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5 Linear Dynamics
Linear dynamic response of slabs by excitation with harmonic and
sweep loads
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1 Contents
In this lesson you will learn something about the numerical simulation with the method of mo-
dal analysis. The lesson deals with the dynamic behavior of slabs by excitation with harmonic
and sweep forces. You can investigate the influence of various parameters on this behavior,
e.g. geometrical and material parameters, modal damping ratios, the places of excitation and the
place of response. To simulate and to learn something about these behavior is important for
dynamic investigations with non-destructive tests, in the earthquake  engineering and much
more fields.

2 Some Basics
❏ Equation of motion
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❏ Characteristic equation

det  k - n
2ω ⋅( ) =m 0

❏ Equation of a harmonic force

f f t= ⋅ ⋅( )0 sin ω

❏ Equation of a sweep force

f f t t= ⋅ ( ) ⋅( )0 sin ω

❏ Classical modal analysis, classical mode superposition methods

✔ Displacements x in terms of modal contributions

u t q t q tr r
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✔  Orthogonality of natural modes

M mT= ⋅ ⋅Φ Φ

for classical damping: C cT= ⋅ ⋅Φ Φ

K kT= ⋅ ⋅Φ Φ

F fT= ⋅Φ
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 diagonal matrix of generalized modal masses

M  diagonal matrix of generalized modal stiffnesses

C  classical damping matrix

✔ N-uncoupled equations, one for each natural mode (response of a SDOF-
system)
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✔ contribution of nth mode to the displacement x(t)

u t q tr r r( ) = ⋅ ( )Φ

✔  combining the modal contribution to the total displacements
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3 Structure and purpose of the files

dyn-main.s main routine which includes all subroutines and the classical modal
analysis is performed

dyn-struc.s includes the geometry, support conditions, material and physical data
of the FE-model (Fig. 1)

dyn-sinforce.s creates a harmonic force in the chosen frequency

dyn-sweepforce.s creates a sweep force in a chosen range from a lower to an upper fre-
quency, and the time of increasing of the frequency

dyn-eigval.s determines the first 12 eigenvalues of the structure and shows them on
screen

You should study the mode shapes to understand the reaction of the
slab under the loads

dyn-timeseries.s shows the actual plot of the time history of the response point and of
the load

1. displacements

2. accelerations

3. force

4. superposition of displacements and load

5. superposition of accelerations and load

6. superposition of accelerations and displacements

dyn-fourier.s makes a Fast Fourier Transformation (FFT) of time histories of the
response point and the force, the result is a spectra with effective val-
ues
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Fig. 1 FE-model (with node numbers)
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4 Work
If you find some commands in this kind,

*????????????????/

.. . . . . . . . . . . .

*????????????????/

so it is a place where you have to work . You have to create some important commands or you
find parameters, which can be changed.

❏ To create some important command:

Together we create some important commands of our example. You have a control message at
these special commands.

In your papers you can find the command description from SLang Command Documentation.

Subject Command Where????

Eigenvalue analysis compact iteigengesy dyn-eigval.s

Classical modal analysis dynres classical dyn-main.s

Fast Fourier Transformation (FFT) timeseries perigr dyn-fourier.s

❏ Variable parameters:

These are the parameters of our exercise, which you can change

✔ for the slab:

Parameter Where????

size of the slab in all directions dyn-struc.s

material parameters: mass density, Young’s Modulus, Poisson ratio dyn-struc.s

damping vector dyn-main.s

support condition of the slab dyn-struc.s

✔ for the load and the response of the structure:

Parameter Where????

frequency of sinus force (in an interactive modus, only for the case
sinusforce)

dyn-sinusforce.s

point of excitation (in an interactive modus) dyn-main.s

point of response, of which the results are plotted (in an interactive
modus)

dyn-main.s
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5 Some useful figures
If you change parameters of the slab (e.g. support conditions), so you can create various states
of the slab. With this figures of analytical solutions of plates you can compare analytical and
numerical results of the eigenvalues.

E Young’s Modulus (N/m2) ϕ1=ϕ1,1

t thickness of slab (m) ϕ2=Min (ϕ1,2; ϕ2,1)

ρ mass density (kg/m3) γ=a/b
a diameter / length of edges (m) µ= mass (kg/m2)

ν Possion ratio

ω
ρ νn nB

E t

a
= ⋅

⋅ −( )
2

4 21
ω π

ϕ
ν µn

i

a

E d= ⋅ ⋅
⋅ −( ) ⋅

2
12 12

3

2

free

simply supported

clamped

Fig. 2Natural Frequencies of circle and square plates (left)
and natural frequencies of rectangular plates [3]
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During the computation you can very good observe the phase angle between load and reaction.
Here for your memory the curve for phase angle and frequency ratio.

Fig. 3Phase angle at stationary vibration

6 Results of the example
From the state of files, which you start at first, you have here the plots of the mode shapes.
These help to during the modal analysis to understand what’s going on.

Eigenvalues and mode shapes

see Fig. 5

Excitation by harmonic force

You can see the created harmonic force (Fig.4). We have always 1000 time steps, the same
number of periods and only different time steps. So, the time step decides about the frequency
of this vector.
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Fig. 4Harmonic force (1000 time steps)
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1.mode_shape
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3.mode_shape
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4.mode_shape
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5.mode_shape
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6.mode_shape
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7.mode_shape
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8.mode_shape
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Z

9.mode_shape
139.425

XY
Z

10.mode_shape
169.996

XY
Z

11.mode_shape
170.732

XY
Z

12.mode_shape
180.147

Young’s Modulus E (N/m2) 3.0e10

thickness of slab t (m) 0.2

mass density ρ (kg/m3) 2500

Possion ratio ν 0.2

modal damping 2%

support conditions all edges are simply supported

Fig. 5 Mode shapes and frequencies (Hz)
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In the next figures you can see two states of the structures in resonance. Observe the phase an-
gle between excitation and response. The example has these parameters:

Excitation point: node number 8, response point node: number 69, excitation frequency 74.4
Hz (4. mode shape), modal damping 2%

XY
Z

XY
Z

Fig. 6 Two states of the structure
left: load has a maximum, structure nearly undeformed

right: load is zero, structure maximally deformed
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Fig. 7 Time histories of loads, accelerations and displacements (see Fig. 6)
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Fig. 8Time history superposition of force - accelerations, force - displacements and
accelerations and displacements (see Fig. 6)
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Excitation by sweep force

This is a sweep force. The frequency of the force increases linear.
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Fig. 9 Time histories of load (sweep force), accelerations and displacements
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