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Summary 

Recent experience with wind-induced glass breakage in high-rise office towers has 
demonstrated the diificulty of pin-pointing potential problem areas on a building and henc 
the need for a better understanding of the magnitude and nature of cladding loads. 

Results of surface wind pressure measurements made simultaneously at 32 points on a 
57-storey office tower in Toronto are reported. In addition to readings taken at 1h-second 
intervals during high winds, mean and root-mean-square pressures were recorded for a 
5-minute interval once each hour, and pressure coefficients referred to the free stream 
dynamic pressure at 286 m were computed for comparison with wind tunnel test informa­
tion which was used in the design of the cladding. 

Introduction 

Recent occurrences of wind-induced glass breakage in high-rise office 
towers [ 1, 2, 3] have emphasized the need for a better understanding of the 
magnitude and nature of cladding loads and for increased ability in pin­
pointing potential problem areas on a building, Wind tunnel studies on scale 
models are an important source of cladding design information but it is equall 
important to acquire meac;urements from full-scale buildings to verify the 
general applicability of the wind tunnel data to practical design situations. 

In this paper, results of surface wind pressure measurements made simul­
taneously at 32 points on a 57 -storey office tower in Toronto are reported. 
Readings were taken at 1h-second intervals during high winds and, in addition, 
mean and root-mean-square (r.m.s.) pressures were recorded for c:. 5-minute 
interval once each hour. Pressure coefficients referred to the free stream 
dynamic pressure at 286 m have been computed for comparison with wind 
tunnel test information which was used in the design of the cladding. 

• Paper presented at the Symposium on Full-Scale Measurements of Wind Effects on Tall 
B1.1ilding1 and Other Stru.ctures, University of Wes tern Ontario, 23-29 June 197 4. 
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Wind load design for cladding and structure 

Wind pressures on cladding are generally different from those experienced 
by the structure, particularly in high-ris~ buildings. The differences arise 
because the wind-induced pressures on building surfaces are both non-uniform 
in space and unsteady with time and because the size and dynamic properties 
of cladding panels differ from those of the structural frame. On the one hand, 
pressures that produce a load on a structure are averaged over a much larger 
area than those on a single window or spandrel panel; on the other hand, there 
can be dynamic amplification of those fluctuations in the flow that correspond 
approximately to the natural frequencies of the building. Although occasionally 
rapid fluctuations can be generated, e.g., by vortex shedding around some 
small obstruction to flow, in general the bulk of the turbulent energy in wind 
occurs at frequencies that are even lower than the lowest natural frequencies 
of the structure as a whole. Except in rare cases, therefore, dynamic response 
is not likely to have a significant effect on cladding, but for tall slender 
buildings it is usually important in determining wind loading on a structure. 

Calculating wind pressures for cladding design 

Wind action on structures and cladding, although actually dynamic in 
nature, is reduced for design purposes to a problem in statics by multiplying 
a time-averaged reference wind pressure by a "gust effect" factor. In its 
simplest form, the gust effect factor is a constant value considered appropriate 
for a large range of conditions. In the National Building Code of Canada, for 
example, values of 2.0 for structure and 2.5 for cladding are used in conjunction 
with a reference wind pressure averaged over 1 hour [ 4] . 

A more sophisticated procedure is required by the Code for tall slender 
buildings; the commentary on wind loads contained in Supplement No. 4 [5] 
to the Code outlines a detailed procedure for calculating a gust effect factor 
for a structure. It takes account of the turbulence characteristics of approaching 
winds as well as the size and dynamic properties of a structure. 

Although the detailed procedure gives reasonable guidance for the dynamic 
effect of wind on a structure as a whole, it was not expected that it would be 
applied to cladding except in certain specific situations. Wind pressure fluctu­
ations on cladding result from fluctuations, not only in wind speed, but also 
in wind direction. Both variations are implicit in the term "wind turbulence", 
but the gust effect factor calculated by the detailed method deals explicitly 
only with fluctuations in speed. Fluctuations in wind direction appear to 
have a greater influence on local pressures than on the effective loading of 
the structure as a whole and, as a result, detailed information for cladding . 
design is more difficult to obtain. 

Fig. 1. Commerce Court Tower from the south; (south-west relative to building axis 
description). 

Wind pressure measurements on buildings 

Wind pressure design information for a specific building is often deriv 
from wind tunnel tests. Both cladding and structure can be dealt with ir 
way. If the structure, its immediate environment, and the characteristici 



the approaching flow are correctly modelled, the experimental approach 
should give dependable results. Wind pressure measurements on full-scale 
buildings can provide essential information about the conditions to be 

·~ 

modelled as well as a check on the applicability of wind tunnel data to practical 
design situations. 

Members of the Division of Building Research began making field measure­
ments on high-rise buildings in 1964. After studying two buildings in Montreal, 
one 34 storeys [6, 7] and the other 46 storeys [8], they instrumented a 57-
storey office tower, the Commerce Court building, in Toronto. This building, 
36 m by 70 m by 239 m in height, is at the time of writing the tallest office 
building in Canada and the second tallest in the world outside of the United 
States (Fig. 1). The wind load design was based on model tests performed in 
the turbulent boundary layer wind tunnel at the University of Western 
Ontario [9], and so with the co-operation of the architectural, structural and 
wind tunnel consultants, a comparison can be made between model and full­
scale pressure coefficients for specific points on the building surfaces. 

Instrumentation 
The following are the essentials of the instrumentation used for estimating 

mean and r.m.s. pressure coefficients of the Commerce Court.building: 
(a) 12 holes on each of 4 levels drilled through sill units of 12 wini:lows 

(2 on each of the narrow walls and 4 on the long walls); 
(b) 32 (of a possible 48) differential pressure transducers with a range of 

± 960 pascals; 
(c) a common internal reference pressure, that of the recording room on 

the 33rd floor; 
(d) a three-cup anemometer and vane (U-2A, Canadian Meteorological 

Service) mounted on a radio mast 286 m above street level; and 
(e) a computer-controlled data acquisition system recording digitally on 

magnetic tape. 

Sampling and recording 
Full-scale pressure coefficients were computed from 5-minute mean and 

r.m.s. pressure differences recorded hourly (with some unavoidable gaps) 
over the period from January 1973 to January 1974. During each hour for 
which records were available, mean and r.m.s. values for each sensor for that 
5-minute period having the highest average wind speed, as well as for the 5 
minutes at the end of the hour, were recorded. The sampling rate for each 
sensor was 0.5 seconds or a total of 600 samples per 5-minute period. 

Mean pressure coefficients 
Mean pressure coefficients were obtained from the 5-minute averages in two 

stages. First, the total wind effect on the pressure difference between the 
internal reference and the external surface tap was separated from the effects 
of temperature and mechanical equipment operation by linear regression 
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analysis using the reference dynamic wind pressure at the 286-m level (also 
averaged over 5 mibutes) as the independent variable. Second, the total wind 
effect was separated into an external and an internal pressure coefficient by 
arbitrarily setting the external pressure coefficient of one external tap, 
located in the wake region, equal to the average value for that tap as determint 
in the wind tunnel experiments. The tap chosen was located as close as possibl 
to the centre of the east, south, west or north wall (depending on wind 
direction) at approximately two-thirds the height of the building. 

Fluctuating pressure coefficients 
The r.m.s. pressure coefficients presented less difficulty in that the external 

wind effect was assumed to be the only significant cause of pressure fluctuatio 
over the 5-minute sampling period. Large fluctuating components are typically 
present in pressure records from taps located either on the windward wall, 
where the mean external pressure coefficient is positive, or on a side wall with 
the wind glancing along the surface, where the mean exteqial pressure coeffi. 
cient is negative. In the wake regions, however, the fluctuating component is 

J . 5 

WINDWARD WALL 

~ 1 . 0 
~ 

· 6 . 5 
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Fig. 2. Characteristic surface pressure fluctuations in different regions of flow. 
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Fig. 3. Portion of actual record of surface pressure illustrating terms used in wind load 
design. 



usually much less important, and the mean external pressure coefficient, al­
though negative, is not as large on the side wall (Fig. 2). The relation between 
the mean and r.m.s. pressure coefficients, and the peak pressure that the 
designer must estimate can be demonstrated by a portion of an actual pressure 
record (Fig. 3). The breakdown of the procedure for predicting local peak 
pressures ( Cpeak) into the determination of two pressure coefficients ( Cmean 
and Cnns) and a peak factor is a convenient way to summarize results of 
observations, both in model and field experiments. 

Comparison between tests on models and actual buildings 

Model and field full-scale mean pressure coefficients and the r.m.s.ni. 
pressure coefficients (root mean square about the mean) are compared in 
Figs. 4-13. A definition sketch shows the Commerce Court building in plan 
and indicates which of the eight instrumented tap locations on one of 4 
levels is represented in the graphs of r.m.s. pressure coefficient (above) and 
mean pressure coefficient (below) plotted against wind direction. The open 
circles are the model data as provided at the design stage and the solid lines 
join estimates derived from actual observations of pressure differences on 
the building during 1973. The shaded areas indicate the standard deviation 
of the full-scale estimates (Figs. 4-11). 
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The influence of variations in wind direction on the magnitude of local 
peak pressures can be readily appreciated from the graphs, which typically 
indicate large r.m.s. pressure coefficients in conjunction with steep slopes 
in the graph of mean pressure coefficient versus wind direction. This usually• 
occurs when the wind is nearly parallel to the building surf ace on which the 
t~p is located, e.g., just west of north for sensors 309 and 409 on the west 
wall (Figs. 5 and 6) . For sensors 312 and 712 on the north wall, rapid change~ 
occur for wind directions just north of east (Figs. 7 and 8). 

The shelter provided to the west by other tall buildings is apparent from 
the results for sensors 303, 309 and 409 on the west wall, where the mean 
pressure coefficient for westerly winds is nearly zero. Where examples are 
given of sensors vertically in line, but from different levels, it is also possible 
to observe the reduction in wind pressure as the ground level is approached 
(Figs. 10 and 11). Finally, the over-all agreement between model and full­
scale can be indicated in terms of base shear and moment in the west-to-east 
and the south-to-north directions respectively (Figs. 12 and 13). 
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Discussion and conclusion I 
J 

•.ll. 

Although, at this early stage in the project, only a preliminary assessme~i 
can be offered, the results so far indicate satisfactory agreement between I 
model ~d full-scale measurements of mean pressures. The agreement between 
model and full-scale mean pressure coefficients is within the limits of the 
experimental error in full-scale observations, but it is too early to say the 
same for the r.m.s. pressure coefficients. One reason for this is that winds · 
from th1~ south have not been frequent enough or strong enough to provide

1 

suffici~ntly relia?l~ r.m.s. data. Fluctuations in wind direction are an important 
fac:?r m detenmmng local peak pressures and suctions, particularly near the 
leaamg edges of walls almost parallel to the wind. The full-scale observations 
will be continued for another two or three years and additional wind tunnel 
tests may be carried out. 
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SUIJlmary 

An account is given of the measurer.1ent o w ind pr ssures on a two-storey housing 
estate on the outskirts of Aylesbury, 65 km nort1J-w t of London. The estate immedi: 
adjoins an open country fetch extending uninterrllIJtedly for about 15 km to the soutl 
west. The site and installation are described, incluj lb the variable geometry building 
erected on open ground adjoining the estate. /_ _ 

Wind pressures were recorded at a total of 4 positions on seven houses in the estat 
and at 72 positions on the experimental building, transducers being mounted on both 
walls and roofs. Load cells were also installe<V'in the experimental building to record SE 

rately total overall loads and total roof lo~. Measurements pf velocity were made usi' 
cup anemometers mounted at 3 m, 5 m, a d 10 m, on a fixed mast, suitably sited in tl 
vicinity of the experimental building. In odition, anemometers mounted on a 20 m P· 
table mast were used to investigate the i>stream velocity profiles, and also the flow pr 
tern.'> within the urban area. 

The experimental building housed 1 the recording equipment which comprised 
multichannel FM magnetic tape reco de.rs . Records were taken in analogue form and v 
subsequently digitised in order to c culate mean, rms and extreme values, probability 
distributions, autocorrelations, po er spectra and cross-correlations. Measurements ha 
been made for a variety of wind s eeds and directions, and also for several roof pitche 
the experimental building betw n 5° and 45°. Preliminary results are presented and ?i 

1. Introduction J 

The majority of full scale wind pressure measurements have been made 
tall buildings and on 7 ecialised structures such as chimneys, cooling tow( 
and bridges. One sue programme of measurement on tall buildings in Ce1 
London was carried ut by the Building Research Station between 1962 ~ 
1969 and has been eported [ 1-7] . At the conclusion of the tall-building 
work, it was decid to begin a new project to measure wind pressures on 
low-rise buildings. here were several reasons for this decision. Firstly, th• 

• Paper presented at t Symposium on Full·SCale Measurements of Wind Effects on 
Buildings and Other Stru es, Unii:ersity of Western Ontario, 23-29 June 1974. 
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