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Foreword

-~

the right to be represented on that committee. international organizations, governmental and non-governmental, in
- liaison with 1SQ, also take part in the work. ISO collaborates closely with the international Electrotechnical
Commission (IEC) on 2! inatters of electrotechnical standardization.

- Dratt International Standards adopted by the technical committees are circulated to the member bodies for voling.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

International Standard I1ISO 10721-1 was prepared by Technical Committee ISO/TC 167, Steel and aluminium
structures, Subcommittee SC 1, Steel: Material and design.

ISO 10721 consists of the following parts under the gereral titte Stee/ and aluminium structures:
— Part 1: Materals and design
— Part 2: Fabrication and erection

Annexes A and B of this part of ISO 10721 are for information only.
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Introduction <

[ —

This part of ISO 10721 establishes a commeon basis for drafting national standards for the use of materials in steel

<Sstructures 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 n

oncompulsory recommendations which may be used as guidelines for
“practical design.

The specific and numerical requirements for the com
state of a country's economy,
country.

pletion of structures which are optimal with respect to the
development and general values should be given in the national codes of the

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

viit
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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 materiais and design of steg
structures in buildings.

NOTE 1 The degree of reliability should be as specified in national codes. In the establishment of design safety factors,
due consideration should also be given 1o ISO 10721-2 for fabrication of steel structures.

This part of ISO 10721 is also applicable to bridges, off-shore and other civil engineering and related structures, bt
for such structures it may be necessary to consider other requirements,

This part of ISO 10721 does not cover the special requirements for stee! structures in corrosive environments
beyond normal atmospheric conditions and corrosion protection with regard to fatigue design.

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

For welded connections and for structures subject to fatigue, specia! considerations regarding the scope of this
document are presented in 8.9 and 10.1 respectively.

NOTE 2 Rules and recommendations regarding composite steel and concrete structures and fire safety of steel structures

will subseguently be issued as separate Intemational Standards.

- 2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part of
180 10721. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of 1ISO 10721 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and 1SO maintain registers of currently
valid International Standards.

IS0 630:1995, Structural steel — Plates, wide flats, bars, sections and profiles.

ISO 898:1988-1994, Mechanical properties of fasteners (all pars).

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

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

» 180 4753:1983, Fasteners — Ends of parts with external metric ISO thread.
ISO 4951:1979, High yieid strength steel bars and sections

ISO 6892: -V, 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 1SO 82:1974)

J s — —
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3 DEFINITIONS AND SYMBOLS

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

30 Definitions
- Limit states: The states beyond which the structure no longer satisfies the
design requirements.
Ultimate limit state: The limit states corresponding to the maximum load carrying !
. resistance (safety related).
Serviceability limit The limit states related to normal use (often related to function).
state:
Specified life: The time the structure is to be used under the given design
assumptions.
i
, . . . I
Direct action: One or a set of concentrated or distributed forces acting on the ‘
) structure, such as selfweight, imposed specified actions, wind,
etc.
Indirect action: The cause of imposed or constrained deformations in the
structure, such as temperature effects, settlements, creep etc.
-
Nominal action: The numerical value of an action either defined by tfe authorities
or by the contract documents. When this value corresponds to a
specified probability to be exceeded within a specified reference
N time, itis called characteristic action, and it is calculated in
accordance with ISQ 2394,
Cesign action: Actions used in calculations. The design action is the nominal

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:

Characteristic
material property:

Design material
property:

Nominal strength
or resistance;

Design strength
or resistance:

Normal use:

Fatigue:
Fatigue loading:
Loading event:

Equivalent
fatigue loading:

Stress history:

Stress range:

Nominal stress:

. T

The process of local vielding due to the initial applications of
variavle 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-
ticn or for which the variation in magnitude with time is not -
monatonic nor negligible in relation to the mean value.

Design action which involves stress fluctuations leading 10
possible fatigue effects, i.e. it is the design action to be used for
checking the fatique limit state.

The value of material properties established by its specified
occurrence taking account of control conditions and statistical
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 resistanca divided by the
appropriate partial safety factor for resistance, y,.

Normal use is tha‘t 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, caused
by repeated 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 10 the structure and giving

‘fise 1o a stress history variation.

A simplified fatigue loading representing the fatigue effects of all
loadings events.

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

The algebraic difference between two extrema of the stress
history {Ags = o, -0, or A7 = Trw - Twind- 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 aceordance 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 {axiat and bending
stress) or/fand the shear siress. Where there is a geomerric
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 siress:

Cycle counting:

Stress-range
spectrum:

Design spectrum:

Equivalent stress
range:

Miner's summation:

Cons;ant amplitude
fatigue limit:

Detail category:

Fatigue strength
curve:

Design life:

Cut-off limit:

Groove {butt) weld:

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

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

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

The total of all stress spectra relevant to the fatigue 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 Miner’s
summation. '

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

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

The designation given 1o a particular welded or bolted detail, in
order to indicate which fatigue strength curve is applicable for
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 constructional
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 not
contribute to fatigue damage.

A weld made in a preparation to receive weld metal. {Also
referred to as a butt weld}.
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3 Fahgue strength curve
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Fig. 3.1 Fatigue strength curve definitions

List of symbols
(see also ISO 3898)

LATIN UPPER CASE LETTERS: . e
A Cross-sectional area

A, Effective cross-section area

A, Gross section area

AL Cross-sectiona! area. of'longitudinal stiffener

A, 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 length. For
T-joints, A, = size of fusion face in base metal muitiplied by the length of

the weld
A Net sectinn Siea
A, Cross-seciional 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
Ay Effective area of weld {effective throat of weld multiplied by its length)

For plug or slot welds, A, = area of faying surface
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B Coefficient
C. Warping constant of torsion for the 8ross-section
) E Modulus of elasticity (Young’s moduius)
* E, Tangent modulus
F Force, action
. ’ F. Bearing resistance of bolts
Fe Characteristic action
F, Design force, action
F, Preloading force in balts
F, Slip resistance of bolts
F, Tensile force resistance of bolts
: F, Shear force resistance of bolts
G Modulus of shear = £/ {21 + uj)
| L1, Moment of iqertia (about y- and z-axis, fespectively)
) i, ” Moment of inertia of a st'iffener

Polar moment of inertia

Il St. Venant torsion consrant of the cross-section

K Coefficient for buckiing length
K Coefficients {i= 1-5)
L Length
L, Effective length (in buckling}
L, Laterally unsupported length
L, Load distribution length
i M, M,, M, Bending moment (about y- and 2-axis, respecrively)
M., M,,. M., Moment resistance {about Y and z-axis, respectively)
: M., Reduced moment resistance
A Mg, Elastic lateral torsional buckling moment
M, Plastic moment of flanges
* M, Moment resistance in lateral torsional
buckling
. M, : Plastic moment = fw,

TN i et e
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Torsional moment

Plastic moment of web

Yield moment = f W

The larger and the smaller moments at the supported ends of 3 member
Normal force (chapt. 8)

Number of fatigue strength cycles {chapt 10)

Buckling resistance (chapt. 8)

Number of cycles {2-10% at which the reference value of the fatigue
strength curve is defined (chapt. 10)

Buckling resistance about Y- and z- axis, respectively

Number of cycles for which the constant amplitude fatigue fimit is defined
{= 510%

Normal force resistance

Normal force dasign resistance

, . . 2 E| -
Elastic buckling force of a pinned column = HLZ
(about the y- and z-axis, respectively].
Elastic buckling load of a structure = 2 El

LZ
Elastic torsional buckiing load

Number of cycles of stress L0, to cause failure
Number of cycles for which the cut-off limit is defirad {=109%)
Plastic normal force resistance

Torsional buckling resistance

Ultimate tensile vield force resistance

Ultimarte tensile strength

Concentrated force

Concentrated force resistance

Resistance

Static moment of area . »
Tensile fbrce {in a bolt)

Shear force

Shear resistance

I —
S
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v,
W, W, w,
W, W, W,

W, w,, w,

Py’

LATIN LOWER
a, a,, a,

b

b.. b,,. b,

c

C. ¢,

©I150

Noticnal shear force in built up members
Elastic section modulus
Elastic section modulus of the effective cross section

Plastic section modulus

CASE LETTERS:
Distance. The weld throat "a-dimension*”

Width (of plates)

Effective width

Distance

Coefficients for stiffeners

Diameter. Depth

Effective depth

Eccentricity. Distance (for bots)

Bearing strength in bolted connections '
Buckling strength (about y- and z-axis, respectively)

fty,

Lateral torsional buckling strength

Torsional buckling sirength

Design strength

Local elastic plate buckliing strength

Specified ultimate tensile strength of base material or holt matenal
Specified ultimate tensile strength of weld material

Specified vyield strength of material or the Stress giving 0.2 % permanent
strain

Reduced leffective) yield strengtr; of material
Specified vield strength of weld materia)
Distance between bolt holes (the gauge)
Height {of web)

Effective heigth

Radius of gyration {about y- and z-axis, respectively)




-

L

L,

X, ¥, 2

YS" zl

Polar radius of gyration

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

Compression member buckling coefficients

Elastic shear buckling coefficient

Length, span

Slope constant of the fatigue strength curve. The curves have slopes of
-1/3 and for -1/5 and the corresponding values of the siope constant m
are 3and 5

Number. Coefficient {for built-up-members)

Equivalent number of stress cycles

Number of applied stress cycles Ag;

Radius

Distance between bolt holes {the staggered pitch). Weld size for T-welds
Thickness

Flange thickness

Web thickness

Cartesian Coordinates {x along member axis)

Shear center ¢coordinates

GREEK LETTERS:

(44

ﬁa ﬁy' ﬂz

¥

Y,

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

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

Equivalent uniform moment coefficient for beam-columns
Partial coefficient
Partial safety factor for actions

Partial safety factor for resistance lin this document identified as
resistance factor)

Resistance factor for a connection

Slip resistance factor
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He

w,, W,
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Nominal stress range {normal stress)
Nominal stress range (shear stress)
Reference value of the fatigue strength at 2 million cycles {normal stress)

-

Stress range corresponding 1o the constant amplitude fatigue limit, simply
called the "fatigue limit"

Equivalent stress 1ange of constant amplitude cycles {normal siress)
Stress range corresponding to the cut-off fim),

Fatigue strength {(normal stress}

Reference value of the fatigue strength at 2 million cycles {shear stress}
Fatigue strength {shear stress)

Initiat ot.;t-of straightness

Strain

Coefficient. Coordinate

Coefficient

Slenderness
Slenderness parameter = rr‘\/Elf, "
Relative slenderness of columns

Relative slendarness limit, below which strain hardening effects in
columns occur

Effective relative slenldefness for mémbers with L-sections
Relative slenderness of plate

Effective relative slenderness for built-up members

Slip coefficient

Coefficients (flexural buckling)

Coefficient (lateral torsional buckling)

Lateral torsional buckling coefficient

Cross sectional parameter

Coefficient {bending moment diagram)
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4.1

4.2

4.2.1

4.2.2

4.2.3

4.3

5.1
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DOCUMENTATION OF THE DESIGN

Calculations

Design calculations shall include
- design assumptions (calculation mode!),
- action arrangements (including imposed actions),
- material properties,

- properties of connecting devices and
- verification of the relevant limit states.

Testing
The design may be verified by testing, or by testing combined with calculations.

The magnitude and distribution of actions during tests shall correspond to the design
actions for the relevant limit states. :

Sample size, scale effects and other relavant effects shall be considered in establishing
the design strength of the structure or structurz) element. ’

Documentation

The calculations, drawings, or other relevant documents shall be presented in a manner

which is appropriate to the information and documentation requirements. .

BASIC DESIGN PRINCIPLES

Objectives and general recommendations

Structures or structural elements shall be designed and maintained such that they, with
an appropriate degree of reliability,

- will sustain actions likely tc occur
- will perform’adequately in normal use
- have a sufficient durability.

These requirements, which can be satisfied by use of this code, shall apply throughout
the specified life of a structure, including the period of construction.

The degree of reliability should be chosen to account for the possible consequences of
exceeding the design criteria of the limit states. These consequences will vary. The
following classification is appropriate:

- risk 1o life is negligible and economic consequences are small or negligible

~ risk 1o life exists and/or economic consequences are considerable

- risk to life is high and/or economic consequences are great.
The choice of structural concept should also take into account accidental events and

their possible consequences. The main Structure should as far as practical not be
damaged to an extent which is disproportionate to the accidental event.

#
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5.2

5.3

5.3.1

5.3.2

s
)
D

The design of steel structures shoutd aim at a ductile behaviour, avoiding brittle fracture
by appropriate choice of materials, material thickness, connections and selection of
details and fabrication methods. See aiso 5.3.2.3.

Limit states

The structural performance of a whole structure or parts of it shall be described with
reference 10 limit states.
subclassified:
al  The ultimate limit states.
b} The serviceability limit states.
Ultimate Limit States correspond to:
- Qverturning of the Structure, or parts of the structure;

- rupture of ¢ritical sections of the siructure due 10 exceedance of the material
strength:

- = transformation of the Structure inte a mechanism (collapse};
- loss of stability (buckling, etc.);

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

- failure of a structure or a member subjected 1o 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;

- local damage, including limited cracking, which reduces the durability of a
Structure or affects the performance of structural or non- structural eléments,

Design situations and member resistance

General

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 situationy. 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.

T R T T W - PP g v v o
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Member resistance
-2z fEsistance

For the uitimate limit states, the structure shal! be designred for sufficient resistance, i.e.
Strength and/or stabitity. At every part of the structure the member resistance shall be
larger than or equal to the action etfects of the relevant ultimate limit load cases.

Variable and repetitive actions shali 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 1o eliminate unacceptable
levels of vibration, deflections or slip under the effects of the relevant serviceabifity
actions.

BASIC VARIABLES
General

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

- actions;

- Material properties;

- structural goomeiry:

- environmental conditions.

Other variables shall also be considered, such as uncenrtainties of calculation models.

Actions

General

Actions are characterized as

1. Direct acticns:
One or an assembly of concentrated or distributed forces acting on the structure,
such as selfweight, impased 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 1SO standard 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:

- peérmanent actions,

- variable actions,

- repetitive actions,

- accidental actions,

- lemporary 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 distinguish
between

‘x’ P
- static actions, which are acting on the structure without causing any significant
oscilations of the structure or parts of the structure.

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

- repetitive actions, which may cause fatigue.

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

6.2.2 Design value

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

Fy = 7] Fi
6.3 Materials
6.3.1 General

All material shall be suitable for its intended use.

6.3.2 Structural steels

6.3.2.1  The steel to be used shall conform 1o the requirements of ISO 630 and 1SO 4951 or o]
the requirements of the appropriate national standards for structural steels.

6.3.2.2  The dimensions and mass of all steel sections and plates and their dimensional and mass
tclerances, shall comply with the relevant SO or national standards.

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

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

| A higher notch toughness specification may be required for steel which is to be coid
formed and welded.

6.3.2.4 Weldability shall be considered when selecting the appropriate grades of steel.

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

- tearing may be reduced by using stee! with specified through thickness ductility in the

’ element concerned.

, 6.3.3 Connecting devices

6.3.3.1 Connecting devices covered by the design rules of this standard are bolts, studs, rivets
and welds. ‘
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6.3.3.2

6.3.3.3
6.3.3.4

6.3.4

6.4

6.5

7.1
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All bolts, nuts and washers, including plated components, shall conform to the relevant
1SO standards, or to the appropriate national standards. Bolts used for structures
covered by this standard, shall not be of higher grad:% than 10.9, see I1SO 898,

Nuts for preloaded bolts or bolts loaded in tension shall be such that stripping failure wiil
not occur prior 10 bolt failure.

All material for riveting shall conferm to the appropriate national standard.
All welding consumables shall conform 1o the apprapriate ISO, IIW or national standards.

Testing and inspection of materials

Methods for testing and inspection shall be in accordance with the appropriate 1SO or
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 to
the resistance of the structure.

Design value of resistance

The design value of resistznce Rq shall be determined by dividing the characteristic value
of resistance R by the apprepriate resistance factors y,, i.e.

Ry = Rly,

See I1SO 2394, General principles on reliability for structures.

The resistance factor y, comprises uncertzinties from:
- 1he possible systematic 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 propertias {such as AW, W,

- the prediction of member resistance, i.e. the deviation between the actual member
resistance 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 -=rsideration.

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

In proportioning the structure to meet the varicus 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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7.3

7.3.1

7.3.2

7.3.3

7.3.4

. Effects such as the distortions of semi-rigid connections and the slip in long slotted holes
shall be considered for strength and stability at the ultimate limit states.

@ISO

Structural behaviour

The influence of deformations shall be considered. ’C,

The analysis referred to in 7.1 shall, where sway effects are significant, inciude 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 i
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 adversely affecting any other part of the

structure,

Methods of analysis

General

An ultimate limit state for which the structure will have a ductile mode of failure, may be
analyzed by either of the methods given in 7.2.2 - 7.3.4.

Elastic analysis

The for'ces and moments throughout all or parts of the structure may be determined by
an analysis which assumes that individual members behave elastically,

Having determined the forces and moments on the basis of an elastic analysis, the
resistance of the structural members may be based either on the first yield criterion in
accordance with theory of elasticity or on the strength of the ¢ross section in accordance
with Chapter 8.

Elastic-plastic analysis

For each combination of actions the forces and moments throughaut 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.

Plastic analysis

For each combination of actions, the forces and moments throughout all or parts of the
structure may be determined by a plastic analysis provided that:

a) The steel material exhibits the stress-strain characteristics necessary 1o achieve
moment redistribltion.

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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e) Except for those splices designed and detailed 10 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 tmes 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 specific 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 coliapse.

For structures subjected to variable actions of high amplitude which could cause repeated
plastic deformations leading to incremental collapse, the design action shall not exceed
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 tensinn, compression, shear or bending.

ULTIMATE LIMIT STATES

Member design

Generai

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 members shall not be less than the effects of the
reievant design actions. The member resistance depends on a criterion either of strength
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.

Far structures analysed plastically, where a redistribution of moments is taken into
account, special requirements are placed on the material behaviour and structural
geometry to ensure that the structure will behave as assumed in design, see 7.3.4 and
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 ahd 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.
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i
8.2 Resistance of members
821 Member strength
L J
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 vyielding or fracture as given in
A8.2.1.1,
For members or parts of members subjected to compression, with the exception of
class 4 sections, limitations are impoesed on the width-thickness ratios to ensure that
premature local instability will not occur, see 8.3.3. For members subjected to bending
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 gatios of their cross-sectional elements subject 10 compression, and/or
berding, and thus on the capability of the member to resist local buckling.
8.3.2 Definitions of classes

Class I: Cross-sections which can develop vielding in the entire ¢cross-section, and
oermit sufficient rotations to allow redistribution of moments in the structure.

Class 2: Cross-sections which can develop yielding in the entire cross-section, but lecal
buckiing prevents sufficient rotations at constant moment and therefore limits
redistribution of moments in the structure.

Class 3: Cross-sections 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, because 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 be used
when the design does not require plastic hinges, in which case lateral bending and
torsion must be taken into account.

Class 2 cross-sections shail, 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.B.3.2, or by using a width reduced to meet
Class 1 section requirements, such sections may be regarded asj’ class 1 sections.

Class 2 cross sections may be used for plastic design provided that the rotation capacitv
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 ibe himiting values given in Table A.8.3.3 for ciass | and 2
cross-sections.

)|
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g8.4.1

8.4.1.1

8.4.1.2

8.4.1.3

Maximum width-thickness ratios of elements subjected to compression and/or bending

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

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

Flexural buckling

Effective buckling length

The effective length L, of a compression member may be defined as Ly = K¢ L, where

2
K, = _ﬁe_; NE=1:E1
\ L

Eer

and Ng, is the theoretical elastic buckling load of the actual column, computed with due
regard 1o rotaticnat and translational restraints, and L is the geometrical length of the
meinber, i.2. distance between the centres of joints.

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

The effective in-pdane buckling length of compressed members in trusses or frames
should be estimated with due consideration of the cross-section of the members and their
end restraints. When estimating out of plane effective lengths of compressed members,
the end restraint of the members and the resistance 10 displacements of the restraining
members out of the plane of the trestle frame should be taken into consideration.

For structures with moment resisting frames in wiici the sway effects have been
included in the analysis 1o determine the moments and forces in the members, or for
structures in which the sway effects, in addition to the latera! actions, are resisted by
bracing or shear walls, 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 less than 1.0 is applicable.

For structures 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
length factor shall be determined from the degree of rotational and translational restrainis
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,

where A, = nif_g-
y 19

I:

i




. 1S0 10721-1:1997(E) ©1S0

- 8.4.3

. 8.4.4

B.4.5

20

The relative slenderness is introduced to obtain formulae and diagrams which are
irdependent 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 1o its relevapt axis of buckling:

A - e
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.

Compression resistance

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

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

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

Buckling strength f,

Buckling curves for the determination of f_ should represent the maximum load resistance
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 accounted 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 buckiing.

Buckling curves 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.

Compression members subject to moments

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

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

b) take into account such effects as the amplification of bending momefits due to
the axial feree 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,

¢}  give valid results for any combinations of N, M, and M,.

Examples of interaction equations are given in A.8.4.5.

- r
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Buckling of built-up members

Buiit-up members shall be calculated considering the possibility of loca! 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.

Buckling of built-up members may be calculated as given in 8.4.3 - 8.4.5.
The slenderness of such a member shall be increased due to shear deformations.
See A.B.4.6.

Built up members where the different parts of the cross-section is continuously
connected to the rest of the section, shall be calculated considering the entire cross
section as one part.

Torsional and lateral torsional buckling

Tarsional buckling

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

Npg = — for 'Ag
Yr

where .y is the torsional buckling strength.

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

Lateral torsional buckiing ¢

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

My = — fo "W

al
Y F

for class 1 and 2 sections
Moo= L, -W
w® — la
Yr

for class 3 sections, and by

for class 4 sections, uniess 8 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 10 resist tateral and torsional displacements

at, or immediately adjacent 10, 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 and f;

The buckling strengths f.y and f,, -for torsional and lateral torsional buckling, respectively,
shall inciude all relevant effects and provide sufficient correlation with experiments and/or
numerical simulations.
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The buckling strengtiie f ;. and f_ shall be given in the national standards, or as
recommended in A.8.5.3.

Bracing of beams, girders and trusses

Bracing members assumed 1o provide lateral support 1o 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 fiange or chord at the peoint of support, unless more accurate calculations
are made.

The stiffness of bracing members shall be sufficient to restrict the increase of
out-of-plane deflections at the braced point to a value equal to or close 1¢ the inival
out-of-plane imperfection of the braced member.

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

The stiffness of the slab or deck shall be sufficient 10 enable the braced member ro reach
its design resistance. In a2ssessing the stiffness, the structural stitfness of the deck or
slab, the flexibility of the connecting elements and the flexibility of the anchoring portion
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 shall 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

- General

The calculation of the ultimate resistance of a plate may be based on a large deflection
theory or on test results. At its ultimate resistance the piate has buckled and the in-plane
stresses are concentrated at the supported plate edges. In these regions stresses may
reach the yield stress.

For design calculations the concept of an effective area may be used.

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

Uniaxial force or in-plane moment

The resistance of a plate subject 1o uniaxial force or in-plane moment may be expressed
as a function of f, and of the relative slenderness A,, defined by

- f
YR ARl I N .
Pt o, N

/& VE

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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The moment resistance of a web may be calculated according ta A.8.6.2.2. If the
etfective flanges of an i-beam subjected 10 bending moment can sustain the entire
moment alone, the web may be exclusively retained for the purpose of carrying an
additional shear force. Oth&rwise, 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.

Shear resistance of webs

The shear resistance of webs may be calculated according to the method given in
8.6.3.2. Alternatively, the shear resistance of webs may be calculated according 10 3
tension field theory, which has been sufficiently correlated 1o experimental results and/or
numerical simulations.

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

R B Y LI B

where 7, = f,/V/3 and k, is the elastic shear buckling coefficient depending on the aspect
ratio, see A.8.6.3.2.

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

The resistance is given by

Vod=_1_1c'Tw'h

Yr
Recommended values for the buckling strength 7. is given in A.8.6.3.2.
The shear resistance should be checked against the largest shear force within the panel.

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

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.B.6.4.

Webs or panels subdivided Dy stiffeners

x>

The purpose of stiffeners is 1o subdivide a plate or a web into smaller panels to increase
the resistance. The smaller paneic shall be calculated as given in £.6.2 10 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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8.6.5.3

8.6.5.4

8.6.5.5

8.7

d l

Fig. 8.6.5 Examples of transverse and longitudinal stiffeners

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 possible
non-continuous longitudinal stiffeners, or terminated transverse and support stiffeners,
shall be considered. . s

A transverse stiffener shall have sufficient strength to carry all the forces which are
transferred to it, and have sufficient stiffness two allow the required resistance of the
adjoining panets to be developed. ’

Recommended requirements for the second moment of area and the cross section area of
wrznsverse stiffeness are given in A.8.6.5.2.

A longitudinal stiffener shall have sufficient strength to carry all the forces which are
wransferred 1o it, and have sufficient stiffness to allow the required resistance of the
adjoining panels 1o 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 length
is equal 10 0.75 h, where h is the web plate height or the distance between flanges.
Parts of the web may be considered as acting togetner with the stiffener.

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 1o transmit forces through fasteners of different types.

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

X
The structural properties of connections shali 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 thay are in equilibrium with the applied design forces, that the design
resistance is nowhere exceeded and that the adopted distribution does not entail
excessive gderormations.

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

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

' to be reached. This deformation capacity shall be demonstrated by experiments or

calculations.

Whren 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 narmally
be designed to carry the total action. Welds and preloaded high-strength boits 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 connactions

General

The fasteners used in bolted connections may either be ordinary tolts or high-strength
boits, 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 fow-carbon steel. The steel used
shall conform to the requirements of 1ISO 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 confarm 10 the requirements of the appropriate |SQ or nationsl standards.

Non-preloaded bolts may be used as fastening elements in connections vith shear,
tension, or combined shear and tension in the bolts. They should not be used in joints
which are subjected 1o fatigue or earthquake actions and they should not be used in
structures sensitive to geometric changes, as joint slip may occur. See also 8.8.2.4.

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.

Boiting details »
Spacing of bolts should comply with the requirements in A.8.8.2.1.
The nominal diameter of the bolt hole shali 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.
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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 equa! to or greater than 70 % of the nominal ultimate tensile
strength of the bolt.

Crdinary bolts and non-preloaded high-strength bolts with rziinal clearance between hole

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

Strength of connections with boits and rivets

For calculation of bolts in tepsion, see A.B.8.3.1. It is important that possible prying
forces are included. Such connections shall not be used with non-preloaded bolts if the
connection is subject to frequent variation in tension, see also chapter 10,

Bolted joints subjected to shear forces may be designed according 1o the following

al  Bearing type connections with normal belts or high strength bolts with no
controlled tightening up to grade 10.9; )
The shear force at the ultimate limit stat2 should not exceed the bearing
resistance nor the shear resistance as given in Nationa! Standards or in [
A.8.8.3.2.1.

b}  Slip-critical connections with preloaded high strength balts where slip shall not
occur at the serviceability limit state:
The shear force at the serviceability limit state should not exceed the slip
resistance as given in National Standards orin A.8.8.3.2.2.
The shear force at the ultimate lirnit 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 coefficient i 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 of
the fastener.

For countersunk holes, the area 10 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.




$8.5.4

§.8.6

8.9

8.9

bl  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
gauvge space in the chain of holes.

s = the staggered pitch, i.e. the distance, measured parallel 1o 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,

o
1l

For sections such as angles with holes in both legs, the gaupe shouid be measured along
the centre of thickness of the plate.

In a built-up member, where the chain of holes, considered in individual parts, do not
correspond with the critical chain of holes for the member as a whole, the resistance

of any fasteners joining the parts hetween such chains of holes should be taken into
account in determining the resistance of the member. .

Rivets and fitted bolts shall be calculated as regular non-preloaded boits. 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 connections giving tensile forces in the rivets.

Length of connection

For a distance less than 15d between the first and the last bolt in & connection, the
resistance of the jpint.can be taken as the sum of the registances of the individual bolts.
d is the diameter of the bolt. When the distance is larger than 15-d, the resistance of the
joint shall be reduced, see A.8.8.6.

However, this reduction 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 a3 beam or column to the flange, neither does it apply 1o slip critical
connections.

Welded connections
Scope
The provisions of this section are intended 10 apply to:

1)  welded joints in steel structures subjected primarily 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 Vatue (calculated for instance in accordance with
the IfW formula) may need 1o be controlled, and alse the sulphur level may need 1o
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 pronerties, as defined in the relevant nationa! standards.
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General requirements

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

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.

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

Where it is important to mirnmize shrinkage stresses and distortions, special fabrication
procedures shall be established.

The required weld lengths specified on the drawings shall be the efiective lengths.
Inspection requirements shall be defined on the plans or in the specifications.

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 lamellar
tearing. If such details cannot be avoided, appropriate measures shall be taken to
minimize the possibility of lamellar tearing. For flat elements with a thickness of more
than 16 mm the combination of welding procedure and/or the through-thickness
rroperties of the material and/or the joint detail {see e.g. Fig. 8.9.2.7) shall be such as to
avoid lamellar tearing.

—_—a 1 LA

Susceptible derail Improved detail

> ‘

E

-

Susceptible detail Improved detail
Fig. 8.9.2.7

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

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

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

—————
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For ordinary structural steels welding in cold formed areas is allowed, provided
appropriate measures are taken 10 awoid the possibility of brittle fracture.

I S ittt

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.

A partal penetration groove weld is defined as one having weld penetration less than the
full thickness of the joint, see 8.9.5.8 and 8.9.5.9.

Nationa! standards shall be consulted for additional conditions defining complete and
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, except as provided in
8.9.3.7 or as otherwise permitted.

Members of an assembly connected by groove of fillet welds throughout their length
may, at points of external framing, have additional welds 10 accommodate the external
action, but such welds need not be continuous for the fult length of the members.

Fillet welds may be continuous of intermitient.

Except 28 permitted in national standards, fillet welds shall not terminate at corners of
parts or members, but shall be returned continuousty, full sized, around the corner for a
length equal 10 twice the weld size where such rewrn can be made in the same plane.
End returns shall be indicated an drawings. .

All corners of slots provided for fillet welding shall be rounded and the fillet welds shall
extend completely around the periphery of the slots.

Groove and fillet welds may be used 10 1ransmit any combination of forces.

Single fillet and single partial penetration groove welds shall not be subjected to bending
about the longitudinal axis of the weld if it produces tension at the root of the weid.

Filler welds may be used for connecting parts, of which the fusion taces form an angte of
60° to 120°, see Fig. 8.9.7.2. Angles of less than 60° are permitted. However, in such
cases the weld shall be calculated as a partial penetration groove weld. For angles larger
than 120° the fillet welds shall not be relied upon 1o transmit calculated forces.

Plug and slot welds in lap joints raay be usedto transmit shear or 10 prevent buckling or
separation of lapped parts.

Design assumptions

For welded joints or single welds, designegd to transfer any combination of loads, the
forces within the joints of 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 ¢an, in Most cases, pe considered unifurm. However, other stress
distributions may be assumed provided they satisfy the basic requirements of equilibrium

and continuity and they adequately reiate 10 the actual deformation charac-
reristics of the joint.

29




ISO 10721-1:1997(E) 180

8.9.4.3  Residual stresses and stresses not panticipating in the transfer of forces need not be
considered in the design of welds subjected ro static actions. This applies specifically to
the normal siress paraliel ic the axis of the weld which is accommodated by the base
material.

8.9.5 Design provisiong

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

The strength of the weld metal shali normally be equal to or greater than the strength of
the weakest bage metal,

8.9.5.2  The resistance of welded joints shall be checked as recommended in A.8.8.5, A.8.9.6
and A.8.9.7 or as specified in the applicable national standard.

8.8.5.3 The design value for shear in the base metal is the shear stwrength, which, unless
- otherwise specified in the applicable national s1andard, is taken as the limiting value of 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 strength
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 connacred parts.

8.9.5.6  The effective ares of groove welds shall be the effective weld length multiplied by the
effective throat thickness.
The effective weid length for any groove weld, square or skewed to the direction of
stress, shall be the width of the parts which are joined.

3.9.5.7  The effective throat thickness of a complete penetration groove weld shall be the
thickness of the thinnar part jcined, and ro increase is permitted for weld reinforcement.

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

The compressive resistance of joints utilizing partial penetration groove welds shali 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  The effective throat thickness of a partial penetration groove weld for joints with no root
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 of 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 Broove welds in butt and tee joints
>
8.9.6.1 Tension butt joints in piates 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 charmfering 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.
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Fig. 8.9.6.1.a Transition of butt joints in parts of unequal thickness
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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 ccrner joints. When required such joints may be reinforced with fillet welds, see

Fig. 8.9.6.2.

O oLs

Fig. 8.9.6.2 Partial penetration groove welds
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8.9.7 Fillel welds

8.9.7.1 A uniform stress distribution may be assumed along the length and over the throat
secuion of fillet weldsk

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

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

:
A
i:i

' Fig. 8.9.7.2 Throat thicknesses for fillet welds

8.9.7.3  For automatic submerged arc welding and for welding with deep penetration electrodes,

which are recognized as such by national standards, the throat dimension "a" may be
increased by 20%, but not by more than 3 mm.

8.9.7.4  Unless otherwise specified in national standards the effective length of a fillet weld shall
- be the overall length of the fuli-size fillet, including end returns. No reduction in effective
length shall be made for neithor the start nor the termination of the weld if the weld is
full size throughout its length. The minimum effective fillet length shall be a length equal
t six times the throat of the weld (6a) or 40 mm, whichever is larger. *

8.9.7.5  The effective weld length of a fillet weid shail be used for strength calculations and be
shown on design drawings. The effective weld length shall be the required length to |
safely transfer the design forces. There will be no upper limit for the length of the weid
when the stress distribution along the weld corresponds to the stress distribution in the
adiacent base metal.’ '

B.9.7.6 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.

"8.9.7.7 Fillet welds shail preferably be made with equal leg sizes and with reasonably flat faces.
88.7.8  intermittent fillet welds may be used to carry calculated forces.

738.9.7.9 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
f 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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The leg size of fillet welds reinforcing groove welds, for smoother transition in T- arA
corner joints, shall not be less than 1/4 where t is the thickness of the welded member,
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 ch¥prer 10, Fatigue.

,.
v
1

2t/ t

2 /4

..__V(___

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 rectanguiar sections, see
Fig. 8.9.7.11.a, and

- of flare-groove welds for solid bars fitted fiush to the surface of the solid section of
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 set of
procedural conditions, and the trial welds should be sectioned and measured to oktain

welding techniques that will ensure that the design throat thickness is achieved in
production.

—

——N—r
S

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

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.

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.

The thickness of plug or slot welds in plates of 16 mm thickness or less shall be equal 10
the thickness of the material.

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

Joints in contact bearing

Compression forces between different parts in welded joints may be transmitted 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 upto 2 mm s
permitted. Contact surfaces shall be locked against lifting or sliding, uniess otherwise
specified or in agreement with accepted practice.

For structures subject to fatigue, see chapter 10.

Provisions shall be made to prevent lateral disptacement. Friction forces may be taken

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

SERVICEABILITY LIMIT STATES

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

Serviceability limit states shall comprise considerations of

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

Vibrations producing discomfort or adversely affecting structural or non-structural
elements and equipment, especially if resonance occurs. Resonant oscillations 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.

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 fong-term action effects, such as combinations of permanent
actions and vanable actions with quasi-permanent (sustained) values.

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

FATIGUE

Scope
General

These rules present a general method tor the fatigue assessment of structures and
structural elements which are subjected 1o repeated fluctuations of stresses.

The fatigue assessment procedures assume that the structure has been designed in
accordance with the other limit state reguirements of this standard and the material
conforms 1o the properties required in 6.3.

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 {, for normal
stresses and 1.5 f, A3 for shear stresses.

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

a}l Reduction of fatigue life due to corrosion of structures in corrosive environments
beyond normal atmospheric conditions and suitable corrosion protection,

b) Thermai fatigue of structures subject 1o temperatures beyond 150 °C,

Situations in which no fatigue assessment is required

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

- Members supporting lifting appliances or rolling ioads.

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

- Crowd-induced oscillations

b) A fatigue assessment is not required if the repeatedly apptied stresses are

insignificent as regards fatigue.

Fatigue assessment procedures
The aim of designing a structure against the limit state of faigue failure ic 10 ensure,

within an acceptable level of probability, that its performance is satisfactory during its
entire design life, such that the structure is unlikely 1o require repair or 1o fail by fatigue.
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The required safety level shall be obtained by imposing an appropriate fatigue load factor
¥. and a fatipue strength resistance factor y, in accordance with 10.7.

he safety verification shali be carried out either in terms of the equivalent stress range
s 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 detal 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.

LY

When the detail differs from a constructional detail defined in the classification tabies

- (see 10.5 and A.10.5) by the presence of a geometric stress concentration effect which
should be included, the stress range to be used is the nominal geometric stress range,
see 10.2.2.

" Carefui attention is required in ensuring that the geometric stress is properly evaluated, v
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 references to be used in
conjunction with the determination of the geometric Stress range.

10.2.1 Fatigue assessment based on nominal stress range

10.2.1.1  For variable amplitude ioading defined by a design spec-
. trum, the fatigue assessment shail be based on the Palm-
gren-Miner rule of cumulative damage:

where

n; is the number of cycles of stress range Ao, which occurs during the required design
fife.

N; is the number. of cycles of stress range Ag; 16 failure, which depends on the detail
category,

The cumuiative damage assessment shall be based on the relevant slope constants m
{see 10.5) for the normal stress range Ag

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

10.2.1.2 Nominal shear stress ranges, A7, shall be handied similarly to nominal normal stress
. ranges, but using a unique slope constant m (see 10.5).

10.2.1.3 Combination of nominal normal and nominal shear stress ranges.

o 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:

Do + DBy s 1
where

D,, is the fatigue damage due 10 normal stresses and calculated according 10
10.2.1.1

D,, is the fatigue damage due 10 shear str=3ses calculated according 1o 10.2.1.2.

The nomina! shear strass may be neglected when its equivalent consiant amplitude stress
range is less than 15 % of the equivalent nominal normal stress range.

- 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 1oe. The maximum values of principal stresses
at the weld toe shall be found, investigating various locations around the welded joint or
the stress concentration area. The geometnc stress takes into account only the overall
geometry of the joint, excluding local stress concentration effacts due 1o the weld
geometry and discontinuities at the weld toe.

Fatigue loading

The fatigue loading is to be jaken from appropriate SO or national standards. The
loading used for the fatigue assessment should 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 re3ponse of the structure
contributes 1o the modification of the design spectrum.

Fatigue stress spectra

Stress calculation

Stresses shall be determined by an analysis of the structure under fatigue loading,
according 1o elastic theory. Dynamic response of the structure or impact effect shall be
considered when appropriate.

al Stress range for failure in parent material:

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

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 cornerss, etc. shall be
taken into account by appropriate stress concentration factors.

Whatever the fatiyue assessment procedure used, the effect of stresses arising
from joint eccentricity, imposed deformations, secondary stresses due 10 partial
joint stiffness, non-linear stress effects in the post-buckling range {e.0- "breathing”
effects in slender webs), shear lag, and prying effect shall be calculated and taken

into account when determining the stress at the detail. 37
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10.5

b) Stress range for fatlure 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 naormal Stress-component transverse 1o
the longitudinal axis of the weld and one shear-stress-component paralle! 1o the
longitudinal axis of the weld. Their combined damage may be evaluated according
10 10.2.1.3, subclause b. The stress-components may be obtained by using the
relevant vector components of forces.

Design stress range spectrum

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

For a particular detail, the total of all stress range spectra, caused by all loading events,
shall be compiled. This compilation results in the design stress range spectrum to be
used for the fatigue assessment.

Different components of 3 structure may have different stress range spectra.

Fatigue strength

Fatigue =trength shall be calculated in accordance with national standards, or as
recominended in Appendix A.10.

The expression of the fatigue strength is conveniently presented in the form of log Ag -
log N-curves, each applicable to typical detail categories. The dertail 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 (norma! stress} are expressed by the following equation:
fogN = loga-m -log Ao,
where

Ao, is the fatigue strength

N is the number of stress range cycles

m is the siope constant of the fatigue strength curves

log a is a constant which depends on the slope of the related part of the S-N-curve.

The expression of the fatigue strength curves for shear stress is mathematically
equivalent 10 that of normal stress.

Wher tzs0 data are used to assess a classification category for a particular constructional
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 1o the weld geometry '
- size and shape of acceptable discontinuities

- the stress direction

- residual stresses .

- meztallurgical conditions

- in some cases, welding process and post weld improvement.
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Proper account shall be taken of the fact that residuat 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 ciassification 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:

the directions of the fluctuating stress relative 1o the deztall

the locations of possible crack initiation
- the geometrical arrangement and proportions of the detall
- 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 dstails

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

The reference fatigue strength curves shall be based on fatigue strength tests for relevant
structural details, and take account for weld type, weld‘profile and accep-
tance criteria for weld defects.

The geometric stress range shall represent the effect of siress cencentrations due to the

geometry of the detail, such as variation of stiffness within the de1ail, and load
eccentricities.

Fatique strength modifications

The influence of rean stress level in non-welded or stress relieved welded details may be
accounted for by modifyihg the compression component of the stress range.

For thicknesses of the parent material that exceed those included in the experimental

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 gradients.

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 Qe uncertainties in estimating:
- the applied load levels

- the conversion of these loads into stresses and siress ranges
- the equivalent constant amplitude stress range from the design siress range

spectrum
- tne 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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Partial safety factors for fatigue strength

3

In order 10 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 ¥, shall-be given in the relevant national

standards.

O
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Annex A
(informative}
B BASIC VARIABLES )
X
6.3 Materials
.6.3.2  Srtructural steel
All steel shall be identified in accordance with the requirements of the appropriate iSO or
nationa! standard when leaving the mill.
it may be requested to prove the guality and the origin of the steel, if needed.
Any steel which is not in accordance with appropriate 1SO or national standard is to be
subject to acceptance testing requirements, see 150 82 and 630.
AT ANALYS!IS OF STRUCTURES
A7 General
The design strength established cn the basis of testing should be greater than the design
load by a margin adequate to account for possible deviations of the actual structural
eiement from those tested.
A.7.2 Structural behaviour
The analyses of any structures or structural parts, may be carried out on the basis of one
or more of the following "
a} Simple construction
b} Continuous construction
¢} Semi-continuous construction
d) Experimenta!l verification.
Continuous structures are structurés where the beams, girders and trusses are rigidly
framed, or are continuous over supporte. Connections are generally designed 1o resist
the internal forces 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 10 realize the
assumptions made in the design, without adversely affecting any other part of the
structure.
A7.3 Methods of analysis
A.7.3.2 El_asric analysis

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

f
X 2 fo™x + ok - g0, + It°xy
LL

However, in general it may be accepted that the first yield is exceeded in small local
areas, provided that no single stress component exceeds flv,.
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Plastic analysis

When calculating the full strength of a member it is assumed that the material isin a
state of yielding in the entire cross-section, whether this is % tension, compression or
shear, or in combinations of stresses. Local buckling effects may be handled according
10 8.3 or B.G.

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
A8.2.1,

Members i1 structures or portions of structures in which the distributions of moments
and forces have been determined by a plastic analysis shali be braced to resist lateral and
torsional displacements at, or immediately adjacent 1o, all hinge locations. The minimum
laterally unsupported distance, L,, from such braced hinge iacations to the nearesi
adjacent and similarly braced point, is given by

M

L =130, |Efor10: 22205
‘Jf M
Y 1

M E M
2.0-1.4 —2)i |=for-10x ~2 <05
o = { M,) iy 3 or < M,

-
I

-
[

where M,/M, is equal to the ratio of the smaller to the larger moment at opposite ends of
the unbraced length irt the plane of bending, positive wHen the member is bent in single
curvature and negative when the member is 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 sequance of formation of hinges can be predictad with certainty, bracing is
not required at the location of the last hinge to form in the relevant {zilure mechanism.

ULTIMATE LIMIT STATES

Resistance of structural members

Caleulation 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 consistz,icy with the taws of
equilibrium. Alternatively, interaction type of formulae may be used, calculating the
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

*
Nya = Ag - 1y —
Yry
or
N = A, - f, -
Yru
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Where ductile behaviour is desired, N, > N, and therefore

A,y
— 2 ——
Ag Ty

— Lc—n

u

where ¥, > Vo
Compression resistance:

The axia! compressive resistance, N, developed by a member, not subject 10 local
instability, is given by

N, - By
Y

rd
Yr

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 resistance of
the web is given by:

T
sz_y_
Ye

where A, is the relevant web area and r, 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/f,.

For plastic design r, may be taken as
r, = 0.6f, .

and for elastic design including strain hardening 7, may be taken as
7, = 0.66f, ‘

The upper limit of

r, < 0.581,

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

The catculations 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

$a
[ %]
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f M
Mg = LW, =2
Yr Yr

A.8.2.1.5

and for sections of class 3 given by

f
M,d=_YW=ﬂZ
Y Y,

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.B.6, in which case the moment
resistance is given by

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

xf
M, = =X w
Y

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.

»

Combination of forces:

# a member is subjected to a combination of forces and it is adequately supported 10
prevent any latera! 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 zlone.

For members with an I-section of class 1 or 2, the resistance may be checked according
to the following sets of formulae:

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

Mrsg = My + My (1 - (L))
d

where M, and M,, are the plastic mament resistance of the flanges and the web,
respectively, or alternatively according to

Mug = Mg (1.4 - 06 ) < M)
Vd

b) The combination of axial force and biaxial moment, may be checked according 1o

-

M M
N 085 2x . 060 M 4
Nrd Md’y dzr
__hﬁL -+ Mz < 1
M, = My

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 be calculated according to
simple theory cf 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 axial force and
biaxial moment, the linear interaction formula

..'\_1_4-_&1.4 Mz < 1
Ng Mgy Mg

may be adopted.

For members with a cross-section of class 4, the recommentations given in A.8.6.4 may
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, whereas
a double fillet weld may give restraining effects.

b

R o

,

lhi 1 I_J_ b b
= 7 2= 0
. s . 1—1—1
H— 1 : b b
t [ {l‘ [ t
A t i
by Deg::\gs‘l?ppu*tcd alorg onc B ﬂmﬂlt:ncagq;.eﬁ

Fig. A.8.3.1

For elements supported along one edge only, parallel to the direction of the compressive
force, the width shall be taken as follows:

a}l For.plates and flanges of |-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 slong two edges parallel to the direction of the compressive
force, the width shail be taken as foliows:

a) For flange or diaphragm plates in built-up sections the width (b) is the distance
between ad)acent iines of fasieners or welds.

45
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For elements supported by two welds on each side the width is the distance
between the weld 10es. For rolisd s221.00s the width is the distance between the
ransition 1o 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 rotlled
sections, the thickness is the nominal thickness halfway between 3 free edge and the
corresponding face of the web,

Definitions of classes

Class 2 I-sections in continuous beams may be calculated as if they were class ]
sections provided the material yield strength t, is replaced by a reduced effective yield
strength, f... For a free flange f,. may be calculated as

| t
fo = 0,102E (7 sty

and similarly, for a web in pure bending and with hinged boundaries the effective yield
strength may be caiculated as

fo = 825E (11 <,

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

¥or class 3 sections the general requirement is that the section shall be able to attain the
vield stress in its most compressed fibre prior to local buckling or distortion of the cross
sectiun. 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 o[E E
2 -——\/_k‘—=0.67 k‘—
t 105 YT sk f,

The factor 'k depends on the boundary conditions, see 8.6. The edge condition
comprising one fitlet weld is equivalent to a hinge. In Fig. A.8.3.1 some examples are
given of how to define the b/t relation.

Maximum width-thickness ratios of elements subjected to compression and/or bending

Recommended values for the maximum width-thickness ratios of elements subjected to
compression and bending are given in Table A.8.3.3.




ple A.B.3.3 Classification of cross-sections (MA =

Not Applicable)

ISO 10721-1:1997/)

Cross section Stress distribution in the Medium b/t - ratio
etement element —
< Class 1 Class 2 Class 3 Class 4
~vebs of i-sections. Axial compression NA NA 1,4 VEA,
weks or flanges of -
velded box sections Moment: -
e | e—l = ~ Note 1
} | ,——] ——! 25 | £ 3.8 !—-E- 4.2?
1 | & 12
l
_|_ﬁ’ r_JL:I Class 1 & 2 Class 3
0 Compression and moment:
ST S
! | S B E E E
] ——r N
|- 7 o E |sen[E |<en]E
i e
‘ y
._JL_.J — ey ® 7 7
Class 1 & 2 Class 3
Flanges of I-sections. Compression or —_—
Free flanges of strong axis moment O‘SZ\EUJ' 0.37 EU; 0'45‘/‘5“’-’; i
welded box sections
Compression and moment:
UL | T i
et | D aif 0.32 0.37 |’§ 0.69&'—5
Ol oy ® o | «va ‘1‘/—\!-}; \f)'
| D
- ]
frammdinam i\: b an
e T 2
=== oI i 032 [E | 037 [E |gesk \F
T} r r . 5.7
Lo &1 eve JJ; « Ve \Jf, 5
r—
Class 1 & 2 Class 3
Rectangular hollow _ . . _
sections: Compression {flange} 1.1 _[_-.' 1.4 E 1.7 g
. \F3 \J \%
! . |
T ] : — — —
T ‘!" Moment (web) 25 | £ 38 |£ 43 {£
. NS NSy NG
Circular holiow
sections: Compression and/or
e [ moment R
VAR 0065 | 00s0f | 0115£
-+ f 5 5 5
N
Angles
T E
-=| Compression NA NA 045 |=
L \Jf:
L. 1
K, = 1-039N/N, K, =1-063NN, K;=1-0.67N/N, N/N, refers to the fully cross section

for doubly symmetric sections

= [0.425 - 9. W {w+1) + 10.4{g+1P '?
= [0.57 + 0.2¢ + 0.07¢* "7

w is positive as indicated above

Note 1: Craes 2 are governed Dy {C\.B.B or alternatively A.8.4.4.3
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A.8.4.1

Flexural buckling

Effective length

'x.
The effective buckling length of a member, may vary considerably due to0 the and

e el

———— e mre L

restraint conditions. It should generally be acknowledged that a 100% effective end
restraint is difficuit to obtain. The effective buckling length may be determined by
simplified methods, or based on theory of elasticity.

* kbt
- Relative slenderness is introduced to give non-dimen-
. sional formulae and diagrams, i.€. diagrams which can be used independent of the yield
strength of the steel.
A=—)‘— where A == E
Ag 1‘Y
A.8.4.3 Compression resistance
For cross-sections of class 1, 2 or 3, see Table A.8.3.3, the resistance will be
N, = f Ay =Ty A
od T G g = od 9
Yr
where f_is the buckling strength.
For cross-sections of class 4 the resistance in compression may because of local buckling
be handled as given in A.8.4/4.3. ' :
. A.8.4.4 Determination of f,
A.B.4.4.1 Alternative 1:
The buckling strength f, may be obtained from Fig. A.8.4.4.a, where f, is presented as @
function of the relative slenderness A. The buckling strength curves of Fig. A.8.4.4.3 are
the result of an exiensive test program involving tests cf columns of various
cross-sections.
For members with cross-sections as shown in Fig. A.8.4.4.b, f,is determined from the
appropriate curve. For cross-sections not shown in Fig. A.8.4.4.b, curve c may be used.
The values of f, presented in Fig. A.8.4.4.a may with a very good accuracy be found
from the expression
fe 2 _ 32051
£ =B+ (B% - 1)
fv
L]
x, where
¢ B=o.5[1+a(I-A°)+f]
- a represents the effects of initial out-of-straightness, load eccentricity and residual
suresses.
i . A, represents the relative slendernecs, beiow which no instability will occur due to sirain

hardening effects.

Unless the curves of Fig. A.8.4.4.a are adopted, values of o and A, should be given in
national standards.

N
o
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For the curves in Fig. A.8.4.4.a the following values may be adopted:
- buckling curve a: o = 0.21, ]o = 0.2 %
- _ buckling curve b: g = 0.34, ,_I.O = 0.2
s -
. buckiing curve c: @ = 0,49, A, = 0.2

For members with practically no residgual s

adopted.

For members with residu il
thick-walled heavy columns, 7 = 0.76 and A,

tresses @ = 0.13 and 4, = 0.2 may be

al stresrcs a1 prevailing importance 1o its behaviour, e.g.
= 0.2 may be adopted.

2.0

3"
il
=

W
|3

E

5

//
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0 0.5

1.0

1.5

2.0

25 3.0

Fig. A.B.4.4.a Buckling curves, alternative 1
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) Condition Buckling Buckllig
ettt | e | e (22
Hallo tions: Hot formeds or -
vzsec one cold form and yory 8
stress relieved -7
y— —— Cold formed y-y
(fy based on stub or c
i colum testing) 2-1
Welded box sections: Stress relieved y-y orZ2-2 a
yd As walded _ -
3 ' — — { (except as below) yy erzz b
t2] 8 Thick b
y-— —-—-n—,-r“-H welds |3 <0 y-y
) c
T N t _h _
b ] (a > 3) g <30 -2
Rolled b y-y 8
I-sections: — < 12
y b b -2 b
h . y- b
w12 4
-z c
1
Y-y 8
Stress relieved 7-7 b
Welded Y-y
[-sections: Flame cut flanges 20_"‘2 b
_ Yy b
Rolied flenges 7-7 -
- b
R Forced Rolled I-sections Y
. with welded
. [-sections: flance plates
oree P -7 o
Y. u
v Generally u-u c
L—sections: X or
) ] Hot—dip galvanized vouv b
4 z
U~y T— i i 5
and . i Yy
solid ¥ STy | o :
sections: i : -z
2 .
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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 z

f - - -
-f-—=e“JLZ for A < A,

[2]

-

—

(1]

= 2 for %>,
A

!
f

—
-

The values of x, 7 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 effects
may, however, be adequadely 1aken into account by an appropriate choice of the
resistance factor and the values:

x = 0.419
7 = 0.877
%, =15

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

" 4
This can be obtained by replacing the acwal vield strength f, with a reduced yield
strength which is equal 1o the lowest local plate buckling strength f,, of the
cross-section. The buckling strength f, for such a member may then be calculated
according 1o either of the two alternatives given in A.8.4.4.1 and A.8.4.4.2, onty with f
replaced by f_,, and the buckling resistance of the member may be obtained as if its
cross-section is of class 2.

Alternatively, the datermination of f, for a member with a cross-section of class 4 rmay 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 can
generally be expressed as a function of the effective cross-section and the buckiing
parameters of the member. The buckling resistance of the member may finally be
calculated as if its cross section is of class 3.

For cold formed sections, neither normalized nor stress relieved, the residual stresses and
the variation of material properties due to cold forming wili affect the buckling resistance
of such members. As given in Fig. A.8.4.4.b, buckling curve ¢ should be adopted for
members with cold formed hollow sections, provided the deter™ization of f, is based on
stub column testing.

For L-sections buckling curve b should be adopted, unless the members is hot-dip
palvanized, 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
ag‘ect its buckling resistance. This may be_taken into account by adopting the concept
of'replacing the actual relative slenderness ), (based on the minimum radius of gyration}
with an effective relative slenderness EG. which may be calculated according to the
following:
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a) The angle is connecied with cne bolt at each end:
X, = 060 « 0574 i A s 1.41 %
v Ao = A it x> 1.41
h} The angle is connected with two bolts or welded, and the adjacent chords are not
. loaded to their full capacity:

060 + 0.57x ¢ A <1.41

»
-~
n

- % =035+ 075% i 1.41 < i<35

A.8.4.5 Comgression members subjected 10 moments

Examples of interaction equations considered 1o meet the requiremenis of 8.4.5 are given
in A.8.4.5.1 and A.8.4.5.2.

A.8.4.5.1 Alternative 1:

N kM, +Ne, . KM, +Ne, <1
Nad Md Mdz

b
where:
Y an‘d 2z indicate the strong and the weak axis of the cross-section, respectively. .
. { the lesser of N, and N, if lateral torsional buckling is prevented.
N,, if lateral torsional buckling is not prevented.
N,. [ For cross-sections of class 1, 2 or 3, see Clause A.8.4.3.

N., For cross-sections of class 4, the concept of a reduced effective
cross-section, according to clause A.8.4.4.3, shculd be adopted.

According to Clause 8.2.1 and A.8.2.1.4 if lateral torsional buckling is
prevented.

M, = { 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 -,u,NI(.y,N,,,) =< 1.5 if iateral torsional buckling is prevented
5 o = 1 - NIy N, = 1.0 if lateral torsional buckling is not prevented
" k, = 1-uN/yN,} < 1,5
° : { /_l, (2w,-4) + (W, - WSLIW, < 0.9 for Class 1 and 2 sections
| B Tl R (2w-4) < 0.8 for Class 3 and 4 sections
.
[ A 2w,-4) + (W, - WHW, = 0.9 for Class 1 and 2 sections
oo = A_, (2w,-4) < 0.9 for Class 3 and 4 sections
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0.15 (Aw, - 1) = 0.9

See Fig. A.8.4.5.1.
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Not applicable {i.e equal to zero) for cross-sections of class 1,2 and 3.

For cross-sections of Class 4 e, and e, are the shift of relevant neutral axis
according to an effective cross-sectional calculation due to uniform
compression, see Clause A.B8.4.4.3.

Moment diagram W
End moments alone:
‘I e | W, = 18 = 07 ¢
“l=y = 1
Transverse loads alone:
L J
: , Wy = 1.3
(J’)Q = 1.4

\p

Combined end moments
and transverse loads:

A M

M o
A M

M N My
Pl
A M

_ M _
Wra = Ww +“A—% (Wa =W
where

Mg= /max M/ due to
. transverse load alone

(/max M/ for moment
diagrams_without
chahge of sign

aM ﬁ

/max M/+/min M/
for moment diagrams
(with change of "sign

Fip. A.8.4.5.1 Moment coefficient, w.

n

[ ]
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A.8.4.5.2 Alternative 2:

Members other than Class 1 sections of i-shaped members, subjected to bending
moments and an axial compressive force may be checked by the interaction formulae
‘ . -
a) Cross-secticonal resistance

M M
. —E" + _‘_Y. hd 2 < 1.C
Nq, Mgy M,

bl QOverall member resistance

ﬂyML - BZMZ < 1'0

N N
M, (1 - —) Mgl - —
o R Mall )

N,
NCI

except when M, = O, take N, = N,,

c) Lateral torsional buckling

_.N... + ByMY - ﬁZMZ
N N N
= M- D) Me( - Y

s 1.0

" Class 1 sections of |-shaped members subjected 10 bending moments and an axial
compressive force may be checked by the interaction formulae

a) Cross-sectional resistance

0.85M 0.60M
N ! . M, < 1.0
dy - Mdz

b} Overall member resistance

>

N, _O85BM, _060pM, ..

N, N N '
) M,(1 - — - =

. d‘l( NEy) Mdz(1 NEZ)

except when M, = O take N, = N

ey
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c} Lateral torsional buckling resistance, if applicable

Nﬁ - ﬁYMYN + ﬁ‘M’“N < 1.0
ToM( - ) M0 - N
H NEy > NE:
with
By > 1.0
1 - N
N

Ey

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

N, = fAly
N.,. N, are based on L/i, and L/i, respectively and include y factors.
Ne,. Ng, are Euler buckling loads based on Lfi, and L/, respectively.

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

M, is the lateral torsional buckling resistance based on the rnement diagram that exists
{i.e. includes non-uniform moment effects).

Unless a more accurate analysis is carried out the equivalent moment, § M, or §,M,, shall
be tdken as: °

a) For members subject to end moments only:

EM = BM = 0.6 M, - 0.4M, = 0.4 M,
where M, is the larger end moment and M, is the smaller end mament at the opposite
end of the unbraced lenpth 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 = EoMo = Ma

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, and M,
are as defined in a and b above

i) BM =M + AM, = BM + M,

when M, and M, cause curvature in the same direction

i AM = /M = 0.6M, - 0.4M,

when M, and M, cause curvature in opposite directions and |M,! =< IM,1,
i) M = M} - B My

when M, and M, cause curvature in opposite directions and |M_| > IM,!
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A.B.4.6

Buckling of buiit-up members

Built-up members with principal axis (y) equal to the principal oxis {y! of the individual
members, see Fig. A.8.4.6.a, shall be checked for buckling about this axis according to
.8.4.1 - A.B.4.5,

A.8.4.6.2 Built-up members for which none of the principal axes [y or 2} coincide with the principal

56

axis of the individual members, may be checked for buckling abour the principal axis
according to A.8.4.1 - A.8.4.5, provided A is replaced by A,.

Cross section 1 Cross section L
y-y {Z-2 y-y | z-2
IR
=
......... }'_._._._.'.\..
02 y ! Y
I
i Y
012 y—o=—+ Yy 122

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

For batten columns A is given by

n
)H:\J)ﬁ*q,.z.

where n is given in Fig. A.8.4.6.a.

A?s

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.

¢ - i tor welded or slip-critical connections,
@ = 1.3 for riveted or reamed bolt connections.

For other bolted connections warger values are to be used.

A, = sfi, 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 taced columns 9 is given by
A= w2

For welded and slip critical connections, ¥ = 1.1.
For riveted or reamed bolt lacing, ¥ = 1.2,

1Y
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For batten and laced columns with A > 50, it is required that 4, < 0.5 A.

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

A
! v | ] /L\ |
' . ;/\ .
[ 1 |
| 1 b 1 [s I\
[ T t B |
T 1 i ° 1
| | i 1
| ] 1 |
1 | 1 )
1 1 1 1
Q 1 1 I 1
= 1 1 1
% | [ ¥a | —
[ I Il w > 1 7]
o I 1 | |
o ' ! t I
(] I I 1 I
i ] 1 I
1 | 1 1
1 | 1 3
1 | 1 I
1 i
L | : oNl__ 1
| 1 | oA
I 1 ] 1
! t ! 1
' i I 4V

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

A.8.4.6.3 The members {main members and battens or facing) shall be designed for the naticnal

A.8.5

A.B5.3

shear force

f
V=12V 20012 XA
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 cansidered by more accurate calculations.

Torsional and lateral torsional buckling

Buckling strength f; and

The torsional and the lateral torsional buckling resistance of members may be handled
similaily 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 buckiing strength for torsional or flexural-torsional buckling. f.;, may be taken from
8.4.4 and A.8.4.4.1, applying

- curve a for rolied sections, and
- curve ¢ for welded sections.

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

|
wi

foo=f, (1 + 22")-1n

where n = 2 for hot rolied and lightly welded sections, n = 1.5 foXother welded
sections, and where A is defined in A.8.5.3.2.

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

The relative slenderness parameter for torsional buckling is given by

1= Ny |
Ner
where N, = f-A_ and Ng is the elastic torsional or fiexural-torsional buckling force. L

The elastic flexural-torsional buckling force Ng is generally given by the solution of the
follewing cubic equation

(Nex = Ner)(Ney = Ned(Neg - Nepd i2 - y2 Né,-(NEY - Ngr) - xINEHNg, - Ngp) = 0
where

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

Y. Z, are the shear centre coordinates with respect to the centroid of the cross-section

i:‘ = (Iy + LA is the polar radius of gyration
2
n“EC , . . .
Ne, = (Gl + - y/ lf is the torsional buckling force
L, is the effective elastic torsional buckling length.

For doubly symmerric cross-sections Y. = 2, = 0, and then N = N,
{provided Ng, < N, and N}

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

[

Ner = —E_ [1 e -Jn-ﬁé 2+ alep Tes
2(1-y.1iy) Ne, Ng, lo" Neg

The relative slende(ness parameter for lateral torsional buckling is given by

= M
A = X
MEL

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,

TR emisan

"\""'EL is given by




-

*+

Y]

@180

ISO 10721-1:1897(E)

' 2 EC,,
Mg = o %‘/EI'Y“GIT' ’1 . f; an

where ¢ depends on the actions and the support conditions of the member,
see Fig. A.8.5.3.2.b. s

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

2g| Gl C. P o+ a T, o+ a
Mﬂ_:tpﬂ ZJLE T Y )2__‘[ l

L2
where c, is a cross sectional parameter given by
1 2,2
¥, |—fo z (y2+z?) 0A - 2z,

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

/

A
Point of action é __________
Sheer center ) _{} . : . © ’
Center of gravity N N &>y

O = N

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

LR &K
Li LLL

|
»?
|

, |

&
;
i
\

M2
e | S v v |n
He —§ M= "% M2 M
>
@ =10 P =135 P =10 P =L7 cp-L"mo:n:—f
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A.8.5.3.3 For a member with a cross-section of class 4 the local buckling effects may be handled
by replacing the actual yield sirength f, with a reduced yield strength which is equal to
the lowest local plate buckling sgrength f., of the cross section. The torsional and the
lateral torsional buckling resistance of the member may then be calculated according 10
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.

The torsional and the lateral torsional buckling resistance of a member with a
cross-section of class 4 may also be obtained by employing 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

NTd = Kt fy AQIYr
and the lateral torsional buckling resistance may be expressed as
Ma = & f, Wiy,

where the reduction factors x, and x, are obtained from experiments and/or numerical

simutations. They can generally be expressed as functions of the effective cross-section
and the buckling parametars of the member.

A.8.5.3.4 The inelastic lateral torsional buckling resistance of columns and beams may be
determined from inaiastic lateral torsional buckling curves and that of beam-columns from
interaction equations based on such curves as are givan in national standards. Such
curves shall provide sufficiently pood statistical correlation with experimenral results or
numerical simulations so that resistance factors can be evaluated.

A.8.5.4 Bracing of beams, girders and trusses

A.8.5.4.1 Lateral bracing for beams and columns shall be capable of maintaining the laterally braced
members in the laterally deflected position when the membcrs are subject 1o their
faximum factored forces. The stiffness of bracing members shall be sufficient to restrict
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 10
maintain equilibrium.

In lieu of more detailed calculations the lateral bracing shalt have a resistance of at least

1% of the compressive force {in a column or in the compression flange of a beam} but
not less than

f
Frin = 0.005 X A
Tr

where A, = gross area of the column 2. compression flange.

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

developed in the latera! bracing shall be taken as

0.8
& = {0_2 + __..)6
n ,_n 1

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

S
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For bracing a single member at midlength and growth of out-of-plane defiections is
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. %
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.

Bugkling of plates

General

This section covers the buckling resistance of rectan-

gular thin plates with small initial geometric imperfections. The plates are assumed to be
subjected 10 in-plane forces only, i.e. normal and shear stresses. The ultimate capacity
will for siender plates occur after the plate has buckled and its deformations are much
larger than the plate thickness, i.e. the plate has reached its post ¢ritical range.

With such deformations of the plate, the in-plane stresses will be concentrated towards
the supportad plate edges. The resistance of the plate may then be determined by
introducing an effective width or an effective area of the plate.

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

The formuiae given in A.8.6.2 - A.8.6.5 are empirical and are the results of extensive

test programs. The formulae give the ultimate load which the plate can sustain, and

there are rfo such unmobilized reserves in its capacity as may be obtained from a theory -
of small deformations.

Plates subjected to uniaxial force or in-plane moment

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

_ f 2
A —X; with o, = kog =k _mE _t__)2
O 12(1-v?) B

>~ |
[{]
-t

The coefficient k depends on the stress distribution and the support conditions whether
free, simply supported or restrained. k is given in Fig. 4.8.6.2.1.a for the most common
cases of axial force and moment.

61

o SR> 4083 10 e )




g
e
X |
-
-9 iSO 10721-1:1857(E) ®I1SO
SUPPORT CONDITIDNS:
=== Stmply supported |+ ff |1 | L) R o
¢ —— Fixed EdgE | S | ,I_‘..._.J_ . — I [_.._:I S @ I
50
- k %
Kk ] LOAD CASE: L B R TN T 2 =394
i 10 —EH 184 s ¢
el 5y ol N9
- \ @ == - £57 i —}23,9
6
j \\ 20
4 \‘—‘*-h; __-.7"0 .._L
I \\Q ’ A\
2 N NVAe - 15 \\gz
7] : =—> 045 (v S 32
0 T T T T T T T T T T - 0,85
0 1 2 3 4 5 0 1 Y 3 4 g
o =a/h ~a=a/b
Fig. A.B.6.2.1.a Coefficient k '
B R
1 F]
™ tl —
£ - 0
B _—
7 %fz | E
lbu Dz
by by
Fig- A.8.6.2.1.b .
x>

st b, patthedin G S a




-
ﬁ-,_.
|

@180 ISO 10721-1:1997(E)

ol
I

)

Ap =N/ Ter

Fig. A.8.6.2.1.¢

Tabie A.8.6.2.1 Effective width b, and critical swress f., for fatigue loading for
rectangular pldtes subject 1o uniaxial piane stress

) Plate supported at 4 or 3 edges and f., for plate subject to fatigue
prevented from lateral buckling
A b - f -
— = —2 9 when A < G.71 - = 1 when A < 0.71
A b P fy P
A b f -
2 ==t o0~ 1, 2-15- L3
A b3 4,92, f, V2
when 0.71 < 1, < 5.0 | 071 s &, < J2
o | 1
o %2
y when vZ < 1) < 5
* A, b f
e _ e - . P .
& = - 15 given as curve a < s given as curve b
A b fy
in Fig. A.8.6.3.1.¢c in Fig. A.8.6.3.1.¢
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The edge of the plate shall be considered free ar simply supportad, unless it can be
demonstrated that its edge is effectively restrained or fixed.

Plates subjected to repetitive actions should be checked with respect 1o 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. Its position may, however, be affected by geometrical imperfections.

-l

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

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

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

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

‘ Plates supported at 3 edges and with the fourth edge free and parallel to the stress
! direction, will have only one effective zone adjacent to its supported edge. Such plates
i must be prevented from lateral buckiing.

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

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

1 1
Nyy=—-f-A o N = —-f A
: od 'fr Yy -] od Y, o

where f_, is the lowest plate buckling strength.

; A.8.6.2.2 Moment resistance of webs

The effective height h, of a web in compression or bending is calculated according to the
-formulae given in Table A.8.6.2.1 or the curves of Fig. A.8.6.2.1 .c, by replacing b_/b
with h /h,, where h, is the compressed part of the web calculated according to Navier's
hypothesis, see Fig. A.8.6.2.2. The buckling coefficient k shall, however, be calculated
tor the entire web or for the appropriate parts of the web between longitudinal stiffeners.

|£
}

Fig. A.8.6.2.2
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A.BB.2.3

A.B.6.2.4

A.8.6.3
A.8.6.3.1

The rmunimum thickness of a web is given by

1, {
> 24l
h T E

which will prevent the compression flange of a straight beam to buckle into the web, h s

the height of the web, or the distance from the flange to the nearest longitudinal

stitffener. 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
be checked is located either at 0.43 or at 0.4b from the end of the panel, see
Fig. A.8.6.2.4.

0.4b

R

M M;
~ J T\\,_N
Vi Vo
a
M) Bending M
moment

Fig. A.8.6.2.4 Control section of web.

Shear resistance of webs

The shear resistance of webs may either be calcuiated according to 8.6.3.2 and
A.8.6.3.2 or according 10 a well-establiched tension field model.

to

Generally, the tension field model can be based on the assumption that the ultimate shear

resistance is evaluated from a co-operative action batween

- 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 limiteg 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 tie

shear vield stress of the web.

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

[«]]
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A.8.6.3.2

- aframe mechanism,

in which case the shear force resistance will also he limited by the plastic resistance of
the adjoining Ranges 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 NJ.

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

End paneis must be given special attention, as the stiffness of the end stiffenaer wili
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 actions of 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 resistance
of a web, :

The ultimate shear resistance of webs may be expressed as a function of_the material
strength and the relative web slenderness, 4,

- T noq f
AR P S b :

The support conditions shall aiways be assumead simply supported, and k, is given by

K, 5.34+4(-2)2 for ash

k, = 534 « 4(2)2 + 400 for ac<h

where 3 is the distance between transverse stiffeners.

The resistance of 2 web also depends on the flexurai stiffness in the web plane of its
stiffeners. See 8.6.5 and A.8.6,5.

In table A.8.6.3.2 formulae are given for the uitimate shear strength of a web, T.. a5 a
function of A, and the aspect ratio o = a/h. The shear vield stress

Ty =4, [/

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

The ultimate shear resistance of the web is given by

-—“ R
v e B LT

-
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Table A.B.6.3.2. Uitimate shear strength

, Web with rigid end stiffener

1 for Ip s 0.76
y 1-0.024(4-q)?

!

. 076, 0.024(4 - 42
Y l;:u
0.76

T <ilc122
1-0.0124(4-4)2 P

- 152 0.024(4-¢)2
y  A+1.22

1.22 < Ip £ 3.8

Fora> a4, g = 4 should be used in the formulas in Table A.8.6.3.2.

Webhbs Subjected tg fepetitive shear action shouyid be checked with respect to possible
fatigue effects (see chapter 15; it the action Cause the plate to enter the post-critical
buckling stage and "breathing* occurs. This may be avoided in the design by adopting
the fo!lowing:

-

T! -

1 fo I <oz
T

Y
=078 e %, s 1.41
T, A,
Ze . 108 for  1.41 < }_.p s 3.8

AB6.4 A combination of forces
————220 OF Torces

A.B.6.4.1 A combination of axial force and moment may be handied by checking the sum of the

formula
M., V.,
TR A
Nrd Mrd vr:l

e My and v, are caleulated in

K7
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f

Nrd = X A°
Y,
¢ <

Mrd =L ‘ﬁle

- A

T

Vm = = A,
Ye

A.8.64.2

If the pane! have gxjal forces in two directions (x and v}, the first term of this equation
may be replaced by

N,
N

N
rqyd zd

A separate control of the flanges may be carried out by checking the stresses against the
appropriate buckling strength given in A.8.6.2.

Alternatively, a tension field theory comprising the entire cress-section may be adopted.

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

0,73 -—M_ - 0.4.6 _\/_ < 1 . [
My Vi '

M 1%

=— =<1 and X ;1

Mrd \,nd

in which ail terms refer 10 the entire Cross-section, and M, and Vs are calculated in
accordance with A.8.6.2 and A.8.6.3.2.

Local buckling or crippling of web

crippling and yielding in the web just beneath the wheel load. The resuit 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 1o a concentrated load P, as illustrated in Fig. A.8.6.4.2, may be calculated by
f
Pﬁ = —! tw a
Yr

f
T W ATE

for dlass 1 sections

0
o
]

for dass 2, 3 or 4 sections

where

3=a,.+2az+5tt,+rl
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if P is located at a distance less than h from the end of the unstiffened web.
a=a +a+4+rs500th

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

P i

— =

ﬁ“
t‘\-f
ir 4 h
- 4
Fig. A.8.6.4.2

A combined stress situation may be checked by simple theory of elasticity and the
Huber-Hencky-von Mises vield criterion given in A.7.3.2. Thea local maximum stress in
the web due to P (located farthe: than h from the end of the member) may be calculated
by

P
o  ——
T
where
L,=1.2[a,+2(az+tw+rl] or
L, = 1.4 ¢ (bh, )”

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 frem the unstiffened end of a
web, this width should be rcduced 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 obrained when the stiffeners behave as straight edges of the subdivided plate or web,
and the ultimate plate resistance can be obtained beforg 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 2 stiffener is calculated with respect 1o the centre-line of the
web, i.e. the z-axix as indicated in Fig. A.8.6.5.1.c.

Fig. A.8.6.5.1.a Examples of open stiffeners

Fig. A.8.6.5.1.b Examples of closed stiffeners

70 Fig. 8.6.5.1.c 'ypes ot sufteners
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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 reguirements:

X
. i, 2 .-;njj[z.s(-:;‘\-)2 -2]205at?
- Ay 2 05 at, (1- = Yoy e
1+a?
where
G =1- 2210
lP

1,0 for double sided stiffeners
@ =1{ 1,8 forsingle angle stiffeners
2.4 for single plate stiffeners

ratio of yield strength of web p!até to the vield strength of stiffener

AS
If

g = aspectratio = a/h

A 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 cut off and unatiached 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.8.6.5.3 If the longitudinél stiffener is supposed to form a rigid support for the adjacent piates, i
shall at least have a momaent of inertia which fulfils the requirement

The effective area A, of the longitudinal stiffener may be calculated as given in A.8.2
and A.8.6.2. The stiffener itself shouid, when possible, at least have width/thickness ™~
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 this
column is the distance between the transverse stiffeners or between points where defiec-
tion is prevented, unless more exact calculations are made.

The axial oad 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 stiffenefs may be calculated as centrally loaded. Non-continuous
stiffeners, e.g. stiffeners which are terminated at each transverse stiffener, shail be
calculated as excentrically loaded, the axial load acting in the middie 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
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an axial force equal to the entire support force acting on an equivalent column
length of 0.75 h, and

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

H = ht, (¢, - 076 1) JToa2
2

P

where
r. and Ip are given in A.8.6.3.2, and H, is located 0.25h from the top flange,
Alternatively, the end panel should be designed such that
aorh <t[02V/(EA,)] 0
where

a is the distance between the end stiffener and the first transverse stiffener, This will
ensure an adequate anchorage Panel for the tension fieid.

- 0=
Ht = = \
— ] [ \
lV [ \t ‘
E P v = ;'E
S /
7
O
Y ]
v '
4= _*r-:_v =6 Le u7s

AN AN

b) Examples of end panel stiffeners

Fig. A.8.6.5.5 End pane! stiffeners
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Bolted connections

Bolting details

Spacing of bolts

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.

The minimum edge distance at right angles to *5¢ airection of the action and measured
from the centre-line of the hole to the edge of the plate shall not be less than 1.5 times
the nominal diameter of the hole. The minimum edge distance may be reduced 10 1.2

The maximum edge or end distance shall be the lesser of 12 times the thickness of the
outside connected part or 150 mm, or as governed by local buckling or corrosion
protection requirements,

Holes

For normal bolts there will be a clearance as the hole diameter will be up to 3 mm greater
than the bult 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:

larger than the bolt diameter for bolt diameters up 1o 22 mm, not more than 6 mm
larger than the bolt diameter for boits of 24 mm in diameter, and not more than 8 mm
larger than the bolit diameter for bolts of 27 mm or of larger diameters.

b) Short slotted holes are those 2 mm wider than the botlt diameter with a slot length not
exceeding the oversize diameter provisions (8.8.2.2.a) by more than 2 mm. They
may be used in any or all plies of slip-critical connections or in bearing-type
connections. In slip-critical connections the siots 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 1o the direction of the action.

c) Long slotted holes are those 2 mm wider than the boit 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. In slip-crigical 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,
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A.8.8.3.1
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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. ~

I

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

e =My Asp

t
f, = %
Yee

A, = nominal stress area of the threaded part

b
]

o specified ultimate tensile strength of the bolt material

It

Vee resistance factor for the connection,
The effect 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

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 aboltina bearing-fype connection is given by

f >
Fy=x <L A,
Tﬂ.‘.
where:

x = 0.6 for 8.8 3nd 10.9 bolts when shear oceurs in the unthreaded area, 0.5 when
she_ar 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 strengih of bclt material
¥.. = resistance factor for the connection

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

b) The bearing resistance ner boit, equai to or greater than the bearing strength of the
plates adjacent 1o the bolt, is given by

Fb = RfuldlY,c
where:

d bolt diameter,

N

~—
Il

sum of plate thicknesses loaded in the same direction as the bearing stress,

and where o is the relation between the bearing strength and the ultimate strength of
the mernber material; ¢ 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 between
the bolts measured in the force direction (pitch),

For members subjected to tensile action

a=1.5-—3—(ez1.2d)s3.0

For compression members; ¢ = 3.0

¢} Bolts in a bearing type connection may be subject 1o combined tension and shear.
In this case, the following interaction equation may be applied:

T2, Vo

—=J)° + (— 1

GF ()
where:

T tensile force in the bolt

]

F, = tensile resistance of bolt, see A.8.8.3.1

<
n

shear force on the bolt for the shear plane

'n
I

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

Bolts in slip critical connections

The resistance to slip provided by 2 high-strength bolt may be taken as:

Fe =m nﬁ’p 1
Yrs
where:
F, = specified preloading force

slip resistance factor 75

=
-
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m = number of faying surfaces j

‘j =

_slip coefficient, see A.8.8.4
X

If slip occurs the connection shall be considered as bearing-type connection,
see A.8.8.3.2.1.

Bolts in a slip critical connection may be subjected to tension in addition to the shear.
In this case, the slip resistance iy given by:

Fo=mulF, -68F) L

Yrs
where:

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

A.8.8.4 Slip coefficients

A TSP R o TOXe AT BT AR TR D AR S W e

Tabie A.8.8.4. Short term valués of ihe slip coefficient

Steel surface treatment Slip coefficient
{short term) » .
For weathered steel clear of ali miil scale and with
any loose rust removed 0.40

For surfaces blasted with shot or grit and with any
luose rust removed : ‘ 0.50

Tightly adhering clean mil scale, except for

querniched apd terpered steels 0.33

Hot dip zinc metalized "~ 0.18

Hot dip zing metalized and lightly blasted, .

thickness > 50 amm : 0.40

Spraymezralized with zing, thickﬁess > 50 yumm 0.40

Spraymetalized with aluminium,

thicknzss > 50 zmm 0.55

Painted with zincsilicate coat, thickneés < 60 ymm 0.50
. Painted with zinc dust €oat, thickness < 60 ymm 0.35

Alternatively, the slip coefficient for specific coating Systems may be established by
¢ relevant tests or taken from natioal standards.

76
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Length of connection

When the spacing between the first and the last bolt in a connecticn is larger than 15d,
where d is the bolt diameter, the resistance of the connection shouid be reduced by a
factor g which is given in Fig. A.8.8.6X

However, this reduciion 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, nor does it apply to slip calculations of slip-critical connections.

B

A~ L
ﬁ = 1075~ 200 ¢

L0

08

0.4

6.2

Y
> L

|
|
|
|
|
|
I
|
|
d

15

Fig. A.8.8.6 Reduction of capacity in long connections

Welded connections

General requirements

~The weld material should match the material in the structure.

Design assumptions

For the calculation of weld sizes, a simplified stress distribution within the welds in the
joint is normally assumed. Since the actual elastic distribution of forces between wvelds
is highly indeterminate, such assumptions have been found acceptable and satisfactory
for design practice, and rely on the demonstrated capacity of welds to redistribute
stresses by plastic yielding. However, care must be taken in providing the necessary
capability as well as the sufficient freedom of constraints in the configuration of the
joints to permit such vielding and the resulting deformations 10 occur.

Design provisions

The resistance of a complete penetration groove weld in a butt joint should ke the
resistance of the weaker member. '
Partial penetration groove welds should be calculated as fillet welds.

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

The resistance of a partial penetration groove weid should be calculated in the same
manner as that for filiet welds in the same joint.

. W e L
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A.8.9.6 Groove welds in butt and tee joints

A.8.9.6.2 For T-joints with partial penetration groove welds, see Figs. A.8.9.6,2 and 8.9.7.10, the
resistance may be calculated by handling the joint as one with fillet welds.

!

Fig. A.8.9.6.2

A.8.9.7 Filiet welds

A.8.8.7.1 The fillet weld may be controiied by calculation of forces in the different cross sections
A. B and C, as illustrated in Fig. A.B.9.7.1, where the relevant stress components are

shown for section A only.
]

The relevant stresses may be expressed by the following components:

ol - normal stress parallel 1o the axis of the weld

ol - normal stress perpendicular to the plane of the weld throat containing the axis
of thg weld

r] .. shear stress parallel 10 the axis of the weld

rl - Shear stress in the plane of the throat perpendicular to the axis of the weld

The normal stress component paralle! to the axis of the weld, aﬂ, may in resistance
calculations of the weld be omitted, as it is accomodated by the base material.

|-
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The resistance may be checked by

f, .
F <06 A, <
B,
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 {_ is the tensile strength of the
base mezal,
A, = the appropriate effective area on section A, Bor C

0.8 forf, = 360 N/mm?
£ =1{ 0.85forf, = 430 N/mm?
0.9 forf, = 510 N/mm?

For section A the resistance may alternatively be checked by

—s f
‘/of + 3¢+ 31 s —
By,
where

ol, rL and rﬂ are the stress components on the effective area, due to the external
design force F.

. . [} . ' . .
Single fillet welds are unable to take moments about their longitudinal axis,

FATIGUE

" Scope

Situations in which no fatigue assessment is required

No fatigue assessment is_required when one of the following conditions is satisfied:

- If, whatever the constructional detail, no nominal stress range multiplied by the
factor y, exceeds 261y, (N/mm3).-

- I, for a particular detail, for which a constant amplitude limit is defined, no stress
range (either nominal or szumetric) multiplied by the factor ¥y exceeds the constant
amplitude fatigue limit divided by the factor y,.

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

2105 - (— 38y
Yty Ao

where

Age, the equivalent nominal stress range, is in N/mm?2,

79
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A10.2 Fatigue assessment procedures

A.10.2.1 Fatigue assessment based on nominal stress range

<
T A.10.2.1.1 The number of cycles N; to failure for a given stress

range depends on the detail Category, and may for the normal stress range Ao be
calculated as:

i - if y - Ag, > Ag, then N, = 2110° { Ac,ly - Ag, )
- if Bop >y - Ag, > Ag, then N, = 210%{ Ag sy - Ag, )®
| - if y - Ag < Ag, then N, =
with y =y, - p
Alternatively, the fatigue assessment may be based on an equivalent constant amplitude
stress range calculation, in accordance with the Palmgren-Miner rule of cumulative
damage .
For norma! stresses the fatigue assessment may thus be expressed by
Yi* AGE = Aaﬁer
where
Aoe is the equivalent constant amplitude stress range. e
* Ag, is the fatigue strength, which depends on the detajl category and the total number
of stress cycles during the required design life.
A conservative assumption may be adopted in evaluating Ag, and Aoy in using a fatigue
strength curve of unique slope constant m = 3.
More generally, Ao, and Ao, may be calculated taking into account the double sioped
- fatigue strength curve and the cut-off limit, -se Fig. 3.1 at end of chapter 3.1,
"A.10.2.2 Fatigue assessment based or a2 geometric stress range
The geometric stress {or the stress concentration factor applied on the nominal stress
range) may be determined from parametric formulae within their domains of validity, a
‘ 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 ,
reptacing, where appropriate, the nominal stress range by the geometric stress range.
Reference fatigue strength Curves to be used jointly with =+ geometric stress range
concept are defined in A.10.5.2.

. A.10.3  Fatique loading

1‘ The fatigue loading may comprise different loading events which are defined by complete
4 loading sequences of the structure, each characterized by their relative frequency of
occurrence as well as their magnitude and geaometrical position.

Y In the absence of more accurate information, dynamic amplification factors may be used
to modify the stresses obtained from a static analysis.

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 lcading event.




A.10.4

A.10.4.2

A.10.5

Fatinue stresg spectra

Design stress range spectrum

from the stress history obtained by adequate experiments and/or by numerical
evaluations according to the theory of elasticity,

The Rainflow or the Reéervoir stress cycle counting method, in conjunction with the

Palmgren-Miner summation, is appropriate for many applications. The reservoir stress
cycle counting method is illustrated in Fig. A.10.4.2.

Fatigue strength

The fatigue strength curves to be Uused in the fatigue assessmen: procedures are given
according to the following classification of structural details:
- Nominal stress fange procedures for y
classified details for non-hollow sections
classified details for hollow sections, and hollow section joints in lattice pirders.

- -Geometric stress fange procedure,

details, adjacent 1o the potential crack location. - Note that the crack is located in a plane
normal to this stress range direction. For these details the calculated stress js called the
nominal stress, and the associated stress range for fatigue assessment, the nominal
stress range. . .

gue detail classifications are given under the heading
"Requirements” of Table A.10.5.1.1 and in ISO Standard on “Fabrication and Erection”,
f the requirement for the actual details are not met in the finished structure, the use of

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 conditiens, such details
{identified by an asterisk in the tables) are located in 3 detail category one step lower
than their fatigue strength at 2-10° cycles would have required. An alternative
assessment would be 10 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 form = 3, se Fig. A.10.5.a.
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Identify the largest A \/ \/ Time
., peak B.

: Move the part of the IB\/\ /@
stress history on the ~ /
left of B to the end S [;[\

of the load event.
1.e. 11nk OCA-B) to C.

“reservoir” with “water”.
The greatest depth is
the major stress cycle.
le. A0 | OCCurs once,

-
e
‘.

Step 4 S
Oraln on the greatest

. depth. and find the new /
maximum depth., A6,

| This is the second \&/ U >

largest stress cycle.

A
F111 the resultin Y I

.Step 5 (and onwards): O
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Fig. A.10.4.2 The reservoir stress cycle counting method
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Appendix D, it is necessary to.identify ali joints where the stress spectrum is such that a
detail category greater than 55 is required by these rules. In each cage the jcint should |
be identified on the derail dn"awing with the required "Fat" inspection Category and stress
direction, as illustrated on Fig. A.10.5.b. The required "Fat" inspection category number
is the reference strength -Ag, for the lowest fatigue strength curve for which the damage ;
summation is less than 1,0 (see 10.2.1.1), i

e e e,

T
FAT 7
1 FAT 90
!
T HHIIHHIIIIIIIIIIHHIHI
FAT 112
: FAT 50
- kLLl_LLLLj_-_[_LL!x!lI!HIHHIHI]III NEEL —
v FAT 71 FAT T *
Y Fig. A.10.5.b
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‘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.

; s« A.0.51 Definition of fatigue strength ‘curves for classified constructional detaiis

. A.10.5.1.1 Fatigue strength curves for non-hollow sections are defined as follows: '

Classification of detait 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 in
Figure A.10.5.1.1.a for nominal normal stress range.

The constant amplitude fatigue limit corresponds 10 the fatigue strength for
. N =5 . 108

The cut-off limit corresponds to the fatipue strength for N = 10°,

Stress ranges
below the value carresponding to the cut-off may be neglected.

The associated classification of vari
Tables A.10.5.1.1.c to g. The arro

the location and direction of the st
calculated. .

ous typical detail categories is given in the
w in the different figures in the tabies indicates
esses for which the stress ranges are to be

The corresponding values for a numerical re

presentation of the curves are
presented in Table A.10.5.1.1.a, '

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 constantof m = 6. Category 100 is for
parent material, full penetration butt welds and for bolts of bearing type in shear.
Category B0 is for fillet welds and for partial penetration butt welds in shear.

Calculations should be performed in a simitar manner to those applied for nominal

P normal stress ranges. The cut-off limit remains at 10® cycles. No constant amplitude
tatigue limit should be assymed.

-5 The corresponding values for a numeric

al calculation of the fatigue strengtn are given
- in Table A.10.5.1.1.b.
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Table A.10.5.1.1 Numerical valyes of fatigue strength curva

< for normal stress ranges

Detail category A Constant Cut-off limit
loga X amplitude {(N=10"
Ao, — fatigue limit

(N/mm?) (N=<510%) N25-108) iN=510% Ag,

m=3 m=5 Aoy, (N/mm?) {N/mm?)
160 12.901 17.036 117 64
140 12.751 16.786 104 57
125 12.601 16.536 93 51
12 12.451 16.286 83 45
100 12.301 16.036 74 40
90 12.151 15.788 66 36
80 12.001 15.536 59 32
71 11.851 15.286 52 29
63 11.701 * 15.036 46 28
56 11.551 14.786 41 23
50 11.401 14,536 37 20
45 11.251 14.286 33 18
40 1.1 14.036 39 16
36 10.951 13.786 26 14

Detail category log a Cut-off limit
m=5
Are (N/mm?) {N < 109 N < 10%
Ar, (N/mm?)
100 16.301 48
EO 15,801 36

elsc

11
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Figure A.10.5.1 .1.b Fatigue strength curve for shear stress ranges’
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A.10.5.1.2 Fatigue strength curves for holiow sections and hollow section joint details are defined

as foliows:

A.10.5.1.1.a with a slope constant of m = 3 and 5.
b) The fatigue strength curves to be used in conjunction with the holiow section joint

details of lattice girders as shown in Table A.10.5.1.2.e, are presented in Figure
A.10.5.1.2.a, with a slope constantof m = 5,

Stress range Acg (N/mm 2)

Cut—off
limit

10 —rrrer
S l 2 5 S

» 10" 105 108 197 108
Number of cycles N

Illilll, T llllllll L} T 1T T frrT T T

Figure A.10.5.1.2.3 Fatigue strength curves for tubular lattice girder joints
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¢l The throat thickness of fillet welds shall not be less than the wall thickness of the jl
hollow section in the connected members.

The corresponding values for numerical representation of the fatigue strength curves are
given in Table A.10.5.1.2.a. - 4

Table A.10.5.1.1.a Numerical values for fatigue
strength curves for lattice girder joints

- Detail category log a Cut-off limit
m=5 N =10°
Ag, (N/mm?) (N < 10%) Ao (Nfmm? 4
90 16.051 41
71 15.651 32
56 15.051 26
50 14.801 23
45 14.551 20
36 14.051 16

The member forces may be analyzed neglecting the effect of eccentricities and joint
stiffness, assuming hinged connections, provided that the effects of local bending
moments on the stress ranges are considered. In the absence of more accurate stress
analysis and modelling of the joint, this effect may be taken into account by multiplying the
stress ranges due to axial member forces by the coefficients defined hereafter {for -
clarification of the terminology used, see Table A.10.5.1 .2.e).

~ -t
- Type of joint Chords Verticals Diagonals - )
gap ¥ Kype 1.5 1.0 1.5
¥ joints
N type 1.5 2.2 1.6
overlap K type 1.5 1.0 1.3
joints
N type 1.5 2.0 1.4

For lattice girder joints with circular holiow

Table A.10.5.1.2.b.

Table A.10.5.1.2.b Coefficients 10 account for secondary bending
moments in circular hollow section joints

Type of joint Chords Verticals Diagonals
gap K type 1.5 1.0 1.3
joints '

; N type 1.5 1.8 1.4
overlap K type 1.5 1.0 1.2
joints

N type 1.5 1.65 1.25

For lattice girder joints with rectan

Table A.10.5.1.2.¢

Table A.10.5.1.2.¢ Coefficients to account for secon

moments in rectangular hollow section joints

dary bending

sections these coefficients are given in

gular hollow sections these coefficients are given in
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! @180 ISO 10721-1:1997(E)
*‘ A.10.5.2 Definition of reference fatigue strength curves for non-classified details
! Reference fatigue strength curves for constructionai details notincluded in Tables
l A105.1.1.¢ 10 g. and for hollow Section members angd tubular joints provided that the
J wall thickness s smaller than or equal to 12.5 mm, are given by:;
' al For full Penetrations welds:
4
- The Category 80, in Fig. A.10.5.1 -1.a, when both weld profile ang admissible
defects acceptance criteria are fulfilled,
- The Category 71, in Fig. A.10.5.1 1 -8, when only the admissible welg defect
acceptance criteria is fulfitied,
bl For partial penetration load carrying welds:
- The Category 36, in Fig. A.10.5.1.1 -3, or a fatigue strength curve obtained from
adequate fatigue tast resuirs.
A.10.6 Fatigue Sirength_modifications
A.10.6.1 Influence of mean stress level in non-welded or stress relieved welded details
The influence of mean stress level in non-welded or stress relieved walded details may pe
taken into account by multiplying the Compression part of the stress fange by a factor of
0.6. In other words, the effective stress range to be used in the fatigue assessmentis
obtained by adding the part of the stress range in tension to 60% of the part of the
siress range in compression.
» .
For non-welded dertails, or for stress relieved welded details, where the stress ranges are
entireiy in the Compression zong, the equivalent stress fange may be reduced 10 60% of
the total stress range. ’
A.10.6.2- Intluence of thickness
——— T
The fatigue strength depends on the thickness of the parent metal in which a potential
crack may initiate and propagate The variation of fatigue strength with thieckness
needs to be taken INto account for thicknesses greater than 25 mm. Then the fatigue
strength may pe reduced according to:
Agglt) = [Aaa] [25/t] 028
The formula for the thickness effect should be limited 10 Structural details (hollow and
non-hollow Sections) where welds are transverse to the loading direction (normal stress
directions).
No corrections for thickness effect should be taken when this effect is already included in
- the detaii Category in the classification tables.
e A10.7 Partial safety factors
-y
& )
A.10.7.3 Values of partial safety factors
» For normal stuctural applications conforming with the requirements of this Chapter and
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In special circumstances where one or more of the uncertainties listed in 10.7.1 and
10.7.2 are abnormally high or where an exceptional level of safety has to be assured,
consideration may be given to the use of an appropriate partial safety factor greater than
unity. In this case the value of the partial safety factor shall be agreed between the
client, the designer, the public authority and any other concerned party as appropriate.

P

Alternatively, consideration may be given by the interested parties, to implementing
special in-service inspection procedures at regutar intervals to monitor one or more of the

4 following as appropriate:

- The applied loading
- The stress response at critical derails
- The identification of fatigue cracks

The cost of this option should be carefully considered, taking into account:
- The minimum frequency of inspection”
- The extent of access required
- Ths_: need to remove cladding, protecti-ve coating, etc.
- The methods of non-destiuctive testing required
- The distruption to the operation of the facility

In conside'ring these options account may also be taken of the criticality of the i

. components. A higher priority may be given to components where fatigue failure wouid

Cause catastrophic failure of the structure.

Concerning the consequences of failure, two possible situations may arise as follows:
- Tfail-safe” structures, with reduced consequences of tailure, i.e. the locai failure of

a component doas not result in catastrophic failure of the structure,
- non *fail-safe” structures, where local failure of 3 component teads rapidly to
catastrophic failure of the structure.
N
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Annex B
{informative)

Standards and Recommendations:

Specification for Structural Steel Buildings, Load and Resistance Factor Design.
AISC, 1986

Manual on Stability of Steel Structures. ECCS, 1976
European recommendations for Steel Construction. ECCS, 1°77

European recommendations for Steel Construction:
Buckling of Shells, ECCS, 3rd ed. 1984

Ultimate limit state calculation of sway frames with rigid joints. ECCS, 1984
Slip factors of connections with H.S5.F.G. ECCS, 1984

European recommendations tor bolted cennections in structural sieel work.
ECCS 1985

Recommendations for angles in lattice transmission towers ECCS, 1985
Recommendations for the fatigue design of steel structures ECCS, 1885
Behaviour and design of steel plated structufes. ECCS, 1988 P

Design of longitudinally stiffened webs and of stiffened compression flanges.
ECCS, 1990 :
Practical analysis of single-storey frames. ECCS 1990

ENV 1993-1-1 (Eurocode 3): Design of Steel Structures, Part 1.
General Rules and Rules for Buildings

ENV 1983-1-1 (Eurocode 3): Design of Steel Structures, Part 1. Annex A - Z
ISO 404 - Stee! and stéel products, General technical delivery requirements
SO 1052 - Steels for general engineering purposes.

ISO 2631 -

Guide for the evaluation of human exposure to whole body vibration

1SO 4356 - Basis for the design of structures. Deformations of buildings at the
serviceability limit state

ISO 4950 - High vyield strength fiat steel products, Part 1 and 2

ISO/DIS 8330 - General principles on reliability for sturctures, List of equivalent terms

- . >
Reference publications, listed as connected with the various chapters ~

Chapters 5 & 6

IS0 2384. General principles for the verification of structures

ISO/TC 98. Revision of IS 2394
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) Engesser, F.: Knickfragen. Schw. Bauz. 1895

IABSE. Symposium: on concepts of safety of structures and methods of design.
London 1369

Kuipers, J.: Structural Safety. Heron. No. 5. 1968

Chapters 7 and A.7

Huber-Mises- Hencky hypotesis. ) ) _

First published by M.T: Huber, Technical Journal (in Polish: Czasopismo Techniczne) No.

22, Lwéw 1804

Adams, P.F., Galambos, T.V.: Material considerations in Plastic Design. Publications Vol.
29-11. IABSE. Zirich 1969

Haaijer, G., Shilling, C., Carskaddan: Limit-state criteria for load -factor design design of
steel bridges., Eng. Struct. 1983

Dubas, P.: Reflexiones sur Certains Problems de Securite et de stabilite en Construction
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Yura, J.A. Galambos, T.V. and Ravindra, M.K,: The Bending Resistance of Steel Beams.
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Chapter 8 and A.8
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- [
Maaquoi, R., Rondal, J.: Formulation analytique des nouvelles courbes europennes de
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Stability of Metal structures AISC Eng.-Jour No 4. 81

Massonnet, C.E.: Forty years of research on beam-columns in steel. SM Archives Vol. 1.
1976
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H.6.81

Design Criteria for metal compression Members. 3. edition. Column Res. Council J.
Wiley & Sons

Bleich, F.: Buckling strength of metal structures.
Mc Graw-Hill 1952
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Thimoshenka, S.P., Gere, J.H.: Theory of elastic stability. Mc. Graw Hill 1961
Chwalla, E.: Sitzungsber, Akad, wiss.’ Wien lla. 1944 ‘
Uneold, G.: Stah!bau-Handbuch 1949/50 ¥
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