





Figure 12 .
8. True Magnitude Study

12 The "old construction"
sample, taking into account its
. b | installation (Nantes) and the
E 08 ,3:Lj truth of the model, allowed us
2 . to compare the results obtained
E 0.6 in the wind tunnel with measure-
Z 0.4] ments on the ground and thus to
;; confirm the quality of our test
0.2 averages (Fig. 12).
On the ground, for a given
o 02 04 06 08 ! 12 wind direction (measured at the
¥, true value CSTB station at Nantes), the
Fig. 12. Comparison of values obtained average speed (for 10 min) and

in wind tunnel and on the ground. . .
n u g the turbulence intensity were

recorded simultaneously on a 7-meter pylon at a remote site (reference loca-
tion) and 2 meters above the ground using a portable tripod (some 10 points).
The anemometers being very sensitive (frequency response close to 1 Hz),
we could correctly measure the turbulence intensity and calculate the
parameter Y locally.
Comparison of the results with those obtained in a wind tunnel is con-
sidered excellent. We only regret that the number of points for comparison

was too limited. (To compensate for this lack, a broader study is underway.)

9. Conclusion

This work allowed defining and quantifying in their structural context
the different "aerodynamic accidents'" that may cause discomfort to pedestrians
due to effects of wind and thus how to prevent them in some cases.

It is quite evident that our quantification can be applied strictly
only to an open-country wind. However, an approximate correction that takes
the irregularities of the terrain into account is indicated,

Further, the comfort criterion adopted can be confirmed in the future;

it is sufficient to adjust the values on the basis of the new criterion.
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This type of study indicates some arrangements favorable to comfort or
to decreasing the manifestations of the wind.

Finally, it was possible for us to translate this work into simple
rules or practical suggestions for the use of city planners and
designers [3].

The CSTB is now studying aerodynamic shapes, artificial and botanical
wind screens, and also deflection arrangements at the scale of the building.
These new studies will make it possible to provide architects with "after-
the-fact" or "remedial" measures and will finish off the work which we have

just described.
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Appendix 1.

Zm h

Theoretical Expression of Conversion Coefficient

400

330

270

oc ¥ 0,36
oc 220,25
oc 0,4
=
U — k UIO meteo
ZO
_ 10\ 014
UIO meteo UG (m)
U  Ua (-2_0)0.25
Z, sub 330 [sub = suburb]
U — Us (_z_)
zZ,c.c. 400 [c.c. = city center]

0,14
country site 4 — (Z_O)

(slight. irregularity)

10

suburban site g (270)0‘14 (_29_)0,25

(moderate irregularity)

city center site k:(
(great irregularity)

10
1.59

330

270\0.14 z, 0.38
W) 400

1,59
Example:

For z, = 10 meétres :
Country k=1
Subutrb k~ 0,66

k= 0,42

City center
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Appendix 2. Weighting of Quantitative Results as a Function of
Geographical Site and Irregularity

We explained in Sect. 4.33 the correspondence between the comfort
parameter Y and the local frequency of exceeding the discomfort thresh-
hold. This correspondence assumes knowledge of the specific statis-
tical meteorological data of each site. Therefore it is essential for
the designer to use the climatic data of the place if he wants to asso-
ciate the Y values for his site correctly with the frequencies of
corresponding discomfort.

At the same time, if an aerodynamic anomaly of the parameter y
obtained for a wind of the country type is located in a suburb or acity
(aerodynamically thus subjected to a wind of the suburb or city type)
the discomfort level and thus the associated discomfort frequency will
not be the same.

We suggest below a method of weighting the value of the parameter
Y (obtained strictly for a wind of o = 0.16) according to the nature
of the irregularity met by the wind.

From the results obtained on a spatial plan (see note on p. 21)
subjected to three types of wind, we found that (on the collection

of points measured in the spatial plan) the parameter
U@+

8] 40 site

*

had the same average.

In attempting a better knowledge of the effect of the irregularities
upstream, it seemed reasonable to use the { values that were found by
measurement and the gradient o = 0.16 to calculate the frequency of
the discomfort for other gradients, assuming the parameter ¢, to be
constant for any value of a.

In our calculations we adopted the following thicknesses of the

limited bed for the different o values:

o Zg
— | "meter
0.14 270
0.16 280
0.25 330
0.36 400
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For example, with Zr =2 mand a = 0.16, we have
_ Z\M16 — _
U ()" Ou, . 07200«

where UlOM is the average speed measured at the meteorological station
(o = 0.14).
Assuming in first approximation that the standard deviation is

independent of the irregularity and the height, we can write

Up P = Upon “o with Py * 018
Therefore
'::'U (41 ::U'U +1
YTUA ) 09U
or U (1 +1) =09 Upy ¥
The parameter ¢ can be expressed
U1+ Uson
== = 0,0 = !
P Uso site Uso site ¥

The relation between ¢, and ¥ for a = 0.16 will be
b, = 0.78 ¢

Assuming that ¢, does not depend on a, the discomfort will start when
U(L + ) = 6 m/sec

T —

° __ 6 [T ], 1
Uiox — 078 X | T, )

site

U1OM

The ratio U site

is determined as a function of the irregularity (roughness) and we have

the following conditions for the start of discomfort:

— 6.31 [open ccuntry]
a = 0,14 rase campagne Ujon = ¥

— 6,62 [country, low suburb]
«==0,16 campagne Uron = 5~

basse banlieue

— .23

o == 0,25 banlieue Uton = =3~ [suburb]
. — 11

v = 0,36 centre ville Uion = 7 [center of cityl]



Thus, regardless of the region, the same discomfort frequency is reached in
open country with 0.954, in suburbs with 1.254, and in the city center with 1.74
with the "4" values given in the preceding paragraph (where the wind in the coun-
try is a = 0.16).

Further, if a quantified anomaly for a country wind (o = 0.16)
locally has a value Y =1, this same anomaly in a suburb will be only
0.8 ¥ or in the city 0.6 y. The values of Y are always those measured
for wind of country type (0 = 0.16).

Theoretically the above material assumes a wind 'statistically" in
an established regime, i.e. an upstream distribution of irregularities
that is relatively homogeneous for several kilometers.

If now we consider the effect of a change in irregularity on the
comfort parameter, we can only give some general experimental conclusions:

When a country-type wind penetrates into a spatial plan, the zone
of probability of aerodynamic accidents is a band of the order of 200 m
thick. The discomfort levels there are those given in the study of
the different anomalies of aerodynamic effect.

Beyond this band, the probability of accidents is less and we can
assume roughly that events occur as though we were in a wind of the
suburban type, or for a discomfort parameter of 0.8 .

It should be mentioned, however, that this change or "mask effect"
can be less for widely different structures (h > 2h) above the average level
(thus maintaining the ¥ values without attenuation).

If open (or free) spaces with minimum area of the order of 400 x 400 m
are present, the wind '"falls down" into such spaces and the peripheral
buildings are again exposed to a 200-m band in the direction of penetration
of the wind.

By way of comment, we can indicate that tall groupings consisting half
of towers do not ever produce the least mask effect (interference among
themselves).

0l1d structures, by their high density favor the protection effects
(average ¥ =~ 0.6 to 0.7) and the aerodynamic accident thresholds that can
occur are at the base of very high structures (100 m) (installation to the
rear of the spatial plan). The possible discomfort zone caused by this is
roughly a circular area whose radius is equal to the height of the struc-
ture. At the very base of tower structures (h =~ 100 m) the discomfort

parameter can reach 1.6.
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