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ABSTRACT

For performing the modal analysis recommended by 15:1893-1984,
modal periods and amplitudes of first three modes are necessary. For
finding the same, use of a computer 1s inevitable. This note presents
‘a simplified manual procedure for estimating the period and amplitudes
of concrete shear building. The suggested procedure is best suited for
use in preliminary design and for checking the computer solution,

INTRODUCTDN

Design of tall buildings is an iterative process. During preliminary stages,
use of a dependable and informative approximate method of anatysis will be
of assistance in making selection of member sizes and this in turn enhances
the possibility of converging to an optimum design. Therefore, a good preliminary
analysis and design will lead to a better final structure and reduce the number
of cycles in the analysis - design iteration.

Approximate methods are also important as a means of checking computer
results, Errors are often made, perhaps because of bugs in the program but
more frequently because of incorrect input. A prudent analyst always checks
computer results by some independent means. In many instances this can be best
accomplished by a simple approximate hand computation methods.

Modern tall buildings are lighter in weight than those constructed in the
past. Because of lesser weight, these buildings are highly sensitive to the effects
of lateral loads caused by wind and earthquake motion. Therefore, lateral load
analysis of tall buildings has acquired more importance in structural engineering
practice.

RESEARCH SIGNIFICANCE

More than 99 percent of tall buildings constructed in India pre less than ten
storeys and this trend will continue in future also. 1S:1893-1984 suggests either
modal analysis using response spectrum method or seismic coefficient method
for earthquake analysis for buildings less than 40 m in height in all the five zones
of India. Of these two, the latter procedure is much simpler than the former
which can be mechanically and manually. implemented by a non spectalist as
every step is clearly outlined in the code. Simplicity makes seismic coefficient
method very elegant and -attractive. On the other hand, for accomplish.ng ‘he
modal analysis using the codal! procedure, the modal periods and amplitudes for
the first three modes are essential. This step necessitates the use of a computer.
It is hkely that computer program may not be readily available or the structural
engineer may not be experienced in their proper use, Currently 1n the market,
many soft wares are available wheremn it is stated that the programmes were
-written according to 15:1893-1934 specifications. In such a situation It is necessary



28 Bulletin of the Indlan Society of Earthquake Technology, March 1993

o verify which of the two methcds and to what type of building the soft ware
is written since there is option for the software manufacturer to choose between
the two methods. Thirdly, during preliminary stages use of a computer may not
be necessary. Finally, approxinate methods serve the purpose of checking the
computer output when the soft ware is used for the first time. Considering all
these facts in this note a simplified approximate procedure is put forward for
¢ >mputing the periods and amplitudes manuailly for concrete shear buildings.

SIMPLIFIED EQUATIONS
(a) Modal Feriods

Framed buildings are of two types, viz., moment resistant frames and shear
frames. It 15 a fact that most concrete real buildings, lie in the shear zone or
fall close to shear zone of frequency pattern. From the analysis of nearly one
hundred and fifty buildings Radhakrishnan and Subramanian evolved the following
formula for the fundamentai period of shear building

. Buen?tens 23 (1)
where

T = natural period in seconds

M = total ma:s of all floors in a frame

K = total stiffness of all columns in a frame

n = number of storeys.

For finding the periods ¢f the second and third modes, the frequency ratios
are furnished below.

n=>5 n=i0 n=13
1.00 1.00 1.G60
2.92 2,98 2.99
4.60 4.89 4,95

Hence irom the fundamental period calculated using Eq. (1}, the period of
the second and third mode can be obtained to a very high degree of accuracy
by making use of the frequency ratio. In this way, the periods of the first, second
and third mode are reckonec.

(b) Mcal Amplitudes

From a study of mode shapes of the shéar building, the following expressions
are proposed Ior finding the various amplitudes in the first three modes.

Fundamental mode : The amplitude of the fundamental mode of free vibration
of a concrete shear building 1s given by the expression

a = [+ /150" 1 nm®® - yisol®? (2)
where

n = total number of storeys . ‘

n' = storey under consideration from bottom where the amplitude 15 needed

a = amplitude of nth storey.
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The mode shape pattern is shown in Fig.. 1{a).

Second mode : The second mode pattern is shown in Fig. 'b}k The profile of
this mode consists of two parts AB and BC,

Profile AB : (origin at A)

a = sin n) (3
where

a = amplitude of n'th storey

n = storey number counted from bottom A

ny = approximately %, {an even number)

n - total number of floors.
NOTE The number n s determined as follows.

As an example, a building with ten storeys is considered.
n, = % x 10 = 666, This can be taken as 6. A as second example, a

building with 7 storeys is considered.

no= % X7 = 466, Ths can be taken as 4 The number n will have to
be an even number.

Profile BC : {origin at B)

~ The profile 15 described by the equation

a = [q/q®® ' -
where

q' = storey under consideration counted from B

g = total number of storeys above B

a = amplitude of q'th storey

Third mode : The third mode pattern is shown in Fig. l{c). The profile consists of
two portions AB and BC.

Profile AB : {origin at A)

The amplitude profile 1s described by the function

n!
a = sn2m_— )
where a, n' and n have the same meaning described earlier.

Profile BC : (origin at B)
a = [s's] (6)

where
5! storey under consideration counted from B
total number of storeys above B.

o
n n
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In Fig. 1(b) and l(c) the signs are established from a study of computer solution.

The yse of above manual procedure is illustrated below in an examples

ILLUSTRATIVE EXAMPLE

Number of storeys (n) = 10
Bay width ' = 5m
teight of floor (h) = 3Z2m
Column size = .4 x 0.6m
Beam size = 0.3m x 0.65m
Weight of each floor in a frame = 386.5 kN
Spacing = 7.3 m 2
8 = 9.81 m/sec
number of bays = 2 2 2
Young's modulus (E) z 2,5 x 10" kN/m
‘ 2
_ 10 x_ 3365 . kN - sec
M = 9.31 = 393, 985 —F——
K = mi2Em
where m equal to number of columns 1n a frame.
St K s todxizx25x10” x5 x 0.6 x 0.67/3.2
= 1977539.06 kN/m
Subsututing M, K and nn Eq. (1)
T, 0.5934 sec (computer solution T1 = 0.5894% seq)
2m
T Tl_ = 10,588 rad/sec
Second mode frequency z Py = 2.98 x 10.588
= 31.552 rad/sec
T, = 312.;'52 = 0.1991 sec (computer solution T, = 0.1979 sec)
Third mode frequency = Ps = 4.89 x 10,588
= 51.775 rad/sec.
21 _ -
Ty = 31995 =~ 0.1213 sec. (computer solution T, = 0.1206 sec.}
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The amplitudes of the first, second the third modes computed usirig the proposed
equations are compared with the exact solutiorvin Table I. Using the above data,
the modal analysis was performed exactly along the lines given reference [3).
The example given in reference [3] was also reworked using the proposed method.
In Table 2 the shear values of the proposed method and computer solution for
the iliustration problem are furnished. In Table 3 the shear values obtatned by
the proposed method and using the computer ‘soiution for the problem of reference
[3] are giver. A perusal of all these results shows that the simplified procedure
proposed in the paper 1% quite efficacious for use In preliminary design.

SUMMARY

In reality tall concrete buildings behave like a shear building. Far computing
the modal pertods and amplitudes of such buildings a simpliftec method 1s proposed.
The prediction of the proposed method compares favourably well with the computer
solution. Because of 1ts simplicity, the method 1s switable for use In prehiminary
‘design and for checking the computer solution.
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TABLE 1 - Comparison of medal amplitudes by computer solution and the
proposed method

Fundamental Mode Second Mode Third Mode

Floor Computer Proposed Computer Propesed Computer Proposed
No. Solutton Method Solution Method Solution Method
i. 0.01047 0.01323 -0.03045 -0.03421 ~0.04764 -0.05716
2. 0. 02070 0.02153 -0.05478 ~0.05825 -0,.0689854 -0.05718
3. 0.03046 0.02874 -0.06812 -0.06842 -0.05386 0. 00000
4. 0.039583 0.03537 -0, 08780 -0.05825 -0.00307 0.05718
8. 0.04771 0.04181 -0.08387 =0.03421 0.04061 0.05716
6. 0.05481 0.04757 -0.02812 0.00000 0.085835 0. 00000
7. 0. 06086 0.05331 0.01481% 0.02257 0.059186 -0.01650
8. 0. 08515 0.05880 0.03178 0.03929 0.01800 =0. 03300
a9, 0.06815 0.06431 0.05567 0.05435 -0.03289 -0.04950
10. 0.08962 0. 06862 0.06842 0. 06842 -0.06600 -0. 06600
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TABLE - 2 Comparison of the proposed method sclution with the
computer results

Shear force V1 using modal analysis in KN

Computer solution

Proposed method

1. 52.08 §3.82

2. 49.73 49.87

3. 46.34 47.07

4, 42.94 43.085

8. 40,30 41.52

B. 36.00 38.20

7. 30.54 34.00

8. 24.88 27.30

9. 17.48 198,20

10. 8.69 8.7

TABLE - 3 Shear values of the problem given in reference [3)

Shear force V1 using modal analysls, in tons

Floor No Computer solution Proposed method
1. 283.8 308.5
2. 287.3 285.8
3. 273.8 279.3
4. 259.6 257.8
5. 248.0 239.9
6. 233.8 224.9
T. 224.3 216.9
8. 210.5 213.3
9. 192.5 207.7

10. 173.0 1686.4

11. 154.8 175.9

12. 131.7 149.4

13. 103.0 117.3

14. B69.0 79.8

18. 30.7 36.8
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Fig. 1: Different mode patterns. {(a) Mode 1 (b) Mode 2 (c) Mode 3



