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Abstract — Currently in the Republic of Guinea, high-rise buildings and structures construction projects are emerging in high rate.
However, there is a lacks in codes of standard that take into account the wind parameters that is essential for the successful completion
of a construction project. One of the major climatic factor is a wind load that is not accurately considered in calculating when designing
buildings and structures in Guinea. The purpose of this study is to determine the estimated wind pressure for the whole territory of Guinea.
The raw data for the last 25 years of wind speed were obtained from the databases of the National Directorate of Meteorology for 4 (four)
meteorological stations. Then, based on the linear regression law, we were able to determine the probable values of the mean wind speed
from the data of each meteorological station with a return period of 50 years. For areas of Guinea located outside the vicinity (200 km
radius) of the meteorological stations, the values of mean wind speed were calculated using the OK (Ordinary Kriging) method. As a
result, we were able to: - map the zoning of the Guinean territory according to the baseline wind pressure; - determine the coefficients
that take into account the influence of altitude and roughness of the different types of terrain; - calculate the parameters that take into
account wind turbulence. It assumed that the obtained results will help to minimize the risks of collapse of buildings and structures under
construction in the considered meteorological zones by considering the wind load in the design of building structures.

Keywords: Meteorological station, Wind speed, Regression analysis, Return period, Ordinary Kriging, Wind pressure, Wind
zone

1. Introduction

Wind force remains one of the most dangerous types of hazards that can directly or indirectly lead to building collapse.
most local houses in the Republic of Guinea built mainly based on the client's budget without the use of appropriate standards.
As for public projects or private projects of a certain category, they are realized using foreign standards such as the Eurocode
[1], BAEL standard [2], which is a universal standard, allows the design of concrete structures without local climatic
conditions consideration. Inaccurate load estimations are produced by ignoring wind loads or by applying inappropriate
standards, which could lead to a poor choice of the structures' cross section. As a result, the built structure is exposed to
natural disasters as high winds, heavy rains, high temperatures, etc.

Fig. 1:/1\7[inistry of Information in Conakry (left) [3]; A residential building in Conakry (right) [4]
The works of Markel B. [5] and Camila S. [6] stated that problems of wind load estimation are encountered in Albania

and Cuba, respectively. As in Guinea, in these countries most engineers already use international standards for the design of
buildings and structures, which has a significant impact on the safety of construction works. Authors [5,6] informed that due

ICCEIA 152-1


mailto:at@bdmproekt.ru
mailto:apkonst@yandex.ru
mailto:yordanosmoges1379@gmail.com

to the high demand for high-rise buildings, it is necessary to improve the accuracy of wind load determination, as they are
significantly influenced by orography, making wind load even more critical in the design process.

2. Research Methodology

Climatic data for the last 25 years, i.e., values of the average hourly wind speed, were obtained from the National
Meteorological Administration databases [7] of Guinea for four (4) Meteorological stations (Table 2.1): Conakry airport
(Guinea), Kedougou (Senegal), Kenieba airport (Mali), and Odienne (Cote d'Ivoire).

Table 2.1: Climatic data [7]

Meteorological stations
Conakry Airport | Kedougou(Senegal) | Kenieba airport (Mali) | Odienne (Cote d'Ivoire)

Year Average hourly wind speed in m/s at a height of 10m

2022 16,00 12,00 4,00 14,00
2021 19,00 20,00 4,00 6,00
2020 21,00 38,00 4,00 3,50
2019 24,50 11,50 12,30 12,00
2018 40,00 22,00 12,30 15,00
2017 26,00 32,00 12,50 13,33
2016 28,00 14,00 11,50 7,00
2015 21,00 9,50 14,80 16,11
2014 16,00 10,00 11,70 26,40
2013 41,00 10,00 12,50 13,89
2012 30,00 33,00 11,50 21,00
2011 25,00 40,00 9,50 25,00
2010 24,00 7,00 11,00 20,50
2009 34,00 34,00 21,00 20,50
2008 24,00 13,00 13,50 20,00
2007 22,00 10,00 13,50 20,00
2006 24,00 6,50 10,00 22,00
2005 16,00 17,00 15,00 24,00
2004 15,00 19,00 8,30 30,00
2003 13,00 17,00 16,00 18,00
2002 15,00 14,00 10,00 5,00
2001 15,30 19,00 19,00 23,00
2000 22,00 12,50 13,50 15,00
1999 12,22 20,00 10,00 8,10
1998 18,00 17,50 18,00 20,00
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Fig. 2: Speed variation as a function of time [7]

Fig. 3: Locations of meteorological stations [8]

In order to determine the probable mean wind speed values for each metrological station with a 50-year return period,
the above climatic data (Table 2.1) were analysed using the linear regression method [9] (see Figure 4-7).
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Fig. 4: Probability distribution of wind speed from Conakry airport meteorological station data
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Fig. 5: Probability distribution of wind speed from Kedougou meteorological station data
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Fig. 6: Probability distribution of wind speed from Kenieba airport meteorological station data
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Fig. 7: Probability distribution of wind speed from Odienne meteorological station data

The probability corresponding to a 50-year return period could be determined using Equation 1 [10]:
1
P= 100%(1—%)298% @)

The analyses showed that most wind-induced damage would have occurred in a shorter time intervals, i.e., less than 1
hour. According to Tun T. N. [11], showed that the wind with a shorter averaging period is stronger in intensity than the one
with a long averaging period. Considering SP 20 [12], average speed values were employed in this study at 10-minute

intervals. We applied equation (2), which was suggested by ISO 19901 [13], to get 10-minute wind speed figures based on
hourly measurements:
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where V;, — 10-minute speed at a height of 10m, (m/s); V;, — Average hourly velocity at a height of 10m, (m/s); t=
60s— duration corresponding to 10 minutes; &, = 36005 — duration corresponding to 1 hour.

The C coefficients shown in Table 3.1 are the results of the ratios of 10-minute velocities to hourly velocities V. The
equality of the coefficients is explained by the fact that all velocities were calculated for a height of 10 m above the ground.

The wind pressure could be determined using a combination of well-known equations [14-15]: Bernoulli's law of

conservation of kinetic energy (Equation 3) and the Mendeleev-Clapeyron ideal gas equation (Equation 4). The latter formula
(Equation 4) consider climatic parameters such as temperature and atmospheric pressure:

1

Pm=5p'V%0 (3)
P
abs
= <= 4
P="pr “)

where P,,— Basic wind pressure, (Pa);p — Air density, (Kg/m?); Vip— 10-minute wind speed at a height of 10m,
(m/s); P, _— Absolute pressure, (Pa), R— Specific gas constant, about 8.314 J/mol - k; 7— Temperature, (K).

It's necessary to keep in mind that, the recommended default value for air density in the European Standard [1] is 1.25
kg/m3 compared to 1.225 kg/m? in France. However, in order to simplify the calculations as well as to improve safety, this
air density value suggested by the Eurocode [1] have been used in this study. Since the Republic of Guinea is located in a
hot part of the planet, the air density in this area is unlikely to reach the European average. This is because temperature is
inversely proportional to air density (equation 4).

Then, we determined the parameters that change the value of the wind pressure, namely the coefficients K, and I,: by
using the logarithmic approximation, the coefficients K, determined (Equation 5) [1]:

A

Ve % %
v K= 10 . 10 )

10 k- Inln—  Inln—

§ ) )

where for the same locations &k, = &k, = k. — terrain coefficient; V,— Wind speed at height Z m, (m/s); V;, — Wind

speed at height 10 m, (m/s); K, — coefficients that take into account the effect of altitude and roughness of different types of
terrain; z;, — roughness of terrain categories, (m).

- Wind turbulence record effects is justified by Equation 6 [1,16,17]:

(6)
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where /,— Turbulence coefficients at Z m height; 0 — Average square deviation, (m/s); V,— Wind speed in point i,
(m/s); V— Arithmetic mean value of velocity, (m/s); CO(Z) =1 — Orographic coefficient for more or less flat areas.

This study identified Republic of Guinea territory zoning depend on the obtained equivalent wind load values. Thus
territory zoning drawn by a software package (AutoCAD). It is essential to remind that each methodological station covers a
set of towns located at a distance not greater than 200 km [7]. The Conakry airport station is located in the center of the circle
that was used to draw the border between zones IV and III. In a way, the first curve that was thus produced ended up being
parallel to the the coast and slightly in the direction of the Atlantic Ocean due to a concavity. The intersection of the circles
with the Kedougou (Senegal) and Keniba (Mali) stations at their centers could be used to outline the border between zones
IIT and I. The intersection of circles centered on the stations of Odienne (Cote d'Ivoire) and Keniba (Mali) forms the border
between zones II and 1.

Due to the lack of weather stations in the region of southeast Guinea that could offer accurate climatic data for the last
25 years, the curve that separated zones III and II was the most challenging to construct. To this end, our first approach was
to compared the historical mean velocities of each city in this region of the nation with those of other cities that had already
undergone classification. The velocity values in the nearest cities were the similar. The regression-Kriging method was the
second strategy. This is a geostatistical theory known as OK (Ordinary Kriging) is to make predictions by calculating
weighted averages of observations [18]:

)= Y o) 0

where V(SO) — Predicted wind velocity values in s, zone; 4, — Forecasting factors, which can be positive or negative;
n— total observations; V(SI) — Known values of wind speed.

The curve thus obtained, i.e. the curve separating zones I1I and II, turned out to be parallel to the sea coasts, which shows
that the Atlantic Ocean has an impact on the microclimate of the zones that are nearest to it (Fig.8).

3. Analysis of results:

The results of this work showed that there are four (4) geographical areas in the Republic of Guinea that differ based on
the wind pressure (Table 3.1). The resulting wind zones were ranked in ascending order, that is from zone I (the area where
the lowest wind intensity was recorded) to zone IV (the area with the highest wind pressure intensity). Further, the values of
K, and I, coefficients were categorized accordingly in Table 3.2. As well Figure 8 presents a map of the zoning of the territory
of the Republic of Guinea according to wind pressure.

Table. 3.1: Wind pressure and zones

Meteorological stations
Conakry AirportKedougou(Senegal)Kenieba airport (Mali)Odienne (Cote d'Ivoire)
Return period for 50 years, P(%) 98,00 98,00 98,00 98,00
Hourly wind speed, Veo(m/s) 33,81 32,49 18,25 27,56
Conversion factor, C 1,08 1,08 1,08 1,08
10-minute wind speed, Vio(m/s) 36,52 35,09 19,71 29,76
Wind pressure, Pm(kPa) 0,83 0,77 0,24 0,55
Wind zones 14 111 I II

Table 3.2: K, coefficient to account for the effects of altitude and roughness of different types of terrain. I, coefficients
of turbulence at altitude

Coefficients K, according to terrain categoriesCoefficients I, according to terrain categories|

Boicota, M A (20=0,2) | B(20=0,5) | C(zo=1) | A(z=0,2) | B(z0=0,5) | C(z=1)
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10 1,00 0,65 0,50 1,06 1,39 1,80
20 1,18 0,80 0,65 0,90 1,13 1,39
30 1,28 0,89 0,74 0,83 1,01 1,22
40 1,35 0,95 0,80 0,78 0,95 1,13
50 1,41 1,00 0,85 0,75 0,90 1,06
60 1,46 1,04 0,89 0,73 0,87 1,01
70 1,50 1,07 0,92 0,71 0,84 0,98
80 1,53 1,10 0,95 0,69 0,82 0,95
90 1,56 1,13 0,98 0,68 0,80 0,92
100 1,59 1,15 1,00 0,67 0,78 0,90
150 1,69 1,24 1,09 0,63 0,73 0,83
200 1,77 1,30 1,15 0,60 0,69 0,80
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Fig. 8: Zoning of the territory of Guinea according to wind pressure

4. Discussions
The findings of the study confirmed the theory that wind pressure rises with closer to the sea coast. Since the strongest

winds frequently occurred in Conakry and the surrounding area, this finding is completely consistent with reality (Fig 1). It
is suggested to use the following formula to calculate the total wind pressure in order to reduce these damages [12]:
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where W, — Average wind load component; I}, — Pulsation component of wind load; 7, — Wind pressure (Table
3.1); K,— coefficients that take into account the effect of altitudes and roughness of different types of terrains (Table 3.2);
C— Aerodynamic coefficients; /,— Turbulence coefficients at height Z m (Table 3.2); v— Correlation coefficients between
wind direction and facade orientation; y,— Load reliability factor.

Since the aerodynamic parameters depend mainly on the building shape than the microclimate, it is recommended to
adopt the coefficients from other standards. As for the load reliability coefficients, they can be taken in the range 1.2-1.4
according to [1, 12].

5. Conclusion

Civil engineers in the Republic of Guinea will therefore be able to choose which wind loads to apply when designing
high rise buildings and structures. In addition, new standardization data is represented by the results. Data that will surely
contribute to the protection of individuals and their belongings by means of performance condition compliant structures. The
input from this study may contribute to the improvement of the government's quality control strategy.
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