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General overview of the evolution of EN 1991: 

Eurocode 1 – Actions on structures
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A reminder of the scope of EN 1991 (2nd Generation)
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0.2 Introduction to the EN 1991 series

The EN 1991 series provides the actions to be considered for the structural
design of buildings, bridges and other civil engineering works, or parts thereof,
including temporary structures, in conjunction with EN 1990 and the other
Eurocodes.

The actions on structures, including in some cases geotechnical structures in
conjunction with the EN 1997 series as appropriate, provided in the EN 1991 series
are intended to be applied in conjunction with the other Eurocodes for the
verification of safety, serviceability and durability, as well as robustness of structures,
including during the execution phase.

EN 1991 does not cover actions for structures in seismic regions, unless
explicitly prescribed by the EN 1998 series.



A reminder of the scope of EN 1991 (2nd Generation)
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The EN 1991 series is also applicable to existing structures for their:

— structural assessment,

— retrofitting (strengthening, repair) design,

— assessment for changes of use.

NOTE 1 In this case, additional or amended provisions can be necessary.

The EN 1991 series is applicable to the design of structures where materials or
actions outside the scope of the other Eurocodes are involved.

NOTE 2 In this case additional or amended provisions can be necessary.



Contents of EN 1991 (2nd Generation)
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Key changes to EN 1991

 Update of titles

 Common structure of the core content of practically all EN 1991 
parts (design situations; classification of actions; representation of 
actions)

 Incorporation in EN 1991 of two new parts based on relevant ISO 
standards, namely :

EN 1991-1-8  on “Actions from waves and currents on coastal 
structures”

EN 1991-1-9  on “Atmospheric icing”

 Consistency with the relevant Annexes of EN 1990 enhanced
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Key changes to EN 1991-1-1

 Clarification/update of some definitions (e.g. “tributary area”)

 Provision of a single table of imposed loads on buildings for all categories of use and 
a single table  for horizontal loads on partition walls and parapets

 Additional sub-category G2 of garages for vehicles with gross weight
> 160 kN ; Additional class of helicopter HC3 for 60 kN < Q < 120 kN for category K
roof ;Three subcategories S1, S2, S3 for stairs and landings

 Updates on partitions treated as imposed loads

 Updates on reduction factors:

 Modified formula for the reduction factor 
ଵ



 Modified formula for the reduction factor 
.



 Former Annex B (Vehicle barriers and parapets for car parks) removed
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Key changes to EN 1991-1-1 (cont’d)
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Key changes to EN 1991-1-1 (cont’d)
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Key changes to EN 1991-1-2
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 Clarification/update of some definitions

 Scope clarified, in particular the non-coverage of:

 the possible installation and maintenance of sprinkler systems;
 conditions on occupancy of building or fire compartment;
 the use of approved insulation and coating materials, including their maintenance

 Formulae and relevant diagrams are given as simplified rules for the determination of the 
reduction factor fi

Efi,d,t = Efi,d = fi  Ed   (6.1)

    (6.2)
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Key changes to EN 1991-1-2 (new content)
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 The scope of Annex C on the thermal action of a localised fire 
represented by a virtual solid flame as exposed in this annex has been 
clarified and substantially extended. 

 In Annex G a model has been introduced for the evaluation of the virtual 
solid flame used in the determination of the “configuration factor” 
(expressing the diffusely radiated energy of heat transfer from one surface 
to another)

 A new Annex H (informative) on “Thermal actions for structural fire 
loads of timber structures” has been added, to be combined with the 
Annex A (informative) of EN 1995-1-2 on the “Design of timber structures 
exposed to physically based design fires” 

 All Annexes remain informative



Key changes to EN 1991-1-2 (cont’d)
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 The Annex E on “Fire load densities, Fire Growth Rates and Rate of Heat Releases” 
has been revisited and led to the introduction of an updated and detailed factor taking 
into account the different active fire-fighting measures  (sprinkler, detection, automatic 
alarm transmission, firemen …) in the formula (E.1) for the evaluation of the design value 
of the fire load qf,d :

qf,d = qf,k  m  q1  q2  n q3 [MJ/m²] (E.1)



Key changes to EN 1991-1-2 (cont’d)
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Annec C: Localised fires



Key changes to EN 1991-1-3 and new content
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 Implementation of new models closer to the physics and based on state-of-the-
art experimental data available for European climates, e.g. an updated model for 
the snow load on the roofs

 Consideration of snow load for additional types of roofs  

 Implementation of updated and specific models for snow local effects

 As an example, the terms “balanced” and “unbalanced” are used in place of 
“undrifted” and “drifted”. (This terminology is also consistent with ISO 4355:2013 
and with ASCE/SEI 7-16) 

 The exposure coefficient Ce has been updated accordingly, in order to account 
for the increase of snow load in locally sheltered areas of the roof

 The snow coefficients have been revisited and a new snow model for pitched 
(gabled) roofs has been introduced



Key changes to EN 1991-1-3 and new content (cont’d)
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 For flat roofs, the influence of the roof dimensions is now taken into account, 

as well as the presence of rows of tilted (solar) panels

 For cylindrical roofs slightly updated model to account for variations in drifted
snow load based on varying exposure coefficient.

 For domes a new snow load model is introduced, as a simplification of the
relevant models of ISO 4355:2013 and with ASCE/SEI 7-16

 For multi-span roofs the model is revised to account for realistic snow load
depths in the valley (not exceeding the ridge of the roof) and the effect of sliding
in the valley

 Update to the snow load shape to account for the drifting at obstructions
(snow load shape coefficient and drift length of obstructions are made dependent
on the exposure coefficient)

 New snow load shape coefficients for intersecting pitched roofs



Key changes to EN 1991-1-3 and new content (cont’d)
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 For roof abutting and close to taller construction works a new model for 
“unbalanced” snow load on the lower roof is introduced, in order to correct 
inconsistencies detected in the current standard. The new model accounts for 
three different contributions: the load pertaining to the balanced condition (μL), the 
sliding part from the upper roof (μs) and the wind driven accumulated snow (μw)



Key changes to EN 1991-1-3 and new content (cont’d)
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Key changes to EN 1991-1-3 and new content (cont’d)
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Key changes to EN 1991-1-6 and new content 
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Key changes to EN 1991-1-6 and new content (cont’d)
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Key changes to EN 1991-1-7 and new content 
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Key changes to EN 1991-1-7 and new content (cont’d)
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Design for accidental actions 
(EN 1991) 

Design for enhanced robustness (EN 1990) 

Explicit design of the structure (e.g. 
against explosion, impact) 

Strategies based on limiting the extent of damage 

Design structure 
to resist the 

actiona 

Prevent or reduce 
the action e.g. 

protective 
measures, control 

of events 

Alternative load 
paths either 

providing 
adequate 

deformation 
capacity and 
ductility or 

applying 
prescriptive 
design rules 

Key elements i.e. 
designing 

selected members 
to resist notional 

action(s) 

Segmentation i.e. 
separation into 

parts 

a Structural design against identified accidental actions can incorporate specifically designed 
members, which fall partially or fully, provided their failure does not lead to further structural collapse 
as agreed with the authorities (for strategies and methods to limit the extent of damages, see E.3 and 
E.4 in EN 1990:2023) 

 

Table 4.1 — Strategies for Accidental Design Situations 

 



Key changes to EN 1991-1-8 (new standard) 
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Key changes to EN 1991-1-8 (new standard) (cont’d) 
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Key changes to EN 1991-1-8 (new standard) (cont’d)
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Key changes to EN 1991-1-8 (new standard) (cont’d)
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Key changes to EN 1991-1-9 (new standard) 
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Key changes to EN 1991-1-9 (new standard) (cont’d) 
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Key changes to EN 1991-2 and new content 
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Key changes to EN 1991-2 and new content (cont’d)
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Key changes to EN 1991-2 and new content (cont’d)
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Key changes to EN 1991-2 and new content (cont’d)
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Key changes to EN 1991-2 and new content (cont’d)
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Annex G : Dynamic load 
models for footbridges



Key changes to EN 1991-3 and new content 
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Key changes to EN 1991-3 and new content (cont’d)
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Key changes to EN 1991-3 and new content (cont’d)
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Key changes to EN 1991-4 and new content 

N. Malakatas                                                   2nd EU-ASIAN Regional Workshop on Eurocodes, Singapore, 9-10 October 2023 38



Key changes to EN 1991-4 and new content (cont’d) 
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Key changes to EN 1991-4 and new content (cont’d) 

N. Malakatas                                                   2nd EU-ASIAN Regional Workshop on Eurocodes, Singapore, 9-10 October 2023 40



Overview of the evolution of EN 1991-1-4: 

Eurocode 1 – Actions on structures

Part 1-4: Wind actions
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Scope of EN 1991-1-4 
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(1) EN 1991-1-4 gives principles and rules for the determination of natural wind
actions for the structural design of building and civil engineering works for each of
the loaded areas under consideration. This includes the whole structure or parts of the
structure or elements attached to the structure, e.g. components, cladding units and their
fixings, safety and noise barriers.

(2) This part is applicable to:

- buildings and civil engineering works with heights up to 300 m.

- bridges having no span greater than 200 m.

(3) This part is intended to predict characteristic wind actions on land-based
structures, their components and appendages.

(4) This part is also applicable to structures less than 1 km offshore from the main
coastline. For offshore structures more than 1 km from the main coastline, the terrain
effects defined in this part do not apply.



Scope of EN 1991-1-4 (cont’d) 
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(5) This part does not give guidance on non-synoptic winds (e.g.
thunderstorms, downbursts, microbursts, tornadoes, etc.), mixed wind
climates, nor does it give guidance on how to account for local effects (e.g.
thermal effects, funnelling, strong arctic thermal surface inversion, etc.).

(6) This document addresses simplified procedures for dynamic effects,
mostly based on the assumption of a dominant single-mode response.
General criteria for performing a full dynamic analysis under aerodynamic
excitation are not treated in this standard.

(7) Wind pressure effects of passing vehicles are outside the scope of this
document.

NOTE See EN 1991-2:2023 for wind effects from passing trains



Contents of current (left) and future (right) EN 1991-1-4 
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Forward

Section 1 – General

Section 2 – Design situations

Section 3 – Modelling of wind actions

Section 4 – Wind velocity and velocity pressure

Section 5 – Wind actions

Section 6 – Structural factor cs cd 

Section 7 – Pressure and force coefficients

Section 8 – Wind actions on bridges

1. Scope

2. Normative references

3. Terms, definitions and symbols

4. Design situations

5. Modelling of wind actions

6. Wind velocity and velocity pressure

7. Wind action

8. Structural factor 𝑐ୱ𝑐ୢ

9. Across-wind and torsional actions on buildings

10.Aeroelastic phenomena



Contents of current (left) and future (right) EN 1991-1-4 
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No maps provided in an Annex

Annex A (informative) – Terrain 
effects

Annex B (informative) – Procedure 
1 for determining the structural factor 
cs cd 

Annex C (informative) – Procedure 
2 for determining the structural factor 
cs cd

Annex D (informative) – cs cd values 
for different types of structures

Annex E (informative) – Vortex 
shedding and aeroelastic instabilities

Annex F (informative) – Dynamic 
characteristics of structures

A. BLANK (Formerly “Wind maps”, to be removed)

B. Terrain effects

C. Pressure coefficients for pressures on surface

D. Net pressure and force coefficients for walls, roofs and skins

E. Force coefficients for structures and structural members

F. Procedure for along-wind dynamic response

G. Procedure for across-wind and torsional actions on susceptible 
buildings

H. Procedure for across-wind dynamic and aeroelastic response of 
slender structures

I. Dynamic characteristics of structures with linear elastic behaviour

J. Response of steel lattice towers and guyed masts

K. Guidance on derivation of design parameters from wind tunnel 

L. Guidance on derivation of wind speeds from measurements at 
meteorological stations

M. Guidance on probabilistic description of wind actions



Key changes to EN 1991-1-4 and new content
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 Extension of the field of application of the standard for buildings between 
200 m and 300 m high (for slender structures)

 New formulation for determining the mean velocity and turbulence intensity up to 

 The two procedures defined in the current standard for determining the structural 
factor ୱ ୢ have been unified,  as well as the two approaches for determining the 
vortex excited cross wind amplitudes, in the informative Annexes F and H, 
respectively

 Treatment of the across-wind and torsional actions on susceptible buildings 
included in the informative Annex G

 Inclusion of the effects of atmospheric icing in the informative Annex E

 Inclusion of wind actions on silos and tanks



Key changes to EN 1991-1-4 and new content
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 Many values of aerodynamic coefficients have been added for types of structures 
not considered in the current standard, in order to cover most of the current 
designs. Considering their large amount, they have been transferred into 3 new 
normative Annexes: C (for pressures on surfaces), D (for pressures across 
walls) and E (for forces on structures).

 A new Annex J (informative) on the response of steel lattice towers and guyed 
masts has been added (transferred from EN 1993-3-1).

 Guidance is given in three new Annexes K, L and M, respectively:

 on the derivation of design parameters from wind tunnel tests and numerical 
simulations

 on the derivation of wind speeds from measurements at meteorological 
stations, and

 on probabilistic models for wind actions.



Basic concept for wind actions
(based on Alan Davenport’s “wind load chain”)
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Aerodynamic 
response:
Wind flow to 
pressure



Design situations for wind actions
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(1)The relevant wind actions shall be determined for each design situation identified in
accordance with EN 1990.

(2) In accordance with EN 1990, other actions (such as snow, traffic, ice or rain) which
can modify the effects of wind actions should be taken into account.

NOTE See also prEN 1991-1-3 for snow, prEN 1991-1-9 for atmospheric icing, and EN 1991-2:2023

for traffic loads on bridges and other civil engineering works

(3) The changes to the structure during construction stages (such as different
stages of the form of the structure, dynamic characteristics, etc.), which can modify the
effects of wind actions, should be taken into account.

NOTE See also prEN 1991-1-6 for actions during execution.

(4) Fatigue due to the effects of wind actions should be considered where
relevant, see EN 1990.

NOTE Stress ranges and number of load cycles can be obtained from Annex F, G and H.

(5) Structures should be designed to resist wind forces in all directions including 
torsion.



Modelling of wind actions
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Representations of wind actions

The wind action shall be represented by a simplified set of pressures or forces whose effects are 
equivalent to the extreme effects of the turbulent wind.

NOTE 1 Wind actions fluctuate with time and act directly as pressures on the external surfaces of enclosed
structures and indirectly on the internal surfaces because of porosity of the external surface. They can also act
directly on the internal surface of open structures.

Classification of wind actions

Unless otherwise specified, wind actions should be classified as variable free actions.

NOTE See EN 1990 for the classification of actions.

Characteristic values

The wind actions calculated using EN 1991-1-4 are intended to be characteristic values corresponding
to a 2 % probability of being exceeded per year as defined in EN 1990. This is equivalent to a return
period of 50 years, see EN 1990.

NOTE 1 EN 1990 provides appropriate partial factors on wind load to reduce the probability of failures to 
acceptable levels



Modelling of wind actions (cont’d) –
Enhancement of the Ease of Use (EoU)
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Modelling of wind actions (cont’d) –
Enhancement of the Ease of Use (EoU)
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Modelling of wind actions (cont’d) –
Enhancement of the Ease of Use (EoU)
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Modelling of wind actions (cont’d) –
Enhancement of the Ease of Use (EoU)
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Modelling of wind actions (cont’d) –
Enhancement of the Ease of Use (EoU)
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Wind velocity and velocity pressure
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6.1Basis for calculation

(1) The wind velocity and the velocity pressure should be considered to be composed of a 
mean and a fluctuating component.

(2) The mean wind velocity 𝒎 should be determined from the basic wind velocity 𝒃 which 
depends on the wind climate as described in 6.2, and on height above ground level, as 
described in 6.3.
NOTE 1 Procedures for terrain roughness are set out in 6.3.2 for structures not exceeding 200 m.

NOTE 2 Orography is explained in 6.3.3 and procedures calculating orography are set out in B.3.

NOTE 3 The peak velocity pressure is determined from 6.5.

(3) The fluctuating component of the wind should be represented by the turbulence intensity 
defined in 6.4.
NOTE 1 Annex B provides guidance for slender structures taller than 200 m and up to 300 m.

NOTE 2 The National Annex can give guidance on the application of Annex B for structures lower than 200 m.

NOTE 3 The National Annex can provide National climatic information from which the mean wind velocity 𝒎 and the 

peak velocity pressure ୮ can be directly obtained for the terrain categories considered.

NOTE 4 Table 5.1 contains a design process to assist in the determination of the peak velocity pressure.

NOTE 5 The basis for calculation covers structures less than 1 km offshore from the main coastline.



Wind velocity and velocity pressure (cont’d)
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The basic wind velocity should be calculated form Formula (6.1)

b prob dir season ௧ b,0 (6.1)

where

𝒗b,0 is the fundamental value of the basic wind velocity;
𝑐alt is the altitude factor;
𝑐dir is the directional factor;
𝑐season is the seasonal factor,;
𝑐prob is the probability factor

The values of the various coefficients are taken 1,0, unless the National Annex gives
a different value



Wind velocity and velocity pressure (cont’d)
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It is reminded that the fundamental value of the basic wind velocity 𝐛,𝟎, is defined as
the characteristic 10-minute mean wind velocity with an annual probability of being
exceeded of 0,02, irrespective of wind direction and time of year, at a height of 10 m above
ground level in flat open country terrain with large windward fetch of low vegetation such as
grass and isolated obstacles with separations of at least 20 obstacle heights.

The probability factor, 𝑐prob  should be calculated from Formula (6.2): 

𝑐prob = ൬
1 − 𝐾 ⋅ ln(−ln(1 − 𝑝))

1 − 𝐾 ⋅ ln(−ln(0,98))
൰

𝑛

= ቆ
1 + 𝐾 ∙ ln(𝑇)

1 + 𝐾 ∙ ln(50)
ቇ

𝑛

 (6.2)

where 

𝐾 is the shape parameter depending on the coefficient of variation of the extreme-value 
distribution; 

𝑛 is the exponent; 

𝑝 is the annual probability of exceedance; 

𝑇 is the return period in years where 𝑇 ≥ 1. 

 



Basic wind velocity and pressure
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The basic velocity pressure 𝑞b shall be calculated from Formula (6.3): 

𝑞b =
1

2
⋅ 𝜌 ⋅ 𝑣b

2 (6.3)

where 

𝜌 is the air density. 

NOTE The value for 𝜌 is 1,25 kg/m3 unless the National Annex gives different values 



Mean wind velocity and pressure
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The mean wind velocity 𝑣m(𝑧) at a height 𝑧 above the terrain depends on the terrain roughness and 
orography and on the basic wind velocity, 𝑣b , and should be determined using Formula (6.4): 

𝑣m(𝑧) = 𝑐r(𝑧) ⋅ 𝑐o(𝑧) ⋅ 𝑣b  (6.4)

where 

𝑐r(𝑧) is the roughness factor, given in 6.3.2; 

𝑐o(𝑧) is the orography factor, taken as 1,0 unless otherwise specified in 6.3.3. 

NOTE 1 If the orography is accounted for in the basic wind velocity, the value of 𝑐o is 1,0, unless a 
different value is given in the National Annex. 

NOTE 2 Design charts or tables for 𝑣m(𝑧) can be given in the National Annex. 

The mean velocity pressure 𝑞m(𝑧) at height 𝑧, should be determined using Formula (6.5): 

𝑞m(𝑧) =
1

2
⋅ 𝜌 ⋅ 𝑣m

2 (𝑧)= 𝑐r
2(𝑧) ⋅ 𝑐o

2(𝑧) ⋅ 𝑞b  (6.5)

where 

𝜌 is the air density. 

 



Terrain roughness
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The procedure for the determination of the roughness factor at height 𝑧, 𝑐r(𝑧), should be taken as defined 
in Formula (6.6) and is based on a logarithmic velocity profile. 

 

𝑐r(𝑧) = 𝑘r ⋅ ln ൬
𝑧

𝑧0
൰ for 𝑧min ≤ 𝑧 ≤ 𝑧max  (6.6)

𝑐r(𝑧) = 𝑐r(𝑧min) for 𝑧 ≤ 𝑧min  

where 

𝑧0  is the roughness length; 

𝑘r terrain factor depending on the roughness length 𝑧0 calculated using Formula (6.7) 

 

𝑘r = 0,19 ∙ ቆ
𝑧0

𝑧0,II
ቇ

0,07

 (6.7)

where 

𝑧0,II  = 0,05 m (terrain category II, Table 6.1); 

𝑧min  is the minimum height defined in Table 6.1; 

𝑧max  is to be taken as 200 m. 

𝑧0, 𝑧min  depend on the terrain category. Values are given in Table 6.1 depending on five representative 
terrain categories. 



Terrain roughness (cont’d)
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Table 6.1 — Terrain categories and terrain parameters 

Terrain category 
𝒛𝟎 𝒛𝐦𝐢𝐧 

[m] [m] 

0 Sea or coastal area exposed to the open sea 0,003 1 

I Lakes or flat and horizontal area with negligible vegetation and 
without obstacles 0,01 1 

II Area with low vegetation such as grass and isolated obstacles (trees, 
buildings) with separations of at least 20 obstacle heights 0,05 2 

III 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) 

0,3 5 

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 Figure B.1. 

 



Terrain categories (Annex B)
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Wind turbulence
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(1) The turbulence intensity 𝐼𝑢 (𝑧) at height 𝑧 should be taken equal to the standard deviation of the 
turbulence divided by the mean wind velocity. 

(2) The turbulent component of wind velocity has a mean value of 0 and a standard deviation 𝜎𝑢 . The 
standard deviation of the turbulence 𝜎𝑢  may be determined using Formula (6.9). 

𝜎𝑢 = 𝑘r ⋅ 𝑣b ⋅ 𝑘I (6.9)

NOTE 1 For the terrain factor 𝑘r see Formula (6.7), for the basic wind velocity 𝑣b see Formula (6.1), 
k1 is the turbulence factor. 

NOTE 2 The value for turbulence factor 𝑘I is 1.0 unless the National Annex gives a different value. 

(3) 𝐼𝑢 (𝑧) may be calculated from Formula (6.10). 

𝐼𝑢 (𝑧) =
𝜎𝑢

𝑣m(𝑧)
=

𝑘I

𝑐o(𝑧) ⋅ ln ቀ
𝑧
𝑧0

ቁ
 for 𝑧min ≤ 𝑧 ≤ 𝑧max  (6.10)

𝐼𝑢 (𝑧) = 𝐼𝑢 (𝑧min) for 𝑧 < 𝑧min   

where 

𝑘I is the turbulence factor. 

NOTE The value of 𝑘I is 1.0 unless the National Annex gives a different value. 



Peak wind velocity and pressure
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(1) The peak velocity pressure 𝑞p(𝑧) at height 𝑧, which includes mean and short-term velocity 
fluctuations, should be determined by using the Formula (6.11). 

 

𝑞p(𝑧) =
1

2
⋅ 𝜌 ⋅ 𝑣p

2(𝑧) (6.11)

where 

𝜌 is the air density; 

𝑣p(𝑧) is the peak wind velocity given in Formula (6.12); 

NOTE 1 A different rule can be given in the National Annex.  

𝑣p(𝑧) = 𝑣m(𝑧) ⋅ ൫1 + 𝑘𝑢 ⋅ 𝐼𝑢 (𝑧)൯ (6.12)

NOTE 2 The value of the peak factor for turbulence 𝑘𝑢  is 2,8 unless the National Annex gives a 
different value. The peak factor for turbulence is consistent with the values of the aerodynamic 
coefficients specified in Annexes C to E. 



Wind pressure on surfaces
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(1) The wind pressure acting on the external surfaces, 𝑤e, should be obtained from Formula (7.2). 

𝑤e = 𝑞p(𝑧e) ⋅ 𝑐pe (7.2)

where 

𝑞p(𝑧e) is the peak velocity pressure defined in 6.5; 

𝑧e is the reference height for the external pressure given in Annex C; 

𝑐pe is the pressure coefficient for the external pressure, given in Annex C. 

(2) The wind pressure acting on the internal surfaces of a structure, 𝑤i, should be obtained from 
Formula (7.3) 

𝑤i = 𝑞p(𝑧i) ⋅ 𝑐pi (7.3)

where 

𝑞p(𝑧i) is the peak velocity pressure defined in 6.5; 

𝑧i is the reference height for the internal pressure given in Annex C; 

𝑐pi is the pressure coefficient for the internal pressure given in Annex C. 

 



Wind forces (based on force coefficients)
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The wind force 𝐹w,p acting on a structure or a structural member as a whole or per unit length may be 
determined directly by using Formula (7.4) 

𝐹w,p = 𝑐sd ⋅ 𝑐f ⋅ 𝑞p(𝑧e) ⋅ 𝐴ref (7.4)

or by vector summation over the individual structural member by using Formula (7.5) 

𝐹w,p = 𝑐sd ⋅  𝑐f ⋅ 𝑞p(𝑧e) ⋅ 𝐴ref

elements

 (7.5)

where 

𝑐sd is the structural factor as defined in Clause 8; 

𝑐f is the force coefficient for the structure or structural member, given in Annex E; 

𝑞p(𝑧e) is the peak velocity pressure defined in 6.5 at reference height 𝑧e of the structure or the 
member defined in Annex E; 

𝐴ref is the reference area of the structure or structural member as a whole or per unit length, 
given in Annex E. 

NOTE Annex E gives 𝑐f values for structures or structural members such as prisms, cylinders, roofs, 
signboards, plates and lattice structures etc. 



Wind forces (based on surface pressures)
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The wind force, 𝐹w,p  acting on a structure or a structural member may be determined by vector 
summation of the forces 𝐹w,p,e , 𝐹w,p,i and 𝐹p,fr  calculated from the external and internal pressures using 
Formulae (7.6) and (7.7) and the frictional forces resulting from the friction of the wind parallel to the 
external surfaces, calculated using Formula (7.8). 

external forces: 

𝐹w,p,e = 𝑐sd ⋅  𝑤e ⋅ 𝐴ref

surfaces

 (7.6)

internal forces: 

𝐹w,p,i =  𝑤i ⋅ 𝐴ref

surfaces

 (7.7)

 where 

𝑐sd is the structural factor as defined in Clause 8; 

𝑤e is the external pressure on the individual surface at height 𝑧e, given in Formula (7.2); 

𝑤i is the internal pressure on the individual surface at height 𝑧i, given in Formula (7.3); 

𝐴ref is the reference area of the individual surface; 

 



Structural factor csd
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Figure 8.1 — 𝒄𝐬𝐝 = 1,0 for multi-storey steel and concrete buildings as function of across-wind width 



Annex B – Effects of terrain roughness
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Annex B – Effects of orography 
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Annex C – Pressure coefficients for pressures on surface
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Example of zoning for 
the detailed and local 
pressure coefficients 
on a monopitch roof



Annex C – Pressure coefficients for pressures on surface (cont’d)
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Pressure distribution on 
the roof of a building 
with non-uniform height



Annex D – Net pressure and force coefficients 
for walls, roofs and skins
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Dimensions and 
division of areas 
for porch roofs



Annex E – Force coefficients for structures 
and structural members
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Key 

α Angle of the wind with the horizontal 

β Superelevation 

θ = α + β 

 

Force coefficient 𝒄𝐟,𝒛 for bridges with transversal slope and wind inclination 



Annex F – Procedure for along-wind aerodynamic response
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Structures with constant sign mode shapes covered by the procedure



Annex G – Procedure for across-wind and torsional actions 
on susceptible buildings
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𝑐dL  is the across-wind dynamic factor, given by Formula (G.6): 

  
𝑐dL = 𝑘L ⋅ ට1 + 𝑅L

2 (G.6) 

where 

𝑘L  is the across-wind peak factor; 

𝑅L  is the across-wind resonant response factor; 

 



Annex H – Procedure for across-wind dynamic and aeroelastic 
response of slender structures
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Annex I – Dynamic characteristics of structures with linear 
elastic behaviour 
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Key 

1 = 2,5 

2 = 2 

3 = 1,5 

4 = 1 

5 = 0,6 

ϕ1(z) Normalised Modal 
Displacement 

Figure I.6 — Fundamental flexural mode shape for buildings,  

towers and chimneys cantilevered from the ground 



Annex J – Response of steel lattice towers and guyed mast
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Key 

1 Panel “A” 

2 Projection of legs from panel “A” 

3 mean 

4 Panel “A” as case 1, treat panels above 

5 “gust” 

6 Panel “B” 

7 Panel “B” as case 1, treat panels above 

Figure J.1 — Shear patch loading 



Annex K – Guidance on derivation of design parameters 
from wind tunnel tests and numerical simulations
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Class of problem 

WTT CWE 

Prelim. 
stage 

Detailed 
Design 

Prelim. 
stage 

Detailed 
Design 

Topographic effects A A A A 

Local pressures A A A N 

Overall forces A A A N 

Gust buffeting response A A A N 

Vortex shedding response A A A N 

Galloping A A A N 

Flutter A A A N 

Key 

A: advised 

N: not advised 

 

Table K.1 — Fields of applicability of WTT and CWE (A: advised, N: not advised) 



Annex L – Guidance on derivation of wind speeds from 
measurements at meteorological stations
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Wind speed records :

Before undertaking an extreme value or parent population
analysis, anemometer data should be audited to ensure it is of
sufficient and consistent quality. Issues to address may include
changes in:

- surroundings over the record period (e.g. construction, tree
growth, etc.)

— anemometer type (e.g. from pressure tube to rotating cup)
— recording methodology (e.g. from manual to automatic)
— anemometer location
— self-consistency of the data (e.g. unexplainable variability).

Calibration of anemometers should also be verified



Annex M – Guidance on probabilistic description of wind 
actions
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The basic velocity pressure 𝑞b is its annual extreme value having a 2 % probability of being exceeded. 

Its probability distribution function is a Type I extreme-value distribution should be taken from Formula 
(M.1): 

𝐹q(q) = exp൫− exp൫− ൫q − 𝛼q൯ 𝛽qൗ ൯൯ (M.1)

its mean value should be taken from Formula (M.2): 

𝜇q = 𝛼q + 0,5772 ⋅ 𝛽q  (M.2)

and its standard deviation should be taken from Formula (M.3): 

𝜎q = ൫𝜋 √6⁄ ൯ ⋅ 𝛽q  (M.3)

where 𝛼q  and 𝛽q  are the mode and the scale parameters of the distribution. 



Overview of the evolution of EN 1991-1-5: 

Eurocode 1 – Actions on structures

Part 1-5: Thermal actions
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Contents of the revised EN 1991-1-5

N. Malakatas                                                   2nd EU-ASIAN Regional Workshop on Eurocodes, Singapore, 9-10 October 2023 85



Scope of EN 1991-1-5
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(1) EN 1991-1-5 gives principles and rules for calculating thermal actions on 
buildings, bridges and other structures including their structural 
members. Principles needed for cladding and other attachments of buildings 
are also provided.  

(2) This Part describes the changes in the temperature of structural members. 
Characteristic values of thermal actions are presented for use in the design of 
structures which are exposed to daily and seasonal climatic changes.  

(3) This Part also gives principles for changes in the temperature of structural 
members due to the paving of hot asphalt on bridge decks. 

(4) This Part also provides principles and rules for thermal actions acting in 
structures which are mainly a function of their use (e.g. cooling towers, 
silos, tanks, warm and cold storage facilities, hot and cold services etc).  

NOTE Supplementary guidance for thermal actions on chimneys is provided in 
EN 13084-1. 



Key changes to EN 1991-1-5
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 Some definitions and rules of application clarified and improved

 Guidance provided on how to determine the temperature components 
and temperature differences of different structural members within a 
structure

 For buildings a new presentation of temperatures - merging of tables for 
inner and outer temperatures

 New approach for the consideration of uncertainties related to the initial 
bridge temperature T0 of a structural member at the relevant stage of its 
restraint (completion) and its range T0 especially important for the 
design of bearings and joints

 For the evaluation of the vertical components of temperature differences 
with non-linear effects on bridge decks an improved presentation in the 
form of figures and tables has been provided, together with a couple of 
corrections of values 



Design situations for thermal actions
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4 Design situations 

(1) Thermal actions shall be determined for the relevant design situation 
identified in accordance with prEN 1990:2021. 
(2) The effects of thermal actions shall be allowed for in the design of load 
bearing members of structures, either by providing movement joints or by 
including the effects in design verifications. 

5 Classification of actions 

(1) Thermal actions shall be classified as variable and indirect actions, as 
defined within EN 1990:2023. 
(2) All values of thermal actions given in this Part are characteristic values, 
see EN 1990:2023. 
(3) For design situations where the annual probability of exceedance is other 
than 0,02 the values of thermal actions should be derived using the 
calculation method given in Annex A. 



Representation of thermal actions
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6 Representation of actions 

(1) The temperature distribution within an individual structural member should be 
resolved into the following four basic components, as illustrated in Figure 6.1: 

a) A uniform temperature component, Δ N

b) A linearly varying temperature difference component about the z-z axis, ΔTMZ ; 

c) A linearly varying temperature difference component about the y-y axis, ΔTMY ; 

d) A non-linear temperature difference component, ΔTE. This results in a system 
of self-equilibrated stresses which produce no net load effect on the member 

Figure 6.1 — Diagrammatic representation of components of a temperature profile



Thermal actions on buildings
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Uniform bridge temperature component
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Bridge deck type 𝑻𝑵,𝐦𝐚𝐱 𝑻𝑵,𝐦𝐢𝐧 

1 𝑇max  + 16 𝑇min – 3 

2 𝑇max   + 4 𝑇min  + 4 

3 𝑇max  + 2 𝑇min  + 8 

 

(1) The minimum shade air temperature (Tmin) and the maximum shade air 
temperature (Tmax) for the site shall be derived in accordance with 8.1.3.2. 

NOTE The uniform temperature component depends on the minimum and maximum 
temperature which a bridge could achieve. This results in a range of uniform temperature 
changes which, in an unrestrained structure would result in a change in member length. 

(2) The minimum and maximum uniform bridge temperatures TN.min and TN.max 
should be determined for the relevant bridge deck type.  

NOTE The minimum and maximum uniform bridge temperatures TN.min and TN.max are 
given in Table 8.1 (NDP) unless the National Annex gives different values. 
Table 8.1 (NDP) is based on typical daily shade air temperature ranges of 10 °C. 

(3) For steel truss and plate girders, the maximum values given for Type 1 
may be reduced by 3 °C. 



Uniform bridge temperature component (cont’d)
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Uniform bridge temperature component (cont’d)
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Vertical linear temperature component (Approach 1)
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(1) The effect of vertical temperature differences should be considered by using 
an equivalent linear temperature difference component with ΔTM,heat and ΔTM,cool. 
The values ΔTM,heat and ΔTM,cool should be applied between the top and the bottom 
of the bridge deck.

(2) The vertical linear component should be defined taking into account different 
types of bridge decks and the surfacing thickness.

NOTE 1 For 50 mm surfacing thickness, 
the values of ΔTM,heat and ΔTM,cool are given
in Table 8.2 (NDP) unless the National Annex 
gives different values.

NOTE 2 For other thicknesses of surfacing,
a factor ksur is applied. The values of factor
ksur are given in Table 8.3 (NDP) unless

the National Annex gives different values



Vertical linear temperature component  (Approach 1)
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Road, pedestrian and railway bridges 

Surfacing 
thickness 

Type 1 Type 2 Type 3 

Top 
warmer 

than 
bottom 

Bottom 
warmer 
than top 

Top warmer 
than bottom 

Bottom 
warmer 
than top 

Top warmer 
than bottom 

Bottom 
warmer 
than top 

[mm] ksur ksur ksur ksur ksur ksur 

0 0,7  0,9 0,9 1,0 0,8 1,1 

waterproofed1) 1,6 0,6 1,1 0,9 1,5 1,0 

50 1,0 1,0 1,0 1,0 1,0 1,0 

100 0,7 1,2 1,0 1,0 0,7 1,0 

150 0,7 1,2 1,0 1,0 0,5 1,0 

ballast 0,6 1,4 0,8 1,2 0,6 1,0 

1) These values could be considered as upper bound values for dark colour. 

 

Table 8.3 (NDP) — Values of ksur to account for different surfacing thickness 



Vertical temperature components with non-linear effects (Approach 2)
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Vertical temperature components with non-linear effects (Approach 2)
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Vertical temperature components with non-linear effects (Approach 2)
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Thermal actions on bridges – Climate change considerations
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 Climate change effects may be considered by means of the change factor 
cc  in terms of differences obtained from the analysis of future climate 

projections. Considering the current characteristic values of shade air 
temperatures TMax,k / TMin,k based on past observations, the updated values 

ୟ୶,
ᇱ  / ୟ୶,

ᇱ  covering climate change impacts can be obtained as follows 

 ୟ୶,
ᇱ

ୟ୶, ୟ୶,ୡୡ  (8.1) 

 ୧୬,
ᇱ

୧୬, ୧୬,ୡୡ  (8.2) 

NOTE The framework for the re-evaluation of the characteristic values of shade air temperature, 
as well the change factors reflecting the climate change effects can be specified in the National 
Annex. 



Thermal actions on industrial chimneys, silos, tanks 
and cooling towers
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(1) Industrial chimneys, silos, tanks and cooling towers shall be designed for 

— thermal actions from climatic effects due to the variation of shade air 
temperature and solar radiation; 

— temperature distribution for normal and abnormal process conditions; 

— effects arising from interaction between the structure and its contents 
during thermal changes (e.g. shrinkage of the structure against stiff solid 
contents or expansion of solid contents during heating or cooling); 

— the effect of temperature differences between adjacent members. 

(2) Values of maximum and minimum flue gas, liquids and materials with 
different temperatures should be agreed for a specific project by the 
relevant parties. 
NOTE Containment structures can be subjected to thermally induced changes in shape arising 
from heating/cooling effects of either the contents or their surrounding external environment 
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THANK YOU FOR YOUR ATTENTION !


