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ABSTRACT

The main aim of this work is to determine the actual wind pressure
and its distribution in Egypt. In order to determine the actual values
of wind pressure, the actual values of wind velocity are obtained
exactly from meteorological stations scattered all-over Egypt. The
available data are used to carry out a statistical analysis in order to
obtain contour maps of wind velocities for maximum expected wind
velocity within return periods of 50 and 100 years. The results of
the study revealed relatively higher values of wind pressure
compared with those in the Egyptian code .
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INTRODUCTION
ind is one of the major forms of
structural loading. Any structure
which is built on the earth’s surface must be
capable of withstanding the wind loads .

These loads can be considered as the
governing loading condition for special steel
structures, such as broadcasting masts,
cooling towers, suspension bridges , cranes,
lightweight cladding and open sided
buildings, such as sport grandstands.

In the first international conference on
wind effects on buildings and structures
which was held in London in 1963,
Davenport presented  his  statistical
approach for wind loading [1,2]. This
conference can be considered the start of
the modern era of wind engineering. The
second conference was held in 1967 at
Ottawa, Canada [3]. This conference has
been repeated every four years: in 1971 at
Tokyo, Japan [4], in 1975 at Heathrow,
England [5], in 1979 at Fort Collins, USA [6]
and in 1983 in two parts at the Gold Coast,
Australia and Auckland, New-Zealand [7].
The International Association of Wind
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Engineering was formed in 1975 at the
Fourth conference.

The proceedings of these conferences
provide a rich source of data. On the other
hand, the building research establishment
has been very active in the field of wind
engineering over the past two decades which
turned its attention to low-rise buildings.
Data from  the Building Research
Establishment (BRE) research programs [8]
were used in 1970 and 1972 revisions and
the 1985 amendments of the British
Standard Code of Practice for wind loads [9].
In Egypt, several studies were made by
many authors and researchers to study the
wind effects on buildings and structures [10,
11].

This paper is devoted mainly to the
study of the extreme wind speed in Egypt.
The wind speed data are collected from
meteorological stations, then treated
statistically in order to obtain contour maps
for extreme wind distribution in Egypt. Such
maps will be very useful for the design
engineers for the analysis of special
structures where the wind pressure is of
vital importance.
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CLIMATOLOGICAL ANALYSIS

Climatology may. be defined-as'asetof =

probabilistic  statements on long-term
weather conditions. Wind climatology
provides the designer and the codes with

information on the extreme winds that -

might affect a -structure during its lifetime.
Such information is requ1red for making
rational decisions on the magnitude of the
wind loads to be used in design.

The expected life-time of a building
obviously depends on the purpose for which
it is built; the more important the structure
is, the longer the period it is expected to
survive, such as monumental structures,
which are generally built to last up to 100
years and more. On the other hand, low cost
housing, ordinary industrial buildings and
light weight roofs are built to last for only 50
to 100 years. The data of wind speed have
been collected from meteorological stations
scattered all over the country. There are over

55 meteorological stations scattered all over

Egypt to record the direction and the wind
speed every day. Any reliable forecast of
maximum wind speed must be based on the
data of the annual maximum wind at the
building site and the statistics of the
extreme values.

Wind codes must be based on the
knowledge of the probability of occurrence of
high wind velocities obtained from the
statistical  analysis of the wind velocity
records. [12]. Davenport [13, 14] derived the
following formula for the probability
distribution of the extreme wind P .

P 1 _e‘a(vext_u)
=1—€

Where
u is the mode shape or the modal wind
R speed;
1/a  is the dispersion or is a scale wind
speed;
and Vex is the annual extreme wind speed .
Through a double logarithmic

transformation [15], Equation 1 becomes

v, —u+l( In [-In (1- P)]) (2)

ext

(1)

Putting

Then, Equation 2 becomes:

y=-n(-ln (1-P)) N < .

i 1

The first, and most commonly used
method of estimating the mode "u" and
dispersion "1/a" from observed datais due
to Gumbel [16].In this method, the
maximum annual wind speed is extracted
from the records of mean hourly wind
speed, for all recorded years at a given site,
then, the obtained extreme values are sorted
into ascending order of magnitude, after
which each is assigned a rank, m, where
m=1 for the smallest and m=N for the largest
of N wvalues, then the value of P
corresponding to each extreme is given by,

i (5)

(N+1)

Plotting the straight'line Equation 4, the
parameters of extreme wind (mode "u" and
dispersion "1/a" can be determined for any
site, ‘from the available data of maximum
annual mean wind speed at that site [17].

On the other hand, the return period R
is related to the probability P by the relatmnv
[15). P=1/R.

Then Equation 2 could be represented_
by the form

Ve=1u + g [~In '—ln(l—E)l] ©)

1 1
as In(l-—)=-—
4 R) R

Then y, . T (7)

a
Where Vg is the maximum expected wind
speed within the period R .

There are about 80 meteorological
stations scattered all over Egypt, fifty five
stations of them have continuous records of
wind speed for significant number of years
from 1960 to 1992 (more than 30 years).

Table 1 presents the maximum wind
velocities during the period from 1960 to
1977, for 28 stations, while Table 2 presents
the maximum wind velocities during the
period from 1978-1992, for 18 stations.

These data are extracted from the daily
records . of wind speed obtained from the
meteorological stations. These stations are
distributed over the geographic map of
Egypt.
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Table 1  Maximum annual wind velocity in Egypt
during tte period frora 196C-1977 (data
obtained from meteorclogical stations)

’

Station Max wind
velocity

m/sec

1 |Cairo airport 30.90

2 [Cairo wes: 27.80
3 |Almaza 28.50
4 [Bahtim 24.70
5 |Ras El-Tin 30.90
6 [El-Nuzha airport 29.90
7 |El-Dekhila 34.00
8 [Sidi Barani 31.90
9 [Mersa Matruh 43.206
10  |El-Saljum 31.90
11 [Belbeis 32.45
12 El-Mansoura . 28.80
13 [Tanta 26.30
14 |Rosetta 28.20
15 |Damanhur 23.70
16 [Fahrir 28.20
17 [Siwa 33.80
18 |El-Dakhla 30.90
19 |Abu Suweir 36.10
20 {Hurghada 36.05
21 [El-Quoseir 25.75
22 |Helwan 26.27
23 [El-Fayoum 28.80
24 |El-Minva 27.80
25 |Asyout 39.14
26 |laxur 35.50
27 |Aswan 29.87
28 |E.-Dab'a 43.26

Table 2 Maxirnun annual wind velocity in Egypt

during the period from1978-1992 data
obtained from meteorological stations)

Station Max wind velocity
m/sec

| Cairo airport 24.7
2 Bahtim 25.7
3 Tanta 23.6
< Rosctta 25.7
) El-Mansoura 2357
& IEl-Dak’ila 22.6
b El-Bahariva 211
8 Aswan 20.1
9 Asyout 22.6
10 |El-Hurghada 21t
11 [El-Arish 24.2
12 |Port-Said 29.3
13 |Alexandria 32.9
14 |El-Suez 29.3
15 |El-Sallum 31.9
15 |El-Favoum 230
17  {Belkis 27.8
13 |Mersa Matruh 43.3

Contour maps

In order to develop contour maps for
wind velocities in Egypt for return periods of
50 and 100 years, the mean and maximum
values of wind velocity are collected from the

meteorological stations scattered all over
Egypt during the period from 1960 to 1992.
Then, the following procedure is carried out:

Knowing the annual extreme wind speed
at any site, and using Gumbel’s method
[16], which have already been used for
developing the contour maps for wind
velocities in the United Kingdom [17], the
parameters u and 1/a are directly
determined from the. straight line Equation
4.
From Equation 6 and for a given return
period R the maximum expected wind speed
at the studied site is obtained .

Table 3 gives the maximum expected
wind -speed for return periods of 50 and 100

years {at a reference height 10m, above
- ground surface for cpen terrain) for 22 sites
distributed alt.ever Egypt.

The data given in Table 3 are used for
drawing Figures 1 and 2 which represent
the contour maps for the maximum
expected wind speed for areturn pericd of
50 and 100 years respectively.

The results of Table 4 indicate big
variations of wind pressure intensities
extracted from this study for a return period

.of 50 year, compared with those in the

Egyptian code [18].

Table 3 Maximum expected wind speed., Jor return
periods of 50 and 100 years

Station Vrm/sec Vrm/sec
R = 50 Years | R = 100 Years
1. |[Cairoairport 33.53 35.58
2 Abbasiya 20.24 31,32
& Alexandria 36.15 38.10
41 Sidi Barrani 34.02 35.41
5 Mersa Matrul: 45.60 48.72
& El-Sallum 36.55 - 3880
. 1El-Dab'a 43.92 46.90
& Bilbeis 37.14 ! 39.15
)] El-Mansura 31.77 33.5%
10. Tanta 28.92 30.31
11. Rosetta 31.87 3357
12, |Damanhur 29,96 31.8%
13. Tahrir 27.29 28.00
14, |Siwa 33.54 335.2¢9
15. El-Dakhla 32.60 34.70
16 16, Abu Suweir 37.62 39.34
17. |Hurghada 35.76 3765
18. [Fayoum 29.65 31.6%
19. |Minya 28.88 30.36
20. |Asvout 38.73 41.64
21. |Luxur 36.75 40.04
22. |Aswan 33.93 30,08

Alexandria Engineering Journal Vol. 37, No. 5, September 1998 C 87



SWELEM, GHENM, IBRAHIM and GALLO

20 159 228 298 367 436 505 574 643 713 782 851 920, 120

/ / B G & i 1§ 1] i
/ ((2 MEDITERRANEAN SEA . j ]
PRN-T . 7N 1051
o e
D

2 7
982 - X /\ L 1 982
AR

\'{:
] g
%) Y
) N 1° N
/‘\
hj 913
843 ) :
774
(o) .
Ng

1120

=

1051

N

A

A o

SAN /\\H’}ﬁ

\ \

7
%

\*’\

<1 B43

774

A LA

20\_—5-—\\\“ 3 | 2]
\/—Af‘tk:\/\@
DiKeZ7
s
]
\l\

L

705 s
_ AL
O &, <
636 Ny /0 N D, 636

567 4

‘\/%\\ i
L

Ly

r
1125 I/\ {
N A
N1 K
L ,/\

498 o 498
422 / ,’d !\ T 428
= N AR
359 v A\ > 359

4
280 i ] - { ! L I | 1 1 290

~n 159 228 298 367 436 505 574 643 713 782 851 920

Figure 1 Contour map of maximum expected wind speed for return period of 50 years (V'so) in Egypt in
km/hour. Based on information provided by Meteorological Authority (Scale 1 cm = 100 km)
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Figure 2 Contour map of maximum expected wind speed for return period of 100 years (V' 100) in Egypt in
km/hour. Based on information provided by Meteorological Authority (Scale 1 cm = 100 km)
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Table 4 Values of wind pressure in Egyption code and
the corresponding values from contour maps
for a return period 50 year .

Wind Wind,
pressure in | pressure from
The site Egyptian contour maps
code (kg/m?)
(kg/m?)
Mersa-Matruh 90 127.0
Alexandria 80 82.0
El-Sallum 80 84.0
Abu-Suweir 80 89.0
Hurghada 80 80.4
Cairo airport 70 70.7
Asyout 70 94.4
Bilbeis 70 86.7
Siwa 60 70.7
El-Dakhla 60 66.8
El-Fayoum 50 55.3
Minya S50 52.5
Luxur 50 84.9
Aswan 50 72.4
Tahrir 50 46.8
Tanta 50 52.6
El-Mansura S0 63.5
Damanhur S50 56.5
CONCLUSION

The results of this study led to the following

important conclusions:

1. A big variation of wind pressure intensity
is noticed along the coasts of Egypt where
the maximum values of wind speed are
recorded particularly at Mersa-Matruh,
El-Sallum, Alexandria, Abu-Suweir, El-
Daba and Hurghada, while the minimum
values of wind speed occur at various
parts of upper Egypt.

2. Material differences for wind pressure
values extracted from this study are
noticed compared with the values given
in the Egyptian code.

3. The contour maps in this study give
values of wind velocity and wind pressure
for any site having no records of wind
data such as Halfa Valley and Toshka
Region. ’
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