
Design Considerations 

C(!ntrolling the Wfl1d . 
Clnnate Around Buildmgs 

The wind environment may 
affect buildings and their 
surroundings. Engi,neers and 
architects must bear in mind that 
the wind influences both 
operating costs for buildings and 
the environmental quality of 
built areas. 

EDWARD ARENS & JON PETERKA 

I N DESIGNING BUILDINGS, civil 
engineers and architects should be aware 
of environmental wind effects and their 

control. A knowledge of the causes of wind, 
influences of topography and ground cover 
on local wind, and principal features of 
airflow around buildings is recommended. 
Designers should study windspeed distribu
tions in the climatological record and use 
such knowledge to estimate the eventual 
windfield in the built environment. In this 
way they may ensure optimum living con
ditions in the area outside the building and 
optimum efficiency in operating the building. 

Wind: Its Causes and Nature 
The sun heats the earth unequally, generating 
pressure gradients that drive global, or 

synoptic, wind circulation. The pattern of 
wind circulation changes as the sun moves 
north and south with the seasons, and is 
affected by the position of mountain ranges 
and large bodies of water on the earth's 
surface. Temperate regions experience a 
number of typical wind patterns at any 
location during a season. These patterns are 
caused as air masses of different origin -
such as maritime, continental, tropical or 
polar - are drawn over the region. The air 
masses and fronts that separate them will 
frequently incorporate such local wind 
phenomena as thunderstorms or tornadoes. 
The wind climate of a region may be 
predicted in terms of the probabilities with 
which these typical wind patterns occur. For 
example, average windspeeds in the conti
nental United States tend to be stronger in 
the colder seasons when the frontal zone 
separating temperate and polar air masses 
moves southward from the Arctic. 

In addition to synoptic winds caused by 
large scale weather patterns, there are 
predictable local winds that are produced by 
the particular features of a given terrain. In 
many coastal areas, the differential heating of 
land and water causes sea and land breezes. 
Figure 1 shows the pressure distribution and 
flow that cause daytime sea and night land 
breezes. The sea breeze tends to move 
inshore around midday as the land warms 
and causes the air above it to expand. 
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FIGURE 1. The pressure distribution and flow 
of daytime sea and nighttime land breezes. 

Frictional resistance of the earth's surface 
often forces the incoming sea air to dam up. 
The air flow then forms a small scale front 
that progresses inland throughout the after
noon. In places where the temperature 
difference between land and water is small, 
the sea breeze layer will be shallow and wind 
velocities will be weak. Tall buildings along a 
waterfront can block such a breeze entirely. 
On the other hand, when the sea and land 
temperature difference is great, the sea breeze 
layer will be deeper and velocities much 
stronger. The San Francisco sea breeze is over 
200 m deep, predictably exceeding 10 m/sec in 
the city throughout summer afternoons, and 
extending inland 60 km. At night this wind 
flow is reversed, but velocities seldom exceed 
2 m/sec. 

The radiant heating or cooling of inclined 
surfaces causes slope winds, another form of 
local wind. Such radiant heating and cooling 
produces temperature differences between 
the air above the slope surface and air at the 
same level some distance from the slope. 
Heated air will rise from the surface of 
hillsides during the day and cooled air will 
descend, or drain down, at night (see Figure 
2). Daytime measurements on slopes sur
rounding the Inn Valley, Austria, found 
upward velocities parallel to the slope at 2-4 
m/sec; at night there were somewhat lower 
downward velocities. Wind layer depth was 
100-200 m.1 
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When slopes are arranged into a valley 
system, a combination of slope winds and 
temperature differences between the valley 
and the plain can form valley winds. These 
winds are generally stronger than slope 
winds; their wind velocities can reach up to 5 
m/sec. The strongest valley winds are most 
commonly found in U-shaped valleys that are 
lined by high ridges. These valleys also open 
onto a broad plain that is considerably 
warmer or cooler than the head of the valley. 
Orientation of valleys with respect to the sun 
also affects wind velocity. Valleys that have a 
north-south orientation tend to have stronger 
daytime breezes due to their increased 
exposure to the sun. 

Wind Over the Earth's Surface 
The wind flowing along large-scale pressure 
gradients above the frictional influences of the 
earth's surface is known as gradient wind. At 
the lowest layers next to the surface, the 
gradient wind velocity is zero. The zone of 
velocity change from zero at the bottom to 
gradient wind velocity at the top is known as 
the earth's boundary layer. The depth of the 
boundary layer and the shape of the velocity 
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FIGURE 2. Daytime and nighttime flow of 
slope winds. 
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FIGURE 3. Boundary layers for neutral stability conditions from rough to smooth terrains. 

profile within it depend on the roughness of 
the earth's terrain, and on the thermal 
stability of the atmosphere. 

Figure 3 shows three boundary layers for 
neutral stability (strong wind) conditions. A 
rough urban surface causes a deeper boun
dary layer and lower velocity values at any 
given level within the boundary layer. In 
smooth terrain, such as at airport weather 
stations, the wind velocity at the standard 
anemometer height of 30 feet (10 m) is greater 
than in rougher terrains. This measured wind 
is also greater than the wind at pedestrian 
level at ground level in any terrain. 

The profiles of these curves are com
monly described as either logarithmic or 
exponential. In the region of constant shear, 
typically 100 to 300 m above the top of the 
roughness, the logarithmic law is correct: 

u* ( z) Uz = -- log -
0.4 20 

(1) 

where U
2 

is the velocity at height z; U, is the 
friction velocity (a measure of shear); and 20 is 
the roughness length (a measure of the 
roughness size). 20 is constant for a given 

terrain, and U. is constant across any given 
profile. Typical values of 20 are given in Table 
1 on the next page.2 

In structural engineering the boundary 
layer up to the gradient height is often 
approximated with a power law with a 
constant exponent a. The relationship be
tween the velocities at any two heights in the 
boundary layer is given by: 

(2) 

Values of a are also given irt Table 1. Both 
representations of the mean velocity profile 
are commonly used by meteorologists, 
engineers and architects. 

There are five different terrain categories 
- I = open water; II = open rural terrain; III = 

suburbs at considerable distance from towns 
with widely spaced buildings; IV = towns, 
densely built-up suburbs, rough or wooded 
terrain; and, V = centers of large cities - that 
are shown in Table 1. The boundary layer 
profiles predicted for these terrain categories 
will apply only if there is sufficient upwind 
distance of the terrain type for the develop-
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TABLE 1 

Surface Roughness Lengths & Power Law Exponents 
for Various Categories of Terrain 

Open Water 
Terrain Category I 

z0 , in meters 0.005 

a 0.10 

Open Terrain 
II 

0.07 

0.14 

ment of the particular boundary layer. The 
boundary layer above any local terrain will 
extend upward for a height approximately 
one percent of the distance to a change of 
terrain roughness upwind. Above that, there 
may be a remnant of the boundary layer 
persisting from the more distant terrain rough
ness type.2 

These profiles apply to neutral atmo
spheres, such as those that occur during 
strong winds and during periods when the 
surface is not strongly heating or cooling the 
atmosphere. During strong heating from 
below, as for example on a sunny day with 
light winds, the atmosphere becomes un
stable, bringing the gradient wind momentum 
downward. As a result, the surface wind will 
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FIGURE 4. Typical daily course of wind over 
flat terrain. 
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Suburbs 
111 

0.30 

0.20 

Towns 
IV 

1.00 

0.25 

City Center 
V 

2.50 

0.35 

be stronger than it would be for a neutral 
atmosphere with the same gradient wind. 
Conversely, during night cooling of the 
ground and lower layers of air, the at
mosphere becomes stable, and surface winds 
will be lower for a given wind than they 
would be in neutral or unstable atmospheres. 
This results in a predictable variation in daily 
wind speeds. Figure 4 gives a typical example 
of the daily course of wind over flat terrain.1 
Note that the wind at 70 m (210 feet) 
decreases somewhat in the morning as its 
momentum is absorbed in accelerating the 
lower layers of air. 

Local topography has a pronounced 
effect on surface winds. Wind flow conforms 
to terrain, changing its strength, steadiness 
and direction as it passes over uneven 
ground. Figure 5 shows the velocity profiles 
of wind approaching a hill or ridge, at the 
crest and on its leeward side. There is strong 
wind acceleration near the surface at the top 

V V V 

FIGURE 5. Wind velocity profiles to wind
ward, on top of and to leeward of a hill or 
ridge. 
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FIGURE 6. Typical surface wind flow patterns in the San Francisco Bay region. 

of the hill, and also a wind flow reversal due 
to an eddy at low levels along the leeward 
side. The wind acceleration on the windward 
side of hills and ridges is fairly predictable, 
but the extent of shelter in the lee is highly 
variable, depending on the roughness of the 
hill and the stability of the atmosphere. 

In addition, wind may be extensively 
channeled by regional topography. Figure 6 
shows two typical wind flow patterns 
identified in the San Francisco Bay area.3 High 
ground is noted in grey. Local areas of wind 
turning in excess of 90° to the gradient wind 
may be noted. This type of channeling occurs 
primarily when the atmosphere is stable, and 
the flows depicted extend upward roughly to 
the height of the surrounding terrain. Similar 
flow turning and channeling has been 
observed in street canyons. 

Tall vegetation may reduce ground level 
wind substantially. Trees are very effective at 
absorbing wind energy rather than deflecting 
it (as do solid obstructions such as terrain and 
buildings). Two major categories of wind
reducing vegetation are a surrounding forest 
and an isolated windbreak. The effects of both 
of these forms of wind reduction have been 
studied extensively by agricultural and 
forestry researchers. Within a forest, the 
velocity is minimal near the center of mass of 
the foliage in the crown (approximately 0.75 

times the height); in the absence of under
brush there is a small velocity increase among 
the tree stems. The shape of the wind profile 
in the forest is contingent on the type of the 
trees in the forest, their spacing and openings 
in the crown, and the distance from the edge 
of the stand from which ground level wind 
can penetrate. Figure 7(a) compares wind 
velocity profiles in a ponderosa pine stand to 
those profiles in the open,4 and 7(b) shows 
the influence of foliage from seasonal wind 
measurements in a deciduous oak-beech 
forest.1 

Figure 8(a) shows a cross section of the 
airflow near a screen of 50% porosity. Figure 
8(b) shows the effect of varying porosity in 
shelter at ground level downwind.1 A medium 
porosity of 40 to 50% has been found to 
provide the maximum distance of wind
sheltered area. A solid barrier will provide a 
greater wind reduction over a very limited 
distance downwind of the barrier, but beyond 
this distance (roughly three heights) it has 
less effect than screens of either open or 
medium porosity. 

Additional belts downwind of each other 
have been found to have a slightly decreasing 
effect, presumably due to the increased 
turbulence in the lee of the first belts. 
Similarly, the sheltered zone leeward of a 
wide shelterbelt or forest is less extensive 
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FIGURE 7. A comparison of wind velocity profiles at three wind strengths: (a) in a ponderosa 
pine forest vs. in the open; and, (b) a comparison of the average wind speeds between leafed 
and leafless forests. 

than that behind a single permeable 
windbreak. 

Wind Flow Around Buildings 
The wind in urban areas is generally lower 
than in aerodynamically smoother rural areas 
(see Figure 3 on page 45), but the local wind 
flows at pedestrian level around individual 
buildings are extremely variable, and may be 
much higher in these places than those in flat 
rural areas. This is because tall buildings may 
act as scoops that bring down high velocity 
air from aloft. Figure 9 shows the principal 
flow patterns around a building exposed to 
the wind. 

Strong flows are found in the windward 
vortex, in which the direction at the surface is 
reversed from wind direction aloft; at the 
windward corners of the building; and in any 
passages or openings leading from the 
relatively high pressure zone on the wind
ward side to the low pressure zone in the lee. 
The zone in the lee of the building has low 
wind velocity, often with the airflow going in 
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the opposite direction from the approach 
wind. Similar flow patterns, known as "lee 
rollers," typically can be seen in street 
canyons when the wind crosses the street 
from the side. 

While it is not possible to accurately 
predict the windfield within complicated 
building clusters without tests, estimates can 
be made for the surface wind environment for 
certain simple isolated buildings, and for 
some specific building clusters that have been 
previously studied. For an isolated rectangu
lar building, the approximate maximum mean 
winds at the corners of the building may be 
anywhere from 0.8 to 1.0 times the mean 
velocity approaching the building at its top. 
Researchers at building research stations in 
the United Kingdom, France, and the Nether
lands have studied other building shapes and 
typical building clusters and produced illu
strations of commonly occurring wind pheno
mena, with generalized quantifications where 
possible.s,6,7,s For complicated geometries, it is 
difficult to make generalizations, and the only 
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FIGURE 8. Wind velocity profiles around: (a) a shelterbelt of 50% porosity; and, (b) porosity vs. 
downwind shelter effect. 

recourse at present is to use wind tunnel 
tests. The wind in built-up environments may 
be controlled at several scales, from the 
design of the surrounding buildings to 
devices specifically employed to provide local 
shelter.9 Several factors should be considered 
in urban building design: 

1. Large slab buildings should not be 
oriented in a direction normal to the pre
vailing wind to avoid downwash on the 
windward face. Circular and polygonal 
towers tend to have advantageous wind 
climates at ground level because of reduced 
down wash. 

2. Tall buildings benefit from significant 
horizontal projections to break up down
ward-directed winds. From the point of 
view of wind control, the "ziggurat" or 

FIGURE 9. Principal wind flow patterns around 
a building exposed to the wind. 
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"wedding cake" designs of the 1930s 
through 1950s were better than the sheer 
slabs of the last two decades. 

3. Large buildings placed at an angle to 
each other can form a funnel. This funnel 
can then accelerate the wind in the gap 
between the buildings. This effect, known 
as a venturi, will occur when buildings are 
over five stories high, have a combined 
length of over 300 feet, and have open 
areas in front of and behind the gap. Similar 
acceleration will occur when wide buildings 
overlap relative to the wind, so that the 
high pressure on the face of one building is 
channeled laterally to the low pressure area 
behind the other. 

4. Important plazas, pedestrian thorough
fares, and building entrances should not be 
planned on the windward side or corners 
of tall slab buildings, since these areas are 
downdraft regions and exhibit accelerated 
corner flows. Well-known examples of 
wind-plagued plazas and entrances include 
the U.N. building in New York City and 
the John Hancock and Prudential buildings 
in Boston, 

5. Openings through buildings near 
the ground, especially openings facing the 
prevailing wind, will experience strong 
winds unless revolving doors are used to 
prevent flow though the openings. The 
Earth Sciences Building at M.I.T., with its 
main entrances off a tunnel through the 
building at ground level, proved inaccess
ible in windy weather and required exten
sive ground level modification. 

6. Vegetation and mechanical wind
breaks may be used to absorb horizontal 
wind energy in pedestrian areas. There are 
a large number of windbreaks available for 
use in urban surroundings.10 Such barriers 
are usually not effective at protecting large 
areas from the downdraft, or vertical, winds 
common in the vicinity of tall buildings. 

There are also situations where it is 
desirable to encourage wind flow in cities. 
City planners in hot climates have investi
gated building spacing to maximize the 
natural ventilation available to the buildings,11 

and ventilation is also encouraged in areas 
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near pollution sources such as highways or 
factories. 

Wind Issues In Design 
Natural Ventilation is the intentional displace
ment of air in buildings through windows, 
doors, ventilators or other devices under the 
occupants' control.12 It is used to remove heat 
generated in buildings and to provide air 
movement to cool the occupants by con
vection. The airflow is induced by wind forces 
and thermal forces. Wind produces positive 
pressures on the windward face of the 
building and negative pressures on the 
leeward face. The building shape controls the 
pressures on the other faces. The pressure 
differences drive air through the building as 
estimated by the following formula: 

Q=CAV (3) 

where Q is volumetric airflow, A is the free 
area of inlet or outlet openings, V is the wind 
velocity, and C is the effectiveness of the 
opening, depending on its shape and orienta
tion relative to the wind. Common values 
range from 0.25 to 0.60. 

The thermal buoyancy caused. by temper
ature differences between the building in
terior and exterior produces the additional 
airflow: 

Q = CA[h(T; - T0 )J½ (4) 

where h is the difference in height between 
inlet and outlet, and C ranges between 0.09 
and 0.12, depending on effectiveness of the 
opening, when Q is in m3/sec and T in °C. 
Increasing the height and area of opening 
increases the airflow. Inlet and outlet areas 
should be nearly equal. 

Some general rules for designing for 
natural ventilation are:12 

1. Interior-exterior airflow systems 
should be designed to work regardless of 
wind direction. This may require using 
backup fans to counteract unfavorable 
windflow. 

2. Openings cannot be obstructed by 
surrounding buildings, trees, etc. In such 



cases, the initial velocities used for airflow 
calculation should be reduced to represent 
the velocity at the openings. 

3. Openings are usually most effective 
when one or both are positioned low to 
move air through the occupied zone of the 
interior. 

The placement of trees and shrubs can 
funnel and direct airflow around and through 
buildings.13,14 Hedges and trees placed close to 
buildings can be used to create high and low 
pressure zones to force greater ventilation 
through building openings. Although there is 
little real data available for predicting natural 
ventilation, approximations and estimates can 
be obtained using rudimentary wind tunnel 
techniques. 

Infiltration is the uncontrolled displace
ment of air through unintentional gaps in the 
building envelope. In cold weather, infiltrative 
air exchange accounts for roughly one-third 
of residential heating requirements. It is a 
function of exterior wind, and is most simply 
predicted by the crack method:12 

Q = CA(~P) 11 ( 5) 

where C is a flow coefficient (the volumetric 
flow rate per unit length of crack) per unit 
pressure difference. M is the interior-exterior 
pressure difference, and n is the flow 
exponent, with a usual value for building 
cracks of 0.65. Infiltration is roughly propor
tional to wind velocity when wind forces 
exceed thermal buoyancy forces. Infiltration 
can also be predicted with more sophisticated 
models that use as variables an empirically
determined whole building leakage area, the 
wind velocity and the temperature differ
ence.15 Trees and fences surrounding build
ings have been shown to reduce wind 
pressures on buildings and significantly 
reduce infiltration rates.16 

Mechanical Systems Efficiency. Wind in
fluences the energy requirements of mechani
cal systems by causing the recycling of 
exhaust air from cooling towers, and by 
reducing the thermal efficiency of cooling 
equiprhent and heat pumps. There does not 
appear to be much published literature on the 

magnitude of wind-induced mechanical 
inefficiencies although these inefficiencies can 
be serious. There are highrise buildings in San 
Francisco topped with cooling towers that 
have been reported to lose 70% of their 
cooling capability during the daily sea breeze. 
The problems are usually associated with the 
design of the architectural enclosure sur
rounding the cooling tower. Such enclosures 
can encourage the wind to circulate within 
them, trapping the moisture laden exhaust air 
and returning it to the cooling tower supply. 
However, wind will also reduce the design 
efficiency of unenclosed open-sided cooling 
towers by disturbing the flow of cooling 
water within the tower. Effective enclosures 
should both reduce the wind within the 
cooling tower and prevent a flow pattern 
around the tower that returns the exhaust to 
the tower. This may be done by providing the 
enclosure with localized openings. 

Wind pressures also affect mechanical 
systems at their inlets and exhausts by 
affecting fan power requirements and the 
balance of HV AC (heating, ventilating and air 
conditioning) systems. In addition, mech
anical systems must respond to the wind flow 
patterns around buildings to avoid the 
reentry of exhausted pollutants into the 
building. This affects duct runs, vent posi
tions, exhaust stack height, and stack exit 
velocity. Chapter 14 of the ASHRAE Handbook 
of Fundamentals discusses these issues in 
depth.12 

Pollution Around Buildings. Pollutants 
emitted in the vicinity of buildings from 
traffic, parking garage ventilation exhausts, 
and building exhausts will be dispersed in 
patterns determined by the wind. Dispersal in 
the wake of single buildings has received 
fairly systematic study.17,tB Although there 
have been numerous field and wind tunnel 
studies of dispersal from specific exhausts in 
specific built-up urban environments, such 
studies are difficult to generalize because of 
the variability of building configurations. 
Street canyons and courtyards sunk into a 
reasonably uniform rooftop line yield a typical 
airflow pattern under the influence of wind or 
of differential heating in the sunlight, as 
shown in Figure 10. Note that a south wind 
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FIGURE 10. Typical airflow patterns in street 
canyons and courtyards under the influence 
of wind or differential heating by the sun. 

will tend to suppress the roller set up by solar 
convection. 

Using a model of an urban area, Figure 11 
shows the wind influence on pollutant 
concentrations in some typical blocks.19 This 
model shows that higher pollutant concen
trations are experienced on the upwind side 
of the street. 

Pedestrian Comfort. Strong winds around 
buildings may cause discomfort and even 
danger to pedestrians. People become dis
couraged with chronically windy open 
spaces, and by avoiding them they at least 
defeat the purpose of the open space, and at 
worst cause economic hardship to surround
ing businesses. Pedestrian winds have been 
studied widely in recent years.8,20 Figure 12 

FIGURE 11. A model of wind influence on pollutant concentrations in some typical urban 
blocks. 
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shows some pedestrian wind level accept
ability criteria.21 These criteria have been 
compared to the results of other researchers 
and been found to be consistent worldwide.22 

In the figure, it is the peak annual hourly 
mean, and u is the peak annual gust of a few 
seconds' duration. 

Designers must evaluate the windiness of 
a site. For aerodynamically simple projects, it 
is possible to estimate windiness using 
previous experience. If this is not possible, a 
wind tunnel test of a model of the project is 
the only currently practical alternative. The 
velocity patterns obtained within the model 
are used to adjust the directional windspeed 
distributions from the most appropriate 
nearby weather station to obtain the wind 
climate on site. This information, when 
compared to the criteria shown in Figure 12, 
determines whether the site will have an 
acceptable outdoor wind environment. 

Particle Transport. Wind may also influence 
a project by drifting particles of sand, soil or 
snow across circulation areas. There are even 
cases where winds generated around the base 
of tall beachfront hotels have scoured the 
beach away into the ocean. These problems 
may be controlled in the design of the 

buildings themselves, or by localized devices 
to trap particles. 

Shelterbelts and artificial screens are 
commonly used to control snow and sand 
drifting (see Figure 8 on page 49 ). The 
optimum porosity for snow fences has been 
found to be around 50%, with no significant 
difference between vertical and horizontal 
slatting. There is no aerodynamic advantage 
to tilting the fence either into or away from 
the wind. Since there is considerable lateral 
transport around the ends of the fences, their 
length should be at least 30 times their height, 
and in staggered configurations. They should 
overlap by a length of at least 8 fence heights. 
Catchment efficiency of fences can be greatly 
increased by placement before a lee slope, or 
directly downwind of a rising slope. 

Wind Records and Their Sources 
Meteorological records are necessary to 
determine the local wind climate. Both the 
original data and their various summaries are 
kept at the National Climate Center (NCC) in 
Asheville, NC. Because most practitioners do 
not have the time or expertise to reduce the 
original data, summaries are useful.23 The 
military SMOS and RUSSWO summaries are 
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most comprehensive and are available for 
locations worldwide.24 The Airport Climato
logical Summary provides useful information 
on wind frequency as a function of magnitude 
and direction.25 Other summaries list extreme 
winds (fastest mile per hour) and other 
climatological variables. Most local libraries 
carry some of the climatological summaries. 
Copies are available from NCC at nominal 
cost. 

Translation of meteorological conditions 
from an airport measurement site to a local 
site some distance away can be simple or 
quite involved. For example, wind speeds 
near the surface at a local site may differ from 
those at the nearest weather station due to 
different terrain roughness or other factors. In 
some cases, it may be desirable to monitor the 
wind over periods as short as a few days in 
order to make hour-by-hour comparisons 
with weather station values. In important 
projects, or where the climate changes rapidly 
over short distances, it is advisable to retain a 
consulting meteorologist. 

Model Simulation 
Modeling of wind effects on buildings and of 
wind flow and dispersion about buildings has 
been performed for more than two decades 
using boundary-layer wind tunnels. Com
prehensive reviews of the techniques and 
similarity requirements are available.26,27,28 In 
most cases, the modeling of atmospheric 
boundary layer winds requires the use of a 
wind tunnel in which the mean-velocity and 
turbulence characteristics of the wind flow are 
reproduced to scale. In other cases, parti
cularly for dispersion problems, the thermal 
stability of the atmosphere should also be 
modeled. Within the wind tunnel, a model of 
the building or site requiring investigation 
must be constructed to a scale compatible 
with the modeled atmospheric flow. Instru
ments are placed in the model in order to 
obtain the information required - for 
example, in studies of pedestrian comfort, the 
magnitude of the horizontal wind and its 
fluctuations over time are typically measured 
by hot wire sensors at various ground level 
locations in the model. A model instrumented 
with pressure sensors to determine wind loads 
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on a structure can also be scanned with a hot 
wire probe to determine pedestrian comfort 
in plazas or other areas around the building. 
In the model, the influence of surrounding 
buildings or topography should be included 
since they may have a major influence in the 
character of the wind flow at a particular 
point. 

Conclusions 
The influences of wind loads on building 
frames and cladding have been a traditional 
concern of engineers. Building designers have 
in recent years become markedly more aware 
of such influences, and there has been fairly 
widespread activity aimed at improving our 
ability to predict them in design. This 
increased awareness may seen in the con
struction of numerous boundary-layer wind 
tunnels in universities, research laboratories, 
and private consulting firms. Wind testing has 
become so sufficiently commonplace that it is 
used by architects and planners as well as 
engineers, with the result that influential early 
design decisions are now informed by wind 
considerations . 

. For the control of pedestrian-level winds, 
several cities have adopted codes requiring 
the testing of proposed building projects for 
their eventual wind climate. Researchers have 
developed fairly consistent acceptability cri
teria for wind effects on people, although 
there is still considerable room for improve
ment in this area. 

Energy conservation concerns have 
prompted much recent research on natural 
ventilation, infiltration and mechanical system 
performance. Air pollution regulation has also 
fostered work on pollutant dispersion in the 
vicinity of buildings. As a result, a variety of 
new prediction methods have been developed 
for use by building designers. 

Continued improvement is needed in 
estimating local climate statistics, and in the 
computer modeling of both the air flow itself 
and its influences on the built environment. 
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