Anwenderkurs

Sliang

the Structural Language

5 Linear Dynamics

Linear dynamic response of slabs by excitation with harmonic and
sweep loads

Keywords:

eigenvalues, mode shapes, classical modal analysis, harmonic forces, sweep forcasjemnEast
Fourier Transformation (FFT)

1 Contents 1

2 Some Basics 1

3 Structure and purpose of the files 3

4 Work 4

5 Some useful figures 5

6 Results of the example 6
1 Contents

In this lesson you will learn something abdlug numerical simulatiowith the method of mo-

dal analysis. The lesson deals witie dynamic behavior cflabs byexcitationwith harmonic

and sweegorces.You can investigate the influence wahrious parameters on thisehavior,

e.g. geometrical and material parameters, modal damping ratios, the plaxeatibn and the
place of response. To simulard to learn something about these behavior is important for
dynamic investigations with non-destructive teststhia earthquake engineering and much
more fields.

2 Some Basics
0 Equation of motion

m X+ c X+ k X = f(t)
k — Stiffness matrix
m — Mass matrix
c— Damping matrix
f — Load vector
0 Matrix eigenvalue problem

(k- 02 tn) >, =0
w,” — eigenvalues
w, — natural vibration frequencies

® - moda matrix
@ — natural mode of vibration, eigenvector
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0 Characteristic equation
det (k-w? n)=0
0 Equation of a harmonic force
f =f, @in(w)
0O Equation of a sweep force
f =, Gin(w(t) 0)
0 Classical modal analysis, classical mode superposition methods

[0 Displacements x in terms of modal contributions

u) =y &, @, = o)

0 Orthogonality of natural modes

M=o 0nlp

for classical dampingC = @' [& [
K=o kb

F=0'[

M [+ C [o+ K [@) = F(t)

K — diagonal matrix of generalized modal masses

M — diagonal matrix of generalized modal stiffnesses
C - classical damping matrix

[0 N-uncoupled equations,one for each natural mode(response of &SDOF-

system)
M, @, +C, [, +K, [, =F,(t)
G+ 21, [, (6, + 2 g, = =2

n

00 contribution of n™ mode to the displacement x(t)

u,(t) =@, g, (t)
[] combining the modal contribution to the total displacements

n

=3 u =3 o, 0

r=1 r=1
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3 Structure and purpose of the files

il

dyn-main.s main routinewhich includesall subroutines andhe classical mods
analysis is performed
dyn-struc.s includes the geometrgupport conditionsmaterialand physicablata

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 upj

guency, and the time of increasing of the frequency

per fre-

dyn-eigval.s

screen

You should studythe modeshapes to understarite reaction of th
slab under the loads

determines the first 12 eigenvalues of the structure and shows thHem on

D

dyn-timeseries.s

shows the actual plot of th#ne history ofthe responseoint 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

response point and the force, the result is a spectraefféttive val-
ues

makes aFast Fourier TransformatiofFFT) of time histories of the

14

b6 62 67 71 75 78 80 81

ANB0 165N\/0 [74 79
1 38 9 [73\[76
3\?9 36 72
6 1 4 66
ONY4 19 R2N\Z9 46 59
] 3 118\?24 130 AANS1
Y 2 N7\P2 P8 42 \4

Z x z x

IZ 1 115\20 P6N\33
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 haveaork. You have to create some important commands or you
find parameters, which can be changed.

0 To create some important command:

Together we create some important commandsuofexampleYou 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

0 Variable parameters:
These are the parameters of our exercise, which you can change
0  for the slab:

Parameter Where????

size of the slab in all directions dytrsc.s

material parameters: mass density, Young’s Modulus, Poisson fatio trdgmnss

damping vector dyn-main.s

support condition of the slab dymrgc.s

0  for the load and the response of the structure:

Parameter Where????

frequency ofsinusforce (in aninteractivemodus,only for the cas@¢dyn-sinusforce.s
sinusforce)

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

point of response, of whictie resultsare plotted (in annteractivg dyn-main.s
modus)
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5 Some useful figures

If you change parameters of the slab (e.g. support conditions), scagaureaterarious states
of the slab. With this figures ofanalyticalsolutions ofplatesyou can compare analytical and
numerical results of the eigenvalues.
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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 observeptieseangle between load and reaction.
Here for your memory the curve for phase angle and frequency ratio.

| prhaze angle
180
'IJIﬁ I
015 —
0375 —
_..----"'##
 E=10 1
) ] E—
frequency ratio
0 0 20 30 %0 50 -

Fig. 3Phase angle at stationary vibration

6 Results of the example

Fromthe state ofiles, which youstart at first,you have here th@lots of the modeshapes.
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 fqi€g.4). Wehave alwaysl000 time steps,the same
number of periods and only different tirmeeps. Sothe timestep decides abothe frequency
of this vector.

Load-Time

Ul
A

Fig. 4Harmonic force (1000 time steps)
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42.2642 50.335
18.4368 2.mode_shape 3.mode_shape
1.mode_shape

< ST NI L
VA‘vVA"\YEX%%zA % 4’7&4&%}{&%&#

€x £ x £.x

82.4905
74.3799 5.mode_shape 104.183
4.mode_shape 6.mode_shape

4/7&4),?«2//%%»

I &

g

114.515 129.009 139.425
7.mode_shape 8.mode_shap 9.mode_shape

‘

169.996 170.732
10.mode_shqpe

180.147
12.mode_shape

11.mode_shape

7

%?/'M»{?A\

£x £x
Young’s Modulus E  (N/rf) 3.0e10

thickness of slabt  (m) 0.2

mass densitp (kg/n) 2500

Possion ratiow 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 resoBaseeve thgohase an-
gle between excitation and response. The example has these parameters:

Excitation point:node number 8, responpeint node: numbe69, excitation frequency’4.4
Hz (4. mode shape), modal damping 2%

¢ x

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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Excitation by sweep force
This is a sweep force. The frequency of the force increases linear.

WV m |

‘ H\ \H M “\ ! ‘
““““HMHMH‘Mi H‘I“‘MHM U\ h H J‘ H‘ H H\H\ “ 1‘ ey e g b a bbbl Ui L
06 0.7 0.8 0.9 1.0E4

[T W w—

e, 4 y L

Fig. 9 Time histories of load (sweep force), accelerations and displacements
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