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e Overview of EN1990

e Verification of limit states and the combinations of
actions
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Role of EN1990

Dissemination of information for training — Vienna, 4-6 October 2010

* Provides principles and requirements for designers

* Establishes overall framework, tools and principles used by
drafters of the other Eurocode parts

Some of the EN1990 requirements are very general — specific
approaches to satisfying them are often contained in other Eurocode

parts, e.g.

2.1 Basic requirements

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

— serviceability, and

— durability.



Disse

EN1990: Section 1 - General
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Scope [1.1]

Assumptions [1.3]
Terms and definitions [1.5]

Symbols [1.6]



Scope
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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 1s 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 works (e.g. nuclear installations, dams, etc.), other provi-
sions than those in EN 1990 to EN 1999 might be necessary.



Scope (cont.)
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(3) EN 1990 1s 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.



Some Important Assumptions
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1.3 Assumptions

(2) The general assumptions of EN 1990 are :

- the choice of the structural system and the design of the structure 1s 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 1s provided during execution of the work,
1.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.



EN1990: Section 2 - Requirements
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* Basic requirements [2.1]

* Design working life [2.3]



EN1990: Section 2 - Requirements
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2.1 Basic requirements

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

— serviceability, and

— durability.

(4P 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.



EN1990: Section 3 — Principles of limit state design

* General [3.1]

e Design situation [3.2]

e Ultimate limit states [3.3]

e Serviceability limit states [3.4]

* Limit state design [3.5]



EN1990: Section 3 — Principles of limit state design
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3.1 General

()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) Vertfication of one of the two categories of limit states may be omitted provided that
sufficient information is available to prove that it 1s 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 effects (e.g. fatigue)
should be related to the design working life of the construction.



EN1990: Section 3 — Principles of limit state design
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Key Concept 1

3.1 General

()P A distinction shall be made between ultimate 1}
states.

it states and serviceability limit

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

(2) Verification of on¢ of the two categories of/limit states may be omitted provided that
sufficient information is available to prove that it 1s 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 effects (e.g. fatigue)
should be related to the design working life of the construction.



Key Concept 1 — Design Situations
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EN1990: Section 3 — Principles of limit state design
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3.2 Design situations

(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
structure, e.g. during execution or repair |

accidental design situations, which refer to exceptional conditions applicable to the
structure or to its exposure, e.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.



EN1990: Section 3 — Principles of limit state design
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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.



EN1990: Section 3 — Principles of limit state design
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3.4 Serviceability limit states

()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.

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



EN1990: Section 3 — Principles of limit state design
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3.4 Serviceability limit states

()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.

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

Key Concept 2




Key Concept 2 — Reversible and
Irreversible Serviceability Limit States
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e Eurocodes differentiate between rever5|ble and irreversible
serviceability limit state o

exceeded IS Iower than that for a reversmle serwceab I|ty Ilmlt state




EN1990: Section 4 — Basic variables
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* Actions and environmental influences [4.1]
* Material and product properties [4.2]

e Geometric data [4.3]



EN1990: Section 4 — Basic variables
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4.1.1 Classification of actions

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

permanent actions ((7), e.g. self-weight of structures, fixed equipment and road sur-
facing, and indirect actions caused by shrinkage and uneven settlements ;

variable actions (Q), e¢.g. imposed loads on building floors, beams and roofs, wind
actions or snow loads ;

accidental actions (4), ¢.g. explosions, or impact from vehicles.



Representative values of variable actions
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e EN1990 established four

haracteristic Value (Q,) [1.5.3.14]

n (y,Qy [1.5.3.17]
uasi-permanent Value of a Variable Action (y,Q,) [1.5.3.18




Representative Values of a Variable Action
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Instantaneous value of Q

Characteristic value Qy

Time



Key Concept 3 — Representative values of variable actions
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Material Properties
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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 1s sensitive to the variability of a material property,
upper and lower characteristic values of the material property should be taken into ac-
count,



EN1990: Section 5 — Structural analysis and
design assisted by testing
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Section 5§ Structural analysis and design assisted by testing

5.1 Structural analysis

3.1.1 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.



EN1990: Section 6 — Verification by the partial factor method
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e Key section — will return to it further later

* Design values [6.3]

= Actions, materials, geometric data, (effects of actions, resistances)

e Ultimate limit states [6.4]

= ULS’s to be verified, verification rules, combination rules

e Serviceability limit states [6.5]

= Verification rules, combinations of actions



Ultimate Limit States
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e Ultimate Limit States

= EQU — Equilibrium
STR — Structural
GEO — Geotechnical
FAT - Fatigue

UPL — Uplift

HYD — Hydraulic heave



Ultimate Limit States
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e Ultimate Limit States

= EQU — Equilibrium

= STR — Structural

= GEO - Geotechnical
= FAT - Fatigue

= UPL - Uplift

Key Concept 4

= HYD — Hydraulic heave



Ultimate Limit States

Dissemination of information for training — Vienna, 4-6 October 2010

e Ultimate Limit States

EQU — Equilibrium

Resistance

STR — Structural

GEO — Geotechnical
FAT - Fatigue

UPL — Uplift

HYD — Hydraulic heave




Ultimate Limit States
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e Ultimate Limit States

= EQU — Equilibrium

Resistance
= STR — Structural
= GEO - Geotechnical [N
= FAT - Fatigue __-_-23 Stability

= UPL — Uplift <
= HYD — Hydraulic heave “



Ultimate Limit States
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e Ultimate Limit States

= EQU — Equilibrium

Resistance

= STR — Structural

= GEO - Geotechnical \*\\

« FAT-Fatigue*” e
+ UPL - Uplift 427" T

= HYD — Hydraulic heavef '''''''' ; ...'?.'.'.'.'.'.'.'.‘.’,'.',‘,‘:;;;;_-;;;;;_._.:::::::::::: .......

| Stability

EN1997




Key Concept 4 — Six different Ultimate Limit States
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owever, it has an important
ingle source principle (see Key Concept 5)

ifferent partial factors on actions and geotechnical material




Ultimate Limit States
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6.4 Ultimate limit states
6.4.1 General
()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 ;

¢) 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.



Single Source Principle
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EN 1990, Annex A2:

| ) Table A2.4(B) - Design values of actions (STR/AGEQ) (Set B)
g

Persistent Permanent actions Prestress Leading Accompanying Persistent Permanent actions Prestress Leading Accompanying
and ] vanable variable actions (*) and transient ] variable variable acﬁon.e_ "
transient Unfavourable | Favourable action (%) Main Others design Unfavourable | Favourable action (*) Main Others
design {if any) situation {if any)
situation
(E‘:(]. 61 U) KEJJUPGKJ.WP ;'(-'r:l-mtqg-mf nE ?b.le.! Ha V’U;Qk.l (I':(l' 6.1 th‘) KJJ.NPGM.NP KJJthkJ-lM' wE ¥ %.1le o %:Qk;

(Bq. 6.100) | &ryy Gy | FopiniGigins il K10k, T Wi
(*) Variable actions are those considered in Tables A2.1 to A2.3,
NOTE 1 The choice between 6.10, or 6.10a and 6.10b will be in the National Annex. In the case of 6.10a and 6.10b, the National Annex may in addition modify 6.10a to include permanent actions
only.

NOTE 3 The characteristic values of all permanent actions from one source are multiplied by 7 _. if the fofal resulting action effect is unfavourable and . . if the total resulting action effect is
favourable. For example, dll actions originating from the self-weight of the structure may be considered as coming from one source; this also applies if different materials are involved, See however
ATy

Key Concept 5




Single Source Principle
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F AZA(B) - Design values Set
lllll = Permanent acons Prestress el Ao ing Permsers Perrursen! mchaom — e e
ma | || vwishke v sioea {7} o et b
trmient | Unfivourable | Faveasabl T Otbers Aewigen i
s, AT tat o myy N N RN
singatigw | | | 4 4~ | | | | 40 N
g 10 o )
g & 10k

{*} Variabk: actions are those considered in Tables A2 1 1o A23.

o o - - N . ) Key Concept 5
TEOTE 3 The clancionsss il of il peoiines scrivns Trvei cne suires we molipiisl By 7., 1 S0 ioal resulig sction effect i infarousside s 7, if the Totl resing acficn oflct is
Tavouratie. Foc cxmmple, ol neads origaniafing Poe (e ..a‘r.ua,‘m I the stracnsce sy be civimidenst os o 'rmlrlz: T0m ot sonree, fhis 5o apsphes F i fhven matiials e invedoed Sex howeosr
L2312

NOTE 3 The characteristic values of all permanent actions from one
source are multiplied by yg g, If the total resulting action effect is
unfavourable and yg ; if the total resulting action effect is favourable. For
example, all actions originating from the self weight of the structure may
be considered as coming from one source; this also applies if different
materials are involved. See however A2.3.1(2)



Balanced Cantilever
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6.4 Ultimate limit states

6.4.1 General

(1)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)

d)

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 ;

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

FAT : Fatigue failure of the structure or structural members.




Key Concept 5 — Single Source Principle

spatial distribution of a pe
significant.




EN1990: Annex A2 — Application for bridges
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e Another key section for bridge design

 Combinations of action [A2.2]

General, rules for different bridge types, values of y factors

e Ultimate limit states [A2.3]

Design values, design approaches, partial factors on actions

* Serviceability limit states [A2.4]

Design values, deformation, vibrations



EN1990: Annex A2 — Application for bridges
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A2.2 Combinations of actions

A2.2.1 General

(1) Effects of actions that cannot occur simultancously due to physical or functional reasons
need not be considered together in combinations of actions.



EN1990: Annex A2 — Application for bridges
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A2.2.2 Combination rules for road bridges

(3) Neither snow loads nor wind actions need be combined with:

— braking and acceleration forces or the centrifugal forces or the associated group of loads
grz,

— loads on footways and cycle tracks or with the associated group of loads gr3,

— crowd loading (Load Model 4) or the associated group of loads gr4.

NOTE The combination rules for special vehicles (see EN 1991-2, Annex A, Informative) with normal traffic
(covered by LM1 and LM2) and other variable actions may be referenced as appropriate in the National Annex
or agreed for the individual project.

(6) Wind actions and thermal actions need not be taken into account simultaneously unless
otherwise specified for local climatic conditions.

NOTE Depending upon the local climatic conditions a different simultaneity rule for wind and thermal actions
may be defined either in the National Annex or for the individual project.
1



Partial factors on actions
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A2.3.1 Design values of actions in persistent and transient design situations

(3) Static equilibrium (EQU, see 6.4.1 and 6.4.2(2)) for bridges should be verified using the
design values of actions in Table A2.4(A).

(4) Design of structural members (STR, see 6.4.1) not involving geotechnical actions should
be verified using the design values of actions 1in Table A2.4(B).



Partial factors on actions
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A2.3.1 Design values of actions in persistent and transient design situations

@a‘[ic equilibrium (EQU, see 6.4.1 and 6.4.2(2)) for bridges should be verified using‘dD
sign values of actions in Table A2.4(A).

(4) Design of structural members (STR, see 6.4.1) not involving geotechnical actions should
be verified using the design values of actions 1in Table A2.4(B).




ULS Partial Factors — Set A - Bridges
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Table A2.4(A) - Design values of actions (EQU) (Set A)
Persistent Permanent actions Prestress Leading Accompanying variable
and variable actions (*)
transient action (%)
design
situation
Unfavourable | Favourable Main Others
@f any)
(Eq. 6.10) | %100 Grjsup | ¥6iintCkjiint o 1 Cra Y0 W0,k i

(*) Variable actions are those considered in Tables A2.1 to A2.3.
NOTE 1 The ¢values for the persistent and transient design situations may be set by the National Annex.

For persistent design situations, the recommended set of values for yare:

W ap = 1,05

% ing = 0,957

% = 1,35 for road and pedestrian traffic actions, where unfavourable (0 where favourable)

¥ = 1,45 for rail traffic actions, where unfavourable (0 where favourable)

% = 1,50 for all other variable actions for persistent design situations, where unfavourable (O where favourable).
9 = recommended values defined in the relevant design Eurocode.

For transient design situations during which there is a risk of 1oss of static equilibrium, Q, ; represents the dominant
destabilising variable action and )y ; represents the relevant accompanying destabilising variable actions.




Partial factors on actions
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A2.3.1 Design values of actions in persistent and transient design situations

(3) Static equilibrium (EQU, see 6.4.1 and 6.4.2(2)) for bridges should be verified using the
design values of actions in Table A2.4(A).

@ign of structural members (STR, see 6.4.1) not involving geotechnical actions ®
erified using the design values of actions in Table A2.4(B).




ULS Partial Factors — Set B - Bridges
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Table A2.4(B) - Design values of actions (STR/GEQ) (Set B)

Persistent Permanent actions Prestress Leading Accomparnying Persistent Permanent actions Prestress Leading Accompanying

and variable variable actions (*) and transient variable vanable actions (*)

transient Unfavourable | Favourable action (*) Main Others design Unfavourable | Favourable action (*) Main Others

design (if any) slwation (if any)

situation

(Eq. 6.10) Y500l sup Yint g nf P Y1k Yo ¥6, ki (Eq. 6.10a) 61509 Gl sup YsiintCigin ®e Yor¥aCet | M ¥6iCki
(Eq 610b) é:yGJ,squkj,sup yGJmkaJ,mf }?P yQ,le.,l yQ,x %; Qk,l

(*) Variable actions are those considered in Tables A2.1 to A2.3.

NOTE 1 The choice between 6.10, or 6.10a and 6.10b will be in the National Annex. In the case of 6.10a and 6.10b, the National Annex may in addition modify 6.10a to include permanent actions
only.

NOTE 2 The yand &values may be set by the National Annex. The following values for yand £are recommended when using expressions 6.10, or 6.10a and 6.10b:

Yomp = 1,357

y(‘r,mf = 1:-00

¥ = 1,35 when Q represents unfavourable actions due to road or pedestrian traffic (0 when favourable)

¥ = 1,45 when Q represents unfavourable actions due to rail traffic, for groups of loads 11 to 31 (except 16, 17, 26 and 273)), load models LM71, SW/0 and HSLM and real trains, when
considered as individual leading traffic actions (0 when favourable)

¥ = 1,20 when Q represents unfavourable actions due to rail traffic, for groups of loads 16 and 17 and SW/2 {0 when favourable)

% = 1,50 for other traflic actions and other variable actions 2

&= 0,85 (so that &, = 0,85 % 1,35 = 1,15).

¥ = 1,20 in the case of a linear elastic analysis, and .4 = 1,35 in the case of a non linear analysis, for design situations where actions due to uneven settlements may have unfavourable effects.
For design situations where actions due to uneven settlements may have favourable effects, these actions are not to be taken into account.

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

% = recommended values defined in the relevant design Eurocode.

DThis value covers: self-weight of structural and non structural elements, ballast, soil, ground water and free water, removable loads, etc.

BThis value covers: variable horizontal earth pressure from soil, ground water, free water and ballast, traffic load surcharge earth pressure, traffic aerodynamic actions, wind and thermal actions, etc.
IFor rail traffic actions for groups of loads 26 and 27 % = 1,20 may be applied to individual components of traffic actions associated with SW/2 and 3, = 1,45 may be applied to individual
components of traffic actions associated with load models LM71, SW/0 and HSLM, etc.

Table continued on next page




Design situations — cases where
geotechnical actions or resistance present
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A2.3.1 Design values of actions in persistent and transient design situations

(5) Design of structural members (footings, piles, piers, side walls, wing walls, flank walls
and front walls of abutments, ballast retention walls, etc.) (STR) involving geotechnical
actions and the resistance of the ground (GEO, see 6.4.1) should be verified using one only of

the following three approaches supplemented, for geotechnical actions and resistances, by EN
1997

— Approach 1: Applying in separate calculations design values from Table A2.4(C) and
Table A2.4(B) to the geotechnical actions as well as the actions on/from the structure;

— Approach 2: Applying design values of actions from Table A2.4(B) to the geotechnical
actions as well as the actions on/from the structure;

— Approach 3: Applying design values of actions from Table A2.4(C) to the geotechnical
actions and, simultaneously, applying design values of actions from Table A2.4(B) to the
actions on/from the structure.

NOTE The choice of approach 1, 2 or 3 is given in the National Annex.



ULS Partial Factors — Set C - Bridges
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Table A2.4(C) - Design values of actions (STR/GEQ) (Set C)

Persistent Permanent actions Prestress | Leading | Accompanying variable
and variable actions (*)
transient Unfavourable | Favourable action (*) Main Cithers
design (if any)

situation

(Eq. 6.10) | %.5upCrjsup | 764.inf T inf VP %1 Ok ¥60,i W0,k

(*) Vanable actions are those considered in Tables A2.1 to A2.3

NOTE The yvalues may be set by the National Annex. The recommended set of values for yare:

;VG,sup = 1:00
¥,int = 1,00
Yase = 1,00

% = 1,15 for road and pedestrian traffic actions where unfavourable (0 where favourable)

¥, = 1,25 for rail traffic actions where unfavourable (0 where favourable)

% = 1,30 for the variable part of horizontal earth pressure from soil, ground water, free water and ballast,
for traffic load surcharge horizontal earth pressure, where unfavourable (0 where favourable)

¥ = 1,30 for all other vanable actions where unfavourable (0 where favourable)

¥se = 1,00 1n the case of linear elastic or non linear analysis, for design situations where actions due to
uneven settlements may have unfavourable effects. For design situations where actions due to uneven
settlements may have favourable effects, these actions are not to be taken into account.

% = recommended values defined in the relevant design Eurocode.




lllustration of STR and EQU:
Verification of launched structure
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STR Verification : Moment over central support

Single source principle can be applied
EN1990 Set B Partial Factors used



lllustration of STR and EQU:
Verification of launched structure
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7/G,inf Gk,inf 7/G,sup Gk,sup

EQU Verification

Single source principle not applied

EN1990 Set A Partial Factors used



Agenda




Verification (ULS)
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6.4.2 Verifications of static equilibrium and resistance

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

Edae < B st (6.7)
where
Fq as is the design value of the effect of destabilising actions ;

Eq sb 1s the design value of the effect of stabilising actions.



Verification (ULS)
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6.4.2 Verifications of static equilibrium and resistance

(3)P When considering a limit state of rupture or excessive deformation of a section,
member or connection|(STR and/or GEO), |1t shall be verified that :

68)

.
IA
=
vy

where :

Fq 15 the design value of the effect of actions such as mternal force, moment or a vector
representing several intemal forces or moments ;

Rgq  1sthe design value of the corresponding resistance.



ULS Verification
(Persistent and Transient Design Situation)
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ULS Verification
(Persistent and Transient Design Situation)
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E,< Ry
Applying Equation 6.10 from EN1990:



ULS Verification
(Persistent and Transient Design Situation)
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0.4.3.2 Combinations of actions for persistent or transient design situations (funda-
mental combinations)

(1) The general format of effects of actions should be :
Eg= 7SdE{7g, FGr s Ve s Vg1 Vg0, fizlis1 (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).
Eq=EYG Gy 7pP: 7010k1 : 70.%0.iQkif J211i>1 (6.9b)
(3) The combination of actions in brackets { }. in (6.9b) may either be expressed as :

Z ?/G,Jer,j”—'—”yPP”—f—”?/Q,1Qk,1”+”.Z TQ,iWO,iQkJ (6 10)

j=1 1]
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E,< Ry
Applying Equation 6.10 from EN1990:

Es = E{ 21760k + 1P "+ 7101Q1 T+ Zis1¥qi Woi Qki
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Es = E{ 21760k + 1P "+ 7101Q1 T+ Zis1¥qi Woi Qki
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Design
effect

@ =E{ zjz1YG,ij,j n+ YpP T+ VQ,1Qk,1 t+ zi>1YQ,i Yo, Qk,i by
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Design
effect

zﬂE)( Zi21Y6,0kj T+ VPt 101Qu1 T Zis1Yq,i Wo,i Qui J

Effect of
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Design
effect Permanent
actions

@ G ‘+" YoP "+ v01Qk1 T Tis1Vq,i Vo, Qi )

Effect of



ULS Verification
(Persistent and Transient Design Situation)

Dissemination of information for training — Vienna, 4-6 October 2010

Design
effect Permanent
actions

@ G VpP "+ v01Qk1 T Zis1Yo,i Vo, Qi )

Effect of

Combined
with
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Design
effect Permanent
actions

E<E ‘+" YQ1Qc1 "+ Zis1Yqi Wo, Qi 7

Effect of Prestress

Combined
with
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Design Lea_ding
effect Permanent variable
actions action

@ G ‘+’“+" Zi>1Yq, Wo,i Qki 7

Effect of Prestress

Combined
with
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Design Lea_ding
effect Permanent variable
actions action
CRG RN G DU D Sy
Effect of Prestress Accompanying
variable
Combined actions

with
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0] Where the action is a traffic load group, v factors will have been pre-applied to the
non-leading actions within that group
(ii) In many cases, s may'be cor_nbined with v gnd applie_d as a single factor y. to the
actions, and yr4 is combined with y,, and applied as a single factor vy,, to the material
properties.
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Eq=E{g, G VPP Y019 s 7Q,1'W0,1’Qk,i} izl;i>1 (6.9b)

(3) The combination of actions in brackets { }, in (6.9b) may either be expressed as :

Z ?/G’ka,j”—i_”?/PP”—i_”7Q,1Qk71”+” Z 7Q71W071Qk,i (6 10)
Jzl i1
or, alternatively for STR and GEO limit states, the less favourable of the two following
eXpressions:
Zl ¥e. Gk ;" rp P+ Yo w010k "+ Z‘in’iwoaiQk’j (6.10a)
JZ i>

(6.10b)

21 $i¥G,jCr, ;" veP" " Y010k ™" _ZIJ’Q,iWo,iQk,;‘
= i>

Where :
e implies "to be combined with"
). implies "the combined effect of"

& is a reduction factor for unfavourable permanent actions (
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As an alternative to 6.10, less favourable of the
following two expressions applies:

2 76,0k 1P Yo Wor0er ™ Tro.#0,Qi (6100
5 i>

Zl £ G YpP™" Y010k 1"+ Zl?’Q;V/o;Qk; (6.10b)
2 i>
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As an alternative to 6.10, less favourable of the
following two expressions applies:

Combination factor applied to leading
and accompanying variable actions

- Z Gr " P . o Z | 6.10
= e TR e Qk,l I_}IJ/Q, ij;-: (6.10a)
4

El S 176,70k, ;" YPP" " Y010k "t _Zlﬂ’Q;V/o;Qk; (6.10b)
. i>
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As an alternative to 6.10, less favourable of the
following two expressions applies:

Combination factor applied to leading
and accompanying variable actions

s Z 7/G Gk _”_I_” J/P-P”_I_” ?/ | Qk 1 ”_I_” Z 7/ k . 6. 10

]l 0. @ F e, @ ) (6.10a)

G:._].ijj'”-l_” }/PPH_l_H }/Qj]ijl W M Zlijjwoinkji (6 IOb)
1>

/2

Reduction factor applied to
permanent actions
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Table A2.1 — Recommended values of yfactors for road bridges
Action Symbol W ¥ s
grla T3 0,75 0,75 0
(LM1+pedestrian or | UDL 0,40 0,40 0
cycle-track loads) ) | Pedestriantcycle-track loads 2 | 0,40 0,40 0
grlb (Single axle) 0 0,75 0
Traffic loads gr2 (Horizontal forces) 0 0 0
(see EN 1991-2, gr3 (Pedestrian loads) 0 0 0
Table 4.4)
grd (LM4 — Crowd loading)) 0 0,75 0
gr5 (LM3 — 3pecial vehicles)) 0 0 0
Wind forces FWic
. . N 0,6 0,2 0
- Persistent design situations 0.8 ! 0
- Execution ’
foul 1,0
Thermal actions T; 057 0.6 0.5
Snow loads Qs (during execution) 0.8 - -
Construction loads Q. 1,0 - 1,0

1) The recommended values of g, ¥ and s for grla and grib are given for road traffic comresponding to
adjusting factors or, o, o and By equal to 1. Those relating to UDL correspond to common traffic

scenarios, in which a rare accumulation of lorries can occur. Other values may be envisaged for other classes of
routes, or of expected traffic, related to the choice of the comresponding ¢ factors. For example, a value of y»
other than zero may be envisaged for the UDL systemn of LM1 only, for bridges supporting severe continuous
traffic. See also EN 1998.

2) The combination value of the pedestrian and cycle-track load, mentioned in Table 4.4a of EN 1991-2, is a
“reduced” value. ¥ and ; factors are applicable to this value.

3) The recommended g value for thermal actions may in most cases be reduced to 0 for ultimate limit states
EQU, STR and GEO. See also the design Eurocodes.
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Ed = E { ZjZ]_Gk,j Wy P wy Ad AR (\Vl,l or \|f2,1) Qk,]_
T X1 Qi X
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* Based on criteria concerning

= Deformations affecting appearance, comfort or functioning of
structure

= Vibrations causing discomfort or limiting effectiveness of the
structure

= Damage adversely affecting appearance, durability or function




SLS Verification Combinations of Actions

Characteristic Combination
— Normally used for irreversible limit states

Ed — E { szIGk’j \\+n P “+" lel “+" zi>1w0,i lei }
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7.2 Stress limitation

(4)P Tensile stresses in the reinforcement shall be limited in order to avoid inelastic strain,
unacceptable cracking or deformation.

by an imposed deformation, the tensile stress should not

kS vk-
exceed Ksfx. The mean value of the stress in prestressing tendons should not exceed Kksf

Note: The values of K3, kK4 and Ks for use in a Country may be found in its National Annex. The
recommended values are 0,8, 1 and 0,75 respectively.



SLS Verification Combinations of Actions

Frequent Combination
— Normally used for reversible limit states

Eg = E{Z5:Gc; + P "+ w1 Qg+ Zisqwni Qi &



SLS Verification Combinations of Actions

Quasi-Permanent Combination
— Normally used for long term effects

Ey = E{ 231G "+" P +" Zis0w,; Qi )
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EN 1992-2:2005 (E)

Table 7.101N — Recommended values of w__, and relevant combination rules

Exposure Class

Reinforced members and prestressed
members without bonded tendons

Prestressed members with
bonded tendons

D

@manent load combination ; <\Fﬂnt load oomb@/
X0, XC1 (2% 0,2
XC2, XC3, XC4 0,20
(0.3
ig; AD2, WDS.A9T, A2, Decompression

a

b

For X0, XC1 exposure classes, crack width has no influence on durability and this limit is set to guarantee acceptable appearance.
In the absence of appearance conditions this limit may be relaxed.

For these exposure classes, in addition, decompression should be checked under the quasi-permanent combination of loads.
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= Combination
Y103 1.0 Y2  — also includes
Ad
Y1 1.0 Y2
\|]2 1.0 \|]2

Notes:

(1) Values of y, are obtained from tables A2.4(A) — (C) of EN 1990.

(2) Expression 6.11 allows the use of either or y, ory,

(3) Guidance on which combination should be used for specific verifications is given in the relevant Parts of
EN 1992 to EN 1999 for SLS, and is dependent upon the design situation at ULS.
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-N1990 establishes five different combinations of actions.




Dissem

Six key concepts - summary
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Design situations
Reversible and irreversible serviceability limit states

Representative values of variable actions
Six ultimate limit states

Single source principle

Five combinations of actions



