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1. Introduction

Analysis of the seismic response of water toweiistgraction with the fluid media still
belongs to the topical problems of continuum measari-rom the physical point of view it
is an interaction between different mechanical bigha of two materials. Water tower
structure is located near Zilina, where seismicapaters were taken into account. The
value of ground acceleration ig=1,25 m.g according to [2]. The deterministic model for
the problem solution was used. The displacememtstassed levels are used for the check
of the structure response with respect to the alénstrength state and reliability. The
solutions of similar problems were given e.g. in435, 7, 8].

2. Structural model description and seismic charactestics

Reinforced concrete tank tower is supported by Emmaonolithic reinforced concrete
column with the outside diameter 2600 mm and thekttess of wall 300 mm. The cone
tank is made from of the same material as the coeldrhe total volume of the tank is more
than 630 M The foundation of the reservoir is a one-stagefoeced concrete circular
plate with diameter 5000 mm and the thickness 1660 The type of the concrete is B 20.
The scheme of the cross-section of the tank tosvgivien in Fig. 1. The further technical
details are obvious from [3]. In Fig. 2 it is shalvthe geometrical scheme of the whole
water tower.

The seismic loading is considered according todstech(EC8) [6].

3. Loading and boundary conditions

The static load of the water tank is consideredaa®of loading according to the
standard EC1 [2] (dead load of the whole structsrmw, etc.). Two types of states of
loading are taken into account:

a) empty water tank,

b) full water tank (during the working mode).
Similarly, two “limited” types of boundary conditis are assumed:
¢) rigid fixing of foundation plate into the subsoil,
d) elastic bearing capacity of foundation plate on kén subsoil with bed
coefficient C = 35 MN/m
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Fig. 1 Cross-section of the reinforced Fig. 2 Geometrical scheme of the structure
concrete water reservoir

4. Analyses of results

Structural model of the tank including the fluid avee was calculated using the FEM.
3D calculation models of the tank were created mdst shell elements SHELL 43. The
fluid media was modelled by elements MASS 21. Catre¢ed mass properties were taken
into account for variable load and distributed massre used for lateral area of the cone. In
order to get the overall view of the dynamic resggrthe initial eigen frequencies were
calculated. With regard to the rotational symmetfyhe structure, the obtained values of
eigen frequencies in directions of x-axis and ysaxere equal. Due to this fact the values
of rotation around z-axis are important. In Fiqr8l Fig. 4 the natural mode frequencies in
directions of x- and y-axes as well as the rotatioyund the z-axis, which are dependent on
the boundary condition of type “d”, are showed.

In the first step of the solution the eigen-frequeanalysis under the dynamic load by
the iterative Lanczos method was realized. All Biffequencies of the structure up to the
50" mode and/or up to frequencies 40 Hz were calallddbtained results are summarized
in Tab. 1.



Tab. 1 First three eigen-frequencies of the catmranodel
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Type of the model X-, y- direction rotation aroundxis
Full water tank + boundary cond. ,c" 0377 Hz 1,4098

Full water tank + boundary cond. ,d" 0,338 Hz 2,495
Empty water tank + boundary cond. ,cf 0,533 Hz 16z
Empty water tank + boundary cond. ,df 0,479 Hz 253z
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Fig. 3. Structural natural-mode frequenciesFig. 4. Structural natural-mode frequencies
in rotation around z-axis. Boundary
condition type “d”.

of displacements in directions of x- and
y-axes. Boundary condition type “d”.

For the solution of the problem, the method ofre@@sspectrum response was used. The
seismic excitation was applied according to there& response spectra (EC8) for three
orthogonal directions. Two different spectra forihontal and vertical directions were
used. Five percent of damping effect in the spettwere taken into account.

The spectrum curve of the elastic horizontal respo8 is assembled by individual

functions in these following intervals:

0<sT<Tg: s(T)= ag{1+1-_r (n.2,5—l)} ’
TesT<T.: S/(T)= g ;.25
TesTsTy: g (T)= 3 S].Z,SE_C} '

Ty £T< 4s: S.(T) = 3 31_2'5{1_01_0} .

T2

@)
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The spectrum curve of elastic vertical respongésSassembled by individual functions
in these following intervals:

0sT<Tg: s (T) :avg{1+_l-_r 0 .3,0—1)} '
B
To<T<T.: S(T)=3,n30,

2)
TesTsTy: s, (T)= a, nao[-l_—l_C} )

To<T<4: s (T)=a, n_B’{T?r'ID} :

S(ms-2) horizontal direction s(ms-2) vertikal direction

Fig. 5. Horizontal elastic response spectrum Fig. 6. Vertical elastic response spectrum
Se Ste

In evaluation of resultant response in individuakedtions i (i = x, y, z) the well-known

SRSS rule was used,
R= YR ®3)
j

where symbol R represents the examined variab$pl@iement, stress, internal force).
Combination (K1, K2, K3) of responses from the éhbasic directions (X, Y, Z) were

calculated as followed:

K1 1,0X +0,3Y +0,3Z

K2 0,3X +1,0Y +0,3Z 4)

K3 0,3X +0,3Y +1,0Z
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The resultant response is defined as an envelopgwimum values of K
R =maxK,) i=123 )

In the tables 2 and 3 the maximum values of stegdseces and displacements are showed.

Tab.2 Displacements U, V, W of points 1, 2, 3 (B&p 2)

loading+ U1 Vi w1 u2 V2 w2 u3 V3 w3
boun.cond.| [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm]

b)+c) 58,70 58,65 4,79 90,6 90,38 34,12 90,06 89,94,69

b)+d) 65,84 6593 5,33 985 99,49 3541 98/12 @@8,15,39

a)+c) 59,23] 5924 499 90,8 90,82 34,12 90,55 90,55,08

N[O H

a)+d) 60,8 60,8 5,10 90,6 90,61 32,1 904 90,4 22 5

Tab. 3 Stresses in points A and B (crossing paifitsolumn with foundation circular
plate).

loading+ A oy Ao, Ao, B oy B o, B o, Tuy
boun.cond.| [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa]
b)+c) 0,029 2,239 11,512 2,238 0,038 11,510 1,063
b)+d) 2,248 1,982 10,524 1,982 2,248 10,520 0,942
a)+c) 0,041 2,351 12,052, 2,351 0,041 12,052 1,197
a)+d) 2,175 1,898 10,023 1,894 2,176 10,023 0,966

5. Conclusions

The numerical analysis of the reinforced concrestewtank allowed us to identify that
the zone of possible maximum deflections is in thmper part of the tower. It was
confirmed that concentrationsf the stresses (normal and shear) occurs inszafe
connections between the foundation plate and theamoas well as between the column
and the conical shell. Due this fact it is impottém supplement the additional vertical
reinforcement into these zones from the point awiof structural reliability. These
stresses have a local character.

Denotations of symbols

T —is the eigen-period of vibration of linear gystwith 1DOF

&, — the design of seismic acceleration on the sufisdi) [m.sF

a,y — the design of vertical seismic acceleratiog £0,9 g)

Tg — the lower bound of part of spectra with constateleration (0,15 ; 0,05) [rifls

Tc — the upper bound of part of spectra with consaaneleration (0,5 ; 0,15) [l

To —Zthe value determining the initial part of spaoirwith constant deviation (2,0; 1,0)
[m.s9]

S — the subsolil parameter (1, 2)

n — the correction parameter of damping; 1 for 5% viscous damping

Remark: The values given in brackets were usedumemical calculations in our solved
problem. The first number given in the bracketg@spnts the values used for construction
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of spectrum curve of elastic horizontal responsésé&e Fig. 5) and second one for spectrum
curve of elastic vertical responsg &ee Fig. 6), respectively.
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ODOZVA ZELEZOBETONOVEHO VODOJEMU NA U CINKY
SEIZMICKEHO ZA TAZENIA

Anotéacia

Predkladany prispevok sa zaobera Studiou seizmidkdgzvy Zelezobeténového
vezového vodojemu. Model vodojemu je Standardngalvgny firmou Teplotechna Ostrava
[1] o objeme 630 ths vySkou 37m. Vodojem je situovany v okoli Ziliryoho vyplyva aj
seizmické zrychlenie qa = 1m.&. Nadrz je &krupina koénického tvaru nesena
Zelezobetonovym dutym Ippm kruhového priemeru. Zaklad vodojemu tvori kmnho
Zelezobetonova doska o priemere 5m. Uvazované a(pdpady okrajovych podmienok.
Pevné podoprenie a zemina s koeficientom loznostB6 MN.n1°. Pre vypdet seizmickej
odozvy konstrukcie bola pouzitd metdda spektratmigzvy poda EC 8. Analyzované sl
detailne napigovo — deforméné charakteristiky vo vybranych bodoch konStrukcie.



