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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1SO
member bodies). The work of preparing International Standards is normally carried out through 1SO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commiss

ion (IEC) on all matters of electrotechnical standardization

Draft Intg

rnational Standards adopted by the technical committees are circulated to the member bodies

for voting.

Publicatipn as an International Standard requires approval by at least 75 % of the member bodigs.casting a vote.

Internatid

nal Standard ISO 10721-1 was prepared by Technical Committee ISO/TC 167, Steel and alun

structures, Subcommittee SC 1, Steel: Material and design.

1ISO 10721 consists of the following parts under the general title Steel and aluminium structures:

— Part

1: Materials and design

— Part|2: Fabrication and erection

Annexes

A and B of this part of ISO 10721 are for information only;

hinium

Vii
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Introduction

This part of ISO 10721 establishes a common basis for drafting national standards for the use of materials in steel
structures and for their design, in order to ensure adequate and consistent measures regarding safety and
serviceability.

Annex A of this part of ISO 10721 contains noncompulsory recommendations which may be used as guidelines for
practical design

The specific land numerical requirements for the completion of structures which are optimal with respectito the
state of a country's economy, development and general values should be given in the national codes of the
country.

The design rules given concern limit-state verifications for comparing the effects of actions.6r combinations| of
actions with the strength (resistance) of the structure and its components.

viii
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Steel structures —

Part 1:
Materials and design

1 Scope

This part of ISO 10721 establishes the principles and general rules for the use of steel materials and design of steel
structures-in-buildings

NOTE |t The degree of reliability should be as specified in national codes. In the establishment of design.safety factors,
due copsideration should also be given to ISO 10721-2 for fabrication of steel structures.

This part pf ISO 10721 is also applicable to bridges, off-shore and other civil engineering and felated striictures, but
for such structures it may be necessary to consider other requirements.

This part pf ISO 10721 does not cover the special requirements for steel structures-in corrosive environments
beyond nprmal atmospheric conditions and corrosion protection with regard to fatigue design.

This part pf ISO 10721 does not cover the special requirements of seismic désign.

For weldgd connections and for structures subject to fatigue, special considerations regarding the scopd of this
document are presented in 8.9 and 10.1 respectively.

NOTE P Rules and recommendations regarding composite steel and concrete structures and fire safety of stegl structures

will suhsequently be issued as separate International Standards:

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part of
ISO 1072]1. At the time of publication, the editions indicated were valid. All standards are subject to revjsion, and
parties tofagreements based on this part of ISO 10721 are encouraged to investigate the possibility of applying the
most recgnt editions of the standards indicated below. Members of IEC and ISO maintain registers of clirrently
valid Intefnational Standards.

ISO 630:1995, Structural steel——/Plates, wide flats, bars, sections and profiles.
ISO 898:1988-1994, Mechanical properties of fasteners (all parts).

ISO 2394} -, General principles on reliability of structures.

ISO 3989 -, Bases for design of structures — Notations — General symbols.

1ISO 475311983, Fasteners — Fnds of parts with external metric ISO thread

ISO 4951:1979, High yield strength steel bars and sections

ISO 6892: —*, Metallic materials — Tensile testing at ambient temperature.

1) To be published. (Revision of ISO 2394:1986)
2) To be published. (Revision of ISO 3898:1987)

3) To be published. (Revision of ISO 6892:1984, replacing ISO 82:1974)
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© SO

DEFINITIONS AND SYMBOLS

For the purposes of this part of ISO 10721, the following definitions and symbols apply.

Definitions

Limit states:

Ultimate limit state:

The states beyond which the structure no longer satisfies the
design requirements.

The limit states corresponding to the maximum load carrying

Serviceability limit
state:

Specified life:

Direct action:

Indirect action:

Nominal action:

Design action:

resistance (safety related).
The limit states related to normal use (often related toMunction).
The time the structure is to be used under the’givVen design
assumptions.

One or a set of concentrated or distributed forces acting on the
structure, such as selfweight, imposed'specified actions, wird,

etc.

The cause of imposed or constrained deformations in the
structure, such as temperature effects, settlements, creep et

I

The numerical valuerof-an action either defined by the authorities
or by the contract.documents. When this value corresponds|to a
specified probability to be exceeded within a specified referefce
time, it is called characteristic action, and it is calculated in
accordance’with ISO 2394.

Actions used in calculations. The design action is the nominh
action multiplied by its partial safety factor y,, or it is the
combination of nominal actions, each multiplied by its partial
safety factor y, for the relevant limit state.
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Shake down:

Variable action:

Repetetive action:

ISO 10721-1:1997(E)

The process of local yielding due to the initial applications of
variable actions, leading to a condition of residual stress where
all further applications can be sustained elastically (applies
particularly to the formation of plastic hinges).

Action which is unlikely to act throughout a given design situa-
tion or for which the variation in magnitude with time is not -
monotonic nor negligible in relation to the mean value.

Design action which involves stress fluctuations leading to
possible fatigue effects, i.e. it is the design action to be used for

Characteristic

material property:

Design material
property:

Nominal strength
or resistance:

Design strength
or resistance:

Normal use:
Fatigue:
Fatigue loading:
Loading event:
Equivalent

fatiguedoading:

Stress history:

Stress range:

‘rise to a stress history variation.

checking the fatique limit state.

The value of material properties established by its specified
occurrence taking account of contro! conditions and. statisti¢al
variability.

The value of material properties obtained by-dividing the
characteristic property by a partial material safety factor.

The strength or resistance value based on specified
characteristic material and geometric properties.

The nominal strength or resistance divided by the
appropriate partial safetyfactor for resistance, y,.

Normal use is that which conforms to the loading and
performance intended by the designer, or as specified in
codes of practice; or by other relevant requirements.

Damage, ‘by gradual crack propagation in a stuctural part, cdused
by repgated stress fluctuations.

A set of typical load events described by the position of loads,
their intensities and their relative occurence.

A defined loading sequence applied to the structure and givihg
A simplified fatigue loading representing the fatigue effects ¢f all
loadings events.

A record or a calculation of the stress variation at a particulg
point of a structure during the load event.

The algeb:aic diﬁemnse—bet-weeﬂ—t-we—e*t-ﬁema—e#—the—s-&es-s-

=4

Nominal stress:

history (Ags = 0, - Omin OF AT = 1, - 7). This difference
is usually identified by a stress cycle counting method.

A fatigue design stress in the parent material adjacent to
potential crack location calculated in accordance to simple elastic
strength of materials theory. For the purpose of fatigue
assessment of a particular class of constructional detail, the
design stress is either the normal stress (axial and bending
stress) or/and the shear stress. Where there is a geometric
discontinuity, not taken into account in the classi-

fication of the constructional detail, the nominal stress shall be
modified by the use of stress concentration factors.
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Geometric stress:

Cycle counting:

© 18O

A fatigue design stress, adjacent to the weld toe, defined as the
extrapolation of the maximum principal stresses. The geometric
stress takes into account the overall geometry of the
constructional detail, excluding local stress concentration effects
due to weld geometry and inherent defects in weld and adjacent
parent metal. (The geometric stress is often referred in the
litterature as the "hot spot stress").

A particular method used for counting the number of stress
cycles and related stress ranges from a stress history.

Stress-range
spectrum:

Design spectrum:

Equivalent stress
range:

Miner’s summation:

Constant amplitude
fatigue limit:

Detail category:

Fatigue strength
curve:

Design life:

Cut-off limit:

Histogram of the frequency of occurrence for all stress rangd
of different magnitudes recorded or calculated for a particUlal
loading event.

%)

The total of all stress spectra relevant to the fatigle assess-
ment.

The constant-amplitude stress range that would result in the
same fatigue life (number of cycles of stress ranges) as for the
spectrum of variable amplitude stress ranges based on a Mingr’s
summation.

A cumulative linear damage alculation based on the
Palmgren-Miner rule.

The limiting stress range value above which a fatigue
assessment is necessary.

The designation given to a particular welded or bolted detail, |in
order to indicate which fatigue strength curve is applicable fa
the fatigue assessment.

=

The quantitative relationship between stress range and
number of stress cycles to fatigue failure (selected on the basis
of a statistical analysis of available test data of a constructiohal
detail).

The reference period of time for which a structure is required| to
perform safely with an acceptable probability that failure by
fatigue or cracking will not occur.

Limit below which stress ranges of the design spectrum do njt
contribute to fatigue damage.

[ Lo el (]
GTUUVEe (UULL) vweil.

A-wetdmade @ preparation to Teceive weld metal. {(AlSo
referred to as a butt weld).
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Log Ao
1 Fafigue strength curve
o
[AY/3
Aoy Constant_amplitude fatige limit
1
Aoy m=5 . Cut-off limit
T I 6l 8
24¢° 510 10°  Log N
N Np N

Fig. 3.1 Fatigue strength curve definitions

3.2 List of symbols
(see also ISO 3898)

LATIN UPPER CASE LETTERS:

A Cross-sectional area

A, Effective crossrsection area

A, Gross section area

AL Cross-sectional area. of‘longitudinal stiffener

AL Effective area of longitudinal stiffener

A. For fillet welds, A, = effective size multiplied by its length.

For butt joints, A, = thickness of base metal multiplied by its lengthl. For
T-joints, A, = size of fusion face in base metal muitiplied by the length of

the weld
A, Net section area
A, Cross-sectional area of a stiffener
A, Nominal area of the threaded part of a bolt
A, Cross-sectional area of transverse stiffener
A, Effective shear area of bolts
A, Cross-sectional area of web
Aw Effective area of weld (effective throat of weld multiplied by its length).

For plug or slot welds, A,, = area of faying surface


https://standardsiso.com/api/?name=4f54f9757240fdf96fa4065c9a8f79c0

ISO 10721-1:1997(E)

©1SO

B Coefficient
C. Warping constant of torsion for the cross-section
E Modulus of elasticity_ (Young’s modulus)
E; Tangent modulus
F Force, action
F, Bearing resistance of bolts
Fy Characteristic action
Fq Design force, action
F, Preloading force in bolts
F, Slip resistance of bolts
F. Tensile force resistance of bolts
F, Shear force resistance of bolts
G Modulus of shear = E/ (2(1 +v))
L, Moment of iqertia (about y- and<@-axis, respectively)
I Moment of inertia of‘va stiffener |
L, Polar moment of inertia
I St. Venant torsign constant of the cross-section
Ke Coefficient. for buckling length
K Coefficients (i=1-5)
L Kength
Le Effective length (in buckling)
L, Laterally unsupported length
L, Load distribution length
M, M,, M, Bending moment (about y- and z-axis, respectively)
M Mg, My, Moment resistance (about y and z-axis, respectively)
Mg, Reduced moment resistance
Mg Elastic lateral torsional buckling moment
M, Plastic moment of flanges
M. Moment resistance in lateral torsional
buckling
M Plastic moment = f W

y'Vp
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fined

My Torsional moment
M., Plastic moment of web
M, Yield moment = f{ W
M,, M, The larger and the smaller moments at the supported ends of a member
N Normal force (chapt. 8)
N Numberoffatigue—strengthcyctest{chapt—164
N q Buckling resistance (chapt. 8)
N, Number of cycles (2:10°) at which the reference value of the fatigue
strength curve is defined (chapt. 10)
N, N, Buckling resistance about y- and z- axis, respectively
Np Number of cycles for which the constant ampllitude fatigue limit is de
(= 5109
N, Normal force resistance
N,q Normal force design resistance
Ne, N, Ng, Elastic buckling force of a pinned column = UZLEI
(about the y- and z-axis,;respectively).
Ne, Elastic buckling loadyof a structure = NZLEI
K
Ne Elastic torsional-buckling load
N, Numbertof cycles of stress Ao; to cause failure
TN, Number of cycles for which the cut-off limit is defirad (=10°)
N, Plastic normal force resistance
Ntq Torsional Buckling resistance
Nye Ultimate tensile yield force resistance
N Ultimate tensile strength
P Concentrated force
Pq Concentrated force resistance
R Resistance
S Static moment of area
T Tensile force (in a bolt
\ Shear force
V.4 Shear resistance
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V, Notional shear force in built up members
W, W, W, Elastic section modulus
W, W, W, Elastic section modulus of the effective cross section

W, W_, W

o W,,, W, Plastic section modulus

LATIN LOWER CASE LETTERS:

a, a,, a, Distance. The weld throat "a-dimension”
b Width {of plates)

b, b, b,  Effective width

c » Distance
cu G Coefficients for stiffeners
d ' Diameter. Depth
d, Effective depth
e e, e, Eccentricity. Distance (for bolts)
fy Bearing strength in bolted connections
for fopr fez Buckling strength (about'y- and z-axis, respectively)
fea flv,
fo Lateral torsional buckling strength
. . Torsignal buckling strength
fy Design strength
feo Local elastic plate buckling strength
f, Specified ultimate tensile strength of base material or bolt material
fun Specified ultimate tensile strength of weld material
5 Speeified-yield-strength-of-material-or-the-stress—giving0-2—% permanent
strain
fre Reduced (effective) yield strengtﬁ of material
frw Specified yield strength of weld material
g Distance between bolt holes (the gauge)
h Height (of web)
h, Effective heigth
i iy iy Radius of gyration (about y- and z-axis, respectively)
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Polar radius of gyration

k, k. Coefficient for the effect of the stress distribution and the support
conditions on elastic plate buckling

k,, k, Compression member buckling coefficients

K Elastic shear buckiing coefficient

] length, span

m Slope constant of the fatigue strength curve. The curves haveyslopes of
-1/3 and /or -1/5 and the corresponding values of the slope constant m
are 3 and 5

n Number. Coefficient (for built-up-members)

ne Equivalent number of stress cycles

n Number of applied stress cycles Ao,

r Radius

s Distance between bolt holes (the\staggered pitch). Weld size for T{welds

t Thickness

1 Flange thickness

t. Web thickness

X, Y, 2 Cartesian Coordinates (x along member axis)

Yer Zs Sheafigenter coordinates

GREEK LETTERS:

a Angle. Buckling curve designation. Coefficient for arbitary eccentrjcity of
column load. Bearing stress coefficient for bolted connections. Aspect
ratio for plates

Y4 Coefficient for arbitrary eccentricity. Reduction coefficient for the length
of bolted connections

B. B, B, Equivalent uniform moment coefficient for beam-columns

1% Partial coefficient

Vi Partial safety factor for actions

v, Partial safety factor for resistance (in this document identified as
resistance factor)

Vie Resistance factor for a connection

Vs Slip resistance factor
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Ao Nominal stress range (normal stress)

AT Nominal stress range (shear stress)

Ao, Reference value of the fatigue strength at 2 million cycles {(normal stress)
Aoy » Stress range corresponding to the constant amplitude fatigue limit, simply

called the "fatigue limit"

Aoy Equivalent stress range of constant amplitude cycles (normal stress)

Ao, - Stress range corresponding to the cut-oft limit

Aoy Fatigue strength (normal stress)

ATe Reference value of the fatigue strength at 2 million cycles (sHear stres§)

ATg Fatigue strength (shear stress)

Sm 6, Initial out-of straightness

€ Strain

n Coefficient. Coordinate

k. ky Coefficient

A Slenderness

A Slenderness parameter =57 VE/f,

A Relative slenderness of columns

Zo Relative slendepness limit, below which strain hardening effects in
columns accur

Ze , Effective relative slenderness for members with L-sections

;p Relative slenderness of plate

Zi Effective relative slenderness for built-up members

)7, Slip coefficient

S M, Coefficients (flexural buckling)

My Coefiicient (I‘ateral torsional buckling)

¢ Lateral torsional buckling coefficient

w, Cross sectional parameter

w,, W, Coefficient (bending moment diagram)

10


https://standardsiso.com/api/?name=4f54f9757240fdf96fa4065c9a8f79c0

o

©

:

odei),
- action arrangements (including imposed actions),

- design assumptions (caicuiation m

- properties of connecting devi

N

z

- material properties,

alculations

Design caiculations shali include

h

e

Structures or structural elements shall be designed and maintained such tha

4.1

N
<

N
(9]
<t

™
<r

<

' "
it

thepussibteconmsequencesof

e
£

y use of this code, shaii appiy througho{it
I of construction.

- wili perferm”adequateiy in normai use
L

[l
[
THE Uucyice U TeiidUility STTIUUTU DT LHUSTIT U aLLUUTTL 1UT

.

an appropriate degree of.reiiability,

- wiil sustain actiens iikely to occur
L1

nts, which can be satisfied b

e
£ L

ese’requireme

ol

- have/a sufficient durabiiity.

h

-
I
T



https://standardsiso.com/api/?name=4f54f9757240fdf96fa4065c9a8f79c0

ISO 10721-1:1997(E) ©1S0

5.2

5.3

The design of steel structures should aim at a ductile behaviour, avoiding brittle fr
by appropriate choice of materials, material thickness, connections and selection of
details and fabrication methods. See also 6.3.2.3.

Limit states

The structural performance of a whole structure or parts of it shall be described with
reference to limit states.

The limit states are classified into the following two categories, which may also be

subclassified:

a) The ultimate limit states.

b) The serviceability limit states.

| I} P 3 o 3

1 Cen ~e
Uitimate Limit States correspona to:

overturning of the structure, or parts of the structure;

- rupture of critical sections of the structure due to exceedance of the material
strength;

- transformation of the structure into a mechanism (collapse};
- loss of stability {buckliing, etc.);

- excessive displacements or deformations, leading to a change of geometry, which
necessitates replacing the structire;

- failure of a structure or a member subjected to repetitive actions (fatigue).
The Serviceability Limit States correspond to:

- deformations which affect the normal use or performance of structural or
non-structural~elements;

- oscillations producing discomfort or affecting structural or non-structural elements
or equipment;

-«l6cal damage, including limited cracking, which reduces the durability of a
structure or affects the performance of structural or non- structural elements

Design situations and member resistance

5.3.1

5.3.2

12

All relevant limit states shall be considered in design. A calculation model shall be
established for each specific limit state.

Design situations

For any structure it is generally necessary to consider

several design situations. Corresponding to each of these, there may be different
structural systems, different reliability requirements, different design values, and different
environmental conditions. The design situations may include permanent, transient and
accidental conditions.
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5.3.3
5.3.3.1

5.3.3.2

5.3.3.3
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Member resistance

For the ultimate limit states, the structure shall be designed for sufficient resistance, i.e.
strength and/or stability. At every part of the structure the member resistance shall be
larger than or equal to the action effects of the relevant ultimate limit load cases.

Variable and repetitive actions shall be considered. At.every part of the structure the
fatigue strength shall be larger than or equal to the effects of the repetetive actions.

For the serviceability limit states the structure shall be designed to eliminate unacceptable
levels of vibration, deflections or slip under the effects of the relevant serviceability

6.l

6.2

6.2.1

aCliofs.

BASIC VARIABLES
General

The design assumptions shall include the necessary set of basic.variables. The normal
basic variables are the relevant parameters characterizing:

- actions;

- material properties;

- structural geometry;

- environmental conditions.

Other variables shall also be considered, stich as uncertainties of calculation modelsd|.

Actions

General

Actions are characterized as

1. Direct actions: ‘
One or an.assembly of concentrated or distributed forces acting on the structyre,
such as-selfweight, imposed specified actions, wind etc.

2. Indirect actions:
The result of imposed or constrained deformations in the structure, such as
temperature effects, settlements, creep etc.

For characteristic values of the actions, reference is made to the relevant ISO standprd or
to the appropriate national standards.

According to their occurrence in time and to the variation of their magnitude with time,
actions are classified as follows:

- permanent actions,

- variable actions,

- repetitive actions,

- accidental actions,

- temporary or transient actions.

A load case comprises a relevant combination of actions.

13
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According to the way in which the structure responds to an action, one may distingui
between

- static actions, which are acting on the structure without causing any significan
oscillations of the structure or parts of the structure.

ISO

sh

t

- dynamic actions, which may cause impact effects or significant oscillations of the

structure or parts of the structure.

- repetitive actions, which may cause fatigue.

6.2.2

6.3

6.3.1

6.3.2
6.3.2.1

6.3.2.9

6.3.2.3

Dynamic actions, which cause impact effects, may be handled as static by an approp
increase of the magnitude of its corresponding static effect, except for the cases.wWhe
such dynamic effects are cyclical or repetitive.

Design value

For a specific limit state the design value, F,, is the representative action or combinati
of representative actions, F,, each multiplied by a partial coefficient, y; , i.e.

Fe = Zv: Fy

Materials

All material shall be suitable for its intended wWse.

Structural steels

The steel to be used shall conformte’the requirements of ISO 630 and ISO 4951 or t
the requirements of the appropriate national standards for structural steels.

The dimensions and mass of ‘all steel sections and plates and their dimensional and m

tolerances, shall comply.with the relevant ISO or national standards.

When elements of thelstructure may be used at low temperatures, consideration shall
given to notch toughness characteristics of the steel to avoid brittle fracture. This is
particularly necessary where thick welded constructions are subjected to tensile stres

The selected steel shall be of sufficient toughness and the structure shall be designed
with specific attention to minimizing notches and stress concentrations.

Ahigher notch toughness specification may be required for steel which is to be cold
formed and welded.

iate

BSS

be

BES.

6.3.2.4

6.3.3
6.3.3.1

14

Weldability shall be considered when selecting the appropriate grades of steel.
Weldability may be determined on the basis of the carbon equivalent value or other
relevant parameters. See also 8.9.1.

When an element is stressed in tension normal to its rolling plane via heavy welds on
surface, lamellar tearing shall be considered. See also 8.9.2.7. The risk of lamellar

the

tearing may be reduced by using steel with specified through thickness ductility in the

element concerned.

Connecting devices

Connecting devices covered by the design rules of this standard are bolts, studs, rivets

and welds.
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6.3.3.3

6.3.3.4
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All bolts, nuts and washers, including plated components, shall conform to the relevant
ISO standards, or to the appropriate national standards. Bolts used for structures
covered by this standard, shall not be of higher grade than 10.9, see ISO 898.

Nuts for preloaded bolts or bolts loaded in tension shall be such that stripping failure will
not occur prior to bolt failure.

All material for riveting shall conform to the appropriate national standard.

All welding consumables shall conform to the appropriate ISO, IIW or national standards.

6.3.4

6.4

6.5

7.1

l'esting and inspection of materials

Methods for testing and inspection shall be in accordance with the appropriate"4S0 ar
national standards.

Geometrical parameters

Geometry of the structure shall be uniquely described, i.e. shape, size and arrangement
of the structure and its elements. Tolerances shall be included-if_they are important lto
the resistance of the structure.

Design value of resistance

The design value of resistance R, shall be determined by dividing the characteristic vialue
of resistance R by the appropriate resistance tactars y,, i.e.

Rs = Rly,
See ISO 2394, General principles on relidbility for structures.
The resistance factor y, comprisgs uncertainties from:
- the possible systemdtic'deviation and the variability of the material properties
(such as f,, f, and E). and the geometrical cross-sectional dimensions and the

derived cross-sectional properties (such as A, |, W, W, i),

- the predietion of member resistance, i.e. the deviation between the actual meinber
resistamce-and the resistance based on calculations, models or tests.

ANALYSIS/OF STRUCTURES
General

Calculation models and basic assumptions for the calculations shall represent the
structural response according to the limit state under consideration.

The distribution of internal forces and bending moments shall be determined either by
calculations or testing.

In proportioning the structure to meet the various design requirements, the methods of
analysis given in this chapter shall be used, as appropriate. The distributions of internal
forces and bending moments shall be determined under:

- Ultimate limit state actions, to satisfy strength and overturning requirements;

- Serviceability actions, to satisfy the requirements of serviceability;

- Repetitive actions, for the fatigue safety assessment.

15
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7.2

7.3

7.3.1

7.3.2

7.3.3

7.3.4

16

Structural behaviour

The influence of deformations shall be considered.

ISO

The analysis referred to in 7.1 shall, where sway effects are significant, include the sway
effects produced by the vertical actions acting on the structure in its displaced configu-

ration. For some types of structures where the vertical actions are small and the

structure is relatively stiff, and where the lateral displacement resisting elements are well

distributed, the sway effect may be insignificant.

In all cases, the details of members and connections should be consistent with the

assumptions made in the design, without aaversely arrecung any other part or the
structure.

Effects such as the distortions of semi-rigid connections and the slip in longpslotted Holes

shall be considered for strength and stability at the ultimate limit states.

Methods of analysis

General

An ultimate limit state for which the structure will have @.ductile mode of failure, ma
analyzed by either of the methods given in 7.3.2 - 7.3%4)

Elastic analysis

The forces and moments throughout all orparts of the structure may be determined )y’

an analysis which assumes that individual members behave elastically.

Having determined the forces and ‘'me@ments on the basis of an elastic analysis, the
resistance of the structural members may be based either on the first yield criterion i

be

accordance with theory of elasticity or on the strength of the cross section in accordpnce

with Chapter 8.

Elastic-plastic analysis

For each combination of actions the forces and moments throughout all or parts of the

structure may.‘be determined by an analysis which considers the non-linear force-defor-

mation relationship of the structural parts.

Plastigghalysis

For-each combination of actions, the forces and moments throughout all or parts of fhe

structure may be determined by a plastic analysis provided that:

3l The steel material exhibIts the SIress-SIrain characleristics necessary 1o achieve
moment redistribution.

b) The relevant widththickness ratios meet the requirements of cross-sections of class |,

as given in 8.3.3.

c) The members are prevented from premature lateral buckling in accordance with
requirements, for instance as given in A.7.3.4.

d) Web stiffeners are supplied at points of concentrated actions where plastic hinges

will form. This requirement need not be met at the location of the last plastic hinge.
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8.1

8.1.1

8.1.2

8.1.3
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e} Except for those splices designed and detailed to behave as hinges, splices occurring
within the length of a member shall have an adequate deformability and shall be
designed to transmit at least 1.1 times the maximum computed force at the splice
location. The design strength need not exceed the full resistance of the member but
shall be at least 25 % of that resistance.

Unless sp.ecific provisions have been made in both the analysis and design, plastic design
shall not be used for structures subjected to alternating plasticity which leads to

incremental collapse.

For structures subjected to variable actions of high amplitude which could cause repeated

plastic deformations leading to incremental collapse, the design action shall not exceled
the shake down resistance.

The resistance of the member is the full strength of the cross-section. The'behaviour
corresponding to this strength is complete yielding under the given actioneffects whether
in tension, compression, shear or bending.

ULTIMATE LIMIT STATES

Member design

The resistance of the members should be checked against the internal forces and
moments, derived from the structural analysis.

In all cases the resistance of the membeérs shall not be less than the effects of the
relevant design actions. The member resistance depends on a criterion either of strejngth
or of overall stability.

The member cross-section should be considered at critical positions along its length for
each of, or combination«of:

-. axial tension »

- axial compression

- bending-about either axis

- directional or torsional shear.

For strutGtures analysed plastically, where a redistribution of moments is taken into
account, special requirements are placed on the material behaviour and structural

geéometry to ensure that the structure will behave as assumed in design, see 7.3.4 ahd
8.3.3.

Cross-sectional resistance

Cross-sectional strength is determined on the basis of a classification system, see 8.3.
The particular classification will depend on the behaviour of the cross-section and on its
orientation.

For class 1 and class 2 sections the resistance of a cross section is the full plastic
strength. For class 3 and class 4 sections local buckling may occur before the full plastic

strength can be attained.

Member stability

Where member instability occurs at the ultimate limit state, the resistance of the member
is based on 8.4 and 8.5 for class 1, 2 and 3 sections, and on 8.6 for class 4 sections.

17
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8.2 Resistance of members

8.2.1 Member strength

For class 1 or 2 sections where no instability occurs prior to the ultimate limit state, the
resistance of a structural element is based on the full strength of the cross-section.
This strength involves yielding under the given actions whether in tension, compression
or bending.

The resistance of tension members is governed by yielding or fracture as given in
A.8.2.1.1.

For members or parts of members subjected to compression, with the exception of

class 4 sections, limitations are imposed on the width-thickness ratios to ensure’that
premature local instability will not occur, see 8.3.3. For members subjected to*bendjng
the section class also depends on the axis about which the members is bent.

For members with a cross-section of class 4 the effects of local buckling shall be
adequately included.

8.3 Classification of cross sections

8.3.1 _General

Members are designated as class 1, 2, 3 or 4 depending on the maximum
width-thickness ratios of their cross-sectional glements subject to compression, and/pr
bending, and thus on the capability of the mémber to resist local buckling.

8.3.2 Definitions of classes

Class I: Cross-sections which can @evelop yielding in the entire cross-section, and
permit sufficient rotations to allow redistribution of moments in the structure.

[19

Class 2: Cross-sections which can develop yielding in the entire cross-section, but Idcal
buckling prevents ‘sufficient rotations at constant moment and therefore lim|ts
redistribution~of moments in the structure.

Class 3: Cross-segtions which can attain the yield strain at the extreme fibres of the
compression zone, and, because of local buckling, are prevented from
developing full plasticity.

Class 4:-Cross-sections which do not qualify as class 1, 2 or 3 sections, and, becaupge of
local buckling, are prevented from attaining gross yielding in compression.

Class | cross-sections shall, when containing a plastic hinge, have an axis of symmetry in
the plane of the action. Class 1 cross-sections without an axis of symmetry may he I];sed
when the design does not require plastic hinges, in which case lateral bending and
torsion must be taken into account.

Class 2 cross-sections shall, when subjected to flexure, have an axis of symmetry in the
plane of the action, unless the effects of possible asymmetry are included in the analysis.
By use of a reduced vield stress f ., see A.8.3.2, or by using a width reduced to meet
Class 1 section requirements, such sections may be regarded as class 1 sections.

Class 2 cross sections may be used for plastic design provided that the rotation capacity
required at locations of plastic hinges can be achieved by the section.

Local buckling does not further govern the design of a member if the proportions of the
cross-section do not exceed the limiting values given in Table A.8.3.3 for class | and 2
cross-sections.

18
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8.4
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Maximum width thickness ratios of cross-sectional elements subjected to compression
and/or bending shall be given in the national standards.

Recommended width-thickness ratios for cross-sections of class 1, 2 and 3 are given in

Table A.8.3.3. For class 4 sections the member resistance may be determined by the
methods given in A.8.6.

Flexural buckling

8.4.1

8.4.1.1

8.4.1|.2

8.4.1].3

8.4.2

Effective buckling length

The effective length L; of a compression member may be defined as Ly = K b, ‘whele

- n2E|

v Ng Tz

and N, is the theoretical elastic buckling load of the actual célumn, computed with |due
regard to rotational and translational restraints, and L is thé.géometrical length of th
member, i.e. distance between the centres of joints.

W

For compression members in trusses or frames the efféctive length should be consid ered
for buckling both in and out of the plane of the truss or frame.

The effective in-plane buckling length of compressed members in trusses or frames _
should be estimated with due consideratign*of the cross-section of the members and their
end restraints. When estimating out of-plane effective lengths of compressed mempers,
the end restraint of the members and-the resistance to displacements of the restrainjng
members out of the plane of the trestle frame should be taken into consideration.

For structures with moment-resisting frames in which the sway effects have been

included in the analysis to determine the moments and forces in the members, or fo
structures in which the sway effects, in addition to the lateral actions, are resisted by
bracing or shear walfs) the effective length factor, K¢, shall be taken equal to 1.0, unless
the degree of rotational restraints afforded at the ends of the unbraced lengths show that
a value of K_le§s)than 1.0 is applicable.

For structurés with moment resisting frames in which sway effects have not been
included)in'the analysis used to determine the design moments and forces, the effective

lengti>factor shall be determined from the degree of rotational and translational restfaints
afforded at the ends of the unbraced length, but shall not be less than 1.0.

Slenderness

The relative slenderness is defined by

where N, is the cross-sectional normal force resistance and N, is the elestic buckling
load.

The relative slenderness for class 1, 2 and 3 sections is the slenderness A divided by a
factor A,

I=i where A =n£
he y 19
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The relative slenderness is introduced to obtain formulae and diagrams which are
independent of the yield strength of the steel material.

The slenderness A should be taken as the effective length L divided by the radius of
gyration of the cross-section, calculated with respect to its relevant axis of buckling:

A=l
i

Due to serviceability and erection requirements, limitations for the slenderness of
compression members may be given in national standards. See also 9.2 regarding
vibration considerations.

8.4.3 Compression resistance

Compression resistance of a member subjected to an axial force depends,on the
slenderness g, the vield strength f, and the cross-sectional properties.

For cross-sections of class |, 2 or 3, see 8.3.3, the resistance is

Neg = o - A = fog - A,
« =

For a column with a cross-section of Class 4 the compression resistance must also
include the effects of local buckling.

8.4.4 Buckling strength f,

Buckling curves for the determination ofd, should represent the maximum load resistgnce
of the actual member. When using the curves a computational model with effective
length L and simple end conditions,i.e. translational restraints only, is adopted.

The following shall be accoynted for in the derivation of the buckling curves:

a) magnitude and-distribution of the residual stresses
b) out-of-straightness due to manufacture

The actual curve-to be used will depend on the cross-sectional shape, manufacturing
process as it affects residual stresses and out-of-straightness, and the axis of buckling.

Bucklingccurves given in A.8.4.4, National Standards, or the Structural Stability
Research Council’s Guide to Stability Design Criteria for Metal Structures, accounting for
the-preceding effects, are considered acceptable.

8.4.5 Compression MempPers Subject to THoMmerTts

The resistance of compression members subject to moments may be checked using
interaction equations as given in national standards. Such interaction equations shall

a) provide sufficiently good statistical correlation with experimental resuits or
numerical simulations so that resistance factors can be evaluated.

b) take into account such effects as the amplification of bending moments due to
the axial force acting on the deformed shape of the member, the variation of
bending moments along the length of the member, torsional or lateral torsional
buckling; initial out-of-straightness, residual stresses.

c) give valid results for any combinations of N, M, and M,.

20 Examples of interaction equations are given in A.8.4.5.
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8.5
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8.5.2
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Buckling of built-up members

Built-up members shall be calculated considering the possibility of local buckling of the
different parts of the member. The strength and the stiffness of the different parts of
the member shall be such that the assumed buckling mode may be attained.

Nnfl8423.824€6

Cul g v " :II Ve T o Ve T oV
The slenderness of such a member shall be increased due to shear deformations.
See A.8.4.6.

Ruckling of built-un members may be cal

ulated ag
uckhing Ht-up mem H oe ¢ ateg as

Q
Q

Built up members where the different parts of the cross-section is continuously

Mmmmummmmwm

section as one part.

Torsional and lateral torsional buckling

The torsional buckling resistance of a column with a cross-section of class 1, 2 or 3| may

s ayvnroaccar ac
DE expressea ds

1
Npg = —fr A

Ye §
where f_; is the torsional buckling strength.

For a column with a cross-section of class 4, the torsional buckling resistance shall also
include the effects of local buckling.

Lateral torsional buckling

The lateral torsional buckling resistance of a beam may be expressed by

1
My = —fy - W

Y, R

for class 1 and 2 ections

My, = f, - W
Yr

for class 3 sections, and by

Mx.u:ich'we

Ye

8.5.3

for class 4 sections, unless a more detailed analysis is made, where f, is the lateral
torsional buckling strength.

Members in structures where the distribution of moments and forces have been
determined by plastic analysis shall be braced to resist lateral and torsional displacements
at, or immediately adjacent to, all hinge locations. (See e.g. A.7.3.4)

Calculation of elastic lateral torsional buckling strength should for Class 4 sections be based

on the net effective section.

Buckling strengths f ;andf

The buckling strengths f; and f_ for torsional and lateral torsional buckling, respectively,
shall include all relevant effects and provide sufficient correlation with experiments and/or

numerical simulations.
21
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8.5.4

8.5.4.1

8.5.4[Z The stiffness of bracing members shall be Suificient 10 restrict the increase of

8.5.413

8.5.4/4

8.5.4[5

8.5.416

8.6

8.6.1

- General
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The buckling strengths f_; and f, shall be given in the national

recommended in A.8.5.3.

Bracing of beams, girders and trusses

Bracing members assumed to provide lateral support to the compression flange of beams
and girders, or to the compression chord of trusses, and the connections of such bracing
members, shall be proportioned to resist a force equal to 1 per cent of the force in the
compression flange or chord at the point of support, unless more accurate calculations
are made.

out-of-plane deflections at the braced point to a value equal to or close to the initia!
out-of-plane imperfection of the braced member.

When bracing of the compression flange or chord is effected by a slab omdéck, the dlab
or deck, and the means by which the computed bracing forces are transmitted between
the flange or chord and the slab or deck, shall be adequate to resist @'force in the plane
of the slab or deck.

The stiffness of the slab or deck shall be sufficient to enable thé braced member ro reach
its design resistance. In assessing the stiffness, the structural stiffness of the deck pr
slab, the flexibility of the connecting elements and the-fléxibility of the anchoring poftion
of the structure, shall be considered.

Consideration shall be given to the probable accumulation of forces from one braced
member to another.

Members restraining beams and girders designed to resist actions causing torsion shpll be

proportioned to resist these effects. -Special consideration shall be given to the
connections of asymmetric sections_such as channels, angles and zees.

Buckling of plates

The calculation pf\the ultimate resistance of a plate may be based on a large deflectipn
theory or on téstTesults. At its ultimate resistance the plate has buckled and the in-plane
stresses are_eoncentrated at the supported plate edges. In these regions stresses may
reach the'yield stress.

Fordesign calculations the concept of an effective area may be used.

The effective area is a reduced area which, multicplied by the vyield stress, will give the
same ultimate resistance as obtained from tests on the entire plate.

8.6.2
8.6.2.1

22

Uniaxial force or in-plane moment

The resistance of a plate subject to uniaxial force or in-plane moment may be expressed
as a function of f, and of the relative slenderness A, defined by

A, =

f bt _ ik
t k VE

L - 1,05 -
OGT

where the coefficient k depends on the stress distribution and the support conditions.
Normally, the edge should be assumed to be simply supported or free, unless it can be
proved that the edge is effectively restrained or fixed.
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8.6.2.2

8.6.2.3

8.6.2.4
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The moment resistance of a web may be calculated according to A.8.6.2.2. If the
effective flanges of an I-beam subjected to bending moment can sustain the entire
moment alone, the web may be exclusively retained for the purpose of carrying an
additional shear force. Otherwise, the combined buckling effects of shear and bending
shall be considered.

The width-thickness-ratio of a web should be limited such that the compression flange is
prevented from buckling into the web.

For web panels with varying bending moment and axial force the design stress
distribution may be calculated according to A.8.6.2.4.

8.6.3

8.6.3{1

8.6.3]2

Shear resistance of webs

The shear resistance of webs may be calculated according to the methéd given in
8.6.3.2. Alternatively, the shear resistance of webs may be calculated according tola
tension field theory, which has been sufficiently correlated to experimiental results ard/or
numerical simulations.

The shear resistance of webs may be expressed as a function of f, and the relative
slenderness A, defined by

PO I . RO B
To tw\/K—s E

where 7, = fy/\/3 and k, is the elastic shear buckling coefficient depending on the agpect
ratio, see A.8.6.3.2.

The resistance of a web also. dépends on the flexural rigidity of the end stiffeners in the
web plane.

The resistance is giverdiby

V=L e

r
Recommended values for the buckling strength 7, is given in A.8.6.3.2.
Theshear resistance should be checked against the largest shear force within the papel.

A rigid end stiffener shall satisfy the requirements in 8.6.5.4 and 8.6.5.5.

8.6.4

8.6.5
8.6.5.1

Combined forces

Combined forces may be handled by simplified interaction formulae. Recommended
formulae, based on 8.6.2 and 8.6.3.2, are given in A.8.6.4.

Webs or panels subdivided by stiffeners

The purpose of stiffeners is to subdivide a plate or a web into smaller panels to increase
the resistance. The smaller panels shall be calculated as given in 8.6.2 to 8.6.4,

see Fig. 8.6.5. Stiffeners shall be designed such that they provide sufficient stiffness
and strength to allow the required resistance of the plate or web to be developed.
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Fig. 8.6.5 Examples of transverse and longitudinal¢stiffeners
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Unless more accurate calculations are made, the stiffeners shall comply with the
requirements given in 8.6.5.2 - 8.6.5.5.

For structures subject to repetitive actions the unfavourable fatigue effects of possib

non-continuous longitudinal stiffeners, or terminated transverse and support stiffeners,

shall be considered.

A transverse stiffener shall have sufficient strength to carry all the forces which are
transferred to it, and have sufficient stiffness to allow the required resistance of the
adjoining panels to be developed! '

Recommended requirements-for the second moment of area and the cross section ar
transverse stiffeness arevgiven.in A.8.6.5.2.

A longitudinal stiffener shall have sufficient strength to carry all the forces which are
transferred to it{ and have sufficient stiffness to allow the required resistance of the
adjoining panelS)to be developed.

Recommended requirements for the second moment of area of longitudinal stiffeners
intended*to form a _rigid support for adjacent panels are given in A.8.6.5.3.

Stiffeners at supports should be checked for the total support force. The buckling le
is equal to 0.75 h, where h is the web plate height or the distance between flanges.

Parts of the web may be considered as acting together with the stiffener

8.6.5.5

8.7

24

pa of
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The stiffener may be stopped at a distance not less than 4t and not larger than 6t from

the unloaded flange. This also applies to intermediate transverse stiffeners.

A stiffener at the end of a web shall be able to carry all the forces which are transferred

to it from the adjoining web, see A.8.6.5.5.

Connections, general requirements

Connections may be designed to transmit forces through fasteners of different types

The design shall be based on the strength of the individual connectors or welds.
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All connections shall have a design strength such that the structure is capable of
resisting the design forces.

The structural properties of connections shall be such that the assumptions made in the
analysis and design of the structure are achieved. Connections may be classified
according to their rigidity and/or strength.

Connections may be designed by distributing the internal forces in a rational manner
provided that they are in equilibrium with the applied design forces, that the design
resistance is nowhere exceeded and that the adopted distribution does not entail
excessive deformations.

8.8

8.8]1

8.8/1.1

8.8/.1.2

8.8.1.3

 to be reached. This deformation capacity shall be demonstrated by experiments of

Should there be significant deformations, their structural effects shall be considered.

If the design strength of the connection is less than that of the connected \membets, the
deformation capacity of the connection shall be sufficient for the assumed failure mode

calculations.

When various types of fasteners are used to carry a shear force in the same plane|or
when welding and fasteners are combined, then one type*of connection should normally
be designed to carry the total action. Welds and prelgaded high-strength bolts in
slip-critical connections may, however, be assumed{to share the forces at the service-
ability load level provided the bolts are fully tightened after welding, see 8.8.3.2.b

Bolted connections

General

The fasteners used in bolted confections may either be ordinary bolts or high-strepgth
bolts, as described below. High-strength bolts may be non-preloaded or preloaded, as
described in 8.8.2.3. :

Ordinary bolts are those which are manufactured from low-carbon steel. The stee] used
shall conform to the\srequirements of ISO 4753 or to the requirements of the appropriate
national standards;

High strength) bolts are those which are manufactured of high-strength steel. The|steel
used shall'conform to the requirements of the appropriate SO or national standards.

Nonspreloaded bolts may be used as fastening elements in connections with shear|
tension, or combined shear and tension in the bolts. They should not be used in jpints
which are subjected to fatigue or earthquake actions and they should not be used fin
structures sensitive to geometric changes, as joint slip may occur. See also 8.8.2|.4.

8.8.1.4

8.8.2
8.8.2.1

8.8.2.2

High-strength bolts installed in accordance with the provision of 8.8.2.3 have a closely
controlled preload in the bolts. They may be used as the fastening elements in
connections which produce shear, tension, or combined shear and tension, or in
slip-critical connections.

Spacing of bolts should comply with the requirements in A.8.8.2.1.
The nominal diameter of the bolt hole shall not be more than 2 mm larger than the

nominal bolt diameter for bolts smaller than 27 mm and 3 mm for bolts equal to 27 mm
diameter and larger. Oversize or slotted holes may be used for 16 mm or larger bolts.

25
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8.8.2.3

8.8.2.4

Joints using oversize or slotted holes shall meet the requirements given in A.8.8.2.2 or
as given in the national standard.

Oversize holes shall not be used in bearing-type connections but may be used in any or
all plies of slip-critical connections.

Each preloaded high-strength bolt shall be tightened to provide, when all bolts in the joint
are tight, a tensile force equal to or greater than 70 % of the nominal ultimate tensile
strength of the bolt.

Ordinary bolts and non-preloaded high-strength bolts with normal clearance between hole

8.8.3
8.8.3.

8.8.3.

T

8.8.4

8.8.5
8.8.5.

diameter and shaft diameter shall not be used in connections where the force directidn is
frequently changing.

Strength of connections with bolts and rivets

For calculation of bolts in tension, see A.8.8.3.1. It is important that.possible prying
forces are included. Such connections shall not be used with nona-préloaded bolts if the
connection is subject to frequent variation in tension, see also €hapter 10.

Bolted joints subjected to shear forces may be designed acéording to the following

a) Bearing type connections with normal bolts{ar high strength bolts with no
controlled tightening up to grade 10.9:
The shear force at the ultimate limit state“should not exceed the bearing
resistance nor the shear resistance as given in National Standards or in
A.8.8.3.2.1.

b)  Slip-critical connections with-preloaded high strength bolts where slip shall ot
occur at the serviceability.limit state:
The shear force at the sérviceability limit state should not exceed the slip
resistance as given, in.National Standards or in A.8.8.3.2.2.
The shear force at the ultimate limit state should not exceed the bearing
resistance nor the shear resistance as given in National Standards or in
A.8.8.3.2.1¢

Slip coefficients

The slip eoefficient # depends on the conditions of the faying surfaces of the parts.
Representative values of the slip coefficient are given in Table A.8.8.4.

Deduction for holes

In deducting holes for fasteners, the hole diameter should be used, not the diameter ¢

-

8.8.5.2

8.8.5.3

26

thefastener:

For countersunk holes, the area to be deducted should be the gross area for the hole,
including the countersunk portion, in plane of its axis.

When holes are not staggered the area to be deducted from the gross sectional area
should be the maximum sum of the section area of the holes in any cross section, at
right angles to the direction of stress in the member

When holes are staggered the area to be deducted should be the greater of:

a) Deduction for non-staggered holes.
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b)  The sum of the sectional areas of all holes in any zig-zag line extendig
progressively across the member or part of the member, minus s%t/4g for each
gauge space in the chain of holes.

n
I

the staggered pitch, i.e. the distance, measured parallel to the direction of
stress in the member, centre-to-centre of holes in consecutive lines.

t = the thickness of the plate

the gauge, i.e. the distance, measured perpendicular to the direction of
stress in the member, centre-to-centre of holes in consecutive. lines.

©
It

For sections such as angles with holes in both legs, the gauge should be meas(red along
the centre of thickness of the plate.

In a built-up member, where the chain of holes, considered in individualh\parts, do rfot
correspond with the critical chain of holes for the member as a whaole, lthe resistange
of any fasteners joining the parts between such chains of holes shiould be taken into
account in determining the resistance of the member.

8.8/5.4  Rivets and fitted bolts shall be calculated as regular non-preloaded bolts. When making
alterations, rivets and new high-strength bolts in slip-critical joints may be considered as
sharing forces due to selfweight and imposed specified.actions.

Rivets shall when possible not be used for connggtions giving tensile forces in the fivets.

8.816 Length of connection

For a distance less than 15-d betweemthe first and the last bolt in a connection, the
resistance of the jpint can be taken as the sum of the resistances of the individual polts.
d is the diameter of the bolt. When the distance is larger than 15-d, the resistance pf the
joint shall be reduced, see A.8:8.6.

However, this reductioan does not apply for uniform dis-

- tribution of forces over the connection length, e.g. for the transfer of shear forces from
the web of a beam of column to the flange, neither does it apply to slip critical
connections.

8.9 Welded\connections

The provisions of this section are intended to apply to:

—wetdedjoints T steet structures subjected primarity 1o Static actions. For provisions
applicable to steel structures under fatigue actions, see chapter 10.

2) weldable structural steels meeting the requirements of 6.3.2. Suitability for welding
shall be established by reference to the relevant national welding standard. in
particular the Carbon Equivalent Value (calculated for instance in accordance with
the IIW formula) may need to be controlled, and also the sulphur level may need to
be controlled in heavy welded joints carrying through thickness tensile stresses.

3) material thicknesses of 4 mm and larger.
4) welding with arc welding processes
5) joints in which the weld metal is compatible with the base metal in terms of

mechanical properties, as defined in the relevant national standards.
27
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8.9.2 General requirements

8.9.2.1 Welded structures shall be designed to permit adequate access for welding and
inspection during construction.

8.9.2.2 Complete information regarding location, type, size, and length of all welds shall be

shown on the drawings. The drawings shall distinguish between shop and field welds.

8.9.2.3 In the case of partial joint penetration grooves, detailed shop or working drawings shall
specify the groove depths applicable to the effective throat required.

8921 AV.VI™S o + + 4 P | rS o o e P I P T P
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procedures shall be established.

20
e
N
)

8.9.2.5  The required weld lengths specified on the drawings shall be

he effective length

8.9.2.6 Inspection requirements shall be defined on the plans or in the specifications.

8.9.2.7 Where tensile stresses occur via heavy welds perpendicular to the surface of the
element, attention should be given to the susceptibility of the steel'material to lamella
tearing. If such details cannot be avoided, appropriate measures’ shall be taken to
minimize the possibility of lamellar tearing. For flat elementsywith a thickness of mor
than 16 mm the combination of welding procedure and/oc the through-thickness
properties of the material and/or the joint detail (see e3g./Fig. 8.9.2.7) shall be such as to
avoid lamellar tearing.

=
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I B .
a1

— [

Susceptible detail Improved detail
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i N

Susceptible detail Improved detail

Fig. 8.9.2.7

8.9.2.8  Eccentricity between intersecting parts and members shall be avoided unless accounted
for in the design.

If it cannot be avoided, adequate design provisons shall be made for all eccentricities. In
the cases of end connections, of single angles, double angles and similar type of
members, it is not necessary to completely balance the welds about the neutral axis or
axes of such members. '

8.9.2.9  Welds at the location of plastic hinges shall be able to develop the full resistance of the
connected parts.
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8.9.2.10

8.9.3
8.9.3.1

8.9.3.2

ISO 10721-1:1997(E)

For ordinary structural steels welding in cold formed areas is allowed, provided
appropriate measures are taken to avoid the possibility of brittle fracture.

Types of welds

For the purpose of this Standard, welds shall be generally classified as groove, fillet, plug
or slot welds.

A complete penetration groove weld is defined as one having complete penetration and
fusion of weld and base metal throughout the depth of the joint, see 8.9.5.7.

8.9.5-

0)]

8.9.3.4

8.9.3.5

8.9.3.6

8.9.3.7

8.9.3.8

8.9.8.9

8.9.3.10

A pduia; pt:llcualiun groove wetd-s—defimed—asorme ildvillg wetd penelrdtion fessgn the

full thickness of the joint, see 8.9.5.8 and 8.9.5.9.

National standards shall be consulted for additional conditions defining complete anfi
partial penetration groove welds.

Flare grooves shall be classified as partial penetration groove welds; see also 8.9.7[11.

Groove welds shall be continuous for the full length of the joint,_eéxcept as provided|in
8.9.3.7 or as otherwise permitted. :

Members of an assembly connected by groove or fillet‘welds throughout their length
may, at points of external framing, have additional welds to accommodate the extefqnal
action, but such welds need not be continuous for_the full length of the members.

Fillet welds may be continuous or intermittent:

Except as permitted in national standards; fillet welds shall not terminate at corners|of
parts or members, but shall be returned continuously, full sized, around the corner for a
length equal to twice the weld size~where such return can be made in the same plane.
End returns shall be indicated on drawings.

All corners of slots providéd)for fillet welding shall be rounded and the fillet welds ghall
extend completely around-the periphery of the slots.

Groove and fillet welds may be used to transmit any combination of forces.

Single fillet andsingle partial penetration groove welds shall not be subjected to bending
about the {ongitudinal axis of the weld if it produces tension at the root of the weld

Filletrwelds may be used for connecting parts, of which the fusion faces form an arjgle of
60° 10 120° see Fig.-8.9.7.2. Angles of less than 60° are permitted. However, in such

Gases the weld shall be calculated as a partial penetration groove weld. For angles |arger
than 120° the fillet welds shall not be relied upon to transmit calculated forces.

8.9.4
8.9.4.1

8.9.4.2

Plug and slot welds in lap joints may be used to transmit shear or to prevent buckling or
separation of lapped parts.

Design assumptions

For welded joints or single welds, designed to transfer any combination of loads, the
forces within the joints or the welds at their line of action shall be established by either
an elastic or a plastic analysis.

Although the distribution of stresses along the length of the weld may be uneven, such
distributions can, in most cases, be considered uniform. However, other stress
distributions may be assumed provided they satisfy the basic requirements of equilibrium
and continuity and they adequately relate to the actual deformation charac-

teristics of the joint.
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8.9.4.3 Residual stresses and stresses not participating in the transfer of forces need not be
considered in the design of welds subjected to static actions. This applies specifically to
the normal stress parallel to the axis of the weld which is accommodated by the base
material.

8.9.5 Design provisions

8.9.5.1 The strength of base metals shall be those specified in the applicable national standard.

The strength of the weld metal shall normally be equal to or greater than the strength of
the weakest base metal.

8.9.5)2 The resistance of welded joints shall be checked as recommended in A.8.9.5, A8.9/6
and A.8.9.7 or as specified in the applicable national standard.

8.9.5/3 The design value for shear in the base metal is the shear strength, which; unless
. otherwise specified in the applicable national standard, is taken as the,limiting value pf F
given in A.8.9.7.1.

8.9.5/4 The vector sum of longitudinal and transverse shear forces shall\not exceed the streqgth
requirements given in A.8.9.7.1, unless an alternative acceptable ultimate strength
analysis is used.

8.9.5]5 Plug and slot welds shall be considered only to provide.shear resistance in the plane [of
the connected parts.

8.9.5]6 The effective area of groove welds shall be the’effective weld length multiplied by the
effective throat thickness.

The effective weld length for any groove ' weld, square or skewed to the direction of
stress, shall be the width of the parts which are joined.

8.9.5|7 The effective throat thickness.@f'a complete penetration groove weld shall be the
thickness of the thinner part joined, and no increase is permitted for weld reinforcemient.

The effective throat thickness of a partial penetration groove weld shall be as defined in
the relevant national standard.

The compressive Tesistance of joints utilizing partial penetration groove welds shall be
based on the-effective throat area of the welds plus the area of the base metal fitted|in
~ contact bearing.

8.9.5/8 Theleffective throat thickness of a partial penetration groove weld for joints with no foot
opening shall be the depth of chamfer, minus 2 mm for grooves having an included angle
at the root of the groove less than 60° but not less than 45°.

The effective throat thickness ot a partial penetration groove weld shall be the depth of
chamfer for grooves having an included angle at the root of the groove of 60° or greater.

8.9.5.9 The effective throat thickness of a partial penetration groove weld reinforced with a fillet
weld shall be the shortest distance between the root of the groove and the surface of the

fillet, minus 2 mm where such reduction is required by 8.9.5.8.

8.9.6 Complete joint penetration groove welds in butt and tee joints

8.9.6.1  Tension butt joints in plates of different material thicknesses or widths shall be made in
such a manner that the slope through the transition zone is not steeper than 1 in 1,
except for structures subject to fatigue, in which case the slope should not be steeper
than 1 in 4. The transition shall be accomplished by chamfering the thicker part, tapering
the wider part, sloping the weld metal, or by any combination of these, see Fig. 8.9.6.1

a and b.
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Compression butt joints do not require a transition zone in members of different thickness
or width.
>C >( >(
1 1 1
> -
| |
>C =C >C
Remove Chamfer
sfter before
welding welding
> =>C =
< <! \\/ 1
B i
-~ -~ / ~_ -~
7 7 47
a) Trensition b b) Transition b c)(Transition b
s{:;frg the sloping the Y chamfering the
weld surfece weld surface thicker part
and chamfering
C = 4 for structures subject to fatigue
C = 1 for structures not subjected to fatigue
Fig. 8.9.6.1.a Transition of butt joidts in parts of unequal thickness
Butt joint
1
>
o T~ -~ _é\‘
[217/
1
Fig. 8.9.6.1.b Transition of width
8.9.6.2  Partial penetration groove welds are permitted for steels with good ductility in butt, tee

and corner joints. When required such joints may be reinforced with fillet welds, see

LD s

Fig. 8.9.6.2 Partial penetration groove welds
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8.9.7
8.9.7.1

8.9.7.2

_Fillet welds

A uniform stress distribution may be assumed along the length and over the throat
section of fillet welds.

The effective cross-sectional area of a fillet weld shall be the area of the largest triangle
which can be fully inscribed within the fusion faces and the weld surface, provided there
is a minimum root penetration, but with such penetration not taken into account.

The throat thickness, or the "a" dimension, shall be the height of the largest inscribed
triangle, see Fig. 8.9.7.2.

8.9.718

8.9.74

8.9.7)5

o >
X5 24 AR A DI
v/

4

Fig. 8.9.7.2 Throat thicknesses for fillet welds

For automatic submerged arc weldifig and for welding with deep penetration electrodes,
which are recognized as such bylnational standards, the throat dimension "a" may b
increased by 20%, but not by.more than 3 mm.

17

Unless otherwise specified in national standards the effective length of a fillet weld shall

- be the overall length ©fthe full-size fillet, including end returns. No reduction in effeg¢tive

length shall be made for neither the start nor the termination of the weld if the weld {s
full size throughout-its length. The minimum effective fillet length shall be a length equal
to six times the’throat of the weld (6a) or 40 mm, whichever is larger.

The effective weld length of a fillet weld shall be used for strength calculations and He
shownen design drawings. The effective weld length shall be the required length to
safély/transfer the design forces. There will be no upper limit for the length of the weld
when the stress distribution along the weld corresponds to the stress distribution in the
adjacent base metal.

8.9.7.6

8.9.7.7

8.9.7.8

8.9.7.9
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The minimum throat thickness is 3 mm.. The throat thickness shall not be larger than
that required to balance the strength of the adjacent base metal.

Fillet welds shall preferably be made with equal leg sizes and with reasonably flat faces.
Intermittent fillet welds may be used to carry calculated forces.

Fillet welds in holes or slots may be used to transmit shear, to prevent buckling or for
separation of joined parts. Fillets welds in holes or slots are not to be considered as plug
or slot welds. The minimum diameter of holes or width of slots shall not be less than the
thickness of the part containing it plus 8 mm. The ends of slots shall be semicircular or
shall have the corners rounded to a radius not less than the thickness of the part
containing it, except for those ends which extend to the edge of the part.
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8.9.7.10 The leg size of fillet welds reinforcing groove welds, for smoother transition in T- and
corner joints, shall not be less than t/4 where t is the thickness of the welded member,

8.9.7.

but need not be more than 10 mm. Such reinforcement is mandatory for T-joints
subjected to fatigue actions, Fig. 8.9.7.10. See also chapter 10, Fatigue.

2t/4 t 2t/4

11

VS EN [wr}\',‘i‘:\

Fig. 8.9.7.10 Reinforcement for T- and corner joints

The effective throat thickness

- of flare-V- and flare-bevel-groove welds in joints of hollow rectangular sections
Fig. 8.9.7.11.a, and

- of flare-groove welds for solid bars fitted flush to the surface of the solid secti
the bar, see Fig. 8.9.7.11.b,

shall be as defined in the relevant national.standard.

The effective throat thickness may be-established by means of trial welds for each sé
procedural conditions, and the trialkkwelds should be sectioned and measured to obtai
welding techniques that will ensure that the design throat thickness is achieved in
production.

, see

bn of

t of

Fig. 8.9.7.11.b Flare grooves in solid section joints
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8.9.8 Plug and slot welds

8.9.8.1 The diameter of the hole for a plug weld or the width of a slot for a slot weld shall not be
less than the thickness of the part containing it plus 8 mm.

8.9.8.2 The ends of the slot shall be semi-circular or shall have the corners rounded to a radius
not less than the thickness of the part containing it, except for those ends which extend
to the edge of the part.

8.9.8.3 The thickness of plug or slot welds in plates of 16 mm thickness or less shall be equal to
the thickness of the material.

The thickness of plug or slot welds in plates thicker than 16 mm shall be at least-ong-half
of the thickness of the plate, but not less than 16 mm.

8.10 Joints in contact bearing

8.10.1 Compression forces between different parts in welded joints may_betransmitted by
contact bearing provided that the contact surfaces are parallel and fit reasonably well.
Small local lack of fit due to irregularities of the mating surfaces’of up to 2 mm is
permitted. Contact surfaces shall be locked against lifting arysliding, unless otherwisg
specified or in agreement with accepted practice.

For structures subject to fatigue, see chapter 10.
8.10.2 Provisions shall be made to p'revent lateral displacement. Friction forces may be takgn

into account. Tensile and shear forces and*forces which may be generated by buckling
shall be carried by joints designed for such*forces.

9 SERVICEABILITY LIMIT STATES

3.1 The evaluation of the serviceability limit states shall be based on the representative
actions.

8.2 Servibeability limit, states shall comprise considerations of

- Deformations which affect the efficient use or the appearance of structural or
nol=structural elements.

<\Vibrations producing discomfort or adversely affecting structural or non-structyral
elements and equipment, especially if resonance occurs. Resonant oscillationg of
slender members exposed to wind action or water flow shall be considered.

Local damage, including cracking, which reduces the durability of a structure or
-affects the efficiency or appearance of strucutral or nonstructural elements.

Durability, the structure shall withstand the actions for the expected lifetime of the
structure, or plans for maintenance work shall be given.

'

Any other criteria arising from special functional requirements.

9.3 In the serviceability limit states normally two types of combinations are appropriate:

- Combination for short term action effects, such as combinations of permanent
actions and variable actions with frequent values.
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- Combination for long-term action effects, such as combinations of permanent
actions and variable actions with quasi-permanent {sustained) values.

9.4 For the serviceability limit states, the calculations shall normally be carried out in the
elastic field. However, a restricted plastic redistribution of forces and moments can be
accepted, provided the plastic redistribution is not repeated, and it is included in the
calculation of deformations.

10 FATIGUE
10.1 Scope

10.1.1 General

These rules present a general method for the fatigue assessment of stru€tures and
structural elements which are subjected to repeated fluctuations of stresses.

The fatigue assessment procedures assume that the structure ha$ been designed in
accordance with the other limit state reguirements of this standard and the material
conforms to the properties required in 6.3.

10.1.2 Limitations

The rules are applicable for all structural steel grades in accordance with this standard.
Bolts are acceptable up to ISO grade 10.9 or equivalent.

All nominal stresses for fatigue assessment must be within the elastic limits of the
material, the range of such stresses (unfactored) should not exceed 1.5 f, for normal
stresses and 1.5 f, N3 for shear stresses.

The following effects are not coyered by the rules of this standard:

a) Reduction of fatigue life“due to corrosion of structures in corrosive environmentk
beyond normal atmospheric conditions and suitable corrosion protection.

b) Thermal fatiglie Jof structures subject to temperatures beyond 150 °C.

10.1.3 Situations jn, Which no fatigue assessment is required

a) A-fatigue assessment may be omitted for ordinary building structures except in the
following cases:

- Members supporting lifting appliances or rolling loads.

- Members subjected to repeated stress cycles by vibrating machinery.
- Members subject to wind or water induced oscillations.

- Crowd-induced oscillations

b) A fatigue assessment is not required if the repeatedly applied stresses are
insignificent as regards fatigue.

10.2 Fatigue assessment procedures

The aim of designing a structure against the limit state of fatigue failure is to ensure,
within an acceptable level of probability, that its performance is satisfactory during its
entire design life, such that the structure is unlikely to require repair or to fail by fatigue.
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The required safety level shall be obtained by imposing an appropriate fatigue load factor
y, and a fatigue strength resistance factor y, in accordance with 10.7.

The safety verification shall be carried out either in terms of the equivalent stress range
by comparing it with the fatigue strength for a given number of stress cycles, or in terms
of damage by comparing the applied damage to the limiting damage.

When the constructional detail is defined in the detail classification tables (see 10.5 and
A.10.5), the stress range to be used is the nominal stress range, unless otherwise
specified in the classification tables.

10.2.)1
10.2 11

When the detail differs from a constructional detail defined in the classification tablep
(see 10.5 and A.10.5) by the presence of a geometric stress concentration effeéth)which
should be included, the stress range to be used is the nominal geometric stress fangg,
see 10.2.2.

- Careful attention is required in ensuring that the geometric stress is pfopérly evaluatgd,

see 10.4 and that the detail can be considered to be that in the classification tables.
As regards constructional details not included in the detail classifications, 10.5.2
indicates the requirements and fatigue strength curve referénces to be used in

conjunction with the determination of the geometric stress-range.

Fatigue assessment based on nominal stress range

For variable amplitude loading defined by a design'spec-
trum, the fatigue assessment shall be based ory the Palm-
gren-Miner rule of cumulative- damage:

n

Dz};‘—<1
INl

where

n, is the number of eycles of stress range Ao, which occurs during the required design

1

life.

N, is the number of cycles of stress range Ao; to failure, which depends on the detail
category:

The cumuldtive damage assessment shall be based on the relevant slope constants m
(see 10.5) for the normal stress range Ao

Alternatively, the fatigue assessment may be based on an equivalent constant amplitude
stress calculation, see A.10.2.1.1.

10.2.1.2

10.2.1.3

36

Nominal shear stress ranges, Ar, shall be handled similarly to nominal normal stress
ranges, but using a unique slope constant m (see 10.5).

Combination of nominal normal and nominal shear stress ranges.

In the case of a combination of normal and shear stresses the fatigue assessment shall
consider their combined effects. When applicable, one of the following methods may be
used:

a) The maximum principal stress may be used when normal and shear stresses
induced by the same loading event are in phase, provided that the planes of the
maximum principal stress do not change significantly in the course of a loading
event.
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b) If, at the same location, normal and shear stresses vary independently, the
components of damage using the Palmgren-Miner rule for both normal and shear
stresses should be combined according to the following expression:

Dy, + Dy, < 1
where

D,, is the fatigue damage due to normal stresses and calculated according to
10.2.1.1

D,, IS the fatigue damage due 10 shear Siresses calculated according to 10.2.1])2.

The nominal shear stress may be neglected when its equivalent constant ampjitdde gtress
range is less than 15 % of the equivalent nominal normal stress range.

10.2.p - Fatigue assessment based on a geometric stress range

The geometric stress (or "hot spot stress”) is defined as the extrapolation of the
maximum principal stresses to the weld toe. The maximum valles of principal stres$es
at the weld toe shall be found, investigating various locations around the welded joipt or
the stress concentration area. The geometric stress takes into account only the overgll
geometry of the joint, excluding local stress concentration effects due to the weld
geometry and discontinuities at the weld toe.

10.3 Fatigue loading

The fatigue loading is to be taken from appropriate ISO or national standards. The
loading used for the fatigue assessmentshould represent a conservative estimate of [the
accumulated service loading throughout the required design life of the structure. A
confidence level of at least 95 % shall be sought for both amplitude and frequency.

Dynamic effects, shall be considered when the dynamic response of the structure
contributes to the modification of the design spectrum.

10.4 Fatigue stress spectra

10.4n Stress calcalation

Stresses-shall be determined by an analysis of the structure under fatigue loading,
according to elastic theory. Dynamic response of the structure or impact effect shal} be
considered when appropriate.

a) Stress range for failure in parent material:

Depending upon the fatigue assessment carried out, either nominal stress ranges or
geometric stress ranges shall be evaluated.

When using the nominal stress range assessment procedure, a detail shall have a
particular category designated if it complies in every respect with the tabulated
description. The effect of stress concentrations which are not characteristic of the
detail category itself, such as holes, cut-outs, re-entrant corners, etc. shall be
taken into account by appropriate stress concentration factors.

Whatever the fatigue assessment procedure used, the effect of stresses arising
from joint eccentricity, imposed deformations, secondary stresses due to partial
joint stiffness, non-linear stress effects in the post-buckling range (e.g. "breathing”
effects in slender webs), shear lag, and prying effect shall be calculated and taken
into account when determining the stress at the detail.
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b) Stress range for failure in welds:

In load-carrying partial penetration or fillet welded joints, where fatigue failure
through the weld throat is being checked, the forces transmitted should be
resolved into two stress components, one normal stress-component transverse to
the longitudinal axis of the weld and one shear-stress-component parallel to the
longitudinal axis of the weld. Their combined damage may be evaluated according
to 10.2.1.3, subclause b. The stress-components may be obtained by using the
relevant vector components of forces.

10.4.2 Design stress range spectrum

The stress variation or stress history due to a loading event shall be reduced to a $trgss
range spectrum by employing a method of cycle counting.

For a particular detail, the total of all stress range spectra, caused by all loading everts,
shall be compiled. This compilation results in the design stress range spectrum to b¢

used for the fatigue assessment.

Different components of a structure may have different stress range spectra.

10.5 Fatigue strength

Fatigue strength shall be calculated in accordance with national standards, or as
recommended in Appendix A.10.

The expression of the fatigue strength is conveniently presented in the form of log Ao -
log N-curves, each applicable to typical detail categories. The detail category is
designated by a number which represents in MPa a fatigue strength reference value Ao,
at 2 million stress cycles.

The fatigue strength curves (nermal stress) are expressed by the following equation:
log N = log a-m_-log Aoy
where
Aoy is thefatigue strength
N isthe humber of stress range cycles
m is\the slope constant of the fatigue strength curves

log acis a constant which depends on the slope of the related part of the S-N-curpe.

The.éxpression of the fatigue strength curves for shear stress is mathematically
equivalent to that of normal stress.

Whenm test data are used 1o gsSess g tiassification category for a particutar constractional
detail, the 95 % confidence interval of log N at 2 million cycles should be calculated
taking into account the standard error of estimate and sample size. The number of data
points (not lower than 10) shall be considered in the statistical analysis.

The curves shall be based on representative experimental investigations and as such,
include the effects of:

- local stress concentrations due to the weld geometry

- size and shape of acceptable discontinuities

- the stress direction

- residual stresses

- metallurgical conditions

- in some cases, welding process and post weld improvement.
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Proper account shall be taken of the fact that residual stresses are low in small scale
samples. The resulting fatigue strength curve shall be corrected for the effect
of residual stresses occuring in full scale structures.

Definition of fatigue strength curves for classified structural details

The classification of structural details shall be in accordance with national standards, or
as recommended in Appendix A.10.

The classification of each part of a structural detail shall account for:

b Flioe ot o

10.5.

(a=]

10.6

ections—of-the-fluctuating-stress—relative—to—thedetat
- the locations of possible crack initiation

- the geometrical arrangement and proportions of the detail
- the method of manufacture and inspection

In welded details there are several locations at which potential fatigue cracks may
initiate, and the detail classification shall take this into account:

Definition of reference fatigue strength curves for non-classified details

For details with geometry not classified in 10.5.1, .thé fatigue strength shall be--
determined on the basis of reference fatigue strength curves and the geometric stresfs
range.

The reference fatigue strength curves shallbe based on fatigue strength tests for rel¢vant
structural details, and take account for.\weld type, weld profile and accep-
tance criteria for weld defects.

The geometric stress range shallirepresent the effect of stress concentrations due to|the

geometry of the detail, suchias' variation of stiffness within the detail, and load
eccentricities.

Fatique strength_modifications

The influengeof mean stress level in non-welded or stress relieved welded details may be
accounted for by modifying the compression component of the stress range.

Forshicknesses of the parent material that exceed those included in the experimenta
basis’for the fatigue strength curves, a reduced fatigue strength may be obtained based
on"a model that takes account of the crack propagation in a region with stress gradidnts.

10.7

10.7.1

Partial safety factors

Partial safety factors for fatigue loading

To take into account uncertainties in the fatigue response analysis, the design stress
ranges shall, for the fatigue assessment procedure, include a partial safety factor y,.

The factor y, covers the uncertainties in estimating:

- the applied load levels

- the conversion of these loads into stresses and stress ranges

- the equivalent constant amplitude stress range from the design stress range
spectrum

- the design life of the structure, and the evolution of the fatigue loading within the
required design life of the structure. 39
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10.7.2

10.7.3

40

Partial safety factors for fatigue strength

© ISO

In order to take into account uncertainties in the fatigue resistance, the characteristic
fatigue strength shall be divided by a partial safety factor y,.

The factor y, covers the uncertainties of the effects of:

the size of the detail

the dimension, shape and proximity of the discontinuities
local stress concentrations due to welding

variable welding processes and metallurgical effects.

Values of the partial safety factors

Values of the partial safety factors y, and y, shall-be given in the relevant natiohal

standards.
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Annex A
(informative)
BASIC VARIABLES

Materials

Structural steel

All steel shall be identified in accordance with the requirements of the appropriate ISO or
national standard when leaving the mill.

A7

A.7.]

An7v‘.

A.7.5

It may be requested to prove the quality and the origin of the steel, if needed.
Any steel which is not in accordance with appropriate ISO or national standard is to| be
subject to acceptance testing requirements, see ISO 82 and 630.
ANALYSIS OF STRUCTURES

General

The design strength established on the basis of testingshould be greater than the design
load by a margin adequate to account for possible deviations of the actual structura

element from those tested.

Structural behaviour

The analyses of any structures or structutal parts, may be carried out on the basis df one
or more of the following

a) Simple construction

b) Continuous construction

c) Semi-continuous construction
d) Experimental verification.

Continuous structures)are structures where the beams, girders and trusses are rigid|y
framed, or are continuous over supports. Connections are generally designed to regist

the internal fprees which may be computed by assuming that the original angles between
intersecting members remain unchanged as the structure is loaded.

In all cases, the details of the members and connections should be such as to realizg¢ the
assumptions made in the design, without adversely affecting any other part of the
structure.

.\ Py S | £ 1 H
WWICUHTIUU O Ul dlidiyolo

A.7.3.2

Elastic analysis

Forces and moments in the structure may be determined by an analysis which assume all
members to behave elastically. The vyield criterion is the Huber-Hencky-von Mises
hypothesis '

f
i AN ‘/azx + 0% - o0, + 3ty
Yr

However, in general it may be accepted that the first yield is exceeded in small local
areas, provided that no single stress component exceeds f,/y,.
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A.7.3.4

A.8

A.8.2

A.8.211

Plastic analysis

When calculating the full strength of a member it is assumed that the material is in a
state of yielding in the entire cross-section, whether this is in tension, compression or
shear, or in combinations of stresses. Local buckling effects may be handled according
to 8.3 or 8.6.

Combinations of moments, shear forces and axial forces may generally be checked by
use of relevant interaction formulae. Examples of such interaction formulae are given in
A.8.2.1.

and forces have been determined by a plastic analysis shall be braced to resist laterall and
torsional displacements at, or immediately adjacent to, all hinge locations. The miininpum
laterally unsupported distance, L,, from such braced hinge locations to the nearest
adjacent and similarly braced point, is given by

M
L, = 1.3 in;forLO 2 Wz > 05
Y 1

M,.. |E M
. (2.0—1.4-#) IZ\J;yfor—1.Osﬁ3<O.5

1 1

[
]

where M,/M, is equal to the ratio of the smaller, to the larger moment at opposite ends of
the unbraced length in the plane of bending, positive when the member is bent in single

curvature and negative when the member.s bent in double curvature.
i, is the lateral radius of gyration for the entire section.
The necessary control of the bracing may be done according to A.8.5.4. The bracing
must be designed to be effeCtive when the structure reaches its ultimate limit.

Where the sequence ofsformation of hinges can be predicted with certainty, bracing i
not required at the Jocation of the last hinge to form in the relevant failure mechanism.

[

ULTIMATE LHWIT STATES

Resistance of structural members

Catculation of sections which may reach full plastification, i.e. class 1 and 2 sections|,
can be done by any rational stress distribution which is in consistency with the laws |of

A.8.2.1.1

42

cqui;iblium. A;lcllldlivc‘iy, ;lllbldbLiUll Lypte Uf fUllllU:dC may 'uc Ubl‘:d, bdibuidlillg Lil&
different forces and or moments and relate them to their fully plastified capacities.
Simplified formulae are given in A.8.2.1.1 - A.8.2.1.5.

Axial tension:

The axial tensile resistance N, of a member is by the lesser of

N,=A, -f —
yd 9 ery

or
' 1
Nud_‘An'fu—
Yru
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Where ductile behaviour is desired, N, > N, and therefore

—
<

Y

ALIN
Aq

—

3|z
c

where y,, > v,
Compression resistance:

The axial compressive resistance, N,;, developed by a member, not subject to local

A.8.211.3

instability, Is given by

Nrd=ﬁ=ﬁ

Yr Ye

where A is the area available to resist the compressive forces.
If the member is subject to local instability for the whole or parts-of the section, i.e. the

member has a class 4 section, the compressive resistance of the section will be reduced,
see A.8.3.2 and A.8.4.4.3.

Shear resistance:

For members with a web where no premature buckling will occur, the shear resistan¢e of
the web is given by:

Ty
Vg = — Ay,
Ye

where A, is the relevant web area and 1, is the shear yield stress.

The condition that premature’shear buckling will not occur is met if the depth over
thickness does not exceed 2.2V E/,.

For plastic design % _may be taken as
7, = 064, |

and forelastic design including strain hardening 7, may be taken as
r, = 0.66 1,

The upper limit of

A.8.2.1.4

7, < 0.58 f,

should generally be adopted, where the resistance is determined on the basis of the net
section.

The calculations of shear resistance must include the effects of possible web cut-outs.

Members for which premature shear buckling may occur should be designed according to
A.8.6.3.

Uniaxial moment resistance:

The uniaxial moment resistance of a member which is adequately supported to prevent
any lateral torsional buckling effects, is for sections of class 1 and 2 given by
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Yr Ye
For sections of class 4 the resistance calculations must adequately include the effects of
local buckling. This may either be done by adopting the concept of a reduced effective

cross-section whose section modulus is W, see A.8.6, in which case the moment
resistance is given by

or by adopting the concept of a reduced effective yield strength kfy,in which case the
moment resistance is given by

Cxf
My = Y w
Ye

Both concepts must be sufficiently correlated to experiments and/or numerical
simulations. For the former of the two concepts;»A.8.6 may be adopted.

A.8.211.5 Combination of forces:

If a member is subjected to a combination of forces and it is adequately supported t¢
prevent any lateral torsional buckling effects, then its resistance may be checked by|an

appropriate interaction formula, which may either be based on the theory of plasticity and
finally verified by experiments, or it may be based on experiments alone.

For members with an l:section of class 1 or 2, the resistance may be checked accordling
to the following sets{ of formulae:

a) The combination of strong axis moment and shear may be checked by reducing the
plastic\mement reststance according to

\%
Mg = My + M, (1 - (V)z)
d

where M, and M,, are the plastic moment resistance of the flanges and the wep,
respectively, or alternatively according to

V
Mg = M,y (1.4 - 0.6 v—) < M)
d

b) The combination of axial force and biaxial moment, may be checked according to

M M
N o085 ¥ . 060 -2 <1
Nrd Mdy dz
MM

My Mg

where y and z are the strong and weak axes of the cross-section, respectively.
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For members with a cross-section of class 3, stresses should calc of
simple theory of elasticity and the resistance may be checked according to the yield
criterion given in A.7.3.2. If the member is subjected to a combination of ax:al force and

biaxiai moment, the iinear interaction formuia

e calculated arrnrd g to

mD’

M,
= <1
Mg

N M,
=1 4 L 4
Ny May

may be adopted.

For members with a cross-section of class 4
FOr mempers with a2 crgoss-section ot class 4

be adopted.

Classification of cross sections

General

In general the width-thickness ratio of a compression element must be defined, as the
boundary conditions of a plate are dependant on whether the‘edges are free, hinged |or
considered to be fixed, see Fig. A.8.3.1. A single fillet weld ‘will act as a hinge, whgreas

a double fillet weld may give restraining effects.

b
= Ib-—t—’—_g Ml lfl b ;
== 3 ”—‘ — ‘
7z
L SRS
=
-4 I N ey
t =: l |t {
t ‘{ t |
— ot 1
- b B t ted
¥ ety et leng one slorg tvo edys
Fig. A.8.3.1

For elements supported along one edge only, parallel to the direction of the compreskive

force, the width shall be taken as follows:

a) For plates and flanges of I-shapes, the width (b) is the distance from the free edge
to the first row of fasteners or the toe of fillet welds or the transition curve to the
web.

b) For legs of angles, flanges of channels and zees, and stems of tees, the width (b)
is the full nominal dimension.

For elements supported along two edges parallel to the direction of the compressive
force, the width shall be taken as follows:

a) For flange or diaphragm plates in built-up sections the width (b) is the distance
between adjacent lines of fasteners or welds.
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For elements supported by two welds on each side the width is the distance
between the weld toes. For rolled sections the width is the distance between the
transition to the flanges.

b) For flanges of rectangular hollow structural sections the width (b) is the width
measured on the outside of the section.

The thickness of elements is the nominal thickness. For tapered flanges of rolled
sections, the thickness is the nominal thickness halfway between a free edge and the
corresponding face of the web.

A.8.3.2 Definitions of classes

Class 2 l-sections in continuous beams may be calculated as if they were classJl
sections provided the material yield strength f, is replaced by a reduced effgctive yigld
strength, f .. For a free flange f,, may be calculated as

| t
fo = 0102E () <1,

and similarly, for a web in pure bending and with hinged boundaries the effective yi¢ld

strength may be calculated as

t
fo = B25E (1) <,

Based on the effective yield strength f,, effective plastic resistances may be calculated.

For class 3 sections the general requirement is that the section shall be able to attaip the
yield stress in its most compressed fibre prior to local buckling or distortion of the cfoss
section. According to the methods given in 8.6 and A.8.6 this implies that any plate or
part of the cross-section must comply with the width-thickness requirement

b 071 xlEo67ek | E
t ©1.05 YA 1,

The factor k depends on the boundary conditions, see 8.6. The edge condition
comprising ofe)fillet weld is equivalent to a hinge. in Fig. A.8.3.1 some examples gre
given of hoéw to define the b/t relation.

A.8.3.3 Maximum width-thickness ratios of elements subjected to compression and/or bend|ng

Recommended values for the maximum width-thickness ratios of elements subjected to
compression and bending are given in Table A.8.3.3.
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Table A.8.3.3 Classification of cross-sections (NA = Not Applicable)

Cross section Stress distribution in the Medium b/t - ratio
element element
Ciass 1 Ciass 2 Ciass 3 Ciass 4
Webs of |-sections. Axial compression NA NA 1.4 VEA,
Webs or fianges of
welded box sections Moment:
S} ©
o 71 7 - - o Note 1
 S—— = i 7 v
o L = 2.5JE 3.8 E 42 | E
N = = 5 \ 5
| o & i2
| 1
[:_‘:ﬂ J\ Class 1 & 2 Class 3
] _— Compression and moment:
] — &) ©
BRI
| |2 % = F e |25k, B 38K, £ 4.2%, [E
I == N5 N5 AP
fo— @ @
Class 1 & 2 Class 3
Flanggs of I|-sections. Compression or ’
Free flanges of strong axis moment 0.32 VE/J; 0.37 VE/f:v 0'45VE/JS'
welded box sections
Compression and moment: ‘
1D b - |@
i i . EETEE T 0.32 E 037 I—E 0.69K, E
' O w | @ eve Ny | avaNJy Ny
L3 ]
Hs s | N
. i — S)
i SR Uiy, 0.32 E 037 | E 0.69 K E
T} wio —_—— - . 5 -
— 55 | avaVNh | evaNs ny
) Class 1 & 2 Class 3
Rectpngular holiow s — . -
sections: . Compression (flange) 1.1 E 1.4 E 17 §
b \Jy N N5
T |
N :ID Moment (web) E E E
e oment (we
] ] 25 |£ 38 | = 43 | =
B | \I2 5 VS
Cigcular holtow
sections: Compression and/or
VA mament 0065 | 0090 | 0415 E
N . —_ . —_ . =
L - 5 % 5

Angles:
r
3. Compression NA
L
Lo

I E
NA 045 | =
5

Ky =1-039N/N, K;=1-063N/N, K;=1-0.67N/N,

N/N, refers to the fully cross section
for doubly symmetric sections

K, = [0.425 - 9.1(g+1) + 10.4(p+1)? 12
Ks = [0.57 + 0.2¢ + 0.07¢2 '

y is positive as indicated above

Note 1: Class 4 are governed by A.8.8 or alternatively A.8.4.4.3 47
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A.8.4

A.8.4.

A.8.4.

A.8.4]

A.8.4

Flexural buckling
1 Effective length
The effective buckling length of a member, may vary considerably due to the end
restraint conditions. It should generally be acknowledged that a 100% effective end
restraint is difficult to obtain. The effective buckling length may be determined by
simplified methods, or based on theory of elasticity.
2 Slenderness
Relative slenderness is introduced to give non-dimen-
sional formulae and diagrams, i.e. diagrams which can be used independent of the\y|eld
strength of the steel.
%= where Ae=m E
A fy
3 Compression resistance
For cross-sections of class 1, 2 or 3, see Table A.8.3.3, the vresistance will be
Ny = H_-A =f,-A
cd c g cd [*]
Yr
where f_ is the buckling strength.
For cross-sections of class 4 the resistance_inCompression may because of local bug¢kling
be handled as given in A.8.4.4.3. :
4  Determination of f,
4.1 Alternative 1:

A.8.4.4.

The buckling strength f, may be,'obtained from Fig. A.8.4.4.a, where f, is presented as|a
function of the relative slenderness 4. The buckling strength curves of Fig. A.8.4.4]a are
the result of an extensive test program involving tests of columns of various
cross-sections. '

For members wvith cross-sections as shown in Fig. A.8.4.4.b, f, is determined from the
appropriatecciive. For cross-sections not shown in Fig. A.8.4.4.b, curve c may be @ised.

The valdes of f, presented in Fig. A.8.4.4.a may with a very good accuracy be found
fromthe expression

-

O R
y

48

where
B=05[1+a(A-A) + 2]

a represents the effects of initial out-of-straightness, load eccentricity and residual
stresses.

A, represents the relative slenderness, below which no instability will occur due to strain
hardening effects.

Unless the curves of Fig. A.8.4.4.a are adopted, values of ¢ and XO should be given in
national standards.
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For the curves in Fig. A.8.4.4.a the following values may be adopted:

buckling curve a: @ = 0.21, A4, = 0.2
buckling curve b: @ = 0.34, A4, = 0.2
Ao

buckling curve c: a = 0,49, = 0.2

For members with practically no residual stresses ¢ = 0.13 and XO = 0.2 may be
adopted.

0 0.5 L0 L5 20 25 30 35

Fig. A.8.4.4.a Buckling curves, alternative 1
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Condition Buckling Buckling
Cross sectiont requirement Egr‘gmar‘ curve
. Hot formeds or -
}-bllovzsections old form and yory 8
stress relieved 2-2
- —_— Cold formed -
/ # (fy based on stub yory c
| column testing) -1
Z
Welded box sections: Stress relieved Y-y or Z-Z 8
z As welded _ B
¢ ' ) (except as below) y7y erz-z o
2l IN_a Thick | b _
y-— _"""'i‘}';”"'H— h| [welds |3 <% 7y ]
0 ; b, t | h ~
Rplled h Y=y a
Itsections: — < 12
y b -1 b
h . - b
— 2 12 Y
-7 c
Yy 8
Stress relieved 7-7 b
Welded Y-y
—sections: Flame cut flanges Z?'FZ b
Yy b
Rolled flanges 7-7 c
- b
b e—enforced Rolled I-sections 7y
i erl or . with welded
-sections: flange plates 7-7 .
Generally u—u c
| sections: o
Hot=dip gaivanized b
z Z
U-s T- | | _
and L 01 . yory
solid Y , y o c
sectlons? i i
z Z

Fig. A.8.4.4.b Relation between cross section and appropriate buckling curves, alternative 1.
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Alternative 2:

The buckling strength f, may be obtained from a single mean-value-curve, e.g. based on the
expression

f - - -
< =e™2 for A <2,
f

y

f —_ —
L= for A> 2,
fv 12

A.8.4.4.3

A.8.4.4.4

The values of x, n and A, should be given in national standards.

This alternative mean-value curve may necessitate a redefiniation of the reSistance
factors, see 6.5, as compared to Alternative 1, given in A.8.4.4.1. All relevant effdcts
may, however, be adequadely taken into account by an appropriate‘choice of the
resistance factor and the values:

x = 0.419
n = 0.877
;“,1 =1.5

The determination of f, for members with a cross section of class 4 must include thé
effects of local buckling.

This can be obtained by replacing the:actual yield strength f, with a reduced yield
strength which is equal to the lowest local plate buckling strength f., of the
cross-section. The buckling strength f_ for such a member may then be calculated
according to either of the two @lternatives given in A.8.4.4.1 and A.8.4.4.2, only with f
replaced by f_,, and the bu€kling resistance of the member may be obtained as if its
cross-section is of class 3.

Alternatively, the determination of f, for a member with a cross-section of class 4 mlay be
handled by adopting the concept of a reduced effective cross-section, which includes all
relevant effects,-and is obtained from experiments and/or numerical simulations. It ¢an
generally be-expressed as a function of the effective cross-section and the buckling
parametérs) of the member. The buckling resistance of the member may finally be
calculatéd as if its cross section is of class 3.

ForCold formed sections, neither normalized nor stress relieved, the residual stressek and
the variation of material properties due to cold forming will affect the buckling resisthnce
of such members. As given in Fig. A.8.4.4.b, buckling curve ¢ should be adopted for

A.8.4.4.5

members with cold formed hollow sections, provided the determination of f, is based on
stub column testing.

For L-sections buckling curve b should be adopted, unless the members is hot-dip
galvanized, in which case the buckling curve a may be adopted.

For a member with an L-section, connected in one leg only, the support conditions will
affect its buckling resistance. This may be _taken into account by adopting the concept
of replacing the actual relative slenderness 3 (based on the minimum radius of gyration)
with an effective relative slenderness;, , which may be calculated according to the
following:
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a) The angle is connected with one bolt at each end:

0.60 + 0.57% i A < 1.41

> |
0

A = A it A > 1.41

b) The angle is connected with two bolts or welded, and the adjacent chords are not
loaded to their full capacity:
1 =060+ 057% i A <1.41

2 =035+075. i 1.41 < <35

A.8.4.6 Compression members subjected to moments

Examples of interaction equations considered to meet the requirements of 8.4.5 are given
in A.8.4.5.1 and A.8.4.5.2.

A.8.4.b.1 Alternative 1:

N kM, +Ne, . k,M,+Ne,
N M Mg,

<1

dy
where:
y and z indicate the strong and the weak;aXis of the cross-section, respectively.

the lesser of N, and N {if lateral torsional buckling is prevented.

ch =
N, if lateral torsional buckling is not prevented.

N, { For cross-segtions of class 1, 2 or 3, see Clause A.8.4.3.

N, For crossr-Sections of class 4, the cohcept of a reduced effective
crosS-section, according to clause A.8.4.4.3, should be adopted.
According to Clause 8.2.1 and A.8.2.1.4 if lateral torsional buckling is
prevented.

Mg, = { According to Clause 8.5.2 and A.8.5.3 if lateral torsional buckling is not
prevented.

M, = According to clause 8.2.1 and A.8.2.1.4
1 - uN/(yN,) < 1.5 if lateral torsional buckling is prevented

N = | '
1 - uN/{y,N_,) < 1.0 if lateral torsional buckling is not prevented

k, = 1-uN/yN,) = 1,5
A, (2w,-4) + (W,, - W,)/W, < 0.9 for Class 1 and 2 sections

o= |

A

A_; (2w,-4) = 0.9 for Class 3 and 4 sections

A, (2w,-4) + (W,, - W,)/W, = 0.9 for Class 1 and 2 sections

A: (2w,-4) < 0.9 for Class 3 and 4 sections
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0.15 hw, - 1) < 0.9

See Fig. A.8.4.5.1.

For cross-sections of Class 4 e, and e, are the shift of relevant neutral axis

ISO 10721-1:1997(E)

{ Not applicable (i.e equal to zero) for cross-sections of class 1,2 and 3.

according to an effective cross-sectional calculation due to uniform
compression, see Clause A.8.4.4.3.

L1 B R 1Y I ™) u_l.utjl bt \ VU V4
End moments alone:
v s ™ | w, = 18- 07 4
l=sy <! |
Transverse loads alone:
NNV
, , Wgo= 1.3
\L w@ = 1.4
| L/mem_, L/2 |
Combined end moments B Mg
and transversesloads: WMap = Wn +—A—P—4 (Wg~ W)
A M where
Mg= /max M/ due to
M transverse load alone
yM
(%_M
N M\
M IN_"d 7 Y M émax M/ fo.rtrr]nongent
iagrams withou
J[%W cha?wge of sign
AM _<

/max M/+/min M/
for moment diagrams

(With change of sign

Fig. A.8.4.5.1 Moment coefficient, w.
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c) Lateral torsional buckling resistance, if applicable

N By BMe
z M1 - — M_ (1 -
- JD) Mall - )
with
—pLzLO
4 - N
NEy

N, M,, M, are the design values of the action effects and M,, M, include 2nd-drder
translation moments if applicable.

N.,. N, are based on L/i, and L/i, respectively and include y factors.
Neg,, Ng, are Euler buckling loads based on L/i, and L/i, respectively.

M,,, M., are the relevant cross-sectional moment resistances depending on the sectipn
classification.

M, is the lateral torsional buckling resistance based on the moment diagram that ex|sts
(i.e. includes non-uniform moment effects).

Unless a more accurate analysis is carried out the equivalent moment, B,M, or B,M,,|shall
be taken as:

a) For members subject to end moments only:
AM = /M = 0.6 M{ -,0.4M, = 0.4 M,
where M, is the latger end moment and M, is the smaller end moment at the opposite

end of the unbraced length and is taken as positive for double curvature and negative
for single curvature.

b) For members subject to moments due to transverse load only:
BM = M, = M

(]

where M, is the maximum moment due to transverse load in the unbraced length

c) For members subject to both end moments and transverse loads, where M, ajd M
are as gefined in a and b above

(l) BM = ﬂ]M + BoMo = B‘lM + Mo
when M, and M, cause curvature in the same direction,

i) AM = BM = 0.6M, - 0.4M,

when M, and M, cause curvature in opposite directions and |M,| < |M,!,
(i) M = |M,| - B iM, |
when M, and M, cause curvature in opposite directions and |M_| > IM, !

o
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Built-up members with principal axis (y) equal to the principal axis (y) of the individual
maoamhare caa Fin A A B a chall ha rharkad far hiinrklina ahAant thie avie anrAardinn tn
HICIHIUTI O, OCT iy, M.U.5.U:G, o1idait UT LVIITURTU 1UI UUURIIIIY auUuUL Lo GAIo auLlLUiuiniy WU
A.8.4.1 - A.8.4.5.

Built-up members for which none of the principal axes (y or z) coincide with the principal
axis of the individual members, may be checked for buckling about the principal axis
according to A.8.4.1 - A.8.4.5, provided A is replaced by 4.

Cross section T Cross section T
YY 22 T Yy 122
z 1 Zq S
[ 'jﬂ jt:fiﬁ: y|0]2 Y ﬁ éﬁ}\'\y
Y -4 i »
;o I L
TJ.\A 2! ] }-TL
pmnl 02| =il |5,
INN ] A
z N1 1
L7 RS
P I L 013 T T
z n z

Fig. A.8.4.6.a Coefficient n for various built-up sections

For batten columns A;is‘given by

A,=J).2+(p'g'lzs

wherée n-is given in Fig. A.8.4.6.a.

#>is the slenderness of the entire member and 4, is the slenderness of an individual
member about its principal axis, i.e. the n-n axis in Fig. A.8.4.6.a.
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L
@

1 for welded or slip-critical connections,
1.3 for riveted or reamed bolt connections.

For other bolted connections larger values are to be used.

A, = s/i, where s, is the center spacing of the reinforcing plates, but not more than the
clearance between them plus |00 mm, see Fig. A.8.4.6.b.

For laced columns g; is given by
A =W-A

For welded and slip critical connections, W 1.1.

For riveted or reamed bolt lacing, ¥ = 1.2.
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For batten and laced columns with A > 50, it is required that A, < 0.5 A.

For built up members with individual member spacing corresponding to the gusset
thickness, see Fig. A.8.4.6.3, A, = W A when the member, aside from its battens or
lacing, has riveted, reamed bolted or welded intermediate ties spaced no more than 15j,
apart.

J\

Clearance
S1

S1

oo

o - T - T T S - - - - ——f—————+o

N Yy

Fig. A.8.4.6.b Spacing of built up members

4.6.3 The members (main members and battens or lacing) shall be designed for the notiohal

shear force

f
V=12V 200120 2°A
Yr

and the bending moment due to V, in the main member and the battens.
A, is the total’cross sectional area of the member and V is the external shear force

For simplicity V, may be taken as constant along the member. Alternatively, the effects
of its variation may be considered by more accurate calculations.

5 Torsional and lateral torsional buckling
o lls | D Lels + +b £ a £
e uuur\nuu Dllcllyul IGT artiu IcL

The torsional and the lateral torsional buckling resistance of members may be handled
similarly to the more simple case of compression members, i.e. the elastic buckling
strength resultants and the material strength are employed to express the resistance of the
member.

The buckling strength for torsional or flexural-torsional bucinAng, f.r, may be taken from
8.4.4 and A.8.4.4.1, applying

- curve a for rolled sections, and
- curve c for welded sections.

The buckling strength for lateral torsional buckling of members with cross sections of class
1, 2 or 3 may be taken as
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A.8.5.3.1

fo = f, (1 + 22"

where n = 2 for hot rolled and lightly welded sections, n = 1.5 for other welded

For welded sections with flame cut flanges n = 1.5 may be conservative.

The relative slenderness parameter for torsional buckling is given by
- N
Ar = | —L
N Ner

where N, = f A and Ng is the elastic torsional or flexural-torsional buckling force.

The elastic flexural-torsional buckling force N is generally given by the-solution of the

(Nex = Ne(Ngy - Ne(Ngg = Nep) i3 - e NE(Ngy - Nep) - XiNG(Ng, - Nep) = 0
where

Ne,. N, are the effective elastic buckling forces for buckling about the y- and z-axis,
respectively, see 8.4.1.

V) arn tha cahanr Aanmtra ~nnnrdinatne with racnant +A thna rantraid Af tha ArAacc_coantin
Ys, L’ alt LiITc olital LTIILITC LUUIUIiiialco vvilii ICOPUUL LU LUIT LTIHILTUIU Uil LJHIT LIVUoOo oT WLVl

.2 . . .

ip = (Iy + L)/A is.the polar radius of gyration

2
n“EC,,, g . . .

Ng = (Gl + 5 Y i is the torsional buckling force

L, is the effective elastic torsional buckling length.

Fo.r doubly symmetric cross-sections y, = z, = O, and then N = N,
(provided Ng <" Ng, and Ng,).

For singly-symmetric cross-sections, e.g. with y, = 0, the elastic flexural-torsional
buckling force is given by ‘

—
Ngr - — |1+ e |-l e L gfsp e

Al N

2(1 __y:ll:) l I‘Ez \ |‘Ez p I‘Ez J

A.8.5.3.2 The relative slenderness parameter for lateral torsional buckling is given by

58

where M, = f, W and Mg is the elastic lateral torsional buckling moment.

For beams with doubly symmetric cross-sections and with actions in the shear center,
Mg, is given by

© 18O

3
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where ¢ depends on the actions and the support conditions of the member,

see Fig. A.8.5.3.2.b.

For beams with monosymmetric cross-sections, i.e. sections with weak axis symmetry,
and with actions outside the shear center, M, is given by

_ ﬂZElZ[ L2 Gly +_Ci!+('¥y+a
o L l\ nEl 1 2 2 J

z z

where c, is a cross sectional parameter given by
Wy L[z (y22?) oA - 22
y lx A s

and a is the distance between the cross-sectional center of gravity @nd the point of
action, see Fig. A.8.5.3.2.a.

/
Point of action 65 _______ -
Sheer center [ , D“_] -
Center of gravity an f\ﬂ( a5 y
RY/%) & 9
— 42—

Fig. A.8.5.3.2.a Cross-sectional definitions.

2
M= ﬂgL- M= 1 My 2 M,
= = = = == -H—z
P = L2 P = L35 P =10 @ =17 @ = L77+ 077

- Fig. A.8.5.3.2.b - ¢-values for some common cases.
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A
.

A.8.5

A.8.5
A.8.5

(o3 =4
Q.9

2 12
J.J

buckling eff
by replacing the actual yield strength f with a reduced yield strength which is equal to
the lowest local plate buckling strength f_ of the cross section. The torsional and the
lateral torsional buckling resistance of the member may then be calculated according to
the recommendations for class 3 sections, only with f replaced by f.. The elastic local
buckling strength f., may be obtained from A.8.6.2.

Enr o v raco_cantinn Af

H - +h 1
For a member with a cross-section o 10

1
ass 4 the local

~v g AlaA
fects may be handled

The torsional and the lateral torsional buckling resistance of a member with a
cross-section of ciass 4 may aiso be obtained by empioying the concept of a reduced
effective cross-section, i.e. the gross section resistance is reduced by a factor k such
that the torsional buckling resistance may be expressed as

3.4

4.1

" In lieu of more detailed calculations the lateral bracing shall have a resistance of at ldast

Nyg = & £, Aly,
and the lateral torsional buckling resistance may be expressed as

My = & f, Wiy,
where the reduction factors x; and «, are obtained from experiments and/or numerical
simulations. They can generally be expressed as functions of. the effective cross-sedtion
and the buckling parameters of the member.

The inelastic lateral torsional buckling resistance of cglumns and beams may be
determined from inelastic lateral torsional buckling.curves and that of beam-columns|from
interaction equations based on such curves as are\given in national standards. Such| -
curves shail provide sufficiently good statistical correiation with experimentai resuits|or
numerical simulations so that resistance fagtors can be evaluated.

Bracing of beams, girders and trusses

Lateral bracing for beams and columns shall be capable of maintaining the laterally bfaced
members in the laterally deflectéd position when the members are subject to their
maximum factored forces.. The stiffness of bracing members shall be sufficient to relstrict
the growth of out-of-plane deflections at the braced locations to a value consistent with
that used in the analysis. The strength of bracing members shall be sufficient to
maintain equilibrium,

1% of the-compressive force (in a column or in the compression flange of a beam) blt
not less than

f
Fon = 0.005 X A
Ye

A.8.5.4.2 The initial out-of-straightness of a set of n columns or beams used to calculate the forces

60

developed in the lateral bracing shall be taken as

5, = (02 + 22y,

where 6, = out-of-straightness for a single member.
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D

For bracing a single member at midlength and growth of ou

limited to the initial out-of-plane imperfection, the extensional stiffness of the bracing
member shall in general not be less than 4N/L, where N is the compressive force in the
member and L is the half-length of the member.

mber at midlenath and arowth of out-of-plane d
-Ci-pianeé

ons ¢
(815 L]

<
L[5S

Where a line of bracing provides lateral support to a series of columns or beams the
force-deformation characteristics of the bracing shall be taken into account.

Buckling of plates

3>
foe)

A.8
A.8

(o]

6.2
6.2.1

General

This section covers the buckling resistance of rectan-
gular thin plates with small initial geometric imperfections. The plates arenassumed to be
subjected to in-plane forces only, i.e. normal and shear stresses. The_ultimate cappcity
will for slender plates occur after the plate has buckled and its deformations are mpch

larger than the plate thickness, i.e. the plate has reached its post,éritical range.

With such dnfnrmatl ns of tho nlate, the in- nlann stresses will'be concentrated t

SULIT UG S vy

the supported plate edges. The resistance of the plate may ‘then be determined by
introducing an effective width or an effective area of the(plate.

Y,
v

Alternatively, the resistance may be calculated by<{using the average stress which the
plate actually can sustain at its ultimate limit state.

The formulae given in A.8.6.2 - A.8.6.5 areempirical and are the results of extensjve
test programs. The formulae give the ultimmate load which the plate can sustain, aSrLd

there are no such unmobilized reserves;in its capacity as may be obtained from a theory
of small deformations.

Plates subjected to uniaxial faree or in-plane moment

The resistance of the plate_will be a function of the material strength f, and the relative
slenderness defined by

>
I
z
—
=
Q
Q
I
=
Q
m
x

-105b1 51

P t K

>1
I

The coefficient k depends on the stress distribution and the support conditions whether
free, simply supported or restrained. k is givenin Fig. A.8.6.2.1.a for the most common
cases of axial force and moment.
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Fig. A.8.6.2.1.c

Table A.8.6.2.1 Effective width b, and critical stress f_, for fatigue loading for

rectangular plates subject to uniaxial plane:stress

Plate supported at 4 or 3 edges ‘and
prevented from lateral buckling

f., for plate subject to fatigue

A, b N\ f -
—=£ = 21 whenuk, < 0.71 2 .= 1 when A, < 0.71
A b P fy P
A, b f -
Be 271 oo~ 25 - L7
A 4,92, fy V2
when 0.71 < A, < 5.0 0.71 < 2, < 2
f 4
- ——
fy ).i

when‘,/észpss

Ao _ Do is given as curve a
A b8

in Fig. A.8.6.3.1.c

fo .
T is given as curve b
y

in Fig. A.8.6.3.1.c
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The edge of the plate shall be considered free or simply supported, unless it can be
demonstrated that its edge is effectively restrained or fixed.

Plates subjected to repetitive actions should be checked with respect to possible fatigue
effects (see Chapter 10) if the actions cause the plate to enter the post-critical buckling
stage and "breathing" occurs. This may be avoided in the design by adopting the
b-curve in Fig. A.8.6.2.1.c/Table A.8.6.2.1, which represents the linear elastic buckling
curve. lIts position may, however, be affected by geometrical imperfections.

In Fig. A.8.6.2.1.c and Table A.8.6.2.1 formulae are given for the effective width b, and
the critical stress f_ for fatigue loading.

2.2

formulae given-in Table A.8.6.2.1 or the curves of Fig. A.8.6.2.1.c, by replacing b./b

The load case may be axial force or bending moment. Combinations of axial forée arlvd
moment are handled in A.8.6.4.

The effective area of a plate will be A, = t b, concentrated along the supported edgds as
shown in Fig. A.8.6.2.1.b.

Plates supported at 4 edges, of which two are parallel to the strgss direction will haye
two effective zones, one at each edge parallel to the stress diréetion.

Plates supported at 3 edges and with the fourth edge free and parallel to the stress
direction, will have only one effective zone adjacent to7its supported edge. Such plages

must be prevented from lateral buckling.

If the section is part of a strut or column, the slenderness g of the column may be
calculated for the gross-section.

The axial compressive (cross-sectional) resistance of a member is given by

where f_, is the lowest plate-buckling strength.
Moment resistance of webs

The effective height h, of a web in compression orvbendin'g is calculated according t¢ the
with h /h~where h_is the compressed part of the web calculated according to Navigr’'s

hypothesis! see Fig. A.8.6.2.2. The buckling coefficient k shall, however, be calculated
for the’entire web or for the appropriate parts of the web between longitudinal stiffehers.

Z
be | be

Fig. A.8.6.2.2
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A.8.6.2.3 The minimum thickness of a web is given by

A.8.6.2.4

A.8.6.

f
322.4—1
h E

which will prevent the compression flange of a straight beam to buckle into the web. h is
the height of the web, or the distance from the flange to the nearest longitudinal
stiffener. If the beam is curved in the web-plane, a more comprehensive investigation
should be carried out.

For webs with axial force and non-uniform bending moment, the critical cross section to

A.8.6.3.

be checked is located either at 0.4a or at 0.4b from the end of the panel, see

Fig. A.8.6.2.4.
0.4 5
0.4b

M, M3 ¢
N —» C l T )“_N D
Vi Vo
1
a
M) Bending - M
moment

Fig. A.876.2.4 Control section of web.

Shear resistance of-webs

The shear resistance of webs may either be calculated according to 8.6.3.2 and
A.8.6.3.2-efaccording to a well-establiched tension field model.

Genefally, the tension field model can be based on the assumption that the ultimate [shear
resistance is evaluated from a co-operative action between

- a simple shear field mechanism, and
- a tension field mechanism

The two mechanisms may be evaluated independently of each other, and the shear
resistance of the panel is the sum of the shear forces which can be obtained for each of
the two mechanisms. However, the calculations of the shear forces which can be
obtained for each of the two mechanisms must be limited by their joint effect, as
discribed below. '

The shear force which can be obtained from the simple shear field mechanism (i.e. purely
shear), should, under these assumptions, be limited by elastic shear buckling and by the
shear yield stress of the web.

The shear force which can be obtained from the tension field mechanism should be
limited by the yield strength of the web material. However, this mechanism may also
include the effects of
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- a frame mechanism,

in which case the shear force resistance will also be limited by the plastic resistance of
the adjoining flanges and stiffeners.

The stress calculations in the web, and the plastic resistance calculations of the flanges
and stiffeners must include all relevant effects from the co-operative mechanisms, and
also the effects of other possible external forces (M and N).

Welds must be designed to resist all the relevant stresses which are introduced into them
by the co-operative action of the mechanisms.

A.8.6

3.2

End panels must be given special attention, as the stiffness of the end stiffener Will
affect the tension field behaviour of the panel. The end stiffener must be designed to
resist all forces which are introduced into it due to the co-operative actionshof the
mechanisms.

The recommendations given in A.8.6.4 and A.8.6.5 are applicable,only if A.8.6.3.2[is
applied to calculate the shear resistance of the web.

The method given below is an empirical method which gives the ultimate shear resigtance
of a web.

The ultimate shear resistance of webs may be expréssed as a function of_the mater{al
strength and the relative web slenderness, A,

- f
%y = Sy _gg.-P 1k
T t\/k_s E

The support conditions shall always be assumed simply supported, and k, is given by

x
I

- 534 + 4(2)2 for a>h

K, = 5:34 + 4(2)2 +400 for as<h

wherera'is the distance between transverse stiffeners.

[

The resistance of a web also depends on the flexural stiffness in the web plane of it
stiffeners. See 8.6.5 and A.8.6.5.

66

In table A.8.6.3.2 formulae are given for the ultimate shear strength of a web, 7, as a
function of A, and the aspect ratio @ = a/h. The shear yield stress

1, =, /Y3

The formulae of Table A.8.6.3.2 are all empirical and based on extensive test results.
Rigid end stiffeners are defined in A.8.6.5.5.

The ultimate shear resistance of the web is given by
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Table A.8.6.3.2. Ultimate shear strength
Web with rigid end stiffener Web with flexible end stiffener
E=1forIps————91§—2 —Tf=1for-)fpso.76
Ty 1-0.024(4-«) Ty
Te o 076, 0.024(4-a)? fe _ 076
Ty }"p Ty Ap
for Q.76 < IT 122 for 0.76 < 1. < 3.8
DY s b or Q. < .
1-0.0124(4-0)2 ° P <
e o 152 | 0024(4-a)
Ty ).p+1.22
for 1.22 < 2, < 3.8
For @ > 4, a = 4 should be used in the formulas in Table¢A.8.6.3.2.
Webs subjected to repetitive shear action should be checked with respect to possiljle
fatigue effects (see chapter 10) if the action cause{th& plate to enter the post-critichl »
buckling stage and "breathing” occurs. This may.be avoided in the design by adopiting
the following: '
Tc -
—= =1 for Ay < 0.76
T
y
T 078 gor 076 <, < 141
Ty .
Te L 1OBChor 141 <2, <38
T 2 P
Y P
6.4 A combination.of forces
6.4.1 Acombination of axial fbrce and moment may be handled by checking the sum of| the

Uniaxial stresses against the appropriate buckling strengths according to A.8.6.2 for each
part of the cross-section, in which case the elastic buckling coefficient k must be
calculated for the combined uniaxial stress distribution.

If the member is an I-section subjected to a combination of axial force, strong axis
moment and shear, the web of the cross-section may be checked by the interaction
formula

in which all terms exclusively refer to the web, and N,,, M,, and V,, are calculated in
accordance with A.8.6.2 and A.8.6.3.2, i.e
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f
Nrd =X Ae
Yr
f
Mrd =X we
Yr
vrd = E Aw
Yr

4.2

If the pane! have axial forces in two directions (x and y), the first term of this equati
may be replaced by

NN
Nyd de
A separate control of the flanges may be carried out by checking-the stresses agains
appropriate buckling strength given in A.8.6.2.

Alternatively, a tension field theory comprising the entire crass-section may be adop1

For a member with an I-section subjected to a combination of strong axis moment ar
shear, the following empirical interaction formulae'may be adopted

073 M L o04s Y <1
Mrd Vrd

M

— <1 and — <1

Mrd rd

in which all terms refer to the entire cross-séction, and M,, and V4, are calculated in
accordance with Al816.2 and A.8.6.3.2.

Local bugkling or crippling of web

This\problem concerns mainly crane girders, where heavy wheel loads may produce
crippling and yielding in the web just beneath the wheel load. The result may be
extensive damage to the upper part of the web. (See also chapter 10, Fatigue).

The crippling resistance of an unstiffened web subjec-
ted to a concentrated load P, as illustrated in Fig. A.8.6.4.2, may be calculated by

f
Pa=-Xt,a for class 1 sections
Yr
f .
Py = L t2 Ji, [E  for class 2, 3 or 4 sections
Yr
where

a=a, +2a,+5(t+r

©1SO

pn

t the

d
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if P is located at a distance less than h from the end of the unstiffened web.
a=a,+a?+q+r550013/h

if P is located at a distance less than h form the end of the unstiffened web.

P

b
P
i 2
5 3 l;‘ﬁ:- t
. t,

N

4 4 R

Ef_K:—'

Fig. A.8.6.4.2
The web must also fulfil the requirements given in A.8.6.2.3.

A combined stress situation may. be checked by simple theory of elasticity and the
Huber-Hencky-von Mises yield.criterion given in A.7.3.2. The local maximum stregs in

the web due to P (located farther than h from the end of the member) may be calcplated
by

g =

P
otk

L,=1.2[a,+2(az+tw+r)] or

L, =141 (b, )"

whichever is the smallest, and b is the width of the flange, see Fig. A.8.6.4.2.

For slender webs loaded from both sides the local buckling resistance may also have to
be checked. This may be done by considering the web as a fictitious column with a
width equal to its height. If P is located nearer than h from the unstiffened end of a
web, this width should be reduced accordingly. Buckling curve ¢ may be applied.
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A.8.6.5 Webs or panels subdivided by stiffeners

A.8.6.5.1 One or more stiffeners will increase the strength of the web or panel. The full effect will
be obtained when the stiffeners behave as straight edges of the subdivided plate or web,
and the ultimate plate resistance can be obtained before any significant buckling
deformations of the stiffeners occur.

Fig. A.8.6.5.1.a shows some of the most commonly used open stiffeners.
Two fillet welds may give some restraining effect and accordingly improve the capacity.
Fig. A.8.6.5.1.b illustrates some of the more common torsional stiffeners. The effect of

such stiffeners will be an effective restraint of the plate edges, and considerably
increasing the resistance of the plate.

The moment of inertia for a stiffener is calculated with respect to the centrésline of the
web, i.e. the z-axix as indicated in Fig. A.8.6.5.1.c.

S Sl an

Fig. A.8.6.5.1.a Examples of open stiffeners

Fig. A.8.6.5.1.b Ekamples of closed stiffeners

70 Fig. 8.6.5.1.c Types of stiffeners
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A.8.6.5.2 For transverse stiffeners of plate girder webs, the moment of inertia I, and the area A, of
the stiffener should fulfil the following requirements:

IS

> a 13[2.5(2)2 ~2]:05at?

A, > 05 at, (1-—=

Jave
1+02

where

6 =1 -2 210
}‘p
1,0 for double sided stiffeners

o = { 1,8 for single angle stiffeners
2,4 for single plate stiffeners

W ratio of yield strength of web plate to the vield strength of stiffener

a = aspectratio = a/h

Il

)_~p the relative web slenderness (see A.8.6.3.2)
The length of the transverse stiffener is the.distance h between the flanges.

In general any vertical stiffener may be ©ut off and unattached to the web for a distance
less than or equal to 6t,, and if possible larger than 4t,. See Fig. A.8.6.5.5.

A.8.615.3 If the longitudinal stiffener is supposed to form a rigid support for the adjacent plates, it
shall at least have a moment of inertia which fulfils the requirement

I, > 0,1htSC,

where

AS
C, =860
ht,

Theeffective area A, of the longitudinal stiffener may be calculated as given in A.8.p
and A.8.6.2. The stiffener itself should, when possible, at least have width/thickneds
ratios as required for calss 2 sections. The stiffener with the adjoining parts of the Web
may be calculated as a column, as indicated in chapter 8.4. The buckling length of thi

tion is prevented, unless more exact calculations are made.

The axial load in the column will be the sum of the forces due to the stresses in the
stiffener itself and the stresses in half the width of the adjoining panels.

Longitudinal continuous stiffeners may be calculated as centrally loaded. Non-continuous
stiffeners, e.g. stiffeners which are terminated at each transverse stiffener, shall be
calculated as excentrically loaded, the axial load acting in the middle plane of the web.

A.8.6.5.5 End stiffener

If the web is calculated by an post-critical method as given in A.8.6.3.2, the end
stiffener should be flexurally rigid, and it should be designed for

7
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- an axial force equal to the entire support force acting on an equivalent column
length of 0.75 h, and

- a horizontal force (due to the tension field action), see Fig. A.8.6.5.5,

H, = ht, (t, - 0.76 =) yi+a?
)

P

where

T, and Ip are given in A.8.6.3.2, and H, is located 0.25h from the top flange.

Alterrlatively, the end panel should be designed such that
aorh <t [0.2V/(EAW)]'°’5
whereé

a ik the distance between the end stiffener and the first transverse stiffener.” This will
enbure an adequate anchorage panel for the tension field.

N (&) s
__,Ht_-a- l /' \
{L v tv ) o
N /-
5 \ y
AN 1 © ‘
T =~
\
4=+ =6 g 075

a) Calculation model for end stiffeners

AN AN

b) Examples of end panel stiffeners

Fig. A.8.6.5.5 End panel stiffeners
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Bolted connections

Spacing of bolts

The bolt pitch (distance parallel to the direction of the action) shall preferably be three
times the nominal diameter of the hole, but not less than 2.5 hole diameters. The pitch
shall assure adequate strength and take fabrication and erection procedures into
consideration. The maximum bolt pitch of the inner bolt rows parallell and transverse to
the action of the force may be increased by 100 % in members with tension action.

8.2.2

The minimum edge distance at right angles to the direction of the action and measulred
from the centre-line of the hole to the edge of the plate shall not be less than @25 times
the nominal diameter of the hole. The minimum edge distance may be reduced to 1.2

times the nominal diameter of the hole, provided appropriate strength calculations afe
made.

The minimum end distance in the direction of the action and measured from the
centre-line of the bolt to the end of the plate or member shall not'be less than 1.2 tlmes
the hole diameter for compression or tension members.

The maximum edge or end distance shall be the lesser©f 12 times the thickness of [the
outside connected part or 150 mm, or as governed by_local buckling or corrosion
protection requirements.

In the case of unsymmetrical and unsymmetrigcally connected members (such as angles),
appropriate considerations must be made to.determine the strength of the connection, in
addition to fulfilling the spacing requirements mentioned above.

Holes

For normal bolts there will be @ clearance as the hole diameter will be up to 3 mm greater
than the bolt diameter. The clearance is necessary for a convenient erection of the
structure. The use of slotted or oversize holes are dictated by equivalent considerations.

Joints using oversize-or slotted holes shall meet the following requirement:

a) Oversize hioles shall not be used in bearing-type connections but may be used in|any
or all plies-of slip-critical connections. Oversize holes shall not be more than 4 mim
largef.than the bolt diameter for bolt diameters up to 22 mm, not more than 6 mm
largér-than the bolt diameter for bolts of 24 mm in diameter, and not more than B mm
farger than the bolt diameter for bolts of 27 mm or of larger diameters.

b) Short slotted holes are those 2 mm wider than the bolt diameter with a slot length not
exceeding the oversize diameter provisions (8.8.2.2.a) by more than 2 mm. Thery

may De used In any or all plies o1 slip-critical connections ofr In bearing-type
connections. In slip-critical connections the slots may be orientated at any direction
with respect to the direction of the actions. In bearing-type connections, the long
direction of the slots shall be perpendicular to the direction of the action.

c¢) Long slotted holes are those 2 mm wider than the bolt diameters and with a length
larger than prescribed for short slotted holes but not more than 2.5 times the bolt
diameter. They may be used in only one ply at adjacent parts of a faying surface, in

slip-critical or bearing-type connections. |n slip-critical connections, they may be used
without regard to the direction of the actions, but there shall be provided one-third
additional bolts in excess of the number of bolts required to satisfy 8.8.3 and A.8.8.3.
In bearing-type connections, the long direction of the slot shall be perpendicular to the
direction of the action.
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High-strength bolts

As a general rule a high-strength bolt subject to repetetive tensile loading should be
preloaded. In connections where prying forces will occur, see Fig. A.8.8.2.3, this
effect shall be included in the calculations.

A.8.8/3
A.8.8[3.1

A.8.8.3.2

A.8.8.32.1

R
Fig. A.8.8.2.3

Strength of connections with bolts and rivets

Bolts in tension

The tensile force resistance of bolts is given by

Fl = fd Asp
where
fU
fy= 2
Yrc
A,,= nominal stress.area of the threaded part
f, = specified ultimate tensile strength of the bolt material
y.. = resistance factor for the connection.

The.éffect of prying forces, if any, shall be included in the external tensile force.

Bolted joints subjected to shear forces.

Bolts in bearing and shear type connections

74

Bolts are subjected to shear by the bearing of the connected parts against the bolt
shank. The resistance of the connection will therefore be governed either by the
shear resistance of the bolts or by the bearing resistance of the connected parts.

a) The shear resistance of a bolt in a bearing-fype connection is given by

f
Fy=x LA,
Yre
where:
xk = 0.6 for 8.8 and 10.9 bolts when shear occurs in the unthreaded area, 0.5 when

shear occurs in the threaded area
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A, = effective shear area of bolt, including the effect of possible threads
f, = specified ultimate tensile strength of bolt material
v, = resistance factor for the connection

For connections with a spacing larger than 15 d between the first and last bolt,
see A.8.8.6.

b) The bearing resistance per bolt, equal to or greater than the bearing strength of the
plates adjacent to the bolt, is given by

Fo=af,td/ vy,
where:

d

bolt diameter,

~
I

sum of plate thicknesses loaded in the same directionsas the bearing stres

’

and where a is the relation between the bearing strength_and the ultimate strengph of
the member material; a is a function of the distance e from the center of the last|bolt
to the edge of the plate in the force direction, and a function of the distance betyveen
the bolts measured in the force direction (pitch)s

For members subjected to tensile action
« =15 -%(e >1.2d) < 3.0

For compression members: o '=.3.0

c) Bolts in a bearing typé\connection may be subject to combined tension and shear.
In this case, the following interaction equation may be applied:

Ty, My
(E) (Fv) <1

where:

T & tensile force in the bolt

FE{ = tensile resistance of bolt, see A.8.8.3.1

V = shear force on the bolt for the shear plane

F, = shear resistance of the bolt, see A.8.8.3.2 above, calculated for the shear
plane.

A.8.8.3.2.2 Bolts in slip critical connections

The resistance to slip provided by a high-strength bolt may be taken as:

where:

F, specified preloading force

v,. = slip resistance factor 75
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m number of faying surfaces

u slip coefficient, see A.8.8.4

If slip occurs the connection shall be considered as bearing-type connection,

see A.8.8.3.2.1.

© 180

Bolts in a slip critical connection may be subjected to tension in addition to the shear.

In this case, the slip resistance is given by:

F, =mu(F, - 08F) -1
L4 Yrs
where:

F, is the tensile force pr. bolt due to external actions and possible prying forces.

Slip coefficients

The slip coefficient strongly depends on the surface treatment/ . The effectiveness of

spraymetalized surfaces depends on the spraying process, and‘\the values of m controlled

accordingly. The slip coefficient also depends on the type @f action, and its variation
with time. Representative short term values of m are given in Table A.8.8.4.

Table A.8.8.4. Short term valués of the slip coefficient

Steel surface treatment

Slip coefficient
(short term) y

For weathered steel clear of all mill scale’ and with

any loose rust removed 0.40
For surfaces blasted with shot(or grit and with any

loose rust removed ' 0.50
Tightly adhering clean.mill scale, except for

quenched and tempered steels 0.33
Hot dip zinc metalized 0.18
Hot dip.-zinc metalized ahd lightly blasted,

thickness > 50 ymm 0.40
Spraymetalized with zinc, thickness > 50 ymm 0.40
Spraymetalized with aluminium,

thickness > 50 yumm 0.55
Painted with zincsilicate coat, thickness < 60 ymm 0.50
Painted with zinc dust coat, thickness < 60 ymm 0.35

Alternatively, the slip coefficient for specific coating systems may be established by

relevant tests or taken from national standards.

For structures in which slip into bearing under long term sustained loads would be
detrimental, design recommendations should be found from long term tests or in the

appropriate national standards. If slip will occur for such a connection, its resistance

should be calculated according to the recommendations given for bearing type

connections, see A.8.8.3.2.1.
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A.8.8.6 Length of connection
When the spacing between the first and the last bolt in a connection is larger than 15d,
where d is the bolt diameter, the resistance of the connection should be reduced by a
factor B which is given in Fig. A.8.8.6.
However, this reduction does not apply for uniform distribution of forces over the
connection length, e.g. for the transfer of shear forces from the web of a beam or
column to the flange, ncr does it apply to slip calculations of slip-critical connections.
I‘ L
B = 1L075- 200 4
L0
08 | : B =0
06 | | I
I %
0.4 I l
l I
0.2 l |
| |
0 % 4 > L
15d BS d
Fig. A.8.8.6 Reduction of capacity in long connections
A.8.9 Welded connections
A.8.9.2 General requirements
~The weld material should match the material in the structure.
A.8.9.4 Design assumptions
For the.cdlculation of weld sizes, a simplified stress distribution within the welds in the
joint/is mormally assumed. Since the actual elastic distribution of forces between welds
is highly indeterminate, such assumptions have been found acceptable and satisfgctory
for)design practice, and rely on the demonstrated capacity of welds to redistributs
stresses by plastic yielding. However, care must be taken in providing the necesdary
capability as well as the sufficient freedom of constraints in the configuration of the
joints to permit such vielding and the resulting deformations to occur.
A.8.9.5 Design provisions
A.8.9.5.2 The resistance of a complete penetration groove weld in a butt joint should be the

resistance of the weaker member.
Partial penetration groove welds should be calculated as fillet welds.

The resistance of a complete penetration groove weld in a Tee joint should be the
resistance of the stem.

The resistance of a partial penetration groove weld should be calculated in the same
manner as that for fillet welds in the same joint.
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The resistance may be checked by

y LD LHELREU

A.8.9

7.2

" Scope

F<06 LA,
By,
where
f, = the ultimate tensile strength on the failure plane, i.e. on section A f, is the tensile
strength of the weld metal and on sections B and C f, is the tensile strength of the
base metal.
A= the appropriate effective area on section A, Bor C

( 0.8 for f, = 360 N/mm?
g =1 0.85forf, = 430 N/mm?
0.9 forf, = 510 N/mm?

For section A the resistance may alternatively be checked by

£

2 2 2 U
\/0; + 31, + 31, < 2
BY,

where

L, 71 and 7| are the stress components on thé-effective area, due to the external

o
design force F.

Single fillet welds are unable to take m@ments about their longitudinal axis.

FATIGUE

Situations in which no fatigue assessment is required

No fatigue'@ssessment is_required when one of the following conditions is satisfied:

-_Uf; whatever the constructional detail, no nominal stress range multiplied by th
factor y, exceeds 26/y, (N/mm?).-

®

- If, for a particular detail, for which a constant amplitude limit is defined, no stfess
ran ither i i ipli tant
amplitude fatigue limit divided by the factor v,.

- If, whatever the detail, the number of stress cycies is less than:

2108 - (—2_y
Yr Yyt Aog

where

Aog, the equivalent nominal stress range, is in N/mm?2.
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Fatigue assessment based on nominal stress range

A.10.2.1.1 The number of cycles N, to failure for a given stress

[N R

range depends on the detaii category, and may for the
calculated as:

ormal stress range oo be

©1SO

"A.10{2.2

- if y - Ag, > Aoy then N, = 2:10°% ( Ao /ly - Ao, )®

4 A A A thon N 2106 | A [, o A~ (B
=0 I.AUD Y LU U7 LA LN A H z T LS 1= Ya 4 =0T
- if y - Ao, < Ag then N, = o

W'th y= YI : yv

Aiternativeiy, the fatigue assessment may be based on an equivaient constant ampiifude

stress range calculation, in accordance with the Palmgren-Miner rule of cumulative
damage.

For normal stresses the fatigue assessment may thus be expressed by
Yy - Agg s Aogly,

where

Aog is the equivalent constant amplitude Stress range.

Ao, is the fatigue strength, which dépends on the detail category and the total nu
of stress cycles during the required design life.

fnber

A conservative assumption midy’ be adopted in evaluating Ao, and Aoy in using a fatjgue

strength curve of unique slope constant m = 3.

More generally, Ao and'Aog may be calculated taking into account the double slopgd
- fatigue strength cdrve and the cut-off limit, se Fig. 3.1 at end of chapter 3.1.

Fatigue assessment based on a geometric stress range

The geometric stress (or the stress concentration factor applied on the nominal stre
range) ‘may be determined from parametric formulae within their domains of validity

finite\element analyses or an experimental model. The fatigue assessment based on

geometric stress range is to be handled similarly to the procedures given in 10.2.1
replacing, where appropriate, the nominal stress range by the geometric stress rang

A.10.3

80

Reference Tatigue strength Curves 10 be UsSed jointy with The geometric Swess rang

concept are defined in A.10.5.2.

Fatigue loading

bS

(Y

The fatigue loading may comprise different loading events which are defined by complete
loading sequences of the structure, each characterized by their relative frequency of

occurrence as well as their magnitude and geometrical position.

In the absence of more accurate information, dynamic amplification factors may be
to modify the stresses obtained from a static analysis.

used

The effect of a loading event is best described by its stress history which is the stress

variation at a given point in the structure during the loading event.
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Measured stress histories may not accurately reflect the future fatigue loading. In some
structures, for example bridges and cranes, the load model used to describe the fatigue
loading should, as such, be able to take into account the possible changes in usage, such
as the growth of traffic, changes in the loading rate, etc.
Simplified design calculations may be based on an equivalent fatigue loading,
representing the fatigue effects of all loading events. The equivalent fatigue loading may
vary with the dimension and location of the structural element.

A.10.4 Fatigue stress spectra

A.10]4.2 Design stress range spectrum
The design stress range spectrum for a typical detail or structural element may'be derived
from the stress history obtained by adequate experiments and/or by numerical
evaluations according to the theory of elasticity.
The Rainflow or the Reservoir stress cycle counting method, in conjunction with the
Palmgren-Miner summation, is appropriate for many applications.’ The reservoir stregs
cycle counting method is illustrated in Fig. A.10.4.2,

A.10|5 Fatigue strength

The fatigue strength curves to be used in the fatigue assessment procedures are given
according to the following classification of stractural details:

- Nominal stress range procedures for

* classified details for non-hollow sections
* classified details for hollow, sections, and hollow section joints in lattice girflers.

- -Geometric stress range.procedure.

For the constructional details listed in Tables A.10.5.1.1.c to g, A.10.5.1.2.d and elthe

- classification has been“establised on the basis of stresses along the direction indicatgd by

the arrow for potential cracks on the surface of the parent metal, or for the case of weld
throat crackingenthe stress calculated in the weld throat. The stresses are obtaingd
from classical’strength of materials elastic theory using the gross or net section of the
loaded member, as appropriate. The stress thus calculated corresponds to details tdsted
under simple loading configurations giving rise to a principal stress, generally paralle| or
almost parallel to the direction of the arrow used in the classification of constructional
details, adjacent to the potential crack location.- Note that the crack is located in a glane
rformal to this stress range direction. For these details the calculated stress is called the
nominal stress, and the associated stress range for fatigue assessment, the nominal
stress range.

The fabrication requirements for fatigue detail classifications are given under the heading
"Requirements” of Table A.10.5.1.1 and in ISO Standard on "Fabrication and Erection".
If the requirement for the actual details are not met in the finished structure, the use of
the fatigue strength curves associated with those details may be inappropriate, in which
case, a fatigue assessment must be carried out by suitable adaptation of these rules.

Test data for some details do not fit the fatigue strength curves given in Figure
A.10.5.1.1.a. In order to be sure to avoid any non-conservative conditions, such details
{identified by an asterisk in the tables) are located in a detail category one step lower
than their fatigue strength at 2:10° cycles would have required. An alternative
assessment would be to increase the classification of such details by one detail category
provided that the constant amplitude fatigue limit is defined as the fatigue strength at
107 cycles for m = 3, se Fig. A.10.5.a.
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Fig. A.10.4.2 The reservoir stress cycle counting method
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0 10> 1® 17 108
Number of cycles,N

Fig. A.10.5.a

The requirements for the inspection of welded’joints subject to fatigue should be in
accordance with national standards, or the\lSO Standard on Fabrication and Erectioh.
Depending on the inspection scheme adopted, it may be necessary to identify certa
critical joints on the design drawings\and to elaborate on the procedures required fd
these joints.

-~ 3

In order that the appropriate.degree of inspection may be applied to the various parts of
the structure in accordance-with the ISO "Fabrication and Erection" specification
Appendix D, it is necessary to identify all joints where the stress spectrum is such that a
detail category greaterithan 56 is required by these rules. In each case the joint should

be identified on the detail drawing with the required "Fat” inspection category and stress
direction, as illGstrated on Fig. A.10.5.b. The required "Fat" inspection category nymber
is the referenicé strength-Ao, for the lowest fatigue strength curve for which the da mage
summation’is less than 1,0 (see 10.2.1.1).

- N
AT Tt g
A
TTTTTTTTT IRRERRARERERRRAEERERRREERERERRREEE TTT TT
FAT 112
T “AT 90T
IENEEENEREY | lllllllllillxlllillllllllIlIHll 111 11
FAT 71 FAT 71
Fig. A.10.5.b
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A.10.

A.10

5.1

It is important that the value of the reference strength for the maximum permitted
detail category according to the classification tables in A.10.5.1 is not used for the
"Fat" number (unless it happens to be the same as the required "Fat” inspection
category), otherwise unnecessary fabrication and inspection costs are likely to arise.
Two or three "Fat" inspection categories may need to be called up at a joint if cycles
stressing is severe in more than one direction.

Definition of fatigue strength curves for classified constructional details

5.1.1

Fatigue strength curves for non-hollow sections are defined as follows:
Classification of detail categories:

a) Typical constructional details for non-hollow sections are classified into 5
categories considering particularities in geometry and fabrication'procedures:
- Non-welded details
- Welded built-up sections
- Transverse butt welds
- Welded attachments (non-load-carrying welds)
" - Welded joints (load-carrying welds)

b) Fatigue strength curves for nominal normal-stress range:

The fatigue strength curves for a number of typical detail categories are given
Figure A.10.5.1.1.a for nominal pormal stress range.

n

The constant amplitude fatigue limit corresponds to the fatigue strength for
N=5-10°

The cut-off limit corresponds to the fatigue strength for N = 10°. Stress ranges
below the value Gerfesponding to the cut-off may be neglected.

The associdted classification of various typical detail categories is given in the
Tables A(10.5.1.1.c to g. The arrow in the different figures in the tables indicates
the location and direction of the stresses for which the stress ranges are to bg
caleulated.

The corresponding values for a numerical representation of the curves are
presented in Table A.10.5.1.1.a. '

84

c) Fatigue strength curves for nominal shear stress ranges:

The fatigue strength curves for nominal shear stress ranges are defined in Figure
A.10.5.1.1.b and have a single slope constant of m = 5. Category 100 is for
parent material, full penetration butt welds and for bolts of bearing type in shear.
Category 80 is for fillet welds and for partial penetration butt welds in shear.

Calculations should be performed in a similar manner to those applied for nominal
normal stress ranges. The cut-off limit remains at 10° cycles. No constant amplitude
fatigue limit should be assumed.

The corresponding values for a numerical calculation of the fatigue strength are given
in Table A.10.5.1.1.b.
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Stress range Ao (N/mm ?)

etail category

Constant amplitude

'Ff"*':ﬁlll\ ‘IVV\I+
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N

Cut—off Ilimit
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10 TR ST 2 s T
10 10® 10% 107 10°
Number of cycles N

Figure A.10.5.1.1.a Fatigue strength curves for normal stress ranges
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Table A.10.5.1.1 Numerica! values of fatigue strength curves for normal stress ranges

© ISO

Detail category Constant Cut-off limit
log a amplitude (N=108)
Ao, fatigue limit

(N/mm?) (N<510°) N=510° IN=510% Ao,

m=3 m=5 Ao, (N/mm?) (N/mm?)
160 12.901 17.036 117 64
140 12.751 16.786 104 57
125 12601 +6-536 33 51
112 12.451 16.286 83 45
100 12.301 16.036 74 40
90 12.151 15.786 66 36
80 12.001 15.536 59 32
71 11.851 15.286 52 29
63 11.701 15.036 46 26
56 11.551 14.786 41 23
50 11.401 14.536 37 20
45 11.251 14.286 33 18
40 11.101 14.036 39 16
36 10.951 13.786 26 14

Table A.10.5.1.1.b Numerical values for fatigue“strength curves for shear stress ranges

Detail category log.'a Cut-off limit
m=5
At (N/mm?) (N < 108 (N < 108)
A1 (N/mm?)
100 16.301 46
80 15.801 36
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Stress range AT (N/mm 2)
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Figure A.10.5.1.1.b Fatigue strength curve for shear stress ranges’
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