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Design situations Verifications
Persistent |Normal use ULS, SLS
Execution, temporary
: conditions applicable to
Transient the structure, e.g. ULS, SLS
maintenance or repair
:.) _ Normal use ULS
Accidental : _
| During execution ULS
\ Normal use ULS,SLS
Seismic _ _
4 During execution ULS,SLS

' The selected design situation shall be sufficiently severe and so varied
as to encompass all conditions which can reasonably be foreseen to
occur during the execution and use of the structure (3.2(3)P).
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Representative values of actions

Permanent | Variable Accidental Seismic
actions actions actions actions
Characteristic
value Gk AEk
or
Nominal _
value Apg =y rAEx
Combination
value
Frequent
value
Quasi-permanent
value
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Permanent actions

A Distribution

Normal Gy =Gy 59
distribution . ’

Small variability

Grsup 00,95

High variability iV \
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Variable actions .
Instantaneous value of Q Return period

A
| Characleristie value Q _ -

Time
R : reference period (e.g. 1 year or 50 years)
p : probability of exceedance during the reference period
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Material and product properties

A Distribution
function

fm

Resistance
parameters

| Tk.inf= 0:0° /

A Values of property f

Stiffness
parameters
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Section 6 - Verification by the
partial factor method

6.1 General

6.2 Limitations

6.3 Design values

6.4 Ultimate limit states

6.5 Serviceability limit states
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Turkstra's rule (1972) : How to establish a combination
within the set of variable of actions

actions applicable to a

structure, one of them is

selected and called Q2
« leading variable . A
action » : the other ehien
variable actions are | C(P) curve
accompanying actions Intermediate
and are taken into ¥ 29 2 B tangent
account in the Tangent Dﬂ
combinations of actions
with their combination
values.

= o
Q4 k1 1

Yo,
The set including all permanent actions, the leading variable
action and the relevant accompanying variable actions forms a
combination of actions. The various values of actions used in
the verifications are called « representative values ».




N

Eq = %4E(Fq; : ag)

\

Eq = E(%iFi s ag)

Geometrical

data a

Ry = R(7Xei i+ @)

Ry = (MU 2ra)R(Xg; : @g)

Resistances

Xai = (1 1) Xy K

Design values
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Ultimate limit states

EQU

Loss of static equilibrium of the structure or any part of it
considered as arigid body, in which :

- minor variations in the value or the spatial distribution of
actions from a single source are significant ;

- the strengths of construction materials or ground are
generally not governing

STR

Internal failure of the structure or structural elements,
including footings, piles, basement walls, etc., in which the
strength of construction materials or excessive deformation
of the structure governs

GEO

Failure or excessive deformation of the ground in which the
strengths of soil or rock are significant in providing
resistance

FAT

Fatigue failure of the structure or structural elements
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EQU STR, ¢

STR

STR: ¢

Approaches @ (2 | (3)

STR involving

Ultimate limit states e T
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Ao
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6.4.2 Verifications of static equilibrium and resistance
Ultimate limit states of static equilibrium (EQU) :
Eg.dst < Edstb

Ultimate limit states of resistance (STR/GEO) .

E, <Ry
6.5 Serviceablility limit states

E, <C,
C4 Is the limiting design value of the relevant
serviceability criterion.
E, Is the design value of the effects of actions specified
In the serviceability criterion, determined on the basis
of the relevant combination.
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Combinations of actions

Combination REGLEEQ((:)E General expression
6.10 Z?’Gijj""‘"}’PP"+"7Q,1Qk,1"+nz7’Q,i'//o,iQk,i
j21 i>1
Fundamental - T E—— —
(for persistent Zl7G,ij,j + Ve P+ 70 W01 Qi+ ZlVQ,i'//o,iQk,i
i> i>
] 3
3ggi;rr?n8|ent 6.10 a/b Zlije,ij,j""'"}’PP""'"7Q,1Qk,1"+"_zl7Q,i'//o,iQk,i
. > i>
situations) 0,85< ¢, <1,00 for unfavourable permanent
actions G
Accidental
\ (fOI’ accidental 6.11 Zijl'+llP"+"Ad"+"(l//1,1 ou '//2,1)Qk1"+"Z'//2,iQk,i
\ | |design j2t 121
% |situations)
Seismic
(fOI' seismic 6.12 ZGk,j"+"P'l+"AEd"+lIZV/2,iQk,i
design ' i1 E
situations)
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Origin of expressions 6.10 and 6.10 a/b

} Reliability
index g
1,35G,. + 1,5Q,.
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« Equivalent » safety factor for a combination based on
a unique permanent action and a unique variable action
acting together unfavourably, with y,=0,7 and § = 0,85

A
1,35G,. + 1,5Q,,
150 Gk +Qx
| 1,40 |
t\ 1,35 /<1,15Gk + 1,5Q
‘I
;f; 1,30 M Gl{ + Qk
1,258 - — —~ — _
1,20 — 135Gy + 1,05Q), -
1,15¢" Gy + Qg T —
1,10— | —
! T -$1,05
| -
0 0,308 1,0 Qu

Gy + Qg
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6.5.3 Serviceability limit states : combinations of
actions

m Characteristic Combination (irreversible SLS)

m Frequent Combination (reversible SLS)

\ sz,j"'*'"P"'*'"'//l,le,l"'*'"zV/z,iQk,i

=1 i>1

m Quasi-permanent Combination (reversible SLS)

ZGk,j"'*'" P"+"zy/2,iQk,i

j>1 i>1
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Annex Al (normative) Application for Buildings

Al.1 Field of application
Al.2 Combinations of actions

Al.2.1 General
Al.2.2 Values of y factors

Al.3 Ultimate limit states

A1.3.1 Design values of actions in persistent and
transient design situations

A1.3.2 Design values of actions in the accidental and
seismic design situations

‘ Al.4 Serviceability limit states

Al.4.1 Partial factors for actions

Al.4.2 Serviceability criteria

Al.4.3 Deformations and horizontal displacements
Al.4.4 Vibrations
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Table Al.1 - Recommended values of yfactors for buildings

Action 40 |41 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 weight < 30kN 0,7 0,7 0,6
Category G : traffic area,

30kN < vehicle weight < 160kN 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 H <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 The w values may be set by the National annex.
* For countries not mentioned below, see relevant local conditions.
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DESIGN VALUES OF ACTIONS

ULS EQU

TABLES
» Al.2(A)| A1.2(B) |Al1l.2(C)
A /

ULS STR

without
geotechnical
actions

ULS STR

with geotechnical
actions

ULS GEO

a APPROACH 1

EEEm)> APPROACH 2

—

|y /prrOACH 3




) EUroCODES EN 1990 — Section 6, Annexes Al & A2

Brussels, 18-20 February 2008 — Dissemination of information workshop

Approaches 2 and 3 in geotechnical design

kﬂ — tﬂn:[g—fj P = @Oy |:a,d = yFa Fa(¢k)

A p(2) =k, 7%
‘\ - S n
Fﬂzzkﬂ;ﬂ‘
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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) }’Gj,squkj,sup }’Gj,inkaj,inf Y01 Qk,l 7Q,iV/0,iQk,i
(*) Variable actions are those considered in Table Al.1
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NOTE 1 The y values may be set by the National annex. The
recommended set of values for y are :

Ysisup = 1,10
YGjinf ~ 0,90
Y01 = 1,50 where unfavourable (0 where favourable)

¥oi = 1,50 where unfavourable (0 where favourable)

NOTE 2 In cases where the verification of static equilibrium also involves the
resistance of structural members, as an alternative to two separate verifications
based on Tables Al.2(A) and Al.2(B), a combined verification, based on Table
Al.2(A), may be adopted, if allowed by the National annex, with the following set of
recommended values. The recommended values may be altered by the National
annex.

Yojsup = 1,395 ¥gjint = 1,155 75, = 1,90 where unfavourable (0 where favourable)
Yoi = 1,50 where unfavourable (0 where favourable)

provided that applying Yojint = 1,00 both to the favourable part and to the
unfavourable part of permanent actions does not give a more unfavourable effect.
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Table A1.2(B) - Design values of actions (STR/GEOQ) (Set B)

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

. : Yy)
situation
(Eq. 6.10) 76i,supGkjsup 76i.intGj,inf 7eP 7.1Qk 1 ¥Q.i ¥0,iQx,
(Eq 6103.) }’Gj,squkj,sup }’Gj,inkaj,inf }’pP Q.1 '//0,le,1 7Q,iW0,iQk,i
(Eg. 6.10b) E1GisupGii,sup 76i,intGkij,int yeP 7Q,1Qk.1 7Q.i¥0,iQx.i

(*) Variable actions are those considered in Tables A2.1 to A2.3.
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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 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 y and ¢ are recommended when using
expressions 6.10, or 6.10a and 6.10b.

Ysisup — 1,35

Ysiinf = 1,00

Yo1 = 1,50 where unfavourable (O where favourable)
Yoi = 1,50 where unfavourable (O where favourable)
&=0,85 (so that &y, = 0,85 % 1,35=1,15).

See also EN 1991 to EN 1999 for yvalues to be used for imposed
deformations.
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NOTE 3 The characteristic values of all permanent actions from
one source are multiplied by y,, If the total resulting action
effect Is unfavourable and y;;  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.

NOTE 4 For particular verifications, the values for y; and y, may
be subdivided into y, and y, and the model uncertainty factor yg,. A
value of y, in the range 1,05 to 1,15 can be used in most common
cases and can be modified in the National annex.
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Table A1.2(C) - Design values of actions (STR/GEOQO) (Set C)

Persistent Permanent actions Leading Accompanying variable actions
and variable (*)
transient action (*)
design
situation
Unfavourable | Favourable Main (if any) Others
(EQ.6.10) | #5j5usChisup | 76jinGijint | 701 Qka Qi ¥, Qxi

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

NOTE The yvalues may be set by the National annex. The recommended set of values for yare :
YGj.sup = 1,00

¥ai,inf = 1,00
70,1 = 1,30 where unfavourable (0 where favourable)
70. = 1,30 where unfavourable (0 where favourable)
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Table A1.3 - Design values of actions for use in accidental and
seismic combinations of actions

Design Permanent actions Leading Accompanying
situation accidental or variable actions (**)
seismic
action
Unfavourable Favourable Main (if any) Others
Accidental (*) Gij sup Gujinf Aq w11 OF ¥ Qi w2, Qi
(Eq. 6.11a/b)
Seismic Gigsup G, int NAEK O Agg w2, Qi
(Eq. 6.12a/b)
\ (*) In the case of accidental design situations, the main variable action may be taken with its frequent or, as in
seismic combinations of actions, its quasi-permanent values. The choice will be in the National annex,
‘ depending on the accidental action under consideration. See also EN 1991-1-2.
(**) Variable actions are those considered in Table Al.1.
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Table Al1.4 - Design values of actions for use in the combination of
actions (SLS)

Combination I Permanent actions Gy Variable actions Qg
Unfavourable | Favourable Leading . Others
Characteristic Gij sup Gijinf Qi1 w0, Qi
Frequent
Gujsup Gj,inf w1,1Qk,1 w2,iQk
Quasi-permanent
\ Gijisup Gyj,int w2,1Qk 1 w2,iQk




Annex A2 - Application for bridges (N)

National Annex for EN 1990 Annex A2
A2.1 Field of application
A2.2 Combination of actions

A2.3 Ultimate limit states (verifications for fatigue
excluded)

A2.4 Serviceability and other specific limit states
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Examples of combinations of actions
for road bridges

Note 1 : The combinations of actions are based on the
recommended values given in Annex A2

Note 2 : Except for roofed bridges, it is assumed that
snow loads on road bridges may be assessed as
snow loads on the ground.
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Group of loads Rt LM1 R
grla: LM1 + |

reduced — | r | | l l _
(combination) Y vy v y

value of

pedestrian and

cycle loads
LM2

Group of loads grlb :
”“ LM2 (single axle) ﬁ/

GrOUp of |OadS gr2 . LM1 : frequentvalues
characteristic values of -
. . L | l ————-

horizontal forces, I 2 2 2 ~ I

frequent values of LM1 Gl

Braking and acceleration forces :
characteristic values
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Characteristic Characteristic

Group of loads gr3:  value | | value |

| | |
loads on footways H
and cycle tracks ‘ |

Group of loads
grd : crowd
loading

Group of loads gr5: imm .l
special vehicles ° WS -

(+ special conditions for
normal trafic)
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- Execution

| Thermal actions

k

Action Symbol Wo v W
grla TS 0,75 0,75
(LM1+pedestrian | UDL 0,40 0,40
:z)ra(;)/sc)llte)-track Pedestrian+cycle-track loads|0,40 0,40
2)
grlb (Single axle) 0,75
Traffic loads gr2 (Horizontal forces) 0
(see EN 1991-2, gr3 (Pedestrian loads)
Table 4.4)
grd (LM4 — Crowd loading))
gr5 (LM3 — Special vehicles))
Wind forces Fvk
- Persistent design situations 0.6 0.2 0
0,8 -

T 0,63| 0,6 0,5

i Snow loads Qsnk (during execution) 0,8 - -
Construction loads Q. 1,0 - 1,0
\ 1) The recommended values of w, w1 and w, for grla and grlb are given for road traffic

corresponding to adjusting factors aqi, agi, o and Bg 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 corresponding
« factors. For example, a value of y» other than zero may be envisaged for the UDL system 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. g and y; factors are applicable to this value.

3) The recommended y, value for thermal actions may in most cases be reduced to O for ultimate limit
states EQU, STR and GEO. See also the design Eurocodes.

Table A2.1

Recommended
values of y
factors for road
bridges
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Persistent Permanent actions Prestress Leading | Accompanying variable
and variable actions (*)
Transient action (*)
Design
Situation

Unfavourable | Favourable Main Others

(if any)

(Eq. 6.10) 76i,supGkijsup | 76j,infCki,inf 7pP 7.1 Qi1 7Qiv0,iQki

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

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

7G,sup = 1,05

¥6.int = 0,950

7o = 1,35 for road and pedestrian traffic actions, where unfavourable (0 where favourable)

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

%o = 1,50 for all other variable actions for persistent design situations, where unfavourable (0 where
favourable).

7 = recommended values defined in the relevant design Eurocode.

For transient design situations during which there is a risk of loss of static equilibrium, Qy; represents the
dominant destabilising variable action and Qy; represents the relevant accompanying destabilising variable
actions.

During execution, if the construction process is adequately controlled, the recommended set of values for y
are:

YG.sup = 1,05

¥o,int = 0,950

7o = 1,35 for construction loads (0 where favourable)

¥o = 1,50 for all other variable actions, where unfavourable (0 where favourable)

EN 1990 — Section 6, Annexes Al & A2

Table
A2.4(A)
Design

values of
actions

(EQU)
(Set A)
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Table A2.4(B) - Design values of actions (STR/GEOQO) (Set B)

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

. : y)
situation
(Eq. 6.10) 76i,supGkjsup 76i.intGj,inf 7eP 7.1Qk 1 ¥Q.i ¥0,iQx,
(Eq 6103.) }’Gj,squkj,sup }’Gj,inkaj,inf }’pP Q.1 '//0,le,1 7Q,iW0,iQk,i
(Eqg. 6.10b) E1GisupGii,sup 76i,intGkij,int yeP 7Q,1Qk.1 7Q.i¥0,iQx.i

(*) Variable actions are those considered in Tables A2.1 to A2.3.
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1) The recommended values of y, , y; ,and y, for grla and grlb
are given for road traffic corresponding to adjusting factors «a; ,
a, ., o, and 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
corresponding «a factors. For example, a value of y, other than
zero may be envisaged for the UDL system of LM1 only, for

bridges supporting a 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. y, and
y, factors are applicable to this value.

3) The recommended y, value for thermal actions may in most
cases be reduced to O for ultimate limit states EQU, STR and GEO.
See also the design Eurocodes.
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Table A2.4(C) - Design values of actions (STR/GEOQO) (Set C)

Persistent Permanent actions Prestress | Leading |Accompanying variable
and variable actions (*)
Transient Unfavourable | Favourable action (*) Main Others
Design (if any)

Situation

(Eq. 6.10) | 7GjsupGkjsup | 7cj,infGui,inf 7P 70,1 Qk.1 70,1 %,iQkii

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

NOTE The 7 values may be set by the National Annex. The recommended set of values for 7are :

7/G,sup = 1,00

Ye.inf = 1,00

7/Gset = 1,00

7o = 1,15 for road and pedestrian traffic actions where unfavourable (0 where favourable)

7o = 1,25 for rail traffic actions where unfavourable (0O where favourable)

7o = 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)

7o = 1,30 for all other variable actions where unfavourable (0 where favourable)

Yeset = 1,00 in 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.

7» = recommended values defined in the relevant design Eurocode.
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Fundamental combinations of actions based on expression 6.10

grla
(1,35(TS +UDL + )+ 1,5% 0,6 Fyy yaric
1,350 15 345
{Z (1,35G 4, "+"'1,00G, ¢ )}"+" ¥oP "+"{15T, +1,35(0,75TS + 0,4UDL + 0,4q;, )

j>1
1,5F,, ~ —~

rla
1’5QSn,k \IIOK

Reduced value of the load on footways for group grla — To be defined
in the National Annex (for example : 2,5 kN/m?)

Prestressing : Definition in design Eurocodes. Usually P =P ety, =1

Uneven settlements to be taken into account where relevant, with yg, = 1,20
or 1,00 in case of linear analysis.
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// Representation of the action of uneven settlements Gset.

{1




EUROCODES EN 1990 — Section 6, Annexes Al & A2

Brussels, 18-20 February 2008 — Dissemination of information workshop

Characteristic combinations of actions

grla

((rs + UDI— + q:k )"+"O'6FWk,traffic

Oy 0345 T 0,6T,

n [ 1] n [ 1] 1 n gr]b
Z(ij,sup + ij,inf) +' B+ o .
=1 T,"+"(0,75TS +0,4UDL +0,4q,)
“ W,
FWk Y
yogrla
\QSn,k

Py Characteristic value of the prestressing force

G Uneven settlements to be taken into account where relevant
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Frequent combinations of actions

(0,75TS +0,4UDL)"+"'0,5T,
0,75grlb

. 10,750gr4"+"0,5T,

}+ P+ 06T,

0,2F,,

10,5Q5, «

{z (ij,sup "+"ij,inf )

j>1

Quasi-permanent combinations of actions

i>1

{Z (G kj,sup "+"ij,inf )}"+" I:)k II'*'"O’S-I-k
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EN 1991-2 — Groups of loads for footbridges

Group of loads grl 1

»ifj//

Group of loads gr2
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Table A2.2

Recommended values of y factors for footbridges

Action Symbol Wo w1 W

grl 0,40 0,40
Traffic loads Qi 0 0

gr2 0 0 0
Wind forces =" 0,3 0,2 0
Thermal actions Tk 0,6Y (0,6 0,5
Snow loads Qsnk (during execution) 0,8 - 0
Construction loads | Q. 1,0 - 1,0
1) The recommended y, value for thermal actions may in most cases be reduced to O
for ultimate limit states EQU, STR and GEO. See also the design Eurocodes.
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Fundamental combinations of actions based on expression 6.10

(1,350r1""+"1,5%0,3F,,,
1,35gr2""+"1,5x0,3F,,
1,35Q,,,
1,5T, "+"1,35%0,4gr1
1,5F,,

L1,5Q3n,k

{z (1,35Gy; o +'1,00G,, ;s )}"+"7P P+

j>1

P.  Prestressing : Definition in design Eurocodes. Usually P =P, ety, =1

Uneven settlements to be taken into account where relevant, with yg, = 1,20
or 1,00 in case of linear analysis.
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Frequent combinations of actions

(0,49r1""+"'0,5T,
o o |0,6T,
{;(ijlsup + ij,inf)} +" P+ JO,ZFWK
10,8Qq,.,

Quasi-permanent combinations of actions

{Z (ij,sup"'*'"ij,inf )}"'*'" P "+"0,3T,

i>1
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Thank you for your attention
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