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This paper reviews the design development of a 250 m rcigh reinforced
concrete free standing chimney recently constructed in Bitols 2, Yugoslavia.
Included is a descripticn of the structural configuration and criteris by
which it was designed. The dynamic charscteristics of a linear elastic mathe-
matical model to represent the physical structure are presented. Also, in-
cluded in the comparison is the incluence of the soil-structure interaction
on the dynamic characteristics of the chimney. The dynamic response of this
model to various levels of ground shaking is evaluated, and compared to the
seismic force levels prescribed bty the 1964 edition of the Yugoslav Building
Code. The wind action is the basic lcading for this kind of structures,
therefore,the wind effect upon the chimney is presented and the wind design
criteria are given.
INTRODUCTION
The present enviroment protection codes have been requiring lately that
the structures like chimneys of industrial plants and energy producing
facilities be constructed higher than the technclogical processreguires.

Thus, the problemsconcerning determination of loads due to wind and
seismic ground motion action, especialy in the case of extraordinary
high action values prove to be of the highest importance for rational

design. The problem of aseismic design of these structure is in principle
not different from the one refered to other civil engineering structures,
since fundamentally it is the same. The present world experience on the
behaviour of these structures under strong earthquakes is mimimum. The
existing construction regulation in the world for definition of design
criteria of these structures also differs. Generally considered, construct-—
ion of the structures is based upon traditionel experience, therefore it

is considered to be of interest to present such an example.
STRUCTURAL CONFIGURATION AND FOUNDATION
The geometrical profile of the chimney body consists of three 1ncllned

lines of its external face of the chlmney the first section of 55 m - i

n 5%,the second one of 120 m - i, = 1,92%,2and the third one is verticel,

i. = 0%. The size of the réinforced concrete profile changes linearly
along éhe hight of teh chimney. Fig. la illustrates the longitudinal cross
section with the basic proportions of the chimney, where D is the external
diameter and d the thickness of the ring for the characteristic cross sections.
The foundation is constructed as a slab.

MODELLING
Selection of the mathemetical model is the initial and basic problem

in structural analysis for given actions. The problem is directly related
to the structure as structural model represents idealization of the actual
structure. The following basic assumptions have been taken for definition of
the mathematical model: the system is linear; it is considered as discrete;

there are classical, normal modes of vibration =970 J_z_vsﬁ
of the model; allnodesoffhe model. has two degrees d=0.16 f
of freedom (horlzontal translation and rotation lg
around the z axis); rotational, inertial forces iﬁﬁn
havz= been neglected. Presented in Fig. 1lb is the D=5.70 || v
adopted model, which revresents a linear system d=0.% ||
with beam member considered as a basic member of Il
the model. The effective masses are distributeéd %
at the points. Soil structure interaction is !3
modelled by twe elastic springs simulating ro- =128 , 5.0
tetion and translation of the foundation. The djolo s
elastic spring characteristics are determined - Iﬁ
from the geometry of the foundation structure D=8.2%|; :'&
and soil mechanical characteristics(l). d:oEFL

(a)
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‘einforcement yielding are obtained is :

DYNAMIC CHARACTERISTICS
For illustration, the calculated undamped
natural periods of vibration for the first five
basic modes of vibration for the model are presented:

Tl(see) T (sec) T?(sec) Th(sec) Ts(sec)
Model "A" 4.998 1.238 0.505 0.272 0.160
Model "3" 5,582 1,446 0.592 0.307 0.185

The "R" model simulates rotation of the foundation structure (for sgi% sel

teristi C= 5 =0,3) whi is not the case with the "3 model,
characteristics G=6.000 t/m d%%s%Gg EOADSlCh

Seismic loads, as specified by the 104L editicn of the Yugoslav building
Code and those resulting from a linear elastic dynamic analysis of the ideali-
zed model of ten chimney structures when subjected to the reccmmended two
levels and two types of ground shaking. The unfactored E1 Centro May 19%0
component record, and the unfactored Parkfield 227/6/66 N65E motions records
were used. The unfactored records used to represent ground excitations were
identified with two levels values: the design earthquake with op = 0.165 g
and the mcximum probability earthquake a = 0.225 g.constant, 5% of critical

viscous damping was assumed in all analySed mode vibration. .
Wind loads, as specified bg the DIN Code except as noted in the equation

G(H) = 120 + 0.6H, when Q (kg/m®), H(m).
CRITERIA FOR SEISMIC STABILITY . X
Under the combined action of dead loads and simaltanecusly avpplied

ground excitations, as defined in the previous section, all the sections of

the chimney structure shall be reasonably expected to survive. without collapse,
if the factors of safety are more than one for the design earthquakes and

the wmaximum probability earthquakes. The sgfety coefficients are defined as

for the design value it is k1 = uf /mSdesign

and for maximum possible values k2 = M¥/ySmex
Determination of yield point of elasticity

It is shown in Fig. 2 the accepted diagram of the stress  distribution
ir. the ring cross section with middle radius r and thickness 6 at the
moment of reinforcement yielding due to the erfect of the egcentric force N.
A linear function of stress distribution have been accepted.

The angle a defines the position of the neutral axis at the moment of
yielding of reinforcement. The angles B amly define the cross sections in
the ten§i1e i.e.compressed zone. If yielding of reinforcement is identified
with o, then all the remaining stresses in the individual profiles of the

concreté and the reinforcement can be expressed as a function of oY : E
_cosy-cosa Y - ova _ cosy-cosa  a 68a=9§§%:§§§ﬁ 'ca n =2
Ya l+cosa a Yo n l+cosa n ° Eb
The equilibrium condition in the cross section define two equations:
IP=0 N+V=_¢C IM=0 Ne =M, + M.
o Cc 1

Representing the internal forces in fuction of the reinforcement percen-—
t§ge ¥, the parametre o which defines,the position of the neutrsl axis x, and
yield stresses in the reinforcement o > the equation from which the parametre
o 1is determined can be obtained: a

o .
o _ _L1 sina-acosa-nfucosa

cY n¥ 1 + cosa

Y .
Ar c&(a- sina cosa + nfyu)

The second equation can be written as: MY

- ) ] 21 n (1 + cos a)
€ expression from which the stresses in the concrete at the moment of

o Y
_ _ac =(l-c05a )y 9
n

D 1 l+cosa
there: o - angle defining the neutral axis, MY - yield point of elasticity;
'~ centric pressure; Ab - area of concrete; r - middle radius of the ring;
a " yield point of steel; u~ percentage of reinforcement.
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Determination of ultimate bearing capacity

The fig. 3 shows the diasgram of the stress state in the ring cross section
with middle radius r and thickness of the ring § at the moment of zollspse
due to eccentric force N. Rectangular distribution of stresses 'n the compressed
and tensile zone have been accepted. The angle 8 defines the position of the
neutral axis, while L is the area of the compressed part.

Applying the equilibrium conditions it is obtained:

p= = M= = 7
LP=0 N+Val+va2 Cb+Ca IM=0 N eO Cb Z+2 Ca Z
Y
STrRi _ _UAbg I SR 2 v u oA
where, Cb— 909 2] Ca— ——-3-1800 [} V32 yAnca i~ —ghc } Va1 T Oy

The equilibrium equations can be written in the following form:

Y
o /R, +u o /R,
o o _o 1 a 1 M _ Ab
¢°= 1807 —————— M=

e
7 2(R. + 2140;) sing
1+ 2u o_/R, :
a’"i

The first equation defines the neutral axis and the second one defines
ultimate bearing capacity, where R, - stresses of concrete at the moment ot collapse

In this case, the wltimate moment M® {5 defined as a stress comdition

in the ring section at the moment when the maximum compressed part reaches

the value of u':g = 0.85 Ri. That means that the reinforcement is yielding,

but not the concrete which is a more rigorous criterion of security than in

the case of‘ MY. In Pig.l are presemted the diagrams of the computed values

of MY MY ana®M (see Fig 4b) for the deteymined sections of the mathematicel
model Wl%h cry ol L0OOkp/cm™, Ri = 300kp/em™, n = 15m snd & corresponding procen-
tage of reinforcement of section u (see Fig. Ya). The diagrams of the maximum
concrete and steel stresses under the influence of the designed seismic forces
and the wind are also presented in Fig. be.

CONCLUSION

On the basis of the already done analysis and accepted security criterion,
the following can be concluded:

~ For the influence of the designed seismic forces, the analysed sections of
the reinforced conecrete structure are in a stress condition with = security
coefficient close to the reinforcement yield point which has an average value
of 1.20 and higher value for the lowest and the highest sections (Fig. 5a).

-~ For the influence of maximum seismic forces, the analysed sections of the
reinforced concrete structure are in & stress condition with a security coef-
fiecient of 1.5 - 1.1, the former value refering to the lower sections, the
letter refering to the upper sections while for the higher sections the coef-
ficient is higher than 2.

- The comparison between the moments of the ultimate bearing capacity of the
analysed sections and the moments of the application of force obtained by
the influence of the maximum,seismic forces, shows that 21l of the sections
of the designed reinfoé'ced concrete structure are in an elastic condition of
stress O, < 4000kg/cm™ with the exception of the sections which are 1k5 to
190m high and are in a condition of & yielding reinforcement (see Fig. Se).
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