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IDENTIFICATION OF PARAMETERS FOR DYNAMIC MODELS OF TOWER
STRUCTURES WITH ADDITIONAL AXIAL LOADS

ROMAN CIESIELSKI, JANUSZ KAWECKI (KRAKOW)

1. Introduction

Chosen problems concerning dynamic identification of building struc-
tures were presented in the authors’ previous paperé (cf. Kawecki (1978),
Clesielskl and Kawecki (1987)). Identification is understood here, as a
process in result of which a physical and mathematical model of the ob-
Ject, describing the behaviour of the object in a satisfactory way, is
obtalned. One of the stages of the identification process realization is
the experiment carried out on the object.

Kawecki . (1978) considered the problems of dynamic identification of

" tower structures of guyed mast type and introduced there determination of
three ranges of identification: a, B and y. The first one includes iden-
tification of structure and parameters of the model, the second one -
identification of parameters at a simultaneous assumption of an a priori
adopted structure and the third ~ consists in choosing such one from the
considered models, which describes best the investigated object. The pro-
blem put forward in this paper was solved realizing the process of lden;
tification in the range 8. The conceptional scheme of the ldentification
process was presented in fig.1. ‘

A tower structure with a great capaciiy tank for liquid located on it
is considered. Hence, it 1s an object loaded, as a rule, with a great
compressive force in place of tank location. Identification consists here
in determination of parameters of the model which can be applied for sol-
ving dynamic problems and stability of this type of engineering objects.
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Fig.1 Scheme of identification process realization.

2. Adoption of a structure for a mathematical model

It is assumed that the considered dynamically loaded (e.g. wind load)

object works in a lineary-elastic range. The structure of a mathematical
model of such an object can be described with the following equation of

motion (cf. Gawronski et al. (1984))
(2.1)

Mag+Cq+(K-K)q=p,
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vwhere: M - matrix of inertla, C - matrix of damping, K - matrix of stif-
fness, KG - matrix of geometrical stiffness, q - vector of generalized
displacements and p - vector of loads.

It is usually assumed also that matrix C can be given in the form:

C=A(K- KG) +BMNM, (2.2}

Hence, the model was assumed to be linear. In further considerations
it was assumed that the compressive force resulting from the dead weight
of the tower structure exerts an insignificant influence on dynamic pro-

perties of the structure and this influence cam be neglected.

3. Experimental examination of the structure

Experimental examination carried out on the structufe are an essen-
tial stage of realization of the ldentification process. Proper planning
of the experiment must preceed investigations. Among others, the charac-
terl of the experiment (active or passive), techniques of the experiment
(cholce of apparatus, way of results recording, and their analysis), as
well as conditions of the experiment are to be determined.

The basic frequency of free vibrations of the engineering objects un-
der consideration can be qualified to low and very low frequencies. The
apparatus applied-for measurements should permit recording vibrations of
very low frequencies.

From among measurement sets applied by the authors the measurement
system of Bruel-Kjaer production could be recommended. In the course of
measurements the following equipment was used: accelerometer-
piezoelectric gauge 8306, electric feeder 2805, normalizing load ampli-
fier of charge 2626 and four track tape-recorder 7003. The dynamlic res-
ponse of the structure at chosen measurement points is recorded on a ty-
pe recorder, that makes analysis of measurement results much easier.

Results of experimental examinations should be presented in such a
form as to make determination of the structural model parameters pos-
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sible.
Parameters of the model of the structure can be determined on the ba-

sis of dynamic characteristics of the building object; into them the fol-
lowing can be included e.g:
a) the set of successive free vibration frequencies wi, corresponding to

them forms of vibrations A, and the values of damping coefficients B,

b) the matrix of transmlttanc;kmodull of elements 'Hikl and the matrix of

phase of elements 'elk .

The above characteristics can be obtained subjecting the results of
the active experlnenté to proper analysis. During this experiment vibra-
tions of the structure can be excited by a vibrator of an adoptable revo-
lution number (cf. Dietze (1966)) a rocket engine (cf. Bata and Plachy
(1987)), or a relatively easily realized Jump' forcing (cf. Kaweckl
(1978)). In the last of the mentioned ways forcing is realized by sudden
release of a previously tensed guy fixed at a chosen level of the struc-

ture. Fig.2 gives a scheme of the way of realization of the experiment.

MEASUREMENT POINT /

[ACCELEROMETER)

Fig.2 Scheme of realization of experiments.
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Dynamic investigations have been carried out at various situations of
the tank fill. The effect of motion of the liquid on vibrations of the
structure will be eliminated only when the tank is divided into separate
compartments which can be filled up independently on one another. The si-
tuation of the tank fill (a) is determined by the relation of the volume
of the liquid in the filled up compartments of thank (V) to the whole vo~
lume of the tank (Vc). Investigations carried out on the object concern
chosen situations of filling i.e. from the situation corresponding to an
empty tank (number O what corresponds to

— e
ol o «=0) to complete filling of all the tank
compartments (number 1 = 1, what corres-
4 m,
ponds to « = 1,0).
3 Filling of the chosen compartments of the
t ¢ thank makes the structure loaded with an
K axial force of considerable (but known) va-
m .
@ 3 lue. The effect of this force on the change
of the dynamic characteristics will be no-
J,
3 ticeable. E.g. decrease in the basis free
ibration f enc will result tl
vibra requency partly
Fig.3. The adopted physi- from increase in the value of concentrated
cal model of the struc- mass and partly from the effect of the com-
ture.

pressive axial force (cf. fig.3).

4. Determination of parameters of the mathematical model

The results of examinations carried out on the structure can be pre-
sented‘in form of the matrices of amplitude-frequency and phase-frequency
characteristics. Elements of these matrices are functions of vibration
frequencies and can be presented in form of diagrams. These diagrams -
with regard to the required accuracy of modelling (use is to be made of
the object in engineering evaluation of structure behaviour at wind load)
- must be given in such a freq?ency interval in which three successive

frequencies of free vibrations should find place V). 0, and V-
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Flaga et al. (1979) described the possibilitles of making use of fre-~
quency characteristics for determination of dynamic properties of bulld-

ing objects. Later in Kawecki (1981) a procedure of application of ampli-
tude - frequency characteristics for determination of the linear 'pa.ra.me
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ters for a mathematical model of a tower structure was presented. Making
use of the given formulae matrices KP, Ho. and c° corresponding with an
empty tank (1=0) can:be determined. Subsequently matrices Kl. Hl, Cl and
KIG corresponding to 1-th situation of tank fill are determined. For this
purpose use is made of dynamic characteristics presented as the result
of the analysis of results examlnations carried out at successive situa-
tions of tank fill. Moreover, it may be assumed that the matrix Hl re-
sults from adding to the matrix ¥ in a proper element the mass corres-
ponding to the liquid fill of the tank and that the matrix Kl should be
equal to matrix Ko.

In each of the analysed situations of the tank fill the parameters of
the model are determined using only part of the information contained in
the set of dynamic characteristics. The rest of information is used for
evaluation of lidentity of the determined model with the object. Equation
(2.1) of previously determined parameters can be, thus, used for calcula-
tion of any characteristics lHikl and the diagram obtained in result of
calculations, can be compared with the diagram constituting the results
of dynamic investigations of the object. The calculation procedure IH;kl
was presented in fig.4 after Flaga et al. (1979).

If in result of the carried out comparison of diagrams the model was
accepted (differences in ordinates of the diagrams do not exceed the as-
sumed accuracy), then it may be, used in further analysis e.g. for deter-
mination of the value of the critical force Nl,cr'

-

5. Determination of the foreseen value of the basic
critical load

The matrices of geometrical stiffness Rc differ in dependence on the
situation of the tank fill 1. The values of elements of this matrix de-
pend on the compressive force N1 (weight of the liquid fill of the tank).
The tank f111 influences the change of frequency of free vibratlons of
the structure in consequence of: a locally occurring increase in concen-

trated mass (change of matrix of inertia Hl) and increase in compressive
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force on the tower shaft (Nl).

For examination of the effect of compressive for‘ce,N1 on the change of
basic frequency of free vibrations of the structure wi the modified value
of reference frequency w;_.o should be calcuiated first. It corresponds to
the model in which no compressive force N1 occurs, but the matrix of

inertia is the matrix H.l The value wi o is found from equation:

Wag+xkd=0, . (5.1)

-

The known values of free vibration frequencies wi and wi ocan be used

for determination of the expected basic value of critical force N1 er

The following, approximate relation between wi and wi o can be adopted
after Nowackl (1961) in compressed bars vibrating laterally:

1

(0])%s (w:'O)Z (-3, (5.2)

i,cr

Basing upon investigations on the object the value wi can be obtained
in every situation of the tank fill. From calculations of the model (5.1)
the value wi ocan be obtained. One point in the coordinate system cor-

’ 1 2
)

responds to every situation of tank fill: (m1 /w and Nl. Points cor-
responding to all considered situations of tank fill should lie on a

1 1,0

straight line described by equation (5.2). As shown in fig.5 the value

N1 cr €an be determined by extrapolation.
’
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Fig.5 Application of investigation results for determination
of the basic critical force N (x-from measurements,
~ = = border lines considering accuracy of the method).
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6. Recapitulation

The described procedure of identification of parameters for a tower
structure with additional axial load is based on identifications of mo-
dels of other tower structures (masts, chimneys). An additional factor
which is constituted by a great vertical axial load complements the des-
cription of the modei_structure. In this type of engineering structures
the problem of general stability plays an important role (determination
of the value of the basic buckling load). The above described procedure
which makes use of Investigations of the object in natural scale permits
determination of an approximate value of the basic critical force.

The so planned experiment can be carried out only after the realized
object of this type has been made accessible. '

Evaluation of accuracy of identified parameters and sensitivity of the
model to disturbances has not been presented in the paper. This problem

requires a seperate elabolation.
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Summary

IDENTYFIKACJA PARAMETROW MODELI DYNAMICZNYCH BUDOWLI
WIE20WYCH 2 DODATKOWYMI OBCIAZENIAMI OSIOWYMI

Zagadnienie lidentyfikacjl rozwiazano w zakresle B (por.Kaweckl
(1978)). Po przyjeciu struktury modelu wg (2.1) wykorzystujac wyniki ba-
dann przeprowadzonych na obliekcie podano procedure \\ayznaczania
parapetrow modelu. Rozwazono budowle wiezowa z umieszczonym na niej
zbiornik;em na clecz o duzej objetosci dajacym dodatkowa site osiowa. W
tego i’.,ypu konstrukc jach inzynierskich waznym zagadnieniem Jest wyznacza-
nie wartoscl podstawowej sity krytycznej. Opisana procedura wykorzystu-
Jaca wynlkl badan na oblekcie w skall naturalnej umoz2liwia wyznaczenie
przybli2zonej wartoscl podstawowej silty krytycznej.



