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This module primarily attempts to clarify all issues related to:

Introduction to the EN1990

i. Probabilistic and semi-probabilistic approach to the safety for building

ii. Limit states and design conditions

iii. Different types of actions

iv. Combination of actions

v.Partial Safety Factor

Content of the Module

Module I:Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990:

Basis of structural analysis: EN 1990 (Eurocode 0)

European normative structure for the construction sector

In 1989, the Commission and the Member States of the EU and EFTA (i.e. European Free Trade Association) decided, on the
basis of an agreement between the Commission and CEN, to transfer the preparation and the publication of the Eurocodes to
CEN through a series of Mandates, in order to provide them with a future status of European Standard (EN). This links de
facto the Eurocodes with the provisions of all the Council’s Directives and/or Commission’s Decisions dealing with European
standards (e.g. the Council Directive 89/106/EEC on construction products - CPD -and Council Directives 93/37/EEC,
92/50/EEC and 89/440/EEC on public works and services and equivalent EFTA Directives initiated in pursuit of setting up
the internal market).“

The publication of the Construction Products Directive in 1989 (OJ L 040, 1989) established the essential requirements that
all construction works must fulfil, namely: i) mechanical resistance and stability; ii) fire resistance; iii) hygiene, health and
environment; iv) safety in use; v) protection against noise and vi) energy economy and heat retention.
The first two requirements are addressed by the following nine Structural Eurocodes.



Introduction to the EN1990:

Basis of structural analysis: EN 1990 (Eurocode 0)

European normative 
structure for the 

construction sector



Basis of structural analysis: EN 1990 (Eurocode 0)

Mandate M/515 and CEN/TC 250 programmatic response
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Basis of structural analysis: EN 1990 (Eurocode 0)



EN 1990 establishes Principles and Requirements for the safety, serviceability and durability of structures,

describes the basis for their design and verification and gives guidelines for related aspects of structural reliability.

EN 1990 is intended to be used in conjunction with EN 1991 to EN 1999 for the structural design of buildings and

civil engineering works, including geotechnical aspects, structural fire design, situations involving earthquakes,

execution and temporary structures

Introduction to the EN1990: Scope of the code

Basis of structural analysis: EN 1990 (Eurocode 0)



Distinction between Principles and Application Rules

- The Principles (letter P) comprise general statements and definitions for which there is no alternative, as well as requirements
and analytical models for which no alternative is permitted unless specifically stated.

- It is permissible to use alternative design rules different from the application rules given in EN 1990, provided that it is shown
that the alternative rules are consistent with the relevant principles and are at least equivalent in terms of resistance,
serviceability and durability which would be achieved for the structure using Eurocodes.

If an alternative design rule is substituted for an application rule, the resulting design cannot be claimed to be wholly in
accordance with EN 1990 although the design will remain in accordance with the Principles of EN 1990. When EN 1990 is used in
respect of a property of a product standard or an ETAG, the use of an alternative design rule may not be acceptable for CE
marking.

Introduction to the EN1990: Principle and rules

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition

For the structural Eurocode suite, attention is drawn to the following key definitions, which may be different from current

national practices:

- “Action” means a load, or an imposed deformation (e.g. temperature effects or settlement)

- “Effects of Actions” or “Action effects” are internal moments and forces, bending moments, shear forces and deformations

caused by actions.

- “Strength” is a mechanical property of a material, in units of stress

- “Resistance” is a mechanical property of a cross-section of a member, or a member or structure.

- “Execution” covers all activities carried out for the physical completion of the work including procurement, the inspection and

documentation thereof. The term covers work on site; it may also signify the fabrication of components off site and their

subsequent erection on site.

Basis of structural analysis: EN 1990 (Eurocode 0)



Some Important Terms:

Actions (F)

- Permanent Actions (G)

- Variable Actions (Q)

- Accidental Actions (A)

- Seismic Action (Ae) 

Values of Actions (Representative Values of Actions)

- Characteristic Value (Qk)

- Combinations Value of a Variable Action (ψ0Qk)

- Frequent Value of a Variable Action (ψ1 Qk)

- Quasi-permanent Value of a Variable Action (ψ2Qk)

Introduction to the EN1990: Definition

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition
Sections 1-2-3: General Introduction

Section 4: General rules

Section 5: Principles of limit state design

Section 6: Basic variables

Section 7: Structural analysis and design assisted by testing

Section 8: Verification by the partial factor method

Annex A(n) (N): Application for buildings (1); bridges (2)

Annex B (I): Technical management measures for design and execution

Annex C (I): Reliability analysis and code calibration

Annex D (I): Design assisted by testing

Annex E (I): Additional robustness provisions for buildings and bridges

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition
Assumptions at the base of the code:

The general assumptions of EN 1990 are:

- the choice of the structural system and the design of the structure is made by appropriately qualified and

experienced personnel;

- execution is carried out by personnel having the appropriate skill and experience;

- adequate supervision and quality control is provided in design offices and during execution of the work, i.e.

factories, plants, and on site;

- the construction materials and products are used as specified in EN 1990 or in EN 1991 to EN 1999 or in the

relevant execution standards, or reference material or product specifications;

- the structure will be adequately maintained;

- the structure will be used in accordance with the design assumptions.

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition

Structural safety: A structure shall be designed and executed in such a way that it will

sustain all actions likely to occur during execution and use, during its intended life

with appropriate degrees of reliability, and in an economic way.

Safety of people, the structure and contents.

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition

Serviceability: A structure shall be designed and executed in such a way that it

will remain fit for the use for which it is required during its intended life with

appropriate degrees of reliability and in an economic way.

Functioning, comfort and appearance of the structure

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition

The fundamental requirements: Robustness
A structure shall be designed and executed in such a way that it will not collapse by
events such as:
- Explosions
- Impact
- Consequences of human errors
The damage will not propagate disproportionately from the original cause
Note: The events to be taken into account are those agreed for an individual project with the
client and the relevant authority

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition

Large ductility is the key feature to be guaranteed!

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)

Bombing (London 1941)



Introduction to the EN1990: Definition

An appropriate degree of reliability for the majority of structures is obtained by design and execution according to Eurocodes 1 to 9,
with appropriate quality assurance measures.

EN 1990 provides guidance for obtaining different levels of reliability

The choice of the levels of reliability for a particular structure should take account of the relevant factors, including :
- the possible cause and /or mode of attaining a limit state;
- the possible consequences of failure in terms of risk to life, injury, potential economical losses;
- public perception to failure;
- the expense and procedures necessary to reduce the risk of failure.

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life;
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition

Public perception does not accept fatalities and injuries due
to structural failure (at home, at the work place, during
recreational and other activities etc), for the design working
life of a structure compared to fatalities arising from other
hazards and events.

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)

Indicative design methods for enhancing resistance to 
disproportinate collapse are defined based on the CCS



Introduction to the EN1990: Definition

The requirements for design working life states: The design
working life is the assumed period for which a structure is to be
used for its intended purpose with anticipated maintenance but
without major repair being necessary. a design working life of •
50 years for buildings • 100 years for bridges is recommended
in EN 1990.

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition

It is an assumption in design that the durability of a structure
or part of it in its environment is such that it remains fit for
use during the design working life given appropriate
maintenance The structure should be designed in such a
way that deterioration should not impair the durability and
performance of the structure having due regard to the
anticipated level of maintenance.

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition
The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)

Examples of anti-corrosion details



Introduction to the EN1990: Definition

Interrelated factors to be considered: 
- The intended and future use of the structure
- The required performance criteria
- The expected environmental influences 
- The composition, properties and performance of materials
- The choice of structural system
- The shape of members and structural detailing 
- The quality of workmanship and level of control
- The particular protective measures
- The maintenance during the intended life

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance.

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition

In order to provide a structure that corresponds to the requirements and to the assumptions made in the design, appropriate quality 
management measures should be in place. These measures comprise: 
- definition of the reliability requirements,
- organisational measures
- controls at the stages of design, execution, use and maintenance (EN1090).

EN ISO 9001:2000 is an acceptable basis for quality management measures, where relevant.

The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)



Introduction to the EN1990: Definition
The Fundamental requirements are:
- Safety;
- Serviceability;
- Robustness and fire;
- Reliability differentiation;
- Design working life
- Durability;
- Quality Assurance

Basis of structural analysis: EN 1990 (Eurocode 0)

To ensure that the previous measures are verified, EN 1990, in Annex B, establishes three classes of reliability:
RC1, RC2 and RC3, corresponding to values of the reliability index β for the ultimate limit state of 3.3, 3.8 and 4.3
respectively, taking a reference period of 50 years

According to the consequences of failure or malfunction of a structure, Annex B of EN 1990 establishes three
consequence classes. The three reliability classes RC1, RC2 and RC3 may be associated with the three
consequence classes CC1, CC2 and CC3



This module primarily attempts to clarify all issues related to:

Introduction to the EN1990

i. Probabilistic and semi-probabilistic approach to the safety for building

ii. Limit states and design conditions

iii. Different types of actions

iv. Combination of actions

v.Partial Safety Factor
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Module I:Basis of structural analysis: EN 1990 (Eurocode 0)



Structural Safety: Introduction

The structural safety is carried out by comparing two quantities:

- The first, usually called S, which represents the "demand on the structure" that external actions address to the

structural component;

- The second, R, which represents the "performance capacity" that the same component is able to provide.

R ≥ S

Basis of structural analysis: EN 1990 (Eurocode 0)



The structural safety is carried out by comparing two quantities:

- The first, usually called S, which represents the "demand on the structure" that external actions address to the 

structural component;

- The second, R, which represents the "performance capacity" that the same component is able to provide.

Maximum allowable stress Collapse assessment Probabilistic approach

Basis of structural analysis: EN 1990 (Eurocode 0)

Structural Safety: Introduction



Structural safety: Maximum allowable stress
The method is based on the idea of checking the nominal values of the actions in order to avoid at each point of the cross section that
the stress state σ does not exceed a limit value, called admissible, clearly lower than the breaking value. The admissible values of
the stresses are obtained from those of crisis by dividing them by a suitable safety coefficient γ, which depends on the material
itself. The verification is satisfied if the relationship is verified:

- The nominal value of the load q is considered
- The stress characteristics and stresses are 
calculated considering a linearly elastic material 
behaviour

Applied stress

Safety factor

Limit tension evaluated in 
function of the material

Basis of structural analysis: EN 1990 (Eurocode 0)



The allowable stress method is really easy to use but it present some criticisms:

1. A single safety factor is used, apparently a high. Psychologically, this means that the engineers may believe to have large

safety margins, but the overstrength is evaluate just in a point!!!!!

2. The hypothesis of linear elastic behavior of the material means that the stress state may not be correct as local

stresses are highly dependent on the presence of inelastic deformations.

3. The punctual verification of the stress into the section does not give a measure of the real safety coefficient of the section

or structure. Moreover, the method does not guarantee the most convenient/optimization of the design.

Basis of structural analysis: EN 1990 (Eurocode 0)
Structural safety: Maximum allowable stress



Basis of structural analysis: EN 1990 (Eurocode 0)
Structural safety: Maximum allowable stress

Failure criterion=the 
collapse is assumed
when the maximum 
stress exceeds the 
allowable value!!!



It consists in the determination of the mechanism of collapse of the structure, and of the load that leads to it, starting from the

knowledge of the values of the stress characteristics that identify the full plasticization of each section.

These characteristics are determined taking into account the non-linearity of material.

The safety verification is satisfied if the relationship is verified:

Structural safety: Collapse assessment

Applied load
Load corresponding to the 

activation of a collapse 
mechanism

Safety factor

Basis of structural analysis: EN 1990 (Eurocode 0)



The collapse assessment has some important advantages:
- Accounting for any non-linear and inelastic phenomena (ad example cracking in reinforced concrete structures)
- Correct assessment of the ultimate security of structural situations complex or otherwise difficult to analyze theoretically.
- Moreover, it is held account of the redistribution of efforts and therefore you are no longer correct a discard a structure 

due to the presence of localized voltage states;
- Easy reproduction in experimental phase.

Collapse assessment also has some disadvantages:
- Use of a single safety coefficient, apparently too high;
- It is not possible monitoring the structural performance under normal conditions.

Basis of structural analysis: EN 1990 (Eurocode 0)

Structural safety: Collapse assessment



The control of the probability of collapse for a new structure and its evaluation for an existing structure is the objective of structural

safety. With probability of collapse Pr, we mean the risk of reaching a limit state for which the structure no longer guarantees the

necessary performance.

To define the probability of collapse/failure, it is necessary to assume a method or criterion of “collapse” of the system, namely a limit

state.

The achievement of a limit state is defined mathematically through the limit function P, which depends on the vector of the random

variables x concerning the structure (e.g. the two random variables are S and R).

௥ܲ ܵ ≤ ܴ ≤ ௥ܲ
∗

Structural safety: Probabilistic approach

ݔ

Basis of structural analysis: EN 1990 (Eurocode 0)



Conventionally, it is assumed that the structure is in safe conditions when the limit function is positive and that it assumes non-

positive values in the case of reaching or exceeding the limit condition.

The safety check is considered to be satisfied if, for all the situations that can occur and with a sufficiently large probability, the effect

of the actions (the demand for services S) is lower than the resistances (performance capacity R).

The form in which this verification is expressed is the following:

௥ܲ ܵ ≤ ܴ ≤ ௥ܲ
∗

Structural safety: Probabilistic approach

ݔ

Basis of structural analysis: EN 1990 (Eurocode 0)



The probability that S is greater than or equal to R must be less than or equal to a predetermined probability of failure

Pr *, sufficiently small, which depends on the type of construction and the type of Limit State to which the verification

refers.

There are substantially three methods, of different levels of accuracy, that can be used to measure safety in

“probabilistic” terms:

1. Exact probabilistic method (level III);
2. Approximate probabilistic method (level II);
3. Semi-probabilistic method (level I);

௥ܲ ܵ ≤ ܴ ≤ ௥ܲ
∗

Structural safety: Probabilistic approach

The limit function is P (R, S) = R-S since if S is greater than or equal to R the collapse occurs

This is the probability 
limit that is acceptable

Basis of structural analysis: EN 1990 (Eurocode 0)
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In constructions for civil and industrial use, there is implicit
consideration of the basic values   for reliability (probability of failure):

• Damage at the serviceability limit states: 10-3< ௥ܲ
∗ < 10-2

• Damage at the ultimate limit states : 10-7< ௥ܲ
∗ < 10-5

Basis of structural analysis: EN 1990 (Eurocode 0)

Structural safety: Probabilistic approach

• Limit states are defined as a state reached which the structure
(or one of its supporting elements) can no longer fulfill its primary function.

• Ultimate limit states

• Serviceability limit states



Structural safety: Probabilistic approach

Generally, the structure probability of collapse can be expressed as:

௥ܲ = න ௑݂ ,ଵݔ … , ௡ݔ ݔ݀ 
ி

where fx (x1, ..., xn) is the probability density function that characterizes the uncertainty of the vector X and F is

the collapse domain, or the set of values of the vector X for which the limit function P is not positive.

The objective of third level methods is the calculation of the probability of collapse by either analytical way, that

is reaching the exact solution of the integral, or numerical way (for example, with the Montecarlo method), if the

integral cannot be analytically solved.

The third level methods (“Exact” probabilistic method) 

Basis of structural analysis: EN 1990 (Eurocode 0)



Structural safety: Probabilistic approach

௥ܲ = 1 − Φ ߚ

II level methods have a similar approach to those of level III, however in this case the probability of collapse is
calculated, in a simplified way, through the Gaussian integral :

Where β is called a safety index.

This expression, except for particular conditions of the distribution of random variables, leads to an approximate
value of Pr, whose approximation depends on the nature of the random variables and their possible correlation.

In the particular case where the limit state function P is a linear combination of the random variables S and R,
having both distribution.

The Second level methods (Approximate probabilistic Method) 

Basis of structural analysis: EN 1990 (Eurocode 0)
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• R: Strength, S: Actions 
• Reliability margin Z= R-S
• Safety ratio Z= R/S

( ) ( 0) ( 0) 1 ( 0) 1 (0)ZP R S P R S P Z P Z F          
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Z

Basis of structural analysis: EN 1990 (Eurocode 0)

The Second level methods (Approximate probabilistic Method) 
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Basis of structural analysis: EN 1990 (Eurocode 0)



Structural safety: Semi-Probabilistic approach

The structural verification is satisfied if the following inequality is verified:

The chosen values of resistance and stress are called project or design values calculation and 
are indicated with the subscript "d"

Basis of structural analysis: EN 1990 (Eurocode 0)

The first level method (Semi-probabilistic method) 
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,  SR

R S

SR 
 

 


  Different values of  acceptable for the 
different structural typologies are 
determined

• The strength R and the action S are considerated indipendent:

R is reduced (j < 0) 

S is increased (y>0)

Basis of structural analysis: EN 1990 (Eurocode 0)
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• For the strength values the probability values   are normally lower.

• To simplify the design some values   are considered in a
deterministic manner.

• Example: Design value of resistance for the limit state
ultimate and the serviceability limit state

5% probability

strength

0.5% probability

Basis of structural analysis: EN 1990 (Eurocode 0)
Random variables



The design value of the Fd is obtained from:

- Fk is the characteristic value of the shares, or the value 
corresponding to a percentile k to be undermined.
(Usually, corresponding to a 95%);
- γF is the partial safety factor of the actions and is greater 
than the unit.

- The probability to have smaller value of design resistance Rd is less than that corresponding to the characteristic value Rk;
- The probability to have larger value of design force Fd is less than that corresponding to the characteristic value Fk

The design value of the Rd shares is obtained from: 

- Rk is the characteristic value of the resistance, or the value 
corresponding to a percentile k to be undermined. (Usually 
corresponding to a 5%)
- γM is the partial safety factor of the material and is greater 
than the unit.

Basis of structural analysis: EN 1990 (Eurocode 0)
Structural safety: Semi-Probabilistic approach

• gm coefficients higher than 1.0 to reduce the strength• gf coefficients higher than 1.0 to increase the loads 
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The main steps of safety verification with the semi-probabilistic method:

The characteristic values   of strength and action are assumed Rk and Sk according to the 
indications provided in the standards.

We use safety coefficients to transform assume the characteristic values   Rk and Sk in the design 
values   Rd and Sd.
gm minor coefficients for uncertainties in materials; 
gf coefficients increases due to uncertainties of the actions

It occurs:

/k m d f k dR R S Sg g  

Basis of structural analysis: EN 1990 (Eurocode 0)

The first level method (Semi-probabilistic method at the limit states) 
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• The design value of the actions Fd is obtained as a combination of 
the actions considered, each with its characteristic value multiplied 
by the amplification coefficient gf and appropriate combination 
factors Y.

The uncertainties are linked to the mechanical characteristics of the materials.
All the causes of uncertainty are discounted using coefficients gm e gm . 
• For the ultimate limit state, the values   of are greater than unity, while, 

for the serviceability limit state they are equal to unity.

• Therefore, for the ultimate limit state the design values   correspond
to the fractile 0.5% while the characteristic value corresponds to 5%.

Basis of structural analysis: EN 1990 (Eurocode 0)

The first level method (Semi-probabilistic method at the limit states) 
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The terms gf are combination of three factors:

• gf1 takes into account the fact that during the useful life of the
structure there may be exceptional actions with values   higher than
average statistics.

• gf2 takes into account the contemporaneity of the actions (reduced
probability that all actions occur simultaneously).

• gf3 takes into account the uncertainties related to the passage of
loads (the causes) to the structural analysis (the effects, stresses
on the components).

Basis of structural analysis: EN 1990 (Eurocode 0)

The first level method (Semi-probabilistic method at the limit states) 
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Limit states: Definition

A limit state is defined as a state at which the structure, or one of its part, is no longer able to perform the functions or no longer
meets the conditions, for which it was designed and implemented.

Basis of structural analysis: EN 1990 (Eurocode 0)



Limit states: Definition

ULTIMATE LIMIT STATES
- Rupture;
- Collapse;
- Loss of equilibrium;
- Transformation into a mechanism;
- Failure caused by fatigue.

SERVICEABILITY LIMIT STATES
- Deformations;
- Vibrations;
- Cracks;
- Damages adversely affecting use.

Basis of structural analysis: EN 1990 (Eurocode 0)



Limit states: Definition

Basis of structural analysis: EN 1990 (Eurocode 0)
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Module I:Basis of structural analysis: EN 1990 (Eurocode 0)
ULTIMATE LIMIT STATES
- Rupture;
- Collapse;
- Loss of equilibrium;
- Transformation into a mechanism;
- Failure caused by fatigue.



Module I:Basis of structural analysis: EN 1990 (Eurocode 0)



Different types of actions

Basis of structural analysis: EN 1990 (Eurocode 0)
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Different types of actions

Basis of structural analysis: EN 1990 (Eurocode 0)



Basis of structural analysis: EN 1990 (Eurocode 0)

Limit states: loading combinations



Basis of structural analysis: EN 1990 (Eurocode 0)

Limit states: loading combinations



Basis of structural analysis: EN 1990 (Eurocode 0)

Limit states: loading combinations



Basis of structural analysis: EN 1990 (Eurocode 0)

Limit states: loading combinations



Thank you for the attention




