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Introduction

This Technical Guidance Note concerns the derivation of wind load onto
structures. Itis based on Eurocode 1: Actions on Structures Part 1-4; General
Actions - Wind Actions. With this being focused on aload that is sensitive to
the environment, the UK Annex to the Eurocode plays a significant part asit
makes reference to wind speeds that are unique to the British Isles. It must
also be noted that there are alarge amount of variations and conditions the
designer must be aware of when determining wind loads on structures. Itis
for this reason that the reader is referred to the code text more often thanin

other notesin this series.
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The derivation of wind load requires the
design engineer to make judgements on the
environment the structure is placed within
as well as the material it is clad in. There is
also the impact of significant openings in the
structure to take into consideration.
Eurocode 1-1-4 attempts to address these
assumption-based variables by creating a
set of coefficients against which a base wind
velocity is factored. This is then converted
into a pressure that exerts a load onto the
structure. This can then be used to design
the structure to resist loads due to wind,
using the appropriate partial factors.

Coefficients for Wind Velocity

Wind load is based on an assumed velocity.
This is referred to as the fundamental basic
wind velocity (v}, ,) within Eurocode 1-1-4,
Clause 1.6.1. It is derived from a 10 minute
mean wind velocity that has a risk of 1/10 of
being exceeded over a period of one year.
The height at which this speed occurs is 10m
above flat, open countryside and allows for
any altitude effects.

In order to arrive at a force due to wind,

a series of factors are applied to the
fundamental basic wind velocity. These
factors are used to determine an air
pressure load onto a given structure. The full
expression for determining the basic wind

velocity (v;) is:

vh = Vb, map € alt € dir € season

This is a combination of equations in Clause
4.1 of Eurocode 1-1-4 and NA.1

Each of these factors is defined below:

Location (: Vb, map )

The assumed wind velocity is dependent
upon the location of the structure in the
British Isles. This can be determined by
plotting the location of the structure onto
Figure NA.1in the UK National Annex. The
value can be interpolated between the

contour lines shown in the referenced figure.

Altitude (c,/;)

The altitude factor (c,/;) takes into account
the height above ordinance datum the
building is being constructed from above
ground. Clauses NA. 2a and NA. 2b define
how this coefficient is derived:

¢ 4]¢ = 1+0.0014, for when 2" is

less than 10m

¢ 4]y = 1+0.0014(10/2)*? for when z’
is more than 10m

Note that it is acceptable to use the value
of ¢,/; where 7' is less than 10m for all
conditions as a conservative assumption.
Where:

A is altitude above mean sea level in metres

z is a referenced height based on the type of
structure that is being considered. For overall
wind pressure it is defined as z, and can be
determined using Figure 6.1 of Eurocode 1-1-4.
For pressure on walls of rectangular buildings
facing windward, the variable is defined as z,.
It is affected by the geometry of the building,
specifically whether it is larger in height than
in plan. It can be derived using Figure 7.4 of
Eurocode 1-1-4.

Wind Direction (c,/;;) and Season (¢s¢;501)
Wind directional factor (c/;;) can be derived
from Table NA.1in the UK National Annex

for Eurocode 1-1-4. It is defined based on the
clockwise angle from due north the structure
is orientated to and the wind direction being
considered. It is acceptable to ignore this factor
and apply a 1.0 value to it as a conservative
estimate. The reader’s attention is also drawn
to note No. 3 in the previously referenced table
that explains the impact this factor has when
considering wind loads only from orthogonal
directions. In this case the maximum value

of (. ¢;) must be applied for directions that
have a bearing of +45° normal to the face of
the building. The seasonal factor (Cseason) is
only used for temporary structures. It can be
determined by using table NA.2 in Clause NA.
2.7 of the UK National Annex.
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Coefficients for pressure due to wind
Once the basic wind velocity (: v}) has been
determined, the pressure load from it can
be deduced. This is described as the peak
velocity pressure (qp (z)) and is derived
using a set of factors that reflect the effect
of roughness of nearby terrain and the
structure’s proximity to the coast and how
far it is located within a town. The full
expression to derive the peak velocity
pressure is as follows:

qp (z) = c(z)c, (2)c, ,qb
(Clause NA.2.17, equation NA.3a & 3b)

All of the above variables are defined below:

Topography of Terrain ., (z)

In the Eurocode, surface topography, such as
hills and valleys, is referred to as ‘orography’.
Such features have a significant impact on
wind speed, making ., (z) avery important
coefficient. Figure NA.2, Clause NA. 2.9 in
the UK National Annex indicates a shaded
region where structures that are within it are
affected by terrain formations, such as hills
and escarpments. It explains how the impact
of these features affects the derivation of
the wind load. If the structure lies outside the
shaded area, the value of ., (z)1s1.0.

Proximity to Shoreline ., ()

Higher wind speeds are typically found near
coastal areas. It is therefore important to
allow for this when determining the wind
pressure that is being applied to a structure.
Figure NA.7 in the UK National Annex is used
to determine the value of, (z) which is the
factor that is applied to the peak velocity
wind pressure.

In order to use Figure NA.7 the displacement
height ;) must be known; this is
dependent on the height of neighbouring
buildings. Figure A.5 in Annex A.5 of
Eurocode 1-1-4 describes how the
displacement height is derived. Note that

in the absence of accurate data regarding
the heights of nearby structures, it is
acceptable to assume a value of 3m for the
(hais) variable in a town environment. When
a structure is in the countryside, the value

of (1) i8 0.

Structures Within Towns Exposure
Modifier (;, ,

Where buildings are located with a town, an
exposure correction factor is applied (cer)-

The further the structure is from the edge
of the town the more enclosed it becomes.
This reduces the wind speed around the
building and thus there is a corresponding
drop in the applied pressure. Figure NA.8 in

Technical

Technical Guidance Note

the UK National Annex is used to determine
this factor. This figure is a chart that plots the
displacement height (7, ;) subtracted from
the height of the application of wind pressure
force () is being considered.

Pressure due to Wind (/)

The base value of pressure due to wind ()
is defined in Eurocode 1-1-4, equation 4.10,
which reads as follows:

qb =05 pob’®

Where ; is the density of air, and is defined as
1.226 kg/m?3 in clause NA.2.18. It is therefore
possible to reduce this equation to:

qb=0613 b

Determining Wind Action

Once the peak velocity pressure (g (z))
has been calculated, the wind load (or
variable static action as they are classified
in Eurocode 1-1-4) can be determined.

This varies depending on what part of the
structure is being assessed for wind loading.

The following coefficients are used to
determine the magnitude of wind loads on
sections of a building. They are reliant upon
where in the structure of the wind loads are
being assessed.

External Pressure Coefficient (C;,)
There are two forms of the external
pressure coefficient (Cpc)- (C],c, ,) applies
to wind load onto discrete portions of the
structure. Typically this is used for the
design of cladding elements and is limited
to an area no greater than 1m2. Coefficient
(Cpe,m) concerns larger portions of the
structure and is defined in Clause 7.2.1 of
Eurocode 1-1-4.

Table NA.4 in the UK Annex provides the
values of these pressure coefficients. These
are based on zones within vertical walls of
a building that are defined in Figure 7.5 of
Eurocode 1-1-4.

For elements of the roof structure to the
building, the reader is referred to table NA.5
for flat roofs, NA.6a & NA.6b for mono-pitch
roofs, NA.7a & NA.7b for duo-pitched roofs
and NA.8 for hipped roofs. For the definition
of the areas of the roof being considered by
these tables, please see figures 7.6, 7.7, 7.8
& 7.9 in Eurocode 1-1-4.

Lack of Correlation Between Wind
Pressures

There is normally a lack of correlation
between wind pressures onto walls that
are exposed to windward or leeward winds,

compared with those that are within the
prevailing wind. To address this, Eurocode
1-1-4 clause 7.2.2(3) provides a factor that is
applied to the wind forces to certain vertical
walls. This factor only applies to walls that
are within the windward and leeward wind
areas and not those within the prevailing
wind area. In addition, the building’s h/d
aspect ratio must be less than 1 before the
factor can be applied. Provided all of these
conditions are met, all forces on vertical
faces within windward and leeward wind
exposed faces (e.g. areas D & E shown in
Figures 1 and 2) can be multiplied by a factor
of 0.85.

Figure 1 External pressure coefficients zones for
a warehouse building with duo-pitched roof

Figure 2 External pressure coefficients zones for
a warehouse building with duo-pitched roof when
gable end is facing the primary wind direction

Internal Pressure Coefficient (Cpi)

The internal pressure coefficient (Cy,;) is
sensitive to openings within the walls of the
structure being considered for wind loads.
Clause 7.2.9 of Eurocode 1-1-4 explains how
the coefficient is derived by assessing the
openings within the envelope to the structure.
If there are openings on opposing sides of
the structure that are greater than 30% of
each surface area, then the structure should
be treated as a canopy. It is at that point that
clauses 7.3 and 7.4 of Eurocode 1-1-4 have to
be followed.



Some structures have a face with a dominant
opening. The term ‘dominant’ is defined as
one face of a building having a single large
opening. This opening can be equated to be
the sum of smaller apertures within a face
that equates to an area that is twice that of all
other openings in the structure.

The value of the internal pressure should

be taken as a proportion of the external
pressure coefficient (C,) when a dominant
face is present in the structure. If the
openings in the dominant face are twice that
of all other openings in the other faces of the
structure, then the value of (Cy;) is 0.75pe.
When the number of openings is three times
that of the remaining faces, the value of
(Cpi) is 0.9(,’1,6.

Where dominant faces are not present in

a structure, Figure 7.13 of Eurocode 1-1-4
should be used in conjunction with table
NA.9 that lists typical values of permeability.
If there is a lack of any certainty regarding
the structure’s envelope, then the value of
(Cy;) should be taken as either +0.2 or -0.3,
whichever provides the more onerous result.
For more details on this see Clause 7.2.9(6)
of Eurocode 1-1-4.

To determine the wind loads both (C);) and
(Cpe) are summed and applied to the peak
velocity pressure qp (z) that is defined above,
thus:

Eﬂ:l Worked example

A 30m x 60m x 12m high at eaves, 15m at apex Vé
warehouse is to be constructed, 35 km south of Preston.

4p (z) (Cpe- Cpi)

This only applies to a section of the cladding
to a structure and not the structure as a
whole.

The Structural Factor c;c/

The final coefficients that are applied

to the peak velocity pressure qp (z) to
determine the action due to wind are the
size and dynamic factors. This is known

as the Structural Factor (csc,) and can be
determined by using either clause 6.2 (1) in
Eurocode 1-1-4 or clause NA.2.20 in the UK
National Annex. The latter clause separates
the size and dynamic components of the
structural factor, as it requires the use of
table NA.3 and Figure NA.9 to derive the
value of ¢,. It is acceptable to assume a value
of 1.0 for the structural factor.

Net Pressure Coefficient

As well as considering discrete elements
of the structure for wind loads, the National
Annex allows for the generation of overall
wind loads. These are derived using clause
NA 2.27. There is a chart within this clause
from which the net pressure coefficient can
be read and qp (z) can be multiplied by.

Partial Factors

Partial factors for wind loads depend largely
on how they are combined with other loads.
If they are being considered in isolation, then
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the partial factor is 1.5 (). If however, they
are being considered in combination with
other loads, then the ,;, combination factor
must be applied to the base partial factor for
the wind load. Thus:

135 Gx +15 Qps * (05y,) 15 Qk.2

Where (), , is the partial factor for the wind
load ang, , 1 the variable action factor when
wind is combined with other loads. Note that
the numbers stated adjacent to the factors in
the above expression are their values.

Applied
practice

%

The applicable codes of practice for the
derivation of wind loads are as follows:

BS EN 1991-1-4 Eurocode 1: Actions on
Structures - Part 1-4: General Actions -
Wind actions

BS EN 1991-1-4 UK National Annex to
Eurocode 1: Actions on Structures - Part 1-4:
General Actions - Wind actions

PD 6688-1-4:2009 Background information
to the National Annex to BS EN 1991-1-4 and
additional guidance

First the fundamental basic wind velocity is calculated:

Figure 3 shows the site layout and highlights the location

of the building being considered (green):
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Figure 3 - Worked
example site plan

Determine the wind loads on all faces of the building due
to wind blowing from the west.
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Eyl Worked example

continued...

Then the peak velocity pressure is calculated:

9@ = Ce) lergé
Ce) = 275 (Foves #4.7)

Cer 2 Huw = 120, Smucrome 15 ovrsioe oF rown
Co7 =10 (Freowe #4.8)

g6 = 0613 x(or-k ) = 365 MA > 0-87 e

o gp(e) = 2 T5x10 x O-37anfu* ~ /-0 knsh*

Now that the base wind load has been determined, the
areas over which each differing coefficient for external
pressures is applied are defined for the structure:
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Glossaryand

furtherreading

Variable action - A load that is not static,
such as wind pressure.

Action - An applied load, due to either a
direct application or as a consequence of an
indirect effect such as thermal expansion of
the structure.

Characteristic load - A base load that has
not had any partial factors applied to it.

Partial factor - A factor that is applied
to characteristic loads when carrying out

design of structures and the elements they
are constructed from. 2010

National Annex - A part of the Eurocode
that has been written specifically for a
particular region.

Further Reading
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The internal pressure coefficient is then determined, by checking for
the presence of a dominant opening in any face of the building. It has
been assumed that the openings are not blocked in this calculation:
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The last factors to be determined concern the structural form and
lack of wind pressure correlation to vertical surfaces.
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The net wind pressure coefficient is determined based on clause
NA 2.27:

Oveams. mmo wonp cosercanr = 095 (Cemws #a.2. 27)

Now that all factors have been defined, the characteristic wind load
can be determined for the structure, thus:
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visit the Institution’s website:

http://www.istructe.org/resources-

centre/library

Manual for the design of building structures
to Eurocode 1 and Basis of Structural Design

- Institution of Structural Engineers — April

For more information on this subject, please
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submit a paper titled “Cost vs Valug” of no
more than 4 sides of A4 including images to
louise.clifton@istructe.org by Friday 30 March
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value of the paper to the structural engineering
profession and clarity of presentation.

The winning paper will be:

N Published in The Structural Engineer
(subject to appropriate review)
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Nl The author will receive the Kenneth
Severn Diploma

Entrants for the Kenneth Severn Award must be
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