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Structural Eurocodes 

EN 1991: Eurocode 1
Action on Structures

EN 1991-1.1
Densities, 
self weight 

and imposed 
loads

EN 1991-1.2
Actions on 
structures 
exposed to 

fire

EN 1991-1.4
Wind loads

EN 1991-1.5
Thermal 
actions

EN 1991-4
Actions on 
silos and 

tanks

EN 1991-2
Traffic 

loads on 
bridges

EN 1991-1.3
Snow loads

EN 1991-3
Actions 

induced by 
cranes 

machinery

EN 1991-1.6
Actions 
during 

execution

EN 1991-1.7
Accidental 

actions due to 
impact and 
explosions

EN 1992: Eurocode 2 (EC2)
Design of Concrete Structures

EN 1992-1.1
Common rules for buildings and civil engineering structures

EN 1992-1.2
Structural fire design 

EN 1992-2
Bridges

EN 1992-3
Liquid retaining and containment structures

EN 206-1: Concrete Part 1
Specification, performance, production and conformity

EN 13670-1
Execution of concrete structures

EN 197-1: Cement Part 1
Composition, specification and 

conformity criteria for common cements

EN 12620
Aggregates for concrete

EN 934
Admixtures for concrete, grout and mortars

EN 450
Fly ash for concrete

EN 1008
Mixing waters

EN 197-2: Cement Part 2
Conformity evaluation

EN 1097
Test for material and physical 

properties of aggregates

EN 480
Admixtures for concrete, grout 

and mortars-testmethods

EN 451
Methods of 

testing fly ash

EN 196
Methods of testing cement

EN 10080
Reinforcing steel

EN 10138
Pre-stressing steel

EN 447
Grout for pre-stressing steel

EN 523
Steel for sheaths and prestandard tendons

EN 1997: Eurocode 7
Geotechnical data

EN 1997-1
General Rules

EN 1997-2
Design assisted by laboratory testing

EN 1997-3
Design assisted by field testing

EN 1990: Eurocode
Basis of Structural Design

Structural 
safety

Loading

Design 
and 

detailing

Concrete 
products

Foundations



Eurocode 1: Actions on Structures 

EN 1991-1-1 General actions – Desities, self-weight, imposed
loads for buildings : 2002 + Correction AC:2009

EN 1991-1-3 General actions – Snow loads : 2003 + AC:2009

EN 1991-1-4 General actions – Wind actions : 2005(E)
Amendment A1:2010
Correction AC:2010

EN 1991-1-5 General actions – Thermal actions : 2003
Correction AC:2009

EN 1991-1-6 General actions, Actions during execution : 2005
Correction AC:2008

EN 1991-1-7 General actions – Accidental actions : 2006 
Correction AC:2010

EN 1991-2 Traffic loads on Bridges : 2004
EN 1991-3 Actions induced by cranes and machinery : 2006
EN 1991-4 General actions – Silos and tanks : 2006 

EN 1991-1-2 General actions – Actions due to fire : 2003
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Risks in Civil Engineering

Measures of Reliability in a Probabilistic Concept

Reliability Verification in EN 1990

Partial Factor Concept in EN 1990

Limit States

Overview

Ultimate Limit State – ULS

Serviceability Limit State - SLS

Conclusions

Actions on Structures – EN 1991

Objectives of EN 1990
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EarthquakeStorm

WaterFire

Risks in Civil Engineering 
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Risks in Civil Engineering 

t
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 TL – design life, t - time

Failure Rate:

t

failure rate ht(t)

I II III
t

t(t

I II III

II:
extreme load effects 

I: construction 
defects

III:
deterioration
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fE(E), fR(R)

action effect E

resistance R

failure domain
Z < 0

Pf = P(Z < 0)

E, R

Z
mZ

mE mR

safety zone:              Z = R – E
with mean mZ, stand. dev. Z

survival:   Z > 0; failure:  Z  0

Measures of Reliability 
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fE(E), fR(R)

action effect E

resistance R

failure domain
Z < 0

Pf = P(Z < 0)

E, R

Z
mZ

mE mR

safety zone:              Z = R – E
with mean mZ, stand. dev. Z

survival:   Z > 0; failure:  Z  0

probability of failure Pf
Pf = P(Z  0)

reliability index 
mZ = Z

Measures of Reliability 

A reliability index of  = 0 corresponds 
to a failure probability of Pf = 0.5! 9/34



Measures of Reliability 

failure domain
Z < 0

Pf = P(Z < 0)

Z
mZ

failure domain
Z < 0

Pf = P(Z < 0)

Z
mZ

The reliability index  is applied in EN 1990 for reliability verifications. It is 
related to the probability of failure, Pf, by

Pf = (- )

where  is the cumulative probability function of the Gaussian distribution
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Reliability Verification  in EN 1990

Design values of Action Effect, Ed and Resistance, Rd

Given are: target reliability index 

mean resistance mR 
standard deviation R

mean action effect mE 
standard deviation E

design requirement:
mZ = Z

Replacing Z by E and R:  
mR – mE = (RR - EE)
where  are linear weight factors with ranges:
-1  E < 0
0  R  1

Design verification using design values Ed and Rd:

mR - RR = mE - EE

Rd = mR - RR  Ed = mE - EE
11/34



Target values of Reliability 

The target values of reliability are operational, indicative numbers

Reliability Verification  in EN 1990
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Reliability Differentiation in EN 1990

Reliability Verification  in EN 1990
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Reliability Verification  in EN 1990
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Partial Factor Concept in EN 1990

tensile membrane 
force n at the 
windward meridian

Actions: self weight g, wind load w
Resistance: yield strength of the reinforcement Ass

Global safety factor tot applied to design the shell for tensile strength:

tot  (nw - ng)  Ass

Self-weight is compressive, it diminishes the tensile wind force: 
The shell cannot carry totw when designed with a global factor.

Such a goal would be achieved by the following design equation:

wind w

self-weight g

tot nw - ng  Ass 15/34



5.11.1965

In a strong gale, three Cooling 
Towers at the Ferrybridge Power 
Station, UK, collapse due to tensile 
failure of the reinforcement at the 
windward side 

(1) Small shell bending stiffness
due to Single layer reinforcement,
low natural frequencies, increase of
resonant response to turbulence;

2) Load amplification due to flow
Interference;

(3) Unified safety factor instead of
partial concept

Principal failure causes 

16/34



Partial Factor Concept in EN 1990

Concept of partial safety factors

w nw - G  ng  Ass/M

VGB-BTR 2005: 1,6  nw – 1,0  ng  Ass/1,15

The shell is now designed to carry 1,6-times the nominal wind 
load against 1/1,15 times the nominal tensile strength.

tensile membrane 
force n at the 
windward meridian

wind w

self-weight g
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Partial Factor Concept in EN 1990

EN 1990 does not apply directly the design values but utilises the partial 
factor design consisting of the following steps: 

(1) Characteristic values of the basic variables actions Fk, and of the 
material properties Xk are introduced. 

Characteristic values are typically:
- for variable actions Q: Qk is the 0,98-quantile of the yearly extremes;
- for permanent actions G: Gk is the mean value;
- for accidental actions A: Ad is a nominal value used as design value;
- for strength of materials X: Xk is the 5%-quantile.

(2) Design values of actions F are specified by using partial load factors F:

Fd = FFk for a leading action, or
Fd = FFk for an accompanying action;

Design values of material properties X are specified by partial material factors 
m : Xd = Xk / m

(3) The design values of action effect and resistance are calculated as

Ed = E{FFk; FFk }   Rd = R{Xk/m} 
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load effect E resistance R

probability density

E, R

98% 5%

F M

fE(E), fR(R)

Partial Factor Concept in EN 1990

Ek = E(Fk)

Ed = E(FFk)

Rk = R(Xk)

Rd = R(Xk/M)

Ed  Rd
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Summary of Verification Procedure



Partial Factor Concept in EN 1990

The factor , covers the following situations:
- the combination value of a variable action 0Qk
- the frequent value of a variable action 1Qk
- the quasi-permanent value of a variable action 2Qk

20/34

If several variable actions have to be considered, the combination of  
actions consists of the leading action Qk1 and the accompanying 
actions Qkj, where  is the factor for accompanying actions,   1



Partial Factor Concept in EN 1990

Variable loads and 
related -factors
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Partial Factor Concept in EN 1990
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source unknown



Limit States

Ultimate Limit State – ULS

Serviceability Limit State – SLS
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ULS in EN 1990

Limit States: Ultimate Limit States

24/34

FAT load combinations are given in the design codes EN1992 – EN1996



Overturning of a
Retaining Wall
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Ultimate Limit States: Static Equilibrium 



Static Equilibrium Limit States
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1,10 0,90 1,50 / 0 1,50 / 0
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Structural Failure Limit States

1,35 1,00 1,50 1,50

Note regarding permanent actions resulting from one source:

The partial factor 1,35 applies for all actions originating from self-weight if the resulting
total effect is unfavourable. Similarly, inf = 1.00 is valid if the resulting total effect is
favourable. This also applies if different materials are involved.
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Structural Failure Limit States
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Structural Failure Limit States



Vertical Deflections

Horizontal Displacements

Serviceability Limit States
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Serviceability Limit States



Design working life
Definition in EN 1990
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Design working life
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Design working life
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design working
life

mean lfetime
 = 0


