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NATIONAL FOREWORD

The Proclamation to define the powers and duties of The Executive organs of The Federal
Democratic Republic of Ethiopia Proclamation No 691/ 2010 and Ethiopian Building
Proclamation No 624/2009 empowers the Ministry of Urban Development, Housing and
Construction to prepare the Country’s Building Code, issue Standards for design and
construction works, and follow up and supervise the implementation of same.

This Ethiopian Standard is the official English language version of “BASIS OF
STRUCTURAL DESIGN - EBCS EN 1990:2014". It supersedes part of “BASIS OF DESIGN
AND ACTIONS ON STRUCTURES - EBCS-1 1995” which is withdrawn. With an eye on the
latest technological advancements and trends worldwide and with the aim of bringing the
Ethiopian Construction Standard at par with the present state-of-the-art, this edition has
brought a major shift in terms of contents and comprehensiveness. Ethiopia is a signatory
member of CEN/CENELEC to adopt European Standards in a sifilap fashion as the
Members and Affiliates of CEN/CENELEC in which Ethiopia is bo&comply with the
CEN/CENELEC Internal Regulations which stipulate the condi for giving the basic
framework of European Standard the status of a national stafidard without any alteration.
The major benefits to be gained in applying these stand@s are the harmonization of
professional practice and the ensuring of appropriate level*efworkmanship, level of safety
and quality of construction work.

EBCS EN 1990:2014 is prepared based on EN 1®y a Technical Committee “BASIS OF
DESIGN AND ACTIONS ON STRUCTURESZthe“secretariat of which is held by Addis
Ababa University. The document is inteni& be used in conjunction with EBCS EN
1991:2014 to EBCS EN 1998:2014 fi structural design of buildings and civil
engineering works, including geotechni aspects, structural fire design, situations
involving earthquakes, execution an porary structures. The normative part of this
Ethiopian Building Code Standar?.c osen based on the local needs and construction
practice. The range and possi oice are given in the normative text, and a Note will
qualify it as a Nationally mined Parameter (NDP) specific for the Ethiopian
Construction industry. Th Ps can be a specific value for a factor, a specific level or
class, a particular method\or a particular application rule. In the current version of the
Ethiopian Building C the NDPs are mostly taken from the recommendations provided
by the European ards. To particularly determine the appropriate values, levels,
methods and a ation conforming to our local conditions extensive and continuous
research shall be conducted. In line with such rigorous approach, the NDPs will be
published in a National Annex which will be incorporated by amendment into this Ethiopian
Standard in due course, after public consultation has taken place for a grace period of one
year. As this standard is technical document which, by their very nature, require periodic
updating, revised edition will be issued by the Ministry from time to time as appropriate.

This document does not purport to include all the necessary provisions of a contract. Users
are responsible for their correct application.

Compliance with this Ethiopian Building Code Standard does not of itself confer
immunity from legal obligations.

The Ministry of Urban Development Housing and Construction as mandated acknowledges
this document as a national resource tool and reference document which comprises a



EBCS EN 1990:2014

front cover, an inside front cover, a title page, National foreword, Table of Contents, pages
1 to 80 and a back cover. This Ethiopian Construction Standard, having been prepared
under the direction of the Ethiopian Building Proclamation No 624/2009, was published
under the authority of the Ministry of Urban Development, Housing and Construction on 01
December 2014.

Ministry of Urban development, Housing and Construction
FDRE
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SECTION 1. GENERAL

1.1 Scope

(1) EBCS EN 1990:2014 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) EBCS EN 1990:2014 is intended to be used in conjunction with EBCS EN 1991:2014 to
EBCS EN 1998:2014 for the structural design of buildings and civil engineering works,
including geotechnical aspects, 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 provisions
than those in EBCS EN 1990:2014 to EBCS EN 1998:2014 might be necessary.
%er materials or

(3) EBCS EN 1990:2014 is applicable for the design of structures wh
other actions outside the scope of EBCS EN 1991:2014 to EBCS 98 2014 are

involved Q
(4) EBCS EN 1990:2014 is applicable for the structural a@a of existing construction, in
developing the design of repairs and alterations or in a ing changes of use.

Note: Additional or amended provisions might be necessar@’e appropriate.
1.2 Normative references Q/

This Ethiopian Standard, which is based “EX 1990, incorporates by dated or undated
reference, provisions from other publicatiofs? These normative references are cited at the
appropriate places in the text and the Qﬁncations are listed hereafter. For dated
references, subsequent amendme%w or revisions of any of these publications apply to
this Ethiopian Standard only orporated in it by amendment or revision. For undated
references the latest edition @publication referred to applies (including amendments).

Note: The following Ethiopian-skndards which are published are cited in normative clauses:

EBCS EN 1991:201$\/ EBCS 1: Actions on structures

EBCS EN 1992: EBCS 2: Design of concrete structures

EBCS EN 1993:2014 EBCS 3: Design of steel structures

EBCS EN 1994:2014 EBCS 4: Design of composite steel and concrete structures
EBCS EN 1995:2014 EBCS 5: Design of timber structures

EBCS EN 1996:2014 EBCS 6: Design of masonry structures

EBCS EN 1997:2014 EBCS 7: Geotechnical design

EBCS EN 1998:2014 EBCS 8: Design of structures for earthquake resistance
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1.3 Assumptions

(1) Design which employs the Principles and Application Rules is deemed to meet the
requirements provided the assumptions given in EBCS EN 1990:2014 to EBCS EN
1998:2014 are satisfied (see Section 2).

(2) The general assumptions of EBCS EN 1990:2014 are:

— the choice of the structural system and the design of the structure is made by
appropriately qualified and experienced personnel;

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

— adequate supervision and quality control is provided 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 EBCS EN 1990:2014 or
in EBCS EN 1991:2014 to EBCS EN 1998:2014 or in the relevant e@tlon standards,
or reference material or product specifications;

— the structure will be adequately maintained;

— the structure will be used in accordance with the design assQ@ns

Note: There may be cases when the above assumptions need to be &nted.

1.4 Distinction between Principles and ApplicatioQ s

(1) Depending on the character of the individual c@s, distinction is made in EBCS EN
1990:2014 between Principles and Application

(2) The Principles comprise: A

— general statements and definitions ich there is no alternative, as well as ;
— requirements and analytical models for which no alternative is permitted unless
specifically stated.

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

(4) The Application R e generally recognised rules which comply with the Principles
and satisfy their req ents.

(5) It is permissib use alternative design rules different from the Application Rules given
in EBCS EN 1990:2014 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 EBCS.

Note: If an alternative design rule is substituted for an application rule, the resulting design cannot be claimed
to be wholly in accordance with EBCS EN 1990:2014 although the design will remain in accordance with the
Principles of EBCS EN 1990:2014.

(6) In EBCS EN 1990:2014, the Application Rules are identified by a number in brackets
e.g. as this clause.
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1.5 Terms and definitions

Note: For the purposes of this Ethiopian Standard, the Terms and definitions are derived from ES ISO 2394,
ES ISO 3898, ES ISO 8930, ES ISO 8402.

1.5.1 Common terms used in EBCS EN 1990:2014 to EBCS EN 1998:2014

1.5.1.1
construction works
everything that is constructed or results from construction operations

Note: This definition accords with ES 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.

1.5.1.2

type of building or civil engineering works
type of construction works designating its intended purpose, e.g. dwelli use, retaining
wall, industrial building, road bridge O

1.5.1.3 Q
type of construction

indication of the principal structural material, e.g. relnforcga crete construction, steel
construction, timber construction, masonry constructio and concrete composite

construction. $

1.5.1.4

method of construction

manner in which the execution will be ca@ , €.g. cast in place, prefabricated,

cantilevered

1.5.1.5
construction material
material used in construction Q@e .g. concrete, steel, timber, masonry

1.5.1.6 4

structure \f/
organised combmat@ connected parts designed to carry loads and provide adequate

rigidity O

1.5.1.7

structural member

physically distinguishable part of a structure, e.g. 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.
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1.5.1.9

structural system

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

1.5.1.10

structural model

idealisation of the structural system used for the purposes of analysis, design and
verification

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 con& off site and their

subsequent erection on site.
1.5.2 Special terms relating to design in general O

1.5.2.1 Qg

design criteria
quantitative formulations that describe for each Ilrg the conditions to be fulfilled

1.5.2.2
design situations

sets of physical conditions representing tha@g\c
interval for which the design will demons

onditions occurring during a certain time
at relevant limit states are not exceeded

1.5.2.3

transient design situation %
design situation that is relevegn g a period much shorter than the design working life of

the structure and which has probability of occurrence

Note: A transient design situaéw refers to temporary conditions of the structure, of use, or exposure, e.g.

during construction or rep;\v
1.5.2.4

persistent desiggtuation
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.

1.5.2.5

accidental design situation

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

1.5.2.6
fire design
design of a structure to fulfill the required performance in case of fire
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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 EBCS EN 1990:2014 to EBCS EN 1998:2014, an unusual and severe
event, e.g. an abnormal action or environmental influence, insufficient strength or
resistance, or excessive deviation from intended dimensions 6

1.5.2.10
load arrangement QO
identification of the position, magnitude and direction of a fre jon

1.5.2.11 \)

load case
compatible load arrangements, sets of deformation d imperfections considered
simultaneously with fixed variable actions and p, ent actions for a particular verification

1.5.2.12 Q\

limit states g/
states beyond which the structure no l@. fulfills the relevant design criteria

1.5.2.13 Q~

ultimate limit states Q
states associated with coIIaon with other similar forms of structural failure

Note: They generally corresporRd to the maximum load-carrying resistance of a structure or structural
member. \/

1.5.2.14 QE

serviceability limit’states

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

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

reversible serviceability limit states
serviceability limit states where no consequences of actions exceeding the specified service
requirements will remain when the actions are removed
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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 failure e.g. bending resistance, buckling
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 Q/
&,

1.5.2.17

reliability

ability of a structure or a structural member to fulfill the specifi quirements, including the
design working life, for which it has been designed. Reliabili&iually expressed in
probabilistic terms

Note: Reliability covers safety, serviceability and durability ofasﬁ@ure.

1.5.2.18

reliability differentiation Q/

measures intended for the socio-economi s&lisation of the resources to be used to build
construction works, taking into account expected consequences of failures and the

cost of the construction works.

1.5.2.19 OQ‘

basic variable
part of a specified set of vari&fes representing physical quantities which characterize
actions and environmentallinfluences, geometrical quantities, and material properties

including soil propertii\/

1.5.2.20

maintenance O

set of activities performed during the working life of the structure in order to enable it to fulfill
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
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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

1.5.3.1
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 members, (e.g. intern ce, moment,
stress, strain) or on the whole structure (e.g. deflection, rotation) O

1.5.3.3 _ Q

permanent action (G)

action that is likely to act throughout a given reference pe@ nd for which the variation in
magnitude with time is negligible, or for which the vari always in the same direction
(monotonic) until the action attains a certain limit %

1.5.3.4 Q/
variable action (Q) \

action for which the variation in magnitud@fgtime is neither negligible nor monotonic

Q.

1.5.3.5 Q~
accidental action (A)

action, usually of short durati of significant magnitude, that is unlikely to occur on a
given structure during the;t n working life

Note 1: An accidental on, can be expected in many cases to cause severe consequences unless
appropriate measures n

Note 2: Impact, sn(@/ind and seismic actions may be variable or accidental actions, depending on the
available information on statistical distributions.

1.5.3.6
seismic action (AE)
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
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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 str@ral members

1.5.3.12
dynamic action O

action that causes significant acceleration of the structure o@tural members

1.5.3.13
quasi-static action
dynamic action represented by an equivalent stat@won in a static model

1.5.3.14 \@

characteristic value of an action (f,) A
principal representative value of an acti:@

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 exceé%mn the unfavourable side during a "reference period" taking into
account the design working life of the@ re and the duration of the design situation.

1.5.3.15
reference period \\

chosen period of tim is used as a basis for assessing statistically variable actions, and
possibly for accid tions

1.5.3.16
combination value of a variable action (yv,0,)

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 factor y, <1

1.5.3.17
frequent value of a variable action (y,0,)

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 y, <1

8
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1.5.3.18
quasi-permanent value of a variable action (v,0,)

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

characteristic value by using a factor v, <1

1.5.3.19
accompanying value of a variable action (yQ,)
value of a variable action that accompanies the leading action in a combination

Note: The accompanying 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 action (7, )

value used for the verification of a limit state. A representative valxt@ be the
characteristic value (F,)or an accompanying value (yF;)

R
1.5.3.21 OQ“

design value of an action (F))
value obtained by multiplying the representative v@b the partial factor ,

Note: The product of the representative value muIti@y the partial factor y. =y,, Xy, may also be
designated as the design value of the action (See B.Q.

1.5.3.22

combination of actions

set of design values used for the vérification of the structural reliability for a limit state under
the simultaneous influence of d' t actions

1.5.4 Terms relating tqa ial and product properties

1.5.4.1

characteristic vat%k or R,)

value of a materi product property having a prescribed probability of not being attained
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 circumstances

1.5.4.2
design value of a material or product property (X, or R))

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

1.5.4.3
nominal value of a material or product property (X, or R )

value normally used as a characteristic value and established from an appropriate
document such as a Ethiopian Standard.
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1.5.5 Terms relating to geometrical data

1.5.5.1
characteristic value of a geometrical property (q, )
value usually corresponding to the dimensions specified in the design. Where relevant,

values of geometrical quantities may correspond to some prescribed fractiles of the
statistical distribution

1.5.5.2
design value of a geometrical property (a,)

generally a nominal value. Where relevant, values of geometrical quantities may
correspond 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 sefisitive to the value of
the geometrical property, for example when considering the effect of geometrical i ions on buckling. In
such cases, the design value will normally be established as a value specified di or example in an
appropriate Ethiopian Standard. Alternatively, it can be established from a ;t@ basis, with a value

corresponding to a more appropriate fractile (e.g. a rarer value) than applie the characteristic value.
1.5.6 Terms relating to structural analysis 0

Note: The definitions contained in the clause may not necessarily@ate to terms used in EBCS EN
1990:2014, but are included here to ensure a harmonisation rms relating to structural analysis for EBCS
EN 1991:2014 to EBCS EN 1998:2014.

1.5.6.1 \Q/

structural analysis A

procedure or algorithm for determinatio; tion effects in every point of a structure
e

rmed at three levels using different models: global analysis,
member analysis, local analysis.

1.5.6.2 QO
global analysis

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

Note: A structural analysis may have toQ&

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

10
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1.5.6.5

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 structu@at takes
account of the non-linear deformation properties of materials

Note: Second order non-linear analysis is either elastic-perfectly plastic or eQQastic.

1568 &
first order elastic-perfectly plastic analysis \>
structural analysis based on moment/curvature relatiorﬁp consisting of a linear elastic
part followed by a plastic part without hardening, performed on the initial geometry of the
structure $

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

1.5.6.9 ;\
second order elastic-perfectly plastbiéﬁf is

1.5.6.10 g

elasto-plastic analysis (first‘or second order)

structural analysis that ugeg\stress-strain or moment/curvature relationships consisting of a
linear elastic part followedsby a plastic part with or without hardening

Note: In general, it i ormed on the initial structural geometry, but it may also be applied to the geometry
of the displaced (or défermed) structure.

1.5.6.11

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 Ethiopian Standard, the following symbols apply.

Note: The notation used is based on ES ISO 3898:1987

11
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Latin upper case letters

LN

I

8

&
g

S

S

el
=

12}
=1
o

Q0 QMM E EO

.

/G

K inf

Q

G ,sup

~

SN SN SRS IS

Nxkm IR

Accidental action
Design value of an accidental action

Design value of seismic action 4, =y, 4,
Characteristic value of seismic action

Nominal value, or a function of certain design properties of materials

Effect of actions
Design value of effect of actions

Design value of effect of destabilising actions
Design value of effect of stabilising actions

Action

Design value of an action

Characteristic value of an action

Representative value of an action Q

Permanent action Q~

Design value of a permanent action 0

Lower design value of a permanent ac 'OQ

Upper design value of a permanen a$

Characteristic value of a perma ézction

Characteristic value of per action j

Upper/lower characteristi % of permanent action j

Relevant representati %e of a prestressing action (see EBCS EN

1992:2014 to EBC&Q%:ZOM and EBCS EN 1998:2014)
tressing action

Design value 0&2
Characterisi%va e of a prestressing action

Mean v IV a prestressing action
Varia ion
De value of a variable action

Characteristic value of a single variable action
Characteristic value of the leading variable action 1
Characteristic value of the accompanying variable action i

Resistance
Design value of the resistance

Characteristic value of the resistance

Material property
Design value of a material property

Characteristic value of a material property
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Latin lower case letters

Design values of geometrical data
Characteristic values of geometrical data

Nominal value of geometrical data

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

Greek upper case letters

Aa Change made to nominal geometrical data for particular design purposes, e.g.
assessment of effects of imperfections

Greek lower case letters Q/

/4 Partial factor (safety or serviceability)

7 Partial factor for actions, which takes acco |©)f the possibility of
unfavourable deviations of the action values fro Qa representative values

Ve Partial factor for actions, also accountin\g>Q7 model uncertainties and
dimensional variations

Ve Partial factor for permanent actions, which takes account of the possibility of
unfavourable deviations of the acti hgies from the representative values

Ve Partial factor for permanent a&i&/also accounting for model uncertainties
and dimensional variations

Yo Partial factor for permanenf'@ction j

Yasw ! Vo Partial factor for perm né/tirznj in calculating upper/lower design values

Vi
7’71
Y

Vp

Yoi
Y ra
Y sa

e I

Importance factor@ CS EN 1998:2014)
t

Partial factor foQ
Partial factor\for a material property, also accounting for model uncertainties
and di Néi/onal variations

Pa@or for prestressing actions (see EBCS EN 1992:2014 to EBCS EN

19 14 and EBCS EN 1998:2014)
Partial factor for variable actions, which takes account of the possibility of

erial property

unfavourable deviations of the action values from the representative values
Partial factor for variable actions, also accounting for model uncertainties and

dimensional variations
Partial factor for variable action i
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

13
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78 Factor for frequent value of a variable action
v, Factor for quasi-permanent value of a variable action

14
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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
intended 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@g@ required period of
time.

Note: See also EBCS EN 1991-1-2:2014 Q

(4)P A structure shall be designed and executed in suc&@y that it will not be damaged

by events such as :

— explosion, $
— impact, and \Q/
— the consequences of human errors, A

to an extent disproportionate to the oréé\use.

Note 1: The events to be taken into acthare those agreed for an individual project with the client and the
relevant authority.

Note 2: Further information is give% EBCS EN 1991-1-7:2014.

(5)P Potential damage@?’be avoided or limited by appropriate choice of one or more of
the following :

— avoiding, elimmating 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
removal 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.

15
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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

(1)P The reliability required for structures within the scope of EBCS EN 1990:2014 shall be
achieved:

a) by design in accordance with EBCS EN 1990:2014 to EBCS EN 1998:2014 and

b) by

— appropriate execution and

— quality management measures. 6Q/
Note: See 2.2(5) and Annex B O

(2) Different levels of reliability may be adopted inter alia: Qg

— for structural resistance;
— for serviceability. Q

(3) The choice of the levels of reliability for a pa 'Z'&structure should take account of the
relevant factors, including: A\

— the possible cause and /or mode of a@ng a limit state;

— the possible consequences of fail erms of risk to life, injury, potential economical
losses;

— public aversion to failure;

— the expense and procedu @cessary to reduce the risk of failure.

(4) The levels of reliabilit;ghat apply to a particular structure may be specified in one or
both of the following wg(s/:

— by the classifi@f 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;

16
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c) measures relating to quality management;

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 environmental
— influences;

— the accuracy of the mechanical models used ;

— the detailing;

f) efficient execution, e.g. in accordance with execution standards ref in EBCS EN
1991:2014 to EBCS EN 1998:2014.

g) adequate inspection and maintenance according to procedu@g%cified in the project
documentation.

(6) The measures to prevent potential causes of failureg@r reduce their consequences
may, in appropriate circumstances, be interchanged to aNlimited extent provided that the
required reliability levels are maintained.

2.3 Design working life A\Q/

(1) The design working life should be sEeerd

Note: Indicative categories are given in T@e . The values given in Table 2.1 may also be used for

determining time-dependent performancé\(e-g- fatigue-related calculations). See also Annex A.
Table 2'4/- Indicative design working life
|
Design working Ifidicative design Examples
life category ~\/working life
= k (years)
1 (Y 10 Temporary structures )
> ~ 10 to 25 Repl_aceable structural parts, e.g. gantry girders,
bearings
3 15 to 30 Agricultural and similar structures
4 50 Building structures and other common structures
Monumental building structures, bridges, and
5 100 o : ,
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 EBCS EN 1992:2014 to EBCS EN 1998:2014 specify appropriate@ures to reduce
deterioration.

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

\%asm of calculations,

(4)The degree of any deterioration may be estimated
experimental investigation, experience from earlier $ uctions, or a combination of these

considerations Q/
2.5 Quality management A\

(1) In order to provide a structure that %ponds to the requirements and to the
assumptions made in the design, app@ﬂ%te quality management measures should be in
place. These measures comprise:

— definition of the reIiabiIity%Dements,
— organisational measures a
— controls at the stagesgidesign, execution, use and maintenance.

Note: ES ISO 9001 :ZO(@n acceptable basis for quality management measures, where relevant.
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SECTION 3. PRINCIPLES OF LIMIT STATES SESIGN
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 effetts (e.g. fatigue)

should be related to the design working life of the construction. 6
Note: Most time dependent effects are cumulative. O
3.2 Design situations Q

(1)P The relevant design situations shall be selected ta 'E)to account the circumstances
under which the structure is required to fulfill its fu&'o

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

— transient design situations, which ref emporary conditions applicable to the
structure, e.g. during execution or%a
— accidental design situations, whith refer to exceptional conditions applicable to the
structure or to its exposure, @fire, explosion, impact or the consequences of
localized failure; @
— seismic design situations, Which refer to conditions applicable to the structure when
subjected to seismic e&gnts.
N\
|

Note: Information o design situations within each of these classes is given in EBCS EN 1991:2014
¢

— persistent design situations, which refe?@\ conditions of normal use;

to EBCS EN 1998:2

(3)P The selected design situations shall be sufficiently severe and varied so as to
encompass all conditions that can reasonably be foreseen to occur during the execution
and use of the structure.

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

(4P 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 lingit"sfates, see 6.4.1. Failure
due to excessive deformation is structural failure due to mechanical instability.

3.4 Serviceability limit states Qg

(1)P The limit states that concern:
— the functioning of the structure or structural m@rs under normal use ;

— the comfort of people ; Q/
— the appearance of the construction works \
shall be classified as serviceability limit st

Note 1: In the context of serviceability, the ter
deflection and extensive cracking, rather than

earance” is concerned with such criteria as high

Note 2: Usually the serviceability requi ts are agreed for each individual project.

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

(3) The verification @Mceability limit states should be based on criteria concerning the
following aspectso

a) deformations that affect
— the appearance,
— the comfort of users, or
— the functioning of the structure (including the functioning of machines or
services),
or that cause damage to finishes or non-structural members;

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,
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— the durability, or
— the functioning of the structure.

Note: Additional provisions related to serviceability criteria are given in the relevant EBCS EN 1992:2014 to
EBCS EN 1998:2014.

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 Q/
— product properties, and 6

— geometrical data O

are used in these models. Q

(3)P The verifications shall be carried out for all relevant d @‘Eituations 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 c@ababilistic methods may be used.

Note 1: The relevant authority can give specific cofiditiens for use.

Note 2: For a basis of probabilistic methods, nex C.

(6)P The selected design sitm@;@ ghall be considered and critical load cases identified.

(7) For a particular verlflca ionYoad cases should be selected, identifying compatible load
arrangements, sets ofq atlons and imperfections that should be considered
simultaneously with fi ariable actions and permanent actions.

(8)P Possible dens 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 actions (G), e.g. self-weight of structures, fixed equipment and road
surfacing, 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 (A), e.g. explosions, or impact from vehicles.

Note: Indirect actions caused by imposed deformations can be either permanent or var'lee.

(2) Certain actions, such as seismic actions and snow loads, may be dered as either
accidental and/or variable actions, depending on the site Iocation, CS EN 1991:2014
and EBCS EN 1998:2014. Q

(3) Actions caused by water may be considered as permans&d/or variable actions
depending on the variation of their magnitude with timeQ

(4)P Actions shall also be classified $

— by their origin, as direct or indirect, \
— by their spatial variation, as fixed or fre
— by their nature and/or the structural re@we, 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 whi y have several representative values.

Note: For some actions and soer cations, a more complex representation of the magnitudes of some
actions may be necessary.

4.1.2 Charactenst%@ues of actions

(1)P The charact | value F, of an action is its main representative value and shall be
specified :

— as amean value, an upper or lower value, or a nominal value (which does not refer to a
known statistical distribution) (see EBCS EN 1991:2014 ) ;

— in the project documentation, provided that consistency is achieved with methods given
in EBCS EN 1991:2014.

(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 value Gk may be used;
— if the variability of G cannot be considered as small, two values shall be used: an upper
value G, and a lower value G, . -

k,sup
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(3) The variability of G may be neglected if G does not vary significantly during the design
working life of the structure and its coefficient of variation is small. G, should 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 variations in G (e.g. some types of
prestressed concrete structures), two values should be used even if the coefficient of
variation is small. Then G, ;. is the 5% fractile and G is the 95% fractile of the statistical

k,sup

distribution for G, 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 EBCS
EN 1991-1-1:2014.

Note: For the settlement of foundations, see EBCS EN 1997:2014. O@

forces and/or controlled deformations imposed on a struct ese types of prestress
should be distinguished from each other as relevant (e. tress by tendons, prestress
by imposed deformation at supports). Q

(6) Prestressing (P) should be classified as a permanent ztgg%used by either controlled

Note: The characteristic values of prestress, at a given ti &y be an upper value P, (t) and a lower

,sup

value P, (7). For ultimate limit states, a mean value
EBCS EN 1992:2014 to EBCS EN 1996:2014.

can be used. Detailed information is given in

1

(7)P For variable actions, the characte@ﬂt value (Q,)shall correspond to either:

— an upper value with an inteobability of not being exceeded or a lower value with
an intended probability of¢oeing achieved, during some specific reference period;

— anominal value, whicitna be specified in cases where a statistical distribution is not
known.

Note 1: Values are gi ﬁ%\e various Parts of EBCS EN 1991:2014.

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 selected design
situation makes another fractile and/or return period more appropriate.

(8) For accidental actions the design value 44 should be specified for individual projects.
Note: See also EBCS EN 1991-1-7:2014.
(9) For seismic actions the design value 4,,should be assessed from the characteristic

value 4,, or specified for individual projects.

Note: See also EBCS EN 1998:2014.

(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 product y,0, used for the verification of ultimate
limit states and irreversible serviceability limit states (see section 6 and Annex C) ;
(b) the frequent value, represented as a product y,Q, used for the verification of ultimate

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 product ¥/, ; . qQk is used for, %érlflcatlon of certain

serviceability limit states specifically for concrete bridge decks, or concre of bridge decks. The
infrequent value, defined only for road traffic loads (see EBCS EN 1991-2 ermal actions (see EBCS
EN 1991-1-5:2014) and wind actions (see EBCS EN 1991-1-4:2014), is ba on a return period of one year.

(c) the quasi-permanent value, represented as a product y,@»used for the verification of

ultimate limit states involving accidental actions an(@ e verification of reversible
serviceability limit states. Quasi-permanent va are also used for the calculation of
long-term effects.

Note: For loads on building floors, the quasi-perma ue is usually chosen so that the proportion of the
time it is exceeded is 0.50 of the reference The quasi-permanent value can alternatively be
determined as the value averaged over a chos@eriod of time. In the case of wind actions or road traffic
loads, the quasi-permanent value is generall as zero.

4.1.4 Representation of fatigue@.ﬁons
(1) The models for fatigue ach?Qhould be those that have been established in the
relevant parts of EBCS EN;1991:2014 from evaluation of structural responses to

fluctuations of loads pe ed for common structures (e.g. for simple span and multi-span
bridges, tall slender stcdctures for wind).

(2) For structure3|de the field of application of models established in the relevant Parts
of EBCS EN 1991:2014, 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 EBCS EN 1992:2014 to EBCS EN 1998:2014.

4.1.5 Representation of dynamic actions

(1) The characteristic and fatigue load models in EBCS EN 1991:2014 include the effects of
accelerations 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 EBCS EN 1991:2014.
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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 EBCS EN 1997-1:2014.
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 concept
and detailed design.

Note: The EBCS EN 1992:2014 to EBCS EN 1998:2014 give the relevant measures.

(2) The effects of environmental influences should be taken into accour@]d where
possible, be described quantitatively. 6

4.2 Material and product properties O

(1) Properties of materials (including soil and rock) or prod Qshould be represented by
characteristic values (see 1.5.4.1). b

(2) When a limit state verification is sensitive to the v rgility of a material property, upper
and lower characteristic values of the material pr should be taken into account.

(3) Unless otherwise stated in EBCS EN 1994:2014 to EBCS EN 1998:2014 :

— where a low value of material or pr roperty is unfavourable, the characteristic
value should be defined as the 5% ile value;

— where a high value of materij Eproduct property is unfavourable, the characteristic
value should be defined 5% fractile value.

specified conditio onversion factor shall be applied where it is necessary to convert
the test results in ues which can be assumed to represent the behaviour of the material
or product in the structure or the ground.

(4)P Material proper%%glyes shall be determined from standardised tests performed under

Note: See annex D and EBCS EN 1992:2014 to EBCS EN 1998:2014

(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 values, or
design values of the property may be established directly. Where upper or lower design
values of a material or product property are established directly (e.g. friction factors,
damping ratios), they should be selected so that more adverse values would affect the
probability of occurrence of the limit state under consideration to an extent similar to other
design values.

(6)Where an upper estimate of strength is required (e.g. for capacity design measures and
for the tensile strength of concrete for the calculation of the effects of indirect actions) a
characteristic upper value of the strength should be taken into account.
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(7) The reductions of the material strength or product resistance to be considered resulting
from the effects of repeated actions are given in EBCS EN 1992:2014 to EBCS EN
1998:2014 and can lead to a reduction of the resistance over time due to fatigue.

(8) The structural stiffness parameters (e.g. 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 account (e.g. in case of instability).

(9) Values of material or product properties are given in EBCS EN 1992:2014 to EBCS EN
1998:2014. If values are taken from product standards without guidance on interpretation
being given in EBCS EN 1992:2014 to EBCS EN 1998:2014, the most erse values
should be used. 6

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

Note: Suitable account may be taken where appropriate Qhe unfamiliarity of the application or
materials/products used. $

4.3 Geometrical data

(1)P Geometrical data shall be represente }eir characteristic values, or (e.g. the case
of imperfections) directly by their desigE S.

(2) The dimensions specified in the-design may be taken as characteristic values.

(3) Where their statistical dist 't@n is sufficiently known, values of geometrical quantities
that correspond to a prescribed fractile of the statistical distribution may be used.

(4) Imperfections that @ be taken into account in the design of structural members are
given in EBCS EN 1%g 14 to EBCS EN 1998:2014.

(5)P Tolerances @onnected parts that are made from different materials shall be
mutually compatible.
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SECTION 5. STRUCTURAL ANALYSIS AND DESIGN ASSITED 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 @Q/

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

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

(3)P Effects of displacements and deformatio II be taken into account in the context of
ultimate limit state verifications if they res : ignificant increase of the effect of actions.
fo

Note: Particular methods for dealing with effe
EN 1998:2014.

(4)P Indirect actions shall be int&d in the analysis as follows:

— in linear elastic analysis, g@ctly or as equivalent forces (using appropriate modular
ratios where relevantys
— in non-linear analygis, directly as imposed deformations.

rmations are given in EBCS EN 1991:2014 to EBCS

5.1.3 Dynamic s

(1)P The structural model to be used for determining the action effects shall be established
taking account of all relevant structural members, their masses, strengths, stiffnesses and
damping characteristics, and all relevant nonstructural members with their properties.

(2)P The boundary conditions applied to the model shall be representative of those
intended in the structure.

(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 equivalent
dynamic amplification factors to the static actions.

Note: For some equivalent dynamic amplification factors, the natural frequencies are determined.
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(4) In the case of ground-structure interaction, the contribution of the soil may be modeled
by appropriate equivalent springs and dash-pots.

(5) Where relevant (e.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 histories 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 EBCS EN 1992& EBCS EN
1998:2014.

5.1.4 Fire design Q

EN 1991-1-2:2014), and shall consider models for the perature evolution within the
structure as well as models for the mechanical beh ur of the structure at elevated
temperature.

(1)P The structural fire design analysis shall be based %@ign fire scenarios (see EBCS

(2) The required performance of the structure \oosed to fire should be verified by either
global analysis, analysis of sub-assembli@ ember analysis, as well as the use of
tabular data or test results. Q~

(3) The behaviour of the structure@aosed to fire should be assessed by taking into
account either:
— nominal fire exposure, orQ

— modelled fire exposure
as well as the accomp@%g actions.

Note: See also EBC 1-1-2:2014.

(4) The structural aviour at elevated temperatures should be assessed in accordance
with EBCS EN 1992:2014 to EBCS EN 1996:2014, which give thermal and structural
models for analysis.

(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
temperature within cross-sections and along members;

— structural models may be confined to an analysis of individual members or may account
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 EBCS EN 1991:2014 to EBCS EN 1998:2014.
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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 alarge 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 results
shall be taken into account.

(3) Partial factors (including those for model uncertainties) comparable to those used in
EBCS EN 1991:2014 to EBCS EN 1998:2014 should be used. Q/

O
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SECTION 6. VERIFICATION BY THE PARTIAL FACTOR METHOD
6.1 General

(1)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 secti EBCS EN
1991:2014 to EBCS EN 1998:2014.

(4) It can be appropriate to determine design values directl @g conservative values
should be chosen. \S

(5)P Design values directly determined on statistic@zses shall correspond to at least the
same degree of reliability for the various limit s@ s implied by the partial factors given in

this standard. A\

&

6.2 Limitations
(1) The use of the Application Rul $n~in EBCS EN 1990:2014 is limited to ultimate and
serviceability limit state verificagzg( structures subject to static loading, including cases
where the dynamic effects ar ssed using equivalent quasi-static loads and dynamic
amplification factors, inclu in§</vind or traffic loads. For non-linear analysis and fatigue the
specific rules given in varieus Parts of EBCS EN 1991:2014 to EBCS EN 1998:2014 should

be applied. 5\/

6.3 Design val

6.3.1 Design values of actions

(1) The design value F, of an action /' can be expressed in general terms as:

F,=y,F,, (6.1a)
with :

F,, =vFk, (6.1b)
where:
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F, s the characteristic value of the action.
F is the relevant representative value of the action.

7y is a partial factor for the action which takes account of the possibility of unfavourable
deviations of the action values from the representative values.

7 is either 1.00 or v, v, or y,.

(2) For seismic actions the design value 4,,should be determined taking account of the
structural behaviour and other relevant criteria detailed in EBCS EN 1998:2014.

6.3.2 Design values of the effects of actions

(1) For a specific load case the design values of the effects of actionf@%/can be
expressed in general terms as: O

E,=ruE {7/,1'Frep,i3ad} i2] &(9 (6.2)
where: Q

aqd is the design values of the geometrical d e 6.3.4);

Ysd is a partial factor taking account of u@\amties:
— in modelling the effects of actio%
— in some cases, in modelling Q_@ ions.

Note: In a more general case the eﬁects@c{ions depend on material properties.

(2) In most cases, the followi plification can be made:

E,=E{y.,F,,;a,} izd (6.2a)
with: Os

Vi =Vsa XV (6.2b)

Note: When relevant, e.g. where geotechnical actions are involved, partial factors Y, can be applied to the

effects of individual actions or only one particular factor y, can 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 used (7, ;;and 7., )-

(4) For non-linear analysis (i.e. when 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:
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a) When the action effect increases more than the action, the partial factor y,.should be
applied to the representative value of the action.

b) When the action effect increases less than the action, the partial factor y,. should 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 EBCS EN
1991:2014 to EBCS EN 1998:2014 (e.qg. 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 value X, of a material or product property can be eéé/d in general

terms as:

X, =nt Qg (6.3)
2 )
where: &Q

X, is the characteristic value of the materi\@roduct property (see 4.2(3)) ;

n is the mean value of the conversic@c or taking into account

— volume and scale effects, Q

— effects of moisture and petature, and
— any other relevant pa ters ;

Vi is the partial factor for the material or product property to take account of:

— the possibility 0 unfavourable deviation of a material or product property from
its characteristie’ value;
— the ran rt of the conversion factor 7.

(2) Alternatively, in appropriate cases, the conversion factor  may be :
— implicitly taken into account within the characteristic value itself, or
— by using y,, instead of y, (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 Ethiopian 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:
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ad = anom (64)

(2)P Where the effects of deviations in geometrical data (e.g. inaccuracy in the load
application or location of supports) are significant for the reliability of the structure (e.g. by
second order effects) the design values of geometrical data shall be defined by:

a,=a, *Aa (6.5)

nom —

where :

Aa  takes account of:
— the possibility of unfavourable deviations from the characteristic or nominal values

14

— the cumulative effect of a simultaneous occurrence of several geometrical

deviations.

Note 1: a, can also represent geometrical imperfections where a

om = 0 (1€, Q@
Note 2: Where relevant, EBCS EN 1991:2014 to EBCS EN 1998:2014 pron er provisions.

(3) Effects of other deviations should be covered by partie@&s
— on the action side (), and/or Q

— resistance side (y,,). $

Note: Tolerances are defined in the relevant standards@cutlon referred to in EBCS EN 1990:2014 to

EBCS EN 1998:2014. Q/A
6.3.5 Design resistance Q~
(1) The design resistance Rdca&pressed in the following form:
1 1 \/ék,- .
R =—R{X,;a,} =—R{n,>*;q, ti>1 (6.6)
7/Rd 7/RdV 7/m,i
where: %

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

X is the design value of material property &

d,i

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

in .
R,=R{n,—=;a, ri=1 (6.6a)
M,i
where :
Ving = Vg X Ving (6.6b)
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Note: 77, may be incorporated in 7, see 6.3.3.(2).

(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 =% (6.6¢)

Vu

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 resis@e, the following
expression for design resistance can be used: O

1 4 Q
R, Z—R{kaJ;U,-Xk I(M)L’l;ad} (6.6d)

Vmg M,

Note: In some cases, the design resistance can be expressed applying directly yy partial factors to the
individual resistances due to material properties. $

6.4 Ultimate limit states Q/
6.4.1 General A\

(1)P The following ultimate limit stateS@e verified as relevant :

a) EQU : Loss of static equilibri he structure or any part of it considered as a rigid
body, where:
— minor variations in th&élue or the spatial distribution of actions from a single source

are significant, and*
— the strengths o @s ruction materials or ground are generally not governing;

b) STR: Internalg or excessive deformation of the structure or structural members,
including footings, piles, basement walls, etc., where the strength of construction
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 EBCS EN 1992:2014 to EBCS EN
1998:2014.

(2)P The design values of actions shall be in accordance with Annex A.
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 :
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Ejgu S Es g (6.7)

where:

E, ., isthe design value of the effect of destabilising actions ;
E, ., isthe 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 : Q/

E, <R, O (6.8)
E, is the design value of the effect of actions such as@gal force, moment or a vector
representing several internal forces or momentsQ

where:

R, is the design value of the corresponding r, ce.

Note 1: Details for the methods STR and GEO are g&u Annex A.

Note 2: Expression (6.8) does not cover all verifigétien formats concerning buckling, i.e. failure that happens
where second order effects cannot be I|m| the structural response, or by an acceptable structural
response. See EBCS EN 1992:2014 to E 1998:2014.

6.4.3 Combination of actlon@ gue verifications excluded)

6.4.3.1 General
E‘Lﬂse, the design values of the effects of actions (£,)shall be

(1)P For each critical Iga
determined by com@'fhe values of actions that are considered to occur simultaneously.
(2) Each combina@ of actions should include:

— a leading 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.

(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).
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(5) Where several effects of one action (e.g. bending moment and normal force due to
selfweight) 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 EBCS EN 1992:2014 to EBCS
EN 1998:2014.

(6) Imposed deformations should be taken into account where relevant.
Note: For further guidance, see 5.1.2.4(P) and EBCS EN 1992:2014 to EBCS EN 1998:2014.

6.4.3.2 Combinations of actions for persistent or transient design situations
(fundamental combinations)

(1) The general format of effects of actions should be:

E, = 7SdE{7g,ij,j37/pP3 7q,1Qk,137q,il//o,iQk,i} J2Li>1 4@_93)
(2) The combination of effects of actions to be considered shouQ@ased on

— the design value of the leading variable action, and EQ‘

— the design combination values of accompanying varj ctions :

Note: See also 6.4.3.2(4). $

E, =E{y6,G 37, PiV010usi Yoo Ous} J2Lii> \Q/ (6.9b)
(3) The combination of actions in brackel@, in (6.9b) may either be expressed as:

z yG’ij’j ||+ "}/PP"+ n}/Q’le’l "+ llz @,i b (61 O)

Jjz21 i>1

or, alternatively for STR and imit states, the less favourable of the two following

expressions: !
z 7G,ij,j "+ 'vpr'vwo,IQk,l "+ "z 7Q,1V/0,1Qk,1 (6.10a)

Jj=1 i>1
Z $76,Gi,; "+ ";@*’ "V0aGi "+ 'VZ7Q,I'V/0,;Q1{,; (6.10b)
Jj=1 i>1

Where :

"+ implies "to be combined with"

D implies "the combined effect of"

3 is a reduction factor for unfavourable permanent actions G

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)).
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6.4.3.3 Combinations of actions for accidental design situations

(1) The general format of effects of actions should be:
E, = E{Gk,j;P; Ad;('//l,l or ¥, )Qk,l;'//z,iQk,i} J2Li>1 (6.11a)
(2) The combination of actions in brackets { } can be expressed as:

z Gk,j nynpuy "Ad "y "(V/l,lorV/Q,l)Qk,l "y nz V/Z’iQk’i (61 1 b)

Jj=21 i>1

(3) The choice between v ,0, or v,,0,  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 EBCS EN 1991:2014 to EBCS EN 1@)14.

(4) Combinations of actions for accidental design situations should-ei
— involve an explicit accidental action A4 (fire or impact), or Q
— refer to a situation after an accidental event (4=0). Q‘

For fire situations, apart from the temperature effect on aterial properties, Aq should
represent the design value of the indirect thermal actiondue to fire.
6.4.3.3 Combinations of actions for seismic@ n situations

(1) The general format of effects of actionse@?d be:

E, =E{G, ;P Ay, 0., Jj=Lix1 Q. (6.12a)
(2) The combination of actions &(ets { } can be expressed as:

> G, "+"P"+"4,"+ ZK\& (6.12b)

= izl

6.4.4 Partial factoe}/actions and combinations of actions

(1) The values of@ y and y factors for actions should be obtained from EBCS EN
1991:2014 and from Annex A.

6.4.5 Partial factors for materials and products

(1) The partial factors for properties of materials and products should be obtained from
EBCS EN 1992:2014 to EBCS EN 1998:2014.

6.5 Serviceability limit states
6.5.1 Verifications

(1)P It shall be verified that :
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E,<C, (6.13)
where:

C, is the limiting design value of the relevant serviceability criterion.

E, s 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 strai%w ation, slip resistance,
see EBCS EN 1991:2014 to EBCS EN 1998:2014. O

6.5.3 Combination of actions Q

(1) The combinations of actions to be taken into account r@e relevant design situations
should be appropriate for the serviceability requiremen@nd performance criteria being
verified.

(2) The combinations of actions for sewiceabi@tates are defined symbolically by the
following expressions (see also 6.5.4): A

Note: It is assumed, in these expressions, th %’lial factors are equal to 1. See Annex A and EBCS EN
1991:2014 to EBCS EN 1998:2014.

a) Characteristic combination : Q‘
E, :E{Gk,j;P;Qk,l;l//O,iQk,i} &13i>1 (6.14a)

in which the combin@yf actions in brackets { } (called the characteristic combination),

can be expressedé
DG+ PO Y v O, (6.14b)

j=1 i>1
Note: The characteristic combination is normally used for irreversible limit states.

b) Frequent combination:
E, = E{Gk,j;P; V/1,1Qk,1;V/2,iQk,i} JzLi>1 (6.15a)

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

z Gk,j "+"P"+ "V/uQu "+ z V/z,iQk,i (6.1 5b)

Jj=21 i>1

38



EBCS EN 1990:2014

Note: The frequent combination is normally used for reversible limit states.

c) Quasi-permanent combination:
E, =E{G, Py, 0} j2Liz1 (6.16a)

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

DG, P .0 (6.16b)

21 izl

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 an(@ appearance of the
structure.

(3) For the representative value of the prestressing action (i.e. Pk & reference should
be made to the relevant design Ethiopian code for the type of p s under
consideration.

(4)P Effects of actions due to imposed deformations sh&onsidered where relevant.

Note: In some cases expressions (6.14) to (6.16) require modification. Detailed rules are given in the relevant
Parts of EBCS EN 1991:2014 to EBCS EN 1998:2014.

6.5.4 Partial factors for materials \

(1) For serviceability limit states the pa '%ctors 7., for the properties of materials should
be taken as 1.0 except if differently spegified in EBCS EN 1992:2014 to EBCS EN

1998:2014. Q~
<<O

-
S
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ANNEX A1
(INFORMATIVE)
APPLICATION FOR BUILDINGS

A1.1 Field of application

(1) This annex A1 gives rules and methods for establishing combinations of actions for
buildings. It also gives the recommended design values of permanent, variable and
accidental actions and vy 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).
A1.2 Combinations of actions

A1.2.1 General

(1) Effects of actions that cannot exist simultaneously due to physica%%ﬁctional reasons
should not be considered together in combinations of actions. O

Note 1: Depending on its uses and the form and the location of a buildin 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 nece geographical reasons, these can be
defined in the National annex.

(2) The combinations of actions given in expressi .9a to 6.12b should be used when
verifying ultimate limit states. \

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

(4) Combinations of actions that i e prestressing forces should be dealt with as detailed
in EBCS EN 1992:2014 to EB 1998:2014.

A1.2.2 Values of ¥ factors
(1) Values of  fact uld be specified.

Note: Recommende@ues of v factors for the more common actions may be obtained from Table A1.1.
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Table A1.1 - Recommended values of y factors for buildings

A v, v, v,

Imposed loads in buildings, category (see EBCS EN
1991-1-1:2014)

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 0 04,0
Wind loads on buildings (see EBCS EN 1991-1- 0.6 O(b 0
4:2014) O
Temperature (non-fire) in buildings (see EBCS EN 0.6 )\D’S 0
1991-1-5:2014) A

A1.3 Ultimate limit states 0’<
A1.3.1 Design values of actions in persistent andEtIQsient design situations

(1) The design values of actions for ultimate limj s in the persistent and transient
design situations (expressions 6.9a to 6.10b) be in accordance with Tables A1.2(A)
to (C).

Note: The values in Tables A1.2 ((A) to (C) Q{altered e.g. for different reliability levels in the National
annex (see Section 2 and Annex B).

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

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

(4) Design of structdral 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 verified
using one of the following three approaches supplemented, for geotechnical actions and
resistances, by EBCS EN 1997:2014 :

— 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 EBCS EN 1997:2014.

41



EBCS EN 1990:2014

— 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.g. the stability of a slope supporting a building)
should be verified in accordance with EBCS EN 1997:2014.

(7) Hydraulic and buoyancy failure (e.g. in the bottom of an excavation for a building
structure) should be verified in accordance with EBCS EN 1997:2014.
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Table A1.2(A) - Design values of actions (EQU) (Set A)

Persistent Permanent actions Loading Accompanying variable
and transient variable actions
design action (*)
situations
Unfavorable Favorable Main (if any) Others
(Eq.6.10) Ygism Tigoum Yarint Ging 7019, Y00k,

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

Note 1: The yvalues may be set by the National annex. The recommended set of values for y
are:

Y6 jap =1-10

Y Gisup = 0-90

70, =1.50where unfavorable (0 where favorable) @
7. =1.50 where unfavorable (0 where favorable) O6

structural members, as an alternative to two separate verificatio ased on Table A1.2(A) and
A1.2(B), a combined verification, based on Table A1.2(A)Q e adopted, if allowed by the

Note 2: In cases where the verification of static equilibriumﬁolves the resistance of

National annex, with the following set of recommend valvesw/he recommended values may be
altered by the National annex.

ij,sup =1.35 %
Vit = 1.15 \
70, =1.50 where unfavorable (0 where favoréble

7. =1.50 where unfavorable (0 where fa@eb e)

Provided that applying 7, ., =1.00 o the favourable part and to the unfavorable part of
permanent actions does not give re unfavorable effect.

4%

\j\ $
>
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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 variable
and variable | variable actions (*) and variable actions (*)
transient action transient action
design design N *)
situations | Unfavourable | Favourable Main Others situations | Unfavourable F@mble Action Main Others
(if @
any) par\
(Eq.6.10) ij,squkj,sup ij,inkaj,inf yQ,le,l 7Q,il//0,iQkJ (Eq6.102) 7Gj,squ@p\}7Gj,inkaj,inf 7Q’1V/0’1Qk’1 7/Q’il//0’iQk’i

(Eq.6.10b) p ij,inkaj,inf 7/Q,1Qk,1 7/Q,il//0,iQk,i

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

Note 1: The choice between 6.10a and 6.10b will be in the National annex. In case of 10Qand 6.10b, the National annex may in addition modify 6.10a to
include permanent actions only.

Note 2: The y and & values may be set by the National annex. The foIIowing&K%K)r v and & are recommended when using expressions 6.10, or 6.10a and
6.10b.

Veaay =1.35 Q/

YGisp =1.00
70, =1.50where unfavorable (0 where favorable) Q‘
7. =1.50 where unfavorable (0 where favorable) O

£=0.85 (sothat &y, ., = 0.85x1.35=1.15) !
See also EBCS EN 1991:2014 to EBCS EN 1998:2%4) ¥ values to be used for imposed deformations.

Note 3: The characteristic values of all pern‘@ actions from one source are multiplied by y; .. if the total resulting action effect is unfavourable and 7 ;

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 ¥;and y, may be subdivided into y, and y, and the model uncertainty factor ), 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/GEO) (Set C)

Persistent Permanent actions Loading Accompanying variable
and transient variable actions (*)
design action (*)
situations
Unfavorable Favorable Main (if any) Others
(Eq.6.10) Y6750 Gsup 7 5.int O int 7019, Y00k,

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

NOTE The y values may be set by the National annex. The recommended set of values for ¥
are:

YGisup =1.00

j/Gj,inf = 100 @
7o, =1.30where unfavorable (0 where favorable) @
7. =1.30 where unfavorable (0 where favorable) QO

Q-
)
A1.3.2 Design values of actions in the accidental rQseismic design situations

(1) The partial factors for actions for the ultimatg’liniit states in the accidental and seismic
design situations (expressions 6.11a to 6.1@\ Id be 1.0. w values are given in Table

A11.
Note: For the seismic design situation see alsQ‘BCS EN 1998:2014.

Table A1.3 - Design values O@Qﬁs for use in accidental and seismic combinations

Q of actions

Design Perruahant‘actions Leading Accompanying variable actions
situation accidental or (**)
Unf \\5|/ Favorabl seismic Main (if Oth
n @ e avorable action ain (if any) ers
Accidental (*) \ékj,sup G o 4, W, 0r ¥, W50,
(Eq. 6.11a/b) 0,
Seismic Gy Gint 7, A or A, o

(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 EBCS
EN 1991-1-2:2014.

(**) Variable actions are those considered in Table A1.1
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A1.4 Serviceability limit states
A1.4.1 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 EBCS EN 1991:2014 to EBCS EN 1998:2014.

Table A1.4 - Design values of actions for use in the combination of actions

Combination Permanent actions G, Variable actions Q,

Unfavourable | Favorable Leading | Others

Characteristic ij o ij o 0, @ ;
|~
Frequent ij,sup ij,mf 1.0, C"@,IQM
Quasi-permanent Gy Gy !/g W2k
AN
A1.4.2 Serviceability criteria Q
(1) Serviceability limit states in buildings should t o account criteria related, for

example, to floor stiffness, differential floor lev storey sway or/and building sway and
roof stiffness. Stiffness criteria may be expr&i in terms of limits for vertical deflections
and for vibrations. Sway criteria may be @ sed in terms of limits for horizontal
displacements.

(2) The serviceability criteria shou)@e specified for each project and agreed with the client.
Note : The serviceability criteria m fined in the National annex.

(3) P The serviceability cr.i.kria for deformations and vibrations shall be defined:

— depending on the 'anded use;

— inrelation to the%ﬂ eability requirements in accordance with 3.4 ;

- independentl@ e materials used for supporting structural member.

A1.4.3 Deformations and horizontal displacements

(1) Vertical and horizontal deformations should be calculated in accordance with EBCS EN
1992:2014 to EBCS EN 1998:2014, 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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K. b
P

___________...-— / L ) W

ot

Figure A1.1 - Definitions of vertical deflections

w Precamber in the unloaded structural member

w, Initial part of the deflection under permanent loads of the relevar@mbination of

actions according to expressions (6.14a) to (6.16b) 6
w,  Long-term part of the deflection under permanent loads

combination of actions according to expressions (6. (6.16b)
Total deflection as sum of wy, w,, ws

W, Additional part of the deflection due to the variable actiz@of the relevant
Remaining total deflection taking into acco@%recamber

max

(3) If the functioning or damage of the structu @D finishes, or to non-structural members
(e.g. partition walls, claddings) is being con the verification for deflection should
take account of those effects of permane% variable actions that occur after the
execution of the member or finish con

Note: Guidance on which expression (6. to (6.16b) to use is given in 6.5.3 and EBCS EN 1992:2014 to
EBCS EN 1998:2014.

(4) If the appearance of the @cture is being considered, the quasi-permanent combination
(expression 6.16b) should.ke used.

(5) If the comfort of er or the functioning of machinery are being considered, the
verification shoul 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 A1.2.
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Figure A1.2 - Definition of horizontal displacc@jg/

Key : Q
u Overall horizontal displacement over the building )@?{

u, Horizontal displacement over a storey height H’Q

1

A1.4.4 Vibrations $

(1) To achieve satisfactory vibration behavi% uildings and their structural members
under serviceability conditions, the foIIow'Q/ pects, amongst others, should be

considered : Q‘

a) the comfort of the user;
b) the functioning of the struct its structural members (e.g. cracks in partitions,
damage to cladding, sensitiyity’of building contents to vibrations).

Other aspects should be'c%usidered for each project and agreed with the client.

when subjected t rations, 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.

(2) For the servicefwnit state of a structure or a structural member not to be exceeded

(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 EBCS N 1991-1-1:2014, EBCS EN 1991-1-4:2014 and ES ISO 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.

48



EBCS EN 1990:2014

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
appropriate clauses in EBCS EN 1991:2014 to EBCS EN 1998:2014.

Note: Reliability differentiation rules have been specified for particular aspects in the design EBCSs, e.g. in
EBCS EN 1992:2014, EBCS EN 1993:2014, EBCS EN 1996:2014, EBCS EN 1997:2014 and EBCS EN
1998:2014.

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

fatigue): Q/

a) In relation to 2.2(5)b, classes are introduced and are based on
consequences of failure and the exposure of the constructio
procedure for allowing moderate differentiation in the part'
resistances corresponding to the classes is given in B Q

e

Annex C) which takes account of

Note: Reliability classification can be represented by [ indeQ
sistances and model uncertainties.

accepted or assumed statistical variability in action effects an$

b) In relation to 2.2(5)c and 2.2(5)d, a proce u%dr allowing differentiation between
various types of construction works in uirements for quality levels of the design
and execution process are given in

Note: Those quality management and co Zasures in design, detailing and execution which are given in
B4 and B5 aim to eliminate failures due t s errors, and ensure the resistances assumed in the design.

(3) The procedure has bee@lated in such a way so as to produce a framework to
allow different reliability ITS be used, if desired.

B2 Symbols \/
In this annex the wing symbols apply.

K,, Factor applicable to actions for reliability differentiation
B Reliability index

49



EBCS EN 1990:2014

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 Grandstands, public buildings where

human life, or economic, social
or environmental consequences

consequences of failure are high (e.g.
a concert hall)

very great .

CC2 Medium consequence for loss of | Residential and uildings, public
human life, economic, social or buildings whe equences of
environmental consequences failure are ®n (e.g. an office
considerable building),

CC1 Low consequence for loss of U|Id|ngs where people do

human life, and economic,
social or environmental
consequences small or
negligible

Agrlc
not Iy enter (e.g. storage
|n s), greenhouses

(2) The criterion for classification of consequ &s the importance, in terms of
consequences of failure, of the structure@ ctural member concerned. See B3.3

(3) Depending on the structural form a ecisions made during design, particular
members of the structure may be de Q,unated in the same, higher or lower consequences
class than for the entire structur @

Note: At the present time

uirements for reliability are related to the structural members of the
construction works. i

B3.2 Diﬁerentiatio@f" values

(1) The reliability@ses (RC) may be defined by the g reliability 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 index s (ultimate limit
states)

Reliability Class Minimum values for B

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 EBCS EN 1990:2014 with the partial factors given in annex A1 and EBCS EN
1991:2014 to EBCS EN 1998:2014 is considered generally to lead to a structure with a £ value greater than

3.8 for a 50 year reference period. Reliability classes for members of the structure abgve RC3 are not further
considered in this Annex, since these structures each require individual considerat%@

B3.3 Differentiation by measures relating to the partial factoro

(1) One way of achieving reliability differentiation is by distin Qng classes of y,. factors
to be used in fundamental combinations for persistent de@ ituations. For example, for
the same design supervision and execution inspectiondeyels, a multiplication factor K, ,

see Table B3, may be applied to the partial factor&

Table B3 - X, fi&ror actions

K, factor for actions <</ Reliability class
£ >~ RCA1 RC2 RC3

K O~\ 0.9 1.0 1.1

FI
o

Note: In particular, for class RC3,%ether measures as described in this Annex are normally preferred to using

K, factors. K, should be ied only to unfavourable actions.

(2) Reliability diff@on may also be applied through the partial factors on resistance y,,

. However, this is normally used. An exception is in relation to fatigue verification (see
EBCS EN 1993:2014). 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 classes of y,.. In this 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 cases (e.g. 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.
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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
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 calculatio rawings and
Levels specifi
Extended supervision Third party checking:
DSL3 Checking performed @rganization different from
relating to RC3 that which has prep, the design
Normal supervision Checking by diﬁ@‘persons than those originally
responsible apd ccordance with the procedure of
DSL2 the organizatt
relating to RC2 . @
Normal supervision Self-c ing:
DSL1 Checki erformed by the person who has prepared
relating to RCA1 the€ design
\V

(3) Design supervision differentiation ma% include a classification of designers and/or
design inspectors (checkers, controllin orities, etc.), depending on their competence
and experience, their internal organisa%n, for the relevant type of construction works being
designed.

Note: The type of construction wo staterials used and the structural forms can affect this classification.

(4) Alternatively, deS|gn ervision differentiation can consist of a more refined detailed
assessment of the n nd magnitude of actions to be resisted by the structure, or of a
system of de5|gn Io agement to actively or passively control (restrict) these actions.

B5 Inspection d g 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 EBCS EN 1992:2014 to EBCS EN 1996:2014.

Table B5 - Inspection levels (IL)

Inspection Levels Characteristics Requirements
IL3 Extended inspection Third party inspection
Relating to RC3
IL2 Normal inspection Inspection in accordance with the
Relating to RC2 procedures of the organization
IL1 Normal inspection Self inspection
Relating to RC1
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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 BS 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 EBCS EN 1992:2014 to EBCS EN
1998:2014.

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 ; Q/

— the design verification formats in the EBCS. O
C2 Symbols

In this annex the following symbols apply. 0 E
Latin upper case letters $
p : -

1 Failure probability Q/
Prob(.) Probability A\

P survival probability Q/

Latin lower case letters

a geometrical pr

g performance fufé‘lon

Greek upper case Iette\/

(Y cu e distribution function of the standardised Normal distribution

Greek lower case letters

oy FORM (First Order Reliability Method) sensitivity factor for effects of actions
oy, FORM (First Order Reliability Method) sensitivity factor for resistance

Yij reliability index

0 model uncertainty

y7a mean value of X

o, standard deviation of X

V. coefficient of variation of X
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C3 Introduction

(1) In the partial factor method the basic variables (i.e. actions, resistances and geometrical
properties) through the use of partial factors and i factors 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 and y factors 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 the i factors proposed in the currently available EBCS this is the
leading Principle.

b) On the basis of statistical evaluation of experimental data and fi servations. (This
should be carried out within the framework of a probabilistic ity theory.)
(3) When using method 2b), either on its own or in combin ith method 2a), ultimate

limit states partial factors for different materials and acti should be calibrated such that
the reliability levels for representative structures are asé)se as possible to the target
reliability index. See C6.

C4 Overview of reliability methods Q/

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

(2) The probabilistic calibration pr@d,ures for partial factors can be subdivided into two
main classes :

— full probabilistic methodsg ), and

— first order reliability me (FORM) (Level II).

stated. Level Ill metho seldom used in the calibration of design codes because of the frequent lack of

Note 1: Full probabiliwods (Level Ill) give in principle correct answers to the reliability problem as
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 Ill methods the measure of reliability should be identified
with the survival probability £, =(1-P,), where P, is the failure probability for the

considered failure mode and within an appropriate reference period. If the calculated

failure probability is larger than a pre-set target value F,, then the structure should be
considered to be unsafe.
Note: The ‘probability of failure’ and its corresponding reliability index (see C5) are only notional values 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.
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(4) The EBCS have been primarily based on method ¢ (see Figure C1). Method ¢ or
equivalent methods have been used for further development of the EBCS.

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

Deterministic methods Probabilistic methods
Historical methods FORM -« Full probabilistic
Empirical methods (Level IT) (Level IIT)
Y Y Y
| Calibration | Calibration | Calibration
h 4
Sem-probabilistic
methods
(Level I)
Method c‘l
Method a Partial factor Method &b
> design n
Figure C1 - Overview o bility methods
C5 Reliability index # ~:&
(1) In the Level Il procedures, an alteraative measure of reliability is conventionally defined
by the reliability index g which is @e to P, by:

P, =0(-f) (€.1)

where @is the cumulativ‘gwgbution function of the standardised Normal distribution. The
relation between cDaneLe/is given in Table C1.

Table C1 - Relation between s and P,
10t |10 [10°  [10* |10° [10° [107
1.28 2.32 3.09 3.72 4.27 4.75 5.20

P,
B

(2) The probability of failure P, can be expressed through a performance function g such
that a structure is considered to survive if ¢ >0and to fail if g<0:

P, =Prob(g <0) (C.2a)

If R is the resistance and E the effect of actions, the performance function g is :

g=R-E (C.2b)
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with R, E and g random variables.

(3) If g is Normally distributed, g is taken as :

gt
s (C.2c)
where :

7 is the mean value of g, and
o, is its standard deviation,

so that :

u, - Bo, =0 Q,(c.zd)
and CD%

P, =Prob(g<0)="P, =Pr0b(g3ﬂg_ﬂ6g) Q (C.2e)

For other distributions of g, £ is only a conventional meas@?he reliability
P=(1-P)

C6 Target values of reliability index # &

(1) Target values for the reliability index g fQ& ious design situations, and for reference
periods of 1 year and 50 years, are indic in Table C2. The values of g in Table C2
correspond to levels of safety for relia class RC2 (see Annex B) structural members.

Note 1: For these evaluations of S

— Lognormal or Weibull distributi have usually been used for material and structural resistance
parameters and model uncert&fes;

— Normal distributions have_usually been used for self-weight;

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

Note 2: When the m@ncertainty comes from actions that have statistically independent maxima in each
year, the values of S for a different reference period can be calculated using the following expression

O(B,)=[P(B)]" (C.3)

where :
,6’” is the reliability index for a reference period of n years,

B, is the reliability index for one year.
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Table C2 - Target reliability index g for Class RC2 structural members "

Limit state Target reliability index

1 year 50 years
Ultimate 4.7 3.8
Fatigue 1.5 to 3.8
Serviceability (irreversible) 2.9 1.5
") 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). Thus g does not necessarily provide

an indication of the actual frequency of structural failure.
C7 Approach for calibration of design values 06

(1)In the design value method of reliability verification (see Fi C1), design values need
to be defined for all the basic variables. A design is consid o be sufficient if the limit

states are not reached when the design values are intr into the analysis models. In
symbolic notation this is expressed as : $

E, <R, \Q/ (C.4)

where the subscript ‘d’ refers to design v%&This is the practical way to ensure that the

reliability index g is equal to or larger e target value.
Esand Ry can be expressed in pa@symbolic form as :

E, = E{Fdl,Fdz...adl,adz..ﬂiiQO (C.5a)
R, :R{Xdl>Xd2"'ad1®%l,ed2,m} (C.5Db)

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 @ model uncertainty.

For particular limit states (e.g. fatigue) a more general formulation may be necessary to
express a limit state.
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(S)

A

(S) failure boundary g =R-E =10 @

P design point

according to the first order reliability method (FORM)‘for Normally distributed
uncorrelated variab

Q\J
Figure C2 - Design point and relialw~ ex /

point, which can be defined as the point on idre surface (g = 0) closest to the average
point in the space of normalised variables iagrammatically indicated in Figure C2).

(2) Design values should be based on the \:hﬂ@:& basic variables at the FORM design

(3) The design values of action effects@;and resistances Rd should be defined such that
the probability of having a more u@ourable value is as follows :

P(E>E,)=®(+a,f) <<O (C.6a)
P(R<R,)=D(-a,f) é (C.6b)

where : O

S is the target reliability index (see C6).
ayand a,, with ‘a| <1, are the values of the FORM sensitivity factors. The value of

a is negative for unfavourable actions and action effects, and positive for
resistances.

o, and a,may be taken as — 0.7 and 0.8, respectively, provided

0.16<0,/0,<7.6 (C.7)

where o, and oy, are the standard deviations of the action effect and resistance,
respectively, in expressions (C.6a) and (C.6b). This gives :
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P(E>E,)=®(-0.70) (C.8a)

P(R<R,)=D(-0.88) (C.8b)

(4) Where condition (C.7) is not satisfied o =%1.0 should be used for the variable with the
larger standard deviation, and o ==+0.4for 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 > E,) = ®(—0.4x0.7x3) = ©(-0.28 5) (C.9)
Note: For § = 3.8 the values defined by expression (C.9) correspond approximat e 0.90 fractile.

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

Table C3 - Design values for various di ion functions

Distribution Design Vvalues
Normal ~afic
Lognormal ,uexMV)for V=c/u<02

Gumbel @ ~In®(-ap)}

< 0.577 T
» where u=pu— a=

@ a ol

Note: In these expressions (¢, o% 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 reference
period as for f

(7) One method ?@ung the relevant partial factor is to divide the design value of a

variable action b representative or characteristic value.
C8 Reliability verification formats in EBCS

(1) In EBCS EN 1990:2014 to EBCS EN 1998:2014, the design values of the basic

variables, X, and F,, are usually not introduced directly into the partial factor design
equations. They are introduced in terms of their representative values X, and F,,,, which

rep ?

may be :

— characteristic values, i.e. values 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) ;
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— 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 values X, and F,

rep ?

should be divided and/or multiplied,
respectively, by the appropriate partlal factors to obtain the design values X, and F,

Note: See also expression (C.10).

(3) Design values of actions F', material properties X and geometrical properties a are
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 :

Xd :nnyXk,sup 6@010)

where /s an appropriate factor greater than 1. QO
Note: Expression (C.10) may be used for capacity design.

(4) Design values for model uncertainties may be inco Qd into the design expressions
through the partial factors y,, and y,, applied on th$ alt model, such that :

E, :7SdE{7g/G1g;7PP37q1Qk1;7qi‘//0iQki3ad~} A\% (C.11)
R, =R{nX,/7,38,}/ Vra Qg/ (C.12)

actions, is applied as v, v, simultaneously occurring, accompanying variable
actions.

(5) The coefficient  which take:QL'ount of reductions in the design values of variable

(6) The following sir@gations 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{yp,F,,;,} (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 EBCS. 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 EBCS. In such instances, the above relations become more complex.

C9 Partial factors in EBCS EN 1990:2014

(1) The different partial factors available in EBCS EN 1990:2014 are defined in 1.6.
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(2) The relation between individual partial factors in EBCS is schematically shown Figure
Cs.

Uncertainty in representative values > e
of actions .yf e
— N
TEE— "'"v
Model uncertainty in actions and > .
action effects },Sd i
e
Model uncertainty in structural resistance > U
d ™
Y
v
L ___.u-"
Uncertainty in material properties > -
ITh

N\
Figure C3 - Relation between indiviQQartial factors

c10 Yofactors $

(1) Table C4 gives expressions for obtaininm&ractors (see Section 6) in the case of
two variable actions.

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

the two actions to be com&r@are independent of each other ;

— the basic period (7; opk) for each action is constant ; 7jis the greater basic period ;

the action val@nin 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 period 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 for yo for the case of two variable actions

Distribution w,=F

accompanying leading
General F {@(0.43)%}

F @075
with f =-®"' {®(-0.78)/ N, }

Approximation for very large N, F {exp[—Nld)(—OAﬂ')]}
FH{@0.78))
with f =-® {®(-0.78)/ N, }
Normal (approximation) 1+(0.288-0.7In N, )V
1+0.78V ,.Q/
Gumbel (approximation) 1—0.78V[0.58+h1(—1n®(0.2WnNl]

1-0787[0.58+ In (1f@(0:7)) ]

F (.) is the probability distribution function of the extreme v of the accompanying

action in the reference period T ; Q
@ (.) is the standard Normal distribution function;
T is the reference period;

Tjis the greater of the basic periods for action combined;

N,is the ratio T/T1, approximated to the n Xn

B is the reliability index ;

Vis the coefficient of variation of the as¢mpanying action for the reference period.

teger;

Q~
O
\j\<<
>
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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 product specifications or execution standards.
D2 Symbols

In this annex, the following symbols apply.

Latin upper case letters

E() Mean value of (.)

Coefficient of variation [V = (standard deviation) / (mean va@
Coefficient of variation of X
Estimator for the coefficient of variation of the error tng
Array of j basic variables X, ... X;
«m Characteristic value, including statistical uncertaQy for a sample of size n with any

conversion factor excluded
Array of mean values of the basic variag/

Array of nominal values of the basic variables

|>< en‘ k‘ ‘

S

= m

=n

Latin lower case letters Qg/

b Correction factor
b Correction factor for te @cimen i

1

g, ()_() Resistance function (ofkthe basic variables X) used as the design model
k,, Design fractile factor

k, Characterisf%ctile factor
m,  Mean of t sample results

n Number of experiments or numerical test results

r Resistance value

r, Design value of the resistance

7, Experimental resistance value

r, Extreme (maximum or minimum) value of the experimental resistance [i.e.value of re

that deviates most from the mean value rem |
r, Experimental resistance for specimen i

Mean value of the experimental resistance
7 Characteristic value of the resistance
Resistance value calculated using the mean values X, of the basic variables
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r Nominal value of the resistance
r Theoretical resistance determined from the resistance function g, (X)
T Theoretical resistance determined using the measured parameters X for specimen i

S Estimated value of the standard deviation &
N Estimated value of o,

Sy Estimated value of o

Greek upper case letters
() Cumulative distribution function of the standardised Normal distribution

A Logarithm of the error term 5[A,. = 1n(51.)]
A

Estimated value for E(A) Q/

Greek lower case letters O

o FORM (First Order Reliability Method) sensitivity facto effects of actions
o, FORM (First Order Reliability Method) sensitivity facterfor resistance

Yij Reliability index

7,  Corrected partial factor for resistances [yM*Q&/ ry 50 vy =k,

o Error term
0, Observed error term for test specimen N ained from a comparison of the

experimental resistance r,; and th an value corrected theoretical resistance br;
n, Design value of the possible (’,Qversion factor (so far as is not included in partial

factor for resistance y,,) Q~
n, Reduction factor appli @n the case of prior knowledge

o Standard deviation | & =+/variance
o, Variance of the e,

D3 Types of tes@

(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 structures
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 ;
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d) tests to reduce uncertainties in parameters used in resistance models ; for instance, by
testing structural members or assemblies of structural members (e.g. roof or floor
structures) ;

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 execution ;

g) control tests to check the behaviour of an actual structure or of structural members after
completion, e.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 techn&'qg See D5 to D8.

Note: Special techniques might be needed in order to evaluate type (c) test res@

(3) Test types (e), (f), (g) may be considered as acceptance where no test results are
available at the time of design. Design values should be co ative estimates which are
expected to be able to meet the acceptance criteria (teﬁ , (f), (9)) at a later stage.

D4 Planning of tests

(1) Prior to the carrying out of tests, a test pla %uld be agreed with the testing
organization. This plan should contain the gbjectives of the test and all specifications
necessary for the election or production wa est specimens, the execution of the tests
and the test evaluation. The test plan Q; cover :

— objectives and scope, Q~
— prediction of test results,

— specification of test specir@s and sampling,
— loading specifications,\\
— testing arrangement\/

— measurements,

— evaluation angrting of the tests.

Objectives and scope: The objective of the tests should be clearly stated, e.g. the required
properties, the influence of certain design parameters varied during the test and the range

of validity. Limitations of the test and required conversions (e.g. scaling effects) should be
specified.

Prediction of test results: All properties and circumstances that can influence the prediction
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 sequencing.
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The expected modes of failure and/or calculation models, together with the corresponding
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 accompanying pilot
tests.

NOTE Attention needs to be given to the fact that a structural member can possess a number of
fundamentally different failure modes.

Specification of test specimen and sampling: Test 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, gQ/

— sampling procedures,

— restraints. O

The objective of the sampling procedure should be to obtainétistically representative
sample.

Attention should be drawn to any difference between tI‘Qtest specimens and the product
population that could influence the test results. $

Loading specifications: The loading and en@%ﬂal conditions to be specified for the

test should include : Q/

— loading points,

— loading history, Q~

— restraints,

— temperatures, QO

— relative humidity,

— loading by deformatio force control, etc.

Load sequencing be selected to represent the anticipated use of the structural
member, under 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.

Measurements : Prior to the testing, all relevant properties to be measured for each
individual 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 test: For specific guidance, see D5 to D8. Any Standards on
which the tests are based should be reported.

D5 Derivation of design values 06

(1) The derivation from tests of the design values for a mater',@Qoperty, a model

parameter or a resistance should be carried out in one of t wing ways:

a) by assessing a characteristic value, which is then d@ed by a partial factor and possibly
multiplied if necessary by an explicit conversion fa (see D7.2 and D8.2) ;

b) by direct determination of the design va@nplicitly 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 %ed the value of the partial factor is determined from the
normal design procedure (see (3) below). @

(2) The derivation of a characterisii€ 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 fa %e applied to a characteristic value should be taken from the
appropriate EBC ovided 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.

available (statistical) information about the type of distribution to be u d its associated
parameters. The methods given in this Annex may be used only w. e following
conditions are satisfied :

(2) The evaluation of test results should be based on statistical methodé gith the use of

— the statistical data (including prior information) are take identified populations
which are sufficiently homogeneous ; and
— a sufficient number of observations is available. Q

Note: At the level of interpretation of tests results, three mai tegories can be distinguished :

— where one test only (or very few tests) is@ erformed, no classical statistical
interpretation is possible. Only the us extensive prior information associated with
hypotheses about the relative degr(iﬁ~ mportance of this information and of the test
results, make it possible to present an interpretation as

— statistical (Bayesian procedure ES ISO 12491) ;

— if a larger series of tests is med to evaluate a parameter, a classical statistical
interpretation might be po e. The commoner cases are treated, as examples, in D7.
This interpretation wiIIg%l/n ed to use some prior information about the parameter ;
however, this will notmally be less than above.

- when a series of O\'tgcarried out in order to calibrate a model (as a function) and one
Oor more associ 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).
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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.

(2) The single property X may represent
a) a resistance 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
characteristic 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 @ing assumptions:
— all variables follow either a Normal or a log-normal distribution 6

— there is no prior knowledge about the value of the mean ;

— for the case "Vxunknown", there is no prior knowledge a e coefficient of variation ;
— for the case "Vx known", there is full knowledge of the egefficient of variation.

Note: Adopting a log-normal distribution for certain variables s?e advantage that no negative values can
occur as for example for geometrical and resistance variabl

In practice, it is often preferable to use the ca %known" together with a conservative
upper estimate of Vx, rather than to apply ules given for the case "Vx unknown".
Moreover Vx, when unknown, should be med to be not smaller than 0.10.

D7.2 Assessment via the charac isgc value

(1) The design value of a prop should be found by using:

4

PO OO, Ty {@X} (D.1)

Y Vm ,
where : <>$
n, 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 of k£, can be found from Table D1.

(2) When using table D1, one of two cases should be considered as follows.

— The row "V, known" should be used if the coefficient of variation, V., or a realistic upper
bound of it, is known from prior knowledge.

Note: Prior knowledge might come from the evaluation of previous tests in comparable situations. What is
‘comparable’ needs to be determined by engineering judgment (see D7.1(3)).
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— The row "V, unknown" should be used if the coefficient of variation ¥} is not known from
prior knowledge and so needs to be estimated from the sample as:

52 =L2(x,. —m,)’ (D.2)
n—1
V. =s /m, (D.3)

(3) The partial factor 7n should be selected according to the field of application of the test
results.

Table D1: Values of k, for the 5% characteristic value
n 1 2 3 4 5 6 8 10 4 20 30 o0
¥V known 2.31 201 |1.89| 183 | 1.80 | 1.77 | 1.74 1}5()&.68 1.67 | 1.64
V_unknown - - 3.37| 263 | 2.33 | 2.18 | 2.00 "1{ 176 | 1.73 | 1.64

Note 2: With a log-normal distribution expression (D.1) becomes:

%

X, = n—dexp[mv —knsv] $
v ) )

where : @

m, = ! Zln(x,.) A\

n

If Vxis known from prior knowledge, ‘ gs;in(V; +1) =V,

4 & 1
If Vxis unknown from prior kn@ e s, = \/—IZ(Inxi —my)2
T

D7.3 Direct assessment of@ design value for ULS verifications

(1) The design valut@f}r X should be found by using:

X, =n,my {l_kd,n@ (D.4)

Note 1: This table is based on the Normal distribution. &(9

In this case, 7, should cover all uncertainties not covered by the tests.

(2) k,, should be obtained from table D2.

Table D2 - Values of K for the ULS design value.

n 1 2 3 4 5 6 8 10 | 20 | 30 0
V_known 436 | 3.77 |3.56 | 3.44 | 3.37 | 3.33|3.27 | 3.23 | 3.16 | 3.13 | 3.04
V. unknown - - - [11.40| 7.85 | 6.36 | 5.07 | 4.51 | 3.64 | 3.44 | 3.04
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Note 1: This table is based on the assumption that the design value corresponds to a product
o, 5 =0.8x3.8 =3.04 (see annex C) and that X is 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:

X, =mn,exp Lmy —kd,nsyJ
D8 Statistical determination of resistance models

D8.1 General

(1) This clause is mainly intended to define procedures (methods) for calibrating resistance
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 the %fconsiderations,
a “design model” should be developed, leading to the derivation o&stance function.

The validity of this model should be then checked by means of tical interpretation of
all available test data. If necessary the design model is then ted until sufficient
correlation is achieved between the theoretical values and t data.

(3) Deviation in the predictions obtained by using the gn model should also be
determined from the tests. This deviation will need to\be tombined with the deviations of

the other variables in the resistance function in o obtain an overall indication of
deviation. These other variables include :
— deviation in material strength and stiffne \

— deviation in geometrical properties.

(4) The characteristic resistance sh u@‘e determined by taking account of the deviations
of all the variables. Q~

(5) In D5(1) two different meQQare distinguished. These methods are given in D8.2 and
D8.3 respectively. Additicqﬂly, some possible simplifications are given in D8.4.

regarding the test poputation are made and explained; these assumptions are to be

These methods are p ted as a number of discrete steps and some assumptions
considered to be fno 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 variables X ;

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.

Note: Adopting a log-normal distribution for a variable has the advantage that no negative values can occur.
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(2) The standard procedure for method D5(1)a) comprises the seven steps given in
D8.2.2.1 t0 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 resistance 7 of the member or structural
detail considered, represented by the resistance function :

1, =g,(X) (D.5)

(2) The resistance function should cover all relevant basic variables X that affect the
resistance at the relevant limit state.

(3) All basic parameters should be measured for each test specimen% umption (c) in
D8.2.1) and should be available for use in the evaluation. O

D8.2.2.2 Step 2: Compare experimental and theoretical valu@~

(1) Substitute the actual measured properties into the gz?&ce function so as to obtain
theoretical values r,to form the basis of a comparig the experimental values r, from

the tests.
(2) The points representing pairs of correspo values (7;, r, ) should be plotted on a
diagram, as indicated in figure D1. Q/
N
A
r! 4 -
- * /;f r, = br,
coe
N\ e
O L
-, /;’,t‘ -
- 4\’9'
>

My

Figure D1 - e . '?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 b

(1) Represent the probabilistic model of the resistance r in the format:

7= (D.6)
where:
b is the “Least Squares” best-fit to the slope, given by b= Zr:’ (D.7)

7
t

(2) The mean value of the theoretical resistance function, calculated using the mean values

X, of the basic variables, can be obtained from: Q/

O

D8.2.2.4 Step 4: Estimate the coefficient of variation of the er, Q

rm = bl’; (Xm )5 = bgrt (Xm )5 (D 8)

(1) The error term &, for each experimental value r, sh&@ determined from expression

(D.9):
. AN
0 =4 (D.9)
"obr, A\@
(2) From the values of ¢, an estimate@for Vs should be determined by defining:
A =In(3) OQ~ (D.10)

(3) The estimated value A fo%(A)should be obtained from:

g O
A=13a (D.11)
2

(4) The estimated value s,” for o,”should be obtained from:

5 =ﬁ ,-nl (a,-a) (D.12)

(5) The expression:

Vs = yexp(sy) —1 (D.13)

may be used as the coefficient of variation V' of the o, error terms.
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D8.2.2.5 Step 5: Analyze compatibility

(1) The compatibility of the test population with the assumptions made in the resistance
function should be analyzed.

(2) If the scatter of the (r,,r,)values is too high to give economical design resistance
functions, this scatter may be reduced in one of the following ways:

a) by correcting the design model to take into account parameters which had previously
been ignored;
b) by modifying band V; by dividing the total test population into appropriate sub-sets for

which the influence of such additional parameters may be considered to be constant.

(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 anﬁ each subset using the
standard procedure. The disadvantage of splitting the test results into s Is that the number of test
results in each sub-set can become very small. 2

(4) When determining the fractile factors &, (see step 7), ﬂ@cn value for the sub-sets may

be determined on the basis of the total number of the tésts in the original series.

Note: Attention is drawn to the fact that the frequency disjri for resistance can be better described by a
bi-modal or a multi-modal function. Special approxi i echniques can be used to transform these
functions into a uni-modal distribution. A

D8.2.2.6 Step 6: Determine the coeffi@gdf variation Vi of the basic variables

(1) If it can be shown that the test@lation is fully representative of the variation in reality,
then the coefficients of variati f the basic variables in the resistance function may be

determined from the test datayHowever, since this is not generally the case, the coefficients
of variation ¥V, will normalh)\need to be determined on the basis of some prior knowledge.

D8.2.2.7 Step 7: rmine the characteristic value "« of the resistance

(1) If the resistance function for j basic variables is a product function of the form:
r=brd=b{X,xX,.X }5

the mean value E(r) may be obtained from :

E(r)=b{E(X,)xE(X,)..E(X,)} =bg,(X,,) (D.14a)

and the coefficient of variation ¥ may be obtained from the product function :
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J

V:i=? +1){H(V;,. +1)}—1 (D.14b)

i=1

(2) Alternatively, for small values of V;and V; the following approximation for ¥, may be
used:

Vi=vi+v, (D.15a)
with:
J
Vi=>YVg (D.15b)
i=1

&

(3) If the resistance function is a more complex function of the form:

r=brs=bg,(X,,...X,)5 Q
the mean value E(r) may be obtained from: 02
E(r)=bg, (E(X)),...E(X)))=bg,(X,) &Q (D.16a)

and the coefficient of variation V4 may be c&a@;ﬂrom :

, VAR[g,(X)] 1 L( og
_ ~ Zon D.16b
e Cam) 2l (D:160)

(4) If the number of tests is Iimi@n <100) allowance should be made in the distribution
of Afor statistical uncertainti e distribution should be considered as a central t-

distribution with the param.ﬁersZ, V,andn.

(5) In this case th@cteristic resistance r, should be obtained from:

r. =bg (X, )exp(—k,a 0. —k a,0,—0.50") (D.17)
with :
Qrt = O-ln(rt) = ln(Vr? + 1) (D1 83)

O5 = Osy = In(V5 +1) (D.18b)
Q5 = Gy =4/In(V;7 +1) (D.18c)

& D.19a
art Q ( )
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o, = % (D.19b)
where :
k is the characteristic fractile factor from table D1 for the case Vx unknown ;

k is the value of k, for n > [k, = 1.64];
is the weighting factor for O,
oy is the weighting factor for Q;

Note: The value of V} is to be estimated from the test sample under consideration.

(6) If a large number of tests (n >100) is available, the characteristic re%]ce r,may be

obtained from: 6

r, =bg (X,)exp(-k,0—-0.50) QO (D.20)
D8.3 Standard evaluation procedure (Method (b)) 2

(1) In this case the procedure is the same as in D ZQxcepted that step 7 is adapted by
replacing the characteristic fractile factor k, by sign fractile factor &, , equal to the

product ¢, assessed at 0.8 x 3.8 = 3.04 a only accepted (see Annex C) to obtain
the design value r, of the resistance. Q/i

(2) For the case of a limited number o@?[s the design value r, should be obtained from:
r, =bg, (X,)exp(—k, .a,0, - éﬂ{@g ~0.50%) (D.21)

where : \\

k,, isthe design \é factor from table D2 for the case “Vx unknown” ;
k,, isthe valu@ k,, for n—>o[k,, =3.04]

Note: The value of V; is to be estimated from the test sample under consideration

(2) For the case of a large number of tests the design value rqy may be obtained from:
r, =bg,(X,)exp(-k,,,0—0.50) (D.22)
D8.4 Use of additional prior knowledge

(1) If the validity of the resistance function . and an upper bound (conservative estimate) for

the coefficient of variation ¥, are already known from a significant number of previous tests,
the following simplified procedure may be adopted when further tests are carried out.
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(2) If only one further test is carried out, the characteristic value 7, may be determined from
the result r, of this test by applying:

Ty =17, (D.23)

where :

. is a reduction factor applicable in the case of prior knowledge that may be obtained
from:

7, =0.9exp(-2.317, -0.5/7) (D.24)
where :

I3

4 is the maximum coefficient of variation observed in previous<§§

(3) If two or three further tests are carried out, the characteriégalue r,may be determined
from the mean value r,, of the test results by applying:
Q (D.25)

rk = 771{ rem $
where: \Q/

n, is a reduction factor applicable in @ e of prior knowledge that may be obtained

from: Q~
1, =exp(=2.0V, —0.5V7) OQ~ (D.26)

where : Q

V. is the maximu @cient of variation observed in previous tests.
provided that eac@dreme (maximum or minimum) value r,, satisfies the condition:

<0.10r (D.27)

em

r - l:flﬂ

ee

(4) The values of the coefficient of variation ¥ given in table D3 may be assumed for the
types of failure to be specified (e.g. in the relevant design code), leading to the listed values
of 1, according to expressions (D.24) and (D.26).
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Table D3 - Reduction factor "7

Coefficient of Reduction factor 7,
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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