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Acceptable Wind Speeds in Towns
A. D. P E N W A R D E N

This paper reviews the effects of wind on people, with the object of establishing
limits to wind speeds which are acceptable or unacceptable. Such limits are
needed for assessing conditions in towns, where tall buildings can cause troublesome winds in pedestrian areas.
Observed effects of wind force are tabulated, using the Beaufort scale as a
basis. These observations are supported by calculations of wind force on the
human body, the unbalancing effect of this force and the effort required to
progress against the wind. Existing information on thermal comfort out of doors
is found to be inadequate for the present purpose, and the subject is therefore
approached by considering the heat balance of the human body. From this the
conditions leading to comfort can be calculated in terms of the environmental
variables, air temperature, sunshine, and windspeed, and personal factors,
activity and clothing. Graphs show the inter-relationship of these variables for
conditions appropriate to people in shopping areas, and demonstrate the large
cooling effect of the high windspeeds and shade associated with high buildings.
The analysis of mechanical effects indicates that a mean speed of 5 m/see
represents the onset of discomfort, speeds greater than 10 m/see are definitely
unpleasant, and speeds greater than 20 m/see can be dangerous.
The study draws attention to several inadequacies in the available information
and makes some suggestionsfor further work.

INTRODUCTION

in the vicinity of a building being expressed in terms
of the free windspeed on an open unobstructed
site[l]. The frequency of occurrence of free wind
speeds can be found from local meteorological data,
so that the frequency of high speeds around a
building can be estimated. Finally, a knowledge of
what speeds are acceptable or unacceptable to
people is necessary. In this paper the effects of wind
on people are examined and limits for acceptable
speeds are suggested, taking into account both
mechanical and thermal effects.

FOR H U N D R E D S of years town dwellers in this
country have been sheltered from the wind by
closely grouped buildings of more or less uniform
height. In the last 20 years, however, this situation
has changed radically as new styles and techniques
have introduced tall buildings rising well above the
general level. Such buildings intercept wind which
would otherwise pass unnoticed over the roof-tops
and deflect it down to street level, where the resulting speeds may be 4 or 5 times greater than on a
sheltered site. Whilst the increased ventilation of
the area so obtained may sometimes be beneficial,
the high windspeeds can be unpleasant and even
dangerous, and some buildings have become notorious for the high winds near them. Areas where
people should be encouraged to linger, such as
shopping centres, are particularly vulnerable and in
several cases the large volume of complaint has led
to roofs and screens being built to improve conditions.
Architects and planners have become conscious
of the need to avoid these high windspeeds and they
now require information at the design stage about
the probable wind conditions around proposed
buildings. Such information comes mainly from
wind tunnel tests on models, with measured speeds

MECHANICAL EFFECTS OF WIND
(i) Descriptions of wind
The earliest systematic work on the effects of
wind was by Admiral Sir Francis Beaufort, FRS,
whose scale of wind force, devised in 1806, is still in
use today. Originally designed for Use at sea, it has
since been extended and revised for estimating
windspeeds on land, and is a particularly suitable
starting point for the present discussion of force on
the human body. Table 1 lists Beaufort numbers,
wind speed ranges and some appropriate descriptions.
In comparing the descriptions with other information it is important to know the time :scale
involved; that is, whether gusts or long-~term
average speeds are involved. The Beaufort scale is
not explicit on this point, but it would seem that the

Copyright--Building Research Station, Department of the
Environment, January 1972.
259

A. l). Penwarde#t

260

Tab/e I. Summary ~4/ whtd ~i[/bcl~
Beaufort
Number
0, 1
2
3
4
5

6

7
8
9

Speed
(m/see)

Effects

0 1.5 Calm, no noticeable wind
1.6-3.3 Wind felt on face
3.4 5.4 Wind extends light flag
Hair is disturbed
Clothing flaps
5"5-7.9 Raises dust, dry soil and
loose paper
Hair disarranged
8.0 10.7 Force of wind felt on body
Drifting snow becomes airborne
Limit of agreeable wind on
land
10.8-13.8 Umbrellas used with difficulty
Hair blown straight
Difficult to walk steadily
Wind noise on ears unpleasant
Windborne snow above
head height (blizzard)
13.9-17.1 Inconvenience felt when
walking
17.2-20.7 Generally impedes progress
Great difficulty with balance
in gusts
20.8-24.4 People blown over by gusts

Source

*.-!
*
*
;
;
*,:~
i
i
§

•
l
i
-t
§
*
*
It
II

• Beaufort land scale [2]
t BRS observations.
.~ Chepil [3].
§ Newburgh [4].
[I Melbourne and Joubert [5].
¶l Shaw [6].

Note. The decimal values of windspeed arise from speeds
being expressed in knots in the original tabulations (1 m/sec
= 1.94 knots).
speeds quoted are fairly long-term averages, perhaps
over a period o f 10 rain to one hour.
In order to develop Table 1 some observations
were made recently using the BRS wind tunnel. A
few members o f BRS staff were observed while
standing and walking in the tunnel in a steady wind
up to 7.5 m/sec. Only objective assessments o f
mechanical effects were attempted because subjective reactions could be disturbed by factors such as
fan noise, lighting and enclosure. At higher speeds
observations were made in the natural wind using a
hand-held anemometer to measure average speeds
over a few minutes. Further relevant information in
Table l comes from a study o f soil erosion by
Chepil[3] and from a b o o k on h u m a n physiology[4].
The adverse effects o f gust speeds in the region o f
20 m/see have been reported by Melbourne and
Joubert[5] in Australia, who have measured speeds
near a tall university building when people were
struggling against high winds. They observed that
with a wind gusting regularly up to 20 m/sec every-

one had great difficulty with balance, particularl}
when a gust caught them sideways. On separate
occasions two girls were unbalanced to the extent
that they came down onto their hands and knees:
this was with a maximum gust of 23 m/sec rising
from 12 m/sec in two to three seconds. The authors
commented that a person can stand in a much
higher steady velocity, but that it is the unexpected
nature o f the gust which catches people otf guard.
In this country two deaths have recently been
attributed to high wind speeds. In the first case it
was reported (Portsmouth News, 4 May 1972) that
an old lady died o f a fractured skull after being
blown over at the corner o f a 16 storey building, on
a day when windspeeds at a local meteorological
station ranged from 13 to 20 m/sec, gusting to 25
m/sec. Making due allowance for the height at which
these speeds were measured, and using wind tunnel
results for buildings of similar proportions, it can
be estimated that speeds at pedestrian level near the
corners o f the building were probably some 20 per
cent higher, say 15 to 24 m/sec, gusting to 30 m/sec.
Thus conditions appear to have been rather more
severe than in the Australian case. A similar case in
Birmingham involved another old lady who died
o f head injuries after being "lifted off her feet" by
high winds near the base of a tall block of flats
(Birmingham Sunday Mercury, 11 June 1972). These
unfortunate incidents show that while high wind
speeds may be no more than unpleasant for fit,
active people, they can be very dangerous for the
elderly or infirm.
The descriptions listed in Table l form a basis for
assessing the effects o f wind, and allow limits of
acceptability to be suggested. The ensuing calculations in this section of the paper seek to support
these observations in terms o f the wind force on the
h u m a n body and the reactions of the body to this
force.
(it) Wind force on the human body
The wind force on a stationary person depends
on the dynamic pressure, -}pu2, of the wind, the area
of the body presented to the wind, and the drag
coefficient of the body.
F = }pu 2 A~ Co

(1)

where
u

is windspeed, m/sec

p

is air density, kg/m 3 ( = 1.22 kg/m 3 at 15°C,
760 m m Hg)

Ap is projected area normal to the wind, m 2
Co is drag coefficient, dimensionless
F

is wind force on the body, N (Newton)

The dynamic pressure is easily calculated, but the

Acceptable Wind Speeds in Towns
area and drag coefficient can only be determined
experimentally. In experiments on men walking on
a treadmill inside a wind tunnel, Pugh[7] measured
the projected area Ap of his three subjects from
photographs taken while they were walking, and
also quoted their total surface area Ao,. His measurements show that the ratio Ae/Ao, had the same
value, 0-31, for each subject. Experiments quoted
by Hoerner[8] gave a value of 0-84 m 2 for what he
termed the drag area (that is Av Co) of a standing
man of surface area 1.93 m 2, with CD between 1.0
and 1.3. If Co is assumed to be 1.3, Ap/Ao, becomes
0.33, quite close to Pugh's value.
The total surface area of a person can be found
from the DuBois[9] formula

Ao, = 0.203

W 0"425 h °'725

(2)
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1.93 m 2, and a drag area, 0.84 m 2, but sufficient
information is given to allow re-calculation for a
person of any other size or weight.
For a person standing still in a steady wind, it
should be possible to lean forward into the wind at
an angle 0 given by
wind force
body weight

tan 0 -

As 0 increases, the frontal area decreases, becoming
Ap cos 0, so that from equation (1),

½pu2 ApCo/mg = tan 0/cos 0

(3)

From this equation, the variation of equilibrium
angle 0 with windspeed for the standard man is
shown in figure 1.

where
0

Ao, is the surface area, m 2
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The frontal area of a walking person can then be
taken as 0.31 Ao,. Considerable movement, as in
running, will probably reduce the area presented
to the wind, as will bending, turning sideways or
leaning into the wind. In this paper most of the
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A useful check on equation (3) is contained in a
photograph given by Loewe[10] and reproduced here

Fig. 2. By courtesy of'Weather', Royal Meteorological Society.
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as figure 2. it shows a man leaning into a 45 m/sec
wind, in an area of the Antarctic where extremely
high speed winds blow steadily for hours on end.
In these conditions "it is possible to lean on a 45
m/sec wind so far forward that the hand can touch
the ground". The equation above predicts an equilibrium angle of 45 deg for this windspeed, and a
line inclined at this angle is shown superimposed on
the photograph. It agrees quite well with the average
body angle, although the posture adopted to reduce
wind drag makes comparison awkward.
The equilibrium angles shown in figure I support
the wind descriptions in Table 1. For example, an
angle of 5 deg is unstable in the absence of wind,
and is associated with a wind of about 10 m/sec, a
speed in which it is "difficult to walk steadily".
Similarly an angle of 10 degrees, corresponding with
a wind of force 7, appears to support the description
"inconvenience felt when walking against the wind".

by measuring the oxygen intake and taking the
thermal equivalent of oxygen as 20.48 J/ml: thus
for example an oxygen intake of 10 ml/sec is equivalent to a metabolic rate of 205 W.
Table 2 gives some typical metabolic rates, expressed in the conventional manner, per unit surface
area of the body, and including values for walking.
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Rate of external working = ½p(u + V) z ApCo . V
This work is accompanied by an increase in heat
generation (metabolic rate M) in the body, which
depends on the efficiency q defined as
q=

rate of performing external work
extra metabolic rate

The extra metabolic rate is thus
(4)

A M = ½p(u + V) 2 ApCo V/q

and this is additional to the metabolic rate associated with walking in the absence of wind. During
the experiments mentioned above Pugh[7] calculated r/and found an average value of 0.44 for his
three walking men. He found their metabolic rate
Table 2. Metabolic rates

Activity

Sleeping and digesting
Sitting quiet
Standing
Strolling
0.7 m/sec (1.5 m.p.h.)
Level walking 0.9 m/sec (2 m.p.h.)
Level walking 1.35 m/sec (3 m.p.h.)
Levelwalking 1.8 m/sec(4 m.p.h.)
Level running 4.5 rn/sec(t0 m.p.h.)
Sprinting
l0 m/sec(22 m.p.h.)
Sources: * Newburgh [4].
1" Fanger It 1].

Metabolic
Rate M/Ao,, Source
W/m 2
47
59
71
107
116
150
220
590
2400

*
*
*
*
+
$
1
*
*

Using this table and equation (4) the metabolic
rates for the standard man walking against the wind
have been calculated and are shown in figure 3.
This shows the large extra power requirement
involved in progressing against wind. If the upper
limit for average unathletic people is taken as 220
W/m 2 (425 W for A o , = 1.93 m2), equivalent to
level walking in still air at 1.8 m/sec (4 m.p.h.),
walking speed is reduced according to Table 3.
Table 3

Windspeed
(m/sec)
0
9
14
21

Walking speed
(m/sec)
(m.p.h.)
1-8
1.35
0-9
0.45

4
3
2
I

Comparing those values with the descriptions in
Table 1, a wind of 9 m/sec reduces walking speed by
one quarter for the same expenditure of energy and
is at the "limit of agreeable wind"; 21 m/sec reduces
walking speed by a factor of four and "generally
impedes progress". These are fair descriptions of
the calculated effects, and indicate consistency
between calculation and observation.
It is instructive to compare these rates of working
with the rate of working against gravity when walk-
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ing up hill. For walking up hill, Pugh gives an
apparent efficiency ~/ of 0.33, rather less than for
walking against wind force. Calculation from data
given by Fanger[11] and Newburgh[4] also gives a
value of 0.33. The rate of doing external work is
equal to the product of body weight, mg, and the
rate of vertical ascent so that the extra metabolic
rate is
AM = mgV sin 0~W
(5)
r/
where ~ is the angle of the hill from the horizontal.
Comparing equations 4 and 5 the slopes equivalent
to various windspeeds are shown in Table 4 and
figure 3 for the standard man.
Table 4. Windspeeds and slopes with equal metabolic heat
requirements

Slope (sin ct)

1/20

1/10

1/7

1/5

1/4

1/3

(u+ V) m/sec

10

14

16'5

19'5

22

25

T H E R M A L E F F E C T S OF W I N D
(i) Comfort assessments out of doors
In addition to the mechanical effects so far described it is necessary also to consider thermal
factors. The heat balance of the human body and
the related sensations of thermal comfort or discomfort have been studied for many years and there
is a considerable volume of literature relating to
indoor conditions. Out of doors however the environment is much more variable and people engage
in a wider range of activities, dressed in more varied
clothing. Possibly because of its greater complexity
there have been few attempts to tackle the subject,
with Gold[13] in Croydon, England, and Siple and
Passel[14] in the Antarctic providing the only available assessments of comfort conditions out of doors.
Gold related his own sensations of comfort to the
rate of heat loss of a k a t a t h e r m o m e t e r - - a thermometer with a silvered bulb 1.8 cm dia., 4 cm long.
The rate of heat loss of the instrument as it cooled
from 38 to 35°C was expressed in the form
/-/1 = (36"5-Ta) (11"3+20u °'5)

The comparison shows that at normal walking
speeds (V about 1.0 m/sec) a windspeed of about 9
m/sec is equivalent to a 1 in 20 slope, 13 m/sec to a
1 in 10 slope, and so on. The figures give further
support for the information in Table 1, by indicating
the difficulty of walking in winds in the range 10 to
20 m/sec.

//1 = heat loss, W/m z
Ta = air temperature °C
u

= wind speed m/sec

The temperature of 36.5°C was chosen as being
close to the deep body temperature of a human
being and the formula applied at windspeeds up to
18 m/sec in air temperature from zero to 26°C. Gold
ascribed values of H1 to his thermal sensations (see
figure 4), making an allowance for sunshine by

(iv) The effects of turbulence
A full study of the mechanical effects of wind on a
person would involve knowing the turbulent structure of the wind and the response of a person to the
unsteady forces applied to his body. A recent paper
by Hunt and Poulton[12] provides a basis for such
a study, and suggests that gusts having a duration of
0.1-0.5 seconds are likely to cause most difficulty
with balance. The authors suggest that the effect of
a turbulent wind of mean speed ~7, turbulence
intensity u~. . . . . is a function of (~+4.0 u~. . . . . )
rather than fi alone.
It is not intended to pursue these effects here, but
their importance is demonstrated by Melbourne and
J o u b e r r s observations referred to previously, when
two girls were blown over by a wind gusting from
12 to 23 m/sec in 2-3 sec. This implies a pressure
rising from 90 to 330 N/m z. The ages and sizes of
the girls are not stated but if each is assumed to
weigh 55 kg and have a drag area of 0.70 m 2, a
pressure of 330 N / m 2 would give a force of about
24 kg, or nearly 45 per cent of the body weight. The
corresponding equilibrium angle is about 19 deg.
These figures are obviously excessive and it is not
surprising that the girls were blown over in these
conditions.

(6)

where
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GoM[! 3] and Siple and Passel [14].
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reducing H 1 by 630 W/m 2 in full sun, 290 W / m 2
with light cloud, and 125 W / m 2 with thick cloud.
He made no mention of the clothing or activity
associated with these sensations, but it can probably
be assumed that he was dressed in his normal
clothes and engaged in his usual outdoor activities
while assessing his reactions. Although it is clear
that the reactions of one man to his environment
cannot be applied with confidence to people in
general, Gold's work is remarkable for the fact that
forty years later it stands as the only attempt to
assess outdoor conditions in this country.
Siple and Passel[14] studied the comfort of men
in sub-freezing conditions in an Antarctic winter,
relating thermal sensation to the rate of cooling of
melted ice in a plastic cylinder 6 cm dia., 15 cm long.
Based on this data, the heat loss from human skin
at a comfortable 33°C was expressed as
H 2 =

(33-7",) (12"1 +11"6 u ° 5 - l'16u) W/m 2
(7)

During these experiments the air temperature 7",
varied from - 9 to - 56°C, and the windspeed from
zero to 12 m/sec.
Siple and Passel's Wind Chill Index (H2 in
equation 7) has been widely used to assess very cold
conditions. For example, Howell5] used it to
demonstrate that parts of the U K in December
1961, with maximum values of about 1300 W/m 2,
were as cold as such places as Leningrad, Peking
and Chicago. Steadman[16] has developed the work
by using as an index of wind chill the "windchill
equivalent temperature". This is the temperature
which, in a 2.23 m/sec (5 m.p.h.) wind, gives the
same cooling effect as the existing conditions, and
is used to judge very cold conditions in Canada.
Siple and Passel claimed that their observations
agreed well with Gold's and figure 4 compares the
two equations in terms of windspeed and air temperature. The different shapes of the curves are due
to the different functions of u in equations (6) and
(7). In comparing the two sets of data, it must be
remembered that the highest temperature experienced in the Antarctic experiments was - 9 ° C , and
it is probably unwise to extrapolate to higher temperatures, although several authors have done so.
It is also noticeable that the instrumental heat losses
differed by a factor of two or more, and were also
much greater than the normal heat loss from the
human body. Nevertheless there seems to be a fair
measure of agreement between the subjective
assessments, although the service men in the antarctic were rather tougher and content with cooler
conditions than Gold.
In view of the lack of information on Gold's
clothing and activity, and the extreme conditions in
Siple and Passel's investigation, it would be unwise
to place too much reliance on this earlier work. It

is evident tiaat more information is needed on the
thermal comfort of people out of doors, but in the
absence of this an alternative approach is set out
in the next section,
(ii) The heat balance of the human body and conditions

leading to thermal comfort
In an attempt to provide a more systematic basis
for taking into account thermal effects, the heat
balance of the human body has been considered.
This involves equating the rate of heat production
within the body to the rate of heat loss through
clothing to the external environment. The equation
quoted here is that given by Humphreys[17] for
indoor conditions, adapted, at his suggestion, for
outdoor conditions by including a term for solar
radiation. The equation, which is similar to one
used by Green[17], is
M

M

T o - T , - Ao,, Rb+k ~

Re+

(8)
where

Tb

= Body core temperature = 37°C

T.

= Air temperature, °C

M/Ao,

= Metabolic rate of heat production
per square metre of body surface,
W/m 2

k

= Proportion of metabolic heat dissipated by means other than evaporation = about 0.8

Rb

= Thermal resistance of body tissues,
m 2 deg C/W

R,

-- Thermal resistance of clothing m 2
deg C/W (popular unit: 1 clo =
0.155 m 2 deg C/W)

S

= Solar heat input per square metre
of body surface, W/m 2 (Maximum
value about 120 W/m 2)

u

= Wind speed, m/sec

(4.2 + 13uO.5) l
= Thermal resistance between clothing and surroundings, m 2 deg C/W
Using Humphreys' comfort criterion, based on the
body tissue resistance, R~, lying between 0.04 m 2
deg C/W (onset of sweating) and 0.09 m 2 deg C/W
(onset of shivering), this equation allows the calculation of conditions which produce thermal comfort. In using the equation, it is convenient to
restrict the number of variables by selecting appropriate values of metabolic rate and clothing insula-
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tion. A list of typical metabolic rates is given in
Table 2, and for the present purpose a value of 100
W / m 2 can be used for people walking slowly around
a shopping area. Table 5 shows the thermal insulation of various types of clothing: unfortunately all
the available information relates to men's clothing,
and there is clearly a need for data on women's
wear. The values chosen for calculation are 0 clo,
0-5 clo (light summer clothes), 1.0 clo (typical
British business suit), and 1.5 clo (typical winter
clothing with overcoat).
Table 5. Thermal properties of clothing, from Fanger[11]

Clothing ensemble

None

).5 clo

.0 clo

°~

g
2o
g

1.5 clo

<

Thermal
resistance
Rc (clo units)

Light working: Athletic shorts, wool socks,
cotton work shirt and trousers, shirt tail
out, neck opela

0"6

U.S. Army "Fatigues", man's: lightweight
underwear, cotton shirt and trousers,
cushion sole socks and combat boots

0-7

Typical American business suit
Light outdoor sportswear: Cotton shirt,
trousers, T-shirt, shorts, socks, shoes and
single ply poplin jacket
Heavy Traditional European business suit:
light cotton underwear with long legs and
sleeves, shirt, wool socks, leather shoes,
tweed suit with trousers and fully lined
jacket and waistcoat

~0

i

z

5

4

5

6

Windspeed,

7

8

9

Io

m/sec

Fig. 5. Comfort conditions for strolling in full sun.

O.Oclo

0.8

2

0.5 clo

0.7-1.0
0o
1

0-9

1.0 clo

I
I

E
.x_

I

1.5 clo

I

1"2

U.S. Army standard cold wet uniform:
cotton wool undershirt and drawers,
wool and nylon flannel shirt, wind resistant, water repellent trousers and field
coat, cloth mohair and wool coat liner
and wool socks

1"5-2.0

Heavy wool pile ensemble (Polar weather
suit)

3-4

0

1

2

:5

4

5

6

7

8

9

10

Windspeed, m/sec

Fig. 6. Comfort conditions for strolling in shade.

i

Using these values, figures 5 and 6 show the comfort regions for shade and for full sunshine. The effect
of an increased windspeed is greatest at low speeds;
in full sun an increase from 0.5 to 5 m/see would
require an accompanying increase of 9 deg C in air
temperature to maintain thermal equilibrium,
whereas an increase from 5 to 10 m/see would need
a further rise of only 1.5 deg C. Walking in a wind
of 5 m/see from full sun into shade has the same
effect as a drop in air temperature of 3.6 deg C.
Using both graphs, the combined effect of wind
and shade can be seen; walking from full sun and
still air (u = 0.5~ m/see) into shade and a wind of
5 m/see is equivalent to a drop of about 13 deg C.
E

.Oclo

0

Combat tropical uniform: As above but
with shirt and trousers of cloth, wind
resistant poplin
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The cooling effect of increased windspeed can be
counteracted by putting on more clothes. This is a
traditional way of viewing the matter, as noted in
the discussion following Gold's[13] paper: " I t is two
coats colder on the cliff than up the village street".
Equation (8) shows what extra clothing would be
needed to maintain thermal equilibrium in an increased windspeed. In the case discussed above, an
effective fall in temperature of 13 deg C would
require an additional 1.0 clo insulation.
It is important that the extra clothing is windproof. If, as with many items of clothing, wind can
penetrate the fabric, the effective insulation will be
reduced. Taking an extreme example, a woman
wearing a light summer dress with an insulation
value of, say 0.5 clo in still air, will be comfortable
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at an air temperature of 18%7 in shade with a wind
of 0.5 m/see. If her dress is completely penetrated
by a wind of 5 m/sec, its effective insulation will be
reduced to zero, when a temperature of 28~C is
needed for comfort. There is some information
available on wind penetration (Fourt and
Hollies[19]) but it is inadequate to allow the inclusion of a realistic factor in the equation. In practice
the effect of wind will generally be greater than
equation 8 suggests.

CONCLUSIONS
The calculations of wind force, stability, and rate
of working against the wind support the descriptions
listed in Table 1, based on the Beaufort scale, and
give confidence in using this table as a basis for
assessing wind effects. It appears that a mean speed
of about 5 m/sec represents the onset of discomfort,
when hair and clothes flap and dust and loose paper
begin to be blown around. Speeds of about 10 m/sec
can be classed as definitely unpleasant, with the wind
exerting a considerable force on the body. Higher
speeds involve large expenditure of energy in order
to maintain a reasonable walking speed, and progress becomes difficult and unsteady. Speeds around
20 m/see are dangerous, with the probability of
people being blown over, particularly if they are old
or infirm.
Designers may wish to use a mean speed of 5
m/see as a basic value for assessing conditions for
pedestrians in towns; new developments might be

designed to keep speeds below this value Ibr as
much of the time as possible.
The consideration of thermal comfort shows how
the high windspeeds and shading produced by tall
buildings can combine to produce excessive cooling.
The heat balance equation allows comfort conditions to be specified in terms of air temperature and
solar radiation as well as windspeed, and it may be
advisable in certain circumstances to design lbr
lower windspeeds in order 1o achieve comfort at
lower temperatures.
in this study several assumptions have had 1o be
made or aspects ignored because of gaps in the
available knowledge and various suggestions for
further work can be made. As far as mechanical
effects are concerned, the influence of turbulence
has not been investigated, but may have considerable importance in urban areas where buildings
change both the scale and intensity of turbulence.
A study of the mechanical effects of turbulence on
people, together with an investigation of turbulence
levels in towns would usefully extend the present
treatment.
The thermal effects of wind also merit further
investigation. Particular aspects deserving attention
are the insulation value of non-military clothing,
particularly women's clothing, the effects of wind
penetration, and the subjective responses of people
to thermal conditions out of doors.
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Ce texte passe en revue les effets du vent sur les gens, dans le but d'6tablir les limites
de vitesses du vent qui sont acceptables ou inacceptables. De telles limites sont
n6cessaires pour 6tablir les conditions en ville o/: les b~timents 61ev6s peuvent 8tre la
cause de vents pertubateurs dans les zones de pi6tons.
Les effets observ6s de la force du vent sont donn6s sous forme de tableau, utilisant
l'6chelle Beaufort comme base. Ces observations sont soutenues par des calculs de la
force du vent sur le corps humain, l'effet d6s6quilibrant de cette force, et l'effort
n6cessaire pour progresser contre le vent. Les renseignements existants sur le confort
thermique au-dehors sont trouv6s ~tre insuffisants dans le but pr6sent, et le sujet est
par cons6quent abord6 en consid&ant l'6quilibre de chaleur du corps humain. De l~t,
les conditions menant au confort peuvent 8tre calcul6es en fonction des variables de
l'environnement, la temp6rature de Fair, le soleil, la vitesse du vent et les facteurs
personnels, l'activit6 et l'habillement. Des graphiques montrent la relation entre ces
variables dans des conditions approprides aux gens dans les zones de magazins, et
d6montrent le grand effet de refroidissement de grands vents et de l'ombre associ6s
aux grands bS.timents.
L'analyse des effets m6caniques indique qu'une vitesse moyenne de 5m/sec repr6sente le d6but de l'inconfort, les vitesses sup6rieures ~ 10m/sec 6tant v6ritablement
d6plaisantes, et celles sup6rieures ~, 20m/sec 6tant dangereuses. L'6tude attire
l'attention sur le manque de renseignements et sugg~re certains domaines qu'il faudrait
6tudier.
Dieser Bericht behandelt Wirkung des Windes auf Menschen, mit dem Ziele, Grenzen
yon Windgeschwindigkeiten festzulegen, welche annehmbar oder unannehmbar sind.
Diese Grenzen werden zur Festsetzung yon Bedingungen in St~idten ben/Stigt, in denen
hohe Geb/iude stSrende Winde in Fussg/ingergegenden ausl6sen k6nnen.
Mit der Beaufort Skala als Grundlage werden beobachtete Wirkungen der Wind°
st/irke tabellenm/issig aufgestellt. Diese Beobachtungen werden von Berechnungen
der Windst/irke auf den menschlichen K/Srper, der Umstosswirkung dieser St/irke
und der, zum Fortschreiten gegen den Wind n6tigen Anstrengung unterstfitzt. Es wird
festgestellt, dass bestehende Information fiber den W/irmekomfort ausser dem Hause
ffir den vorliegenden Zweck nicht ausreichend ist, und das Thema wird daher mit
Betrachtung des W/irmegleichgewichts im menschlichen K~rper angefasst. Daraus
k/Snnen die Bedingungen berechnet werden, die zum Komfort in Bezug auf Ver/inderliche der Umgebung, auf Lufttemperatur, Sonnenschein, Windgeschwindigkeit, sowie
auf pers/~nliche Faktoren, Aktivit/it und Kleidung ffihren. Graphische Darstellungen
zeigen die Beziehungen dieser Ver~inderlichen zueinander ffir Bedingungen, die ffir
Personen in Kaufgegenden zutreffen, und sie zeigen die grosse Kfihlwirkung der
Windgeschwindigkeiten und des mit hohen Geb/iuden verbundenen Schattens.
Die Analyse mechanischer Wirkungen ergibt, dass eine Durchschnittsgeschwindigkeit yon 5 m/s den Beginn des Unbehagens darstellt, mehr als 10 m/s Geschwindigkeiten sind unbedingt unangenehm, und h/Shere Geschwindigkeiten als 20 m/s
k6nnen gef/ihrlich sein. Die Untersuchung macht darauf aufmerksam, dass einige
Unzul~inglichkeiten in der vorhandenen Information existieren, und es werden
Vorschl~ige ffir weitere Arbeiten unterbreitet.
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