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Abstract: In this paper, the impact of wind forces on human bodies is shown. Like many meteorological phenomena, the influence of wind 

energy applied to human bodies is inevitable which comes into the spotlight of the scientist only when the wind becomes violent and 

extremely disturbing. Based on weather and observations in February 2019, abnormal wind characteristics in Albania are evidenced. On 

February 23, 2019, a very special situation in the Northern part of Albania, the region of Puka, with extreme values of wind parameters 

causing the phenomenon of "wind gust", leading to a series of material damage and loss of human life, is evidenced. Researchers and 

predictors need scientific information on the impact of strong winds applied on the human body for specific conditions. Wind speed values in 

this region of the northern part of our country set records reaching extremely values (30 ÷ 35) ms-1 on the ground level. Taking a cue from 

this unprecedented situation, the effect of strong winds on the determination of aerodynamic forces acting on the human body using 

numerical simulations has been studied and so far, well investigated. For this study, we considered a human body with a height of 172cm. 

The investigation takes into account two different positions against the wind, frontal and lateral position traversed by wind speeds levels of 

20m/s, 30m/s, and 40 m/s. The study concluded that strong winds can exhibit unimaginable and unaffordable forces, leading to fatal 

consequences for human life. 
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1. Introduction

On 23rd February 2019, the wind speed during that day was at 

moderate conditions reaching values of 11 m/s where at some point 

values up to 30 m/s is identified, so there was a sudden increase in 

speed [1]. Referring to an online site for the forecast and history of 

climate change of the weather, www.ventusky.com, it turns out that 

on February 23, 2019, at 14:00 (an approximate hour with the 

occurrence of several accidents causing loss of human life) wind 

gust with values as it is shown in the figure1 is observed: 

Fig. 1 Wind gusts speed in the region of Puka [2] 

In the area where the accidents occurred, there were strong winds in 

the range of 20 ÷ 40m/s. In this case study, the velocities of the 

wind gust of 20m/s, 30m/s, 40m/s are assumed. 

Referring to the documents in the event under investigation, it turns 

out that at the scene there was an ice hearth, which can be 

eliminated by simply throwing a quantity of salt in it, excluding the 

need for snow-clearing machinery. 

Referring to the mechanism of the event, the worker, tends to get 

into the truck by placing his left foot on the rear tire of the vehicle 

and holding with his left hand the body of the vehicle, a position 

which is not very stable and as a result of wind force the worker 

loses his balance. The expert group asked to judge the impact of 

strong winds on the worker's body. 

The phenomena of a sudden increase in wind speed, the duration of 

which is less than 20 seconds, are known as the "Wind Gust". This 

is a sudden and unidentifiable phenomenon and work process must 

be immediately interrupted. 

2. The impact of wind in general

If the wind blows towards an object, it loses speed due to the

obstacle that the object exhibits to the wind and according to 

Newton's second and third laws, equal opposites forces are exerted 

between the wind and the object. These forces, functions of wind 

speed are caused by two components [3]: 

- Frictional forces usually occur between the wind and a

stationary object, in contact with the body the wind speed is

reduced to zero by the coefficient of friction of the object. This

force component depends on the geometry, the roughness of

the object surface and the nature of the flow.

- Pressure forces are generated and are a function of the shape

and size of the object. Generally, bodies with large transverse

surfaces generate a larger pressure force due to the Bernoulli

effect.

Resistance forces consist of two components, the friction force 

component and the pressure force component. Both of these forces 

have their components in the direction of fluid flow motion. The 

coefficient of resistance is determined as follows [3], [4]: 

𝐶𝐷 = 𝐶𝐷 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 + 𝐶𝐷 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

The components of the pressure and friction force perpendicular to 

flow’s direction tend to move the body towards and the sum of 

these forces gives what is called the resistance force. The wind 

resistance force can be expressed by the following equation [5], [6]: 

𝐹𝐷 =
1

2
∙ 𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2

𝜌 = 1.275 𝑘𝑔/𝑚3, calculated air density, referring to pressure

1.015 bar and temperature 5°C 

𝐶𝐷 , the coefficient of resistance of the body

S, the surface of the cross-section of the body, 

V, the wind speed  

The power of this wind resistance force is given by equation [3] 

𝑃𝐷 = 𝐹𝐷 ∙ 𝑉 =
1

2
∙ 𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉3

The same equations are used for the lifting force, given the lifting 

force coefficient: 

𝑃𝐿 = 𝐹𝐿 ∙ 𝑉 =
1

2
∙ 𝜌 ∙ 𝐶𝐿 ∙ 𝑆 ∙ 𝑉

3

𝐹𝐿 =
1

2
∙ 𝜌 ∙ 𝐶𝐿 ∙ 𝑆 ∙ 𝑉

2

𝐶𝐷 ,𝐶𝐿, coefficients that are determined experimentally or in our

study through numerical simulations.  

To determine the strength of wind resistance on a body, the front 

surface on which the wind will strike must first be determined [7].  

The values of the body's surface area as a function of the 

position and mode of action of wind force on the human body are 
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given. In this case study, a human body with a height of 172cm 

(same length as the worker who loses his life) is considered. 

Referring to the sketch of the scene, two positions of the 

worker's body as a function of wind direction is assumed. The first 

case, the frontal position, parallel to the direction of wind flow and 

the second is intended to be perpendicular to the direction of wind 

movement, lateral position. 

The total body surface area of a person with a height of 172cm 

is 1,892 m2. If the position of the human body against the wind is 

frontal, the frontal surface area is 0.555 m2. If the position of the 

human body against the wind is lateral, its lateral surface area is 

reduced to 0.325 m2. 

Fig.2 The body position of the person and the projected surface area 

3. Numerical analysis
To understand the impact that wind has on various objects, thus

experiments employing wind tunnels is required. In our country, 

such tunnels are not available. In recent years computer programs 

have managed to study various phenomena of fluid flow in virtual 

environments, performing numerical simulations. The expert group 

owns a computational fluid dynamics software, OpenFOAM 

version 3.0.x [8], in which the effect that the wind exhibits on the 

human body can be verified. For this act of expertise, a virtual wind 

tunnel with length and width of 5x5m and 20m long is assumed. 

Fig. 3 Virtual wind tunnel overview 

In the center of this tunnel, a body with a height of 172cm, the same 

height as the worker, is placed. To get as close as possible to the 

circumstances of the event, the person's body was raised 0.8m from 

the ground, a deliberate position above the tire of the vehicle, in an 

attempt to catch the shovel and then throw salt on the ice hearth. In 

this way, the impact that wind has on a person’s body by setting 

wind speed values is calculated. From the CFD simulation, the 

values of pressure forces and the level of drag and list forces acting 

on the body of the person are evaluated. 

Fig. 4 The position of the person's body1 to the wind tunnel 

4. CFD simulation results

4.1 Technical analysis No.1 - wind gust speed of 20m/s 

a) Frontal position in parallel wind flow direction

From the numerical simulations, for a wind speed 20m/s, the 

following results for the frontal position: 𝐹𝐷 = 126.956 N and 𝐹𝐿 =
2.818 𝑁 are carried out. 

By using these data the coefficient of drag force and the coefficient 

of lift force is determined, respectively: 

𝐶𝐷 =
2 ∙ 𝐹𝐷

𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2 =
2 ∙ 126.956

1.275 ∙ 0.555 ∙ 202
= 0.90 

𝐶𝐿 =
2 ∙ 𝐹𝐿

𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2 =
2 ∙ 2.818

1.275 ∙ 0.555 ∙ 202 = 0.02 

Fig. 5 The pressure field and the Drag forces on the human body 
(frontal position) 

b) Lateral position with the direction of wind movement.

Fig. 6 The pressure field and the Drag forces on the human body 

(lateral position) 

1
 https://free3d.com/3d-models/human 
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From the numerical simulations, for the assumed wind speed of 

20m/s, by surface integration the following results are obtained: 

𝐹𝐷 = 69.4322 N and 𝐹𝐿 = 5.35977 𝑁

Employing the above data the coefficient of resistance force and the 

coefficient of lifting force, is determined respectively: 

𝐶𝐷 =
2 ∙ 𝐹𝐷

𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2 =
2 ∙ 69.4322

1.275 ∙ 0.325 ∙ 202 = 0.840 

𝐶𝐿 =
2 ∙ 𝐹𝐿

𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2 =
2 ∙ 5.35977

1.275 ∙ 0.325 ∙ 202 = 0.065 

Since the lifting force is very small compared to the strength of drag 

force resistance, it is excluded in the calculation. 

4.2 Technical analysis No.2 - wind gust speed of 30m/s 

a) Frontal position with the direction of wind movement.

Fig. 7 The pressure field and the Drag forces on the human body 

(frontal position) 

From the numerical simulations, for the assumed case of wind 

speed of the order of 30m/s, the following results are calculated: 

𝐹𝐷 = 272.009 N 

𝐶𝐷 =
2 ∙ 𝐹𝐷

𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2 =
2 ∙ 272.009

1.275 ∙ 0.555 ∙ 302 = 0.857 

b) Lateral position with the direction of wind movement.

Fig. 8 The pressure field and the Drag forces on the human body 

(lateral position) 

From the numerical simulations, for the assumed wind speed of 

30m/s, the following results are obtained: 

𝐹𝐷 = 155.612 N 

𝐶𝐷 =
2 ∙ 𝐹𝐷

𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2 =
2 ∙ 155.612

1.275 ∙ 0.325 ∙ 302 = 0.837 

Fig.9 The velocity field on the human body for the wind speed of 30m/s 
(frontal and lateral position) 

4.3 Technical analysis No.3 - wind gust speed of 40m/s 

a) Frontal position with the direction of wind movement.

Fig. 10 The pressure field and the Drag forces on the human body 

(frontal position) 

From the numerical simulations, for the assumed case of wind 

speed 40m/s, the following results are calculated: 

𝐹𝐷 = 479.672 N 

𝐶𝐷 =
2 ∙ 𝐹𝐷

𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2 =
2 ∙ 479.672

1.275 ∙ 0.555 ∙ 402 = 0.85 

b) Lateral position with the direction of wind movement.

Fig. 11 The pressure field and the Drag forces on the human body 

(lateral position) 

From the numerical simulations, for the assumed case of wind 

speed 40m/s, the following results are obtained: 

𝐹𝐷 = 277.65 N

𝐶𝐷 =
2 ∙ 𝐹𝐷

𝜌 ∙ 𝐶𝐷 ∙ 𝑆 ∙ 𝑉2 =
2 ∙ 277.65

1.275 ∙ 0.325 ∙ 402 = 0.84 
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Fig. 12 Wind streamlines in the wind tunnel for the wind speed velocity 30m/s 

Fig. 13 Wind glyph vector magnitude in the wind tunnel for the wind speed velocity 30m/s 

4. Comparison of the obtained results

The results from the numerical simulations should be verified at

best by conducting experiments, which is not possible in our 

conditions, so the simulation results performed  in this case study 

will be accepted as realistic values and validated to that of the 

analytical methods known for wind impact as well the results of 

experiments obtained from other studies [10], [11]. 

Table 1. Summary results from numerical simulations 

The position of the 

human body against the 

wind 

Wind speed 

[m/s] 

Drag Force 

[N] 

CD 

[-] 

Frontal position 

20 126.956 0.9 

30 272.009 0.857 

40 479.672 0.85 

Lateral position 

20 69.432 0.84 

30 155.612 0.837 

40 277.650 0.84 

Fig. 12 Drag force on human body function of wind speed 

According to (M. Kemal Atesmen) [9] are defined the minimum 

and maximum values of the drag forces by the wind on the human 

body referring to the frontal position. Values are given as a function 

of human body height in cm. In our case study, the worker has a 

height of 172cm. 

Table 2. Wind speed scales [9] 

The following graph in figure 13 shows the level of drag force 

exerted by the wind in storm conditions, for wind speed levels of 

24.6 ÷ 28.6m/s. This is referring to a normal body weight, with a 

BMI of 22, of 65kg. 

Fig.13 Frontal wind drag force on a human body versus human height in a 

storm [9] 
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The graph above shows that the values of wind forces are in the 

range 200÷280 N (for wind speed 24.6 ÷ 28.2m/s), for the body 

height of 172cm. Such values are comparable to the results obtained 

from numerical simulations (simulations are performed for wind 

speeds in the range of 20 and 30m/s). 

5. Conclusion

From the numerical simulations, for the assumed wind speed of

20m/s, 30m/s and 40m/s, the following results for the frontal 

position are obtained:  

The level of pressure on the human body can reach up to 1535 

Pa and the drag force from the wind can reach the value 

respectively: 

𝐹𝐷20𝑚 /𝑠
= 126.956 N

𝐹𝐷30𝑚 /𝑠
= 272.009 N

𝐹𝐷40𝑚 /𝑠
= 479.672 N

From the numerical simulations, for the assumed wind speed of 

20m/s, 30m/s and 40m/s, the following results for the lateral 

position are obtained:  

The level of pressure on the body of the person can reach up to 

1330 Pa and the drag force from the wind can reach the value 

respectively: 

𝐹𝐷20𝑚 /𝑠
= 69.432 N

𝐹𝐷30𝑚 /𝑠
= 155.612 N

𝐹𝐷40𝑚 /𝑠
= 277.650 N

From the results of numerical simulations performed in very 

scientific program, OpenFOAM version 3.0.x, there are observed 

the lifting forces, as a consequence of the influence of the wind, but 

these forces are incomparable to the strength of the drag forces and 

for this purpose have not been considered. 

6. References

[1] Universiteti Politeknik i Tiranës, Instituti i

Gjeoshkencave, Energjisë, Ujit & Mjedisit, “Buletini

Mujor Klimatik”, February 2019.

[2] https://www.ventusky.com/?p=42.045;19.929;10&l=gust

&t=20190223/1500

[3] Hoerner, S. F. “Fluid Dynamic Drag”. Midland Park,

New Hersey, USA, 1965

[4] John J. Swearingen, Ernest B. McFadden, “Studies of air

loads on man”, 1964

[5] Wu-ting Tsai, Chia-I Hu, Chia-Yun Chang, “Effect of

Wind on Horizontal Displacement of Fatal Fall from a

Height”, 2020

[6] Mun Hon Koo, Abdulkareem Sh. Mahdi Al-Obaidi,

“Calculation of Aerodynamic Drag of Human Being in

Various Positions”, EURECA  2013

[7] J. F. R. McIlveen, “The everyday effects of wind drag on

people”, 2002

[8] OpenFOAM, “The Open Source CFD Toolbox, User

Guide” Version 3.0.1, 2015. 

[9] M. Kemal Atesmen, “Case Studies in Fluid Mechanics

with Sensitivities to Governing Variables” (Wiley-ASME

Press Series, 2019

[10] Thomas J. Schmitt, “Wind Tunnel Investigation of Air

Loads on Human Beings”, 1954

[11] J. C. R. Hunt, E. C. Poulton, J. C. Mumford, The Effects

of Wind on People; New Criteria Based on Wind Tunnel

Experiments, 1976.

INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD" WEB ISSN 2534-8493; PRINT ISSN 2367-8399

142 YEAR V, ISSUE 4, P.P. 138-142 (2020)

https://www.ventusky.com/?p=42.045;19.929;10&l=gust&t=20190223/1500
https://www.ventusky.com/?p=42.045;19.929;10&l=gust&t=20190223/1500
https://rmets.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=McIlveen%2C+J+F+R
https://www.amazon.com/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=M.+Kemal+Atesmen&text=M.+Kemal+Atesmen&sort=relevancerank&search-alias=digital-text



