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A NOTE ON THE FUNDAMENTAL PERIOD OF
CONCRETE CHIMENEYS

VK. MANICKA SELVAM®, P, SUHASINI**, S, PALANIRAJ##++

Using Rayleigh’s minimum princlple computation of fundamental
period ot concrete chimneys I8 suggested. Based on the results of
the above principale, a prediction equation is proposed for reckoning
the period rapidly in the design office. The equation yields reasona-
ble values tor the pariod and Is simple to work with,

INTRODUCTION

Fundamental period is an important dynamic property of the chimney
necessary for use in SEAQC code (Structural Engineers’ Association of
California), Rumman's and 1S 18931975 code pracedures for the design of
chimneys subjected to earthquake effects, Various codes in the world
recommend empirical equations for reckoning the same, 1.2.3 In this note
a rational method is advanced based on Rayleigh’s minimum principle for
computing the period in a realistic manner. Finally a prediction equatlon is
proposed for rapaidly estimating the period in the design office.

RAYLEIGH'S MINIMUM PRINCIPLE

Rayleigh's prineiple is a powerful tool for finding the fundamantal freq
uency of a vibrating system with satisfactory results, This principal leads-
to upper bound solution. For a system in which the mass is continuously
distributed, the fundamental frequency can be found using the quotient

Eg J‘ Ix (3_’::_)’ .

pl -_— J‘ wx v’ dx ....-.---(1)

where .
P = fundamental frequency in radious per sec.
¥y == shape function
Ix = moment of inertia function
Wi = self weight function

The period T is then given by the expression

T = 2'5’1 ouno-(2)
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whé;o T = period in seconds
 Knowing the deflected shape of the chiwney due to inartia forces. Eq.

[t] can be avaluated. For the shape function, any reasonable curve can be

- gagsumed. Even if the bondary conditions are not fully satisfied, the pro-
bability of getting a realistic yalue for the frequency is not unexpected. In

this note two shape functions wers investigated which are foliows :
(1) vy=cxs o | : veenns(3)
(2) vy = ¢ [xt—6htx] | QN ()
= height of the chimney

h
¢ == g constant
x = haight of any section from the base of the chimney.

whete

It may ba seen that the kinematic and most of the force boundary
conditions are satisfied by these two polynomials, Therefore, it is anticipated
that these polynomials will provide reasonable values for the frequency in

~ accordance with Rayleigh’s principle. '

ANALYTICAL STUDY

Ninteen chimneys with height varying from 90 metres to 420 metres
were seloctad, The properties of the chimneys aré listed in Table 1. The
peried was computed using Eg. [3] and Eq [4] and the same is given in
Table 2.

DICUSSION OF ANALYSIS

1t is seem that Eq [4] gives slightly higher values In the majority of
the cas2s than Eq. [3). Hence the solution givan by Eq [4] may be
considered to be closer to the true valuet  Howaver, from Rayleigh’s
principle, it follow that the trus pariod will be a littla higher than the one
given by Eq [4] or may be almast ejual to the true value_provided the
curve resambles the exact dynamic deflection curve.

PROPOSED EQUATION FOR THE PERIOD

Tha Rayleigh mathod of computing the period is a tedious process,
The sheer voluma of computation involved in the procedure prohibits its
use in the dasign office. Therefore, in the place of Rayleigh's rigotous
solution, a simple equation is proposed as follows :

T 0.1813 Hs H [HD]®® )
= “p ye—TF [17000—6H]""
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- where
T = period in seconds
H = hight of the chimney in metres
D = outerbase diameter in metres
Ec = Young's modulus of concrete in MPa,

The prediction of Eq, [5] for the ninteen chimneys is shown in Table 2
¢long with the result of the Indian code aquation. It is found that the IS
1893-1975 equation is somewhat involved and yields higher values consis-
tently for all height of the chimneys.

SUMMARY

Fundamental period of a tapered chimney can be computed using the
Rayleigh minimum principls. Because of lengthy computation which the
principle entails, it is not suitable for ready use. Based on Rayleigh’s solu-
tion, a simple equation is proposed for determining the period in a rapid
manner. Prediction of the equation is in fair agreement with Rayleigh’s
principle in the majority of the cases, It is found that the equation is quite
faci‘e to work with,
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Table 1 Properties of the Chimney

Sl. Height Quter dia- Outer  Thickness Thickness Young's
No. in meter at dimater at bottom at top Modulus
metres bottom sttop inmeters in metres in

in metres in metres MPa x 10¢

1 91.34 813 ' 302 0.61 0.16 2.434
2 104.71 1006 503  0.46 023 2399
3 107.44 836 6.23 0.61 0.16 2.406
4 127.10 11.46 6 45 046 0.16 2.699
& 137.18 1218 641 0,61 0.18 2.144
6 162,78 10.68 6.69 0.91 023 2420
7 18000 15.00 6 00 0.40 0.22 2720
8 200.00 16.66 7.00 045 025 2.720
8 22000 18 00 7.60 060 0.27 2720
10 240.00 20 00 800 065 030 2720
11 260.00 21.60 900 0.60 0 36 2 720
12 28000 23 00 10.60 0.66 0.40 2.720
13 30000 25 00 11.00 070 046 2720
14 32000 - 2700 12 00 080 0.560 2720
16 34000 3000 15 00 0390 0.60 2720
16 360 00 34 00 18 00 1.00 076 2720
17 380.00 36 00 2000 1.10 0.90 2r720
18 400.00 3800 21 60 125 1.00 2720
189 42000 40 00 23.00 1.40 1.10 2720




The Fundamental Parlod of Concrets Chimeneys 179

Table 2 Prediction of Period in Sec. by Different Equatoins and Comparison

Height of IS 1893-1978
No. chimney Eq. [3] Eq. [4] Eq. [5] Eqation

in matres
1 91 34 1.130 1110 1.249 1.39
2 104.71 1.330 1.410 1.349 1.65
3 107.44 1.560 1.613 1688 1.93
4  121.10 1.570 1.640 1.695 1.87
5  137.16 1.850 1.850 2 036 221
8  162.76 2.830 2.870 3.042 338
7 180,00 2,670 2.580 2,692 278
8  200.00 2.880 2,900 2.908 3.1
9 220.00 3.220 3.240 3277 3 47
10 240.00 3.530 3,450 3 540 371
11 26000 3.790 3.810 3,911 4.09
12 280 00 4,220 4.290 4.276 4.50
13 300.00 4,490 4.560 4574 478
14 320.00 4710 4,780 4.885 6.02
16 340.00 488.0 5.020 5.060 . 6.21
16 360.00 4,970 5.170 5 151 5.29
17 380.00 5,340 6.610 5.496 568
18 40000 5.690 -6.900 5.843 6.97
19 5010 6.230 6.189 6.27

420 00




