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Reduction of a system to a one DOF system

Example 1:
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Reduction of a system to a one DOF system

Example 2:
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Reduction of a system to a one DOF system

Example 3:
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Offshore platform

Reduction of a system to a one DOF system

Example 4:
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HARMONIC MOTION
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Simple harmonic motion

https://www.youtube.com/watch?v=gZ_KnZHCn4M

7

8

https://www.youtube.com/watch?v=gZ_KnZHCn4M


Dynamics of Structures 2020-2021 

2.Vibrations : sdof systems

5

A periodic vibration of which the amplitude can be described
by a sinusoidal function:
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is called an harmonic vibration 
with:

эamplitude a
эangular frequency
эfrequency f 
эperiod T = 1/f    or    f = 1/T
эphase angle     at t=0
эtotal phase angle

Harmonic signals
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Representation in the complex plane:

Projection of the rotating vector  on the real axis is a cosine

Projection of the rotating vector  on the imaginary axis is a sine

Independent of time

Harmonic signals
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the phase angle of u(t) is 90° behind v(t)

the phase angle of v(t) is 90° behind a(t)

Displacement

Velocity

Acceleration

Harmonic signals
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Harmonic signals

https://youtu.be/eeYRkW8V7Vg
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https://youtu.be/eeYRkW8V7Vg
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UNDAMPED 
VIBRATIONS OF A ONE 
DOF SYSTEM

ÂŮȬȌǕǈѰȂlaw: 
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Equation of motion
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The displacementx is defined with respect to the equilibrium position of the 
mass subjectedto gravity. The effectof gravity should thereforenot be takeninto
account in the equation of motion of the system.

15

Whatabout the effectof gravity ?

Equation of motion

Characteristicequation:

эIn the absence of externalexcitation force, the motion is oscillatory. The 
natural angular frequencywn is defined by the values of k and m
эThe motion is initialized by imposing initial conditions on the displacement
and the velocity
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Free vibrations
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Free vibrations

Alternative representation:

The motion can be described by a cosine function with a 
phase. The phase is a function of the initial conditions.
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Free vibrations
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Harmonic excitation
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Harmonic excitation
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Bode diagram
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Dynamic amplification factor

Harmonic excitation

RESONANCE
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23https://www.youtube.com/watch?v=10lWpHyN0Ok

Breaking a glass of wine with sound

https://www.youtube.com/watch?v=JiM6AtNLXX4

Breaking a glass of wine with sound
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https://www.youtube.com/watch?v=10lWpHyN0Ok
https://www.youtube.com/watch?v=JiM6AtNLXX4
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Is stiffer stronger ?

https://youtu.be/n9ULMIjvSIg
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https://youtu.be/LV_UuzEznHs

Is stiffer stronger ?
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https://youtu.be/n9ULMIjvSIg
https://youtu.be/LV_UuzEznHs
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https://youtu.be/pMr1MzSv044

Buildings resonance
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DAMPED VIBRATIONS 
OF A ONE DOF SYSTEM
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https://youtu.be/pMr1MzSv044
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Effect of damping on a building

https://youtu.be/HWpkaIB1fD0

Damping force : 
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viscousdamping

Equation of motion

29

30

https://youtu.be/HWpkaIB1fD0

