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,.LES EFFETS DU VENT SUR LES EDIFICES ELEVES 

L'auteur examine l'etat actuel de la recherche effectuee en 
Amerique du Nord et en Amerique de Sud concernant la pre
vision du comportement des edifices eleves sous l'effet du 
vent, sous les rubriques suivantes: recherche meteorolo
gique concernant la structure du vent et le c1imat, essais a 
l'echelle naturelle, elaboration de techniques de soufflerie, 
formules de prevision simplifiees pour les effets des coups 
de vent. On insiste sur l~ necessite de cooperer a l'accurnu
lationet a l'applicationdes donnees obtenues tant a l'echelle 
naturelle que dans les souffleries. La bibliographie compte 
plus de quarante publications des dixdernieres annees, par 
ordre chronologique sous chacune des quatre rubriques 
principales. 
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1. INTRODUCTION 

The current status of research in North and South AInerica relevant to 
the prediction of tall building behavior in response to wind is reviewed under 
four main headings: 

Meteorological research - wind structure and climate 
Full-scale investigations of wind action on tall buildings 
Development of wind tunnel techniques for building aerodynamics 
Simplified theoretical models of wind effects on tall buildings. 

1.1 RELEVANCE OF RESEARCH TO DESIGN 

The se four aspects of research on the effects of wind on buildings re
present the main links in the chain of reasoning by which one attempts to connect 
design predictions to actual behavior of prototype structures in real wind. 
Although each of the four links plays a major role in making a satisfactory design 
decision, the writers of this report have, in their opinion, discussed them in 
decreasing order of urgency with respect to need for additional research and 
collection of data. 

Limited knowledge of wind structure within cities and its relation to 
meteorological data commonly recorded by weather stations at airports and of 
the effects of local topography, including the influence of particular groupings of 
buildings, appears to be the weakest of the links. The interdependence of all 
four areas makes progress in anyone area difficult without corresponding 
advances in the others. This suggests the wisdom of a balanced approach to 
research, and points to a need for more effort in establishing the characteristics 
of wind structure in citie s. 
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L 2 COLLECTING, COLLATING, AND SHARING OF DATA ON FULL-SCALE 
BUILDINGS 

- -

A s'e'l':oIid important limitation to unde r standing actual wind -induced 
phenomena is the scarcity of detailed field records taken on prototype buildings -
of surface pressures, structural strains, and building movements. According 
to a recent survey, several projects are either underway or in the detailed plan
ning stage, which should provide considerable new data over the next three or 
four years. The potential benefits from these data can be realized only if they 
are made readily available to various workers in all of the afore -mentioned 
research areas. Those who responded to the survey questionnaire indicated 
willingness to cooperate, and in the writers' view, it is very important to ensure 
that effective means of communication are maintained, 

1. 3 COOPERATION IN THE DEVELOPMENT OF WIND TUNNEL TECHNIQUES 

Much of the wind tunnel testing now being done involves specific projects 
on a contract basis and it is sometimes difficult to make the resulting reports 
generally available because of their proprietary nature. They often provide 
valuable cinformation of a general nature which, if shared with other research 
workers, would accelerate improvement in wind tunnel techniques. 

1.4 BIBLIOGRAPHIC REFERENCES 

References selected as representati.ve of recent research developments in 
North and South America are listed chronologically in each of four sections, 
corresponding to the four main headings. In the following, main points from the 
references have been a-'sembled to give a brief, over-all review. 

2. METEOROLOGICAL RESEARCH - WIND 

STRUC TU RE AND C LIMAT E 

The variability of wind speed and direction at a given location involves 
two vastly different time scales: there is a peak of energy at a period of four 
days, usually a pronounced gap centered approximately at half an hour, and 
another energy peak at a period of one minute or'less. The low-frequency peak 
is related to synoptic, or large-scale, weather disturbances which show up on a 
weather map as high or-low pressure areas movin~ slowly across a whole conti
nent, on average once every four days or so. The high-frequency peak is caused 
by the fluctuations about the average wind velocity during a particular storm. In 
strong winds (except possibly for local squalls or tornadoes) these fluctuations 
(turbulence) are of a mechanical rather than thermal origin and result mainly 
froITl drag. (3,4,5,6) 

. 
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FIG. 1: SEVEN-FOOT SPIRES AND SIX-INCH CUBE ROUGHNESS-GRID 
INSTALLED IN THE 30-FOOT SQUARE HORKING SECTION OF 
THE CANADIAN NATIONALAERONAllTICAL ESTABLISHMENT'S 
WIND TUNNEL TO PRODUCE f\ SCALED TURBULENT SHEARED 
FLOW TO SIMULATE WIND OVER A t10DEL CITY, 

FIG. 2 INTERIOR OF BOUNDARY LAYER WIND TUNNEL LABORATORY AT THE 
UNIVERSITY OF I'IESTERfl ONTARIO IHTII .1 :LIOO Mom::L OF TilE 
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40. Leutheusser, H.J. 
STATIC WIND LOADING OF GROUPED BUILDINGS, Meeting preprint 

for Third International Conference on Wind Effects, Tokyo, 
. September 1971, p. 9. 

41. Standen, N.M., et al 
A WIND TUNNEL AND FULL-SCALE STUDY OF TURBULENT WIND 

PRESSURES ON A TALL BUILDING, Meeting preprint for Third 
International Conference on Wind Effects, Tokyo, September 1971, 
p. 10. 

HlviPLIFIED THEORETICAL MODELS OF WIND EFFECTS ON TALL BUILDINGS 

12. Davenport, A. G. 
THE APPLICATION OF STATISTICAL CONCEPTS TO THE. WIND 

LOADING OF STRUCTURES, Proceedings, Institution of Civil 
Engineers, Vol. 19, August 1961, p. 449-473. 

l3. Davenport, A.G. 
GUST LOADING FACTORS, Proceedings, ASCE, Journal of Structural 

Division, Vol 93, No. ST3, June 1967, p. 11-34. 

i4. Vellozzi, J. and Cohen, E. 
GUST RESPONSE FACTORS, Proceedings, ASCE, Journal of Structural 

Division, Vol. 94, No. ST6, June 1968, p. 1295-1312. 

is. Vickery, B. J. and Davenport, A. G. 
A COMPARISON OF THEORETICAL AND EXPERIMENTAL 

DETERMINATION OF THE RESPONSE OF ELASTIC STR;UCTURES 
TO TURBULENT FLOW, Proceedings, Second International 
Conference on Wind Effects on Buildings and Structures, Ottawa, 1967. 
University of Toronto Press, 1968, p. 705-738. 

46. Vickery, B.J. 
ON THE RELIABILITY OF GUST LOADING FACTORS, Proceedings, 

Technical Meeting Concerning Wind Loads on Buildings and 
Structures (National Bureau of Standards, January 1969), Building 
Science Series 30, Washington, D.C., November 1970, p. 93-104. 

17. Roshko, A. (Secretary to the Conference) 
WIND LOADS ON STRUCTURES, Summary Report on a Conference held 

at the California Institute of Technology, Pasadena, California, 
July, 1971. 

Severe local storms such as tornadoes, although having some statistical 
influence on the climatological records on which design wind speeds are based, 
pose special difficulties because of their short time duration, small spatial 
extent, and wide range of maximum forces. Some tentative estimates of maxi
mum speeds in tornadoes have been made (1,2,10) and the tempo of research has 
picked up remarkably in the last few years.(ll) As population growth causes" 
urban areas to expand, the probability of losses due to tornado strikes increases· 
and these losses can run into several hundreds of millions of dollars. The 
Lubbock tornado of 11 May 1970 provides one recent example, in which a twenty- . 
story building received extensive structural as well as superficial damage, and 
in which another tall building experienced heavy financial losses mainly due to 
cladding damage. (13,14,15) Laboratory simulation of tornado forces has been 
carried out, with the development of promising techniques to aid in their study. (l~ 

The two main features of the structure of the wind in the earth's boundary 
layer (from the ground surface up to 1000 to 2000 feet) are the mean velocity 
profile and the turbulence properties, both of which are mainly dependent on the 
relative roughness of the ground surface for a distance of approximately one -to 
four miles upwind of the site in question. 

The existence of the so-called spectral gap separating the two scales of 
variability in wind velocity was instrumental in the development of design 
procedures for predicting wind effects on structures. First, mean wind velocity 
can be defined as .an average over 5 minutes to an hour. preferably 10 to 30 
minutes, and theory can be used to predict probabilities of recurrence of given 
mean velocity levels, based either on the total population of mean speeds or on.a ~ 

much smaller subset of yearly or monthly extreme mean winds. (7, 12) Second, 
the properties of the mean wind, in terms of its horizontal velocity variation with 
height above ground and of the amplitudes of turbulent fluctuations relative to the 
mean velocity, can be estimated as a function of the roughness of. the. terrain 
surrounding the building site. 

The wind conditions thus specified reflect the nature of the location (for 
example, lakeshore, rolling country, city center) as well as the geographical 
variations of climate. For tall buildings, the separation into mean wind and 
superimposed turbulence facilitates evaluation of dynamic response of the struc
ture to the unsteady loading produced by turbulent wind. (8,9,16,17) 

A significant recent advance in structural design is the recognition of the 
damaging effects of repeated loading. Experience suggests that unserviceability 
of tall, slender structures is more likely to result hom some effect of recurring 
loading than from a single application of an exceptionally large load. Possible 
effects include excessive deflections, fatigue damage, and excessive building 
motion. 

In ordiir' to predict the expected number of occurrences per unit of time at 
any given leve'l of !lxcitation (stress, defl~ction, acceleration, wl.Dd speed at 
street level), it is significant to note that, first, maximwn 're~l?onses tend to be 
clustered within bursts during a storm, and second, the bursts 'themselves are 

~ . , 
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clustered within storms if one considers the whole time history of building 
behavior. (18) This suggests that the assumption of a stationary Gaussian process 
to represent the response of the structure to wind"excitation may require SOIne 

modification or refinement to improve design predictions of peak load effects. 

A further refinement that is employed in current consultative work in this 
field is to treat combinations of loading through the use of interaction diagrams. 
For eXaITlple, under actual wind loading, a column may be forced to resist bending 
about two axes rather than one and this involves knowing the interaction of simul
taneous building displacements in the along-wind and the cross-wind directions. 
Although a systematic approach is available for the utilization of vdnd data in the 
design process, there is a very definite need for more information on wind climate 
in city centers where field measurements are inherently difficult. Another 
important problem is the effect of surface roughness discontinuities on wind 
structure. This is the subject of a field study recently initiated by the National 
Aeronautics Space Administration at Huntsville, AlabaITla. 

3. FULL - SCALE INVESTIGATIONS OF WIND 

ACTION ON TALL BUILDINGS 

The next step after wind conditions have been specified for the building site 
(wind structure, design levels for mean wind velocity and so on) is to determine 
the behavior of the building in response to the stated wind action. Although it is 
not generally practicable to gene rate sufficiently detailed information by full
scale investigations to satisfy the designer's needs, field tests play an essential 
role in providing information about a Ihnited set of wind conditions (moderate 
wind speeds, small range of wind directions) on a few specific buildings in 
particular topographic setting s. 

Such informationis used to aid the development of wind tunnel techniques 
for simulating real wind conditions and actual responses of prototype structures 
to that wind. Similarly, simplified theoretical models of the wind process can 
be checked by comparing the prediction of building behavior with field measure'
ments. 

The special" problems faced in making full-scale investigations include the 
need for various types of references against which to make measurements. 
Firstly, surface pressures on the building generally have to be measured with 
reference to a common internal pressure, which is unfortunately affected to 
varying degrees by the wind itself, chimney effect dUring cold weather"operation 
of the air-handling equipment in the building, and so on. (2,2) Secondly,~ to .' 
compare pressures measured Qn'the building with corre'sponding measurements on 
a mod~l, a link has to be e'stablished with the mean wind speed, or rath~r, the 
mean dynaITlic pressure, at some specified reference position. This is usually 
some point at or above the top of the building in line with the approaching flow. (23, 
24,2,5) 
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32,. Dave~port, A. G. and Isyumov, N. 
THE APPLICATION OF THE BOUNDARY LAYER WIND TUNNEL TO 

"THE PREDICTION OF WIND LOADING, Proceedings, Second 
Conference on Wind Effects on Buildings and Structures, Ottawa, 
1967. University of Toronto Press, 1968, p. 2,01-2.30. 

33. Parkinson, G. V. and Modi, V.J. 
RECENT RESEARCH ON WIND EFFECTS ON BLUFF TWO

DIMENSIONAL BODIES, Proceedings, Second Conference on Wind 
Effects on Buildings and Structures, Ottawa, 1967. University of 
Toronto Press, 1968, p. 485-513. 

34. J one s, G. W. 
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UNSTEADY LIFT FORCES GENERATED BY VORTEX SHEDDING ABOUT 
A LARGE STATIONARY AND OSCILLATING CYLINDER AT HIGH 
REYNOLD'S NUMBERS, Paper No. 68-FE-36, ASME Fluids 
Engineering Conference, Philadelphia, Pa., 6-9 May, 1968, p. 8. 

35. Surry, D. 
TURBULENCE IN A WIND TUNNEL AND ITS USE IN STUDYING THE 

TURBULENCE EFFECTS ON THE AERODYNAMICS OF A RIGID 
CIRCULAR CYLINDER, Proceedings, Second Conference on Wind 
Effects on Buildings and Structures, Ottawa, 1967. University of 
Toronto Press, 1968, p. 631-668. 

36. CaITlpbell, G.S. and Standen, N.M. 
PROGRESS REPORT II ON SIMULATION OF EARTH'S SURFACE WINDS 

BY ARTIFICIALLY THICKENED WIND TUNNEL BOUNDARY 
LA YERS, LTR-LA-37, National Aeronautical Establishment, Ottawa. 
Canada, July 1969. 

37. Ludwig, G.R. and SundaraITl, T.R. 
ON THE LABORATORY SIMULATION OF SMALL-SCALE ATMOSPHERIC 

TURBULENCE, Cornell Aero. Lab. Report No. VC-2,740-S-l, 
December 1969. 

38. Cermak, J.E. 
SEPARATION-INDUCED PRESSURE FLUCTUATIONS ON BUILDINGS, 

Paper presented at US-Japan Seminar Wind Loads on Structures, 
19-2,4 October 1970, University of Hawaii, p. 23. 

39. Cermak, J.E. and Sadeh, W. Z. 
WIND-TUNNEL SIMULATION OF WIND LOADING ON STRUCTURES, 

Meeting preprint 1417, ASCE National Structural Engineering 
Meeting, Baltimore, Md., 19-23 April, 1971, p. 29. 



24. Dalgliesh, W. A., et al 
WIND PRESSURE MEASUREMENTS ON. A FULL-SCALE HIGH-RISE 

OFFICE BUILDING, Proceedings, Second Conference on Wind Effects 
on Buildings and Structures, Ottawa, 1967. University of Toronto 
Press, 1968, p. 167-200. 

25. 'Dalgliesh, W. A. 
WIND PRESSURE MEASUREMENTS ON FULL-SCALE BUILDINGS, 

Proceedings, SyITlposiUIn on Wind Effects on High-Rise Buildings, 
Northwestern University, Evanston, Illinois, March 23, 1970, p.89-107. 

26. Wiss, J.F. and Curth, O.E. 
WIND DEFLECTIONS OF TALL CONCRETE FRAME BUILDINGS, 

Proceedings, ASCE, Journal of Structural Division, ST.7, July 1970, 
p. 1461-1480. 

27. Davenport, A.G., Hogan, M. and Vickery, B.J. 
AN ANALYSIS OF RECORDS OF WIND INDUCED BUILDING MOVEMENT 

AND COLUMN STRAIN TAKEN AT THE JOHN HANCOCK CENTER 
(CHICAGO), Research Report No. BLWT-IO-70, Faculty of Engineer
ing Science, University of Western Ontario, September 1970, p.28. 

28. Davenport, A.G. and Hogan, M. 
AN EVALUATION OF RECORDS OF WIND INDUCED BUILDING 

MOVEMENT IN THE 1000 LAKE SHORE PLAZA BUILDING 
(CHICAGO), University of Western Ontario, Faculty of Engineering 
Science, Research Report No. BLWT-3-71, February 1971, p. 32. 

29. Ward, H.S. 
SOME REASONS AND TECHNIQUES FOR MEASURING LARGE 

STRUCTURAL DISPLACEMENTS, The Engineering Journal, Vol. 54, 
No.6, June 1971, p. 14-21. 

DEVELOPMENT OF WIND TUNNEL TECH~IQUES FOR BUILDING AERO

DYNAMICS 

30. Blessmann, J. 
WIND EFFECTS ON BUILDINGS (EFEITOS DO VENTO EM 

CONSTRUCOES CIVIS) M. Sc. Thesis, Universidade do Rio Grande do 
SuI, Porto Alegre, 1964. 

31. Leutheusser, H. J. and Baines, W. D. 
SIMILITUDE PROBLEMS IN BUILDING AERODYNAMICS, Proceedings, 

ASCE, Journal of the Hydraulics Division, HY3, May 1967, p. 35-49. 

Building motion as represented by displacement of the top relative to the 
base would be an excellent parameter for comparison, but here again the diffi-· 
culty lies with the establisr"l'lent of a reference position. Various forms of 
seismic instruments have been employed, including velocity, acceleration, and 
displacement types involving a critically damped spring mass system, but all are 
responsive to tilt as well as to translation of the slab on which theyar'e'mount
ed. (20,2,1,26,27,28) One promising solution is to obtain direct meas~rements 
of displacement by the use of a beam of light transmitted from the building 
foundation to serve as a reference for a servo-controlled receiving device at the 
top of the building. (29) A disadvantage of this technique is that horizontal tem
perature gradients can produce apparent displacements because of changes in the 
refracti ve' index. Prototype instrUInents are under development for use in two or 
three field installations now being set up and preliminary results are very en
couraging. 

Very little correlation has been carried out between field data and 
corresponding data from wind tunnels, but any that has been done has generally 
yielded encouraging results. Power spectra of horizontal wind speeds and of 
wind pressures at various points on building surfaces of two different high-rise: 
buildings showed reasonable agreement between model and full-scale data. Mean 
and root-mean-square pressures have shown qualitative agreement (shape of 
pressure distribution) and in some cases quantitative agreement as well. 

There, are some indications of possible scaling effects involving the siz.es 
of s~all surface roughness features such as mullions on a building. Pressures 
at certain locations on a building surface seem to be affected, both in terms of 
mean and root-mean-square pressure levels. This leads to concern over the 
applicability of contemporary wind tunnel results for window glass and curtain 
wall cladding design. (41) 

Measurements of structural vibrations induced by wind permit eiltimates 
to be made of natural frequencies, mode shapes, and damping. AmplitUdes of 
vibration can also be deduced, but to determine even an approximately correct 
estimate for the deflection including the drift (displacement in response to gusts 
that are long relative to building period) is extremely difficult. Nevertheless, a 
few estimates have been made and both wind tunnel evaluations of structural 
response and calculations using simple theoretical models seem to be consistent 
with estimates bas~d on field measurements using accelerometers and seismo-_ .,., 
meters in tall buildings. 

In addition to the full- scale investigations reported in the bibliographic 
references, at least three other projects are in advanced stages of planning or 
instrUInentation as follows: Georgia Institute of TecIUiology, three buildings 
ranging from 290 f~et to 375 feet in downtown Atlanta ,!-re being instrUInented to 
record surface pres sures.' structural strains, building acceleration, velocities 
a:tid displacements, in addition to reference wind velocity; Escola de Engenharia 
'da UFRGS, Porto Alegre, Brazil, a 353-foot-high reinforced concrete building 
will be used to measure"displacement, acce~~~~ii~n, strain, surface pressures 
and refeJ;'ep~.e wind velocity; -Division of Building Resea.~ch, National Research 
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:ouncil of Canada, a 784-foot-high steel-frazne office tower is being instrumented 
to measure ,wind pres'sures at four levels, strain and reference wind velocity. 

4. DEVELOPMENT OF WIND TUNNEL TECHNIQUES FOR 

BUILDING AERODYNAMICS 

Although much development work has been done in the past ten years on 
specialized instrumentation, apparatus and technique s for studying wind effects 
on structures in the ear~h's s~rface boundary layer, the main portion pf aerody
rlaznic information used' by designers is still based on tests done in low-turbulence, 
'lniform-~elocity fields. Unfortunately, even under such supposedly reproducible 
:onditio,n's, ,sJgnihcant discrep'ancies have been discovered among comparable test 
result~' frOITl" different institutions. This fact underlines the necessity for a pains
:aking approach to the definition and fulfilment of modelling requirements. (30, 31, 
37) 

The major innovation required for studying the structural behavior of tall, 
~lender buildings is to model 'the approaching flow to achieve an appropriate scal
ing of wind structure, 'inpartiqlla,r the mean wind profile and the turbulence 
?roperties. Various techniques have been investigated to produce the required 
:urbulent shear flow, including curved screens, coarse grids, horizontal graded 
rods with increasing density near the tunnel floor, vertical spires, and others. (33, 
34,35,36,38,39) One of the, more pr9mising techniques has been the u~e of a 
:>oundary layer wind tunnel. A typical boundary layer wind tunnel has a long up
Nind section, the floor of' which is coated with roughness elements to develop a 
loundary layer with the desired scale properties and sufficient depth for testing 
,lUrposes by the time the working section is reached. (32) (See Figs. 1 - 4.) 

Th~' degree of succes,s achieved in simulating surface winds is gauged by 
comparing ,power, law profile" ~.xponents, velocity spectra, and scales and inten
sitie s of lurbule'ri'ce, with data gatheredin fie Id experiments. Usually it is 
itnplied that if certain fundaznental features of the flow coincide with field mea
surements, other properties of the flow that have not been compared also have a 
reasonable chan~e of being jnagreement. In fact, no definitive statement has yet 
been made as t~what constitutes a properly modelled shear flow to represent the 
entire atmospheric boundar)/' layer. ~n the case of a very rough terrain, such as 
the centre of a city, the building under consideration tends to be of comparable 
height to the roughness and it seems probable that some of the more theoretical 
requirements will be swamped by other considerations, for example, wake 
interference effects aznong the various members of a grouping of buildings. (40) 

Measurements on a model in a turbulent shear flow resemble field 
measurements more closely than do smooth flow studies and generally it is 'con
duded that the fluctuating effects of wind cannot be ignored. 

A wind tunnel study of a tall, slender, office tower involves at least two or 
three phases. In one, a partial aero-elastic model, usually with only two degrees 

',0 
SOA 3 REVIEW: NORTH AND SOUTH AMERICA 393 

16. FichU, G. H., et al 
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Technical Meeting Concerning Wind Loads on Buildings and Structures 
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17. Teunissen, H. W. 
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Structural Engineering Meeting, Baltimore, Md., April 19-23, 1971., 

19. Chang, C. C. 
TORNADO WIND E}fFECTS ON BUILDINGS AND STRUCTURES WITH 

LABORATORY SIMULATION, Paper II-6, Third International 
Conference on Wind Effects on Buildings and Structures, Tokyo, 6-11 
Sept. 1971, Tokyo. 

FULL-SCALE INVESTIGATIONS OF WIND ACTION ON TALL BUILDINGS 

20. Hudson, D. E., et al 
A NEW METHOD FOR THE MEASUREMENT OF NATURAL PERIODS 

OF BUILDINGS, Bull. Seismological Society of America, Vol. 54, 
No. I, February 1964. 

21. Ward, H. S. and Crawford, R. 
WIND-INDUCED VIBRATIONS AND BUILDING MODES, Bull.Seismologi
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23. Tamura, G. T. and Wilson, A. G. 
PRESSURE DIFFERENCES CAUSED BY WIND ON TWO TALL 

BUILDINGS, Transactions, American Society of Heating, Refrigerating 
and Airconditioning Engineers, Vol. 74, Part II, 1968, p. 170-181. 
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of freedoITl, is tested, since ITlost of the building response to strong winds is 
usually confined to the fundam,ental ITlode. Para=ete'rs .such as instantaneous 
bending ITloITlent, or tip deflections in the x- and y-directions are recorded for a 
range of wind speeds, directions, building frequencies and daITlping to obtain 
design parameters for the structure as a whole. 

,IJ} 

.. A second distinct phase of wind tunnel testing tQ. assist in the design process, 
involves a rigid, pressure-tapped ITlodel. This ITlodel is used to deterITline the 
envelope of ITlaxiITluITl positive and negative pressures over the building surfaces 
for the whole range of possible wind directions for use in the design of glass and 
cladding. 

Research is just beginning into the details of pressure patterns over build
ing surfaces. It appears that ITlodelling rules ITlay need further refineITlent, and 
that scaling effects ITlay occur in relation to flows along a building surface. One 
possible outcOITle of such investigations ITlay be the use of a different length scale 
for surface details such as ITlullions than for the building as a whole. The inter
action of turbulence in the oncoITling flow with the turbulence and flow distortion 
produced on the building surface at separation and reattachtnent lines h~s yJt to be'· 
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explored, but there are indications of significant 'increases in the severity of 
surface pressure fluctuations. (38, 41) 
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A third iITlportant aspect to the probleITl of synthesizing design data is the 
integration of aerodyna=ic coefficients with ITleteorological inforITlation. qIten a 
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ITlodel of extreITlely sITlall scale is tested to perITlit a correlation to be ~ade 
between wind structure at the site and wind structure at the nea:rest ITleteorological 
station. Local topographical features ITlay result in sizable ITlodifications in wind,'.· , .. 
velocity and turbulence characteristics. ' .' 

A further refineITlent becoITles possible if enough cliITlatological data are 
available to define the probability distribution of wind speed as a function of 
direction; in cOITlputing the probability Of exceeding a given response (say, tip 
deflection), the directional properties of both the structure and the wind for the 
site can be taken into account. In general, structural response depends on the 
angle of attack of the wind. This dependenc~ can arise either froITl a variation of 
structural properties such as stiffness or daITlping'or froITl the variation of aero
dyna=ic effects (surface pressures, vortex shedding, ae'rodynaITlic damping, etc.) 
as a function of winp. direction. As far as the wind itself is concerned, cliITlato
logical evidence coupled with a knowledge of local topographical effects ITlight 
perITlit a ITlore accurate asse'SSITlent of risk levels for the attainITlent of a given 
wind force by taking prevailing strong wind ·directions into aecount instead of taking 
the ITlost critical direction for each design'aspect regardless of the ~educed 
probability of the cOITlbination of a strong win~ and a particulAr wind, direction. 
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5. SIMPLIFIED THEORETICAL MODELS OF WIND 

EFFECTS ON TALL BUILDINGS 

Analytical methods based on the same statistical concepts that are basic to 
the wind tunnel approach have been developed to compute the structural response of 
tall, slender structures. (42,43,44) These methods make use of available field 
data on wind structure. and comparisons of measurements in wind tunnels and on 
real buildings with analytical predictions have shown satisfactory agJ'eement. 

The basis for the simplified analytical approach is to consider the wind 
loading to be a stationary Gaussian process for which the mean ana variance of 
the approaching wind can be obtained. along with estimates of the correlation, 
between any two points on the structure as a function of the distance between them. 
The power spectrum of the input loading is calculated as the product of the spec
trUIn of the free wind velocity and a transfer function (called aerodynamic 
adlnittance) appropriate for the building in question. The spectrum of the output 
parameter of i.nterest, say tip displacelnent, is then found by Inultiplying the input 
loading spectrum by the Inechanical admittance of the structure (the dynamic 
amplification as a function of frequency). The area under the output spectrum then 
gives the variance of the output parameter, so that both the mean and variance are 
defined. This allows an estimate to be made, for example, of the expected maxi
Inum deflection during a storm of a given duration. (45,46) The result is usually 
expressed as a gust loading factor to be multiplied by the mean loading to give the 
equivalent static design value. 

These simplified analytical procedures for assessing the contribution of 
wind turbulence to building response are in the latest editions of building codes in 
~h Canada and the United States. Unfortunately, there is as yet no similarly 
satisfactory extension for use in cladding design that takes into account the effects 
of turbulence on local pressures. This is largely due to the complexity of local 
pressure fluctuations generated by flow separation and reattachment over the 
surfaces of a building. 

6. CONCLUDING REMARKS 

The advanc.es achieved in the past ten years have been remarkable not only 
in terms of a better understanding of wind phenomena, but also in terms of re
fined design Inethods an.d more sophisticated design criteria. In other words, not 
only has knowledge been acquired, it has been put to work in design and construc
tion practices. The amount and ~xtent of pertinent research is increasing, so 
~uch so that there is now a serious need to provide for coordination of efforts and 
sharing of results among researchers in a given area and from one area to another. 

Recognizing the. need for coordination and organization of research efforts, 
the National Science Foundation of the United States sponsored a conference at 
Pasadena, California in December, 1970 which resulted in the form.ation of the 
Wind Engineering Research Council. (47) The main conclusions drawn at this 
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conference stressed the desirability of a) interdisciplinary approaches (atJ'uctural 
engineers, aerodynamicists, and meteorologists), b) meteorological studies 
directly rt!lated to engineering needs rather than forecasting type problems, with 
emphasis on studies of strong winds, statistical aspects and topographical in
fluences, c) documentation of correlations between model and full-scale research 
as well a's "standard building model" comparative testing among different wind 
tunnel facilities, d) long-term studies on full-scale structures for the purpose of 
establishing probability distributions of extreme loads and evaluating the effects of 
repeated loads, and e) the free and timely distribution of test data, both model and 
prototype. 
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