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The thesis was devoted to the study of loads acting on buildings. The parts analyzed
and identified in the work included: walls and a roof. More attention was paid to wind
loads, as a custom-made calculator was later made on them. The main purpose of
the analysis was to define the principle of wind load calculations, as well as to explain
the operation of calculation calculators. Previously, calculations were carried out man-
ually, using a large number of materials to find the necessary formulas. However, in
the modern world, there are various programs and applications that automate this
process. In this thesis, the calculations for loads and stability were studied, and the
formulas and the knowledge gained were applied and combined in electronic format,
in the form of an Excel file. Of course, there are more complex calculation methods,
but this one was the most capacious, demonstrating and explaining all the principles.
Then other ready-made calculators were tested and analyzed for subsequent calcula-
tions. The main task was to explain and show their features, thereby facilitating their
further use by interested parties. The thesis was aimed to show the basic things and
give basic information that will allow to start deepening into the topic of loads for fu-
ture self-studying or using official resources.
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1 Introduction

Finland is famous for the quality of its houses. Small low-rise wooden or sometimes con-
crete houses are very common and popular. Construction standards are treated responsi-

bly, and all necessary measures and rules are invariably observed in the process of con-

struction of new facilities.

Figure 1. An example of a Finnish house (Hillman)

Understanding the effects of loads and their impact on the stability of the entire building is
essential to ensure the stability and durability of the building, as well as safety. When a built
house “fails” in the form of a sagging roof, thick cracks along the facade and other awk-
wardness, you need to understand that in most cases the cause of such problems was
incorrect design calculations.(Adapted from Simply Architects) Therefore, the profession of
a civil engineer is of great importance and carries with its great responsibility, high standards
and requirements for understanding your business. In this thesis, some points will be clari-

fied so that the achievement of such a level is faster and easier for everyone.

The purpose of this thesis work is to clarify the principles of calculating wind loads and
forces, starting with the most basic facts and definitions. Calculations will be carried out
using the house made by the customer (Kospan Oy). At the request of the client, it is also
required to develop a simple calculator based on an Excel file, so that you can quickly esti-
mate approximate loads for subsequent calculations and drawings. The main requirement
of the client is to quickly obtain information (before that, everything was considered manu-
ally or by eye), in order to understand how to proceed further based on it. In addition, the
task is to explain the program (to make a guide) for the stiffness of the wall plates for
Kosplan Oy. It will make it even easier to carry out calculations and understand which spe-

cific plates and fasteners they will need, withstand and fit for a building. However, despite



the many points, all explanations and calculations will be performed in the simplest format
with idealized conditions. Particular cases are calculated in a similar way but using addi-
tional formulas and with less clear and convenient coefficients that can be viewed addition-

ally.



2 Concept of loads

2.1 Types of the loads

To begin with, the very concept of loads should be analysed. In can be anything started with

what we count, what we find and why we need it.

Loads in building mechanics — force effects that cause changes in the stress-strain state of

structures of buildings and structures. The loads most often considered in the calculation of

building structures are the masses of bodies (and not always only the physical mass, and

sometimes also the inertial one) and the pressure difference.

In structural mechanics, the following types of loads are distinguished (Adapted from iSo-

promat.ru.):
1. Origin:

No Payloads for the perception of which the structure is being built (equipment,

cranes, transport, hydrostatic pressure in dams)
Self-weight of structures
Natural loads (wind, snow, earthquakes, etc.)

By duration of action:

The constant is its own weight and some types of payloads
Temporary, subdivided into:

Long

Short-term (weight of people, atmospheric load)

Special (seismic, temperature, supports settlements).

By the nature of the action:

Static - the magnitude, direction and position of the load are unchanged in time (no

inertia)

Dynamic - loads causing inertial forces.

The structural system of a building must withstand these two types of loads. Their meaning

will become clearer if they are disclosed in more detail, as well as by giving examples of



these loads. Please note that the example involves loads that have already been mentioned

earlier in another principle of separating loads by type.
Static loads:

They act on the structure for a long time and gradually reach their peak without sudden
jumps. The building reacts slowly to such loads, and its deformation reaches its maximum

at the maximum static force.
This includes:

1. Permanent load - the weight of walls, ceilings, roofs and all permanent elements of

the building, including communications.

2. Snow load - the load created by the accumulated snow on the building. It depends
on the geometry of the roof, the construction area and the area itself (openness of

the territory, wind).

3. Temporary ("live") load - the load that is created by all moving and moving objects,
for example, people in the building, temporary equipment / mechanisms, etc. It acts,

as a rule, vertically, but can also act horizontally, which reflects its dynamic nature.

4. Impact load - short-term kinetic load from moving vehicles, equipment and mecha-

nisms.

Dynamic loads:

They act on the building for a short time, often with a large and sharp difference in values
or in different areas. Under the action of a dynamic load, internal forces are formed in the
building, depending on its mass, and the magnitude of the deformation does not always

correspond to the magnitude of the applied force.
Two main types of dynamic loads:

e Seismic - characteristic of geographic areas with seismic activity (in such areas, in
general, their own specifics of construction and design). However, there is no need

for this in Finland.

¢ Wind load is the force generated due to the kinetic energy of a mass of air moving

in a horizontal direction.

When calculating structures, loads and actions should be considered in the most unfavour-

able combinations. Eurocodes (EN 1990 and EN 1991) mention a large number of load



combinations depending on many factors. The values of the coefficients in their calculation
are also presented there. Together, these two documents provide a methodology for com-
bination of actions (combinations of loads) for the calculation of limit states. Tables 2, 3 and
4 provide the values to be used in Finland for the symbols of Tables A1.2(A), A1.2(B) and
A1.2(C) of SFS-EN 1990.

Mote 1. This can be expressed as a design formula in such a way that the most unfavourable
of the two following expressions is used as a combination of loads when it should be noted
that the latter expression only contains permanent loads:
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Figure 2. Note 1. (National Building Code of Finland, 2016)

There are basic, additional, and special combinations of loads (Adapted from iSopro-

mat.ru.):

¢ The main ones are permanent + long-term temporary and one of the most significant

short-term temporary loads.
¢ Additional are permanent + temporary long-term and all short-term temporary loads.

e Special combinations are permanent + temporary long-term + all short-term tempo-

rary plus special loads.

When the load exceeds the permissible value, it can lead to sad consequences, such as

the destruction of individual parts, as well as the entire structure.
2.2 Wind loads

Why wind load? The fact is that, for example, with a snow load, there are usually no prob-
lems because it lends itself to the senses. This load is visible, we can touch it and even
weigh it. Unfortunately, the wind load works differently. Wind is the movement of air masses
that are not recognized in the surrounding space. We can only feel and see their effect on

us or other objects.



2.2.1 The reason of calculating wind loads

Obviously, the wind affects structures, and sometimes even very strongly, dangerously and
destructively: it tears off roofs, demolishes and tilts walls and fences, and so on. In connec-
tion with this, in the process of studying the wind, there is an opportunity to face many issues
related to accounting, calculation and finding the wind force. These points are disclosed in
various articles and textbooks. However, non-professionals really do not like to calculate
the wind load, and there is an explanation for this - its calculation is much more complicated

than the calculation of the snow load.

Figure 3. Consequences of wind loads (KORZHIK.NET 2016)
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Figure 4. Consequences of wind loads (KORZHIK.NET 2016)

Mostly it depends on:



e The angle at which the wind hits the structure
e Structure shape (height, width, etc.).

e Terrain type
2.2.2 Wind Damage Prevention Methods

Prevention of wind damage includes strengthening areas where building collapse may hap-
pen. All building elements such as walls, foundations and roofs must be strong, and the
connections between them must be strong and reliable. For a structure to withstand wind

action, it must conduct loads from the roof to the foundation.
The wind acts on the structure by three types of forces:

o Lift load is the pressure of the wind flow, which creates a strong lifting effect, very
similar to the effect of the wings of an aircraft. The flow of wind under the roof pushes

up; wind flow over the roof pulls up.

e Shear load is the horizontal wind pressure that can cause the walls to sway and tilt
the building.

e Lateral load - horizontal pushing and pulling pressure on the walls, which can cause

the structure to slide off the foundation or topple over.

Strong wind pressure can shatter doors and windows, rip off roofing and roof decking, and
destroy gable end walls. Roof overhangs and other elements that tend to trap air under-
neath, resulting in high lift forces, are particularly susceptible to damage. Broken windows
and doors can seriously damage the contents of a building due to internal wind pressure

and water intrusion (Municipality of Anchorage).

The actual impact of wind forces on agricultural buildings depends on their design, structure

and environment. Local windbreaks - trees - can help mitigate these impacts.



Typical Construction Features that
Reduce Wind Damage and Loss

Roof Deck Secondary Water
Attachment Resistance
Roof Covering
Roof Shape
and Bracing of _
Gable End
Protection of 2 = Doors
Openings .
Roof-to-Wall Protection of Openings

Connection

Figure 5. Construction features (Pro-tec 2017)

Fortunately, Finland does not have the highest wind strengths, as well as the low height of
buildings, which reduces the chance of the most dangerous cases. However, the influence

of wind must be taken into account when calculating the stability and shear of a building.



3 Calculations
3.1 Three stages

In the project, a special Eurocode - EN 1991-1-4 (2005) “Wind actions” was used to study

and explain how to calculate wind loads.

Before counting, divide our task into stages. The first is finding the main parameters, indi-

cators, and values such as:

e peak velocity pressure qp

basic wind velocity Vy

reference height Z.

turbulence intensity |y

mean wind velocity Vpm,

The main task to be reached is to determine the value of peak velocity pressure g,. In ad-
dition to the above, we will have to find other coefficients, that were not mentioned here.

The second one would be finding wind pressures, which is the pressure exerted by moving

air (wind) on obstacles.
And the third one is wind forces on structures.

All the parameters are explained in the following text.
3.1.1 Main parameters

1) Basic wind

The magnitude of wind loads is influenced by various factors. It is important to know
where our building is located and to know its dimensions. What is the terrain of the
territory we need, what kind of country and region is it, and what is the average wind

speed in this place?

a) Vi (fundamental Basic Wind Velocity)

According to RIL 201-1-2011 and the EN 1991-1-4 (2005), we find out that the basic
wind speed V, that we are looking for is called the average value of the wind speed
over 10 minutes.



10

(1)P The fundamental value of the basic wind velocity, v, is the characteristic 10 minutes mean wind
velocity, irrespective of wind direction and time of year, at 10 m above ground level in open country
terrain with low vegetation such as grass and isolated obstacles with separations of at least 20
obstacle heights.

Figure 6. The fundamental basic wind velocity (EN 1991-1-4 2005)

b) V, is the basic wind velocity

It should be calculated as: (1)

Vi = Vo * Cair * Cseason

e 1, is the fundamental value of basic velocity, which was shown before
®  Cair * Cseqson @re directional and season factors which can be found in National
Annex (Often, they are taken as 1)

That is why in most cases the values of “Basic wind velocity” and “Fundamental
value of basic velocity” are the same.

Sometimes the coefficient V,,, in the formula is replaced by another coefficient
Cprob IN case of annual excess in mean wind velocity.

_ (1-K+In(-In(1—p))
Cprob = ((1 —Kx*In(-In(0,98))

) (2)

o Kis the shape parameter (depending on the coefficient of variation of the ex-
treme-value distribution) (recommended to be taken as 0,2)
¢ nis the exponent (recommended to be taken as 0,5). (EN 1991-1-4 2005)

This values may be also given in National Annex.

Basic wind velocity is different:

in continental re- in sea areas in zones of the
gions hills/mountains
21 m/s 22 m/s 26 m/s

Table 1. Basic wind velocity (Finnish National Annex 2019)

There is also a website which shows the basic wind velocity. It allows to quickly
determine the value just by entering the name of the country or city.
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Figure 7. Basic wind velocity (Adapted from Dlubal)
2) Mean wind
Vm(z) =Cr(z) *Co(2) * Vy (€)

As it shows, it depends on the roughness of the terrain, orography and the main wind

speed (basic wind velocity) taken at a certain height Z.
* () Co(z) are respectively the factors of these dependents
* co(y (the orography factor) is recommended to be taken as 1
* ¢y(y (the roughness factor) is calculated separately.

The roughness factor c,(,) takes into account and looks at how the average wind speed

changes in the area due to different terrain (height above ground level and the rough-

ness of the terrain on the leeward side of the structure in the considered wind direction).
Let’s start with the small the roughness length explanation.
e Zgis the roughness length

e k- terrain factor

Zmin is the minimum height

e Zmax is to be taken as 200 m

Zo, 1 — depends on terrain category.
So, the formulas are:

Cr(z)=K,+In (2 TOF Z between Zmin and Zmax 4)
Z0

(5)
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0,07
Zy
K, = 0,19 = <—>
20,11

Ministry of the Environment Decree (7/16)
concerning national choices for wind actions, when applying standard SFS-EN 1991-1-4
Section 3 Terrain roughness

When determining the roughness factor, ¢(z), for terrain category 0, the terrain factor is taken as k, = 0.18, instead of the
value derived from Equation 4.5.

Figure 8. Features of the factor on the territory of Finland (Finnish National Annex
2019)

Or:
Cr(2)=c,(zmin)» for z<zmin (6)

The terrain categories and terrain parameters can be found in the special table repre-

sented as a Figure 11 and Appendix 1.

When it is a situation when we must choose between two or more categories of terrain

in our region, then the area with the smallest roughness length should be used.

Also, if the orography (e.g., hills, rocks, etc.) increases wind speed by more than 5%, it
is important to take the effects into account by using the special orography factor co.
Since the basic principle of the calculation is shown here, we will not go into detail at
this point. However, for particular cases, all the necessary information is provided in the
EN 1991-1-4 (2005).

(1) At isolated hills and ridges or cliffs and escarpments different wind velocities occur dependent on

the upstream slope @ =HIL, in the wind direction, where the height H and lhe lenglh L, are defined in
Figure A. 1.

v,.: mean wind velocity at height z above terrain
v, mean wind velocity above flat terrain
Co = VoV

| [
]
o

1
i
i
i
: Vint
B Y,
Z| |

7 00

7

Figure 9. Additional materials for calculating the coefficient (EN 1991-1-4 2005)
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Suojanpuoleinen
kaltevuus @< 0,05

Figure 10. Additional materials for calculating the coefficient 2 (EN 1991-1-4 2005)

It can be seen from the diagrams that the steeper the rise and the closer the building is
to its top, the greater the effect of elevation on wind pressure. For gentle irregularities,

the effect will be less significant.
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Table 4.1 — Terrain categories and terrain parameters

o Zp Zmin
Terrain category
m m
0 Sea or coastal area exposed to the open sea 0,003 1
| Lakes or flat and horizontal area with negligible vegetation and
: 0,01 1
without obstacles
Il Area with low vegetation such as grass and isolated obstacles 005 2

(trees, buildings) with separations of at least 20 obstacle heights

il Area with regular cover of vegetation or buildings or with isolated
obstacles with separations of maximum 20 obstacle heights (such 0,3 5
as villages, suburban terrain, permanent forest)

IV Area in which at least 15 % of the surface is covered with buildings

and their average height exceeds 15 m 1.0 10

NOTE: The terrain categories are illustrated in A.1.

Figure 11. Terrain category and parameters (EN 1991-1-4 2005)
The designation of the terrain categories is presented in Appendix 1.
3) Wind turbulence

Turbulence refers to the rapid fluctuations in wind speed. These fluctuations are due to
two factors acting separately or simultaneously in combination. The first arises as a
result of a friction force that occurs between moving air and the surface of the Earth. In
general, this is a change in the speed and direction of the wind as a result of obstacles
from natural objects - hills, mountains, forests, as well as human objects - buildings. The
second important factor is sudden temperature changes or gradients, due to which the

air moves quickly up and down.

The turbulent component of wind velocity has a mean value of 0 and a standard devia-
tion 6.

A) Standard deviation 6:
6y = Ky *Vp *x K, (7)
where K; is the turbulence factor, which is supposed to be 1.

B) The turbulence intensity Iy, at height z:

6y K
I = = for z between zmin and z
V(z) Vinz) Co(*In (%) ’ min max (8)

Or:
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IV(Z) = IV(zmin)a for Z<Zpmin (9)
4) Peak velocity pressure
The last thing we will look for in this section is the peak velocity pressure.

e p- air density, which depends on the height, temperature, and air pressure ex-

pected in the area during windstorms
According to the National building code of Finland, the air density is 1,25 kg/m?®.

* C.(y Is the exposure factor calculated as:

q
Ce(z) = Z;Z) (10)

® q, is the basic velocity pressure:
1 2
QD:E*p*Vb (11)
The peak velocity pressure:

1
Gpy = (147 *Iy)) *5% P * Vingz) = Ce(y * o (12)

If the area is mostly flat and the ¢y, is 1, then we can determine c,(,) by the function in

the Figure 11 and make the calculation shorter and easier.

[m]100
90
80
70
60
50 [—————
40
30
20

10

c.(2)

0,0 1,0

Figure 12. lllustration of the exposure factor (EN 1991-1-4 2005)
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If a simplified method is enough for us, then we can also use the tables from RIL 201-
1-2011. They are in Finnish, however the meaning is the same and tables are similar,

so it is understandable to use. The table shows clearer values than just a graph.

50
45
40

35

Korkeus maanpinnasta z (m)
n
[3,]

0 02 04 06 08 1 12 14 16
Puuskanopeuspaine qpo(z) {I-cmez)

Figure 13. lllustration of the exposure factor (RIL 201-1-2011)

z(m) Maastoluokka ]
0 | 1l ] v
0 0,66 0,42 0,39 0,35 0,32
1 0,66 0,42 0,39 0,35 0,32
2 0,78 0,52 0,39 0,35 0,32
5 0,96 0,65 0,53 0,35 0,32
8 1,05 0,73 0,61 0,43 0,32
10 1,09 0,76 0,65 0,47 0,32
15 1,18 0,83 0,72 0,55 0,40
20 1,24 0,88 0,77 0,60 0,45
25 1,29 0,92 0,82 0,65 0,50
30 1,33 0,95 0,85 0,68 0,54
35 1,37 0,98 0,88 0,72 0,57
| 40 1,40 1,01 0,91 0,74 0,60

Figure 14. Exposure factor table (RIL 201-1-2011)

Once the gust pressure has been determined, the calculation can be continued by two

different methods:
¢ the net wind force method

¢ the surface pressure method.
3.1.2 Wind pressure

Wind pressure can be divided as external and internal. Here are the formulas:
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We = dp(z,) * Cpe @Nd W; = qp(z;) * Cpi, Where (13,14)

dp(z) 1S the peak velocity pressure, z is the reference height and c, is the pressure coeffi-

cient.

The "plus" sign of the coefficients determines the direction of the wind pressure on the

corresponding surface (active pressure), the "minus” sign - from the surface (suction).

Suction pressure

; on roof
Large suction at

windward edge ,\ ,\,\'\'\\\\ / / / / /

s T Internal positive ——>; —
Positive E— pressures —> | 7 Suction
pressureon > ing i — | =2
5 acting in concert 5 pressure on
windwardwall __ S| < yith external forces > | —-> onlee wall
H H
— |G 5| —2
— iy

Figure 15. lllustration of wind pressure on a building (Smith and Henderson 2015, 47)

(3) The net pressure on a wall, roof or element is the difference between the pressures on the
opposite surfaces taking due account of their signs. Pressure, directed towards the surface is taken as
positive, and suction, directed away from the surface as negative. Examples are given in Figure 5.1.

— | — Positive — | | — Negative —|—

—— pOS_, internal .| _, neg —s pOS___| __, infernal w_ __, hneg
pressure pressure
s T TTT777 77777 777 77 7777777
(a) (b)

Figure 16. lllustration of wind pressure on a building (EN 1991-1-4 2005)

On a funny and seemingly childish picture below (Figure 17), you can see the principle of
how the wind works. With lateral wind pressure, the air flow collides with the wall and roof
of the building. At the wall of the house, the flow is swirling, part of it goes down to the
foundation, the other, tangentially to the wall, hits the eaves of the roof. The wind flow at-
tacking the roof slope tangentially bends around the roof ridge, captures calm air molecules
from the leeward side and rushes away. Thus, three forces arise on the roof at once, capa-

ble of tearing it off and overturning it - two tangents on the windward side and a lifting force
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generated from the difference in air pressure on the leeward side. Another force arising
from wind pressure acts perpendicular to the slope (normal) and tries to push the roof slope
inward and break it. Depending on the steepness of the slopes, the normal and tangential
forces change their value. The greater the angle of inclination of the roof slope, the greater
the value of the normal forces and the smaller tangents, and vice versa, on gentle roofs,
the tangents take on greater values, increasing the lifting force from the leeward side and

decreasing the normal force from the windward side. (Wind load 2015)

- -

:ff\\\ normal (lift force)
tangent ) // )
|

P g

< A
SSES T

- 7 N

Erd
L
- normal
Y, tangent [

Y
TYY Ty rYYTYYTCTTYTY

~C0 | ¥4 ¥
Iy B AN | y .
) - |
- SN / >
-, YN </ '. T
| // \\ - \ | - P
-;__‘{xj:’ b =} ,_..,6\ = = .
-~ e

| The wind tries to overturn a roof with steep slopes and raise it with gentle slopes.

Figure 17. The path of the wind (Wind load 2015)

Pressure coefficients (aerodynamic)

External pressure coefficients can be found from the tables. There are a lot of tables
depending on the type of the building and its roof.

External pressure coefficients

VAN

general coefficients local coefficients
1. when the loaded area is more 2. when the loaded area is 1 m?2 (it
than 10 m? (it can be used for a can be used for the small parts,

whole building) details and fasteners)
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pe ﬂu

pe,1 1

Cpe’ 0 0 S

0,1 1 2 4 6 810 A [m?]

The figure is based on the following:
'for 1 m2 < A = 10 m2 Cpe = Cpej - (Cpej 'Cpe,10) |Ogm A

Figure 18. How to determine the c,, (EN 1991-1-4 2005)

Usually, when calculating, it is preferable to count differently. If small data is not important
and the calculation is to find values for large elements, then the coefficient is considered as

a general one. In more rare and special cases, the local coefficient is used more preferably.

Before finding the coefficients c,,, the building should be divided (namely its walls) into
sectors. The separation occurs depending on the ratio of the variables e, d and b. b is the
length of the wall of the building which is perpendicular to the action of the wind. e is taken
as either b or 2h, whichever is smaller. The figure below shows the division into sections. If
e<d then we divide the lateral side parallel to the wind into 3 parts. If e>d, then into 2 parts
and if e>5d, then it is one section. The sides perpendicular to the wind remain separated by
one section. The dimensions of the sections (their lengths) are determined by the ratio of e
and d, as shown in the figure. Depending on the ratio of the side and the height of the wall,
other sections may appear on top. More details can be seen in Figure 22, which we use to

find the reference height.
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Plan
d
f« o e=b or 2h,
+ whichever is smaller
b: crosswind dimension
Elevation fore < d
. \ wind ‘ h
wind —_— A B C
— D E |b L
/ Z
1 e | d-e |
| er5 45 e o
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4. Elevation— ~ ~ _4 wind A B c
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Elevation fore >d Elevation for e > 5d
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le d | L d N
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7777 77 SIS 77, 777,

Figure 19. Key for vertical walls (EN 1991-1-4 2005)

Zone | A B C D E

h/d Cpe,10 | Cpe,1 | Cpe,10 | Cpe,1 | Cpe,10 | Cpe,1 | Cpe,10 | Cpe,1 | Cpe,10 | Cpe,1

5 -1.2 -1.4 -0.8 -1.1 -0.5 +0.8 +1.0 |-0.7
1 -1.2 -1.4 -0.8 -1.1 -0.5 +0.8 +1.0 |-05
<0.25|-1.2 -1.4 -0.8 -1.1 -0.5 +0.7 +1.0 |-0.3

Table 2. Zones and the external coefficients (EN 1991-1-4 2005)
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The coefficients for the roof, as well as in general, all calculations and division into sectors
are carried out in the same way as for the walls, but they also provide for the angular values

of the slope of the roof and the type of roof itself.

Internal pressure coefficients

Internal and external pressure act simultaneously. The worst combination must be consid-

ered due to possible openings and other leakage paths.

The coefficient of internal pressure C, depends on the size and location of the openings in
the building envelope (these can be windows, doorways, chimneys, ventilation passages
and leaks through these objects and structures). If in at least two sides of a building (facade
or roofs) the total area of openings in each side is more than 30% of the area of that side,
the structural actions should be considered based on the data in the EN 1991-1-4 (2005).
Checks are important for high internal walls (high risk of hazard) when the wall must with-

stand the full external wind action due to openings in the building envelope.

A building facade is considered dominant if the area of openings on this facade is at least
twice the area of openings and leaks in other facades of the building in question. (EN 1991-
1-4 2005)

When the area of the openings at the dominant face is twice the area of the openings in the

remaining faces:

Cpi = 0,75 * Cpe (15)

When the area of the openings at the dominant face is at least 3 times the area of the

openings in the remaining faces:
Cpi = 0,9 % cpe (16)

For buildings without a dominant facade, the internal pressure coefficient Cpi should be de-

termined from a Figure 19, which is presented in the bottom.
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Figure 20. Key for vertical walls (EN 1991-1-4 2005)

It is the ratio of the height and depth of the building (h/d), and opening p for each wind

direction, which can be found by a special formula:

Jarea of openings where c,, is negative or — 0,0 (17)
IJ =

Xarea of all openings

3.1.3 Wind forces

The force is the product of the structural factor, special coefficients, the reference area on
which the wind and peak velocity pressure. The wind forces for the whole structure or a
structural component should be determined: by calculating forces using force coefficients

or by calculating forces from surface pressures.
A) The force for the whole building is:
Ry = ¢sCq * ¢ * Qp(z,) * Aref (18)
otherwise we can summarize different forces on different elements:
Fy = csca * X¢p * Ap(zp) * Arer (19)

cscy s the structural factor as defined in Section 6
Ct is the force coefficient for the structure or structural element, given in Section 7 or Section 8

gy(ze) is the peak velocity pressure (defined in 4.5) at reference height z. (defined in Section 7 or
Section 8)

A.r s the reference area of the structure or structural element, given in Section 7 or Section 8

Figure 21. Definition of variables (EN 1991-1-4 2005)
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B) The wind force Fy acting on a structure or structural element can be determined by

the vector the sum of forces from external and internal pressures.

Fye = cscq x EW, = Ao — external forces (20)
Fy,i = €5€q * ZW; * Ao — internal forces (21)
Fye = Crr * Qp(z,) * Apr — friction forces (22)

Friction is the force resisting the relative motion of solid surfaces, fluid layers, and material
elements sliding against each other. Frictional forces, such as the traction needed to walk
without slipping, can be helpful, but they also greatly hinder movement. Friction forces act
in the direction of the wind components parallel to external surfaces. Data for finding the
coefficient of friction can be easily taken from the EN 1991-1-4 (2005).

However, it will be problematic to calculate the vector sum from the drawings, so in this

case, the first method of the calculation is more preferable.

cscq  is the structural factor as defined in Section 6

We is the external pressure on the individual surface at height z., given in Expression (5.1)
w; is the internal pressure on the individual surface at height z;, given in Expression (5.2)
Aot is the reference area of the individual surface

Crr is the friction coefficient derived from 7.5

As is the area of external surface parallel to the wind, given in 7.5.

Figure 22. Definition of variables 2 (EN 1991-1-4 2005)

The important note is that, while counting walls or other elements, the wind force is calcu-

lated as the difference between the external and internal resultant forces.

Finding the required variables
1) Structural factor cscy

According to EN 1991-1-4 (2005), the structural factor should take into account how the
wind affects the non-simultaneous occurrence of peak wind pressures on the surface (cs)

together with the effect of structural vibrations due to turbulence (cq).
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Structural factor ccy

Size factor ¢ Dynamic factor ¢,

Table 3. Structural factor
Usually this factor is taken as 1.
e When the building is less than 15 m

In this case, this option is the most suitable, since the task includes the calculation of low-
rise buildings. In addition, as it was mentioned, Finland is dominated by the number of low
buildings.

e When a facade and roof elements have a natural frequency of more than 5 Hz

e When frame buildings have load-bearing walls and their high are <100 m and

less than 4 times the windward height.

Other cases are written in EN 1991-1-4 (2005) and its Annexes. It presents values not only
for buildings, but also for roads, furnaces, etc. In addition, there is a formula for more unique

cases and objects.

2) Reference height z. and area 4,.¢

The structural dimensions and the reference height used are shown in the Figure 23.
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Figure 23. How to find a reference height, depending on a size of the building (EN 1991-1-
4 2005)

As it shows, the reference heights Z. for the windward walls of rectangular buildings depend
on the aspect ratio h/b and are always the upper heights of the various parts of the walls.

At higher altitudes, the pressure is greater.
There are three cases:
e When h<b, it is counted and taken as 1 object.

e When b<h<2b, it can be regarded as having 2 parts, consisting of: a lower part pro-
jecting upwards from the ground to a height equal to b, and an upper part consisting

of the remainder.
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¢ h>2b, may be composed of several parts, including: a lower part raised above the
ground to a height equal to b; top part extending from top to bottom to a height equal
to b, and the middle region, between the top and lower parts, which can be divided

into horizontal stripes.

a) vertical structures such as b) parallel oscillator, i.e. horizontal c) pointlike structures

buildings etc. structures such as beams etc. such as signboards etc.

! -l
hJ “ g
L i
h |5
z, =h, +ﬁ 2Zo
)
Figure 24. Shapes of structures (EN 1991-1-4 2005)
Reference area is just a height multiplied by width.
Arer =hxb (23)

3) Force coefficient c¢

To find the force factor, it is necessary to determine the effective slenderness (flexibility) of
the building — A , as well as the power factor — h/b (The b side is the side perpendicular to
the wind and the d side is the side facing the wind direction). Everything is found with the
help of tables and graphs presented below. Unlike the RIL 201-1-2011, the EN 1991-1-4
(2005) considers this coefficient in great detail and it is highly recommended that the read-
ers familiarize themselves with this. However, the data from the RIL 201-1-2011 for Finnish

calculations would be better to use. It's clearer and it is easier to use for quick calculations.
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Rakenteen mittasuhteet, tuuli kohtisuoraan Tehollinen hoikkuus A
tasoa vasten
p—b—o' kunh<15m, A=2hib
-T kunhz250m, A=14 hib
Vialialueella 15m<h<50m
h sovelletaan interpolointia.
J_ Huom: Téma ohje ei koske hyvin
T ——— hoikkia rakennuksia, joille A > 10,

Figure 25. Effective slenderness (RIL 201-1-2011)

There are two ways: through a graph or calculated values in a table. In fact, the table is built

on data from the graph. Suitable values must be sought through interpolation.
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Figure 26. Force coefficient 1 (RIL 201-1-2011)
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3 | 1,29 1,29 1,48 1,55 138 | 107 | 065 | 058 | 058
10 . 140 1,40 160 | 168 149 { 115 | 070 | 063 | 0,63

Figure 27. Force coefficient 2 (RIL 201-1-2011)
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3.2 Implementation

In this section, an example of calculations is given for wind loads and is shown how the
calculator works. The most important thing to do before starting calculations is to define the

input data.

The calculation presents a residential two-story wooden building located in the suburbs of
Helsinki, Finland. The fundamental value of basic velocity is 21 m/s2. The roof is shed, the
building has many windows and several terraces. The plans of the building and its main

section are presented in Figures 29-31.

Stages of calculation

X

Familiarization with the building and determination of the main parameters

¥

Defining and finding sector sizes

Finding the main wind parameters

:

Finding the external coefficients

v

Finding the internal coefficients

v

The wind pressure calculation

k.

The wind force calculation

Figure 28. Stages of wind load calculations
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Figure 31. Section 2-2

3.2.1 Familiarization with the building and determination of the main parameters

1) Determine the size of the building.

In our case, an ordinary two-story wooden building is presented, where b=15,135 m,
d=7,768 m, hier=6,603 m and hiign=7,736 m (N1ioor=3,005 M, hafroor=2,924 m and hatic=0,674
m or hatic2=1,807 m — the roof is shed). At the same time, it is important to mention that both
floors of the building are identical in size (in further calculations, it will be shown how the
calculations take place when the first and 2nd floors are different). However, when con-
structing the calculator, a simpler type of house was used for easier calculation and clearer

control data. The wind, as seen in the picture, is perpendicular to side b.
2) Determine the region and zone.

Given house is located in the suburb of Helsinki, Finland. In this region, the construction of
low-rise and mid-rise buildings prevails. The objects themselves do not stand close to each
other, but they are not distant from each other at a great distance. According to EN 1991-

1-4 (2005), this type of territory is related to the 3rd category (It is an area with regular
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cover). The territory does not have significant elevation differences and is considered as
flat.

3) Determine a reference height.

The calculated height, if considered clearly, will be different for each wall due to a certain

slope of the roof. But for simplicity, we accept it along a wall with a lower height.

If h<b, then ze=h=6,603 m.

Based on such data, it can be understood that when divided into sectors in the vertical
direction, there will be only one zone each.

3.2.2 Defining and finding sector sizes

Next, we are faced with the task of dividing the building into sectors, depending on the
configuration of the building. For a better understanding, it is recommended to use Figure
19 and 32.

-
13 . i B F
O :3 A} P LI f— . =
b — 7
=== f
12 C ) i 2p
L ] e e
Wind | D . : E g;

Figure 32. Sector division
In our case:

e=b=15,135 m or e=2h=2%*6,603=13,206 m. We take the lower value. e=13,206 m.
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Then the length d and e are compared to each other. e>d, but it is less than 5d. Our case

is divided as on the picture below.

Elevation fore >d

T
7 7z VI
. d N
¢ e/5)_!1 d-e/5 >
h
wind A B
/772277 7z, 77777227

Figure 33. Sections (EN 1991-1-4 2005)
Consequently:

d=7,768 m;

e/5=13,206/5=2,641 m;
d-e/5=7,768-2,581=5,127 m.

Let's find the area of each sector using the standard formulas. The areas of sectors A and

B will be found according to the formula for finding the areas of trapezoids.
Sa=1/2*2,641*(6,603+6,992)=17,95 m?
Sp=1/2*5,127%(6,992+7,736)=37,76 m?

Sp=6,603*15,135=99,94 m?

Se =7,736*13,126=101,54 m?

(If we assume the second floor of the house is less than the first, then the area of the side
will not be one rectangle, but either the sum of two, or the difference between the large area

and the area of the missing piece).
3.2.3 Finding the main wind parameters

1) Basic wind velocity and mean wind
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(24)
Vi = Vo * Cair * Cseason

Knowing our region - Helsinki, and the terrain, it is possible to find that the fundamental

value of basic velocity is 21 m/s? (It is already mentioned in the input data).
o V,o=21m/s2
o car=1
* Coeason = 1.
Vy=21x1x1=21m/s?
Then we are going to find the mean wind:
Vinz) = Crz) * Coz) * Vo (25)
e V), =21m/s?
* Co =1
The roughness factor is calculated as:
(26)

Cr(z)=K,+In (%) , for z between zmin and Zmax.

From the table in Figure 11, the zo;=0,3 m, Zminu=5 m and z=0,05 m are taken. z=h=6,603

m. (It was calculated before)

2\ 007 0,07

0 ,

K.=019 % | — = 0,19 (—) =0,2154
r i <zo_,,> “\0,05
CT(Z)=Kr*ln(ZZ—O)=O,2154*ln(6'06,g3)=0,666

Vin(z) = Cr(z) * Co(z) * Vp = 0,666 * 1 x 21 = 13,99 m/s
2) Wind turbulence

While calculating, deviation does not affect too much, because the formula of the turbulence
is converted to another by abbreviations and expansion of variables without using it. How-

ever, we still calculate it for a more detailed result.
Standard deviation 6, :
6y =K, *Vy *K; = 0,2154 x 21 + 1 = 4,523 m/s, where K; =1.

The turbulence intensity:



; 6y K, 4,523
7 V@ o *In (Zi) 13,99
0

= 0,323

3) Peak velocity pressure
Let's start with the calculation method, since it is more accurate.
p=1,25 kg/m?- air density
The basic velocity pressure:

qp = 1 p * Vb2 =0,5%1,25*21%2 = 275,625 = 0,275 kKN/m?
2

The peak velocity pressure:

1 2
Ap(2) = (1 +7x IV(Z)) * 2 *pox Vm(z) =Ce(2) *qp
Ap(z) = (14+7%0,323) % 0,5 % 1,25 * 13,992 = 398,9 = 0,399 kKN/m?

Also, we are going to calculate the exposure factor calculated as:

c _ qp(z) _ 0,399
¢@ = g T 0,275

= 1,45

Knowing this factor, we can check our calculations by a graphical method.

[m]100
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Figure 34. Graphical method (adapted from EN 1991-1-4 2005)
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Here, the value of the factor is faster and easier to determine, but the values will be much

less accurate. In the case of calculations that do not require perfect accuracy, it can be

considered in a similar way.

Ce(z) = 1,45 with a building height of 6,603 m and territory type 3. However, if you do not

know the exact value, then it can easily vary from 1,4 to 1,5, which can quite strongly affect

further calculations and values.

3.2.4 Finding the external coefficients

h/d=6,603/7,768=0,85

Based on the ratio, we can find the coefficients Cpe. Since the building is considered as a

large object with large areas and volumes, we take the value of Ce 10.

Zone | A B C D E

h/d Cpe,10 | Cpe,1 | Cpe,10 | Cpe,1 | Cpe,10 | Cpe,1 | Cpe,10 | Cpe,1 | Cpe,10 | Cpe,1
5 -1.2 -1.4 -0.8 -1.1 -0.5 +0.8 +1.0 |-0.7

1 -1.2 -14 -0.8 -11 -0.5 +0.8 +1.0 -0.5

<0.2 |-1.2 -14 -0.8 -1.1 -0.5 +0.7 +1.0 |-0.3

Table 4. Zones and external coefficients

Linear interpolation is required to find a value between two unknowns.

sented below. Thus, we get the data presented in the Table 5.

Y=Y+

i-Y
X1 — X,

(X - X»)

Figure 35. Interpolation (Image: Maria Kupriyanova)

The formula is pre-
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Zone | A B D E

h/d Cpe,10 | Cpe,10 | Cpe,10 | Cpe,10

0,85 | -1.2 -0.8 +0.8 -0.46

Table 5. External coefficients in calculations
3.2.5 Finding the internal coefficients

Now we are faced with the task of dealing with the internal coefficient. In the example there

is no dominant facade, so the graphs in the bottom should be used.
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NOTE For values between h/d = 0,25 and h/d = 1,0 linear interpolation may be used.

Figure 36. Graphs for the internal coefficient (adapted from EN 1991-1-4 2005)

Now the window areas should be counted. We will consider windows of the same height
(therefore, we assume in advance that it will be reduced in the formula) and simply add their

lengths. An important point is not to forget about the windows of the 2nd floor.

It turns out that:

e Windows of the left wall (the side perpendicular to the wind and being a shadow with
a positive coefficient): 1,02*3+0,52*3+1,52=6,14 m
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e Top wall windows: 1,42+0,32+0,62+1,02+1,62=5 m
¢ Windows on the right wall: 0,52+0,72+1,22+3,02+2,32+1,82=9,62 m
e Lower wall windows: 2,02+1,02*2+1,02*2+2,02=8,12 m.
Let's sum up and find the ratio of wall openings with a negative coefficient and all openings.

Xarea of openings where c,, is negative or — 0,0 22,740 28)
u =

Xarea of all openings - 28,880 -

Now we need to interpolate, since the ratio of height and length that we got lies between
the numbers 1 and 0,25. According to the graph, we see that the values of ¢, will be be-
tween -0,28 and -0,18.

For 0,76 we obtain:

Cpi = —0,25
3.2.6 The wind pressure calculation

Next, the useful pressure coefficients for each zone and the wind pressure as a whole are
calculated. It is necessary to consider whether it is pressure or suction in order to calculate

correctly without confusing the signs.
Whet = Ap(z,) * Cpnet (29)
Cpnet = Cpe — Cpi (30)

The calculated data was entered into a Table 6.

A B D E

Cpe |12 -0,8 +0,8 -0,46
cpi | -0,25 -0,25 -0,25 -0,25
Cpmet | -0,95 -0,55 0,55 -0,21
Wret | -0,38 -0,22 0,22 -0,08

Table 6. Wind pressure in our calculation



p(z,) = 0,399 kKN/m?

Wieea = 2228+ (~0,95) = —0,38 kN/m?
Wiets = 222 4 (~0,55) = —0,22 kN/m?
Wreep = 229% + (0,55) = 0,22 kN/m?

Wheer = 220+ (~0,21) = —0,08 kN/m?
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Figure 37. The result of the wind pressure
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In this calculation, only one version of the wind direction is considered. As you can see in
Figure 37, this is from left to right. Influencing the main wall, the wind also affects the rest.
To find the pressure and wind forces under the action of the wind in a different direction, it
is required to calculate all the data in the same way as presented above. However, do not

forget that the division into sectors in this case will change.
3.2.7 Wind force calculation

Knowing the wind pressure, we can finally calculate the force of the wind. Before that, the
formulas for finding the strength of the wind will be shown. This can be done separately
from the wind pressure, but the individual coefficients must be found and calculated. This
is not laborious, but since we have already found the wind pressure, it will be most beneficial
to count through it.

Fye = csCq *x EW, * Aoy — external forces (31)
Fyi = cscq * ZW; x A, — internal forces (32)

There is also a force associated with friction, but in this case, we are not taking it into ac-

count to facilitate calculations.
Fret = Fye = Fu,i OF Fper = €5Cq * ZWhet * Arer (33,34)
csCqg =1
Fpeta = 1% (—0,38) * 17,95 = —6,82 kN
Fpetp = 1% (—=0,22) * 37,76 = —8,31 kN
Fpetp = 1%(0,22) ¥ 99,94 = 21,99 kN
Fpete = 1% (—0,08) * 101,54 = —8,12 kN

For structuring and for convenience, we conclude the obtained values in another table (Ta-
ble 7).



A B D E
Woet | -0,38 -0,22 0,22 -0,08
Aer | 17,95 37,76 99,94 101,54
Foor | -6,82kN | -8,31kN | 21,99 kN -8,12 kN

Table 7. Wind force
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Let's make one more addition. Although we have found the force acting on each sector, it

should be noted that our building is not square. It contains protruding parts, therefore, for a

clearer indication of the force values, a certain area should be taken from the sector. In our

case, this will affect sectors B and D. The area of the sector should be divided into 2 sepa-

rate parts. In our case, these will be 2 trapezoids. Then we need to calculate the force on

each of these areas.

Sp1=1/2*1,774%(6,992+7,246) =12,63 m?

Sp2=1/2*3,353*(7,246+7,736) =25,12 m?

Fpetpr = 1% (—0,22) 12,63 = —2,79 kN

Fpetgz = 1% (=0,22) * 25,12 = —5,53 kN

Likewise, with the sector D.

S11=6,603*13,185=87,06 m?

S42=6,603*1,95=12,87 m?

Fretpr = 1%(0,22) 87,06 = 19,15 kN

Fpetp2 = 1% (0,22) 12,87 = 2,83 kN

The result is presented in Figure 38.
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Figure 38. The result of the wind force

Forces are found and now we can move on to a hew stage. But up to this point, it would be

important to touch on the topic related to the creation of a program for calculating the wind
force.

3.2.8 Calculator

Its meaning was that on the main page there is a field for entering basic data on the building,
as well as a visual representation of how the building will be divided into sectors. The cal-
culator calculates buildings of different heights, so there are even more of these sectors
than in the EN 1991-1-4 (2005) (There is also a division into sectors up). Each sector is
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marked with a number. All graphs, tables and formulas are located on other tabs of the

Excel file and can be viewed if desired. The calculations are made in accordance with the

Eurocode (EN 1991-1-4 2005). The result, namely the wind force acting on each sector, is

recreated in a table that is both inside the file (in the working tabs) and placed on the main

sheet. Thus, through connections and painted formulas, inside it is enough to drive in the

basic data regarding the building and the completed table will instantly show the wind val-

ues.

Size_of _the_object
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Draught D 10
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Figure 39. The main page
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The second page describes the main formulas used in the calculator, their units of meas-

urement, as well as a short description of the principle for determining the coefficients.
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A B © D E F G H

13
14 Fw=CsCd*Cf*Qp|(Ze)*Aref Wind load kN

if there are several zones, then we count
15 in total
16 Fw=CsCd*SUM(CR*Qp(Ze)* Aref Sum of all elements kN
17 cf Force coefficient
18 Fw,e=CsCd*SUM(We)*Aref External wind load kN
19 Fw,i=SUM(Wi)*Aref Internal wind load kN
20 Ffr=Cfr*Qp(Ze)*Afr
21 CsCd=1 for buildings up to 15 meters high, as well as facades and roofs with a natural vibration frequency greater than 5 hertz
22
23 Resulting force for walls and roof
24 F=Fw,e-Fw,i kN
25
26
27
28
29 We=Qp(Ze)*Cpe External wind pressure kN/m*2
30 Wi=Qp{Zi)*Cpi Internal wind pressure kN/m*2
31
32 Cpe taken from the table depending on the type of element and parameters of the H/D building as well as the area of the element
33 or Cpe=Cpe,1-(Cpe,1-Cpe,10)*LOG10A for area up to 10 m"2
34 Cpe,1 according to the table and based on the dimensions of the surface
35 Cpe,10 according to the table and based on the dimensions of the surface
36 A= H*D area m"2
37 Cpi Cpi=0,75*Cpe if the total area is twice the open area on that side
38 Cpi=0,9*Cpe if the total area is twice the open area on that side
39 If between 2 and 3 then you can use interpolation
40 H/D

Figure 40. Second page
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Figure 41,42. Calculation page
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Figures 41 and 42 show a page with calculations in the calculator. Here all the necessary
values for each variable are displayed and solving the problem of finding loads and forces
on your own, you can follow the calculations to trace the correctness of your implementa-

tion.

The last page includes all the necessary tables translated into excel format, as well as in-

terpolation formulas.

A B C D E F G H | J K L
1 Table 4.1 — Terrain categories and terrain parameters
2 m/s n P
3 g g " B -
4 la 16,5 Germany 0  Seaorcoastal area exposed lo the open sea 0,003 1
5 | 19,2 Sweeden I Lakes or fiat and horizontal area with negligible vegetation and -~ 4
6 II 21 g Finland without obstacles
7 I 24:7 Belarus Il Area with low vegelation such as grass and isolated obstacles 0,05 2
(trees, buildings) with separalions of at leas 20 obstacle heights
B Y 277 RIcEE Il Area with regular cover of vegetation or buildings or with isolated
9 v 31 Denmark obstacles with separations of maximum 20 obstacle heights (such 03 5
10 Vi 34,2 Sweeden as villages, suburban terrain, permanent forest)
1 Vil 36,9 Norway v :;:al»Ll.:vzlvir::.;e‘eht;::e/xc‘:e:‘s e i buldings 10 @
12 NOTE: The terrain categories are illustrated in A1
13
14
15 ~[z0,m Zmin,m [crio  |A L0
16 Sea costal area 0 0,003 1
17 Lakes or flatareas | 0,01 1 1,2 0,1 0,51
18 Area with low vegetation 1l 0,05 2 1 0,15 0,76
19 Area with regukar cover 11 0,3 5 0,81 0,2 1,06
20 Area in wich at least 15% v 1 10 0,64 0,25 1,78
21
22
23
24 CeZ surface roughness factor
25 (depending on the type of terrain) Ce,Z
2 gtz Mo 1 Hi Hun Hv SRS reeey
27 0 1,70 1,50 1,40 1,30 1,20
28 1 2,00 1,70 1,40 1,30 1,20
29 2 2,40 1,80 1,60 1,30 1,20
30 3 2,50 2,00 1,70 1,30 1,20
31 4 2,60 2,20 1,80 1,30 1,20
32 5 2,75 25 2 1,35 1,20
33 6 2,30 2,55 2,05 1,40 1,20
347 7 2,85 2,60 2,10 145 1,20
35 8 2,90 2,65 2,15 1,50 1,20
36 9 2,95 2,70 2,25 1,60 1,20
37 10| 3 2,75 23 17 12 Y1=3 X1=10
38 11 3,05 2,80 2,35 1,75 1,25 Y2234 X2=20
39 12 3,10 2,82 2,40 1,30 1,30
40 13 3,12 2,85 2,45 1,85 1,32
41 14 3,15 2,90 2,50 1,90 1,35
42 15 3,17 2,95 2,55 1,95 1,40
43 16 3,20 3,00 2,60 2,00 1,45
44 17 3,25 3,05 2,65 2,05 1,50
45 18 3,30 3,10 2,70 2,10 1,55
46 19 3,35 3,15 2,75 2,15 1,60
47 20 3,40 3,20 2,30 2,20 1,65
48

Input Main  New_calc | Calculation | Tables )

Figure 43. Tables

The work was done with rounding, and it cannot be said that the calculator calculates to the
nearest hundredth, but for the customer the goal was quick calculations and further approx-

imate verification. It was necessary to understand whether the layout of the walls is suitable,
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whether the stiffening ribs work and whether there are critical deviations in the limit values.

In this case, the customer assumed in-depth and accurate calculations on their own.
3.2.9 Stiffness and the stiffening walls

Stiffeners are the longitudinal and transverse walls of a building (an apartment building or
a non-residential detached building), which give it rigidity and additional resistance to de-

formation under external loads.

Such ribs enhance the strength of the entire structure of the building and keep it from de-
struction, so they are always given increased attention. After all, if the building does not
provide for stiffening ribs, too large force values will act on the wall, which will lead to defor-

mations, and later to cracks, with subsequent destruction of the wall.

Figure 44. Deformations of the wall (Image: Maria Kupriyanova)

That is why the wind forces acting on the longitudinal walls, which are just like stiffening
walls, have to be considered. Moreover, during the text, it will be shown how wind force is
distributed. Consider the example of the main wall. We know that a wall perpendicular to

the wind is subjected to a wind pressure 0,22 kN/m?.

In our case, there are 3 walls that take loads. In order to understand what part of the total
force goes to a particular wall, it is necessary to calculate what area is perceived by a par-
ticular wall. For the first wall, this is half the length between walls 1 and 2 multiplied by the

height of the wall. For the 3rd, the situation is quite the same: it is half the length between
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the 2nd and 3rd sides multiplied by the height of the wall plus the length of the wall on
another side. Second wall will then take on half on each side. Having found the areas, we
can multiply each by the wind pressure and get the desired force. However, this method is
not entirely accurate. After all, we take into account the entire height of the wall without

exception.

Therefore, a more universal method is suggested, which is to determine what force acts on
each meter along the height of our building (let's call this force unit). Speaking about the
height, it is worth adding that the pressure will be distributed similarly. In our calculations,
we do not take the load perceived by the foundation. To determine the force acting on each
wall, we also determine the lengths, as in the first method. We multiply our unit force by a

given distance and get the desired force.
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Figure 45. Three walls

Consider the load on our wall perpendicular to the wind as a whole. In the future, the load
and forces on it will be distributed to the walls (ribs) perpendicular to this wall. They are to
be found. But let's start with the main wall. Let's take a piece of wall meter long and standard
height, which we know as the original data. The load will go to the foundation, on the floor
of the first floor, the 2nd floor and at the top of the wall (ceiling or the bottom of attic). We

will duplicate the heights:

h1f|00r=3,005 m, h2froor:2,924 m and hatticzo,674 m.
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As mentioned earlier, we will not consider the foundation level, due to the fact that we are

calculating loads on the walls.

In order to transfer loads, we should know the concept of tributary area (or influence area).
This area is the load area that is perceived by the load-bearing structures. For example, for
a building with two load-bearing walls located at a distance of 5 meters from each other and
on which the ceiling rests, the cargo area for each wall will be 2.5 m* 1 m = 2.5 m?. Then
this figure is multiplied by the load, in order to get a force on each of the elements. The
gravitational forces from the slab flows into the wall or column, and the tributary areas helps

defining how much of the slab each wall attracts. Then follow the instructions:

o Measure the distance between the selected elements (in our case, these are floors

and walls)
¢ Divide the distance by 2
e Draw a perpendicular line at this point.

¢ Repeat for all adjacent grid lines and elements until a bounding polygon appears.
(Tribby3d)

Influence area, perceiving loads acting on each element will be different. The width of all
will be 1 meter and the height will be different. Thus, half of the height of the 1st floor and
half of the second floor is used for the first floor. On the foundation half of the 1st floor. And

SO on.

The force will be:

Ffoundation =1x (O'ZZkN) * (3,0(2)5m) x 1m = 0,33 kN

m2

O,ZZRN) * (3,005m 2,924m

)*1m — 0,65 kN
2 2

Flstfloor =1x (

m?2

O,ZZRN) (2,924m 0,674-m)
* + *

Fondafioor = 1 % ( m2 > 1m = 0,4 kN

0,22kN) " (0,674m

)* 1m = 0,07 kN
2

Fceiling =1x (

m?2
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_ 0,07kN

' 0, 4kN
Wind ;

1 0,65kN

' 0,33kN

Figure 46. Force distribution
Total force excluding foundation:
F=0,65+0,4+0,07=1,12 kN

In fact, further we also count only by considering the wall horizontally (along its length), and
not height. Now, in order to find out what force goes to a particular wall, we find how many
reference (or unit) meters can fit in each load area. In other words, we simply expand or

narrow our cargo area, 1 meter wide, to the extent we need.
For wall number 1, this is half the distance to the second wall.
F1=F*(1,95/2) =1,12 kN*0,975=1,09 kN

0,975 — how many reference (or unit) meters can fit. Even rather, it means what part of 1m

this part of the wall (the load area is) is.

Otherwise it will look like: 1,12 kN/m*1m changes to 1,12 kN/m*0,975 m
For the second wall, this will be half of the distances on each side.

1,12 kN*(11,176/2+1,95/2) =7,35 kN

For the 3" wall the situation is the same. However, the load area also includes part of the

wall from below.
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1,12kN*(11,176/2+2,009) =8,5 kN

To determine whether a particular wall can withstand the load and how fasteners (nails,
etc.) will work, another calculator should be used from the site PUUINFO (PUUINFO. Sizing

program for plate stiffener.). In the next section there will be a little explanation about it.

3.2.10 Puulnfo

Let's take a look at the calculator. The third tab contains a section for entering initial data.
In this part, we look at how much the slabs will move and wobble and if this will be within
the allowable limits given the given load. From the main one, this is the wind force acting
on the wall and wall panels, which we found in the paragraph earlier. The load on the struc-
ture is taken taking into account the partial margin of safety equal to the standard 1.5.
Therefore, inserting our force into the initial data, we must use not it, but the load, taking
into account this additional coefficient. Below is the allowable movement. In the original it is

5 mm.

For a brief explanation, let's use the wall with the highest load. It is logical that in this case
we will have 3 calculations, since we do not use slabs at the openings. So, we need one
slab of 851 mm length, two slabs of 1200 mm and 1759-1200 =559 mm (the standard size
of slabs is 1200 mm so for the most part we try to use them), and one slab on the right,

which will also be 825 mm.

RAKENTEEN TIEDOT Infd’
i ,—l _, Number of panels
Levymitoitus | Perdkkaisid levyja 3 kpl v |N
v Levytys rungon melemmin puolin
[~ Nayta Jaykky Initial data
Kuorman osavar 1,50
Rakenteen kuorma [MRT] ZFvEd (O - > IFvex = 8,5 kN

Sallittu siirtyma [KRT] Emm | -------- > h/ 600

LEVYJONO 1
Jaykistava levy 1

w
Leveys b=| 851mm |
Korkeus h=| 3000 mm

LEVYJONO 2
Jaykistava levy 1

Leveys b= 851 mm

Korkeus h= 3000 mm
Jaykkyys C=_2091 N/mm Jaykkyys C=_1653 N/mm |.
Kestavyys R=| 13.0kN L Kestavyys R=__47kN |
Jaykistava levy 2 ) Jaykistava levy 2
Leveys b 1200 mm_|. Leveys b= 1200 mm
Korkeus h 3000 mm Korkeus h= 3000 mm
Jaykkyys C=_2091 N/mm Jaykkyys C=_1653 N/mm |.
Kestavyys R=__ 130kN |. Kestavyys R= 4.7 kN 8
Jaykistava levy 3 Jaykistava levy 3
Leveys b 825mm_|. Leveys b= 825mm
Korkeus h Korkeus h= 3000 mm
Jaykkyys C=_2091 N/mm |. Jaykkyys C=_1653 N/mm |.
Kestavyys R=" 130kN |. Kestdvyys R= 47 kN U

Panels dimensions

Figure 47. Initial data
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Their parameters must be entered below. At the very top, you can initially set the number
of panels, and on the right, a drawing will appear in front of us, depending on the parameters
of the wall panels that we entered. Also, on the right the results of the calculation can be
seen, whether this type and size of the plates suits us, whether they will withstand, what the

deviation will be and what force will act on each panel.

IFy 4
—d

mad 1.

Levyjono 4 Levy 1 Levy 2 Levyd
c 1197 Nomm | 2114 Nimen | 1135 Nmm
48N BTN 5N
C343N | BOOaN | 325N
2% To%

9%

Fia

Figure 48. Three panels

Next, we need to choose the stiffness(C) and durability(R) of the structure. But we do not

know it yet, so we need to go to the next tab and find it for another calculations.

On the second tab, we also enter the initial data. (They are identical). Here the ability of the
fasteners to resist pressure, as well as the stability of individual plates, will be calculated.
At the top, you can change the usage class and the time that the load will pass (permanent
or temporary). In our case, the load is wind load, so we should choose temporary type.
Below we can choose the material from which the frame is made of. It can be either plywood
or gypsum board. In addition to dimensions, the distance between frames should be spec-
ified.

After that, we will choose the type of connection (this is the number of pillars inside the
common frame), as well as the type of nails or other connections. The program even can
show with what pitch the screws are used. At the very bottom, we see stiffness indicators,
deviation, and they are highlighted in red or green. That is how the program let us know
whether this or that type of fastening is suitable for us in accordance with the dimensions

and materials.
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RAKENTEEN KAYTTOKOHDE
1l 1
Rakennemitoitus |[ Kaynsiuokka 1 Tl I[ Aikaluokka: Hetkelinen | ¥
Usageﬁags Type of the load
LEVYN KUORMITUS JA SALLITTU SIRTYMA Infg'
Kuorman osavarmuusluku 1,50
Kucrma [MRT] Frzo=| 12800 | -------3 Fisx= 85N
Kuorman pitkdsikaisosuu Yz= 20%
Sallittu siityma [KRT] w=_ smm | ------- > h/ €00
Material
LEVY JA RANKARUNKO - Infd*
I[ EN 520 Kipsikartonkilevy - Tyyppi EK - 13 - 1200 x {2600 / 2700 / 2750 / 3000) > |

Levykirjasto l Runkomaterizafi - Sahatavars C24 [ind

Kaytettdva levyn leveys
Kaytettdva levyn korkeus

Rankajsko
Distance between frames Number of poles
LITTIMET =
iinnity i [ Kiinni 2 - Littimet kaikissa rangoissa v
Liitinkirjasto HiLo-kierteinen kipsilevyruuvi - 3.9 x 35 - Tyyppi EK v
Liitinjako = 100mm | \
. Type of the screws

Liittimen tartuntapituus

Pitch of the screws
LOMMAHDUS Infd*

Lommahduskayra =

YHDEN LEVYN MITOITUSTULOKSET Infd*

Fura Tal Ocal 0w

[KRT] [MRT] [MRT]
Ei tutkita

Cv
1197 N'mm
Stiffness

Figure 49. How the second tab looks like

Deviation

On the right you can find such a part. From here we need the value of durability. This is how

much this wall panel can withstand.

LEVYN LEIKKAUSVOIMAKE STAVYYS LITTIMIEN PERUSTEELLA
Fugrs 478 kN Levyn leikkausvoimakestivyys
EHTC 2 <

Figure 50. Important box on right

Returning to tab 3, we are faced with the task of changing the values of C and P, which

we received in the 2nd tab.

LEVYJONO 1

Jaykistava levy 1

Leveys b= 81mm |
Korkeus h=_3000mm |
Jaykkyys C=_1197 N/mm |.
Kestavyys R=| i |

Figure 51. Further changes
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In this order, consider all 4 wall panels. However, if the value of the plate is too small, as,
for example, in our case (Figure 48), the calculator will say about it. That means that it

should not be taken into the consideration in the calculation.

LEVY JA RANKARUNKO Infg'

l EN 520 Kipsikartonkilevy - Tyyppi EK - 13 - 1200 x {2600 / 2700 / 2750 / 3000) v
Levykirjasto | | Runkomaterizafi - Szhatavara C24 v

Kaytettava levyn leveys b=__ 500 mm [VIRHE! Liian pieni

Kaytettava levyn korkeus h={ 3000 mm |.

Rankajsko k/k= 250 mm

Figure 52. Too small panel

Knowing the force acting on each of the panels, it is possible to check them on tab number
2 again. The goal is for the values to turn green. When considering three plates at once, we
see that everything is fine with the design. It resists pressure and will withstand our load.
However, the load on the second plate is greater than on the others. The percentage indi-
cators may be different, but when it is close to 100%, our design should be supplemented
with additional panels on the other side. Here a tick in 1 line with the original data will help

us.
x —\‘ : | 171 RAKENTEEN MITOITUSTULOKSET
x x
# Jaykkyys Leikkausvoima Siirtyma Ulkoiset pystyvoimat rungossa Pituus
x Levyjaykisteen mitoitus 4446 N/mm 128 KN ST Tuki A = 13,3 kN Tuki B = 13,3 kN 2876 mm
91% 38%
RAKENTEEN TIEDOT Infd' ZFq
—i
Levymitoitus [Perakicisia tewja s kol =]
I™ Néyta lopputian jéykkyystulokset .
Kuorman osavarmuusiuku 1,50
Rakenteen kuorma [IRT] TFuza=| 128N | -------- > s 85K
Sallittu sirtymé [KRT] w=_ Smm | -------- > h/ 600
LEVYJONO 1
Jaykistava levy 1
Leveys b=__851mm |
Korkeus h=__3000mm |.
Jaykkyys €= 1187 Nim | J ‘r
Kestavyys R=__ 48N | Aaw Big
Jaykistava levy 2
Leveys b=__1200 mm Levyjono 1 st SFia
Korkeus h=_3000 mm c
Jaykkyys C=_2114 Nimm R 4446 N/mm 12,8 kN
Kestavyys R=__67KN Fia
Jaykistiva levy 3
Leveys b=__ 825mm
Korkeus h="3000 mm
Jaykkyys © = 1135 Nimm The result
Kestavyys R=. 4BKN

Figure 53. First result

Subsequently, the actions are repeated, only with additional wind-resistant plates. We find
the necessary indicators and try to make sure that the overall design fits in all respects and
that the screws in each panel hold tight and do not break out. If this does not work out with
ordinary data, it is possible to change the number of ribs (racks) in the frame, change the
pitch of the fasteners and change the material (The main thing is that it suits us in meaning

and that the dimensions of the plate remain unchanged).




RAKENTEEN KAYTTOKOHDE

Rakennemitoitus

| keymsiuckis 2 -

Aikaluokka: Hetkelinen ¥
LEVYN KUORMITUS JA SALLITTU SIRTYMA Infd*
Kuorman osavarmuusluku
Kuorms [MRT]
Kuorman pitkéaikaiscsuu
Sallittu siityma [KRT]
LEVY JA RANKARUNKO Infd*
| EN 520 Kipsikartonkilevy - Tyyppi TS - 9 - 1200 x (2700 / 3000) v
Levykirjasto | Runkomateriasii - sahatavara C24 v
Kéytettdvé levyn leveys b=_ 851 mm
Kéytettévé levyn korkeus 2000 mm |
Rankajako kik= 426 mm
LITTIMET
Kiinnitystapakertoimet [ Kinnitystapa 2 - Lintimet kaikissa rangoissa <

Liitinkirjasto

| Tiheskenzinen tuulensucjakipsievyruuvi - 42 x 32 - Tyyppi TS.¥.

189%

Liitinjako s=__100 mm
Liittimen tartuntapituus t= -
LOMMAHDUS Infd*

Lommahduskayra o=

k=
'YHDEN LEVYN MITOITUSTULOKSET Infg*
[KRT] MRT] KRT] [MRT]
Cv Fvrd Winat TalOcdl 0w
900 N'mm Ei tutkita

Figure 54. Editing the second panels
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The final result should look something like in the Figure 51. Thus, it can be concluded and

shown how the load is distributed across the panels, what loads are obtained and whether

the structure is stiffed enough.

R — ”

x Levyjéykisteen mitoitus

RAKENTEEN TIEDOT Info*

Levymitoitus

@ Levytys rungon molemmin pusin

Persains lenjid o 5

[~ Néyts lopputian iykkyystulokse
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Figure 55. The final result
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4 Summary

When designing a building, it is important to consider all the loads that act on it. The task of
engineers is to make the building resistant to all external factors. Incorrect calculations can
lead to the fact that the loads exceed the allowable for a certain element of the building and
the structure will not withstand and will be destroyed. If during the calculations it becomes
obvious that the strength and rigidity of the same wall is not enough, then subsequently it
IS necessary to strengthen the walls or add stiffening walls. The need to strengthen the walls
may arise due to the fact that during the operation the walls are subjected to deformations,
defects and damage appear in them. Stiffening of walls increases the strength characteris-

tics and bearing capacity of wall structures.

According to this, the main purpose of this thesis work was the understanding of the process
of finding wind loads and wind force on a building. Besides from it, a calculator for calculat-
ing them was introduced and a calculator from the Puuinfo.fi site for the stiffness and sta-
bility of wall panels was described. By using a ready-made example of a building from the

customer, everything was shown in a visual way.

The work on the diploma began with the receipt of the building project by the customer.
Initially, it was planned to create a calculation program for a different type of loads, but later
the work was changed to finding only wind loads. The reason was that there was less data
on them, which could be of the greatest benefit, but at the same time there would not be an
overload on the thesis work. At the beginning of the work, it was necessary to understand
the principle of calculating loads in order to create a calculation program. The difficulty was
the presence of many different coefficients, each of which is considered and accepted de-

pending on the category of factors.

However, after the analysis, everything was extremely simple and understandable. The cal-
culation process has been carried out, all required data, such as loads and forces, have
been found. Subsequently, it was determined how the force acting on a certain wall is dis-
tributed further and how the wall stiffeners help us. By placing them, we strengthen our
structure and make the wall more stable, because these walls become some kind of props
and supports, which also take on loads, reducing their impact on the main wall. This is one

of the ways to strengthen the structure.

The main questions that arose throughout the work were what kind of loads does the low-
rise building experience and can it withstand the forces generated by these loads on the

walls, especially the wall panels? Owing to the panel calculation program, it was found that
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depending on the size of the wall panels, their material, the type of frame and their fastening,
it is possible to increase wind resistance to a greater or lesser extent. Based on the calcu-
lations for the selected building, everything turned out to be normal and it can be assumed

that the calculated and selected walls will withstand the calculated loads.

Thus, it can be said that all the objectives of the thesis work were fulfilled. The work was
exciting and gave a lot of new in-depth knowledge. For a long time, the principles of calcu-
lating wind loads have been studied and explained, observing all the basic principles and
rules specified in the regulatory documents. Thanks to a large number of sources of infor-

mation, all the data was grouped and described.

The calculator file for the client was created based on the capabilities of the author. How-
ever, there were difficulties in creating it, since it was not clear how to sequentially describe
the process in a file so that everything looked neat and unloaded. In addition, in any calcu-
lations, there are many little things that make them unique. Due to not the most professional
knowledge in the field of computer science, many exceptions had to be left as exceptions
due to the complexity of programming. But despite this, the main task - to find quickly ap-

proximate values, was successfully completed and implemented.

Studying the program for the stiffness of wall panels was very interesting. The program was
in Finnish, and it was extremely important to understand its principle most correctly. It turned
out to be very useful and multifunctional and was also provided to the customer for subse-

guent calculations.

While calculating, it is necessary to find loads and check the stiffness not only of the 1% floor
level, but also of the roof level and the level of the second floor, since, as mentioned earlier,
any element or part of the building that does not pass the stability parameters can lead to
bad consequences for the entire building as a whole. In this work, they were excluded, since
the main idea of the work was to make a guide for the client, for the correct use of the

author's calculator and the Puuinfo calculation in Excel.

After a large amount of studied and updated information, the next step is to give the calcu-
lator to the customer and possibly subsequent adjustments. It is useful to have a free pro-
gram that can be beneficial for work as well as study. Also, there was a desire to delve more
into the principle of different building calculation processes. Because using certain formulas
wisely, understanding why they are needed and how they work, it is much more pleasant

and correct than mindlessly counting numbers.
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Appendix 1. Terrain category (EN 1991-1-4 2005)

Terrain category 0

Sea, coastal area exposed to the open sea

Terrain category |
Lakes or area with negligible vegetation and without obstacles

Terrain category Il

Area with low vegetation such as grass and isolated obstacles
(trees, buildings) with separations of at least 20 obstacle 5+
heights

Terrain category lll

Area with regular cover of vegetation or buildings or with
isolated obstacles with separations of maximum 20 obstacle
heights (such as villages, suburban terrain, permanent forest)

Terrain category IV

Area in which at least 15 % of the surface is covered with
buildings and their average height exceeds 15 m




Appendix 2. A list of basic definitions (EN 1991-1-4 2005)

1.6.1

fundamental basic wind velocity

the 10 minute mean wind velocity with an annual risk of being exceeded of 0, 02, irrespective of wind
direction, at a height of 10 m above flat open country terrain and accounting for altitude effects (if
required)

1.6.2

basic wind velocity

the fundamental basic wind velocity modified to account for the direction of the wind being considered
and the season (if required)

1.6.3
mean wind velocity
the basic wind velocity modified to account for the effect of terrain roughness and orography

1.6.4

pressure coefficient

external pressure coefficients give the effect of the wind on the external surfaces of buildings; internal
pressure coefficients give the effect of the wind on the internal surfaces of buildings.

The external pressure coefficients are divided into overall coefficients and local coefficients. Local
coefficients give the pressure coefficients for loaded areas of 1 m? or less e.g. for the design of small
elemezants and fixings; overall coefficients give the pressure coefficients for loaded areas larger than
10 m”.

Net pressure coefficients give the resulting effect of the wind on a structure, structural element or
component per unit area.

1.6.5

force coefficient

force coefficients give the overall effect of the wind on a structure, structural element or component as
a whole, including friction, if not specifically excluded

1.6.6
background response factor
the background factor allowing for the lack of full correlation of the pressure on the structure surface

1.6.7
resonance response factor
the resonance response factor allowing for turbulence in resonance with the vibration mode



