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IDENTIFICATION OF DAMPING IN SOIL BY MEANS OF MORLET WAVELETS
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1. Introduction

Mog of the common methodsfor experimental determinaion of the damping parameters use
the propottiond damping assumption. The equaions of motion for free vibration of aviscoudy
damped linea discrete system with N degrees of freedom can be written as

My(t) +Cy(t) +Ky(t) =0, 1)

where M, C and K are NxN mass damping and stiff nessmatrices repedively, and y(t) is the Nx1
vedor of the generali zed co-ordinates

A typicd procedure can be descaibed to determination of damping by used modal method[1]:
1. Meagrre asé of transfer functions H, () at ase of grid points on the structure.

2. Obtain the natural frequencieswy by a pde-fitti ng method

3. Evaluate the modal half-power bandwidth A, from the frequency regporse functions, then the

Q-fador Q, = w,/Aw, andthe modal dampingfador ¢, =1/2Q, .

4. Determine the modal amplitude fadtors a, to obtain the mode shapes z, .

5. Finally, reconstruct some transfer functionsto verify the acairacy of the evaluated parameters.
Such a procedure doesnat provide reliable information about the nature or spatial distribution

of the damping, thoughthe reconstructed transfer functions may match the measired oneswell .
Methods to attempt to obtain the visous damping matrix from the experimental

measirements can be divided into two badc categories (a) damping identifi cation from modal

teding and anaysis [2], and (b) dired damping identificaion from the forced regorse

measirements [3]. All thesemethods are basel on the assimption that the damping mecdanism of

the structure is visoous, and their €ffi ciency when the damping medchanism is not visous is largely

unexplored. In a soil damping depends on a strain values and is propartional for a small strain and

non-propational for alarge strain (seeFig. 1).
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Fig. 1. Dampingin a soil

2. Damping calculation by wavelet transfor mation

As a consejuence of the windowing applied by the Gausdan function in the Morlet wavelet,
the bandwidth of the reaulting wavelet instantaneous spedra are larger than their Fourier equivalent.
This givesthe appeaance of alarger value of effedive damping in the signal, the extent of which
depends on the scde analyzed. Consider the Morlet wavelet expresson the half- power bandwidth
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can be usel to provide a simple measire of the bandwidth of wavelet spedra [4,5]. Assuming
symmetry of the spedral peék, the HPBW is then defined as the diff erence between thesetwo
frequencies B; = f; - f;, with the frequency corregpondng to the spedra peak taken asthe natural
frequency of the system. Due to the multi-resolution nature of wavelets, wavelet spedra broaden
toward the higher frequencies but for a narrowbanded spedrum, the assimption of symmetry can
be retained. Therefore, the scde at which this half- power bandwidth is evaluated shoud be the scde

defining the ridge of the transform, at which the signal energy is focused. Damping coeffi cient in
HPBW methodis defined as
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Fig. 2. Damping cdculation by HPBW method a) accéeration in time in horizorta diredion,
b) Fourier trarsformation, c), d) wavdet mapwith Morlet wavdets fundion,

3. Example of damping calculation by wavelet transfor mation

We comsider a problem of damping cdculation base on the measurement dae of the
Szombierki mine crump. FHg. 2ashows the measuremert daain time. Damping accading to eg (2)
areshown in table 1.

Tade 1.
f[Hz] 1.7 2.2 2.7 3.0 3.2
%] 27.7 9.8 11.2 9.1 8.6

4. References

[1] Adhikari S., Woodhowse J.: Idertificaion of damping. Part 1, Viscous damping, Jouna of
SoundandVibration, Vol. 243(1), 2001, pp. 4361

[2] AlvinK. F., PetersonL. D., Park K. C.: Extradion of normal modes and full modd damping
from complex modd parameters. American Institute of Aeronauics and Astronattics Journal,
Vol. 35, 1997 pp. 11871194

[3] BaruchM.: Idertificaion of the damping matrix. Techncd Repat 1AE No. 803 Technon,
Israd Facuty of AerospaceEngineeging, Israd Institute of Technaogy, Haifa, 1997

[4] WranaB., RuchdaP.: Idertificaion of Damping by Mears of Wavdets in Intdligert
Structures, 3rd Internationd Congress on Intelligert Building Systems InBus 2004 Cracov
University of Techndogy, 2004 pp. 249254

[5] WranaB., RuchdaP.: Applicaion of Wavdets to Idertificaion of Damping of Strudures,
Proceethg of CMM-2005Computer Methods in Mechaiics, Czestochava 2005





