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SYNOPSIS
The paper approaches gust effects.of wind aon tall structures in a
deterministic mamner in the analogy of earthquake analysis. Equivalent
single degree structures are conceived common to earthquake and wind loads
for numerieal integration, as well as foar modal analysis. A specifiec
forece response spectrum for wind effects 1s presented. Results of analy-
tical case study on structures by numeriecal integration are presented.
INTRODUCTION

Structures are subject by earthquakes to inertia forces which are
a function of their masses while wind imposes external farces which are a
function of the structural foarms. Dynamic wind effects on structures fall
under two major categories, viz, self excited vilbrations and forced
vibrations. Self excited vibrations conmsist -of galloping, torsional -
flwtter and coupled flutter and bulldings are not knmown to be sensitive to
these modes of vibrations. The more common and important type of forced
vibration on buildings is the "in-line gust excitation" in the direction
of the wind. A second type-of farced vibration, the Karman vartex exeita-
tion, in the direection perpendicular to the wind is not significant in the
narmal designs of tall structures. Statistical methods-[2,4,5] -are
available for the probabilistic response analysis of the .in-line gust
effects on structures. The methods assume the mode shapes to be linear
and the maximm response as a function of statistical mean response. With
these methods, the response €fects caused by different patterns of foreing
functions remain the same as long as the overall statistical properties of
the foreing functions are idenmtical. For a rigarcus and physically exact
apalysis, deterministie methods using time dependent dynamic loading
patterns of wind functions and exact dynamic structural properties inclu-
ding mode shapes are to be resorted to. Some work on deterministic
apalysis using pseudo wind records has been reparted [1]1 . The present
wark makes use of the analogy of deterministic earthquake response

sis and the actual anemographic recards (vide pe3l of Ref.4 for a
typical pattern) as foreing functions.

RETURN PERIODS, WIND PROFILE AND FORCES

Extrems probability graphs (vide p.59-of Ref.4) amalysed from
metearological wind data are available far U.K. and U.S.A. The graphs
aid in the selection of the maximum wind speed that will not be exceeded
in a structure's life time within a specified limit of caloulated risk.
The extreme probabllity graphs of annual extreme wind speeds analysed in
this work from the data of a net work of meteorological stations in South
India are given in Fig.l. Wind veloecity increases with the height above
ground level and the profile follows a power-law depending upon the type
of ground surface. Power-law exponent values and gradient heights for
three broad groups of surfaces are given in Ref.2. In the building
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represented in Fig.2, the wind velocity V4 at & variable height Zz is given

a
by (Vx / V)= (Zx / Zl) , where the suffix 1 represents the values at

the height at which the anemometer is installed and a, the power law
exponent, taking values of 0.16, 0.28 and 0.40 for almost open terrainm,
residential subwrbs or towns and centrg of large cities respectively. The
wind pregsure Py at height iy is ‘jé BV, vhere m is the mss density of

air. Taking into account G, , the cosfficient of drag in fluctuating wind,
the farce on the building surface between heights H, and H; by integration
Thus, the wind force acting at each mess level can be dstermined.

Far & SIF system, acted upon by a time dependent forcing function F(Q)

with Q as time variable, the response farce Ft on the structure at time ¢
is glven byt Fy =G US)  ...(2) where

t
= (n®
<]

damped and damped natural frequemncies of the structure and z is the coeffi-
cient of criticel damping, zeta. If Pi(q) in equation (3) is replaced by a
constant unit force, the resultant value of Sp is defined as SRF, the speci-
fic response force. Fig.3 represents graphically the specific response
force inte e The algetraic sum of the areas under the Sin curve mlti-
plied by p~ / pq will give the value of SRF. The curve consists of the
shaded current half period influence and the past influence of all the
previous half periods whoses net area will be negative. HNeglecting oardinates
less than 003 of the curve in Fige3, the significant past influence time
far zeta values 005, <01, «02, «05, ¢10, «20, <30 and .40 are respectively
755, 385, 181, 97, 57, 53, 17 and 9 quarter periods of the structure.
Calculations reveal that the SEF value is not de nt on the period but
is influenced by the zeta velue. The current period SRF values far
the above zeta values are respectively 1.984, 1.969, 1,939, 1.854, 1.730,
1,525, 1,362 and 1,240 respectively and for Zero damping, the value is 2.0.
The respective past influence SRF are -0,984, ~0.969, -0.939, -0.854,
407&, -00525, ‘00562’ -0.240 &ld -1.00 The m m over tm mge
of seta from O.to 0.4 has been presented in Fig.4. The spectrum serves as
an influence line. The errar involved in adopting a less duration of

past influence than the significant duration bas also been plotted in the
spectrum. Ags an illustration, the anemogram for Madras Farecasting

office far 20 = 11 -~ 1960 is considered for a structure whose 3 = 02 &
fundamental period = 4 secs and consequently the significant past influ-
ence duration = 181 secs. The meximm wind pressure is 104 kg/m° and it
ocewred at 15,06 Hrs, Positioning the peak pressure (P,) on cwrrent

half period and the portion immediately preceding the peak over the
past influence (vide Fig.5) , the average value of the immediately
preoodingwindpatternformlseca(rp)=8kg/n. From SEF spectrum,

carrent response = 1,939 and past influence = -0.959. Hence sz 104

(1.939) - 8(0.939) = 197.03 kg/m2 + The dynamic magnification is 197.08/
104 = 1.89. The maximum wind pressures (kg/m?) from anemograms of South
Indian stations are Madras F.0., 20-11-1960, 104 (Pc) > 8(Pp) s RS0 m(Zl),
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1952 (reccards date back to); Madras Harbowr, 25-6-1974, 127, 1.5, 35.0,
1962; Tiruchirapalli, 28-5-1967, 106, 9.0, 17.2, 1965; Begumpet, 15-5-1971,
120, 2, 18.5, 1954; mmay 2-2-1969, 53, 4, 19.2, 1%53 mlwa’
9"12.1%5, 56’ 2, 16.0’ 1964; vatm, 3“1.-1“8’ 89’ 1.1, 9‘1’ 19“.
Substitution of the valye of S, in Eqn.(2) will yield the mmximum response
force. The design force may be determined comsidering ths return period
factor and the permissible load factor.

MULTILEGREE OF FREEDOM SYSTEMS

Multistoreyed building masses are lumped at the floor and roof levels.
The corresponding input -forces at the mass levels are determined from Eqn.
1., Equivalent single degree structures (ESDS) are conceived commom to
Barthquake and Wind apalysis. The expressious far effective mass (),) ,
effoctive stiffness (Kg) and radius of partieipstion (Rg) remmin the same
as in Eqns. 2,5 & 7 of Ref.(5). The relevant notations used my also be
seen in Ref.(5). The effective force input fq = T 5 / R, Vvhere f is the
inpat force vectore e.e(4). - - -

Fig.6 indicates the ingredients of -the deberministic approach for
wind response analysis of structures. Aero interaction and asrodynamic
mgnification are taken care of by Cp in Eqn.l. Dynamic magnification is
taken care of by the rigaorous mumeriocal integration perfarmed on the ESDS
of all the modes or by the dynamic magnification factor (DMF) in the
response spectrum amalysis. With the SRF spectrum technique, X x, = (DF)
Cp £, ++(5)s The displacement x; &t floar leveliis obtained frod

xy /z. = 51 / R, eee(8)s The spectrum response values of all modes are

then combined by the method of square rooct of sum of squares. Fig.b
111lustrates & typical wind farcing function adopted in mumerical integra-
tion technique. The overall procedure remains the same as for
L3], except far minor modifications outlined here. It is idealised that
the foreing function shapes are identical at all mss levels but the values
vary as per power law for wind velocities. At mass levels, the farce
input takes narmalised form carresponding to unit pressure at reference
point (anemometer installation). The wind pressure PJ.(Q) at the anemo-
meter installation is adopted as the forcing function. At every time step,
the input narmelised effective farce is multiplied with the pressure at
the reference point and coefficlent of dreag. A hypothetical ground acce-
leration is defined as the megative value of foarcing function divided by
the effective mass of ESDS. With these amendments the computations are
done adopting the earthquake response analysis programme using equivalent
le degree structures [31. For a cass study, the TV tower, Madras
(176 m) and the Central Govt. office building, Caleutta (22 storeyed) were
apalysed for the Madras harbowr wind of 25-6-1974 using Cp values of 3.35
and 1.25 respectively. The Incometax building, Madras (9 stareys) was
analysed far Madras F.O. wind of 20-11-1960 with Cp value of 0.9. Alter-

nate calculations as per I.S. Code 875-1974 were also done. The rigarous
numerical integration was also compsred with response values as per SRF
spectrum,

Fig.7 depicts the effective mrsses &nd effective forces of the two
buildings, e about 80% of the effective mass is concentrated on the
first mode, over 90% of the effective foarce is concentrated on the first
mode. The sum of the effective masses is equal to the total starey
masses and the sum of the effective forces is equal to the total input
forces. The effective mass is & measure of the earthquake emergy absarbed

- By each mode and effective force, the wind energy absarbed. They there-
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fore indicate the significant modes far esrthquake response and wind response
respectively.

Constant damping coefficients was adopted in mumeriecal integration for
a direct comparison with the SRF spectrum method., Fig.8 indicates the
response of the three structures by numerical integration. Most of the
response displacement is concentrated on the fundamental mode. As regards
respanse forces, the adoption of the fundemsntal mode value alone will not
result in any significant error in the total responses for use in structu-
ral designs unlike earthquake designs where the first few modes of response
forces are significant 31 . Fig. 9 would indicate that the displacements
and response forces as per dynamic analysis sre far mare than I.S. code
provisions (875-1974). For I.T. office building, wind response as per IS
code is -nil. The -case study indicated that there is a good tally of
response values between the SRF spectrum method and rumerical integration
using stepped functions of average wind foarces. These results are also in
fair agreement with mumerical imtegration using fluctuating short period
waves -1deelised from the anemogram patterns. The agreement bwetwsen the
two methods establishes that the SRF spectrum method is an effective tool
for dynamic response apalysis against wind farees. For wind, higher mode
contributions are insignificant and hence the response spectrum technique
is more potential than for earthquakes.

CONCLUSIONS

Dymanmic properties of a structure remain unaltered, irrespective of
the type of external forcing function. The equivalent single degree
structure conceived in the peper preserves the physical scales and provides
meaningful values. A classical mode superposition approach is possible
for wind analysis by nmumerical integration and also by response spectrum as
in the ocase of earthquake analysis., Effective masses for earthquake and
effective forces for wind indicate the significant modes. For wind, first
mode mostly contributes the response forces. The I.S. code provisions far
wind analysis would require a review. It is recommsnded that the code be
revised in a rational manner with provisions for coefficient of drag,
velocity variations with height, return period factor and computations of
mﬁc effects.
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DISCUSSION

P.V. Rao (India)

The unsteady component of wind force in wind direction is
caused by turbulence in wind and by a cyclone due to pressure
gradient in it. It is customary to include these effects in
the computation of the total wind force acting on the struc-
ture while the lateral vibrations caused by vortex shedding are
important in dynamic analysis. The reported failures of towers
and bridges in the past support this approach rather than the
'in-line excitation' considered by the authors as more impor-
tant than the lateral vibrations. The authors may clarify
this point.
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