had to be held so
that it did not buck while shaking the table at higher
frequencies. To remedy this issue the motor was pinned
down with a series of handscrew clamps as can be seen
in Fig 1.

The whole apparatus was held down to the lab bench
using a woodworking technique of bracing the wood you
are working on with other pieces of wood indirectly,
clamping two adjacent pieces instead of the piece itself.
This was important because the system would shake and
cause too much disturbance to get any data. In other
setup quandaries, when the system would start up and
the arm pushed the top table and the building began to
rock, the table would want to tip, bump, and wobble.
This was due, not only to the force of the building slam-
ming up and down on it ,but also the arm, when running
at high frequencies, pushed and pulled on the table at an
angle as it was being moved by a pivot point in a circular
motion on the motor end. This caused the board to want
to jump causing issues with the rollers and a complete in-
ability to maintain any consistent motion. To keep the
table aligned and dependable a series of PU braces were
fastened to the sides of the bottom board keeping the
table from skewing and also from jumping, these are the
white caps holding the top down seen in Fig 3.

FIG. 1: Image of motor mount setup.

FIG. 2: Image of the pendulum TMD.

PROCEDURE FOR DATA GATHERING

To determine the movement of the building during
testing an accelerometer was used in conjunction with
an Arduino. The accelerometer was taped to the front
top edge of the building in order to get the largest change
in its position. The accelerometer has the ability to give
live data of position and acceleration in the x, y, and z
directions. For the purposes of scaling to a single degree
of freedom and to obtain the most definite information
about the buildings movement only the acceleration and
position in the z direction, up and down, was taken in
to account, re-coding the Arduino to ignore most other
data. I took the recorded data from the Arduino into Igor
and used wave scaling to match the number of points
taken to the amount of time in seconds the run lasted
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FIG. 3: Image of entire Apparatus.

for. This data could then be looked at as wave function
showing the magnitude of the acceleration over a period
of time which is shown in Fig 5.

To interpret and understand it, fast Fourier Trans-
forms were used on the wave as well as a wave statistics
feature that allowed me to see the root mean squared
(RMS) value of the acceleration wave. To find the RMS
of acceleration I used a wave statistic function on Igor
that also included things like standard and average de-
viation and skewness. The RMS of acceleration uses the
sum of all amplitudes, divides them by the amount of am-
plitudes and takes the square root. This statistic gives us
the best concept of the average amount that the building
is ”swaying” or how much our patrons may be affected.

DATA & ANALYSIS

TABLE I: Recorded Values used in Analysis.

Run Voltage (V) Damping (bands) Tuning (m) RMS (m/s2)

1 9.5 NA 0.0125 4.20

2 9.5 0 0.0125 4.15

3 9.5 6 0.0125 3.45

4 9.5 10 0.0125 2.47

5 9.5 10 0.0138 3.36

6 9.5 10 0.0151 3.44

7 10 10 0.0125 5.24

8 10 12 0.0125 5.57

9 10.5 10 0.0125 5.0

The goal of this experiment was to see that the effect of
a tuned mass damper in this scaled down system made an
impact on stabilization of the building. To monitor sta-
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FIG. 4: Plot of adjusted frequency for the table over
input voltage from the motor

bility and translate the data to real world impact we can
treat the Root Mean Square (RMS of acceleration) of the
data wave as the TMD’s ability to contrast the driving
frequency. For the first run I will call it’s RMS of accel-
eration, the base RMS of acceleration at 4.20 m/s2. The
main testing sequence I collected was centered around
the motor running at 9.5 volts. Although the motor was
running at 9.5 volts the frequency of motion of the sys-
tem does not follow the specifications of the motor (118
rpm at 12V). This is because the shaking table does not
rotate with the motor rather it has its own linear motion.
The accurate frequency was found by taking data based
on the accelerometer’s x-acceleration at 2 volt intervals.
This created the graph of frequency versus voltage in fig
4. Voltage remains the same while the frequency can now
be compared to the data obtained by the accelerometer.
Following runs tested the effectiveness and outcomes of
adjusting tuning and damping. Overall the testing was
in search of the optimal set up for stability. 9.5V was the
starting voltage because it was the first voltage at which
the building had enough seismic disturbance to lift off
the platform slightly.

If you look at Table I you can see the runs which I
examined. In run 1 I tested the stability of the build-
ing with the damper stiff, not moving, at 9.5 volts. In
run 2 the mass was released from its stationary position,
hanging at a length of 0.0125 m, from center of mass to
pivot point, which can be seen in Fig 2 but without any
sort of damping. Due to no damping the mass swung
freely and chaotically, bouncing from wall to wall inside
the building. The swinging, in no fashion resembled mo-
tion contrasting that of the buildings tipping movements.
This resulted in an RMS of acceleration of 4.143 m/s2

nearly the same as the base RMS of acceleration. After
minimal eye testing of damping effects of runs with 2 and
4 rubber bands, 6 bands made the only significant differ-
ence in damping the mass’ motion.Finally with run three
I saw positive results in stabilizing the building, followed
by run four which used 10 bands of damping force result-
ing in the lowest RMS of acceleration recorded, at 2.47
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FIG. 5: Data from run 5 after wave scaling showing the acceleration of the building in the z-direction.

m/s2 a 41 percent decrease from the base RMS of accel-
eration. Following this recording I tested the TMD at
different lengths, tuning the mass for potential optimiza-
tion. I found that as the length of the TMD increased
the RMS of acceleration did as well. This is because the
damping force that the rubber bands provide, in order for
the motion in the TMD to be gentle enough to counter
the tipping, would have to increase greatly. Run 4, using
ten bands at the initial height of 0.0125 m gave the best
results because the motion of the damper was just at the
right oscillation to oppose the movement of the building.
There is a definite sweet spot when looking at a TMD
which varies based on the frequency of the building as
well as size, weight, and material. For example if I had
run the same tests with a lighter building and at a differ-
ent frequency we cannot assume that the TMD settings
I used in run 4 would still be beneficial.

The data could also be analyzed in a Fourier Trans-
form graph output. as seen in the set of four figures be-
low. This showed the building’s frequency of oscillation
as well as the harmonics that were found in the make-up
of the acceleration over time wave. This data was a little
more difficult to interpret.The Fourier analysis showed
that almost all the runs had a driving frequency almost
equivalent to the 1.38 Hz, usually hovering around 0.02-
0.08 higher, given by the graph in fig 4. When comparing
the FFT’s of the fourth and fifth runs Fig 6a and 6b, you
can see that the peak frequency of run 5 was higher at
the driving frequency then it was at the second harmonic,
whereas the second harmonic of run 4 had much greater
value at the second harmonic. This could be because the
TMD has affected the system much greater and caused
an opposing function that had a strong influence on the
motion of the building also known as a damping effect.

This conclusion is only a guess, to actually understand
theoretically the impact the damper has on harmonics of
a Fourier transform is out of scope for the experiment at
hand. But, something should also be said for the clean-
liness of the FFT graph for run 4 in comparison to other

runs FFT graphs. The peaks fall in a very orderly fash-
ion almost as if it has an exponential decaying factor, as
opposed to sporadically growing and shrinking in magni-
tude at each harmonic. This could also be said of run 5,
but the decaying nature is not quite there. The decaying
nature of a harmonic oscillator like a pendulum is sign
of damping. In a recent lab I did I was trying to exper-
imentally find a critical damping constant of a torsional
system. This concept is not unlike the problem civil engi-
neers are trying to solve when testing their scale models.
Buildings, on their own, after being disturbed sway to a
rest if the poor conditions go away. This happens at a
very slow rate of decay. To try and lessen the amount of
swaying in the building a TMD should bring the build-
ing to rest more quickly and if you were to graphically
represent this you might see a neat and more drastic rate
of exponential decay. In this experiment the disturbance
was constant so you would never be able to see any decay
in the motion of the building, but the exponential decay-
ing factor in the Fourier transform for the most damped
and successful run is unmistakable.

CONCLUSION

In closure of this experiment I feel that the concept of
a tuned mass damper absolutely makes a difference in the
stability of a structure under duress of a natural disas-
ter. Finding an RMS of 2.47 m/s2 with a 41 % decrease
from the base RMS of 4.180 m/s2 is a successful discovery
and a conclusive finding to the scope of this experiment.
Even on just a day to day occurrence of swaying in a tall
building, due to winds or just the natural frequency of
the building. A tuned mass damper if optimally adjusted
should make a great difference especially for the guests of
the higher floors. Something that I think caused issues
in my research was the design of the building. Scaling
down my model to a single degree of freedom caused me
follow the exhibit in St. Louis too closely. This style al-
lowed only for tipping as opposed to swaying. Although
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FIG. 7: Fourier Transforms for several runs.

the concept of a TMD was supported in my experiment,
it would be beneficial to use a model more akin to real
building or skyscraper. I also believe that in designing
the damper i would not use ruberbands as they will de-
teriorate over time after each run. Though, this should
not detract from the results of this experiment. Upon
further research a great design is a TMD that can be ad-
justed in its damping and tuning factors in reaction to
the movement of the building and its frequency, which I

think would be a great direction to take this project if
the opportunity were possible. I also am extremely cu-
rious about the exponential decay pattern in the Fourier
Transform and its effect on damping and if this can possi-
bly be found in other experiments with different systems
and setups, and of course in actual buildings.
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