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1 OBJET

La présente norme définit des valeurs limites de déformation a considérer dans la vérification des
structures aux états-limites de déformation.

2 DOMAINE D'APPLICATION

2.1 La présente norme s'applique a des structures de batiments considérées dans leur ensemble
et a des éléments de celles-ci (planchers, murs, colonnes, poutres,...).

2.2 La présente norme donne des valeurs limites recommandées de déformations admissibles
pour les batiments dans les cas courants. Dans le cas de constructions spéciales ou destinées a
des usages particuliers, ou dans le cas de méthodes constructives spéciales, d'autres valeurs
peuvent étre considérées, a condition d'en justifier le choix au stade du projet (par calcul, par
essai, par référence a des constructions existantes....)

3 DEFINITIONS
3.1 Généralités

Structure : ensemble ou partie de la construction assurant la stabilité et la résistance aux
actions.

Performance : propriété caractérisant le comportement de la construction ou d'une partie de
celle-ci en rapport avec I'utilisation.

Agent : ce qui agit sur la construction ou ses diverses parties (voir tableau 2).
exemples : pesanteur, vent, pluie, rayonnement solaire,...

Action

ensemble des forces et déformations appliquées a une structure ou a un élément de construction
dues a un méme agent.

exemples : poids, pression, actions de la température, de I'humidité

Effet : résultat d'une action.
exemples : sollicitation, déformation de la structure, dégradation, ...

Sollicitation : tout effort ou ensemble d'efforts qui nait dans la structure sous l'effet des actions
ou combinaisons d'actions.
exemples : effort normal, effort tranchant, moment fléchissant, moment de torsion.

Etat-limite : état de la structure ou d'une de ses parties au-dela duquel un des critéres de
performance auxquels elle doit répondre n'est plus satisfait.

On distingue :
- les états-limites ultimes qui correspondent au maximum de capacité portante ou a un
état de sollicitation dont le dépassement rend inutilisable I'ouvrage ou la partie d'ouvrage

considérée.

- les états-limites de service qui correspondent a un état de sollicitation a partir duquel
une des performances d'aptitude a I'emploi n'est plus satisfaite.
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3.2 Déformations et déplacements
Déformation : changement de forme d'un ouvrage ou d'une partie d'ouvrage qui se produit sous
I'effet d'une action ou d'une combinaison d'actions exercée sur cet ouvrage. Par extension, la
déformation peut étre également une différence de forme par rapport a la géométrie théorique du
projet.
La déformation instantanée se produit au moment de I'application des charges. La déformation

différée se produit apres I'application des charges (par exemple: effet du fluage, du retrait) et
s'étale dans le temps.

Déplacement : changement de position d'un point de l'ouvrage qui est déformé par rapport a une
position initiale ou de référence. Selon le cas, ce déplacement est une fleche, une rotation, un
tassement,..

Valeur limite de déplacement : valeur limite de fleche, rotation, tassement, etc. a partir de
laquelle une exigence de performance n'est plus satisfaite.

Cette derniere peut étre par exemple:

- pour un plancher : I'absence de fissuration d'un revétement de sol;
- pour une toiture : la pente minimale pour I'écoulement des eaux.

En pratique, on est amené a considérer les déplacements suivants :

Déplacement vertical relatif (fig. 1) :

Le déplacement vertical relatif Aw du sommet C de l'ossature par rapport a B peut résulter par
exemple de l'effet des actions suivantes :

- raccourcissement élastique des colonnes sous I'action des charges
- variation de température

- fluage et retrait (cas du béton)

- tassement différentiel des fondations

,,,,,,,,,, ; A
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Fig. 1 Fig. 2

Déplacement horizontal en téte (fig. 2) :

Le déplacement horizontal en téte u est la composante horizontale du déplacement du sommet
C de l'ossature par rapport au pied de colonne A.

Déplacement horizontal relatif (fig. 2) :

Le déplacement horizontal relatif Au des points D et E de l'ossature est la composante
horizontale du déplacement relatif de ces deux points.
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3.3 Ligne théorique, ligne initiale - déformée, déplacement, (vertical ou horizontal) -
Fléche, déflexion - Contre-fleche, déflexion préalable (fig. 3 a 5)

Ligne théorique: La ligne, généralement rectiligne, obtenue en négligeant les imperfections de
forme et les faibles écarts apportés au préalable tels qu’'une contre-fleche ou une déflexion

préalable (lignes 1 des fig. 3 et 4).

Ligne initiale: La forme que présente un élément de construction en état totalement non chargé
- considéré comme sans poids et sans une éventuelle précontrainte - mais y compris les
imperfections de forme et de faibles écarts apportés au préalable (lignes 2 de la fig. 3)

Lorsqu’il n’y a ni imperfections de forme ni faibles écarts préalables, les lignes 1 et 2 coincident
(fig. 4).

La différence entre les lignes initiale et théorique doit le cas échéant étre prise en compte dans le
traitement de problémes d’instabilité.

Les termes fleche et contre-fleche s’appliquent généralement a des déplacements principalement
verticaux (fig. 3, 4a, 4b et 5), tandis que le terme déflexion s’applique généralement a des
déplacements principalement horizontaux (fig. 4c et 4d). On utilise parfois I'expression “fleche

horizontale “ au lieu de “déflexion”

Déformée (verticale ou horizontale): La forme que présente un élément de construction sous
un état de charge donné et qui differe de la ligne initiale du fait des actions considérées (lignes 3

des fig. 3 et 4).

3 (1)
I T e
i
Fig. 3
(Det(2)
A\\\ ,/’, a
3) . .
/
!
S (1) et (2) ¢ ! d
3 B \55“\ b ’I

7
II
(Df 4
et |/
1
I

2)




NBN B 03-003:2002

Déplacement (vertical ou horizontal): La distance d’'un point de la déformée (lignes 3) au point
correspondant de la ligne initiale (lignes 2). Cette distance constitue le déplacement de ce point
sous l'effet de I'action ou des actions considérées. Elle est principalement perpendiculaire a la
ligne initiale (fig. 4).

Fléche, déflexion: La distance d’'un point de la déformée (lignes 3) au point correspondant de la
ligne théorique (lignes 1).

Contre-fleche, déflexion préalable: La distance d’'un point de la ligne initiale (lignes 2) au point
correspondant de la ligne théorique (lignes 1).

La contre-fleche est un écart apporté intentionnellement par rapport a la ligne théorique, en
général de sens opposé a l'effet des actions.

Accroissement de déplacement, fleche, déflexion préalable: La distance d’'un point de la
déformée a un instant donné au point correspondant de la déformée a un autre instant.

Les deux déformées peuvent différer suite au fluage sous charge constante et/ou suite a une
modification des actions.

3.4 Symboles utilisés

A la fig. 5 on distingue:

- la ligne théorique 1,

- la ligne initiale 2,

- la contre-fleche w; éventuelle,

- la fleche w;, (fleche instantanée et différée partielle) aprés application de toutes les actions qui
agissent avant placement de I'élément de construction dont les déformations doivent étre
limitées.

Par exemple:

- lorsque la fleche d’un plancher et limitée afin d’éviter une fissuration du carrelage de sol,
I'’élément de construction considéré est le carrelage et w, est la fleche du plancher mesurée
avant pose du carrelage,

- lorsque la pente d’une toiture est limitée inférieurement afin de favoriser I'écoulement des eaux,
I'élément de construction considéré est le revétement d’étanchéité et w, est, pour une ossature
en bois, la fleche des chevrons, mesurée avant pose du revétement.

Si w; n’est pas nul, w, est égal & w, le déplacement vertical instantané plus le déplacement
vertical différé partiel produit par les actions agissantes avant placement de I'élément de
construction considéré, diminué de la contre -fleche wj:

Wa=W- W,
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- I'accroissement wy, de la fleche (instantanée et différée partielle) produit par I'élément de
construction déja mentionné (par exemple: pour un plancher, le carrelage) et par les autres
parachévements ultérieurs (par exemple: des cloisons et autres parties fixes de la construction),
plus la partie de la fleche différée due aux charges déja présentes avant I'exécution des
parachévements et survenant aprés celle-ci.

- 'accroissement maximal instantané (statique et dynamique) et différé w. de la fleche, produit
par les combinaisons d’actions variables (charges d’exploitation, vent, neige, température,...).

Remarque: Lorsque w;, ou w;, + w, doit étre limité, I'effet instantané du poids propre de I'élément
de construction ajouté peut étre négligé lorsque cette déformation n’est pas dommageable (par
exemple, mur magonné ou carrelage entierement posé avant durcissement du liant).

- la fleche maximale w,,. de I'élément de construction sous I'effet de toutes les actions
permanentes et variables d’'une combinaison d’actions, y compris leur effet différé (fluage et
retrait):

Wape = Wa + W+ W,
4 EXIGENCES GENERALES

Il est nécessaire de limiter les déformations des structures et de leurs éléments sous l'effet des
actions susceptibles de se produire.

Cette limitation est fonction des performances requises pour répondre aux exigences de
l'utilisateur (tableau 1) et dans lesquelles les déformations jouent un réle.

Les principales performances dans lesquelles les déformations d'une structure ou d'un de ses
éléments jouent un réle sont :

- la stabilité et la résistance des éléments liaisonnés a celui-ci, qu'ils soient structuraux
(plancher, mur, colonne, poutre, ...) ou non structuraux (vitrage, cloison, plafond,
couverture de toiture, revétement de sol, tuyauterie, ...)

- I'étanchéité a 'air et a I'eau (fagades, toitures, ...)

- I'écoulement des eaux (pentes)

- les performances acoustiques (ponts acoustiques)

- les performances visuelles (aspect)

- les performances anthropodynamiques (vibrations, pentes des sols, reliefs, différences
de niveau)

- les autres conditions de bonne utilisation (courbures et pentes pour chariots, ponts
roulants,...).

5 ORIGINE DES DEFORMATIONS

Les déformations des structures et de leurs éléments peuvent étre dues a l'influence de divers
agents intervenant au cours de I'exécution et de I'utilisation de la construction (tableau 2).

Pour chaque déformation étudiée, il y a lieu de considérer successivement :

- les diverses situations de projet : situations durables en cours d'utilisation, situations
transitoires en cours d'exécution, de réparation ou de transformation, ou situations
accidentelles pendant ou aprés un usage anormal ou un accident.

- pour chaque situation de projet, les différentes combinaisons d'actions susceptibles de
se produire simultanément en cours d'exécution ou en service. Elles sont définies par la
norme NBN B 03-001.
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TABLEAU 1- exigences de I'utilisateur (1)

Catégorie

Exemples

10

11

12

13

14

Exigences de stabilité

Exigences de sécurité au
feu

Exigences de sécurité

d’utilisation

Exigences d’étanchéité

Exigences hygrothermiques

Exigences de pureté de I'air

Exigences acoustiques

Exigences visuelles

Exigences tactiles

Exigences
miques

anthropodyna-

Exigences d’hygiéne

Exigences d’adaptation
des espaces a I'utilisation

Exigences de durabilité

Exigences d’économie

Résistance mécanique aux actions statiques et dynamiques, isolées ou en combinaison
Résistance aux chocs, manceuvres brutales, abus d’utilisation, actions accidentelles
Effets des actions répétées (fatigue)

Risque de naissance et de propagation d’un incendie
Effets physiologiques des fumées et de la chaleur
Délais d’alerte (détection et systemes d’alerte)
Délais d’évacuation (chemins d’évacuation)

Délais de survie (compartiments)

Sécurité aux agents d’agression (protection contre explosions, brdlures, arétes
tranchantes, mécanismes en mouvement, électrocution, contamination, radio-active,
inspiration ou contact de produits toxiques, infections)

Sécurité de la circulation (limitation de la glissance des sols, libre passage, présence de
garde-corps, etc.)

Sécurité aux intrusions humaines et animales

Etanchéité a I'eau (pluie, eau du sous-sol, eau de distribution, eau usée, etc.)
Etanchéité a 'air et aux gaz
Etanchéité a la neige et a la poussiére

Limitation de la température de I'air, du rayonnement des parois, de la vitesse de l'air, de
I’humidité relative (variation dans I'espace et dans le temps, régulation)
Limitation des condensations

Ventilation
Limitation des odeurs

Limitation du bruit extérieur et intérieur (continu ou intermittent)
Intelligibilité des sons
Temps de réverbération

Eclairage naturel et artificiel (éclairement, éblouissement, contraste et stabilité de
luminance)

Ensoleillement

Possibilités d’occultation

Aspect des espaces et des parois (couleur, texture, régularité, planéité, verticalité
horizontalité, perpendicularité, etc...)

Contact visuel a I'intérieur des espaces et avec le monde extérieur (liens et barriéres pour
l'intimité, absence de déformation optique)

Rugosité, sécheresse, chaleur de contact, souplesse des surfaces
Limitation des décharges d’électricité statique

Limitation des accélérations et vibrations (transitoires et continues) subies par le corps
Confort des piétons sous I'effet du vent

Confort des déplacements (pente des rampes piétonniéres, confort de la ligne de foulée
des escaliers)

Confort des manceuvres (jeu des portes, fenétres, commandes des équipements, etc...)

Possibilité de soins corporels et de nettoyage
Alimentation en eau potable

Nettoyabilité

Elimination des fumées, matiéres et eaux usées
Limitation des émissions de contaminants

Nombre, dimensions, géométrie, subdivision et liaisons des espaces
Equipement des espaces
Meublabilité, flexibilité

Conservation des performances pendant la durée de vie prévue, I'entretien prévu étant
normalement effectué

Dépenses d’investissement, de fonctionnement et d’entretien
Dépenses de démolition

(1) Tableau de la norme internationale NBN 1ISO 6241 (1984)
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TABLEAU 2 - Agents intervenant dans les déformations des structures et de leurs

éléments (1)

Nature

Origine
Externe au batiment Interne au batiment
Atmosphére Sol Imposée par Conséquences de la
I'occupation conception

1 Agents mécaniques
1.1 Pesanteur Charges de neige, | Pression des terres, | Charges d’exploitation | Charges permanentes
d’eau de pluie des eaux
1.2 Forces et | Pression de glace, | Tassements, Efforts de manceuvre, | Retraits, fluage, forces
déformations dilatations thermique | glissements Charge trés | et déformations
imposées et hygroscopique concentrée imposées
1.3 Energie cinétique Vent, gréle, chocs | Séismes Chocs intérieurs, | Coups de bélier
extérieurs, tempéte frottement
de sable
1.4 Vibrations Vibrations produites | Vibrations de trafic, | Vibrations de | Vibrations du batiment
par le vent, la | de machines musique, de danseurs | ou de ses équipements
foudre, des avions, , d’appareils
des explosions, le ménagers
trafic, des machines
2 Agents thermiques Chaleur, gel, ther- | Chaleur du sol, gel Chaleur émise Chauffage, feu
mochoc

(1) Source: Tableau 4 de la norme internationale NBN ISO 6241 (1984)

6 DETERMINATION DES DEFORMATIONS

6.1 Calcul

Les déformations sont calculées aux états-limites de service suivant la norme NBN B 03-001, les
normes belges définissant les actions (actions du vent NBN B 03-002, de la neige, de la
température, et des charges permanentes NBN B 03-102, des charges d'exploitation NBN B 03-
103....), et les normes belges de calcul des ouvrages (ouvrages en béton NBN B 15-002,
charpentes en acier NBN B 51-001 et 002, ouvrages en macgonnerie NBN B 24-301, ....)

6.2 Mesure

La mesure des déformations se fait sur I'élément mis en oeuvre dans le batiment ou en
laboratoire dans des conditions aussi proches que possible de la réalité.

Il faut veiller a

- choisir les points de référence de fagon adéquate

- répéter les mesures a différents moments pour se rendre compte de I'évolution des
déformations dans le temps; I'extrapolation a long terme de résultats de mesures sur une
courte période ne peut étre faite qu'avec prudence

- disposer d'instruments de mesure ayant au moins une précision de 1 % de la valeur de

la déformation

- faire réaliser les mesures par un méme opérateur.
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Les mesures doivent comporter diverses phases permettant de faire la distinction quantitative
entre les différentes causes de déformations : charges permanentes, variables, statiques ou
dynamiques, effets de la chaleur ou de I'humidité.

7 VALEURS LIMITES DE DEFORMATION

Les tableaux 3 a 5 donnent pour chaque catégorie d'ouvrage les valeurs limites recommandées
des déplacements, en fonction des exigences de performances qu'elles contribuent a satisfaire et
des combinaisons d'actions a considérer pour les déterminer :

- élément vertical (mur, colonne) : tableau 3
- plancher, toiture ou poutre appuyés au moins sur deux cétés : tableau 4
- plancher, toiture ou poutre en porte-a-faux : tableau 5.

Dans chaque cas d'application, il y a lieu d'identifier les exigences de performances a considérer
en vue de déterminer les valeurs limites de déformation les plus défavorables.

Par exemple, dans le cas d'un plancher carrelé, le tableau 4 indique pour la résistance des

revétements de sol raides (cas 10) une valeur limite de fleche wy, + w, = ¢/ 500 sous l'effet du
poids propre du carrelage et des charges appliquées ultérieurement (poids propre et actions
variables telles que les charges d'exploitation) ainsi que des déformations différées (fluage) sous
l'effet des charges appliquées avant la pose du carrelage. Pour les planchers flexibles le cas 18,

limitant wapea /300 pourrait étre plus défavorable et sera également vérifié.

On peut s'écarter des valeurs limites données aux tableaux sur justification explicite (voir 2.2).
Ces tableaux ne sont pas exhaustifs et s’appliquent aux cas courants. Dans les cas spéciaux il y
a lieu de vérifier les effets des contraintes induites par les déformations indiquées aux tableaux
ou ailleurs.

L’auteur de projet prétera une attention particuliere aux vibrations verticales et horizontales
provoquées par des actions extérieures ou intérieures au batiment étudié (trafic, machines,...)
ainsi qu’a tout risque de mise en résonance qui pourrait en résulter (voir §8).
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TABLEAU 3: Elément vertical (mur, colonne)

A, T~ Aw

— |

\ /i
—
]
777777, 777 77 TI7TTTTTTTTT 7777777
N° EXIGENCE DE PERFORMANCE COMBINAISONS VALEURS LIMITES
pour laquelle la déformation est limitée D’ACTIONS (NBN B RECOMMANDEES DES
03-001) DEPLACEMENTS
AWabc u Au
résistance des appuis des planchers
! (fissuration, épaufrement) rares i 1100
2 - /1100
i — quasi-permanentes
résistance des
parois verticales
(fissuration des
3 cloisons, des h 1500 6 mm
fagades, bris de rares
vitrage
. toutes cloisons
4 . parois fixes /1300
. parois amovibles
quasi-permanentes
5 /1150
6 étanchéité des fagades et des toitures rares valel‘Jrs CO@pahbleg_qveq _Ie§
systémes d’étanchéité utilisés
écoulement des eaux (pente due a un
déplacement d’appui Aw)
7 < t Aw rares (a)
O
confort acoustique (ponts acoustiques) valeurs compatibles avec les
8 rares exigences d'isolation acoustique et la
déformablité de la paroi et des joints
confort visuel (aspect) fréquentes fi;1 250
10 | utilisation comme support de pont roulant /1800 et f, ] 400
(déplacement a la hauteur du pont roulant) rares 20 mm !

(a) La déformée doit respecter une pente minimale supérieure ou égale a 2% dans le sens de I'évacuation des eaux

10
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TABLEAU 4: Poutre, plancherou toiture appuyés au moins sur deux cotés

N° EXIGENCE DE PERFORMANCE COMBINAISONS VALEURS LIMITES
pour laquelle la déformation est limitée D’ACTIONS RECOMMANDEES DES
NBN B 03-001 DEPLACEMENTS
Wp +Wc Wabc Wabc+W1
1 résistance des appuis rares /
(fissuration, épaufrement) £ 1300
résistance des parois verticales
2 (fissuration des cloisons, des fagades)
. parois armées /1350
3 . parois non armées, avec ouvertures /11000
4 . parois sans ouvertures ou avec ouvertures et /
armatures e I £1500
7" . Y rares
*"i.: — -__:I 1
5 | . parois amovibles L JL, /1250
p _7_T__ S
6 résistance des chassis vitrés /
. pas de jeu chéssis/structure /1000 (f)
rares
. jeu chassis/structure
7 | - 71350 (f)
résistance des plafonds (fissuration,
8 . enduits /1350
rares
9 . non-enduits, faux-plafonds 71250
10 résistance des revétements de sol /
. de grandes dimensions ou fixés rigidemen 41500 (b)
. de petites dimensions ou fixés
de fagon telle que la déformation = rares
" du support n'est pas intégralement /1350 (e)
transmise au revétement (d)
12 | .revétements souples - - 71250 (b)
13 résistance des couvertures de toiture /
. couvertures raides i i /250 (b)
. . rares
14 . couvertures souples ! i 71125 (b)
15 étanchéité des fagades et des toitures valeurs compatibles avec les
rares . i AT
systémes d’étanchéité utilisés
écoulement des eaux (variation de pente)
16 4 rares (a)
valeurs compatibles avec les
17 confort acoustique (ponts acoustiques) rares exigences d’isolation acoustique et la
déformabilité de la paroi et des joints
18 | confort visuel (aspect) fréquentes /1300
19 | utilisation de la surface (chariots,...) rares /1300
utilisation de ponts roulants /1600 et 25
20 | fleche verticale mm
rares
21 . ) /1800 et 25
. fleche horizontale mm (c)

(a) La déformée doit respecter la pente minimale supérieure ou égale a 2% dans le sens de I'évacuation des eaux
(b) Ce critere ne tient pas compte de la rotation a I'appui pour laquelle des dispositions constructives appropriées doivent

étre adoptées.

(c) Y compris I'effet du déplacement horizontal relatif aux appuis des deux poutres de roulement.
(d) Joints souples, couches de glissement, colles durablement plastiques, etc. ....
(e) Valeur indicative a vérifier en fonction de la nature des matériaux de revétement et de leur mode de pose
(f) Si le jeu est connu , la valeur limite est le jeu lui-méme. Cela implique qu’il y ait un jeu entre le chassis et le verre,
sinon une évaluation spéciale est nécessaire.

1"
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TABLEAU 5: Plancher, toiture ou poutre en porte-a-faux

V777174
[
]
n
n
n

S=S===
= ~
—_—
-

N° EXIGENCE DE PERFORMANCE COMBINAISONS VALEURS LIMITES RECOMMANDEES
pour laquelle la déformation est limitée D’ACTIONS DES DEPLACEMENTS
NBN B 03-001
Wot We | Wae | Wanetw
1 résistance des appuis (fissuration,épaufrement)
résistance des parois verticales
2 (fissuration des cloisons, des fagades)_‘l" g
. parois armées i /175
3 . parois non armées, avec ouvertures /1500
. parois sans ouvertures ou rares
4 avec ouvertures et armatures . /1250
5 . parois amovibles _-l- : /1125
résistance des chassis vitrés /1500
6 . pas de jeu chassis/structure
rares
7 . jeu chassis/structure 21175 (f)
8 résistance des plafonds (fissuration, écaillement) /
. enduits rares 1175
9 . non-enduits, faux-plafonds /1125
10 résistance des revétements de sol Y
. de grandes dimensions ou fixés rigidement /1500 (b)
. de petites dimensions ou fixés
de fagon telle que la déformation rares
" du support n’est pas intégralement / /1350 ()
transmise au revétement (d)
12 . revétements souples @ 21250 (b)
13 résistance des couvertures de toiture /
. couvertures raides /125
14 . couvertures souples rares /1125
étanchéité des fagades et des toitures valeurs compatibles avec les systémes
15 rares 1 PR
d’étanchéité utilisés
16 écoulement des eaux (variation de pente) rares (a)
valeurs compatibles avec les exigences
17 confort acoustique (ponts acoustiques) rares d’isolation acoustique et la déformabilité
de la paroi et des joints
18 | confort visuel (aspect) fréquentes /1150
19 | utilisation de la surface (chariots,...) rares /1150
utilisation de ponts roulants /1300
20 & ; et
. fleche verticale rares 25 mm
o1 . fleche horizontale /1 400 et
25 mm (c)

(a) — (f) : Voir notes au tableau 4
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8. VIBRATIONS

Les vibrations sont des déformations instantanées dont il y a lieu de limiter les effets sur les
éléments de construction (fissuration, chute d’éléments,....), sur le confort des personnes et sur le
bon fonctionnement des équipements (machines, appareils de précision,....).

Les sources de vibrations possibles peuvent étre des mouvements synchronisés de personnes,
des machines tournantes, des chocs produits par des charges tombantes, des charges de trafic
(convoi ferroviaire, véhicule lourd,....), I'action du vent, etc...

Les effets de mouvements synchronisés de personnes font I'objet d’'une vérification en deux
étapes:

a) ces effets peuvent étre négligés si les fréquences propres de vibration de la structure
supportant ces mouvements sont supérieures a une valeur critique donnée au tableau 6
en fonction de la destination de I'ouvrage;

b) si une fréquence propre de vibration de la structure supportant ces mouvements est
inférieure a la valeur critique, un calcul dynamique est requis en vue de déterminer les
effets de résonance vibratoire.

Les criteres d’états-limites de service a respecter sous I'effet des vibrations sont définis dans des
normes spécifiques. A titre indicatif, des critéres d’états-limites de service peuvent étre trouvés
dans les normes suivantes:

- effets sur les éléments de construction: DIN 4150-3

- effets sur le confort des personnes et le bon fonctionnement des équipements:
* en général: ISO 2631-2 ou DIN 4150-2
* effets du vent: NBN B 03-002-2

TABLEAU 6: VALEURS CRITIQUES DES FREQUENCES PROPRES DE VIBRATION DU SUPPORT

Destination de Valeur critique de Valeur équivalente de fleche maximale instantanée calculée
I'ouvrage fréquence propre sous charges permanentes (*)
Eléments linéaires (poutres, Dalles, planchers portant dans
colonnes,...) les deux directions
Hall de sport, gymnase,
salle de danse et de 7 Hz 5 mm 6,4 mm
concert

Structure ordinaire
supportant des personnes

3,5Hz 20 mm 25,7 mm

(*) La fréquence propre n (en Hz) la plus basse est liée a la fleche maximale calculée sous
charges permanentes f ( en m) par la relation (formule de 1ere approximation) : (2 nn/k)2= 9,81/f
avec A = 1 pour les éléments linéaires et A = 1,126 pour les dalles ou planchers isostatiques
portant dans les deux sens.

13




NBN B 03-003:2002
Documents a consulter :

Les éditions des normes citées sont celles en vigueur au moment de la parution de la présente
norme. Le lecteur est toutefois invité a consulter les éditions plus récentes éventuelles, sauf pour
la NBN B 03-001 dont seule I'édition 1988 est d’application.

NBN B 03-001 - Principes généraux de détermination de la sécurité et de I'aptitude au service
des structures - 1988

NBN B 03-002-1 - Actions du vent sur les constructions - Généralités - Pression du vent sur une
paroi et effets d'ensemble du vent sur une construction (+ 2 errata) - 1988

NBN B 03-002-2 - Actions du vent sur les constructions - Effets dynamiques du vent sur les
constructions flexibles ( + 2 errata) - 1988

NBN B 03-102 - Actions sur les constructions - Actions directes - Charges permanentes
(+ erratum) - 1976

NBN B 03-103: Actions sur les constructions - Actions directes - Charges d’exploitation
des Batiments - 1976

NBN B 03-103/A1: Addendum a la précédente - 1993

NBN B 15-002 - Calcul des structures en béton - Partie 1-1: Régles générales et régles pour
les batiments - 1999

NBN B 24-301 - Conception et calcul des maconneries ( + erratum) - 1980

NBN B 24-401: Exécution des magonneries - 1981

NBN B 51-001- Charpentes en acier ( + erratum + addendum) - 1977

NBN B 51-002: Charpentes en acier - Calcul par la méthode des états limites - 1988

ISO 2631 - Estimation de I'exposition des individus a des vibrations globales du corps -
Parties 1 et 2
ISO 6241 - Normes de performance dans le batiment - Principes d'établissement et facteurs

a considérer - 1984

En rapport avec les déformations obtenues par calcul, en alternative aux normes NBN B 03-002,
102 et 103 utilisées pour le calcul des charges a prendre en compte et moyennant accord
préalable du maitre de I'ouvrage, les normes (EN) ou prénormes européennes (ENV) suivantes
ci-aprés, complétées par leur annexe nationale (ANB pour les EN’s) ou document d’application
national (DAN, pour les ENV’s) respectifs, peuvent également étre utilisées : EN 1991-1-1, ENV
1991-2-3 et ENV 1991-2-4. Ces deux derniéres prénormes sont appelées a étre remplacées
respectivement par les normes EN 1990, EN 1991-1-3 et EN 1991-1-4, d’application dés leur
parution (ANB incluses).

Au moment de la publication de la présente norme, les documents d’application nationaux
précités (NBN ENV + DAN) sont disponibles en frangais et en néerlandais.
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Foreword

This document (EN 1990:2002) has been prepared by Technical Committee CEN/TC
250 "Structural Eurocodes", the secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by
publication of an identical text or by endorsement, at the latest by October 2002, and
conflicting national standards shall be withdrawn at the latest by March 2010.

This document supersedes ENV 1991-1:1994.
CEN/TC 250 is responsible for all Structural Eurocodes.

According to the CEN/CENELEC Internal Regulations, the national standards
organizations of the following countries are bound to implement this European
Standard: Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland and the United Kingdom.

Background of the Eurocode programme

In 1975, the Commission of the European Community decided on an action programme
in the field of construction, based on article 95 of the Treaty. The objective of the
programme was the elimination of technical obstacles to trade and the harmonisation of
technical specifications.

Within this action programme, the Commission took the initiative to establish a set of

harmonised technical rules for the design of construction works which, in a first stage,

would serve as an alternative to the national rules in force in the Member States and,
ultimately, would replace them.

For fifteen years, the Commission, with the help of a Steering Committee with Repre-
sentatives of Member States, conducted the development of the Eurocodes programme,
which led to the first generation of European codes in the 1980’s.

In 1989, the Commission and the Member States of the EU and EFTA decided, on the
basis of an agreemértietween 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). ThisdmKactothe
Eurocodes with the provisions of all the Council’s Directives and/or Commission’s De-
cisions dealing with European standardgy(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).

! Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN)
concerning the work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89).



EN 1990:2002 (E)

The Structural Eurocode programme comprises the following standards generally con-
sisting of a number of Parts:

EN 1990 Eurocode : Basis of Structural Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete structures

EN 1993 Eurocode 3: Design of steel structures

EN 1994 Eurocode 4: Design of composite steel and concrete structures
EN 1995 Eurocode 5: Design of timber structures

EN 1996 Eurocode 6: Design of masonry structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium structures

Eurocode standards recognise the responsibility of regulatory authorities in each Mem-
ber State and have safeguarded their right to determine values related to regulatory
safety matters at national level where these continue to vary from State to State.

Status and field of application of Eurocodes

The Member States of the EU and EFTA recognise that Eurocodes serve as reference
documents for the following purposes :

— as a means to prove compliance of building and civil engineering works with the es-
sential requirements of Council Directive 89/106/EEC, particularly Essential Re-
guirement N°1 — Mechanical resistance and stability — and Essential Requirement
N°2 — Safety in case of fire ;

— as a basis for specifying contracts for construction works and related engineering
services ;

— as a framework for drawing up harmonised technical specifications for construction
products (ENs and ETAS)

The Eurocodes, as far as they concern the construction works themselves, have a direct
relationship with the Interpretative Documéntsferred to in Article 12 of the CPD,
although they are of a different nature from harmonised product stahderdsefore,
technical aspects arising from the Eurocodes work need to be adequately considered by
CEN Technical Committees and/or EOTA Working Groups working on product stan-
dards with a view to achievingfall compatibility of these technical specifications with

the Eurocodes.

2 According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for
the creation of the necessary links between the essential requirements and the mandates for harmonised ENs and ETAGS/ETAs.

3 According to Art. 12 of the CPD the interpretative documents shall :

a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating
classes or levels for each requirement where necessary ;

b) indicate methods of correlating these classes or levels of requirement with the technical specitogtinathods of calcu-
lation and of proof, technical rules for project design, etc. ;

c) serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals.

The Eurocodeg]e factq play a similar role in the field of the ER 1 and a part of ER 2.
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The Eurocode standards provide common structural design rules for everyday use for
the design of whole structures and component products of both a traditional and an in-
novative nature. Unusual forms of construction or design conditions are not specifically
covered and additional expert consideration will be required by the designer in such
cases.

National Standards implementing Eurocodes

The National Standards implementing Eurocodes will comprise the full text of the
Eurocode (including any annexes), as published by CEN, which may be preceded by a
National title page and National foreword, and may be followed by a National annex.

The National annex may only contain information on those parameters which are left

open in the Eurocode for national choice, known as Nationally Determined Parameters,

to be used for the design of buildings and civil engineering works to be constructed in

the country concerned, i.e. :

values and/or classes where alternatives are given in the Eurocode,

— values to be used where a symbol only is given in the Eurocode,

— country specific data (geographical, climatic, eg.g,snow map,

— the procedure to be used where alternative procedures are given in the Eurocode,

It may also contain

— decisions on the application of informative annexes,

— references to non-contradictory complementary information to assist the user to apply
the Eurocode.

Links between Eurocodes and harmonised technical specifications
(ENs and ETAS) for products

There is a need for consistency between the harmonised technical specifications for con-
struction products and the technical rules for worksirthermore, all the information
accompanying the CE Marking of the construction products which refer to Eurocodes
shall clearly mention which Nationally Determined Parameters have been taken into
account.

Additional information specific to EN 1990

EN 1990 describes the Principles and requirements for safety, serviceability and dura-
bility of structures. It is based on the limit state concept used in conjunction with a par-
tial factor method.

For the design of new structures, EN 1990 is intended to be used, for direct application,
together with Eurocodes EN 1991 to 1999.

EN 1990 also gives guidelines for the aspects of structural reliability relating to safety,
serviceability and durability :

4 see Art.3.3 and Art.12 of the CPD, as well as, 4.2.1, 4.3.2 and 5.2 of ID. 1
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— for design cases not covered by EN 1991 to EN 1999 (other actions, structures not
treated, other materials) ;
— to serve as a reference document for other CEN TCs concerning structural matters.

EN 1990 is intended for use by :

— committees drafting standards for structural design and related product, testing and
execution standards ;

— clients g.g.for the formulation of their specific requirements on reliability levels and
durability) ;

— designers and constructors ;

— relevant authorities.

EN 1990 may be used, when relevant, as a guidance document for the design of struc-
tures outside the scope of the Eurocodes EN 1991 to EN 1999, for :

— assessing other actions and their combinations ;

— modelling material and structural behaviour ;

— assessing numerical values of the reliability format.

Numerical values for partial factors and other reliability parameters are recommended as
basic values that provide an acceptable level of reliability. They have been selected as-
suming that an appropriate level of workmanship and of quality management applies.
When EN 1990 is used as a base document by other CEN/TCs the same values need to
be taken.

National annex for EN 1990

This standard gives alternative procedures, values and recommendations for classes with
notes indicating where national choices may have to be made. Therefore the National
Standard implementing EN 1990 should have a National annex containing all Nationally
Determined Parameters to be used for the design of buildings and civil engineering
works to be constructed in the relevant country.

National choice is allowed in EN 1990 through :
- A1.1(1)

- A1.2.1(2)

— Al1.2.2 (Table A1.1)

— A1.3.1(1) (Tables A1.2(A) to (C))

- A1.3.1(5)

— Al1.3.2 (Table A1.3)

- Al1.4.2(2)
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Section1l General

1.1 Scope

(1) 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.

(2) 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 as-
pects, structural fire design, situations involving earthquakes, execution and temporary
structures.

NOTE For the design of special construction workg(nuclear installations, dams, etc.), other provi-
sions than those in EN 1990 to EN 1999 might be necessary.

(3) EN 1990 is applicable for the design of structures where other materials or other
actions outside the scope of EN 1991 to EN 1999 are involved.

(4) EN 1990 is applicable for the structural appraisal of existing construction, in devel-
oping the design of repairs and alterations or in assessing changes of use.

NOTE Additional or amended provisions might be necessary where appropriate.

1.2 Normative references

This European Standard incorporates by dated or undated reference, provisions from
other publications. These normative references are cited at the appropriate places in the
text and the publications are listed hereafter. For dated references, subsequent amend-
ments to or revisions of any of these publications apply to this European Standard only
when incorporated in it by amendment or revision. For undated references the latest
edition of the publication referred to applies (including amendments).

NOTE The Eurocodes were published as European Prestandards. The following European Standards which
are published or in preparation are cited in normative clauses :

EN 1991 Eurocode 1 : Actions on structures

EN 1992 Eurocode 2 : Design of concrete structures

EN 1993 Eurocode 3 : Design of steel structures

EN 1994 Eurocode 4 : Design of composite steel and concrete structures
EN 1995 Eurocode 5 : Design of timber structures

EN 1996 Eurocode 6 : Design of masonry structures
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EN 1997 Eurocode 7 : Geotechnical design
EN 1998 Eurocode 8 : Design of structures for earthquake resistance

EN 1999 Eurocode 9 : Design of aluminium structures

1.3 Assumptions

(1) Design which employs the Principles and Application Rules is deemed to meet the
requirements provided the assumptions given in EN 1990 to EN 1999 are satisfied (see
Section 2).

(2) The general assumptions of EN 1990 are :

- the choice of the structural system and the design of the structure is made by appro-
priately qualified and experienced personnel;

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

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

NOTE There may be cases when the above assumptions need to be supplemented.

1.4 Distinction between Principles and Application Rules

(1) Depending on the character of the individual clauses, distinction is made in EN 1990
between Principles and Application Rules.

(2) The Principles 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 spe-
cifically stated.

(3) The Principles are identified by the letter P following the paragraph number.

(4) The Application Rules are generally recognised rules which comply with the Princi-
ples and satisfy their requirements.

(5) It is permissible to use alternative design rules different from the Application Rules
given in EN 1990 for works, provided that it is shown that the alternative rules accord
with the relevant Principles and are at least equivalent with regard to the structural
safety, serviceability and durability which would be expected when using the Eurocodes.

10
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NOTE 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 altitothe design will remain in accordance with the
Principles of EN 1990. When EN 1990 is used in respect of a property listed in an Annex Z of a product
standard or an ETAG, the use of an alternative design rule may not be acceptable for CE marking.

(6) In EN 1990, the Application Rules are identified by a number in brackets e.g. as this
clause.

1.5 Terms and definitions

NOTE For the purposes of this European Standard, the terms and definitions are derived from 1ISO 2394,
ISO 3898, ISO 8930, ISO 8402.

1.5.1 Common terms used in EN 1990 to EN 1999

1511
construction works
everything that is constructed or results from construction operations

NOTE This definition accords with ISO 6707-1. The term covers both building and civil engineering works.
It refers to the complete construction works comprising structural, non-structural and geotechnical elements.

1512

type of building or civil engineering works

type of construction works designating its intended purpesg,dwelling house, re-
taining wall, industrial building, road bridge

1.5.1.3

type of construction

indication of the principal structural materialg.reinforced concrete construction, steel
construction, timber construction, masonry construction, steel and concrete composite
construction

1514

method of construction

manner in which the execution will be carried @g.cast in place, prefabricated, can-
tilevered

1515
construction material
material used in construction wokkg.concrete, steel, timber, masonry

1.5.1.6

structure

organised combination of connected parts designed to carry loads and provide adequate
rigidity

11
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1.5.1.7

structural member

physically distinguishable part of a structueeg.a column, a beam, a slab, a foundation
pile

1.5.1.8
form of structure
arrangement of structural members

NOTE Forms of structure are, for example, frames, suspension bridges.

1.5.1.9

structural system

load-bearing members of a building or civil engineering works and the way in which
these members function together

1.5.1.10

structural model

idealisation of the structural system used for the purposes of analysis, design and verifi-
cation

1.5.1.11

execution

all activities carried out for the physical completion of the work including procurement,
the inspection and documentation thereof

NOTE The term covers work on site; it may also signify the fabrication of components off site and their
subsequent erection on site.

1.5.2 Special terms relating to design in general

1521
design criteria
guantitative formulations that describe for each limit state the conditions to be fulfilled

1522

design situations

sets of physical conditions representing the real conditions occurring during a certain
time interval for which the design will demonstrate that relevant limit states are not ex-
ceeded

1.5.2.3

transient design situation

design situation that is relevant during a period much shorter than the design working
life of the structure and which has a high probability of occurrence

NOTE A transient design situation refers to temporary conditions of the structure, of use, or erpmpsure,
during construction or repair.

12
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1524

persistent design situation

design situation that is relevant during a period of the same order as the design working
life of the structure

NOTE Generally it refers to conditions of normal use.

1.5.25

accidental design situation

design situation involving exceptional conditions of the structure or its exposure, in-
cluding fire, explosion, impact or local failure

1.5.2.6
fire design
design of a structure to fulfil the required performance in case of fire

1.5.2.7

seismic design situation

design situation involving exceptional conditions of the structure when subjected to a
seismic event

1.5.2.8

design working life

assumed period for which a structure or part of it is to be used for its intended purpose
with anticipated maintenance but without major repair being necessary

1.5.2.9

hazard

for the purpose of EN 1990 to EN 1999, an unusual and severe @geat) abnormal
action or environmental influence, insufficient strength or resistance, or excessive de-
viation from intended dimensions

1.5.2.10
load arrangement
identification of the position, magnitude and direction of a free action

1.5.2.11

load case

compatible load arrangements, sets of deformations and imperfections considered si-
multaneously with fixed variable actions and permanent actions for a particular verifi-
cation

1.5.2.12
limit states
states beyond which the structurelmger fulfils the relevant design criteria

1.5.2.13

ultimate limit states
states associated with collapse or with other similar forms of structural failure

13
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NOTE They generally correspond to the maximum load-carrying resistance of a structure or structural mem-
ber.

1.5.2.14

serviceability limit states

states that correspond to conditions beyond which specified service requirements for a
structure or structural member are no longer met

1.5.2.14.1

irreversible serviceability limit states

serviceability limit states where some consequences of actions exceeding the specified
service requirements will remain when the actions are removed

1.5.2.14.2

reversible serviceability limit states

serviceability limit states where no consequences of actions exceeding the specified
service requirements will remain when the actions are removed

1.5.2.14.3
serviceability criterion
design criterion for a serviceability limit state

1.5.2.15

resistance

capacity of a member or component, or a cross-section of a member or component of a
structure, to withstand actions without mechanical faitugebending resistance, buck-

ling resistance, tension resistance

1.5.2.16

strength

mechanical property of a material indicating its ability to resist actions, usually given in
units of stress

1.5.2.17

reliability

ability of a structure or a structural member to fulfil the specified requirements, includ-
ing the design working life, for which it has been designed. Reliability is usually ex-
pressed in probabilistic terms

NOTE Reliability covers safety, serviceability and durability of a structure.

1.5.2.18

reliability differentiation

measures intended for the socio-economic optimisation of the resources to be used to
build construction works, taking into account all the expected consequences of failures
and the cost of the construction works

14
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1.5.2.19

basic variable

part of a specified set of variables representing physical quantities which characterise
actions and environmental influences, geometrical quantities, and material properties
including soll properties

1.5.2.20

maintenance

set of activities performed during the working life of the structure in order to enable it to
fulfil the requirements for reliability

NOTE Activities to restore the structure after an accidental or seismic event are normally outside the
scope of maintenance.

1.5.2.21

repair

activities performed to preserve or to restore the function of a structure that fall outside
the definition of maintenance

1.5.2.22

nominal value

value fixed on non-statistical bases, for instance on acquired experience or on physical
conditions

1.5.3 Terms relating to actions

1531

action (F)
a) Set of forces (loads) applied to the structure (direct action);
b) Set of imposed deformations or accelerations caused for example, by temperature
changes, moisture variation, uneven settlement or earthquakes (indirect action).

1.5.3.2

effect of action E)

effect of actions (or action effect) on structural memberg. (nternal force, moment,
stress, strain) or on the whole structiegy(deflection, rotation)

1.5.3.3

permanent action G)

action that is likely to act throughout a given reference period and for which the varia-
tion in magnitude with time is negligible, or for which the variation is always in the
same direction (monotonic) until the action attains a certain limit value

1534

variable action (Q)

action for which the variation in magnitude with time is neither negligible nor mono-
tonic

15
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1.5.35

accidental action(A)

action, usually of short duration but of significant magnitude, that is unlikely to occur on
a given structure during the design working life

NOTE 1 An accidental action can be expected in many cases to cause severe consequences unless appropri-
ate measures are taken.

NOTE 2 Impact, snow, wind and seismic actions may be variable or accidental actions, depending on the
available information on statistical distributions.

1.5.3.6
seismic action Ag)
action that arises due to earthquake ground motions

1.5.3.7
geotechnical action
action transmitted to the structure by the ground, fill or groundwater

1.5.3.8

fixed action

action that has a fixed distribution and position over the structure or structural member
such that the magnitude and direction of the action are determined unambiguously for
the whole structure or structural member if this magnitude and direction are determined
at one point on the structure or structural member

1.5.3.9
free action
action that may have various spatial distributions over the structure

1.5.3.10

single action

action that can be assumed to be statistically independent in time and space of any other
action acting on the structure

1.5.3.11
static action
action that does not cause significant acceleration of the structure or structural members

1.5.3.12
dynamic action
action that causes significant acceleration of the structure or structural members

1.5.3.13
guasi-static action
dynamic action represented by an equivalent static action in a static model

1.5.3.14

characteristic value of an action Fy)
principal representative value of an action

16
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NOTE In so far as a characteristic value can be fixed on statistical bases, it is chosen so as to correspond to a
prescribed probability of not being exceeded on the unfavourable side during a "reference period" taking into
account the design working life of the structure and the duration of the design situation.

1.5.3.15

reference period

chosen period of time that is used as a basis for assessing statistically variable actions,
and possibly for accidental actions

1.5.3.16

combination value of a variable action Q)

value chosen - in so far as it can be fixed on statistical bases - so that the probability that
the effects caused by the combination will be exceeded is approximately the same as by
the characteristic value of an individual action. It may be expressed as a determined part
of the characteristic value by using a faglex 1

1.5.3.17

frequent value of a variable action {1 Qx)

value determined - in so far as it can be fixed on statistical bases - so that either the total
time, within the reference period, during which it is exceeded is only a small given part
of the reference period, or the frequency of it being exceeded is limited to a given value.
It may be expressed as a determined part of the characteristic value by using a factor
yi<l

1.5.3.18

guasi-permanent value of a variable action#>Q)

value determined so that the total period of time for which it will be exceeded is a large
fraction of the reference period. It may be expressed as a determined part of the charac-
teristic value by using a factor, < 1

1.5.3.19
accompanying value of a variable actiony Q)
value of a variable action that accompanies the leading action in a combination

NOTE Theaccompanying value of a variable action may be the combination value, the frequent value or
the quasi-permanent value.

1.5.3.20

representative value of an actionKep)

value used for the verification of a limit state. A representative value may be the char-
acteristic valueKx) or an accompanying valuefty)

1.5.3.21
design value of an actionK)
value obtained by multiplying the representative value by the partial factor

NOTE The product of the representative value multiplied by the partial fagtor ygqxy ¢+ may also
be designated as the design value of the actiongSe?.

17
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1.5.3.22

combination of actions

set of design values used for the verification of the structural reliability for a limit state
under the simultaneous influence of different actions

1.5.4 Terms relating to material and product properties

1541

characteristic value Xy or Ry)

value of a material or product property having a prescribed probability of not being at-

tained in a hypothetical unlimited test series. This value generally corresponds to a
specified fractile of the assumed statistical distribution of the particular property of the

material or product. A nominal value is used as the characteristic value in some circum-
stances

1.5.4.2

design value of a material or product property(Xqy or Ry)

value obtained by dividing the characteristic value by a partial fagtar y, or, in
special circumstances, by direct determination

1.54.3

nominal value of a material or product property (Xnom Or Rnom)

value normally used as a characteristic value and established from an appropriate docu-
ment such as a European Standard or Prestandard

1.5.5 Terms relating to geometrical data

1551

characteristic value of a geometrical property &)

value usually corresponding to the dimensions specified in the design. Where relevant,
values of geometrical quantities may correspond to some prescribed fractiles of the sta-
tistical distribution

1.55.2

design value of a geometrical propertydy)

generally a nominal value. Where relevant, values of geometrical quantities may corre-
spond to some prescribed fractile of the statistical distribution

NOTE The design value of a geometrical property is generally equal to the characteristic value. However,
it may be treated differently in cases where the limit state under consideration is very sensitive to the value
of the geometrical property, for example when considering the effect of geometrical imperfections on
buckling. In such cases, the design value will normally be established as a value specified directly, for
example in an appropriate European Standard or Prestandard. Alternatively, it can be established from a
statistical basis, with a value corresponding to a more appropriate fradila ¢arer value) than applies

to the characteristic value.

18
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1.5.6 Terms relating to structural analysis

NOTE The definitions contained in the clause may not necessarily relate to terms used in EN 1990, but
are included here to ensure a harmonisation of terms relating to structural analysis for EN 1991 to
EN 1999.

15.6.1
structural analysis
procedure or algorithm for determination of action effects in every point of a structure

NOTE A structural analysis may have to be performed at three levels using different models : global
analysis, member analysis, local analysis.

15.6.2

global analysis

determination, in a structure, of a consistent set of either internal forces and moments, or
stresses, that are in equilibrium with a particular defined set of actions on the structure,
and depend on geometrical, structural and material properties

1.5.6.3

first order linear-elastic analysis without redistribution

elastic structural analysis based on linear stress/strain or moment/curvature laws and
performed on the initial geometry

1.5.6.4

first order linear-elastic analysis with redistribution

linear elastic analysis in which the internal moments and forces are modified for structural
design, consistently with the given external actions and without more explicit calculation
of the rotation capacity

15.6.5

second order linear-elastic analysis

elastic structural analysis, using linear stress/strain laws, applied to the geometry of the
deformed structure

1.5.6.6

first order non-linear analysis

structural analysis, performed on the initial geometry, that takes account of the non-linear
deformation properties of materials

NOTE First order non-linear analysis is either elastic with appropriate assumptions, or elastic-perfectly
plastic (see 1.5.6.8 and 1.5.6.9), or elasto-plastic (see 1.5.6.10) or rigid-plastic (see 1.5.6.11).

1.5.6.7

second order non-linear analysis

structural analysis, performed on the geometry of the deformed structure, that takes
account of the non-linear deformation properties of materials

NOTE Second order non-linear analysis is either elastic-perfectly plastic or elasto-plastic.

19
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1.5.6.8

first order elastic-perfectly plastic analysis

structural analysis based on moment/curvature relationships consisting of a linear elastic
part followed by a plastic part without hardening, performed on the initial geometry of the
structure

1.5.6.9

second order elastic-perfectly plastic analysis

structural analysis based on moment/curvature relationships consisting of a linear elastic
part followed by a plastic part without hardening, performed on the geometry of the
displaced (or deformed) structure

1.5.6.10

elasto-plastic analysis (first or second order)

structural analysis that uses stress-strain or moment/curvature relationships consisting of a
linear elastic part followed by a plastic part with or without hardening

NOTE In general, it is performed on the initial structural geometry, but it may also be applied to the
geometry of the displaced (or deformed) structure.

15.6.11

rigid plastic analysis

analysis, performed on the initial geometry of the structure, that uses limit analysis
theorems for direct assessment of the ultimate loading

NOTE The moment/curvature law is assumed without elastic deformation and without hardening

1.6 Symbols

For the purposes of this European Standard, the following symbols apply.
NOTE The notation used is based on ISO 3898:1987

Latin upper case letters

A Accidental action

Aqy Design value of an accidental action

Aed Design value of seismic actiobey = 7| Ak

Ask Characteristic value of seismic action

Cq Nominal value, or a function of certain design properties of materials
E Effect of actions

Eq Design value of effect of actions

Eqd dst Design value of effect of destabilising actions
Ed stb Design value of effect of stabilising actions

F Action

Fq Design value of an action

Fy Characteristic value of an action

Frep Representative value of an action

G Permanent action

20
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Gy Design value of a permanent action

Ga,inf Lower design value of a permanent action

G sup Upper design value of a permanent action

Gk Characteristic value of a permanent action

Gy, Characteristic value of permanent actjon

Gy, sup/ Upper/lower characteristic value of permanent agtion

Gyj,inf

P Relevant representative value of a prestressing action (see EN 1992
to EN 1996 and EN 1998 to EN 1999)

Pq Design value of a prestressing action

Pk Characteristic value of a prestressing action

Pm Mean value of a prestressing action

Q Variable action

Qq Design value of a variable action

Qk Characteristic value of a single variable action

Qk1 Characteristic value of the leading variable acfion

Qx.l Characteristic value of the accompanying variable action

R Resistance

Ry Design value of the resistance

R« Characteristic value of the resistance

X Material property

X4 Design value of a material property

Xk Characteristic value of a material property

Latin lower case letters

ag Design values of geometrical data

a Characteristic values of geometrical data

Anom Nominal value of geometrical data

u Horizontal displacement of a structure or structural member
w Vertical deflection of a structural member

Greek upper case letters

Aa Change made to nominal geometrical data for particular design pur-
posese.g.assessment of effects of imperfections

Greek lower case letters

y Partial factor (safety or serviceability)

% Partial factor for actions, which takes account of the possibility of
unfavourable deviations of the action values from the representative
values

7% Partial factor for actions, also accounting for model uncertainties and
dimensional variations

Y% Partial factor for permanent actions, which takes account of the pos-
sibility of unfavourable deviations of the action values from the rep-
resentative values

16 Partial factor for permanent actions, also accounting for model un-
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certainties and dimensional variations

Partial factor for permanent actipn

Partial factor for permanent actignin calculating upper/lower de-
sign values

Importance factor (see EN 1998)

Partial factor for a material property

Partial factor for a material property, also accounting for model un-
certainties and dimensional variations

Partial factor for prestressing actions (see EN 1992 to EN 1996 and
EN 1998 to EN 1999)

Partial factor for variable actions, which takes account of the possi-
bility of unfavourable deviations of the action values from the repre-
sentative values

Partial factor for variable actions, also accounting for model uncer-
tainties and dimensional variations

Partial factor for variable actidn

Partial factor associated with the uncertainty of the resistance model
Partial factor associated with the uncertainty of the action and/or
action effect model

Conversion factor

Reduction factor

Factor for combination value of a variable action

Factor for frequent value of a variable action

Factor for quasi-permanent value of a variable action



EN 1990:2002 (E)

Section 2  Requirements

2.1 Basic requirements

(1)P A structure shall be designed and executed in such a way that it will, during its in-
tended life, with appropriate degrees of reliability and in an economical way

— sustain all actions and influences likely to occur during execution and use, and

— remain fit for the use for which it is required.

(2)P A structure shall be designed to have adequate :
— structural resistance,

— serviceability, and

— durability.

(3)P In the case of fire, the structural resistance shall be adequate for the required period
of time.

NOTE See also EN 1991-1-2

(4)P A structure shall be designed and executed in such a way that it will not be dam-
aged by events such as :

— explosion,

— impact, and

— the consequences of human errors,

to an extent disproportionate to the original cause.

NOTE 1 The events to be taken into account are those agreed for an individual project with the client and
the relevant authority.

NOTE 2 Further information is given in EN 1991-1-7.

(5)P Potential damage shall be avoided or limited by appropriate choice of one or more

of the following :

— avoiding, eliminating or reducing the hazards to which the structure can be subjected,

— selecting a structural form which has low sensitivity to the hazards considered ;

— selecting a structural form and design that can survive adequately the accidental re-
moval of an individual member or a limited part of the structure, or the occurrence of
acceptable localised damage ;

— avoiding as far as possible structural systems that can collapse without warning ;

— tying the structural members together.

(6) The basic requirements should be met :

— by the choice of suitable materials,

— by appropriate design and detailing, and

— by specifying control procedures for design, production, execution, and use
relevant to the particular project.
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(7) The provisions of Section 2 should be interpreted on the basis that due skill and care
appropriate to the circumstances is exercised in the design, based on such knowledge
and good practice as is generally available at the time that the design of the structure is
carried out.

2.2 Reliability management

()P The reliability required for structures within the scope of EN 1990 shall be
achieved:
a) by design in accordance with EN 1990 to EN 1999 and
b) by
— appropriate execution and
— quality management measures.

NOTE See 2.2(5) and Annex B

(2) Different levels of reliability may be adopteder alia :
— for structural resistance ;
— for serviceability.

(3) 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 eco-
nomical losses ;

public aversion to failure ;

the expense and procedures necessary to reduce the risk of failure.

(4) The levels of reliability that apply to a particular structure may be specified in one or
both of the following ways :

— by the classification of the structure as a whole ;

— by the classification of its components.

NOTE See also Annex B

(5) The levels of reliability relating to structural resistance and serviceability can be
achieved by suitable combinations of :

a) preventative and protective measures (e.g. implementation of safety barriers, active
and passive protective measures against fire, protection against risks of corrosion such
as painting or cathodic protection) ;

b) measures relating to design calculations :

— representative values of actions ;

— the choice of partial factors ;

c) measures relating to quality management ;
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d) measures aimed to reduce errors in design and execution of the structure, and gross
human errors ;

e) other measures relating to the following other design matters :

— the basic requirements ;

— the degree of robustness (structural integrity) ;

— durability, including the choice of the design working life ;

— the extent and quality of preliminary investigations of soils and possible environ-
mental influences ;

— the accuracy of the mechanical models used ;

— the detailing ;

f) efficient execution,e.g. in accordance with execution standards referred to in
EN 1991 to EN 1999.

g) adequate inspection and maintenance according to procedures specified in the project
documentation.

(6) The measures to prevent potential causes of failure and/or reduce their consequences
may, in appropriate circumstances, be interchanged to a limited extent provided that the
required reliability levels are maintained.

2.3 Design working life

(1) The design working life should be specified.

NOTE Indicative categories are given in Table 2.1. The values given in Table 2.1 may also be used for
determining time-dependent performanee(fatigue-related calculations). See also Annex A.

Table 2.1 - Indicative design working life

Design working Indicative design Examples
life category working life
(years)
1 10 Temporary structured
2 10to 25 Replaceable structural parts, e.g. gantry girders,
bearings
3 15to 30 Agricultural and similar structures
4 50 Building structures and other common structuresg
5 100 Monumental building structures, bridges, and other
civil engineering structures
(1) Structures or parts of structures that can be dismantled with a view to being re-used should
not be considered as temporary.

2.4 Durability

(1)P The structure shall be designed such that deterioration over its design working life
does not impair the performance of the structure below that intended, having due regard
to its environment and the anticipated level of maintenance.
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(2) In order to achieve an adequately durable structure, the following should be taken
into account :

— the intended or foreseeable use of the structure ;

— the required design criteria ;

— the expected environmental conditions ;

— the composition, properties and performance of the materials and products ;
— the properties of the soil ;

— the choice of the structural system ;

— the shape of members and the structural detailing ;

— the quality of workmanship, and the level of control ;

— the particular protective measures ;

— the intended maintenance during the design working life.

NOTE The relevant EN 1992 to EN 1999 specify appropriate measures to reduce deterioration.

(3)P The environmental conditions shall be identified at the design stage so that their
significance can be assessed in relation to durability and adequate provisions can be
made for protection of the materials used in the structure.

(4) The degree of any deterioration may be estimated on the basis of calculations, ex-
perimental investigation, experience from earlier constructions, or a combination of
these considerations.

2.5 Quality management

(1) In order to provide a structure that corresponds to the requirements and to the as-
sumptions made in the design, appropriate quality management measures should be in
place. These measures comprise :

— definition of the reliability requirements,

— organisational measures and

— controls at the stages of design, execution, use and maintenance.

NOTE EN ISO 9001:2000 is an acceptable basis for quality management measures, where relevant.
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Section 3  Principles of limit states design

3.1 General

(1)P A distinction shall be made between ultimate limit states and serviceability limit
states.

NOTE In some cases, additional verifications may be needed, for example to ensure traffic safety.

(2) Verification of one of the two categories of limit states may be omitted provided that
sufficient information is available to prove that it is satisfied by the other.

(3)P Limit states shall be related to design situations, see 3.2.
(4) Design situations should be classified as persistent, transient or accidental, see 3.2.

(5) Verification of limit states that are concerned with time dependent eféegtiafigue)
should be related to the design working life of the construction.

NOTE Most time dependent effects are cumulative.

3.2 Design situations

()P The relevant design situations shall be selected taking into account the circum-
stances under which the structure is required to fulfil its function.

(2)P Design situations shall be classified as follows :

— persistent design situations, which refer to the conditions of normal use ;

— transient design situations, which refer to temporary conditions applicable to the
structureg.g.during execution or repair ;

— accidental design situations, which refer to exceptional conditions applicable to the
structure or to its exposure,g.to fire, explosion, impact or the consequences of lo-
calised failure ;

— seismic design situations, which refer to conditions applicable to the structure when
subjected to seismic events.

NOTE Information on specific design situations within each of these classes is given in EN 1991 to
EN 1999.

(3)P The selected design situations shall be sufficiently severe and varied so as to en-

compass all conditions that can reasonably be foreseen to occur during the execution
and use of the structure.
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3.3 Ultimate limit states

(1)P The limit states that concern :

— the safety of people, and/or

— the safety of the structure

shall be classified as ultimate limit states.

(2) In some circumstances, the limit states that concern the protection of the contents
should be classified as ultimate limit states.

NOTE The circumstances are those agreed for a particular project with the client and the relevant author-
ity.

(3) States prior to structural collapse, which, for simplicity, are considered in place of
the collapse itself, may be treated as ultimate limit states.

(4)P The following ultimate limit states shall be verified where they are relevant :

— loss of equilibrium of the structure or any part of it, considered as a rigid body ;

— failure by excessive deformation, transformation of the structure or any part of it into
a mechanism, rupture, loss of stability of the structure or any part of it, including
supports and foundations ;

— failure caused by fatigue or other time-dependent effects.

NOTE Different sets of partial factors are associated with the various ultimate limit states, see 6.4.1.
Failure due to excessive deformation is structural failure due to mechanical instability.

3.4 Serviceability limit states

(1)P The limit states that concern :

— the functioning of the structure or structural members under normal use ;
— the comfort of people ;

— the appearance of the construction works,

shall be classified as serviceability limit states.

NOTE 1 In the context of serviceability, the term “appearance” is concerned with such criteria as high de-
flection and extensive cracking, rather than aesthetics.

NOTE 2 Usually the serviceability requirements are agreed for each individual project.

(2)P A distinction shall be made between reversible and irreversible serviceability limit
states.

(3) The verification of serviceability limit states should be based on criteria concerning
the following aspects :
a) deformations that affect
— the appearance,
— the comfort of users, or
— the functioning of the structure (including the functioning of machines or serv-
ices),
or that cause damage to finishes or non-structural members ;
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b) vibrations
— that cause discomfort to people, or
— that limit the functional effectiveness of the structure ;

c) damage that is likely to adversely affect
— the appearance,
— the durability, or
— the functioning of the structure.

NOTE Additional provisions related to serviceability criteria are given in the relevant EN 1992 to EN 1999.
3.5 Limit state design

(1)P Design for limit states shall be based on the use of structural and load models for
relevant limit states.

(2)P It shall be verified that no limit state is exceeded when relevant design values for
— actions,

— material properties, or

— product properties, and

— geometrical data

are used in these models.

(3)P The verifications shall be carried out for all relevant design situations and load
cases.

(4) The requirements of 3.5(1)P should be achieved by the partial factor method, described
in section 6.

(5) As an alternative, a design directly based on probabilistic methods may be used.

NOTE 1 The relevant authority can give specific conditions for use.

NOTE 2 For a basis of probabilistic methods, see Annex C.

(6)P The selected design situations shall be considered and critical load cases identified.
(7) For a particular verification load cases should be selected, identifying compatible load
arrangements, sets of deformations and imperfections that should be considered

simultaneously with fixed variable actions and permanent actions.

(8)P Possible deviations from the assumed directions or positions of actions shall be taken
into account.

(9) Structural and load models can be either physical models or mathematical models.
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Section 4 Basic variables

4.1 Actions and environmental influences

4.1.1 Classification of actions

(1)P Actions shall be classified by their variation in time as follows :

— permanent action), e.g. self-weight of structures, fixed equipment and road sur-
facing, and indirect actions caused by shrinkage and uneven settlements ;

— variable actiongQ), e.g. imposed loads on building floors, beams and roofs, wind
actions or snow loads ;

— accidental actionfA), e.g explosions, or impact from vehicles.

NOTE Indirect actions caused by imposed deformations can be either permanent or variable.

(2) Certain actions, such as seismic actions and snow loads, may be considered as either
accidental and/or variable actions, depending on the site location, see EN 1991 and
EN 1998.

(3) Actions caused by water may be considered as permanent and/or variable actions
depending on the variation of their magnitude with time.

(4)P Actions shall also be classified

— by their origin, as direct or indirect,

— by their spatial variation, as fixed or free, or

— by their nature and/or the structural response, as static or dynamic.

(5) An action should be described by a model, its magnitude being represented in the
most common cases by one scalar which may have several representative values.

NOTE For some actions and some verifications, a more complex representation of the magnitudes of
some actions may be necessary.

4.1.2 Characteristic values of actions

(1)P The characteristic vallg of an action is its main representative value and shall be

specified :

— as a mean value, an upper or lower value, or a nominal value (which does not refer to
a known statistical distribution) (see EN 1991) ;

— in the project documentation, provided that consistency is achieved with methods
given in EN 1991.

(2)P The characteristic value of a permanent action shall be assessed as follows :

— if the variability of G can be considered as small, one single v@lumay be used ;

— if the variability of G cannot be considered as small, two values shall be used : an
upper valuesy sypand a lower valu& ns.
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(3) The variability ofG may be neglected & does not vary significantly during the
design working life of the structure and its coefficient of variation is si@alshould
then be taken equal to the mean value.

NOTE This coefficient of variation can be in the range of 0,05 to 0,10 depending on the type of structure.

(4) In cases when the structure is very sensitive to variatiof®s(e1ng. some types of
prestressed concrete structures), two values should be used even if the coefficient of
variation is small. Thefy ns is the 5% fractile an syp is the 95% fractile of the sta-
tistical distribution forG, which may be assumed to be Gaussian.

(5) The self-weight of the structure may be represented by a single characteristic value
and be calculated on the basis of the nominal dimensions and mean unit masses, see EN
1991-1-1.

NOTE For the settlement of foundations, see EN 1997.

(6) PrestressingP) should be classified as a permanent action caused by either con-
trolled forces and/or controlled deformations imposed on a structure. These types of
prestress should be distinguished from each other as relevargrésigess by tendons,
prestress by imposed deformation at supports).

NOTE The characteristic values of prestress, at a given time t, may be an upp& ygiiend a lower
value Py i(t). For ultimate limit states, a mean valBg(t) can be used. Detailed information is given in
EN 1992 to EN 1996 and EN 1999.

(7)P For variable actions, the characteristic va(d@ ¢hall correspond to either :

— an upper value with an intended probability of not being exceeded or a lower value
with an intended probability of being achieved, during some specific reference pe-
riod;

— a nominal value, which may be specified in cases where a statistical distribution is
not known.

NOTE 1 Values are given in the various Parts of EN 1991.

NOTE 2 The characteristic value of climatic actions is based upon the probability of 0,02 of its time-
varying part being exceeded for a reference period of one year. This is equivalent to a mean return period
of 50 years for the time-varying part. However in some cases the character of the action and/or the se-
lected design situation makes another fractile and/or return period more appropriate.

(8) For accidental actions the design valgshould be specified for individual projects.
NOTE See also EN 1991-1-7.

(9) For seismic actions the design valg should be assessed from the characteristic
valueAgk or specified for individual projects.

NOTE See also EN 1998.

(10) For multi-component actions the characteristic action should be represented by
groups of values each to be considered separately in design calculations.
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4.1.3 Other representative values of variable actions
(1)P Other representative values of a variable action shall be as follows :

(a) the combination value, represented as a progy€d, used for the verification of
ultimate limit states and irreversible serviceability limit states (see section 6 and An-
nex C) ;

(b) the frequent value, represented as a proguQX, used for the verification of ulti-
mate limit states involving accidental actions and for verifications of reversible
serviceability limit states ;

NOTE 1 For buildings, for example, the frequent value is chosen so that the time it is exceeded is 0,01 of
the reference period ; for road traffic loads on bridges, the frequent value is assessed on the basis of a
return period of one week.

NOTE 2 The infrequent value, represented as a proguigtQ. is used for the verification of certain
serviceability limit states specifically for concrete bridge decks, or concrete parts of bridge decks. The
infrequent value, defined only for road traffic loads (see EN 1991-2) thermal actions (see EN 1991-1-5)
and wind actions (see EN 1991-1-4), is based on a return period of one year.

(c) the quasi-permanent value, represented as a progQgt used for the verification

of ultimate limit states involving accidental actions and for the verification of reversible
serviceability limit states. Quasi-permanent values are also used for the calculation of
long-term effects.

NOTE For loads on building floors, the quasi-permanent value is usually chosen so that the proportion of
the time it is exceeded is 0,50 of the reference period. The quasi-permanent value can alternatively be
determined as the value averaged over a chosen period of time. In the case of wind actions or road traffic
loads, the quasi-permanent value is generally taken as zero.

4.1.4 Representation of fatigue actions

(1) The models for fatigue actions should be those that have been established in the
relevant parts of EN 1991 from evaluation of structural responses to fluctuations of loads
performed for common structuresd.for simple span and multi-span bridges, tall slender
structures for wind).

(2) For structures outside the field of application of models established in the relevant
Parts of EN 1991, fatigue actions should be defined from the evaluation of measurements
or equivalent studies of the expected action spectra.

NOTE For the consideration of material specific effects (for example, the consideration of mean stress
influence or non-linear effects), see EN 1992 to EN 1999.

4.1.5 Representation of dynamic actions
(1) The characteristic and fatigue load models in EN 1991 include the effects of accel-
erations caused by the actions either implicitly in the characteristic loads or explicitly by

applying dynamic enhancement factors to characteristic static loads.

NOTE Limits of use of these models are described in the various Parts of EN 1991.
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(2) When dynamic actions cause significant acceleration of the structure, dynamic
analysis of the system should be used. See 5.1.3 (6).

4.1.6 Geotechnical actions
(1)P Geotechnical actions shall be assessed in accordance with EN 1997-1.
4.1.7 Environmental influences

(1)P The environmental influences that could affect the durability of the structure shall
be considered in the choice of structural materials, their specification, the structural con-
cept and detailed design.

NOTE The EN 1992 to EN 1999 give the relevant measures.

(2) The effects of environmental influences should be taken into account, and where
possible, be described quantitatively.

4.2 Material and product properties

(1) Properties of materials (including soil and rock) or products should be represented
by characteristic values (see 1.5.4.1).

(2) When a limit state verification is sensitive to the variability of a material property,
upper and lower characteristic values of the material property should be taken into ac-
count.

(3) Unless otherwise stated in EN 1991 to EN 1999 :

— where a low value of material or product property is unfavourable, the characteristic
value should be defined as the 5% fractile value;

— where a high value of material or product property is unfavourable, the characteristic
value should be defined as the 95% fractile value.

(4)P Material property values shall be determined from standardised tests performed
under specified conditions. A conversion factor shall be applied where it is necessary to
convert the test results into values which can be assumed to represent the behaviour of
the material or product in the structure or the ground.

NOTE Seeannex D and EN 1992 to EN 1999

(5) Where insufficient statistical data are available to establish the characteristic values
of a material or product property, nominal values may be taken as the characteristic val-
ues, or design values of the property may be established directly. Where upper or lower
design values of a material or product property are established diregtlyfriction

factors, damping ratios), they should be selected so that more adverse values would af-
fect the probability of occurrence of the limit state under consideration to an extent
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similar to other design values.

(6) Where an upper estimate of strength is requieegl for capacity design measures
and for the tensile strength of concrete for the calculation of the effects of indirect ac-
tions) a characteristic upper value of the strength should be taken into account.

(7) The reductions of the material strength or product resistance to be considered re-
sulting from the effects of repeated actions are given in EN 1992 to EN 1999 and can
lead to a reduction of the resistance over time due to fatigue.

(8) The structural stiffness parametezgg(moduli of elasticity, creep coefficients) and
thermal expansion coefficients should be represented by a mean value. Different values
should be used to take into account the duration of the load.

NOTE In some cases, a lower or higher value than the mean for the modulus of elasticity may have to be
taken into accoune(g.in case of instability).

(9) Values of material or product properties are given in EN 1992 to EN 1999 and in the
relevant harmonised European technical specifications or other documents. If values are
taken from product standards without guidance on interpretation being given in
EN 1992 to EN 1999, the most adverse values should be used.

(10)P Where a partial factor for materials or products is needed, a conservative value
shall be used, unless suitable statistical information exists to assess the reliability of the
value chosen.

NOTE Suitable account may be taken where appropriate of the unfamiliarity of the application or materi-
als/products used.

4.3 Geometrical data

(1)P Geometrical data shall be represented by their characteristic valueg, tbe(case
of imperfections) directly by their design values.

(2) The dimensions specified in the design may be taken as characteristic values.
(3) Where their statistical distribution is sufficiently known, values of geometrical
guantities that correspond to a prescribed fractile of the statistical distribution may be

used.

(4) Imperfections that should be taken into account in the design of structural members
are given in EN 1992 to EN 1999.

(5)P Tolerances for connected parts that are made from different materials shall be mu-
tually compatible.
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Section 5  Structural analysis and design assisted by testing

5.1 Structural analysis

5.1.1 Structural modelling

(1)P Calculations shall be carried out using appropriate structural models involving
relevant variables.

(2) The structural models selected should be those appropriate for predicting structural
behaviour with an acceptable level of accuracy. The structural models should also be
appropriate to the limit states considered.

(3)P Structural models shall be based on established engineering theory and practice. If
necessary, they shall be verified experimentally.

5.1.2 Static actions

(1)P The modelling for static actions shall be based on an appropriate choice of the
force-deformation relationships of the members and their connections and between
members and the ground.

(2)P Boundary conditions applied to the model shall represent those intended in the
structure.

(3)P Effects of displacements and deformations shall be taken into account in the con-
text of ultimate limit state verifications if they result in a significant increase of the ef-
fect of actions.

NOTE Particular methods for dealing with effects of deformations are given in EN 1991 to EN 1999.

(4)P Indirect actions shall be introduced in the analysis as follows :

— in linear elastic analysis, directly or as equivalent forces (using appropriate modular
ratios where relevant) ;

— in non-linear analysis, directly as imposed deformations.

5.1.3 Dynamic actions

()P The structural model to be used for determining the action effects shall be estab-
lished taking account of all relevant structural members, their masses, strengths, stiff-
nesses and damping characteristics, and all relevant non structural members with their
properties.

(2)P The boundary conditions applied to the model shall be representative of those in-
tended in the structure.
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(3) When it is appropriate to consider dynamic actions as quasi-static, the dynamic parts
may be considered either by including them in the static values or by applying equiva-
lent dynamic amplification factors to the static actions.

NOTE For some equivalent dynamic amplification factors, the natural frequencies are determined.

(4) In the case of ground-structure interaction, the contribution of the soil may be mod-
elled by appropriate equivalent springs and dash-pots.

(5) Where relevante(g.for wind induced vibrations or seismic actions) the actions may
be defined by a modal analysis based on linear material and geometric behaviour. For
structures that have regular geometry, stiffness and mass distribution, provided that only
the fundamental mode is relevant, an explicit modal analysis may be substituted by an
analysis with equivalent static actions.

(6) The dynamic actions may be also expressed, as appropriate, in terms of time histo-
ries or in the frequency domain, and the structural response determined by appropriate
methods.

(7) Where dynamic actions cause vibrations of a magnitude or frequencies that could
exceed serviceability requirements, a serviceability limit state verification should be
carried out.

NOTE Guidance for assessing these limits is given in Annex A and EN 1992 to EN 1999.
5.1.4 Fire design

(1)P The structural fire design analysis shall be based on design fire scenarios (see EN
1991-1-2), and shall consider models for the temperature evolution within the structure
as well as models for the mechanical behaviour of the structure at elevated temperature.

(2) The required performance of the structure exposed to fire should be verified by ei-
ther global analysis, analysis of sub-assemblies or member analysis, as well as the use of
tabular data or test results.

(3) The behaviour of the structure exposed to fire should be assessed by taking into ac-
count either :

— nominal fire exposure, or

— modelled fire exposure,

as well as the accompanying actions.

NOTE See also EN 1991-1-2.

(4) The structural behaviour at elevated temperatures should be assessed in accordance
with EN 1992 to EN 1996 and EN 1999, which give thermal and structural models for
analysis.
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(5) Where relevant to the specific material and the method of assessment :

— thermal models may be based on the assumption of a uniform or a non-uniform tem-
perature within cross-sections and along members ;

— structural models may be confined to an analysis of individual members or may ac-
count for the interaction between members in fire exposure.

(6) The models of mechanical behaviour of structural members at elevated temperatures
should be non-linear.

NOTE See also EN 1991 to EN 1999.

5.2 Design assisted by testing

(1) Design may be based on a combination of tests and calculations.

NOTE Testing may be carried out, for example, in the following circumstances :
— if adequate calculation models are not available ;

— if a large number of similar components are to be used ;

— to confirm by control checks assumptions made in the design.

See Annex D.

(2)P Design assisted by test results shall achieve the level of reliability required for the
relevant design situation. The statistical uncertainty due to a limited number of test re-
sults shall be taken into account.

(3) Partial factors (including those for model uncertainties) comparable to those used in
EN 1991 to EN 1999 should be used.
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Section 6 Verification by the partial factor method

6.1 General

(2)P When using the partial factor method, it shall be verified that, in all relevant design
situations, no relevant limit state is exceeded when design values for actions or effects of
actions and resistances are used in the design models.

(2) For the selected design situations and the relevant limit states the individual actions for

the critical load cases should be combined as detailed in this section. However actions that
cannot occur simultaneously, for example due to physical reasons, should not be

considered together in combination.

(3) Design values should be obtained by using :

- the characteristic, or

- other representative values,

in combination with partial and other factors as defined in this section and EN 1991 to
EN 1999.

(4) It can be appropriate to determine design values directly where conservative values
should be chosen.

(5)P Design values directly determined on statistical bases shall correspond to at least

the same degree of reliability for the various limit states as implied by the partial factors
given in this standard.

6.2 Limitations

(1) The use of the Application Rules given in EN 1990 is limited to ultimate and
serviceability limit state verifications of structures subject to static loading, including cases
where the dynamic effects are assessed using equivalent quasi-static loads and dynamic

amplification factors, including wind or traffic loads. For non-linear analysis and fatigue
the specific rules given in various Parts of EN 1991 to EN 1999 should be applied.

6.3 Design values
6.3.1 Design values of actions

(1) The design valuEy of an actiorF can be expressed in general terms as :

Fa =7 tFrep (6.19)
with :

Frep = ¥ (6.1b)
where :
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Fc Isthe characteristic value of the action.

Frep  Is the relevant representative value of the action.

% is a partial factor for the action which takes account of the possibility of unfa-
vourable deviations of the action values from the representative values.
7% is either 1,00 oy, v OF yo.

(2) For seismic actions the design valg should be determined taking account of the
structural behaviour and other relevant criteria detailed in EN 1998.

6.3.2 Design values of the effects of actions

(1) For a specific load case the design values of the effects of adignsaf be
expressed in general terms as :

Eq =7sdEVs Frep, Jagf i>1 (6.2)
where :

ay is the design values of the geometrical data (see 6.3.4) ;

¥sd is a partial factor taking account of uncertainties :

— in modelling the effects of actions ;
— in some cases, in modelling the actions.

NOTE In a more general case the effects of actions depend on material properties.

(2) In most cases, the following simplification can be made :

Eq = E{?’F,i Frep,i ; ad} i>1 (6.2a)
with ;
VEi=VSdX7Vt (6.2b)

NOTE When relevang.g.where geotechnical actions are involved, partial fagigrsan be applied to
the effects of individual actions or only one particular fagtaran be globally applied to the effect of the
combination of actions with appropriate partial factors.

(3)P Where a distinction has to be made between favourable and unfavourable effects of
permanent actions, two different partial factors shall be ysgd&nds sup-

(4) For non-linear analysis (i.evhen the relationship between actions and their effects is
not linear), the following simplified rules may be considered in the case of a single
predominant action :

a) When the action effect increases more than the action, the partial fastayuld be
applied to the representative value of the action.
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b) When the action effect increases less than the action, the partial fastwuld be
applied to the action effect of the representative value of the action.

NOTE Except for rope, cable and membrane structures, most structures or structural elements are in
category a).

(5) In those cases where more refined methods are detailed in the relevant EN 1991 to
EN 1999 é.g.for prestressed structures), they should be used in preference to 6.3.2(4).

6.3.3 Design values of material or product properties

(1) The design valugy of a material or product property can be expressed in general
terms as :

Xk
Xg=n—"" (6.3)
’m
where
Xk is the characteristic value of the material or product property (see 4.2(3)) ;

n  is the mean value of the conversion factor taking into account
— volume and scale effects,
— effects of moisture and temperature, and
— any other relevant parameters ;

ym IS the partial factor for the material or product property to take account of :
— the possibility of an unfavourable deviation of a material or product property
from its characteristic value ;
— the random part of the conversion facior

(2) Alternatively, in appropriate cases, the conversion fagtoay be :
— implicitly taken into account within the characteristic value itself, or
— by usingyy instead o, (see expression (6.6b)).

NOTE The design value can be established by such means as :

empirical relationships with measured physical properties, or

with chemical composition, or

from previous experience, or

from values given in European Standards or other appropriate documents.

6.3.4 Design values of geometrical data

(1) Design values of geometrical data such as dimensions of members that are used to
assess action effects and/or resistances may be represented by nominal values :

ad = Anom (64)
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(2)P Where the effects of deviations in geometrical datg. {haccuracy in the load
application or location of supports) are significant for the reliability of the struatuge (
by second order effects) the design values of geometrical data shall be defined by :

ag = 8nom* Ad (6.5)

where :

Aa  takes account of :
— the possibility of unfavourable deviations from the characteristic or nominal
values ;
— the cumulative effect of a simultaneous occurrence of several geometrical de-
viations.

NOTE 1 a4 can also represent geometrical imperfections wihgge= 0 (i.e, Aa= 0).

NOTE 2 Where relevant, EN 1991 to EN 1999 provide further provisions.

(3) Effects of other deviations should be covered by partial factors
— on the action sidex), and/or
— resistance sidex).

NOTE Tolerances are defined in the relevant standards on execution referred to in EN 1990 to EN 1999.
6.3.5 Design resistance

(1) The design resistan&g can be expressed in the following form :

1 1 Xk i .
Ry =——R{Xgjiag f= R{m k";ad} i>1 (6.6)
7Rd 7Rd

Ymii

where :

Jrd IS a partial factor covering uncertainty in the resistance model, plus geometric
deviations if these are not modelled explicitly (see 6.3.4(2));

Xqi is the design value of material proparty

(2) The following simplification of expression (6.6) may be made :

Xk .

Ry=Rypj——ag 121 (6.6a)
VM,

where :

YMi =7RdX7’m| (6.6b)

NOTE #7; may be incorporated iy ;, see 6.3.3.(2).
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(3) Alternatively to expression (6.6a), the design resistance may be obtained directly from
the characteristic value of a material or product resistance, without explicit determination
of design values for individual basic variables, using :

_ R
M

(6.6¢)

NOTE This is applicable to products or members made of a single material (e.g. steel) and is also used in
connection with Annex D “Design assisted by testing”.

(4) Alternatively to expressions (6.6a) and (6.6c¢), for structures or structural members that
are analysed by non-linear methods, and comprise more than one material acting in
association, or where ground properties are involved in the design resistance, the following
expression for design resistance can be used :

1 Yml
Ry =—— R{mx ks 7 Xki(i>) — > @d } (6.6d)

VM1 mi

NOTE In some cases, the design resistance can be expressed by applyingydipsatiial factors to the
individual resistances due to material properties.

6.4 Ultimate limit states

6.4.1 General

(2)P The following ultimate limit states shall be verified as relevant :

a) EQU : Loss of static equilibrium of the structure or any part of it considered as a
rigid body, where :
— minor variations in the value or the spatial distribution of actions from a single

source are significant, and

— the strengths of construction materials or ground are generally not governing ;

b) STR: Internal failure or excessive deformation of the structure or structural mem-
bers, including footings, piles, basement walls, etc., where the strength of construc-

tion materials of the structure governs ;

c) GEO : Failure or excessive deformation of the ground where the strengths of soil or
rock are significant in providing resistance ;

d) FAT : Fatigue failure of the structure or structural members.
NOTE For fatigue design, the combinations of actions are given in EN 1992 to EN 1999.

(2)P The design values of actions shall be in accordance with Annex A.
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6.4.2 Verifications of static equilibrium and resistance

(2)P When considering a limit state of static equilibrium of the structure (EQU), it shall be
verified that :

Ed ast< Eq stb (6.7)
where :

Eq dst is the design value of the effect of destabilising actions ;

Eq s Is the design value of the effect of stabilising actions.

(2) Where appropriate the expression for a limit state of static equilibrium may be
supplemented by additional terms, including, for example, a coefficient of friction between
rigid bodies.

(3)P When considering a limit state of rupture or excessive deformation of a section,
member or connection (STR and/or GEO), it shall be verified that :

Ea<Ry (6.8)
where :

Eq is the design value of the effect of actions such as internal force, moment or a vector
representing several internal forces or moments ;

Ry is the design value of the corresponding resistance.

NOTE.1 Details for the methods STR and GEO are given in Annex A.

NOTE 2 Expression (6.8) does not cover all verification formats concerning bucklinggilues that
happens where second order effects cannot be limited by the structural response, or by an acceptable
structural response. See EN 1992 to EN 1999.

6.4.3 Combination of actions (fatigue verifications excluded)

6.4.3.1 General

(2)P For each critical load case, the design values of the effects of aEjpsbdll be
determined by combining the values of actions that are considered to occur
simultaneously.

(2) Each combination of actions should include :

— aleading variable action, or

— an accidental action.

(3) The combinations of actions should be in accordance with 6.4.3.2 to 6.4.3.4.
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(4)P Where the results of a verification are very sensitive to variations of the magnitude of
a permanent action from place to place in the structure, the unfavourable and the
favourable parts of this action shall be considered as individual actions.

NOTE This applies in particular to the verification of static equilibrium and analogous limit states, see
6.4.2(2).

(5) Where several effects of one actierg(bending moment and normal force due to self-
weight) are not fully correlated, the partial factor applied to any favourable component
may be reduced.

NOTE For further guidance on this topic see the clauses on vectorial effects in EN 1992 to EN 1999.
(6) Imposed deformations should be taken into account where relevant.
NOTE For further guidance, see 5.1.2.4(P) and EN 1992 to EN 1999.

6.4.3.2 Combinations of actions for persistent or transient design situations (funda-
mental combinations)

(1) The general format of effects of actions should be :
Eg =7sdEVq,iCk.j : 7pP: 7q1Qk1: 7qiv0iQkif §21;i>1 (6.9a)

(2) The combination of effects of actions to be considered should be based on
— the design value of the leading variable action, and
— the design combination values of accompanying variable actions :

NOTE See also 6.4.3.2(4).
Eg =ErG,iGk, | : 7PP: 7011 7Qiv0i Qi 121;i>1 (6.9b)
(3) The combination of actions in brackets { }, in (6.9b) may either be expressed as :

_z 7G,ij,j"+" 7PP"+"7Q,1Q|<,1"+" Z7Q,iWo,iQk,i (6.10)
=1 i>1

or, alternatively for STR and GEO limit states, the less favourable of the two following
expressions:

_2176, iGk, "+ 7PP"+" 7Q1¥01Qk 1"+" 217Q,i v0,iQk,i (6.10a)

iz i>
Y &i76,iCk, "+ PP+ 701k 1"+ X700 Qui (6.10b)
=1 i>1

Where :

"4 implies "to be combined with"

) implies "the combined effect of"

3 is a reduction factor for unfavourable permanent acti®ns
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NOTE Further information for this choice is given in Annex A.

(4) If the relationship between actions and their effects is not linear, expressions (6.9a) or
(6.9b) should be applied directly, depending upon the relative increase of the effects of
actions compared to the increase in the magnitude of actions (see also 6.3.2.(4)).

6.4.3.3 Combinations of actions for accidental design situations

(1) The general format of effects of actions should be :
Eg=E{GkjiPiAs: (W1,10r w2 )Q1 i w2iQif j215i>1 (6.11a)
(2) The combination of actions in brackets { } can be expressed as :

2 G+ P A (py g Or o )Q " X iQy; (6.11b)
j=1 i>1

(3) The choice betweemr; 1Qx1 or ¥ 1Qk1 should be related to the relevant accidental
design situation (impact, fire or survival after an accidental event or situation).

NOTE Guidance is given in the relevant Parts of EN 1991 to EN 1999.
(4) Combinations of actions for accidental design situations should either
— involve an explicit accidental actigh(fire or impact), or

— refer to a situation after an accidental evéant Q).

For fire situations, apart from the temperature effect on the material prop&stsssuld
represent the design value of the indirect thermal action due to fire.

6.4.3.4 Combinations of actions for seismic design situations

(1) The general format of effects of actions should be :
Eg =E{Gk | P:Aeq:v2iQif j2Liiz1 (6.12a)
(2) The combination of actions in brackets { } can be expressed as :

Y G "+ P A Ty Qg (6.12b)
=1 i>1

6.4.4 Partial factors for actions and combinations of actions

(1) The values of the andy factors for actions should be obtained from EN 1991 and
from Annex A.
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6.4.5 Partial factors for materials and products

(1) The partiafactors for properties of materials and products should be obtained from
EN 1992 to EN 1999.

6.5 Serviceability limit states

6.5.1 Verifications

()P It shall be verified that :

Ea<Cy (6.13)
where :

Cq is the limiting design value of the relevant serviceability criterion.

Eq is the design value of the effects of actions specified in the serviceability
criterion, determined on the basis of the relevant combination.

6.5.2 Serviceability criteria
(1) The deformations to be taken into account in relation to serviceability requirements

should be as detailed in the relevant Annex A according to the type of construction
works, or agreed with the client or the National authority.

NOTE For other specific serviceability criteria such as crack width, stress or strain limitation, slip
resistance, see EN 1991 to EN 1999.

6.5.3 Combination of actions
(1) The combinations of actions to be taken into account in the relevant design
situations should be appropriate for the serviceability requirements and performance

criteria being verified.

(2) The combinations of actions for serviceability limit states are defined symbolically
by the following expressions (see also 6.5.4) :

NOTE It is assumed, in these expressions, that all partial factors are equal to 1. See Annex A and
EN 1991 to EN 1999.

a) Characteristic combination :
Eq=EQk,jiPiQaivoiQif i21ii>1 (6.142)

in which the combination of actions in brackets { } (called the characteristic
combination), can be expressed as :
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> Gy j "+ P "+ Q1"+ Tyo Qi (6.14b)
j=1 i>1

NOTE The characteristic combination is normally used for irreversible limit states.

b) Frequent combination :
Eg=EGy P wiaQuiiv2iQif j=1:i>1 (6.15a)

in which the combination of actions in brackets { }, (called the frequent combination),
can be expressed as :

X Gy j "+ P "+ yy Q1" Tw2iQ (6.15D)
4t i>1

NOTE The frequent combination is normally used for reversible limit states.

¢) Quasi-permanent combination :
Ed :E{Gk,j ; P;l//Z,iQk,i} ]=1;i>1 (6.16&)

in which the combination of actions in brackets { }, (called the quasi-permanent
combination), can be expressed as :

Y Gy j "+"P"+" Xy iQ; (6.16b)
i>1 i>1

where the notation is as given in 1.6 and 6.4.3(1).

NOTE The quasi-permanent combination is normally used for long-term effects and the appearance of the
structure.

(3) For the representative value of the prestressing actianP(i.er Py), reference
should be made to the relevant design Eurocode for the type of prestress under
consideration.

(4)P Effects of actions due to imposed deformations shall be considered where relevant.

NOTE In some cases expressions (6.14) to (6.16) require modification. Detailed rules are given in the
relevant Parts of EN 1991 to EN 1999.

6.5.4 Partial factors for materials

(1) For serviceability limit states the partial factogs for the properties of materials
should be taken as 1,0 except if differently specified in EN 1992 to EN 1999.
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Annex Al
(normative)
Application for Buildings

Al.1 Field of application

(1) This annex Al gives rules and methods for establishing combinations of actions for
buildings. It also gives the recommended design values of permanent, variable and acci-
dental actions ang factors to be used in the design of buildings.

NOTE Guidance may be given in the National annex with regard to the use of Table 2.1 (design working
life).

Al.2 Combinations of actions
Al.2.1 General

(1) Effects of actions that cannot exist simultaneously due to physical or functional
reasons should not be considered together in combinations of actions.

NOTE 1 Depending on its uses and the form and the location of a building, the combinations of actions
may be based on not more than two variable actions.

NOTE 2 Where modifications of A1.2.1(2) and A1.2.1(3) are necessary for geographical reasons, these
can be defined in the National annex.

(2) The combinations of actions given in expressions 6.9a to 6.12b should be used when
verifying ultimate limit states.

(3) The combinations of actions given in expressions 6.14a to 6.16b should be used
when verifying serviceability limit states.

(4) Combinations of actions that include prestressing forces should be dealt with as
detailed in EN 1992 to EN 1999.

Al.2.2 Values ofy factors

(1) Values ofy factors should be specified.

NOTE Recommended values g¢f factors for the more common actions may be obtained from Table
Al.1.
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Table Al.1 - Recommended values gf factors for buildings

Action ¥ |71 Y2

Imposed loads in buildings, category (See
EN 1991-1-1)
Category A : domestic, residential areas 0,7 0,5 0,3
Category B : office areas 0,7 0,5 0,3
Category C : congregation areas 0,7 0,7 0,6
Category D : shopping areas 0,7 0,7 0,6
Category E : storage areas 1,0 0,9 0,8
Category F : traffic area,

vehicle weighkt30kN 0,7 0,7 0,6
Category G : traffic area,

30kN < vehicle weightl 60kN 0,7 0,5 0,3
Category H : roofs 0 0 0
Snow loads on buildings (see EN 1991-1-3)*
Finland, Iceland, Norway, Sweden 0,70 0,50 0,20
Remainder of CEN Member States, for sites 0,70 0,50 0,20
located at altitude H > 1000 m a.s.l.
Remainder of CEN Member States, for sites 0,50 0,20 0
located at altitude K 1000 m a.s.l.
Wind loads on buildings (see EN 1991-1-4) 0,6 0,2 0
Temperature (non-fire) in buildings (see EN 0,6 0,5 0
1991-1-5)
NOTE They values may be set by the National annex.
* For countries not mentioned below, see relevant local conditions.

Al.3 Ultimate limit states
A1.3.1 Design values of actions in persistent and transient design situations

(1) The design values of actions for ultimate limit states in the persistent and transient
design situations (expressions 6.9a to 6.10b) should be in accordance with Tables
Al1.2(A) to (C).

NOTE The values in Tables A1.2 ((A) to (C)) can be altexefdfor different reliability levels in the
National annex (see Section 2 and Annex B).

(2) In applying Tables A1.2(A) to A1.2(C) in cases when the limit state is very sensitive
to variations in the magnitude of permanent actions, the upper and lower characteristic
values of actions should be taken according to 4.1.2(2)P.

(3) Static equilibrium (EQU, see 6.4.1) for building structures should be verified using
the design values of actions in Table A1.2(A).

(4) Design of structural members (STR, see 6.4.1) not involving geotechnical actions
should be verified using the design values of actions from Table A1.2(B).

(5) Design of structural members (footings, piles, basement walls, etc.) (STR) involving
geotechnical actions and the resistance of the ground (GEO, see 6.4.1) should be veri-
fied using one of the following three approaches supplemented, for geotechnical actions
and resistances, by EN 1997 :
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— Approach 1: Applying in separate calculations design values from Table A1.2(C) and
Table A1.2(B) to the geotechnical actions as well as the other actions on/from the
structure. In common cases, the sizing of foundations is governed by Table A1.2(C)
and the structural resistance is governed by Table A1.2(B) ;

NOTE In some cases, application of these tables is more complex, see EN 1997.

— Approach 2 : Applying design values from Table A1.2(B) to the geotechnical actions
as well as the other actions on/from the structure ;

— Approach 3 : Applying design values from Table A1.2(C) to the geotechnical actions
and, simultaneously, applying partial factors from Table A1.2(B) to the other actions
on/from the structure,

NOTE The use of approaches 1, 2 or 3 is chosen in the National annex.

(6) Overall stability for building structures (e.the stability of a slope supporting a
building) should be verified in accordance with EN 1997.

(7) Hydraulic and buoyancy failure (eig the bottom of an excavation for a building
structure) should be verified in accordance with EN 1997.
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Table A1.2(A) - Design values of actions (EQU) (Set A)

Persistent Permanent actions Leading| Accompanying variable
and variable actions

transient action (*)

design

situations

Unfavourable Favourable Main Others
(if any)
(EQ. 6.10) | r6jsufSkisup | 76iintCijint 71 Qua 7Q.i%0,iQki

(*) Variable actions are those considered in Table Al.1

NOTE 1 Theyvalues may be set by the National annex. The recommended set of vajuae for
7Gj,sup: 1,10

Yai,int = 0,90
70,1 = 1,50 where unfavourable (O where favourable)
70 = 1,50 where unfavourable (0 where favourable)

NOTE 2 In cases where the verification of static equilibrium also involves the resistance of stfuctural

members, as an alternative to two separate verifications based on Tables A1.2(A) and A
combined verification, based on Table A1.2(A), may be adopted, if allowed by the National ann
the following set of recommended values. The recommended values may be altered by the
annex.

Yejsup= 1,35
Yaj,int = 1,15
70,1 = 1,50 where unfavourable (O where favourable)
70 = 1,50 where unfavourable (0 where favourable)

2(B), a
X, with
National

provided that applyings;ins = 1,00 both to the favourable part and to the unfavourable part of permjanent

actions does not give a more unfavourable effect.
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Table A1.2(B) - Design values of actions (STR/GEO) (Set B)

Persistent Permanent actions Leading Accompanying Persistent Permanent actions Leading Accompanying
and variable variable actions (*) and variable variable actions (*)
transient action transient action (*)
design design
situations situations
Unfavourable Favourable| Main Others Unfavourable Favourable Action Main Others
(if any)

(Eq. 6.10) 7Gj,su;£3kj,SUP )/Gj’inkaj’inf 70,1Qk 1 7Q.i%0,Qk,i (Eq. 6.10a) 7Gj,su;£3kj,sup )/Gj’inkaj’inf 70,1%0,1Qk 1 7Qi%0,Qk.i

(Eq. 6.100) | &ygjsuGujsup | 761.inGugint 7Q1Qk1 7Q.%0.Qi

(*) Variable actions are those considered in Table A1.1

NOTE 1 The choice between 6.10, or 6.10a and 6.10b will be in the National annex. In case of 6.10a and 6.10b, the Natioegl mnaddition modify 6.10a to inclug
permanent actions only.

NOTE 2 Theyand£ values may be set by the National annex. The following valugsafat& are recommended when using expressions 6.10, or 6.10a and 6.10b.
YGj,sup = 1,35

7ejint = 1,00

70,1 = 1,50 where unfavourable (O where favourable)

70, = 1,50 where unfavourable (0 where favourable)

£=0,85 (so thafysjsup= 0,85x 1,35= 1,15).

See also EN 1991 to EN 1999 fovalues to be used for imposed deformations.

NOTE 3 The characteristic values of all permanent actions from one source are multipigd ibyhe total resulting action effect is unfavourable aggk if the total resulting

action effect is favourable. For example, all actions originating from the self weight of the structure may be consideried &®moone source ; this also applies if differ
materials are involved.

NOTE 4 For particular verifications, the values fgandy, may be subdivided intg, andy, and the model uncertainty factas A value ofysyin the range 1,05 to 1,15 can be u
in most common cases and can be modified in the National annex.

e

14

et

ed
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Table A1.2(C) - Design values of actions (STR/GEQ) (Set C)

Persistent Permanent actions Leading| Accompanying variable
and variable actions (*)
transient action (*)
design
situation
Unfavourable Favourable Main (if any Others
(Eq. 6.10) | s6jsukisup | 76jintCxiint 701 Q1 7Q,iv0,Qkii

YGj,sup= 1,00
et = 1,00

(*) Variable actions are those considered in Table A1.1

NOTE Theyvalues may be set by the National annex. The recommended set of vajuse for

70,1 = 1,30 where unfavourable (O where favourable)
7, = 1,30 where unfavourable (0 where favourable)

Al1.3.2 Design values of actions in the accidental and seismic design situations

(1) The patrtial factors for actions for the ultimate limit states in the accidental and seis-
mic design situations (expressions 6.11a to 6.12b) should bg talues are given in

Table A1.1.

NOTE For the seismic design situation see also EN.1998

Table Al1.3 - Design values of actions for use in accidental and seismic
combinations of actions

Design Permanent actions Leading Accompanying
situation accidental variable actions (**)
or seismic
action
Unfavourable Favourable Main (if any Others
Accidental (*) ij,sup ij,inf Aq w11 Or w2 Qi
(Eq. 6.11a/b) w21Qi
Seismic Gyj.sup G inf NAek Or Agg w2, Qi
(Eq. 6.12a/b)
(*) In the case of accidental design situations, the main variable action may be taken with its frequenfor, as in
seismic combinations of actions, its quasi-permanent values. The choice will be in the Nationa] annex,

depending on the accidental action under consideration. See also EN 1991-1-2.

(**) Variable actions are those considered in Table A1.1.
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Al.4 Serviceability limit states
Al.4.1 Partial factors for actions

(1) For serviceability limit states the partial factors for actions should be taken as 1,0
except if differently specified in EN 1991 to EN 1999.

Table Al.4 - Design values of actions for use in the combination of actions

Combination Permanent actioBg Variable action®)4
Unfavourable | Favourable Leading Others
Characteristic Gyj,sup Gyjint Qx.1 w0 Qi
Frequent
q Gyj,sup Gygint w1,1Qk,1 w2, Qi
Quasi-permanent
Gyj,sup Gyiinf w2.1Qk 1 w2, iQk,

Al.4.2 Serviceability criteria

(1) Serviceability limit states in buildings should take into account criteria related, for
example, to floor stiffness, differential floor levels, storey sway or/and building sway
and roof stiffness. Stiffness criteria may be expressed in terms of limits for vertical de-
flections and for vibrations. Sway criteria may be expressed in terms of limits for hori-
zontal displacements.

(2) The serviceability criteria should be specified for each project and agreed with the
client.

NOTE The serviceability criteria may be defined in the National annex.

(3)P The serviceability criteria for deformations and vibrations shall be defined :
— depending on the intended use ;

— in relation to the serviceability requirements in accordance with 3.4 ;

— independently of the materials used for supporting structural member.

Al1.4.3 Deformations and horizontal displacements

(1) Vertical and horizontal deformations should be calculated in accordance with
EN 1992 to EN 1999, by using the appropriate combinations of actions according to
expressions (6.14a) to (6.16b) taking into account the serviceability requirements given
in 3.4(1). Special attention should be given to the distinction between reversible and
irreversible limit states.

(2) Vertical deflections are represented schematically in Figure. A1.1.
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wl:
=,

tot

Figure Al.1 - Definitions of vertical deflections

Key :

W Precamber in the unloaded structural member

W Initial part of the deflection under permanent loads of the relevant combination of
actions according to expressions (6.14a) to (6.16b)

Wo Long-term part of the deflection under permanent loads

W3 Additional part of the deflection due to the variable actions of the relevant combi-
nation of actions according to expressions (6.14a) to (6.16b)

Whot Total deflection as sum @f; , W , Wz

Wmax  Remaining total deflection taking into account the precamber

(3) If the functioning or damage of the structure or to finishes, or to non-structural
members €.g. partition walls, claddings) is being considered, the verification for de-
flection should take account of those effects of permanent and variable actions that oc-
cur after the execution of the member or finish concerned.

NOTE Guidance on which expression (6.14a) to (6.16b) to use is given in 6.5.3 and EN 1992 to
EN 1999.

(4) If the appearance of the structure is being considered, the quasi-permanent combina-
tion (expression 6.16b) should be used.

(5) If the comfort of the user, or the functioning of machinery are being considered, the
verification should take account of the effects of the relevant variable actions.

(6) Long term deformations due to shrinkage, relaxation or creep should be considered
where relevant, and calculated by using the effects of the permanent actions and quasi-
permanent values of the variable actions.

(7) Horizontal displacements are represented schematically in Figure Al1.2.
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-

41‘—;

Figure Al1.2 - Definition of horizontal displacements

Key :
u Overall horizontal displacement over the building helght
Ui Horizontal displacement over a storey height

Al.4.4 Vibrations

(1) To achieve satisfactory vibration behaviour of buildings and their structural
members under serviceability conditions, the following aspects, amongst others,
should be considered :

a) the comfort of the user;
b) the functioning of the structure or its structural memberg. (cracks in
partitions, damage to cladding, sensitivity of building contents to vibrations).

Other aspects should be considered for each project and agreed with the client.

(2) For the serviceability limit state of a structure or a structural member not to be
exceeded when subjected to vibrations, the natural frequency of vibrations of the
structure or structural member should be kept above appropriate values which
depend upon the function of the building and the source of the vibration, and agreed
with the client and/or the relevant authority.

(3) If the natural frequency of vibrations of the structure is lower than the appropriate
value, a more refined analysis of the dynamic response of the structure, including the
consideration of damping, should be performed.

NOTE For further guidance, see EN 1991-1-1, EN 1991-1-4 and I1SO 10137.

(4) Possible sources of vibration that should be considered include walking,
synchronised movements of people, machinery, ground borne vibrations from traffic,
and wind actions. These, and other sources, should be specified for each project and
agreed with the client.
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Annex B
(informative)
Management of Structural Reliability for Construction Works

B1 Scope and field of application

(1) This annex provides additional guidance to 2.2 (Reliability management) and to ap-
propriate clauses in EN 1991 to EN 1999.

NOTE Reliability differentiation rules have been specified for particular aspects in the design Eurocodes,
e.g. in EN 1992, EN 1993, EN 1996, EN 1997 and EN 1998.

(2) The approach given in this Annex recommends the following procedures for the
management of structural reliability for construction works (with regard to ULSs, ex-
cluding fatigue) :

a) In relation to 2.2(5)b, classes are introduced and are based on the assumed
consequences of failure and the exposure of the construction works to hazard. A
procedure for allowing moderate differentiation in the partial factors for actions and
resistances corresponding to the classes is given in B3.

NOTE Reliability classification can be representedsbyindexes (see Annex C) which takes account of
accepted or assumed statistical variability in action effects and resistances and model uncertainties.

b) In relation to 2.2(5)c and 2.2(5)d, a procedure for allowing differentiation between
various types of construction works in the requirements for quality levels of the design and
execution process are given in B4 and B5.

NOTE Those quality management and control measures in design, detailing and execution which are given
in B4 and B5 aim to eliminate failures due to gross errors, and ensure the resistances assumed in the design.

(3) The procedure has been formulated in such a way so as to produce a framework to al-
low different reliability levels to be used, if desired.

B2 Symbols
In this annex the following symbols apply.

Kk Factor applicable to actions for reliability differentiation
B Reliability index
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B3 Reliability differentiation

B3.1 Consequences classes

(1) For the purpose of reliability differentiation, consequences classes (CC) may be
established by considering the consequences of failure or malfunction of the structure

as given in Table B1.

Table B1 - Definition of consequences classes

Consequences Description Examples of buildings and civil

Class engineering works

CC3 High consequence for loss of human | Grandstands, public buildings where
life, or economic, social or consequences of failure are high (a.g
environmental consequenog=y great | concert hall)

CC2 Medium consequence for loss of humarResidential and office buildings, public
life, economic, social or environmental| buildings where consequences of failufe
consequencensiderable are medium (e.g. an office building)

CC1 Low consequence for loss of human lifeAgricultural buildings where people do
andeconomic, social or environmental| not normally enter (e.g. storage
consequencesmall or negligible buildings), greenhouses

(2) The criterion for classification of consequences is the importance, in terms of
consequences of failure, of the structure or structural member concerned. See B3.3

(3) Depending on the structural form and decisions made during design, particular
members of the structure may be designated in the same, higher or lower consequences
class than for the entire structure.

NOTE At the present time the requirements for reliability are related to the structural members of the
construction works.

B3.2 Differentiation by g values
(1) The reliability classes (RC) may be defined by fhreliability index concept.

(2) Three reliability classes RC1, RC2 and RC3 may be associated with the three
consequences classes CC1, CC2 and CC3.

(3) Table B2 gives recommended minimum values for the reliability index associated with
reliability classes (see also annex C).
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Table B2 - Recommended minimum values for reliability indexg (ultimate limit

states)
Reliability Class Minimum values for g
1 year reference period 50 years reference period
RC3 5,2 4,3
RC2 4.7 3,8
RC1 4,2 3,3

NOTE A design using EN 1990 with the partial factors given in annex A1 and EN 1991 to EN 1999 is
considered generally to lead to a structure with \&alue greater than 3,8 for a 50 year reference period.
Reliability classes for members of the structure above RC3 are not further considered in this Annex, since
these structures each require individual consideration.

B3.3 Differentiation by measures relating to the partial factors
(1) One way of achieving reliability differentiation is by distinguishing classeg of
factors to be used in fundamental combinations for persistent design situations. For ex-

ample, for the same design supervision and execution inspection levels, a multiplication
factorKg, see Table B3, may be applied to the partial factors.

Table B3 -Kg, factor for actions

Kg factor for actions Reliability class
RC1 RC2 RC3
K 0,9 1,0 1,1

NOTE In particular, for class RC3, other measures as described in this Annex are normally preferred to
usingKg, factors.Kg should be applied only to unfavourable actions.

(2) Reliability differentiation may also be applied through the partial factors on resistance
. However, this is not normally used. An exception is in relation to fatigue verification
(see EN 1993). See also B6.

(3) Accompanying measures, for example the level of quality control for the design and
execution of the structure, may be associated to the clasgeslothis Annex, a three

level system for control during design and execution has been adopted. Design supervision
levels and inspection levels associated with the reliability classes are suggested.

(4) There can be casesd.lighting poles, masts, etc.) where, for reasons of economy, the
structure might be in RC1, but be subjected to higher corresponding design supervision
and inspection levels.

B4 Design supervision differentiation

(1) Design supervision differentiation consists of various organisational quality control
measures which can be used together. For example, the definition of design supervision
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level (B4(2)) may be used together with other measures such as classification of designers
and checking authorities (B4(3)).

(2) Three possible design supervision levels (DSL) are shown in Table B4. The design
supervision levels may be linked to the reliability class selected or chosen according to the
importance of the structure and in accordance with National requirements or the design
brief, and implemented through appropriate quality management measures. See 2.5.

Table B4 - Design supervision levels (DSL)

Minimum recommended requirements for

Design Supervision| Characteristics checking of calculations, drawings and
Levels specifications
Extended supervisionn  Third party checking :
DSL3 Checking performed by an organisation different from
relating to RC3 that which has prepared the design
Checking by different persons than those originally
DSL2 Normal supervision | responsible and in accordance with the procedure qf
relating to RC2 the organisation.
Self-checking:
DSL1 Normal supervision | Checking performed by the person who has prepared

Relating to RC1

the design

(3) Design supervision differentiation may also include a classification of designers
and/or design inspectors (checkers, controlling authorities, etc.), depending on their
competence and experience, their internal organisation, for the relevant type of con-
struction works being designed.

NOTE The type of construction works, the materials used and the structural forms can affect this classifi-

cation.

(4) Alternatively, design supervision differentiation can consist of a more refined detailed
assessment of the nature and magnitude of actions to be resisted by the structure, or of a
system of design load management to actively or passively control (restrict) these actions.

B5 Inspection during execution

(1) Three inspection levels (IL) may be introduced as shown in Table B5. The inspection

levels may be linked to the quality management classes selected and implemented through
appropriate quality management measures. See 2.5. Further guidance is available in
relevant execution standards referenced by EN 1992 to EN 1996 and EN 1999.

Table B5 - Inspection levels (IL)

Inspection Levels

Characteristics

Requirements

IL3

Relating to RC3

Extended inspection

Third party inspection

IL2

Relating to RC2

Normal inspection

Inspection in accordance with
procedures of the organisation

IL1

Relating to RC1

Normal inspection

Self inspection
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NOTE Inspection levels define the subjects to be covered by inspection of products and execution of
works including the scope of inspection. The rules will thus vary from one structural material to another,
and are to be given in the relevant execution standards.

B6 Partial factors for resistance properties

(1) A partial factor for a material or product property or a member resistance may be
reduced if an inspection class higher than that required according to Table B5 and/or more
severe requirements are used.

NOTE For verifying efficiency by testing see section 5 and Annex D.
NOTE Rules for various materials may be given or referenced in EN 1992 to EN 1999.
NOTE Such a reduction, which allows for example for model uncertainties and dimensional variation, is

not a reliability differentiation measure : it is only a compensating measure in order to keep the reliability
level dependent on the efficiency of the control measures.
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Annex C
(informative)
Basis for Partial Factor Design and Reliability Analysis

C1 Scope and Field of Applications

(1) This annex provides information and theoretical background to the partial factor
method described in Section 6 and annex A. This Annex also provides the background
to annex D, and is relevant to the contents of annex B.

(2) This annex also provides information on

— the structural reliability methods ;

— the application of the reliability-based method to determine by calibration design
values and/or partial factors in the design expressions ;

— the design verification formats in the Eurocodes.
C2 Symbols
In this annex the following symbols apply.

Latin upper case letters

Ps Failure probability
Prob() Probability
Ps survival probability

Latin lower case letters

a geometrical property
g performance function

Greek upper case letters
1)) cumulative distribution function of the standardised Normal distribution

Greek lower case letters

o FORM (First Order Reliability Method) sensitivity factor for effects of
actions

oR FORM (First Order Reliability Method) sensitivity factor for resistance

B reliability index

2] model uncertainty

Mx mean value oK
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Oox standard deviation of
Vx coefficient of variation oKX

C3 Introduction

(1) In the partial factor method the basic variables &céions, resistances and geomet-
rical properties) through the use of partial factors anfactors are given design values,
and a verification made to ensure that no relevant limit state has been exceeded. See C7.

NOTE Section 6 describes the design values for actions and the effects of actions, and design values of
material and product properties and geometrical data.

(2) In principle numerical values for partial factors amdiactors can be determined in
either of two ways :

a) On the basis of calibration to a long experience of building tradition.

NOTE For most of the partial factors and thdactors proposed in the currently available Eurocodes this
is the leading Principle.

b) On the basis of statistical evaluation of experimental data and field observations.
(This should be carried out within the framework of a probabilistic reliability the-

ory.)

(3) When using method 2b), either on its own or in combination with method 2a), ulti-

mate limit states partial factors for different materials and actions should be calibrated
such that the reliability levels foepresentative structures are as close as possible to the
target reliability index. See C6.

C4 Overview of reliability methods

(1) Figure C1 presents a diagrammatic overview of the various methods available for
calibration of partial factor (limit states) design equations and the relation between
them.

(2) The probabilistic calibration procedures for partial factors can be subdivided into
two main classes :

— full probabilistic methods (Levell), and

— first order reliability methods (FORM) (Level Il).

NOTE 1 Full probabilistic methods (Level 1) give in principle correct answers to the reliability problem
as stated. Level lll methods are seldom used in the calibration of design codes because of the frequent
lack of statistical data.

NOTE 2 The level Il methods make use of certain well defined approximations and lead to results which
for most structural applications can be considered sufficiently accurate.

(3) In both the Level Il and Level Il medds the measure of reliability should be identi-
fied with the survival probability’s= (1 - Ps), wherePs is the failure probability for the
considered failure mode and within an appropriate reference period. If the calculated
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failure probability is larger than a pre-set target vdtgethen the structure should be
considered to be unsafe.

NOTE The ‘probability of failure’ and its corresponding reliability index (see C5) are only notional val-
ues that do not necessarily represent the actual failure rates but are used as operational values for code
calibration purposes and comparison of reliability levels of structures.

(4) The Eurocodes have been primarily based on metlisee Figure C1). Methazlor
equivalent methods have been used for further development of the Eurocodes.

NOTE An example of an equivalent method is design assisted by testing (see annex D).

Deterministic methods Probabilistic methods

FORM
(Level 1)

Full probabilistic
(Level 111)

Historical methods

Empirical methods all

v v v
| Calibration | | Calibration | | Calibration |

A 4
Semi-probabilistic
methods
(Level 1)

Methodc

Partial factor | Methodb

design

Methoda

Figure C1 - Overview of reliability methods

C5 Reliability index g

(1) In the Level Il procedures, an alternative measure of reliability is conventionally de-
fined by the reliability index3 which is related t®; by :

Pt = ®(-4) (C.1)

where @ is the cumulative distribution function of the standardised Normal distribution.
The relation betweew andg is given in Table C1.

Table C1 - Relation betweeng and P,
P; 10" 10° 10° 10* 10° 10° 10'
i 1,28 2,32 3,09 3,72 4,27 4,75 5,20

(2) The probability of failurd’ can be expressed through a performance fungtsurch

that a structure is considered to survivg ¥ 0 and to fail ilg< 0 :

64




EN 1990:2002 (E)
Pr = Probg < 0) (C.2a)
If Ris the resistance artfithe effect of actions, the performance functgas :
g=R-E (C.2b)
with R, E andg random variables.

(3) If gis Normally distributedf is taken as :
_Hg

B (C.2c)
%g

where :

Mg is the mean value @f, and

Oy is its standard deviation,

so that :

Hg — fog=0 (C.2d)

and

Ps = Prol(g < 0) = Prol(g < g - o) (C.2e)

For other distributions of g7 is only a conventional measure of the reliability
Ps= (1 -Py).

C6 Target values of reliability indexf

(1) Target values for the reliability indgxfor various design situations, and for refer-
ence periods of 1 year and 50 years, are indicated in Table C2. The vaiiesTaible

C2 correspond to levels of safety for reliability class RC2 (see Annex B) structural
members.

NOTE 1 For these evaluations ©f

— Lognormal or Weibull distributions have usually been used for material and structural resistance pa-
rameters and model uncertainties ;

— Normal distributions have usually been used for self-weight ;

— For simplicity, when considering non-fatigue verifications, Normal distributions have been used for
variable actions. Extreme value distributions would be more appropriate.

NOTE 2 When the main uncertainty comes from actions that have statistically independent maxima in
each year, the values gffor a different reference period can be calculated using the following expression
®(fn) =[@(p)]" (C3)
where :

Bn is the reliability index for a reference period of n years,
B1 is the reliability index for one year.
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Table C2 - Target reliability index gfor Class RC2 structural members”

Limit state Target reliability index

1 year 50 years
Ultimate 4,7 3,8
Fatigue 1,5t0 3,8
Serviceability (irreversible) 2,9 15
Y See Annex B
2 Depends on degree of inspectability, reparability and damage tolerance.

(2) The actual frequency of failure is significantly dependent upon human error, which
are not considered in partial factor design (See Annex B). Flues not necessarily
provide an indication of the actual frequency of structural failure.

C7 Approach for calibration of design values

(1) In the design value method of reliability verification (see Figure C1), design values
need to be defined for all the basic variables. A design is considered to be sufficient if
the limit states are not reached when the design values are introduced into the analysis
models. In symbolic notation this is expressed as :

Eqa<Ry (C.4)

where the subscript” refers to design values. This is the practical way to ensure that
the reliability indexg is equal to or larger than the target value.

EqandRy can be expressed in partly symbolic form as :

Ed = E{Fdl, Fdz, ...ad1y, Ag2, ... t9d;|_, t9d2, } (C5a)
Ry = R{Xa1, Xa2, ... 841, 8d2, ... G41, G2, ...} (C.5b)
where :

E is the action effect :

R is the resistance

F iS an action ;

X Is a material property ;

a is a geometrical property ;

0 is a model uncertainty.

For particular limit statese(g.fatigue) a more general formulation may be necessary to
express a limit state.
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Figure C2 - Design point and reliability indexg
according to the first order reliability method (FORM) for Normally distributed
uncorrelated variables

(2) Design values should be based on the values of the basic variables at the FORM de-
sign point, which can be defined as the point on the failure sudac®) closest to the
average point in the space of normalised variables (as diagrammatically indicated in
Figure C2).

(3) The design values of action effeEgsand resistanced’; should be defined such that
the probability of having a more unfavourable value is as follows :

P(E>Eq) = @ (+aep) (C.6a)
P(R<Ry) =@ (-arp) (C.6b)
where :

Ais the target reliability index (see C6).
oe andag, with o< 1, are the values of the FORM sensitivity factors. The value of
a is negative for unfavourable actions and action effects, and positive for resis-
tances.

ae andor may be taken as - 0,7 and 0,8, respectively, provided

0,16 <oglor < 7,6 (C?)

where or andog are the standard deviations of the action effect and resistance, respec-
tively, in expressions (C.6a) and (C.6b). This gives :

P(E>Eq) = &-0,75) (C.8a)
P(R<Rq) = &(-0,80) (C.8b)
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(4) Where condition (C.7) is not satisfied= + 1,0 should be used for the variable with
the larger standard deviation, and= £ 0,4 for the variable with the smaller standard
deviation.

(5) When the action model contains several basic variables, expression (C.8a) should be
used for the leading variable only. For the accompanying actions the design values may
be defined by :

P (E > Egy) = @(-0,4x0,7<f) = @ (-0,285) (C.9

NOTE Forg = 3,8 the values defined by expression (C.9) correspond approximately to the 0,90 fractile.

(6) The expressions provided in Table C3 should be used for deriving the design values
of variables with the given probability distribution.

Table C3 - Design values for various distribution functions

Distribution Design values
Normal U—afo
Lognormal uexpaepV) for V=olu<0,2
Gumbel u- é In{- In D (-c )}
0,577 Vs
whereu=p-——; a=——FH
i o6

NOTE In these expressioms o andV are, respectively, the mean value, the standard deviation and the
coefficient of variation of a given variable. For variable actions, these should be based on the same refer-
ence period as fgf.

(7) One method of obtaining the relevant partial factor is to divide the design value of a
variable action by its representative or characteristic value.

C8 Reliability verification formats in Eurocodes

(1) In EN 1990 to EN 1999, the design valoéshe basic variables(y andFq4, are usu-
ally not introduced directly into the partial factor design equations. They are introduced
in terms of their representative valugs, andFe, which may be :

— characteristic values, i.@alues with a prescribed or intended probability of being
exceeded, e.g. for actions, material properties and geometrical properties (see
1.5.3.14,1.5.4.1 and 1.5.5.1, respectively) ;

— nominal values, which are treated as characteristic values for material properties (see
1.5.4.3) and as design values for geometrical properties (see 1.5.5.2).

(2) The representative valuggs, andFe, should be divided and/or multiplied, respec-
tively, by the appropriate partial factors to obtain the design vXluasdFg.

NOTE See also expression (C.10).

68



EN 1990:2002 (E)

(3) Design values of actiorfs, material propertieX and geometrical propertiesare
given in expressions (6.1), (6.3) and (6.4), respectively.

Where an upper value for design resistance is used (see 6.3.3), the expression (6.3) takes
the form :

Xda =1 ym Xisup (C.10)
whereuy is an appropriate factor greater than 1.
NOTE Expression (C.10) may be used for capacity design.

(4) Design values for model uncertainties may be incorporated into the design expres-
sions through the partial factors; andyrq applied on the total model, such that :

Eq = J/SdE{J/ngkjiﬂ/pPi 7 Qs 7quOiQki;ad---} (C.11)

Ry = RUiXi/ymiag--4/7rd (C.12)
(5) The coefficienty which takes account of reductions in the design values of variable
actions, is applied ago, w1 or y» to simultaneously occurring, accompanying variable

actions.

(6) The following simplifications may be made to expression (C.11) and (C.12), when
required.

a) On the loading side (for a single action or where linearity of action effects exists) :
Ed = E{,iF rep.» ad} (C.13)
b) On the resistance side the general format is given in expressions (6.6), and further

simplifications may be given in the relevant material Eurocode. The simplifications
should only be made if the level of reliability is not reduced.

NOTE Non-linear resistance and actions models, and multi-variable action or resistance models, are
commonly encountered in Eurocodes. In such instances, the above relations become more complex.

C9 Partial factors in EN 1990

(1) The different partial factors available in EN 1990 are defined in 1.6.

(2) The relation between individual partial factors in Eurocodes is schematically shown
Figure C3.
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Uncertainty in representative values |
of actions N

Model uncertainty in actions and >
action effects Ysd
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Uncertainty in material properties L 5
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Figure C3 - Relation between individual partial factors

C10 y, factors

(1) Table C4 gives expressions for obtaining glaéactors (see Section 6) in the case of
two variable actions.

(2) The expressions in Table C4 have been derived by using the following assumptions
and conditions :

the two actions to be combined are independent of each other ;

the basic periodTf or T,) for each action is constant; is the greater basic period ;

the action values within respective basic periods are constant ;

the intensities of an action within basic periods are uncorrelated ;

— the two actions belong to ergodic processes.

(3) The distribution functions in Table C4 refer to the maxima within the reference pe-
riod T. These distribution functions are total functions which consider the probability
that an action value is zero during certain periods.
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Table C4 - Expressions fony, for the case of two variable actions

Distribution Wo = I:accompanyinq/ Fleading
General Fs_l{@ 047) Nl\}

R pO7p™N |

with 8'= -0 Hd(-0,78)/ Ny}

Approximation for very largé; Fs_l{exd— N;® (-0 4ﬂ-)]}

FsHo075)]
with 8'= -0~ Hd(-0,78)/ Ny}
Normal (approximation) 1+(0,288 -0,7In Ny V
1+ 0,7V
Gumbel (approximation) 1-0,78v[0,58+ In(~ In®(0,284)) + In N4 |

1-0,78V[0,58+ In(- In®(0,7.))]

F«(.) is the probability distribution function of the extreme value of the accompanyin
tion in the reference period,;

d(.) is the standard Normal distribution function ;

T is the reference period ;

T, is the greater of the basic periods for actions to be combined ;

N, is the ratiol/T;, approximated to the nearest integer ;

/is the reliability index ;

) ac-

\V is the coefficient of variation of the accompanying action for the reference period.
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Annex D
(informative)
Design assisted by testing

D1 Scope and field of application
(1) This annex provides guidance on 3.4, 4.2 and 5.2.

(2) This annex is not intended to replace acceptance rules given in harmonised European
product specifications, other product specifications or execution standards.

D2 Symbols
In this annex, the following symbols apply.
Latin upper case letters

E() Mean value of (.)

Coefficient of variationY = (standard deviatiommean value)]

Coefficient of variation oK

Estimator for the coefficient of variation of the error tefm

Array of j basic variables(; ... X

Characteristic value, including statistical uncertainty for a sample ohsize
with any conversion factor excluded

Array of mean values of the basic variables

Array of nominal values of the basic variables

<5<

X IX

i

Latin lower case letters

b Correction factor

b; Correction factor for test specimen

g, (X) Resistance function (of the basic variatfg¢sised as the design model

Kan Design fractile factor

Kn Characteristic fractile factor

8% Mean of then sample results

n Number of experiments or numerical test results

r Resistance value

rg Design value of the resistance

le Experimental resistance value

lee Extreme (maximum or minimum) value of the experimental resistance [i.e
value ofr that deviates most from the mean valyg]

e Experimental resistance for specimen

lem Mean value of the experimental resistance

Iy Characteristic value of the resistance

M Resistance value calculated using the mean valyes the basic variables

M Nominal value of the resistance
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re Theoretical resistance determined from the resistance furgtiog)

It Theoretical resistance determined using the measured param¥eters
specimen

S Estimated value of the standard deviatton

Sh Estimated value ob,

S Estimated value ob;

Greek upper case letters

1)) Cumulative distribution function of the standardised Normal distribution
A Logarithm of the error termd  [Ai = In(4)]
A Estimated value foE(A)

Greek lower case letters

o FORM (First Order Reliability Method) sensitivity factor for effects of
actions

oR FORM (First Order Reliability Method) sensitivity factor for resistance

B Reliability index

m* Corrected partial factor for resistanceg{ =rn/r¢ SO m* = ke sl

o Error term

O Observed error term for test specimerobtained from a comparison of the
experimental resistances; and the mean value corrected theoretical
resistancebr;

nd Design value of the possible conversion factor (so far as is not included in
partial factor for resistanceg)

K Reduction factor applicable in the case of prior knowledge

o Standard deviation of = +/varianceg

o’ Variance of the term\

D3 Types of tests

(1) A distinction needs to be made between the following types of tests :

a) tests to establish directly the ultimate resistance or serviceability properties of struc-
tures or structural members for given loading conditions. Such tests can be performed,

for example, for fatigue loads or impact loads ;

b) tests to obtain specific material properties using specified testing procedures ; for
instance, ground testing in situ or in the laboratory, or the testing of new materials ;

C) tests to reduce uncertainties in parameters in load or load effect models; for instance,
by wind tunnel testing, or in tests to identify actions from waves or currents ;

d) tests to reduce uncertainties in parameters used in resistance models ; for instance, by

testing structural members or assemblies of structural menggreopf or floor struc-
tures) ;
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e) control tests to check the identity or quality of delivered products or the consistency
of production characteristics ; for instance, testing of cables for bridges, or concrete
cube testing ;

f) tests carried out during execution in order to obtain information needed for part of the
execution ; for instance, testing of pile resistance, testing of cable forces during execu-
tion ;

g) control tests to check the behaviour of an actual structure or of structural members
after completione.g.to find the elastic deflection, vibrational frequencies or damping ;

(2) For test types (a), (b), (c), (d), the design values to be used should wherever practicable
be derived from the test results by applying accepted statistical techniques. See D5 to D8.

NOTE Special techniques might be needed in order to evaluate type (c) test results.

(3) Test types (e), (), (g) may be considered as acceptance tests where no test results are
available at the time of design. Design values should be conservative estimates which are
expected to be able to meet the acceptance criteria (tests (e), (), (g)) at a later stage.

D4 Planning of tests

(1) Prior to the carrying out of tests, a test plan should be agreed with the testing organi-
sation. This plan should contain the objectives of the test and all specifications neces-
sary for the selection or production of the test specimens, the execution of the tests and
the test evaluation. The test plan should cover :

— objectives and scope,

— prediction of test results,

— specification of test specimens and sampling,

— loading specifications,

— testing arrangement,

— measurements,

— evaluation and reporting of the tests.

Objectives and scopeThe objective of the tests should be clearly staeagl the re-

quired properties, the influence of certain design parameters varied during the test and
the range of validity. Limitations of the test and required conversmgsscaling ef-

fects) should be specified.

Prediction of test results All properties and circumstances that can influence the pre-

diction of test results should be taken into account, including :

— geometrical parameters and their variability,

— geometrical imperfections,

— material properties,

— parameters influenced by fabrication and execution procedures,

— scale effects of environmental conditions taking into account, if relevant, any se-
guencing.
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The expected modes of failure and/or calculation models, together with the correspond-
ing variables should be described. If there is a significant doubt about which failure
modes might be critical, then the test plan should be developed on the basis of accom-
panying pilot tests.

NOTE Attention needs to be given to the fact that a structural member can possess a number of funda-
mentally different failure modes.

Specification of test specimen and samplinfest specimens should be specified, or
obtained by sampling, in such a way as to represent the conditions of the real structure.

Factors to be taken into account include :
— dimensions and tolerances,

— material and fabrication of prototypes,
— number of test specimens,

— sampling procedures,

— restraints.

The objective of the sampling procedure should be to obtain a statistically representative
sample.

Attention should be drawn to any difference between the test specimens and the product
population that could influence the test results.

Loading specifications The loading and environmental conditions to be specified for
the test should include :

— loading points,

— loading history,

— restraints,

— temperatures,

— relative humidity,

— loading by deformation or force control, etc.

Load sequencing should be selected to represent the anticipated use of the structural
member, under both normal and severe conditions of use. Interactions between the

structural response and the apparatus used to apply the load should be taken into account
where relevant.

Where structural behaviour depends upon the effects of one or more actions that will not
be varied systematically, then those effects should be specified by their representative
values.

Testing arrangement The test equipment should be relevant for the type of tests and
the expected range of measurements. Special attention should be given to measures to
obtain sufficient strength and stiffness of the loading and supporting rigs, and clearance
for deflections, etc.

MeasurementsPrior to the testing, all relevant properties to be measured for each indi-
vidual test specimen should be listed. Additionally a list should be made :
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a) of measurement-locations,

b) of procedures for recording results, including if relevant :
— time histories of displacements,
— velocities,
— accelerations,
— strains,
— forces and pressures,
— required frequency,
— accuracy of measurements, and
— appropriate measuring devices.

Evaluation and reporting the testFor specific guidance, see D5 to D8. Any Standards
on which the tests are based should be reported.

D5 Derivation of design values

(1) The derivation from tests of the design values for a material property, a model
parameter or a resistance should be carried out in one of the following ways :

a) by assessing a characteristic value, which is then divided by a partial factor and
possibly multiplied if necessary by an explicit conversion factor (see D7.2 and D8.2) ;

b) by direct determination of the design value, implicitly or explicitly accounting for the
conversion of results and the total reliability required (see D7.3 and D8.3).

NOTE In general method a) is to be preferred provided the value of the partial factor is determined from the
normal design procedure (see (3) below).

(2) The derivation of a characteristic value from tests (Method (a)) should take into
account :

a) the scatter of test data ;

b) statistical uncertainty associated with the number of tests ;

c) prior statistical knowledge.

(3) The partial factor to be applied to a characteristic value should be taken from the
appropriate Eurocode provided there is sufficient similarity between the tests and the usual
field of application of the partial factor as used in numerical verifications.

(4) If the response of the structure or structural member or the resistance of the material
depends on influences not sufficiently covered by the tests such as :

— time and duration effects,

— scale and size effects,

different environmental, loading and boundary conditions,

— resistance effects,

then the calculation model should take such influences into account as appropriate.

(5) In special cases where the method given in D5(1)b) is used, the following should be
taken into account when determining design values :
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the relevant limit states ;

the required level of reliability ;

compatibility with the assumptions relevant to the actions side in expression (C.8a) ;
where appropriate, the required design working life ;

prior knowledge from similar cases.

NOTE Further information may be found in D6, D7 and D8.

D6 General principles for statistical evaluations

(1) When evaluating test results, the behaviour of test specimens and failure modes
should be compared with theoretical predictions. When significant deviations from a
prediction occur, an explanation should be sought : this might involve additional testing,
perhaps under different conditions, or modification of the theoretical model.

(2) The evaluation of test results should be based on statistical methods, with the use of

available (statistical) information about the type of distribution to be used and its associ-

ated parameters. The methods given in this Annex may be used only when the following

conditions are satisfied :

— the statistical data (including prior information) are taken from identified populations
which are sufficiently homogeneous ; and

— a sufficient number of observations is available.

NOTE At the level of interpretation of tests results, three main categories can be distinguished :

— where one test only (or very few tests) is (are) performed, no classical statistical interpretation is pos-
sible. Only the use of extensive prior information associated with hypotheses about the relative degrees
of importance of this information and of the test results, make it possible to present an interpretation as
statistical (Bayesian procedures, see 1SO 12491) ;

— if alarger series of tests is performed to evaluate a parameter, a classical statistical interpretation might
be possible. The commoner cases are treated, as examples, in D7. This interpretation will still need to
use some prior information about the parameter ; however, this will normally be less than above.

— when a series of tests is carried out in order to calibrate a model (as a function) and one or more asso-
ciated parameters, a classical statistical interpretation is possible.

(3) The result of a test evaluation should be considered valid only for the specifications
and load characteristics considered in the tests. If the results are to be extrapolated to
cover other design parameters and loading, additional information from previous tests or
from theoretical bases should be used.

D7 Statistical determination of a single property

D7.1 General

(1) This clause gives working expressions for deriving design values from test types (a)
and (b) of D3(3) for a single property (for example, a strength) when using evaluation

methods (a) and (b) of D5(1).

NOTE The expressions presented here, which use Bayesian procedures with “vague” prior distributions, lead
to almost the same results as classical statistics with confidence levels equal to 0,75.
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(2) The single propertX may represent
a) aresistance of a product,
b) a property contributing to the resistance of a product.

(3) In case a) the procedure D7.2 and D7.3 can be applied directly to determine charac-
teristic or design or partial factor values.

(4) In case b) it should be considered that the design value of the resistance should also
include :

- the effects of other properties,

- the model uncertainty,

- other effects (scaling, volume, etc.)

(5) The tables and expressions in D7.2 and D7.3 are based on the following assump-

tions:

— all variables follow either a Normal or a log-normal distribution ;

— there is no prior knowledge about the value of the mean ;

— for the case Vx unknown", there is no prior knowledge about the coefficient of
variation ;

— for the caseVyx known", there is full knowledge of the coefficient of variation.

NOTE Adopting a log-normal distribution for certain variables has the advantage that no negative values
can occur as for example for geometrical and resistance variables.

In practice, it is often preferable to use the cadsekhown" together with a conservative
upper estimate o¥y, rather than to apply the rules given for the caseunknown".
MoreoverVy , when unknown, should be assumed to be not smaller than 0,10.

D7.2 Assessment via the characteristic value

(1) The design value of a propeXyshould be found by using :
X
SURE LAY CE

Xd= 1y
m ’m

where :

14 IS the design value of the conversion factor.

NOTE The assessment of the relevant conversion factor is strongly dependent on the type of test and the
type of material.

The value ok, can be found from Table D1.
(2) When using table D1, one of two cases should be considered as follows.

— The row Vx known" should be used if the coefficient of variatidi, or a realistic
upper bound of it, is known from prior knowledge.
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NOTE Prior knowledge might come from the evaluation of previous tests in comparable situations. What
is ‘comparable’ needs to be determined by engineering judgement (see D7.1(3)).

— The row Vx unknown" should be used if the coefficient of variatignis not known
from prior knowledge and so needs to be estimated from the sample as :

1
5= EZ(” -y )° (D.2)
Vx=sx /! my (D.3)

(3) The partial factor, should be selected according to the field of application of the
test results.

Table D1 : Values ofk, for the 5% characteristic value

n 1 2 3 4 5 6 8 10 20 30| o
Vx known| 2,31 2,01 189 188 180 1,47 1,74 172 168 1,67 1,64
Vi - - 337 | 263 2,33 2,18 200 19 1,46 1,3 164
unknown

NOTE 1 This table is based on the Normal distribution.
NOTE 2 With a log-normal distribution expression (D.1) becomes :

X4 = n—dexp[my - knsy]
7m
where :

my =%Zln(xi)

If Vi is known from prior knowledges,, :wlln(\/f +1) =Vy

If Vi is unknown from prior knowledgesy, = \/ni_lZ(ln X — my)2
D7.3 Direct assessment of the design value for ULS verifications
(1) The design valu¥y for X should be found by using :
Xd=ngmx {1-kgnVx} (D.4)
In this caseyy should cover all uncertainties not covered by the tests.

(2) kg n should be obtained from table D2.

Table D2 - Values oky , for the ULS design value.

n 1 2 3 4 5 6 8 10 20 30| w
Vx known| 4,36 3,771 354 344 337 333 327 323 316 313 3,04
Vx - - - 11,40| 7,85 6,360 501 451 364 344 304
unknown
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NOTE 1 This table is based on the assumption that the design value corresponds to acpRoduct
0,8x3,8 = 3,04 (see annex C) and tkais Normally distributed. This gives a probability of observing a
lower value of about 0,1 %.

NOTE 2 With a log-normal distribution, expression (D.4) becomes :
Xd =14 exd_my - denSyJ

D8 Statistical determination of resistance models

D8.1 General

(1) This clause is mainly intended to define procedures (methods) for calibrating resis-
tance models and for deriving design values from tests type d) (see D3(1)). Use will be
made of available prior information (knowledge or assumptions).

(2) Based on the observation of actual behaviour in tests and on theoretical considerations,
a “design model” should be developed, leading to the derivation of a resistance function.
The validity of this model should be then checked by means of a statistical interpretation
of all available test data. If necessary the design model is then adjusted until sufficient
correlation is achieved between the theoretical values and the test data.

(3) Deviation in the predictions obtained by using the design model should also be
determined from the tests. This deviation will need to be combined with the deviations of
the other variables in the resistance function in order to obtain an overall indication of
deviation. These other variables include :

— deviation in material strength and stiffness ;

— deviation in geometrical properties.

(4) The characteristic resistance should be determined by taking account of the deviations
of all the variables.

(5) In D5(1) two different methods are distinguished. These methods are given in D8.2
and D8.3 respectively. Additionally, some possible simplifications are given in D8.4.

These methods are presented as a number of discrete steps and some assumptions re-
garding the test population are made and explained ; these assumptions are to be consid-
ered to be no more than recommendations covering some of the commoner cases.

D8.2 Standard evaluation procedure (Method (a))

D8.2.1 General

(1) For the standard evaluation procedure the following assumptions are made :

a) the resistance function is a function of a number of independent vadables

b) a sufficient number of test results is available ;

c) all relevant geometrical and material properties are measured ;

d) there is no correlation (statistical dependence) between the variables in the resistance
function ;

e) all variables follow either a Normal or a log-normal distribution.
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NOTE Adopting a log-normal distribution for a variable has the advantage that no negative values can
occur.

(2) The standard procedure for method D5(1)a) comprises the seven steps given in
D8.2.2.1to D8.2.2.7.

D8.2.2 Standard procedure
D8.2.2.1 Step 1 : Develop a design model

(1) Develop a design model for the theoretical resistamcef the member or structural
detail considered, represented by the resistance function :

= 00 ©9)

(2) The resistance function should cover all relevant basic variélthed affect the resis-
tance at the relevant limit state.

(3) All basic parameters should be measured for each test spediassumption (c) in
D8.2.1) and should be available for use in the evaluation.

D8.2.2.2 Step 2 : Compare experimental and theoretical values
(1) Substitute the actual measured properties into the resistance function so as to obtain
theoretical valuesry; to form the basis of a comparison with the experimental values

from the tests.

(2) The points representing pairs of corresponding valugs¢() should be plotted on a
diagram, as indicated in figure D1.

A

g -

pa r, =br,

Ly

Figure D1 - re - 1y diagram

(3) If the resistance function is exact and complete, then all of the points will lie on the line
0 = r/4. In practice the points will show some scatter, but the causes of any systematic

deviation from that line should be investigated to check whether this indicates errors in the
test procedures or in the resistance function.
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D8.2.2.3 Step 3 : Estimate the mean value correction factor

(1) Represent the probabilistic model of the resistanae the format :

r=>bro (D.6)

where :

b IS the “Least Squares” best-fit to the slope, givertnlayzLe;t (D.7)
2l

(2) The mean value of the theoretical resistance function, calculated using the mean values
Xm Of the basic variables, can be obtained from :

rm=br(X,)o=bgt(Xm)d (D.8)
D8.2.2.4 Step 4 : Estimate the coefficient of variation of the errors

(1) The error ternd for each experimental valug should be determined from expression
(D.9):

r.
o =—CEL D.9
v (0.9)

(2) From the values ob an estimated value fovs should be determined by defining :
Ai=In(s) (D.10)

(3) The estimated valug for E(A) should be obtained from :
A= 124 (D.11)
niza

(4) The estimated valus\® for o,°> should be obtained from :

2 1 2 ~\2
SA Zmigl(Ai —A) (DlZ)

(5) The expression :
Vs =+/exp@s) -1 (D.13)
may be used as the coefficient of variatigrof the s error terms.

D8.2.2.5 Step 5 : Analyse compatibility

(1) The compatibility of the test population with the assumptions made in the resistance
function should be analysed.

(2) If the scatter of therf, ry) values is too high to give economical design resistance
functions, this scatter may be reduced in one of the following ways :
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a) by correcting the design model to take into account parameters which had previously
been ignored ;

b) by modifyingb andV; by dividing the total test population into appropriate sub-sets
for which the influence of such additional parameters may be considered to be con-
stant.

(3) To determine which parameters have most influence on the scatter, the test results may
be split into subsets with respect to these parameters.

NOTE The purpose is to improve the resistance function per sub-set by analysing each subset using the
standard procedure. The disadvantage of splitting the test results into sub-sets is that the number of test
results in each sub-set can become very small.

(4) When determining the fractile factd¢s(see step 7), thig, value for the sub-sets may
be determined on the basis of the total number of the tests in the original series.

NOTE Attention is drawn to the fact that the frequency distribution for resistance can be better described
by a bi-modal or a multi-modal function. Special approximation techniques can be used to transform these
functions into a uni-modal distribution.

D8.2.2.6 Step 6 : Determine the coefficients of varia¥igrof the basic variables

(2) If it can be shown that the test population is fully representative of the variation in re-
ality, then the coefficients of variatidry; of the basic variables in the resistance function
may be determined from the test data. However, since this is not generally the case, the
coefficients of variatiorVy; will normally need to be determined on the basis of some
prior knowledge.

D8.2.2.7 Step 7 : Determine the characteristic valuef the resistance

(2) If the resistance function fgr basic variables is a product function of the form :

r :brt§: b{X]_X X5 XJ}§

the mean valuds(r) may be obtained from :

E(r) = b{E(X) x E(X) ... E(X) } = b gr (Xim) (D.14a)

and the coefficient of variatioW, may be obtained from the product function :

vg:@§+glﬁ§&rmj—1 (D.14b)

(2) Alternatively, for small values o¥s*> and Vy? the following approximation for;
may be used :
V2 =VZ+V72 D.15

r =Vs rt (D.15a)

with :
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j
Vi = Vi (D.15b)

(3) If the resistance function is a more complex function of the form :
r=brio=bg:(Xy, ... %) 0
the mean valud=(r) may be obtained from :

E(r) = bgr (E(Xy), ..., E(X)) = b gn(Xm) (D.16a)

and the coefficient of variatioW,; may be obtained from :

i 2

J

Vit :VAljgrt (l)]; > ~—x Z (agrt Ji] (D.16b)
grt(lm) grt(Xm) i=1 8Xi

(4) If the number of tests is limited (say 100) allowance should be made in the distri-
bution of A for statistical uncertainties. The distribution should be considered as a central
t-distribution with the parametera , V, andn.

(5) In this case the characteristic resistanceshould be obtained from :

M = b gt (Xm) €XP(-Ke it Q- kn 5 Qs - 0,5Q7) (D.17)

with :

Qrt =0In(rt) =+ |n§r% +1 ) (D.18a)
Qs = Tings) =4 In (752 +1) (D.18b)

Q=0jn(r) =Nl +1 (D.18c)

oy =2 (D.19a)
Q

o5 =20 (D.19b)
Q

where :

ks is the characteristic fractile factor from table D1 for the &gsanknown ;

Koo is the value ok, for n—»> o [k,=1,64];
Ot Is the weighting factor foQy
s is the weighting factor foQs

NOTE The value olV; is to be estimated from the test sample under consideration.

(6) If a large number of tests tn100) is available, the characteristic resistanamay
be obtained from :
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Ne= b g (Xm) exp(-k. Q- 0,5Q") (D.20)
D8.3 Standard evaluation procedure (Method (b))

(1) In this case the procedure is the same as in D8.2, excepted that step 7 is adapted by
replacing the characteristic fractile fact@rby the design fractile factdg , equal to the
productarp assessed at 0;83,8 = 3,04 as commonly accepted (see Annex C) to obtain

the design valuey of the resistance.

(2) For the case of a limited number of tests the design valshould be obtained from :
ra = bg (Xm) €XP(Kaw it Qrt - Kan a5 Qs '0,5Q2) (D.21)
where :

kan is the design fractile factor from table D2 for the cagetinknown” ;
Kio IS the value okynfor n— oo [ky. = 3,04].

NOTE The value olV; is to be estimated from the test sample under consideration.

(2) For the case of a large number of tests the design valogay be obtained from :

Fa= g (Xim) exp(-kux Q - 0,5Q°%) (D.22)

D8.4 Use of additional prior knowledge

(2) If the validity of the resistance functianm and an upper bound (conservative estimate)

for the coefficient of variatioW, are already known from a significant number of previous
tests, the following simplified procedure may be adopted when further tests are carried out.

(2) If only one further test is carried out, the characteristic vajuenay be determined
from the resultre of this test by applying :

Ne=1xrle (D.23)

where :

T Is a reduction factor applicable in the case of prior knowledge that may be obtained
from :

1« = 0,9exp(2,31V, — 0,5V,?) (D.24)

where :

Vi is the maximum coefficient of variation observed in previous tests.

(3) If two or three further tests are carried out, the characteristic valuaay be deter-
mined from the mean valug, of the test results by applying :
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N'e= 7k rem (D.25)

where :

T Is a reduction factor applicable in the case of prior knowledge that may be obtained
from :

1 = expE 2,0V, — 0,5V/?) (D.26)

where :

Vi is the maximum coefficient of variation observed in previous tests.

provided that each extreme (maximum or minimum) valyesatisfies the condition :
fee = Tem <0,10rem (D.27)

(4) The values of the coefficient of variatidfy given in table D3 may be assumed for the
types of failure to be specified.{.in the relevant design Eurocode), leading to the listed
values of 7 according to expressions (D.24) and (D.26).

Table D3 - Reduction factor 7

Coefficient of Reduction factorz
variation V,
For 1 test For 2 or 3 tests
0,05 0,80 0,90
0,11 0,70 0,80
0,17 0,60 0,70
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Introduction a I’Annexe Nationale

La présente norme NBN EN 1990-ANB: 2004 est I’ Annexe Nationale - Nationale Bijlage (ANB)
définissant les conditions d'application en Belgique de la norme NBN EN 1990:2002.

Cette ANB a été préparée par la Commission E250 de I'IBN.

Cette ANB fournit les éléments suivants :

- Laprésente introduction qui précise la procédure d'implantation de 'EN 1990 ;

- les "parametres déterminés nationalement” (en Anglais NDP) pour les clauses de 1’ Annexe
A1 de I'EN 1990 pour lesquelles est prévu un choix national ;

- les conditions d'emploi des éléments informatifs de la NBN EN 1990:2002, en particulier les
Annexes informatives B, C et D.

L’Annexe Nationale sera complétée au fur et a mesure de la publication des autres parties
normatives de I’Annexe A de I'EN 1990, a savoir :

- 1'Annexe A2 : application pour les ponts ;

- I'Annexe A3 : application pour les tours, mats et cheminées ;

- I'Annexe A4 : application pour les silos et citernes ;

- I'Annexe AS : application pour les effets de grues et machines.

Pour respecter les régles du CEN et les besoins de la normalisation en Belgique, cette Annexe
Nationale remplit une double fonction auprés de 1'IBN :

e d'une part comme partie intégrée a la publication de 1'Eurocode 0 par BN comme
norme NBN EN 1990 :2002, au sein de laquelle cette annexe a un caractére informatif
conformément aux régles du CEN;

e d'autre part comme norme nationale distincte NBN EN 1990-ANB:2004, ce qui donne a
ses prescriptions - et notamment aux parameétres déterminés nationalement - un caractére
normatif pour la Belgique.

Dans la présente norme, le terme "client" désigne le maitre de 1’ouvrage assisté de ses bureaux
d’études et consultants.

L'utilisation de la NBN EN 1990:2002 pour les ouvrages, est prévue en I’associant avec
I'ensemble des Eurocodes (normes NBN EN 1991 a NBN EN 1999), avec leur ANB.

En attendant la publication compléte de ces EN, chaque projet individuel définira, lorsqu’il y a
lieu, les prescriptions manquantes.

Si I’EN existe sans son ANB correspondante, chaque projet individuel définira les valeurs des
paramétres déterminés nationalement.

La "durée d'utilisation de projet" définie dans cette norme (Tableau 2.1 ANB) est une notion
associ¢e a la conception et au calcul (pour le choix de valeurs représentatives des actions, le
calcul des propriétés de matériaux en fatigue, etc.), sans aucune portée juridique.

Lorsque cette durée est prise en compte, les régles de conception permettent de donner une
présomption de fiabilité¢ de 'ouvrage pour la durée spécifiée, en admettant que les hypotheses de
travail résumées a la clause 1.3 de la norme soient satisfaites.

En aucun cas, cette durée ne peut étre confondue avec celles traitant des responsabilités et des
garanties dans les textes 1égislatifs et réglementaires.

La version de langue frangaise de I’EN 1990 a ¢été rédigée en France par ’AFNOR. En
conséquence, on y rencontre certaines expressions d’usage moins courant en Belgique. Une liste
des synonymes est donnée ci-apres :

Terme de ’EN 1990 Synonymes




PARAMETRES DETERMINES NATIONALEMENT

ANNEXE A1: APPLICATION POUR LES BATIMENTS

A1l.1 Domaine d'application

La durée d'utilisation du projet doit de préférence étre fixée par le maitre de 1'ouvrage. Le tableau 2.1
ci-apres définit les valeurs recommandées.

On peut considérer que les conditions de 1'état-limite ultime (valeurs de y et valeurs caractéristiques
des actions) ne varient pas pour des durées de vie comprises entre 20 et 100 ans. Pour des
déterminations plus détaillées, on utilisera le tableau 2.1 en conjonction avec les annexes B et C.

Tableau 2.1 ANB : Durées d'utilisation de projet

Catégorie | Durée d'utilisation Exemple @
d'utilisatio | de projet prescrite
n (années)
de projet
1 2-10 Structures temporaires provisoires'’
2 10 - 25 Eléments structuraux remplagables
3 15-30 Structures agricoles et similaires
4: 4a 20-100 Cheminées, tours, mats, silos et citernes
4b 50 Engins de levage (y compris ponts roulants), pipelines
4c 100 Immeubles : habitations, équipements collectifs, bureaux
5 100 Structures monumentales, ponts et ouvrages de génie civil

(" Les structures ou parties de structures qui peuvent étre démontées dans un but de réutilisation ne
doivent normalement pas étre considérées comme provisoires.

@ j] s'agit des définitions des ouvrages au sens des Annexes Al a A5 : Al pour les

batiments, etc. Au sens strict, ’EN 1990 n’est applicable ni a des éléments non
structuraux, ni a des éléments constitués de matériaux non couverts par les EN 1992 a
1999 ou soumis a des actions non couvertes par les EN1991, ni a des ouvrages ou
¢léments existants en vue de projeter des réparations. Dans ces cas on peut toutefois
s’inspirer de I’EN 1990 en la complétant l1a ou nécessaire.

les éléments structuraux concernés doivent étre facilement inspectables et leur mode de
remplacement doit avoir été prévu, sinon la durée de vie de I'ensemble de la
construction doit étre appliquée.

®)

A1.2 Combinaison d’actions
A1.2.1 Généralités

(1) La note 2 ne donne lieu a aucune modification nationale.



A1.2.2 Valeurs des coefficients

Tableau A1.1 ANB : Coefficients y pour les batiments

Action

Yo | Wi | V2
Charges d'exploitation des bétiments selon la catégorie (cfir EN 1991-1.1)")
Catégorie A : habitation, usage résidentiel 0,7105]03
Catégorie B : bureaux 0,7105] 03
Catégorie C : lieux de réunion (sauf surfaces de catégorie A, B et D) 0,71 07 0,6
Catégorie D : commerces 0,7 (0,7 ] 0,6
Catégorie E : aire de stockage 1,0 1 09 | 0,8
Catégorie F : aire de circulation/stationnement pour véhicules légers 0,71 0,7 ] 0,6
(poids en mouvement < 30kN; nombre de places < § hors
conducteur)
Catégorie G : aire de circulation/stationnement pour véhicules moyens | 0,7 | 0,5 | 0,3
(30kN < poids en mouvement < 160kN)
Catégorie H : toitures 0 0 0
Actions de la neige et de la glace (cf. EN 1991-1.3)

Pour toute la Belgique (altitude H < 1000 m) 0,521 0% | 0
Actions du vent sur les bdtiments (cf- EN 1991-1.4) 0,691 02| 0
Actions de la température (hormis les cas d'incendie) (cf. EN 1991-1.5) 0,61 0,5 0
Tassements (cf. EN 1997) 1,0 | 1,0 | 1,0
Actions particuliéres pendant l'exécution ® (cf EN 1991-1.6) 1,0 - 10,2

d’utiliser les coefficients de la catégorie E.

cas.

une variation de température.

Météorologique.

) pour les machines, les facteurs  sont & déterminer au cas par cas. Pour les pressions
de fluides ou matiéres stockés dans le batiment, il convient de se référer a 1’Annexe
A4 de ’EN1990. En attendant la parution de I’ Annexe Nationale complétée, il y a lieu

@ Jes facteurs w pour les charges d'exécution sont & déterminer si nécessaire au cas par

® quand une action variable de courte durée (moins d'un mois), par exemple une charge
imposée, une charge de neige, une action du vent, une action thermique, est suivie
dans une combinaison par une autre action de courte durée, une valeur yy = 0,3 peut
étre utilisée pour cette seconde action variable quand celle-ci est la neige, le vent ou

@ la valeur fréquente de la charge est quasiment nulle selon les calculs de I'Institut Royal




A1.3 Etats-limite ultimes
A1.3.1 Valeurs de calcul des actions dans les situations de projet durables et transitoires

(1) Les valeurs de calcul des actions pour les états-limites ultimes sont déterminées en
utilisant le tableau A1.2 (A) a (C) ANB, selon le niveau de sécurité exigé.

Note : En général, la pression de l'eau ou d'un autre fluide est a considérer comme
action variable. Il y a lieu de se référer a I’Annexe A4 de ’EN1990. En attendant la
parution de 1I’Annexe Nationale complétée, yq; peut étre réduit a la valeur de 1’action
permanente G sup > Si 1a présence du liquide est limitée par des conditions géométriques
ou hydrauliques (ex.: seuil d'un trop-plein) et si sa masse volumique est relativement
stable (pas de matiéres en suspension ni en dépot).

Dans les cas courants, on utilise le niveau de sécurité normal qui correspond a la classe de
conséquence CC2 de I’EN 1990 (annexe C).

Note : La classe CC2 correspond a la probabilité théorique de dépassement de I’ELU
d’environ 10 pour une durée d’utilisation de 100 ans (B = 3,72). Suivant ’annexe C, la
probabilité¢ de dépassement des effets des actions correspond a o x B = 0,7 x 3,72 =
2,60, c’est a dire 4 une probabilité de dépassement d’environ 2,3 10~

Exceptionnellement, un niveau de sécurité réduite ou renforcée peut étre exige.

La sécurité réduite correspond a la classe de conséquence CCl1, c’est a dire aux cas ou le
nombre de personnes mises en danger par le dépassement de 1'état-limite ultime est trés faible
et ou les conséquences économiques de celui-ci sont réduites, comme un mat d’éclairage en
zone inhabitée, un brise-lame, etc.

La sécurité renforcée correspond a la classe de conséquence CC3, c’est a dire aux cas ou de
nombreuses vies humaines sont mises en danger ou lorsque les conséquences économiques
sont catastrophiques, comme pour un barrage, des réservoirs de produits toxiques ou
dangereux, etc.



Tables A1.2 (A) ANB: Valeurs de calcul d’actions (EQU) (Ensemble A)

Situation de Actions permanentes Action variable Actions variables
projet durables et dominante d’accompagnement
transitoires Défavorables Favorables
Eq. 6.10 Yai,sup Gosup VGiint Giginf 7. Ok 7ai Yoi Qi
Coefficient Sécurité Sécurité Sécurité
partiel réduite normale renforcée
Classe CC1 Classe CC2 Classe CC3
YGi,sup 1905 1,1 1,15
JGi,inf 0,95 0,9 0,85
1.1 Qi L3 1,5 1,8

Notes nationales :

1.Les » applicables aux actions de la précontrainte sont définis dans les Eurocodes
relatifs aux matériaux, par ex. dans I’EN 1992 pour le béton précontraint.

2.Les classes CC1 a CC3 sont définies dans I'"Annexe B de ’EN 1990.

3.La vérification combinée de I’équilibre et de la résistance proposée dans le tableau de
I’EN 1990, note 2, n'est pas applicable.

(5) Note sur les calculs structurels incluant des aspects géotechniques STR/GEO :

Il convient de vérifier le dimensionnement des éléments structuraux (semelles, pieux, murs de
soubassement, etc.) (STR) soumis a des actions géotechniques, et la résistance du terrain
(GEO, voir 6.4.1), en utilisant 1'Approche 1 suivante, complétée par I'EN 1997 pour les
actions géotechniques et les résistances :

Approche 1 : Application, dans des calculs séparés, de valeurs de calcul provenant
du Tableau A1.2(C) ANB et du Tableau A1.2(B) ANB aux actions géotechniques, aussi
bien qu’aux autres actions appliquées a la structure ou en provenance de celle-ci. Dans des
cas courants, le dimensionnement des fondations est régi par le Tableau A1.2(C) ANB et la
résistance structurale est régie par le Tableau A1.2(B) ANB.

NOTE  Dans certains cas, 1'application de ces tableaux est plus complexe. Voir ’EN 1997 ou la
publication "Dimensionnement des Ouvrages Géotechniques" de la Revue du CSTC (3/1998, 2/1999
et 2/2000).



Tables A1.2 (B) ANB: Valeurs de calcul d’actions (STR/GEQ) (Ensemble B)

Situation de Actions permanentes Action Actions variables
projet durables et variable d’accompagnement
transitoires Défavorables Favorables dominante Principa Autres
le
Eq. 6.10 YGj,sup ij,sup YGj,inf ij,inf Q. Qk,l - 7. Wo.i Qk,i
Eq. 6.10a Yai.sup Gisup Yaiint Giinf - 701 Vo1 Ot | 7 Wi Ok
Eq. 6.10b 5 76i,sup Gigisup 76;,inf Giinf 70 Ok - 1. Wo, Ok
Coefficient Sécurité Sécurité Sécurité
partiel réduite normale renforcée
Classe CC1 Classe CC2 Classe CC3
i sup 1,2 1,35 1,5
¥Gj,inf 1 1 1
7.0 1 1,3 1,5 1,8

Notes nationales :

1. Les jp applicables aux actions de la précontrainte sont définis dans les Eurocodes
relatifs aux matériaux, par ex. dans ’EN 1992 pour le béton précontraint.

2. Note 2 de PEN 1990: Lorsqu’il est fait usage des équations 6.10a / 6.10b, deux
situations peuvent se présenter dans I’évaluation de z &; YGi.sup Gij,sup :
=1

- soit la valeur caractéristique supérieure du poids mort Gyjsp du composant
particulier j est certifiée sur base de sa distribution statistique avec un coefficient
de variation inférieur a 10%, et les conditions mises par le maitre d’ceuvre sur la
fiabilité de cette certification sont remplies :
auquel cas la valeur &= 0,85 est appliquée;

- soit 'une de ces exigences n’est pas remplie,

auquel cas la valeur &= 1,00 est appliquée.
%22; Va(leilr de Gyjsup a adopter (Valeur moyenne ou fractile 95%) est détaillée au § 4.1.2
a(s
Dans le cas ou le poids propre présente une forte variabilité (coefficient de variation
de plus de 10%), il convient d’envisager deux valeurs différentes pour G, soient
G sup €t ij inf » complémentairement au § 4.1.2 (5).
Pour les vérifications géotechniques, seul &= 1,00 est utilisé.

3. Les classes CC1 a CC3 sont définies dans I'Annexe B de ’EN 1990

4, La Note 4 de I'EN 1990 n'est applicable que lorsque l'approche probabiliste
détaillée de I'Annexe C est autorisée. Dans ce cas, la valeur de y; (resp. o ) peut etre
remplacee par le produit de y, (resp. ) et du facteur d'incertitude du mo%ele
valeur de ysq peut étre choiste dans I'ntervalle 1 ,05 — 1,15 pour la plupart
courants. Les valeurs suivantes sont utilisables :

1,05 pour les modeles de calcul avec peu
d'incertitude, par exemple les actions
appliquées a des structures isostatiques,

pour les modeles de calcul de structures hautement
hyperstatiques, et

1,10 pour les structures intermédiaires.

CS cas

1,15




Tables A1.2 (C) ANB: Valeurs de calcul d’actions (STR/GEO) (Ensemble C)

Situation de Actions permanentes Action variable | Actions variables
projet durables et dominante d’accompagnement
transitoires Défavorables Favorables
Eq. 6.10 Yai.sup Gisup ¥Giint Gijint ai Ok Yai Woi Qi
Coefficient Sécurité Sécurité Sécurité
partiel réduite normale renforcée
Classe CC1 Classe CC2 Classe CC3
7Gj,sup 1 1 1
YGj,inf 1 1 1
7,15 Qi Ll L1 1,2

Notes nationales :

1.Les » applicables aux actions de la précontrainte sont définis dans les Eurocodes
relatifs aux matériaux, par ex. dans I’EN 1992 pour le béton précontraint.

2.Les classes CC1 a CC3 sont définies dans I'Annexe B de ’EN 1990.

A1.3.2 Valeurs de calcul des actions dans les situations de projet accidentelles et sismiques

Tableau A1.3 ANB : Valeurs de calcul d'actions a utiliser dans les combinaisons
d'actions accidentelles et sismiques

Situation de Actions permanentes Action Actions variables

projet sismique ou d'accompagnement

accidentelle Principal
. ! pale
Défavorables Favorables dominante (le cas échéant) Autres
Accidentelle”
(Eq. 6.11a/b) Gij.sup Gijint Aq w11 Ok Wi Oki
Sismique

(Eq. 6.12a/b) Gisup Gigin 71 Aex ou Agg i Okii

(*) L’action d’accompagnement principale est fixée comme étant la charge fréquente v, O

(**) Les actions variables sont celles considérées au Tableau Al.1

NOTE Le tableau A1.3 ANB implique des valeurs de y égales a 1,0 pour toutes les actions non sismiques. La
valeur y = 1,0 s’applique a I’action de la précontrainte également.




Al.4 Etats limites de service
A1.4.2 Critéres d'aptitude au service
(2) Les états limites de service sont définis comme suit :

e Pour les états limites de service liés au comportement des matériaux structurels, tels que
les ouvertures de fissure, les Eurocodes EN 1992 a EN 1996 et EN 1999 sont applicables.

e Pour les états limites de déformation, la norme NBN B03-003 est d’application, et répond
aux prescriptions de I’article A1.4.3.

e Pour les états limites de résistance et de service sous I’effet des vibrations,
o Dlarticle A1.4.4 (1) est complété comme suit :
Critéres d’¢états limites de service a respecter : NBN B03-003 (article 8)
o larticle A1.4.4 (2) est complété comme suit :
L’amplification des vibrations par effet de résonance peut é&tre négligée si les
fréquences propres de la structure ou des éléments supportant les mouvements sont
supérieures aux valeurs critiques données par les normes suivantes :

Effets du vent : EN 1991-1-4 (article 6.2)

NOTE : pour les structures, les valeurs critiques sont définies par la condition cs-cq =
1, qui dépend des dimensions.

Effets de mouvements synchronisés de personnes :

e Dbatiments : NBN B03-003 (tableau 6)

e passerelles pour piétons :
o vibrations verticales : 4,5 Hz
o vibrations horizontales : 3,5 Hz
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CONDITIONS D’EMPLOI DES ANNEXES INFORMATIVES

ANNEXE B

L’Annexe B de I’EN 1990 : 2002 conserve un caractére informatif pour 1’application
nationale en Belgique.

Son utilisation pour différencier la fiabilit¢ et ainsi concevoir des structures de fiabilité
différente par rapport a I’Annexe A est soumise a I’approbation du client et de ’autorité
compétente. Il est a noter que certaines normes produits prévoient dans leurs régles une
différentiation de la fiabilité (pour lesquels une approbation n’est donc pas requise).

ANNEXE C

L’Annexe C de I’EN 1990 : 2002 conserve en Belgique un caractére informatif.

Son utilisation pour différencier la fiabilit¢ et ainsi concevoir des structures de fiabilité
différente par rapport a I’Annexe A est soumise a I’approbation du client et de ’autorité
compétente, excepté si la norme produit concernée prévoit cette utilisation.

Son utilisation pour concevoir des structures de méme fiabilité que celles congues selon

I’Annexe A est soumise a I’approbation du client et de 1’autorité compétente, excepté si
I’Eurocode matériau et/ou la norme produit concernée prévoient cette utilisation.

ANNEXE D

L’Annexe D de I’EN 1990 : 2002 conserve en Belgique un caractére informatif.




