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Abstract: 
Over time, there has been an increase in technologies and research, as well as the development of human 

experience in science. In this context, the aspect focused on population growth, particularly in the city of 

Luanda (capital of Angola) has provided an intense exploration of urban spaces, in order to dispose and/or 

accommodate populations and, consequently, buildings, which tend to become increasingly taller slender and/or 

flexible. Wind standards are part of the foundation of this process, and must be constantly checked and 

compared, in order to design, monitor and build safer buildings, resistant to different static and dynamic loads. 

Thus, with the aim of evaluating the dynamic effects of wind load under tall reinforced concrete buildings, this 

research work also aims to analyse the static and dynamic behaviour of a tall reinforced concrete building with 

a typical structural system, in view of the guarantees structural stability and comfort to users given the 

slenderness that is one of the main characteristics. The analyses in question were carried out based on the 

Brazilian standards and the Eurocode, comparing the results in order to know which one best adapts to the 

local characteristics of the Luanda region. With the aid of these norms, it was possible to quantify the dynamic 

action of the wind, taking into account mainly the (wind) information provided by the National Institute of 

Meteorology and Geophysics (INAMET). The building has a typical structural system with a trapezoidal 

configuration, having 27 floors, 18 m long, 23 m wide and a height of 95.2 m, located in Luanda. The numerical 

model of the building was developed and analysed in the Robot Structural program, where the responses were 

evaluated. It is noteworthy that the quantification of the dynamic action of the wind by the Eurocode standard 

presents greater wind pressure compared to the Brazilian standard, making the structure more effortful. Finally, 

for a better understanding, the comparison between results obtained based on the norms are presented and 

discussed, and from these, important conclusions are drawn and then recommendations for future research are 

presented. 
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I. Introduction 
It is known that natural phenomena affect countless buildings every year. In the particular case of the 

wind phenomenon, researchers and/or structural engineers must design structural systems capable of 

withstanding dynamic wind loads without causing substantial damage to buildings. In this context, it can be said 

that when a structural system does not meet safety requirements in terms of stability and comfort for users, it 

means that it is not suitable for occupation. A residential building must be able to provide security to its users 

during its useful life. 

Winds are a horizontal dynamic load that generally affects perpendicularly to the contact surfaces 

of the works
1,2,3,4

. When speeds are too high, they can cause serious structural damage to the elements, due 

to the thrust and suction they generate. Depending on the characteristics of its climate, each country must 

have a standard for designing buildings that are safe and resistant to the dynamic action of wind
5,6,7

. The 

Brazilian and European wind standards define how to calculate the static and dynamic components of the 

wind load, depending on the region and type of structure. And in the particular case of Angola, however, 

there is no standard for calculating wind loads on buildings. For this reason, until now, these standards 

have been used to design and build buildings in the country. However, the standards adopted in the 
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referred standards NBR6123
8
 and EC 1-1-4

9
 are being compared in order to adopt only one of them in the 

country, subsequently developing a specific wind calculation standard of Angola, this after several 

investigations advance and experience in this sector. 

With the technological development, it becomes possible to simplify super complex problems, this 

with the help of computer programs that in turn facilitate the structural engineering sector, in the process of 

obtaining results of the structural behaviour caused by the wind action, and also facilitates in achieving the 

most economical structural alternatives. 

The internationally known high-rise building arises from the need to make the most of space, so 

that in little space it is possible to build a building that can accommodate several users. In this regard, the 

city of Luanda is no different, as for some time now it has begun to notice the construction of many tall 

buildings, which are also considered slender buildings, where height is more relevant than their horizontal 

dimensions. And according to Medeiros, Júnior & Brito
10

 “in very tall buildings, the force of the wind 

becomes an agent that causes instability in structures. With this, it is necessary to know how reinforced 

concrete structures behave as the height of buildings increases and their slender index and what measures 

must be taken to combat the acting forces”. Because they can cause significant horizontal displacements 

and, consequently, excessive bending moments, which are called dynamic effects, which can lead to ruins 

in buildings
11,12

. 

In order to determine the wind speed, it is necessary to analyse the values obtained from 

meteorological observations, usually made at airports, with a representative height of ten meters, with the 

tests being carried out over a long period”. 

The forces caused by the wind on a building generate stresses on its structure, which can be compromised 

if it has not been designed to absorb the efforts. It then becomes necessary to consider the efforts caused by 

the action of the wind during the structural design of buildings so that safer buildings are built. In order to 

consider the action of the wind during the design of a building, it is necessary to have more specific 

knowledge about the wind-structure interaction
13,14,15

. The loads caused by the action of the wind depend 

on four parameters, as shown in Fig.s 1 and 2, which are: I) Architectural form of the building, II) 

Structural asymmetry, III) Wind incidence angle and IV) Interference effects caused by the 

neighbourhood. 

 

 
 

Figure 1. Wind variation as a function of height (Adapted
16

). 

  

Figure 2. Angle of incidence of the wind load under the building (Adapted
17

). 
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However, the objective of the present work is to carry out the wind load analysis according to the 

NBR6123
8
 and EN 1-1-4

18
 standards applied to a twenty-story reinforced concrete office building 

structure. seven floors, located in the city of Luanda, specifically in the municipality of Luanda on Avenida 

de Portugal next to Banco BAI. The building in question consists of a structural system composed of 

beams, columns, slabs and eardrums, whose structural analysis was developed with the help of finite 

element software called “Robot Structural”. Thus, the loads of the static and dynamic component of the 

wind in the building were calculated through the two standards, and then the results obtained based on the 

two standards were compared. 

 

II. Methodology 
Evaluation method for evaluating wind loads on tall buildings 

The present research work was carried out with the objective of evaluating the wind loads in a tall 

and slender reinforced concrete building located in the center of the city in the capital of Angola. In order 

to fulfill the objectives, a descriptive type of research was carried out and as a research technique, the 

comparison of two standards from different regions/contexts was adopted as a case study, the NBR6123
8
 

and EN 1-1-4
18

 that support studies focused on wind load in structural systems using local data from the 

city of Luanda. The intended comparison consists of the need to find and/or reveal which of the standards 

is more viable when applied in the context of Angola, particularly in the province of Luanda (capital).  

The characteristic parameters of the wind were obtained according to the prescriptions of the 

NBR6123
8
 and EN 1-1-4

18
 standards and the values of the local data of the city in question. With the 

intention and the need to guard against possible future catastrophes, taking into account the possible 

negligence and poor quantification of the incident wind loads in our country, it is necessary to collect data 

on speeds occurring in the city of Luanda, arranged by the National Institute of Meteorology and 

Geophysics (INAMET), which is the body responsible for controlling incident speed at the level of all 

provinces in Angola, using a sophisticated radar. 

As already mentioned, in this research work, the Robot Structural finite element software was 

used to evaluate the dynamic wind load, which in many cases are also evaluated based on the use of a wind 

tunnel, instrument this one that is found and used in the laboratory of the institution of affiliation of the 

authors in question (ISPTEC). Finally, based on the software in question, a comparison of the results 

obtained according to the norms is carried out. 

 

Wind load consideration 

For the modelling of the wind that affects the structure, the force of the pressure gradient was 

considered, which is known as the horizontal component of the pressure force. As for the centripetal 

acceleration, it was possible to observe that the bodies that move in the analysis process follow the curved 

path according to the acceleration, which is directed towards its center rotation that is mathematically 

expressed according to Eq. 1, where m is the air mass in motion, V the wind speed and r the radius of 

curvature. 

 

𝑐 =  −𝑚 ×  
𝑉2

𝑟
 (1) 

 

Wind direction 

In addition to considering the studies on the physical characteristics of the wind, in the process of 

designing the reinforced concrete structure for safety against the influence of the wind, different wind 

speeds and directions were also considered. In this context, wind directions are considered to be horizontal. 

To carry out the structural calculation, initially the wind was considered at 0
o
 and then at 90

o
 of the 

structure (Fig. 2). 

 

Modelling the dynamic force of the wind load 

Modelling according to ABNT 6123standard 

 

Knowing that the turbulence generated by buildings causes changes in the average wind speed 

(Vm), it is possible to conclude that these necessarily cause the phenomena known as dynamic effects that 

are superimposed on the static effects caused by the average speed. In the case of static forces, these were 

determined taking into account the location where the building is located, and the basic wind speed (V0) 

which is exceeded on average once every 50 years, above 10 m from the ground in the direction horizontal 

NBR6123
8
. Where, in turn, the characteristic wind speed (Vk) was calculated by multiplying the basic 
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speed with the factors of: topography (s1), terrain roughness (s2) and degree of safety (s3), as expressed in 

Eq.s 2 and 3. Where the b and p factors are the meteorological parameters listed in section 6 of the 

standard NBR6123
8
, and the gust factor (Fr) which always corresponds to category II. However, Vk allows 

to determine the dynamic pressure (q) expressed mathematically by Eq. 4 

 

𝑉𝑘 =  𝑉0  ×  𝑆1  ×  𝑆2  ×  𝑆3 𝑆2 𝑍 =  𝑏 × 𝐹𝑟  ×  (𝑍 10 )𝑃  (2) 

𝑞 = 0,613 ×  (𝑉𝑘)2 (3) 

 

The drag force Fais obtained based on Eq. 4 where Ca is the drag coefficient, and Ae corresponds to the 

effective area of the building, which translates as the plane perpendicular to the wind direction. Highlighting 

that Ca is given by Re = 70000 VK L1, where Vk is given in m/s and L1 in m
8
. 

It should be noted that the level of probability and the useful life adopted were considered adequate for 

normal buildings intended for housing, offices, etc. however, given that there is no specific standard on building 

safety or corresponding indications in the structural standard, the minimum values of s3 are shown in Tab. 1 of 

the building safety category.  
 

Table no 1: Building safety categories (Adapted 
8
). 

Group Description S3 

1 
Buildings whose total collapse could affect the safety or possibility of rescuing people after a destructive storm 

9hospitals, fire stations and security forces, communication centers, etc.) 
1,1 

2 Buildings for hotels and residences. Buildings for commerce and industry with a high occupancy factor 1,0 

3 Buildings for hotels and residences. Buildings for commerce and industry with a high occupancy factor 0,95 

4 Fences (tiles, glass, fence panels, etc.) 0,88 

5 Temporary buildings. Structures of groups 1 to 3 during construction 0,83 

 

Regarding the dynamic responses, the simplified calculation method was applied considering the 

structure with a height below 150 m. However, by the simplified method, only the fundamental mode of 

vibration was retained, leading to errors of 10%, which are acceptable according to NBR6123
8
. Thus, the 

continuous function that is related to the terrain also called pressure q(z) is calculated based on Eq.s4 and 5. 

Where, ξ is the dynamic amplification coefficient, Zr is the reference height and q0 is the pressure in the 

reference height. 

Therefore, the determination of the s3 factor to be used in the wind speed equation acting on the 

structural system, the value will be indicated in group 2 (see Tab. 2), which corresponds to a factor equal to 1. 

 

𝑉 𝑝 = 0,69 × 𝑉0  × 𝑆1  × 𝑆3 𝑞 0 = 0,613 × ṽ𝑝  (4) 

𝑞 𝑧 = 𝑞 0𝑏
2[ 

𝑍2𝑃

𝑍𝑟2𝑃
 +  

ℎ𝑝

𝑍𝑟𝑝
  

𝑍𝛾

ℎ𝛾
 

1 + 2𝛾

1 + 𝛾 + 𝑝
𝜉] (5) 

 

Regarding the pressure coefficients (Δp), the wind force essentially depends on the pressure difference 

on opposite sides of the parts of the building to be analysed. And these coefficients, however, are given for 

external and internal surfaces of the structural system and expressed by Eq.6. 

 

∆𝑝  =  ∆𝑝𝑒 − ∆𝑝𝑖  ∆𝑝  =   𝑐𝑝𝑒  –  𝑐𝑝𝑖   × 𝑞 (6) 

 

Where, the positive values of the external or internal pressure coefficients correspond to overpressures 

and negative values correspond to suctions. In this context, when the pressure variation is positive, the effective 

pressure is indicated in the direction of an external overpressure, and when it is negative, it indicates an effective 

pressure in the direction of an external suction. Then, in Eq.7, the force of the wind that falls on the flat element 

of the building in the perpendicular direction is presented mathematically. 

𝐹 =  𝐹𝑒  –  𝐹𝑖  𝐹 =   𝑐𝑒  –  𝑐𝑖  × 𝑞 ×  𝐴 (7) 
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As already mentioned, the dynamic analyzes in the investigated structural model were developed with 

the aid of the finite element program, where the wind was simulated considering loads that do not act in the 

negative direction of the global X axis, based on the synthetic wind method. Ten loading series were generated 

with the appropriate probabilistic treatment and applied to the numerical model. 

 

Modeling according to EN 1-1-4 

The dynamic actions of the wind on buildings must be determined taking into account both the external 

pressures and the internal pressures due to the wind. This subitem presents the process for determining the basic 

wind pressure on the structural system. As in the previous sub-item, to determine the wind speed, wind direction 

and seasonality coefficients were necessary, according to Eq.s8 and 9. 

 

𝑉𝑏 =  𝐶𝑑𝑖𝑟  × 𝐶𝑠𝑒𝑎𝑠𝑜𝑛  × 𝑉𝑏 ,0 𝑞𝑝(𝑧) =  1 + 7 ×  𝐼𝑣 𝑧  − 𝑝 × 𝑉2𝑚 𝑚 = 𝑐𝑒 𝑍 × 𝑞𝑏  (8) 

𝑐𝑒 𝑧 =  
𝑞𝑝(𝑧)

𝑞𝑏
 𝑞𝑏 =  

1

2
 × 𝑝 ×  (𝑉𝑏)2 (9) 

 

The pressure exerted by the wind on the exterior surfaces of buildings which is expressed by Eq. 10 (on 

the left). And the pressure exerted on the interior surfaces are obtained through Eq. 10 (on the right). 

 

𝑊𝑒 =  𝑞𝑝(𝑍𝑒) × 𝐶𝑝𝑒  𝑊𝑖 =  𝑞𝑝 𝑍𝑖 × 𝐶𝑝𝑖  (10) 

 

The forces exerted by the wind on the construction as a whole or on one of its components are 

determined from the force coefficients and pressures on the surfaces. And yet, the force exerted by the wind is 

expressed by Eq. 12, where the forces Fw,e, Fw,i and Ffr are added vectorially. Where Fw, e represents the external 

forces, Fw,iand Ffr frictional forces (see Eq. 11 and 12). 

 

𝐹𝑤 =  𝐶𝑠 × 𝐶𝑑 ×  𝐶𝑓 × 𝑝𝑝(𝑍𝑒) × 𝐴𝑟𝑒𝑓  𝐹𝑤 ,𝑒 =  𝐶𝑠 × 𝐶𝑑 ×  𝑤𝑒 × 𝐴𝑟𝑒𝑓  (11) 

𝐹𝑤 ,𝑖 =   𝑤𝑖 × 𝐴𝑟𝑒𝑓  𝐹𝑓𝑟 =  𝐶𝑓𝑟 × 𝑞𝑝(𝑍𝑒) × 𝐴𝑓𝑟  (12) 

 

In the case of wind friction effects on the surface, these are ignored when the total area of all surfaces 

parallel to the wind is equal to or less than 4 times the total area of all outer surfaces perpendicular to the wind. 

The cs cd coefficient can be determined based on the height of the building and the natural frequency. 

 

III. Investigated Structural Model 
The building adopted as a case study in this research corresponds to an office building, whose structure 

consists of pillars, beams and reinforced concrete slabs (Fig. 3). The structural concrete used in the model has 

compressive strength (fck) equal to 35 MPa, specific weight (c) of 25 kN/m³, modulus of elasticity (Ecs) equal to 

25 GPa and Poisson coefficient (v) of 0, two. Permanent loads of 1.0 kN/m
2
 and usual accidental design loads 

corresponding to 1.5 kN/m
2
 were added to the slabs of all floors. Furthermore, a total weight of masonry was 

evenly distributed over the slabs of 2.8 kN/m
2
. 

 

  
Figure3.Reference floor plan of the structural model of the building - Units in meters. 
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The model has dimensions in plan of 23.0 m long and 18.0 m wide, as shown in Fig. 4. It has 27 floors, 

ceiling height of 3.5 m, total height of 95.2 m. The structural system features massive slabs with a thickness 

equal to 25 cm, beams with sections of 30x60 cm and pillars with sections of mostly 50x80 cm. It is important 

to point out that for the study of the action of the wind in tall buildings, the height of the building is the biggest 

constraint when the pressure is exerted on the building under study. 

 

 
Figure 4.Isometric front view of the building under study. 

It is worth noting that the standards used to quantify wind actions recommend a 50-year study to define 

the basic speed of a region. In the present case, data were obtained from INAMET only for a period of 7 years, 

which are from 2011 to 2017, respectively. However, for better data filtering, without having to assume a 

standard value, the highest values were identified, starting from values equal to and greater than 30 km/h, this 

time the average was calculated to obtain the value of the speed used, for the quantification of wind action in the 

standards. 

 

IV. Finite Element Modelling 
In the numerical modelling of the model, beams and columns are represented by three-dimensional 

finite elements, where bending and torsion effects are considered. For this, the beam-type finite element is used, 

a uniaxial element composed of two nodes and each node with six degrees of freedom (translation in X, Y and Z 

and rotations in X, Y and Z). In this case, the advantage of the beam element consists in the possibility of 

allowing its nodes to be distanced from the centroid axis of the beams, since the slab and the beam are not 

positioned on the same axis. And the eccentricity is considered in the modelling process, as it directly affects the 

values of the natural frequencies of the structural system. 

In the case of slabs, these are simulated using finite elements of the shell type, which is defined by four 

nodes with six degrees of freedom at each node (three translational and three rotational nodes in the X, Y and Z 

directions). And the complete interaction between the slab and the beams were considered in the analysis, that 

is, the nodes were coupled to prevent the occurrence of a possible landslide. And as for the concrete material, it 

is considered that it has an elastic behaviour. As can be seen in Fig. 5, the investigated model has 105,252 

nodes, 145,880 elements and 99,5246 degrees of freedom. 

 

   
Figure 5.Finite element models of the building developed in Robot Structural. 
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V. Dynamic Analysis in the Structural Model 
From the Robot Structural finite element program, a dynamic analysis was carried out on the model 

investigated in which the wind was simulated considering the loads that act in the negative direction of the 

global X axis. floor, located at elevation 95.2 m, as shown in Fig. 6. Thus, the results obtained were compared 

with the limit values proposed by design standards and recommendations. 

 

 
Figure 6.Position of building dynamic response evaluation nodes. 

Quantification of wind actions according to NBR6123 

Next, the necessary calculations are presented in summary form, for the determination of the pressures 

acting on the surface of the structural system of the building, according to the Brazilian norm NBR6123
8
. 

 

General data for the calculation process: 
h (m) Category V a (m) b (m) 

95,2 Classe B 23,00 18,00 

 

Group 2- coefficient referring to the useful life time 

S1 Vo (m/s) 
S2(z) = b Fr (z/10)p 

S2(z) 
b p Fr z (m) 

1 9,68 0,58 0,26 0,77 95,2 0,80 

 

|Characteristic  

wind speed 

Pressure resulting from 

the static method 

Drag force global component 

of downwind force 

Vk = V0 S1 S2 S3 q = 0.613 (Vk)2 Fa = Ca q Ae 

Vk (m/s) q (kN/m2) Fa (kN) 

7.74 0.037 62.77 

 

Calculation of dynamic response simplified method 

Vp = 0.69 V0 S1 S3 q0 = 0.613 (Vp)2 
Zr (m) h (m) 𝛾 𝜉 P b 

Vp (m/s) q0 (kPa) 

6.68 0.0274 10 95.2 1.2 1.3 0.31 0.5 

 

Quantifications of wind actions according to EN 1-1-4 

Next, the necessary data are presented in summary form, for the determination of the pressures acting 

on the surface of the structural system of the building, according to EN 1-1-4
18

. 

 

Definition of dynamic reference pressure 

Plan  

dimension 

Total 

height 
Ground  

Wind speed 

(INAMET, 2020). 

Local 

speed 

Building with a height 

of less than 100 m 

A (m2) h (m) Category V0 (km/h) Vb,0 (m/s) Cdir Cseason 

18.00×23.00 95.2 IV 34.73 9.68  1.00 1.00 

 

𝑉𝑏 = 𝐶𝑑𝑖𝑟 ×  𝐶𝑠𝑒𝑎𝑠𝑜𝑛  × 𝑉𝑏 ,0 𝑉𝑏 = 1 × 1 × 9.68 = 9.68 𝑚/𝑠  

 

𝑞𝑏 =
1

2
 ×  𝜌 ×  𝑉𝑏

2 𝑞𝑏 =
1

2
 ×  1.25 × 9.682  ×  10−3  𝑘𝑁/𝑚2  

Pav. 27

Pav. 28

95.2 m

91.8 m

Node 2378

Node 2236

Wind
Y X

Z
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𝑞𝑏 = 5.9 × 10−2  𝑘𝑁/𝑚2  

 

In the case of data for determining the average wind taking into account the height of the building, 

the respective mathematical equations, as such, as well as the steps for obtaining the corresponding values, 

are immediately followed. 
 

𝐶𝑟 𝑧 = 𝐾𝑟  ×  𝑙𝑛  
𝑍

𝑍0

  𝐶0(𝑧) = 1.00 𝐾𝑟 = 0.234  

 

𝑉𝑚  𝑧 = 𝐶𝑟 𝑍 × 𝐶0 𝑍  × 𝑉𝑏   

 

𝐼𝑣(𝑧) =  
𝜎𝑣

𝑉𝑚 (𝑧)
 𝜎𝑣 =  𝐾𝑟  ×  𝑉𝑏  × 𝐾1 𝜎𝑣 =  2.265 𝑘𝑁/𝑚2  

 

Dynamic response due to wind loads 

In this sub-item, the results are presented in the form of tables based on the NBR6123
8 

and EN 1-

1-4
18

 standards. In Tab.2 and 3 to 6, the values of the peak dynamic pressure results are shown as a 

function of the height of the building in the direction corresponding to 0 and 90 degrees. 

 

Table no 2:Result of peak dynamic pressure as a function of height according to NBR6123
8
, em 00 and 900. 

Reference 
height 

Peak dynamic pressure to 0 degree[qp(Z) 
(kPa)] 

Peak dynamic pressure to 90 
degree[qp(Z) (kPa)] 

18 0.012 0.013 

32.8 0.018 0.018 

47.6 0.023 0.022 

62.4 0.029 0.026 

77.2 0.034 0.030 

95.2 0.040 0.040 

 

In the following tables (Tab.3 and 6), the results are represented in terms of quantification of the 

dynamic actions of the wind based on the standard EN 1-1-4
18

, at 0 and 90 degrees. Knowing that the face of 

the building facing the wind has a length of 18 m (direction corresponding to 00), the respective values are 

presented. 

 

Table no 3:Result of peak dynamic pressure as a function of height according to EN 1 1-1-4
18

, in 00. 

Height (m) Cr(z) Vm(m/s) Iv qp(z) KPa 

18 0.676 6.54 0.346 0.092 

32.8 0.817 7.91 0.286 0.117 

47.6 0.904 8.75 0.259 0.135 

62.4 0.967 9.36 0.242 0.148 

77.2 1.02 9.87 0.229 0.159 

95.2 1.07 10.36 0.219 0.170 

 

Table no 4:Peak dynamic pressure results as a function of height according to EN 1-1-4
18

, in 00. 

Height (m) Aref (m
2) qp(z)KPa Fw(kN) We(kpa) 

18 324 0.092 53.65 -0.111 

32.8 590.4 0.117 124.34 -0.141 

47.6 856.8 0.135 208.20 -0.162 

62.4 1123.2 0.148 299.22 -0.178 

77.2 1389.6 0.159 397.71 -0.191 

95.2 1713.6 0.170 524.36 -0.204 
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Table no 5:Peak dynamic pressure results as a function of height according toEN 1-1-4
18

, in 900. 

Height (m) Cr(z) vm(m/s) Iv qp(z) (kPa) 

23 0.734 7.12 0.318 0.102 

35.3 0.834 8.073 0.281 0.121 

47.6 0.904 8.751 0.259 0.135 

59.9 0.958 9.273 0.244 0.146 

72.2 1.001 9.690 0.234 0.155 

95.2 1.07 10.36 0.219 0.170 

 

Table no 6:Peak dynamic pressure results as a function of height according toEN 1-1-4
18

, in 900. 

Height (m) Aref (m
2) qp(z)KPa Fw(kN) We(kpa) 

23 529 0.102 97.124 -0.122 

35.3 811.9 0.121 176.832 -0.145 

47.6 1094.8 0.135 266.036 -0.162 

59.9 1377.7 0.146 362.10 -0.175 

72.2 1660.6 0.155 463.307 -0.186 

95.2 2189.6 0.170 670.017 -0.204 

 

Comparison of results obtained from quantification based on NBR6123 and EC1-1-4 

Dynamic responses in terms of maximum horizontal pressure values on the surface perpendicular to the 

investigated wind load incidence. 

After obtaining the quantifications of the dynamic actions based on the two standards, it is noted that 

the action of the wind in the building of the case study using the EN1-1-4
18

, is greater in relation to the 

quantification made from NBR6123
8
, as can be seen from the results described in Tab.7. 

It should be noted that in the case of using NBR6123
8
, the lowest speed presented by the isopleths was 

used, which corresponds to 30 m/s. Whereas in the following case, ie using EN 1-1-4
18

the basic speed of 27 m/s 

was used. And in the case of the data provided by INAMED (National Institute of Meteorology and 

Geophysics), an average of the speeds was performed as such, resulting, therefore, in 9.68 m/s. Next, in Fig.7, 

the pressure results are shown in graph form, taking into account the different basic velocities in the direction 

corresponding to 0 degrees. 

 

Table no 7:Results obtained based on the different basic wind speeds in 00. 

Height (m) 

Dynamic peak wind 
pressure (9.68m/s) 

Dynamic peak wind 
pressure(30 m/s) 

Dynamic wind pressure 
(27 m/s) 

NBR61238 EC1-1-4 NBR61238 EC1-1-4 

18.0 0.092 0.012 0.712 0.111 

32.8 0.117 0.018 0.913 0.170 

47.6 0.135 0.023 1.048 0.224 

62.4 0.148 0.029 1.148 0.275 

77.2 0.159 0.034 1.234 0.325 

95.2 0.170 0.040 1.321 0.383 
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Figure 7.Pressure representation based on NBR6123

8
 and EC 1-1-4

9
 (0 degree) standards. 

 

Table no 8:Results obtained based on the different basic wind speeds in 900. 

Height 

(m) 

Dynamic peak wind pressure 

(9.68m/s) 

Dynamic peak wind pressure 

(30 m/s) 

Dynamic wind 

pressure(27 m/s) 

NBR61238 EC1-1-418 NBR61238 EC1-1-418 

23 0.102 0.013 0.794 0.132 

35.3 0.121 0.018 0.940 0.180 

47.6 0.135 0.022 1.047 0.224 

59.9 0.146 0.026 1.132 0.267 

72.2 0.155 0.030 1.205 0.308 

95.2 0.170 0.040 1.321 0.383 

 

 
Figure 8.Pressure representation based on NBR6123

8
 and EC 1-1-4

9
 (90 degrees) standards. 

 

The results of the dynamic behaviour in terms of displacements and buckling of the structural 

system based on the aid of the finite element software taking into account the application of the two 

standards and the incidence of wind loads in the 0 degree and 90 degrees, are shown in Fig.s 9 to 12. 
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Shift in X in the 00 direction Shift in Y in the 00 direction Shift in X in the 00 direction 00 

Figure 9.Displacement in X, Y and Z considering the standard NBR6123
8
. 

   

Shift in X in the 900direction Shift in Y in the 900direction Shift in Z in the 900direction 

Figure 10.Displacement in X, Y and Z considering the norm NBR6123
8
. 

   

Shift in X in the 00directio Shift in Y in the 00directio Shift in Z in the 00directio 

Figure 11.Displacement in X, Y and Z considering the norm EN 1-1-4
18

. 
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Shift in X in the 900direction Shift in Y in the 900direction Shift in Zin the 900direction 

Figure 12.Displacement in X, Y and Z considering the norm EN 1-1-4
18

. 

 

The Tab.9 presents the maximum displacement and buckling values obtained in the X, Y and Z 

directions respectively, observed in the investigated building. Tab.s 10 and 11 show the bending moments 

caused by the beam members and the shear caused by the columns, depending on the combination made 

for the Ultimate Limit State (ELU) based on the wind. 

 

Table no 9:Displacement results based on maximum ELS and buckling combination. 

Direction 
(angle) 

Direction 
Displacement (cm) Maximum buckling (cm) 

NBR61238 EC1-1-4 NBR61238 EC1-1-4 

X (00) 

X 0.70 1.00 

4.50 5.00 Y -4.00 -4.50 

Z 1.90 -2.10 

Y (900) 

X 0.70 0.90 

4.40 4.60 Y -3.90 -4.10 

Z -1.90 -2.10 

 
Table no 10:Results of maximum internal forces: bending moment and shear force. 

Direction 
(angle) 

Orientation 
of efforts 

Bending moments 

My (kN.m) 

Transverse efforts 

Vx (kN) 

Bending moments 

My (kN.m) 

Transverse efforts 

Vx (kN) 

NBR61238 EC 1-1-49 

X (00) 

X 0.00 8646.97 0.00 9202.26 

Y 235.00 0.00 248.77 0.00 

Z 0.00 0.00 0.00 0.00 

Y (900) 

X 0.00 8638.57 0.00 9156.81 

Y 235.76 0.00 252.60 0.00 

Z 0.00 0.00 0.00 0.00 

 

The maximum moments are given as a function of the most unfavourable sign, considering the 

maximum values of the moment: those with a negative sign given by the analysis made using the software. 

 

Table no 11:Results of minimum internal efforts: bending moment and transverse effort. 

Direction 
(angle) 

Orientation 
of efforts 

Bending moments 

My (kN.m) 

Transverse efforts 

Vx (kN) 

Bending moments 

My (kN.m) 

Transverse efforts 

Vx (kN) 

NBR61238 EC 1-1-49 

X (00) 

X 0.00 -98.30 0.00 -105.29 

Y -325.59 0.00 -344.24 0.00 

Z 0.00 0.00 0.00 0.00 

Y (900) 
X 0.00 -98.16 0.00 -105.06 

Y -326.80 0.00 -350.29 0.00 
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Z 0.00 0.00 0.00 0.00 

 

As shown in the tables above, one can clearly observe the differences in wind pressure as a 

function of height and the standards used, both in one and the other direction respectively X and Y. In this 

context, the smallest displacements are observed in the X axis, this, even being the smallest side of the 

areas due to the fact that in this axis the greater rigidity of the structure reduces the efforts of the wind load 

(in this direction). 

The efforts originated by the wind load were obtained from the combination of the actions of the 

ELU (Ultimate Limit State), these efforts, for a better illustration, the maximum and minimum values of 

the efforts (transverse and bending moments), the highest values presented in the tables, are from the 

combination made by the wind load according to EN 1-1-4
18

, due to the higher wind pressures presented in 

Tab. 10. The maximum shear forces are observed in the pillars of the ground floor having considering that 

all loads in the building are transmitted and thus efforts can be distributed in the foundations. 

The highest bending moment is found in the beams on the 21st floor, given the incidence of the 

wind load acting perpendicularly to the beam element on the upper floors. This is because the wind 

pressure is greater on the floors above, as wind pressure increases with height. 

 

VI. Conclusions and recommendations 
The present research work investigated the behaviour of a structural model, of a tall reinforced concrete 

building, under the dynamic action not of the wind, aiming to verify which standard is the best for its application 

in Luanda. The numerical modelling of the building under study was carried out using the Robot Structural 

program, based on the use of basic discretization techniques, via the finite element method. 

Regarding the results obtained in the dynamic analyses, it was verified that the investigated structural 

model subjected to the action of the wind load presented maximum horizontal displacements of the order of 4.50 

cm, maximum buckling of 5.00 cm, maximum bending moment of 252,60 kN.m and shear force of 9202.26 kN. 

The smallest displacements are given on the X and Y axis for the Brazilian standard, even though it is 

the side with the smallest area, this was due to the fact that in this axis there is a structural wall, which reduced 

the effects of the wind load in this direction. 

As previously mentioned, the efforts caused by the wind load on the structure are obtained from the 

combination of ELU (Ultimate Limit State) actions. These efforts are shown as results in the tables for better 

illustration. These tables show the maximum and minimum values of efforts (bending moments and shear 

forces), the highest values presented in the tables are from the combination made by the wind load based on EN 

1-1-4
18

, due to at higher wind pressures as shown in Tab. 10. 

However, the highest bending moment is found in the beams of the twenty-first floor, because of the wind 

pressure, since in these cases the beams also support horizontal loads, thus causing second order moments, 

causing greater bending moments in the floor’s superiors. 

Finally, attention should be drawn to the use of the standard EN 1-1-4
18

, due to the parameters it 

considers and the precision it takes into account. Therefore, structural designers must be warned (for the use of 

the standard in question), as this fact may substantially alter the stability of the structural system. 

Regarding the continuity of the research, the authors intend in the next works, in the numerical models, 

to consider the effects of the masonry and also the effect of the soil-structure interaction, studying what 

influence these aspects have on the dynamic response of the buildings. 

 

As recommendations, the authors suggest that: 

 

i) INAMET must carry out a more precise survey of the action of the wind so that in a 

period of 50 years, studies are obtained focused on the basic wind speed, as recommended 

in the norms. 

ii) Use of bracing in or in both directions, in order to reduce the dynamic action of the wind on 

the structural system. 

iii) Do not use the American standard for the analysis of a tall reinforced concrete building to 

avoid oversizing the building. That is, to avoid making projects more expensive, since for the 

region in question, the incidence of wind is very low, with a base wind speed, which in the 

American standard is defined as equal to 180km/h, which for the reality of Luanda is an 

excessively high value. 

 



Comparative Analysis of the Effects of Wind Load on Tall Reinforced Concrete Buildings .. 

DOI: 10.9790/1684-2001027386                                www.iosrjournals.org                                              86 | Page 

References 
[1]. Miranda DT. Analysis of the consideration of the wind action in a roof with wood structure, Federal Technological University of 

Paraná. Brazil, 2017 

[2]. Medeiros LD, Júnior ASS, Brito VL. Wind action on the global stability of reinforced concrete structures: comparative analysis of 

structural parties of a building. InterScientia Magazine. 2016. 
[3]. Mattias, LWA. Dynamics analysis of an H-shape tall building on wind action. Federal Technological University of Paraná, Brazil, 

2021. 

[4]. Freitas, FC. Evaluation of the overall stability of buildings with and without bracing elements. 2015. Dissertation (Master in Civil 
Engineering) – Technological Center of the Federal University, Vitória, 2015.  

[5]. Lacerda, MMS. et al. Evaluation of criteria for analysis of global stability in reinforced concrete buildings: case study. REEC – 

Electronic Journal of Civil Engineering, v.9, n.2, p.24-37, 2014.  
[6]. Pereira F, João T. Influência da concepção estrutural na estabilidade global de edifícios em concreto armado. 2019. 128 f. 

Dissertation (Master in Civil Engineering) - Federal University of Santa Catarina, Florianópolis, 2019.  

[7]. Moncayo, WJZ. Global second order analysis in buildings with reinforced concrete structure. 219f. Dissertation (Master of Science, 
Civil Engineering Program (Structures)) - USP, São Carlos, 2011.  

[8]. ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. ABNT NBR 6123: Forces due to wind in buildings: Procedure. 1. Ed. 

Rio de Janeiro: ABNT, 1988.  
[9]. Eurocode 1: Action on structures, Part 1-4: Wind actions (EN 1991-1-4: 2005 + A1:2010, Incorporating corrigendum July 2009 and 

January 2010), European committee for standardization, 2010 

[10]. Medeiros LD, Brito VL. Wind action on the global stability of reinforced concrete structures: comparative analysis of structural 
parties of a building. Inter-Scientia. 2018. 

[11]. Bastos, André Mendes Calazans Quito. Análise do efeito da deslocabilidade lateral em edifício de andares múltiplos em estrutura 

mista de aço e concreto, Rio de Janeiro, 2014. 
[12]. Perlin, LP; PINTO, RCA; PADARATZ, IJ. Apostila da disciplina estruturas de concreto armado II: notas de aula, Florianópolis, 

2020. 

[13]. Gerhardt, H.J. Krüger, O. “Wind and train driven air movements in train stations”, J. Wind Eng. Ind. Aerodyn. 1998. 74–76, 589–
597. 

[14]. Quinn, A.D.Baker, C.J., Wright, N.G. “Wind and vehicle induced forces on flat plates. Part 2: vehicle inducedforce”, J. Wind Eng. 

Ind. Aerodyn. 89, 831–847. 2001. 
[15]. KIMURA, A. E. Informática aplicada em estruturas de concreto armado: cálculo de edifícios com o uso de sistemas 

computacionais. 2. Ed. São Paulo: Editora PINI, 2007.  

[16]. Leria T. Montefusco R. Forças devido ao vento em edificações: determinação dos coeficientes aerodinâmicos. Mauá School of 
Engineering (EEM/CEUN-IMT). 2004. 

[17]. Madeiro; JB. Acção do vento na estabilidade global de estruturas de concreto armado: Análise comparativa de partidos estruturais 

de um edificio, 2016. 
[18]. Eurocode 1: Action on structures, Part 1-4: Wind actions (EN 1991-1-4: 2010010), European committee for standardization, 2010. 

Fabio Pundo, et. al. “Comparative Analysis of the Effects of Wind Load on Tall Reinforced Concrete 

Buildings for Ordinary Use in Luanda According to ABNT and Eurocode.” IOSR Journal of 

Mechanical and Civil Engineering (IOSR-JMCE), 20(1), 2023, pp. 73-86. 

 

 

http://riut.utfpr.edu.br/jspui/browse?type=author&value=Mattias%2C+Lucas+Willian+Aguiar

