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Foreword
This European Standard EN 1993, Eurocode 3: Design of steel structures, has been prepared by Technical
Committee CEN/TC250 « Structural Eurocodes », the Secretariat of which is held by BSI. CEN/TC250 is

responsible for all Structural Eurocodes.

This European Standard shall be given the status of a National Standard, either by publication of an identical

text or by endorsement, at the latest by November 2005, and conflicting National Standards shall be withdrawn

at latest by March 2010.
This Eurocode supersedes ENV 1993-1-1.

According to the CEN-CENELEC Internal Regulations, the National Standard Organizations of the
following countries are bound to implement these European Standard: Austria, Belgium, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.

Background to the Eurocode programme

In 1975, the Commission of the European Community decided on an action programme in the field of
construction, based on article 95 of the Treaty. The objective of the programme was the elimination of
technical obstacles to trade and the harmonization of technical specifications.

Within this action programme, the Commission took the initiative to establish a set of harmonized technical
rules for the design of construction works which, in a first stage, would serve as an alternative to the national
rules in force in the Member States and, ultimately, would replace them.

For fifteen years, the Commission, with the help of a Steering Committee with Representatives of Member
States, conducted the development of the Eurocodes programme, which led to the first generation of
European codes in the 1980s.

In 1989, the Commission and the Member States of the EU and EFTA decided, on the basis of an agreement’'
between the Commission and CEN, to transfer the preparation and the publication of the Eurocodes to CEN
through a series of Mandates, in order to provide them with a future status of European Standard (EN). This
links de facto the Eurocodes with the provisions of all the Council’s Directives and/or Commission’s
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on construction products
- CPD - and Council Directives 93/37/EEC, 92/50/EEC and 89/440/EEC on public works and services and
equivalent EFTA Directives initiated in pursuit of setting up the internal market).

The Structural Eurocode programme comprises the following standards generally consisting of a number of
Parts:

EN 1990 Eurocode 0: Basis of Structural Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete structures

EN 1993 Eurocode 3: Design of steel structures

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

EN 1996 Eurocode 6: Design of masonry structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for earthquake resistance
EN 1999 Eurocode 9: Design of aluminium structures

! Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN)
concerning the work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89).
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Eurocode standards recognize the responsibility of regulatory authorities in each Member State and have
safeguarded their right to determine values related to regulatory safety matters at national level where these
continue to vary from State to State.

Status and field of application of eurocodes

The Member States of the EU and EFTA recognize that Eurocodes serve as reference documents for the
following purposes :

— as a means to prove compliance of building and civil engineering works with the essential requirements
of Council Directive 89/106/EEC, particularly Essential Requirement N°1 — Mechanical resistance and
stability — and Essential Requirement N°2 — Safety in case of fire;

— as a basis for specifying contracts for construction works and related engineering services;

— as a framework for drawing up harmonized technical specifications for construction products (ENs and
ETAs)

The Eurocodes, as far as they concern the construction works themselves, have a direct relationship with the
Interpretative Documents” referred to in Article 12 of the CPD, although they are of a different nature from
harmonized product standards®. Therefore, technical aspects arising from the Eurocodes work need to be
adequately considered by CEN Technical Committees and/or EOTA Working Groups working on product
standards with a view to achieving full compatibility of these technical specifications with the Eurocodes.

The Eurocode standards provide common structural design rules for everyday use for the design of whole
structures and component products of both a traditional and an innovative nature. Unusual forms of
construction or design conditions are not specifically covered and additional expert consideration will be
required by the designer in such cases.

National Standards implementing Eurocodes

The National Standards implementing Eurocodes will comprise the full text of the Eurocode (including any
annexes), as published by CEN, which may be preceded by a National title page and National foreword, and
may be followed by a National annex.

The National annex may only contain information on those parameters which are left open in the Eurocode
for national choice, known as Nationally Determined Parameters, to be used for the design of buildings and
civil engineering works to be constructed in the country concerned, i.e. :

— values and/or classes where alternatives are given in the Eurocode,

— values to be used where a symbol only is given in the Eurocode,

— country specific data (geographical, climatic, etc.), e.g. snow map,

— the procedure to be used where alternative procedures are given in the Eurocode.

It may contain

— decisions on the application of informative annexes,

— references to non-contradictory complementary information to assist the user to apply the Eurocode.

Links between Eurocodes and harmonized technical specifications (ENs and ETAs) for
products

2 According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for the
creation of the necessary links between the essential requirements and the mandates for harmonized ENs and ETAGS/ETAs.

3 According to Art. 12 of the CPD the interpretative documents shall :
a)  give concrete form to the essential requirements by harmonizing the terminology and the technical bases and indicating classes or levels for each
requirement where necessary ;
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of calculation and of proof,
technical rules for project design, etc. ;
¢) serve as a reference for the establishment of harmonized standards and guidelines for European technical approvals.

The Eurocodes, de facto, play a similar role in the field of the ER 1 and a part of ER 2.
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There is a need for consistency between the harmonized technical specifications for construction products
and the technical rules for works®. Furthermore, all the information accompanying the CE Marking of the
construction products which refer to Eurocodes should clearly mention which Nationally Determined
Parameters have been taken into account.

National annex for EN 1993-1-8

This standard gives alternative procedures, values and recommendations with notes indicating where national
choices may have to be made. The National Standard implementing EN 1993-1-8 should have a National
Annex containing all Nationally Determined Parameters for the design of steel structures to be constructed in
the relevant country.

National choice is allowed in EN 1993-1-8 through:
- 2.2(2)

- 1.2.6 (Group 6: Rivets)

- 3.1.1(3)

- 3.4.2(1)

- 52.1(2)

- 6.2.7.2(9)

4 see Art.3.3 and Art.12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID 1.
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1 Introduction

1.1 Scope

(1)  This part of EN 1993 gives design methods for the design of joints subject to predominantly static
loading using steel grades S235, S275, S355 and S460.

1.2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications.
These normative references are cited at the appropriate places in the text and the publications are listed
hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply to
this European Standard, only when incorporated in it by amendment or revision. For undated references the
latest edition of the publication referred to applies (including amendments).

1.2.1 Reference Standards, Group 1: Weldable structural steels

EN 10025-1:2004
EN 10025-2:2004

EN 10025-3:2004

EN 10025-4:2004

EN 10025-5:2004

EN 10025-6:2004

1.2.2 Reference

conditions

EN 10029:1991

EN 10034:1993
EN 10051:1991

EN 10055:1995

EN 10056-1:1995
EN 10056-2:1993

EN 10164:1993

Hot rolled products of structural steels. General technical delivery conditions

Hot rolled products of structural steels. Technical delivery conditions for non-alloy
structural steels

Hot rolled products of structural steels. Technical delivery conditions for
normalized/normalized rolled weldable fine grain structural steels

Hot rolled products of structural steels. Technical delivery conditions for
thermomechanical rolled weldable fine grain structural steels

Hot rolled products of structural steels. Technical delivery conditions for structural
steels with improved atmospheric corrosion resistance

Hot rolled products of structural steels. Technical delivery conditions for flat products
of high yield strength structural steels in quenched and tempered condition

Standards, Group 2: Tolerances, dimensions and technical delivery

Hot rolled steel plates 3 mm thick or above - Tolerances on dimensions, shape and
mass

Structural steel I- and H-sections - Tolerances on shape and dimensions

Continuously hot-rolled uncoated plate, sheet and strip of non-alloy and alloy steels -
Tolerances on dimensions and shape

Hot rolled steel equal flange tees with radiused root and toes - Dimensions and
tolerances on shape and dimensions

Structural steel equal and unequal leg angles - Part 1: Dimensions

Structural steel equal and unequal leg angles - Part 2: Tolerances on shape and
dimensions

Steel products with improved deformation properties perpendicular to the surface of
the product - Technical delivery conditions

1.2.3 Reference Standards, Group 3: Structural hollow sections

EN 10219-1:1997

Cold formed welded structural hollow sections of non-alloy and fine grain steels - Part
1: Technical delivery requirements
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EN 10210-1:1994

EN 10210-2:1997
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Cold formed welded structural hollow sections of non-alloy and fine grain steels - Part
2: Tolerances, dimensions and sectional properties

Hot finished structural hollow sections of non-alloy and fine grain structural steels -
Part 1: Technical delivery requirements

Hot finished structural hollow sections of non-alloy and fine grain structural steels -
Part 2: Tolerances, dimensions and sectional properties

1.2.4 Reference Standards, Group 4: Bolts, nuts and washers

EN 14399-1:2002
EN 14399-2:2002
EN 14399-3:2002

EN 14399-4:2002

EN 14399-5:2002
EN 14399-6:2002

EN ISO 898-1:1999

EN 20898-2:1993

ENISO 2320:1997

EN ISO 4014:2000
EN ISO 4016:2000
EN ISO 4017:2000
EN ISO 4018:2000
EN ISO 4032:2000
EN ISO 4033:2000
EN ISO 4034:2000
EN ISO 7040:1997

EN ISO 7042:1997
EN ISO 7719:1997
ISO 286- 2:1988

ISO 1891:1979

EN ISO 7089:2000
EN ISO 7090:2000
EN ISO 7091:2000
EN ISO 10511:1997
EN ISO 10512:1997

EN ISO 10513:1997

High strength structural bolting for preloading - Part 1 : General Requirements
High strength structural bolting for preloading - Part 2 : Suitability Test for preloading

High strength structural bolting for preloading - Part 3 : System HR -Hexagon bolt and
nut assemblies

High strength structural bolting for preloading - Part 4 : System HV -Hexagon bolt
and nut assemblies

High strength structural bolting for preloading - Part 5 : Plain washers for system HR

High strength structural bolting for preloading - Part 6 : Plain chamfered washers for
systems HR and HV

Mechanical properties of fasteners made of carbon steel and alloy steel - Part 1: Bolts,
screws and studs (ISO 898-1:1999)

Mechanical properties of fasteners - Part 2: Nuts with special proof load values -
Coarse thread (ISO 898-2:1992)

Prevailing torque type steel hexagon nuts - Mechanical and performance requirements
(ISO 2320:1997)

Hexagon head bolts - Product grades A and B (ISO 4014:1999)
Hexagon head bolts - Product grade C (ISO 4016:1999)
Hexagon head screws - Product grades A and B (ISO 4017:1999)
Hexagon head screws - Product grade C (ISO 4018:1999)
Hexagon nuts, style 1 - Product grades A and B (ISO 4032:1999)
Hexagon nuts, style 2 - Product grades A and B (ISO 4033:1999)
Hexagon nuts - Product grade C (ISO 4034:1999)

Prevailing torque hexagon nuts (with non-metallic insert), style 1 - Property classes 5,
8 and 10

Prevailing torque all-metal hexagon nuts, style 2 - Property classes 5, 8, 10 and 12
Prevailing torque type all-metal hexagon nuts, style 1 - Property classes 5, 8 and 10

ISO system of limits and fits - Part 2: Tables of standard tolerance grades and limit
deviations for hole and shafts

Bolts, screws, nuts and accessories - Terminology and nomenclature - Trilingual
edition

Plain washers- Nominal series- Product grade A

Plain washers, chamfered - Normal series - Product grade A

Plain washers - Normal series - Product grade C

Prevailing torque type hexagon thin nuts (with non-metallic insert)

Prevailing torque type hexagon nuts thin nuts, style 1, with metric fine pitch thread -
Property classes 6, 8 and 10

Prevailing torque type all-metal hexagon nuts, style 2, with metric fine pitch thread -
Property classes 8, 10 and 12
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1.2.5 Reference Standards, Group 5: Welding consumable and welding

EN 12345:1998 Welding-Multilingual terms for welded joints with illustrations. September 1998.
EN ISO 14555:1998 Welding-Arc stud welding of metallic materials. May 1995

ENISO 13918:1998 Welding-Studs for arc stud welding-January 1997

EN 288-3:1992 Specification and approval of welding procedures for metallic materials. Part 3:
Welding procedure tests for arc welding of steels. 1992

EN ISO 5817:2003  Arc-welded joints in steel - Guidance for quality levels for imperfections

1.2.6 Reference Standards, Group 6: Rivets

NOTE: Information may be given in the National Annex.

1.2.7 Reference Standard, Group 7: Execution of steel structures

EN 1090-2 Requirements for the execution of steel structures

1.3 Distinction between Principles and Application Rules
(1)  The rules in EN 1990 clause 1.4 apply.
1.4 Terms and definitions

(1)  The following terms and definitions apply:

1.4.1
basic component (of a joint)
Part of a joint that makes a contribution to one or more of its structural properties.

14.2

connection

Location at which two or more elements meet. For design purposes it is the assembly of the basic
components required to represent the behaviour during the transfer of the relevant internal forces and
moments at the connection.

14.3
connected member
Any member that is joined to a supporting member or element.

14.4

joint

Zone where two or more members are interconnected. For design purposes it is the assembly of all the basic
components required to represent the behaviour during the transfer of the relevant internal forces and
moments between the connected members. A beam-to-column joint consists of a web panel and either one
connection (single sided joint configuration) or two connections (double sided joint configuration), see
Figure 1.1.

1.4.5

joint configuration

Type or layout of the joint or joints in a zone within which the axes of two or more inter-connected members
intersect, see Figure 1.2.

1.4.6
rotational capacity

10
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The angle through which the joint can rotate for a given resistance level without failing.

14.7
rotational stiffness
The moment required to produce unit rotation in a joint.

148

structural properties (of a joint)
Resistance to internal forces and moments in the connected members, rotational stiffness and rotation

capacity.
14.9

uniplanar joint
In a lattice structure a uniplanar joint connects members that are situated in a single plane.

1 A 2 N it ,
— 2 [ H =
T 3 L > I 3 £
/\/
Joint = web panel in shear + connection Left joint = web panel in shear + left connection
Right joint=web panel in shear + right connection
a) Single-sided joint configuration b) Double-sided joint configuration

1 web panel in shear
2 connection
3 components (e.g. bolts, endplate)

Figure 1.1: Parts of a beam-to-column joint configuration

11
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Tt i
1 3 3 1 Single-sided beam-to-column joint
configuration;
2 2 Double-sided beam-to-column
11 R - Jjoint configuration;
1.4 .
SHY 3 Beam splice;
"2 4 Column splice;
5 Column base.
.5 5

a) Major-axis joint configurations

Lr
Mz eq My1,Eq HH Mz Eq
M
‘

Double-sided beam-to-column Double-sided beam-to-beam
joint configuration joint configuration

b) Minor-axis joint configurations (to be used only for balanced moments Mgt eq = Mb2ed)

Figure 1.2: Joint configurations

12

Project NDP - working copy



fira
fur

€1
5]

€3

€4

Eeff

P1
P1o

Pui

P2

EN 1993-1-8 : 2005 (E)

Symbols

The following symbols are used in this Standard:

is

is

is

is

is

is

is

is

is

is

is

is
is

is

is

is

the nominal bolt diameter, the diameter of the pin or the diameter of the fastener;
the hole diameter for a bolt, a rivet or a pin ;

the hole size for the tension face, generally the hole diameter, but for a slotted holes perpendicular
to the tension face the slot length should be used;

the hole size for the shear face, generally the hole diameter, but for slotted holes parallel to the
shear face the slot length should be used;

the clear depth of the column web;

the mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller;

the design value of the Hertz pressure;
the specified ultimate tensile strength of the rivet;

the end distance from the centre of a fastener hole to the adjacent end of any part, measured in the
direction of load transfer, see Figure 3.1;

the edge distance from the centre of a fastener hole to the adjacent edge of any part, measured at
right angles to the direction of load transfer, see Figure 3.1;

the distance from the axis of a slotted hole to the adjacent end or edge of any part, see Figure 3.1;

the distance from the centre of the end radius of a slotted hole to the adjacent end or edge of any
part, see Figure 3.1;

the effective length of fillet weld;
the number of the friction surfaces or the number of fastener holes on the shear face;
the spacing between centres of fasteners in a line in the direction of load transfer, see Figure 3.1;

the spacing between centres of fasteners in an outer line in the direction of load transfer, see
Figure 3.1;

the spacing between centres of fasteners in an inner line in the direction of load transfer, see
Figure 3.1;

the spacing measured perpendicular to the load transfer direction between adjacent lines of
fasteners, see Figure 3.1;

the bolt row number;

NOTE: In a bolted connection with more than one bolt-row in tension, the bolt-rows are numbered
starting from the bolt-row furthest from the centre of compression.

is
is
is
is
is
is
is
is
is

is

the length of stiff bearing;

the thickness of the angle cleat;

the thickness of the column flange;

the thickness of the plate under the bolt or the nut;
the thickness of the web or bracket;

the thickness of the column web;

the gross cross-section area of bolt;

the area of the rivet hole;

the shear area of the column, see EN 1993-1-1;

the tensile stress area of the bolt or of the anchor bolt;

13
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A,err 18 the effective shear area;

Bpra is  the design punching shear resistance of the bolt head and the nut
E is  the elastic modulus;

Fpca is  the design preload force;

Figa 1s  the design tensile force per bolt for the ultimate limit state;

Fira 1is the design tension resistance per bolt;

Frra 1s  the tension resistance of an equivalent T-stub flange;

Fyra 1s  the design shear resistance per bolt;

Fora 1s the design bearing resistance per bolt;

Firaseris  the design slip resistance per bolt at the serviceability limit state;
Fra 1is the design slip resistance per bolt at the ultimate limit state;
Fyrdseris  the design shear force per bolt for the serviceability limit state;
Fyra 1s  the design shear force per bolt for the ultimate limit state;

Mjrq is  the design moment resistance of a joint;

S; is  the rotational stiffness of a joint;

Siimi 1s the initial rotational stiffness of a joint;

Vuprais  the plastic shear resistance of a column web panel;

z is the lever arm;

n is the slip factor;

o) is  the rotation of a joint.

(2)  The following standard abbreviations for hollow sections are used in section 7:
CHS for “circular hollow section”;

RHS for “rectangular hollow section”, which in this context includes square hollow sections.

gap g overlap ratio A, = (q/p) x 100 %

(a) Definition of gap (b) Definition of overlap

Figure 1.3: Gap and overlap joints

(3)  The following symbols are used in section 7:
A; is  the cross-sectional area of member i (i=0, 1, 2 or 3);
A, is the shear area of the chord;

Ayerr 1s  the effective shear area of the chord;

14
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the system length of a member;

the design value of the resistance of the joint, expressed in terms of the in-plane internal moment
inmember i (i=0, 1,2 or 3);

the design value of the in-plane internal moment in member i (i =0, 1, 2 or 3);

the design value of the resistance of the joint, expressed in terms of the out-of-plane internal
moment in member i (i=0, 1, 2 or 3);

the design value of the out-of-plane internal moment in member i (i =0, 1, 2 or 3);

the design value of the resistance of the joint, expressed in terms of the internal axial force in
member i (i=0, 1,2 or 3);

the design value of the internal axial force in member i (i =0, 1, 2 or 3);
the elastic section modulus of member i (i=0, 1, 2 or 3);

the plastic section modulus of member i (i =0, 1, 2 or 3);

the overall out-of-plane width of RHS member i (i =0, 1, 2 or 3);

the effective width for a brace member to chord connection;

the effective width for an overlapping brace to overlapped brace connection;
the effective width for punching shear;

the width of a plate;

the effective width for the web of the chord;

the overall diameter of CHS memberi (i =0, 1, 2 or 3);

the depth of the web of an I or H section chord member;

the eccentricity of a joint;

the buckling strength of the chord side wall;

the yield strength of memberi (i =0, 1, 2 or 3);

the yield strength of a chord member;

the gap between the brace members in a K or N joint (negative values of g represent an overlap
q); the gap g is measured along the length of the connecting face of the chord, between the toes
of the adjacent brace members, see Figure 1.3(a);

the overall in-plane depth of the cross-section of memberi (i =0, 1, 2 or 3);
a factor defined in the relevant table, with subscript g, m,n or p;
the buckling length of a member;

the length of the projected contact area of the overlapping brace member onto the face of the
chord, in the absence of the overlapped brace member, see Figure 1.3(b);

the length of overlap, measured at the face of the chord, between the brace members in a K or N
joint, see Figure 1.3(b);

the root radius of an I or H section or the corner radius of a rectangular hollow section;
the flange thickness of an I or H section;

the wall thickness of member i (=0, 1, 2 or 3);

the thickness of a plate;

the web thickness of an I or H section;

a factor defined in the relevant table;

the included angle between brace member i and the chord (i =1, 2 or 3);

a factor defined where it occurs;

a factor defined in the relevant table;

the angle between the planes in a multiplanar joint.

15

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

“)

i is
iand;j are
(&)

n is
n, s
00,Ed is
Op.Ed is
(6

p is
Bp s
y is
n is
N, is
Aoy 1S
(7

16

The integer subscripts used in section 7 are defined as follows:

an integer subscript used to designate a member of a joint, i =0 denoting a chord andi=1, 2 or
3 the brace members. In joints with two brace members, i = 1 normally denotes the
compression brace and i=2 the tension brace, see Figure 1.4(b). For a single brace i =1
whether it is subject to compression or tension, see Figure 1.4(a);

integer subscripts used in overlap type joints, 7 to denote the overlapping brace member and j to
denote the overlapped brace member, see Figure 1.4(c).

The stress ratios used in section 7 are defined as follows:

the ratio (goga/fy0)/ Pms (used for RHS chords);
the ratio (oprd/fy0)/ Yms (used for CHS chords);
the maximum compressive stress in the chord at a joint;

the value of oygq excluding the stress due to the components parallel to the chord axis of the
axial forces in the braces at that joint, see Figure 1.4.

The geometric ratios used in section 7 are defined as follows:

the ratio of the mean diameter or width of the brace members, to that of the chord:
for T, Y and X joints:
d, d b
d, b, b,
for K and N joints:
d +d, d +d, b +b, +h +h,
; or
2d, 2 b, 4 b,
for KT joints:
d +d, +d, d, +d, +d, b, +b, +b, +h +h, +h,
; or
3d, 3 b, 6 b,
the ratio bi/by;
the ratio of the chord width or diameter to twice its wall thickness:
d, : b, or b,
2t, 2¢, 2t ;

]

the ratio of the brace member depth to the chord diameter or width:

1

dy b,
the ratio /;/by;
the overlap ratio, expressed as a percentage (Aoy = (q/p) x 100%) as shown in figure 1.3(b).

Other symbols are specified in appropriate clauses when they are used.

NOTE: Symbols for circular sections are given in Table 7.2.
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b) Gap joint with two brace members

o
A

c) Overlap joint with two brace members

Figure 1.4: Dimensions and other parameters at a hollow section lattice girder
joint

17
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2 Basis of design
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Assumptions

The design methods given in this part of EN 1993 assume that the standard of construction is as
specified in the execution standards given in 1.2 and that the construction materials and products used
are those specified in EN 1993 or in the relevant material and product specifications.

General requirements

All joints should have a design resistance such that the structure is capable of satisfying all the basic
design requirements given in this Standard and in EN 1993-1-1.

The partial safety factors y for joints are given in Table 2.1.

Table 2.1: Partial safety factors for joints

Resistance of members and cross-sections Mo > Ymi1 and myp see EN 1993-1-1

Resistance of bolts

Resistance of rivets

Resistance of pins M2

Resistance of welds

Resistance of plates in bearing

Slip resistance

- at ultimate limit state (Category C) M3

- at serviceability limit state (Category B) VM3 ser

Bearing resistance of an injection bolt VM4

Resistance of joints in hollow section lattice girder VM5

Resistance of pins at serviceability limit state YMé6,ser

Preload of high strength bolts ™7

Resistance of concrete y. see EN 1992

NOTE: Numerical values for yy may be defined in the National Annex. Recommended values are as
follows: vz = 1,25 5 ym3 = 1,25 and pvzser = 1,15 pma = 1,05 pms = 1,05 pmser = 1,05 ymy = L1 .

Joints subject to fatigue should also satisfy the principles given in EN 1993-1-9.
Applied forces and moments

The forces and moments applied to joints at the ultimate limit state should be determined according to
the principles in EN 1993-1-1.

Resistance of joints
The resistance of a joint should be determined on the basis of the resistances of its basic components.

Linear-elastic or elastic-plastic analysis may be used in the design of joints.
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Where fasteners with different stiffnesses are used to carry a shear load the fasteners with the highest
stiffness should be designed to carry the design load. An exception to this design method is given in
3.93.

Design assumptions

Joints should be designed on the basis of a realistic assumption of the distribution of internal forces
and moments. The following assumptions should be used to determine the distribution of forces:

(a) the internal forces and moments assumed in the analysis are in equilibrium with the forces and
moments applied to the joints,

(b) each element in the joint is capable of resisting the internal forces and moments,

(c) the deformations implied by this distribution do not exceed the deformation capacity of the
fasteners or welds and the connected parts,

(d)  the assumed distribution of internal forces should be realistic with regard to relative stiffnesses
within the joint,

(e) the deformations assumed in any design model based on elastic-plastic analysis are based on
rigid body rotations and/or in-plane deformations which are physically possible, and

(f)  any model used is in compliance with the evaluation of test results (see EN 1990).
The application rules given in this part satisfy 2.5(1).
Joints loaded in shear subject to impact, vibration and/or load reversal

Where a joint loaded in shear is subject to impact or significant vibration one of the following jointing
methods should be used:

- welding

- bolts with locking devices

- preloaded bolts

- injection bolts

- other types of bolt which effectively prevent movement of the connected parts

- rivets.

Where slip is not acceptable in a joint (because it is subject to reversal of shear load or for any other
reason), preloaded bolts in a Category B or C connection (see 3.4), fit bolts (see 3.6.1), rivets or
welding should be used.

For wind and/or stability bracings, bolts in Category A connections (see 3.4) may be used.
Eccentricity at intersections

Where there is eccentricity at intersections, the joints and members should be designed for the
resulting moments and forces, except in the case of particular types of structures where it has been
demonstrated that it is not necessary, see 5.1.5.

In the case of joints of angles or tees attached by either a single line of bolts or two lines of bolts any
possible eccentricity should be taken into account in accordance with 2.7(1). In-plane and out-of-plane
eccentricities should be determined by considering the relative positions of the centroidal axis of the
member and of the setting out line in the plane of the connection (see Figure 2.1). For a single angle in
tension connected by bolts on one leg the simplified design method given in 3.10.3 may be used.

NOTE: The effect of eccentricity on angles used as web members in compression is given in
EN 1993-1-1, Annex BB 1.2.

19
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1 Centroidal axes

2 Fasteners

3 Setting out lines

Figure 2.1: Setting out lines

3 Connections made with bolts, rivets or pins

3.1 Bolts, nuts and washers

3.1.1 General

(1)  All bolts, nuts and washers should comply with 1.2.4 Reference Standards: Group 4.
(2)  The rules in this Standard are valid for the bolt classes given in Table 3.1.

(3)  The yield strength f;;, and the ultimate tensile strength f;, for bolt classes 4.6, 4.8, 5.6, 5.8, 6.8, 8.8 and
10.9 are given in Table 3.1. These values should be adopted as characteristic values in design
calculations.

Table 3.1: Nominal values of the yield strength f,;, and the ultimate tensile
strength f,, for bolts

Bolt class 4.6 48 5.6 5.8 6.8 8.8 10.9
fo (N/mm?) 240 320 300 400 480 640 900
£ (N/mm?) 400 400 500 500 600 800 1000

NOTE: The National Annex may exclude certain bolt classes.
3.1.2 Preloaded bolts

(1)  Only bolt assemblies of classes 8.8 and 10.9 conforming to the requirements given in 1.2.4 Reference
Standards: Group 4 for High Strength Structural Bolting for preloading with controlled tightening in
accordance with the requirements in 1.2.7 Reference Standards: Group 7 may be used as preloaded
bolts.

3.2 Rivets

(1)  The material properties, dimensions and tolerances of steel rivets should comply with the requirements
given in 1.2.6 Reference Standards: Group 6.

20
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Anchor bolts

The following materials may be used for anchor bolts:
- Steel grades conforming to 1.2.1 Reference Standards: Group 1;
- Steel grades conforming to 1.2.4 Reference Standards: Group 4;

- Steel grades used for reinforcing bars conforming to EN 10080;

provided that the nominal yield strength does not exceed 640 N/mm” when the anchor bolts are
required to act in shear and not more than 900 N/mm? otherwise.

Categories of bolted connections
Shear connections
Bolted connections loaded in shear should be designed as one of the following:

a) Category A: Bearing type

In this category bolts from class 4.6 up to and including class 10.9 should be used. No preloading and
special provisions for contact surfaces are required. The design ultimate shear load should not exceed
the design shear resistance, obtained from 3.6, nor the design bearing resistance, obtained from 3.6 and
3.7.

b) Category B: Slip-resistant at serviceability limit state

In this category preloaded bolts in accordance with 3.1.2(1) should be used. Slip should not occur at
the serviceability limit state. The design serviceability shear load should not exceed the design slip
resistance, obtained from 3.9. The design ultimate shear load should not exceed the design shear
resistance, obtained from 3.6, nor the design bearing resistance, obtained from 3.6 and 3.7.

c) Category C: Slip-resistant at ultimate limit state

In this category preloaded bolts in accordance with 3.1.2(1) should be used. Slip should not occur at
the ultimate limit state. The design ultimate shear load should not exceed the design slip resistance,
obtained from 3.9, nor the design bearing resistance, obtained from 3.6 and 3.7. In addition for a
connection in tension, the design plastic resistance of the net cross-section at bolt holes Npera, (s€€ 6.2
of EN 1993-1-1), should be checked, at the ultimate limit state.

The design checks for these connections are summarized in Table 3.2.

3.4.2 Tension connections

(M

Bolted connection loaded in tension should be designed as one of the following:

a) Category D: non-preloaded

In this category bolts from class 4.6 up to and including class 10.9 should be used. No preloading is
required. This category should not be used where the connections are frequently subjected to
variations of tensile loading. However, they may be used in connections designed to resist normal
wind loads.

b) Category E: preloaded
In this category preloaded 8.8 and 10.9 bolts with controlled tightening in conformity with 1.2.7
Reference Standards: Group 7 should be used.

The design checks for these connections are summarized in Table 3.2.
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Table 3.2: Categories of bolted connections

Category Criteria Remarks

Shear connections

A Fipg < Fyra No preloading required.

bearing type Fypa < Fora Bolt classes from 4.6 to 10.9 may be used.
o< R

B FupaseS  Firase Preloaded 8.8 or 10.9 bolts should be used.

o o Fupa < Fugrg et e > SHOW

slip-resistant at serviceability For slip resistance at serviceability see 3.9.
Fipa < Fora

C Fipa < Fira Preloaded 8.8 or 10.9 bolts should be used.

. . . Fipa < Ford For slip resistance at ultimate see 3.9.
slip-resistant at ultimate Fur < Nowira Noetra see 3.4.1(1) c).

Tension connections

No preloading required.

o rlsloa ded ?’Ed E ?’Rd Bolt classes from 4.6 to 10.9 may be used.
p LBd = p-Rd B, ra see Table 3.4.

E Fipa < Fira Preloaded 8.8 or 10.9 bolts should be used.
preloaded Fipg < Bprd Bpra see Table 3.4.

The design tensile force Figq should include any force due to prying action, see 3.11. Bolts subjected to

both shear force and tensile force should also satisfy the criteria given in Table 3.4.

NOTE: If preload is not explicitly used in the design calculations for slip resistances but is required
for execution purposes or as a quality measure (e.g. for durability) then the level of preload can be
specified in the National Annex.
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(1) Minimum and maximum spacing and end and edge distances for bolts and rivets are given in Table

3.3.

(2) Minimum and maximum spacing, end and edge distances for structures subjected to fatigue, see EN

1993-1-9.

Table 3.3: Minimum and maximum spacing, end and edge distances

Distances and Minimum Maximum"??
spacings, -
see Figure 3.1 Stlﬁuﬁ}tlﬁ)eoszrsnade from steels conformmg to Structures made from
except steels conforming to .
EN 10025-5 steels conforming to
EN 10025-5
Steel exposed to the | Steel not exposed to
Steel used
weather or other the weather or other
. . unprotected
corrosive influences | corrosive influences
. The larger of
End distance ¢, 1,2d, 4t + 40 mm 87 or 125 mm
. The larger of
Edge distance e, 1,2d, 4t + 40 mm 8¢ or 125 mm
Distance e; 4
in slotted holes 1,5do
Distance ey 4
in slotted holes 1,5do
Spacin 294 The smaller of The smaller of The smaller of
pacing pi - 14 or 200 mm 14 or 200 mm 141y, or 175 mm
. The smaller of
Spacing p.o 14 or 200 mm
Spacin 4 The smaller of
Pacing pu, 28¢ or 400 mm
Spacin 5) 2.4d The smaller of The smaller of The smaller of
pacing p2 o 14 or 200 mm 14¢ or 200 mm 144y, 0r 175 mm
D Maximum values for spacings, edge and end distances are unlimited, except in the following cases:

2)

3)
4)

5)

- for compression members in order to avoid local buckling and to prevent corrosion in exposed
members and;

- for exposed tension members to prevent corrosion.

The local buckling resistance of the plate in compression between the fasteners should be calculated
according to EN 1993-1-1 using 0,6 p; as buckling length. Local buckling between the fasteners
need not to be checked if pi/¢t is smaller than 9 ¢ . The edge distance should not exceed the local
buckling requirements for an outstand element in the compression members, see EN 1993-1-1. The
end distance is not affected by this requirement.

t is the thickness of the thinner outer connected part.
The dimensional limits for slotted holes are given in 1.2.7 Reference Standards: Group 7.

For staggered rows of fasteners a minimum line spacing of p, = 1,2d, may be used, provided that the

minimum distance, L, between any two fasteners is greater or equal than 2,4d,, see Figure 3.1b).
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Staggered Rows of fasteners

a) Symbols for spacing of fasteners b) Symbols for staggered spacing
b0
- - b - b - &
—¢— 4 ! AR SR S
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4;»_ & - 2—] -4 - —- -
f— ; —_—

pi<l4tand<200mm p,<14tand<200mm  p;p<14tand <200 mm p;;<28 t and <400 mm

1 outer row 2 inner row

¢) Staggered spacing in compression members d) Staggered spacing in tension members

o, 1
[
1

L
NG /
o &

e) End and edge distances for slotted holes

Figure 3.1: Symbols for end and edge distances and spacing of fasteners

3.6 Design resistance of individual fasteners
3.6.1 Bolts and rivets
(1)  The design resistance for an individual fastener subjected to shear and/or tension is given in Table 3.4.

(2) For preloaded bolts in accordance with 3.1.2(1) the design preload, F,cq ,to be used in design
calculations should be taken as:

Foca=0,7 fun As / ymr .. (3.1)

NOTE: Where the preload is not used in design calculations see note to Table 3.2.

(3) The design resistances for tension and for shear through the threaded portion of a bolt given in Table
3.4 should only be used for bolts manufactured in conformity with 1.2.4 Reference Standard: Group 4.
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For bolts with cut threads, such as anchor bolts or tie rods fabricated from round steel bars where the
threads comply with EN 1090, the relevant values from Table 3.4 should be used. For bolts with cut
threads where the threads do not comply with EN 1090 the relevant values from Table 3.4 should be
multiplied by a factor of 0,85.

The design shear resistance Fy rq given in Table 3.4 should only be used where the bolts are used in
holes with nominal clearances not exceeding those for normal holes as specified in 1.2.7 Reference
Standards: Group 7.

M12 and M14 bolts may also be used in 2 mm clearance holes provided that the design resistance of
the bolt group based on bearing is greater or equal to the design resistance of the bolt group based on
bolt shear. In addition for class 4.8, 5.8, 6.8, 8.8 and 10.9 bolts the design shear resistance F\ zq should
be taken as 0,85 times the value given in Table 3.4.

Fit bolts should be designed using the method for bolts in normal holes.

The thread of a fit bolt should not be included in the shear plane.

The length of the threaded portion of a fit bolt included in the bearing length should not exceed 1/3 of
the thickness of the plate, see Figure 3.2.

The hole tolerance used for fit bolts should be in accordance with 1.2.7 Reference Standards: Group 7.

In single lap joints with only one bolt row, see Figure 3.3, the bolts should be provided with washers
under both the head and the nut. The design bearing resistance Fy rq for each bolt should be limited to:

Fora< 15 fud t/ pn ..(3.2)

NOTE: Single rivets should not be used in single lap joints.

In the case of class 8.8 or 10.9 bolts, hardened washers should be used for single lap joints with only
one bolt or one row of bolts.

Where bolts or rivets transmitting load in shear and bearing pass through packing of total thickness ¢,

greater than one-third of the nominal diameter d, see Figure 3.4, the design shear resistance Fyrq
calculated as specified in Table 3.4, should be multiplying by a reduction factor f, given by:

9d
= — but A, <1 ..(3.3
Bo 8d + 3tp ut f, < (3.3)

For double shear connections with packing on both sides of the splice, £, should be taken as the
thickness of the thicker packing.

Riveted connections should be designed to transfer shear forces. If tension is present the design tensile
force Firq should not exceed the design tension resistance Firq given in Table 3.4.

For grade S 235 steel the "as driven" value of f;, may be taken as 400 N/mm”.

As a general rule, the grip length of a rivet should not exceed 4,5d for hammer riveting and 6,54 for
press riveting.
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451/3 J{ i

|mune|

Figure 3.2: Threaded portion of the shank in the bearing length for fit bolts

L |
- |
! [ T

- |
| i
[ |
|

Figure 3.3: Single lap joint with one row of bolts

Packing plates
— I | H— Ltp
I —— -
+ 0+
+ 0+
+ EE +
+ 0+
| | i; 4 $

Figure 3.4: Fasteners through packings

26

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

Table 3.4: Design resistance for individual fasteners subjected to shear and/or

tension
Failure mode Bolts Rivets
- a A 0,6 f,, 4
S{lear resistance per shear Fyra= - ub Fyra= Ju A
plane Va2 V2
- where the shear plane passes through the
threaded portion of the bolt (4 is the tensile stress
area of the bolt 4;):
- for classes 4.6, 5.6 and 8.8:
o, = 0,6
- for classes 4.8, 5.8, 6.8 and 10.9:
o, = 0,5
- where the shear plane passes through the
unthreaded portion of the bolt (4 is the gross cross
section of the bolt): a, =0,6
Bearing resistance " 2" Frooo= kia, f,dt
bRA= —
Y m2
where oy, is the smallest of oy ; Juw or 1,0;
in the direction of load transfer: !
e 1
- for end bolts: 0= —=— ; for inner bolts: o4 = P2
0 3d, 4
perpendicular to the direction of load transfer:
e
- for edge bolts: ky is the smallest of 2,8d—2 —-1,7 or2,5
0
- for inner bolts: k; is the smallest of 1,4 % —-1,7 or2,5
0
Tension resistance ” - ky fu A _ 0,6 /., 4
Fira Fira
V2 V2
where k> = 0,63 for countersunk bolt,
otherwise k, =0,9.
Punching shear resistance Bpyra = 0,6 mdm tp fu/ yv2 No check needed
. F F
Combmed shear and vEd  ToEd 1.0
tension Fv’Rd 1,4 Ft,Rd

D

2)

3)

The bearing resistance Fy, rq for bolts
- 1in oversized holes is 0,8 times the bearing resistance for bolts in normal holes.

- in slotted holes, where the longitudinal axis of the slotted hole is perpendicular to the direction of
the force transfer, is 0,6 times the bearing resistance for bolts in round, normal holes.

For countersunk bolt:

- the bearing resistance Fy,rq should be based on a plate thickness ¢ equal to the thickness of the
connected plate minus half the depth of the countersinking.

- for the determination of the tension resistance Frq the angle and depth of countersinking should
conform with 1.2.4 Reference Standards: Group 4, otherwise the tension resistance Firq should
be adjusted accordingly.

When the load on a bolt is not parallel to the edge, the bearing resistance may be verified separately

for the bolt load components parallel and normal to the end.
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3.6.2

Injection bolts

3.6.2.1 General

)

@

Injection bolts may be used as an alternative to ordinary bolts and rivets for category A, B and C
connections specified in 3.4.

Fabrication and erection details for injection bolts are given in 1.2.7 Reference Standards: Group 7.

3.6.2.2  Design resistance

(M

()

3

“

(6))

(6)

28

The design method given in 3.6.2.2(2) to 3.6.2.2(6) should be used for connections with injection bolts
of class 8.8 or 10.9. Bolt assemblies should conform with the requirements given in 1.2.4 Reference
Standards: Group 4, but see 3.6.2.2(3) for when preloaded bolts are used.

The design ultimate shear load of any bolt in a Category A connection should not exceed the smaller
of the following: the design shear resistance of the bolt as obtained from 3.6 and 3.7; the design
bearing resistance of the resin as obtained from 3.6.2.2(5).

Preloaded injection bolts should be used for category B and C connections, for which preloaded bolt
assemblies in accordance with 3.1.2(1) should be used.

The design serviceability shear load of any bolt in a category B connection and the design ultimate
shear load of any bolt in a category C connection should not exceed the design slip resistance of the
bolt as obtained from 3.9 at the relevant limit state plus the design bearing resistance of the resin as
obtained from 3.6.2.2(5) at the relevant limit state. In addition the design ultimate shear load of a bolt
in a category B or C connection should not exceed either the design shear resistance of the bolt as
obtained from 3.6, nor the design bearing resistance of the bolt as obtained from 3.6 and 3.7.

The design bearing resistance of the resin, Fyryresin, may be determined according to the following
equation:

k k dt resin resin
Fb,Rd,resin =1 bre ﬂfb, (34)

Vma

where:
Firaresin 1S the bearing strength of an injection bolt

s is a coefficient depending of the thickness ratio of the connected plates as given in Table 3.5
and Figure 3.5

Joresin 1S the bearing strength of the resin to be determined according to the 1.2.7 Reference
Standards: Group 7.

tv, resin 18 the effective bearing thickness of the resin, given in Table 3.5

ki is 1,0 for serviceability limit state (long duration)
is 1,2 for ultimate limit state

s taken as 1,0 for holes with normal clearances or (1,0 - 0,1 m), for oversized holes

—

k,

m is the difference (in mm) between the normal and oversized hole dimensions. In the case of
short slotted holes as specified in 1.2.7 Reference Standards: Group 7, m =0, 5 - (the difference
(in mm) between the hole length and width).

When calculating the bearing resistance of a bolt with a clamping length exceeding 3d, a value of not
more than 3d should be taken to determine the effective bearing thickness #, sin (see Figure 3.6).
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Figure 3.5: Factor B as a function of the thickness ratio of the connected plates

3.7
(M

3.8
(M

Table 3.5: Values of 8 and ¢, sin

ZLl / t2 ﬁ ZLb,resin

>2,0 1,0 26,<1,5d
1.0<4/t<2,0 1,66 - 0,33 (1, / 1) n<15d

<10 1,33 H<1,5d

b
M

Figure 3.6: Limiting effective length for long injection bolts

Group of fasteners

The design resistance of a group of fasteners may be taken as the sum of the design bearing resistances
Fyra of the individual fasteners provided that the design shear resistance F,rq of each individual
fastener is greater than or equal to the design bearing resistance Fy,rq . Otherwise the design resistance
of a group of fasteners should be taken as the number of fasteners multiplied by the smallest design
resistance of any of the individual fasteners.

Long joints

Where the distance L; between the centres of the end fasteners in a joint, measured in the direction of
force transfer (see Figure 3.7), is more than 15 d, the design shear resistance F, rq of all the fasteners
calculated according to Table 3.4 should be reduced by multiplying it by a reduction factor S+, given
by:

L, -15d
200d

Br=1- .. (3.5)
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but pir < 1,0 and fir > 0,75

(2)  The provision in 3.8(1) does not apply where there is a uniform distribution of force transfer over the
length of the joint, e.g. the transfer of shear force between the web and the flange of a section.

}—F

IR N IR B

Figure 3.7: Long joints

3.9 Slip-resistant connections using 8.8 or 10.9 bolts
3.9.1 Design Slip resistance

(1)  The design slip resistance of a preloaded class 8.8 or 10.9 bolt should be taken as:

k, nu

Fs,Rd = Fp,C

Vms3

ks 1is  given in Table 3.6

n 1s the number of the friction surfaces

.. (3.6)

u is  the slip factor obtained either by specific tests for the friction surface in accordance with

1.2.7 Reference Standards: Group 7 or when relevant as given in Table 3.7.

(2) For class 8.8 and 10.9 bolts conforming with 1.2.4 Reference Standards: Group 4, with controlled
tightening in conformity with 1.2.7 Reference Standards: Group 7, the preloading force F, ¢ to be used

in equation (3.6) should be taken as:

Fp,C = 097ﬁ1b As

Table 3.6: Values of kg

(37

transfer.

Description ks
Bolts in normal holes. 1,0
Bolts in either oversized holes or short slotted holes with the axis of the slot 0.85
perpendicular to the direction of load transfer. ’
Bolts in long slotted holes with the axis of the slot perpendicular to the direction of load 0.7
transfer. ’
Bolts in short slotted holes with the axis of the slot parallel to the direction of load 0.76
transfer. ’
Bolts in long slotted holes with the axis of the slot parallel to the direction of load 0.63
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Table 3.7: Slip factor, y, for pre-loaded bolts

Class of friction surfaces (see 1.2.7 Reference Slip factor u
Standard: Group 7)
A 0,5
B 0.4
C 0,3
D 0,2

NOTE 1: The requirements for testing and inspection are given in 1.2.7 Reference Standards:
Group 7.

NOTE 2: The classification of any other surface treatment should be based on test specimens
representative of the surfaces used in the structure using the procedure set out in 1.2.7
Reference Standards: Group 7.

NOTE 3: The definitions of the class of friction surface are given in 1.2.7 Reference
Standards: Group 7.

NOTE 4: With painted surface treatments a loss of pre-load may occur over time.

3.9.2 Combined tension and shear

(M

@

If a slip-resistant connection is subjected to an applied tensile force, Figq Or Figaser, in addition to the
shear force, F, gq or F\ qser, tending to produce slip, the design slip resistance per bolt should be taken
as follows:

k,npw (F, . —08F ., .. )
for a category B connection: FiRrdser =— p.C L ... (3.8a)
’YM3,ser

k., n F . - 08F
for a category C connection: Fipa= — # Fye ) ... (3.8b)
V3

If, in a moment connection, a contact force on the compression side counterbalances the applied
tensile force no reduction in slip resistance is required.

3.9.3 Hybrid connections

@)

As an exception to 2.4(3) , preloaded class 8.8 and 10.9 bolts in connections designed as slip-resistant
at the ultimate limit state (Category C in 3.4) may be assumed to share load with welds, provided that
the final tightening of the bolts is carried out after the welding is complete.

3.10 Deductions for fastener holes

3.10.1 General

Q)

Deduction for holes in the member design should be made according to EN 1993-1-1.
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3.10.2 Design for block tearing

@)

@

(€)

32

Block tearing consists of failure in shear at the row of bolts along the shear face of the hole group
accompanied by tensile rupture along the line of bolt holes on the tension face of the bolt group.
Figure 3.8 shows block tearing.

For a symmetric bolt group subject to concentric loading the design block tearing resistance, Ve ra 15
given by:

Veff’l,Rd = fu Am /yMZ + (1 / \/3)f;, An\, /yMO (39)

where:
Ay 1S net area subjected to tension;

A, 1S net area subjected to shear.

For a bolt group subject to eccentric loading the design block shear tearing resistance Vegora 1S given
by:

Verrara= 0,5 £ Anc /yniz + (1/33) £y Any /o .. (3.10)
7 J \%5/4 [‘
I y Al L I+ |
_€
:(

1 small tension force
2 large shear force
3 small shear force
4 large tension force

Figure 3.8: Block tearing
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3.10.3 Angles connected by one leg and other unsymmetrically connected members in tension

@)

@

The eccentricity in joints, see 2.7(1), and the effects of the spacing and edge distances of the bolts,
should be taken into account in determining the design resistance of:

- unsymmetrical members;
- symmetrical members that are connected unsymmetrically, such as angles connected by one leg.

A single angle in tension connected by a single row of bolts in one leg, see Figure 3.9, may be treated
as concentrically loaded over an effective net section for which the design ultimate resistance should

be determined as follows:

_ 2,0(92 _Oano)l fu

with 1 bolt: Nurd .. (3.11)
Y m2

A

with 2 bolts: Nurd = M .. (3.12)
V2
A

with 3 or more bolts: Nurd = M .. (3.13)
Vo

where:

[ and S5 are reduction factors dependent on the pitch p; as given in Table 3.8. For intermediate values
of p; the value of f may be determined by linear interpolation;

An 1s the net area of the angle. For an unequal-leg angle connected by its smaller leg, A, should
be taken as equal to the net section area of an equivalent equal-leg angle of leg size equal to that
of the smaller leg.

Table 3.8: Reduction factors £, and f;

Pitch p1 <2,5d, >5,0d,
2 bolts B 0,4 0,7
3 bolts or more i 0,5 0,7

a) 1 bolt
b) 2 bolts

I
- 1 ~I10 - _$_ }L c) 3 bolts
[— (a)

ey P, 84 Py | Py

@

@ 9 - & & @ -

(b) (e)

Figure 3.9: Angles connected by one leg
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3.10.4 Lug angles

)

@

3

“

©)

(6)

3.1
(M

The Lug angle shown in Figure 3.10 connects angle members and their fasteners to a gusset or other
supporting part and should be designed to transmit a force 1,2 times the force in the outstand of the
angle connected.

The fasteners connecting the lug angle to the outstand of the angle member should be designed to
transmit a force 1,4 times the force in the outstand of the angle member.

Lug angles connecting a channel or a similar member should be designed to transmit a force 1,1 times
the force in the channel flanges to which they are attached.

The fasteners connecting the lug angle to the channel or similar member should be designed to
transmit a force 1,2 times the force in the channel flange which they connect.

In no case should less than two bolts or rivets be used to attach a lug angle to a gusset or other
supporting part.

The connection of a lug angle to a gusset plate or other supporting part should terminate at the end of
the member connected. The connection of the lug angle to the member should run from the end of the
member to a point beyond the direct connection of the member to the gusset or other supporting part.

Figure 3.10: Lug angles

Prying forces

Where fasteners are required to carry an applied tensile force, they should be designed to resist the
additional force due to prying action, where this can occur.

NOTE: The rules given in 6.2.4 implicitly account for prying forces.

3.12 Distribution of forces between fasteners at the ultimate limit state

@)

2

(€)

34

When a moment is applied to a joint, the distribution of internal forces may be either linear (i.e.
proportional to the distance from the centre of rotation) or plastic, (i.e. any distribution that is in
equilibrium is acceptable provided that the resistances of the components are not exceeded and the
ductility of the components is sufficient).

The elastic linear distribution of internal forces should be used for the following:
- when bolts are used creating a category C slip-resistant connection,

- in shear connections where the design shear resistance F, rq of a fastener is less than the design
bearing resistance F rq,

- where connections are subjected to impact, vibration or load reversal (except wind loads).

When a joint is loaded by a concentric shear only, the load may be assumed to be uniformly
distributed amongst the fasteners, provided that the size and the class of fasteners is the same.
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3.13 Connections made with pins
3.13.1 General
(1)  Wherever there is a risk of pins becoming loose, they should be secured.
(2) Pin connections in which no rotation is required may be designed as single bolted connections,
provided that the length of the pin is less than 3 times the diameter of the pin, see 3.6.1. For all other

cases the method given in 3.13.2 should be followed.

(3) In pin-connected members the geometry of the unstiffnened element that contains a hole for the pin
should satisfy the dimensional requirements given in Table 3.9.

Table 3.9: Geometrical requirements for pin ended members

Type A: Given thickness t
[
l ¢
- ED a
FEd ’
I
| K2
-~ [T 1] !
FEd
a> FeqYwmo + 2d, N FeaYmo +d_0
2tf, 3 2tf, 3
Type B: Given geometry
1,6dg
(«—-1 0,75¢
i :rLO T
i ER
<__.____l d, 2,5d,
FE& I 1,3dg
l .
e
0.3dg

£20,7 Fﬁdfﬂ L d, <25t

y

(4)  Pin connected members should be arranged such to avoid eccentricity and should be of sufficient size
to distribute the load from the area of the member with the pin hole into the member away from the

pin.
3.13.2 Design of pins

(1)  The design requirements for solid circular pins are given in Table 3.10.
(2) The moments in a pin should be calculated on the basis that the connected parts form simple supports.
It should be generally assumed that the reactions between the pin and the connected parts are

uniformly distributed along the length in contact on each part as indicated in Figure 3.11.

(3) If the pin is intended to be replaceable, in addition to the provisions given in 3.13.1 to 3.13.2, the
contact bearing stress should satisfy:

Ohed < fhrd .. (3.14)

where:
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EF,., (d,-d
onea = 0,591 """’“’2( o =9) .. (3.15)
d-t
fhra = 2,58/ P M6 ser ...(3.16)
where:

d is the diameter of the pin;
dy  is the diameter of the pin hole;

Fraser is the design value of the force to be transferred in bearing, under the characteristic load
combination for serviceability limit states.

Table 3.10: Design criteria for pin connections

Failure mode Design requirements
Shear resistance of the pin Fyra =0,6 4 fop/7v2 > Fygd
Bearing resistance of the plate and the pin Fura — 15 tdf o > Fom
If the pin is intended to be replaceable this
: = o > :
requirement should also be satisfied. Foraser 0.6 tdfy/ysser 2 Fiopaser
Bending resistance of the pin
£ P My =15 Wefyo/ymo > Mg
If the pin is intended to be replaceable this
= : >

requirement should also be satisfied. Mraser 0.8 Wet fyp/pvisser = Mraser

M, T [Fo]
Combined shear and bending resistance of the pin {l} + {V—Ed} <1

My, v.Rd

d is  the diameter of the pin;

Iy is the lower of the design strengths of the pin and the connected part;
Jop is  the ultimate tensile strength of the pin;

Sy is  the yield strength of the pin;

t is  the thickness of the connected part;

A is  the cross-sectional area of a pin.
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Fea

3 (b+4c+2a)

Mgy =

Figure 3.11: Bending moment in a pin
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4 Welded connections

41
(M

2
(€))

“4)
(6))
4.2

Q)

@

4.3

4.3.1

Q)

(@)

General

The provisions in this section apply to weldable structural steels conforming to EN 1993-1-1 and to
material thicknesses of 4 mm and over. The provisions also apply to joints in which the mechanical
properties of the weld metal are compatible with those of the parent metal, see 4.2.

For welds in thinner material reference should be made to EN 1993 part 1.3 and for welds in structural

hollow sections in material thicknesses of 2,5 mm and over guidance is given section 7 of this
Standard.

For stud welding reference should be made to EN 1994-1-1.

NOTE: Further guidance on stud welding can be found in EN ISO 14555 and EN ISO 13918.

Welds subject to fatigue should also satisfy the principles given in EN 1993-1-9.

Quality level C according to EN ISO 25817 is usually required, if not otherwise specified. The
frequency of inspection of welds should be specified in accordance with the rules in 1.2.7 Reference
Standards: Group 7. The quality level of welds should be chosen according to EN ISO 25817. For the
quality level of welds used in fatigue loaded structures, see EN 1993-1-9.

Lamellar tearing should be avoided.

Guidance on lamellar tearing is given in EN 1993-1-10.

Welding consumables

All welding consumables should conform to the relevant standards specified in 1.2.5 Reference
Standards; Group 5.

The specified yield strength, ultimate tensile strength, elongation at failure and minimum Charpy
V-notch energy value of the filler metal, should be equivalent to, or better than that specified for the

parent material.

NOTE: Generally it is safe to use electrodes that are overmatched with regard to the steel grades
being used.

Geometry and dimensions

Type of weld
This Standard covers the design of fillet welds, fillet welds all round, butt welds, plug welds and flare
groove welds. Butt welds may be either full penetration butt welds or partial penetration butt welds.

Both fillet welds all round and plug welds may be either in circular holes or in elongated holes.

The most common types of joints and welds are illustrated in EN 12345.

4.3.2 Fillet welds

4.3.2.1 General

()

38

Fillet welds may be used for connecting parts where the fusion faces form an angle of between 60° and
120°.
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Angles smaller than 60° are also permitted. However, in such cases the weld should be considered to
be a partial penetration butt weld.

For angles greater than 120° the resistance of fillet welds should be determined by testing in
accordance with EN 1990 Annex D: Design by testing.

Fillet welds finishing at the ends or sides of parts should be returned continuously, full size, around the
corner for a distance of at least twice the leg length of the weld, unless access or the configuration of

the joint renders this impracticable.

NOTE: In the case of intermittent welds this rule applies only to the last intermittent fillet weld at
corners.

End returns should be indicated on the drawings.

For eccentricity of single-sided fillet welds, see 4.12.

4.3.2.2 Intermittent fillet welds

(M
@

3)

“4)

®)

Intermittent fillet welds should not be used in corrosive conditions.

In an intermittent fillet weld, the gaps (L; or L, ) between the ends of each length of weld L., should
fulfil the requirement given in Figure 4.1.

In an intermittent fillet weld, the gap (L, or L,) should be taken as the smaller of the distances between
the ends of the welds on opposite sides and the distance between the ends of the welds on the same
side.

In any run of intermittent fillet weld there should always be a length of weld at each end of the part
connected.

In a built-up member in which plates are connected by means of intermittent fillet welds, a continuous

fillet weld should be provided on each side of the plate for a length at each end equal to at least
three-quarters of the width of the narrower plate concerned (see Figure 4.1).
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Ly r_H by
F!Ed Ft Ed l
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I
L — ey F—
N " Lve
The smallerof Lw>0,75b and 0,75 b,
For build-up members in tension:
The smallestof L;<16t and 16 t and 200 mm
For build-up members in compression or shear:
The smallestof [,<12t and 12 t4 and 0,25 b and 200 mm

Figure 4.1: Intermittent fillet welds

4.3.3 Fillet welds all round

@)

()

(€)

“

Fillet welds all round, comprising fillet welds in circular or elongated holes, may be used only to
transmit shear or to prevent the buckling or separation of lapped parts.

The diameter of a circular hole, or width of an elongated hole, for a fillet weld all round should not be
less than four times the thickness of the part containing it.

The ends of elongated holes should be semi-circular, except for those ends which extend to the edge of
the part concerned.

The centre to centre spacing of fillet welds all round should not exceed the value necessary to prevent
local buckling, see Table 3.3.

4.3.4 Buttwelds

Q)

40

A full penetration butt weld is defined as a weld that has complete penetration and fusion of weld and
parent metal throughout the thickness of the joint.
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A partial penetration butt weld is defined as a weld that has joint penetration which is less than the full
thickness of the parent material.

Intermittent butt welds should not be used.

For eccentricity in single-sided partial penetration butt welds, see 4.12.

4.3.5 Plug welds

Q)

@

(€)

4)

(&)

Plug welds may be used:
- to transmit shear,
- to prevent the buckling or separation of lapped parts, and

- to inter-connect the components of built-up members
but should not be used to resist externally applied tension.

The diameter of a circular hole, or width of an elongated hole, for a plug weld should be at least § mm
more than the thickness of the part containing it.

The ends of elongated holes should either be semi-circular or else should have corners which are
rounded to a radius of not less than the thickness of the part containing the slot, except for those ends
which extend to the edge of the part concerned.

The thickness of a plug weld in parent material up to 16 mm thick should be equal to the thickness of
the parent material. The thickness of a plug weld in parent material over 16 mm thick should be at
least half the thickness of the parent material and not less than 16 mm.

The centre to centre spacing of plug welds should not exceed the value necessary to prevent local
buckling, see Table 3.3.

4.3.6 Flare groove welds

)

44
)

@

For solid bars the design effective throat thickness of flare groove welds, when fitted flush to the
surface of the solid section of the bars, is defined in Figure 4.2. The definition of the design throat
thickness of flare groove welds in rectangular hollow sections is given in 7.3.1(7).

Figure 4.2: Effective throat thickness of flare groove welds in solid sections

Welds with packings

In the case of welds with packing, the packing should be trimmed flush with the edge of the part that is
to be welded.

Where two parts connected by welding are separated by packing having a thickness less than the leg

length of weld necessary to transmit the force, the required leg length should be increased by the
thickness of the packing.

41
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4.5

4.51

(M

2

Where two parts connected by welding are separated by packing having a thickness equal to, or
greater than, the leg length of weld necessary to transmit the force, each of the parts should be
connected to the packing by a weld capable of transmitting the design force.

Design resistance of a fillet weld

Length of welds
The effective length of a fillet weld / should be taken as the length over which the fillet is full-size.
This maybe taken as the overall length of the weld reduced by twice the effective throat thickness a.
Provided that the weld is full size throughout its length including starts and terminations, no reduction

in effective length need be made for either the start or the termination of the weld.

A fillet weld with an effective length less than 30 mm or less than 6 times its throat thickness,
whichever is larger, should not be designed to carry load.

4.5.2 Effective throat thickness

@)

(@)
3)

The effective throat thickness, a, of a fillet weld should be taken as the height of the largest triangle
(with equal or unequal legs) that can be inscribed within the fusion faces and the weld surface,
measured perpendicular to the outer side of this triangle, see Figure 4.3.

The effective throat thickness of a fillet weld should not be less than 3 mm.
In determining the design resistance of a deep penetration fillet weld, account may be taken of its

additional throat thickness, see Figure 4.4, provided that preliminary tests show that the required
penetration can consistently be achieved.

AR
NG |

Figure 4.3: Throat thickness of a fillet weld

7

[ ~__
.
v

Figure 4.4: Throat thickness of a deep penetration fillet weld

4.5.3 Design Resistance of fillet welds

4.5.3.1 General

@)

42

The design resistance of a fillet weld should be determined using either the Directional method given
in 4.5.3.2 or the Simplified method given in 4.5.3.3.
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4.5.3.2 Directional method

(1) In this method, the forces transmitted by a unit length of weld are resolved into components parallel
and transverse to the longitudinal axis of the weld and normal and transverse to the plane of its throat.

(2)  The design throat area 4, should be taken as Ay, = Y.a Lef .
(3)  The location of the design throat area should be assumed to be concentrated in the root.

(4) A uniform distribution of stress is assumed on the throat section of the weld, leading to the normal
stresses and shear stresses shown in Figure 4.5, as follows:

- oL is the normal stress perpendicular to the throat
- o] is the normal stress parallel to the axis of the weld
- 1L is the shear stress (in the plane of the throat) perpendicular to the axis of the weld

- 1| is the shear stress (in the plane of the throat) parallel to the axis of the weld.

Figure 4.5: Stresses on the throat section of a fillet weld

(5)  The normal stress o parallel to the axis is not considered when verifying the design resistance of the
weld.

(6)  The design resistance of the fillet weld will be sufficient if the following are both satisfied:
oL +3 @2+ )] < fo/ Buymz) and oL < 0.9/ / ymo . (4.0
where:

fu is  the nominal ultimate tensile strength of the weaker part joined;

pw 1s  the appropriate correlation factor taken from Table 4.1.

(7)  Welds between parts with different material strength grades should be designed using the properties of
the material with the lower strength grade.

43
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Table 4.1: Correlation factor g, for fillet welds

Standard and steel grade

Correlation factor S,

EN 10025 EN 10210 EN 10219
S 235
S S235H S235H 0.8
S 275 S275H
S 275 N/NL S 27352;;%LH S 275 NH/NLH 0.85
S 275 M/ML S 275 MH/MLH
S 355
S355H
S 355 N/NL S355H
S 355 NH/NLH 0.9
S 355 M/ML S 355 NH/NLH ’
SVt S 355 ME/MLH
S 420 N/NL
S ML S 420 MH/MLH 1.0
S 460 N/NL
S 460 M/ML S 460 NH/NLH SS :66(()) ANAE%E% 1.0
S 460 Q/QL/QL1

4.5.3.3 Simplified method for design resistance of fillet weld

Q)

2

3

4.6
@)

44

Alternatively to 4.5.3.2 the design resistance of a fillet weld may be assumed to be adequate if, at
every point along its length, the resultant of all the forces per unit length transmitted by the weld
satisfy the following criterion:

Fyrd < Fyrd .. (4.2)

where:
Fyrqa is the design value of the weld force per unit length;

Fyra 1s the design weld resistance per unit length.

Independent of the orientation of the weld throat plane to the applied force, the design resistance per
unit length Fy, rq should be determined from:

Fw,Rd :f\‘/w,d a (43)
where:
fowa 1s the design shear strength of the weld.

The design shear strength f.., 4 of the weld should be determined from:

ARE

vwd — T (44)
ﬂwj/MZ

where:
fuand B, are defined in 4.5.3.2(6).
Design resistance of fillet welds all round

The design resistance of a fillet weld all round should be determined using one of the methods given in
4.5.
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Design resistance of butt welds
Full penetration butt welds
The design resistance of a full penetration butt weld should be taken as equal to the design resistance
of the weaker of the parts connected, provided that the weld is made with a suitable consumable which

will produce all-weld tensile specimens having both a minimum yield strength and a minimum tensile
strength not less than those specified for the parent metal.

4.7.2 Partial penetration butt welds

)

2

The design resistance of a partial penetration butt weld should be determined using the method for a
deep penetration fillet weld given in 4.5.2(3).

The throat thickness of a partial penetration butt weld should not be greater than the depth of
penetration that can be consistently achieved, see 4.5.2(3).

4.7.3 T-butt joints

(M

@

4.8
Q)

The design resistance of a T-butt joint, consisting of a pair of partial penetration butt welds reinforced
by superimposed fillet welds, may be determined as for a full penetration butt weld (see 4.7.1) if the
total nominal throat thickness, exclusive of the unwelded gap, is not less than the thickness t of the
part forming the stem of the tee joint, provided that the unwelded gap is not more than (¢ / 5) or 3 mm,
whichever is less, see Figure 4.6(a).

The design resistance of a T-butt joint which does not meet the requirements given in 4.7.3(1) should
be determined using the method for a fillet weld or a deep penetration fillet weld given in 4.5
depending on the amount of penetration. The throat thickness should be determined in conformity with
the provisions for fillet welds (see 4.5.2) or partial penetration butt welds (see 4.7.2) as relevant.

T . T Anom,1 + Anom,2 >t
Cnom Should be the smaller of #/5 and 3 mm

Figure 4.6: Effective full penetration of T-butt welds

Design resistance of plug welds
The design resistance F\, rq of a plug weld (see 4.3.3) should be taken as:

Fw,Rd = fvw,d Awa (45)

where
fuwa 18 the design shear strength of a weld given in 4.5.3.3(3);

A,, is the design throat area and should be taken as the area of the hole.

45
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(6)

™)

Distribution of forces

The distribution of forces in a welded connection may be calculated on the assumption of either elastic
or plastic behaviour in conformity with 2.4 and 2.5.

It is acceptable to assume a simplified load distribution within the welds.

Residual stresses and stresses not subjected to transfer of load need not be included when checking the
resistance of a weld. This applies specifically to the normal stress parallel to the axis of a weld.

Welded joints should be designed to have adequate deformation capacity. However, ductility of the
welds should not be relied upon.

In joints where plastic hinges may form, the welds should be designed to provide at least the same
design resistance as the weakest of the connected parts.

In other joints where deformation capacity for joint rotation is required due to the possibility of
excessive straining, the welds require sufficient strength not to rupture before general yielding in the
adjacent parent material.

If the design resistance of an intermittent weld is determined by using the total length £y, the weld
shear force per unit length F,, g4 should be multiplied by the factor (e+£)/{, see Figure 4.7.

LLE0Lg AL [L3

1

4 e | B e
Lot

Figure 4.7: Calculation of weld forces for intermittent welds

4.10 Connections to unstiffened flanges

@)

46

Where a transverse plate (or beam flange) is welded to a supporting unstiffened flange of an I, H or
other section, see Figure 4.8, and provided that the condition given in 4.10(3) is met, the applied force
perpendicular to the unstiffened flange should not exceed any of the relevant design resistances as
follows:

—  that of the web of the supporting member of I or H sections as given in 6.2.6.2 or 6.2.6.3 as
appropriate;
- those for a transverse plate on a RHS member as given in Table 7.13;

- that of the supporting flange as given by formula (6.20) in 6.2.6.4.3(1) calculated assuming the
applied force is concentrated over an effective width, b, of the flange as given in 4.10(2) or
4.10(4) as relevant.
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Figure 4.8: Effective width of an unstiffened T-joint

For an unstiffened I or H section the effective width b.s should be obtained from:

b=t +2S+7ktf ... (4.6a)
where:
k= (tf/tp)(fy,f /fy,p) but k< 1 ... (4.6b)

fye 1s  the yield strength of the flange of the I or H section;
fyp 1s  theyield strength of the plate welded to the I or H section.

The dimension s should be obtained from:

- forarolled I or H section: s=r ... (4.6¢)

- forawelded I or H section: s = \/5 a ... (4.6d)

For an unstiffened flange of an I or H section , the following criterion should be satisfied:

b = (f,, 1 [, )b, o (47)

where:
fup 18 the ultimate strength of the plate welded to the I or H section;
b, is the width of the plate welded to the I or H section.

Otherwise the joint should be stiffened.

For other sections such as box sections or channel sections where the width of the connected plate is
similar to the width of the flange, the effective width b.¢ should be obtained from:

ber=2t, + 5ty but bey<2t,t5kt (48)

NOTE: For hollow sections, see Table 7.13.

Even if bt < b,, the welds connecting the plate to the flange need to be designed to transmit the

design resistance of the plate bp#pfyp/ymo assuming a uniform stress distribution.

47
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4.11 Long joints

(1) In lap joints the design resistance of a fillet weld should be reduced by multiplying it by a reduction
factor S, to allow for the effects of non-uniform distribution of stress along its length.

(2)  The provisions given in 4.11 do not apply when the stress distribution along the weld corresponds to
the stress distribution in the adjacent base metal, as, for example, in the case of a weld connecting the
flange and the web of a plate girder.

(3) Inlap joints longer than 150a the reduction factor Sy, should be taken as f5,; given by:

Prwi=12-02L; /(150a) but pr,,<1,0 ... (4.9
where:

Ly is the overall length of the lap in the direction of the force transfer.

(4) For fillet welds longer than 1,7 metres connecting transverse stiffeners in plated members, the
reduction factor i, may be taken as f,,, given by:

ﬂLw.Z = 1,1 *LW /17 but ﬁLwZ S 1,0 and ﬁLwZ 2 0,6 (410)
where:

L, is the length of the weld (in metres).
4.12 Eccentrically loaded single fillet or single-sided partial penetration butt welds
(1)  Local eccentricity should be avoided whenever it is possible.

(2)  Local eccentricity (relative to the line of action of the force to be resisted) should be taken into account
in the following cases:

- Where a bending moment transmitted about the longitudinal axis of the weld produces tension at
the root of the weld, see Figure 4.9(a);

- Where a tensile force transmitted perpendicular to the longitudinal axis of the weld produces a
bending moment, resulting in a tension force at the root of the weld, see Figure 4.9(b).
(3) Local eccentricity need not be taken into account if a weld is used as part of a weld group around the
perimeter of a structural hollow section.

KN KN
(a) Bending moment produces tension at the (b)  Tensile force produces tension at the root of
root of the weld the weld

Figure 4.9: Single fillet welds and single-sided partial penetration butt welds

4.13 Angles connected by one leg
(1) In angles connected by one leg, the eccentricity of welded lap joint end connections may be allowed
for by adopting an effective cross-sectional area and then treating the member as concentrically

loaded.

(2) For an equal-leg angle, or an unequal-leg angle connected by its larger leg, the effective area may be
taken as equal to the gross area.

48
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For an unequal-leg angle connected by its smaller leg, the effective area should be taken as equal to
the gross cross-sectional area of an equivalent equal-leg angle of leg size equal to that of the smaller
leg, when determining the design resistance of the cross-section, see EN 1993-1-1. However when
determining the design buckling resistance of a compression member, see EN 1993-1-1, the actual
gross cross-sectional area should be used.

4.14 Welding in cold-formed zones

(M

Welding may be carried out within a length 5t either side of a cold-formed zone, see Table 4.2,
provided that one of the following conditions is fulfilled:

- the cold-formed zones are normalized after cold-forming but before welding;

- the r/t-ratio satisfy the relevant value obtained from Table 4.2.

Table 4.2: Conditions for welding cold-formed zones and adjacent material

Maximum thickness (mm)

” Strain due to cold Generally A\l Fu}l}_l killleﬁ1 ;
i uminium-kille
forming (%) Predominantly Where fatigue steel
static loading predominates (A1>0,02 %)
>10 <5 any 16 any
>3,0 <14 24 12 24
>20 <20 12 10 12
>1,5 <25 8 8 10
= 1,0 <33 4 4 6

5t

- g%@m%
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5 Analysis, classification and modelling

5.1 Global analysis

5.1.1 General

(1)  The effects of the behaviour of the joints on the distribution of internal forces and moments within a
structure, and on the overall deformations of the structure, should generally be taken into account, but
where these effects are sufficiently small they may be neglected.

(2) To identify whether the effects of joint behaviour on the analysis need be taken into account, a
distinction may be made between three simplified joint models as follows:

- simple, in which the joint may be assumed not to transmit bending moments;

- continuous, in which the behaviour of the joint may be assumed to have no effect on the analysis;

- semi-continuous, in which the behaviour of the joint needs to be taken into account in the
analysis.

(3) The appropriate type of joint model should be determined from Table 5.1, depending on the
classification of the joint and on the chosen method of analysis.

(4) The design moment-rotation characteristic of a joint used in the analysis may be simplified by
adopting any appropriate curve, including a linearized approximation (e.g. bi-linear or tri-linear),
provided that the approximate curve lies wholly below the design moment-rotation characteristic.

Table 5.1: Type of joint model
Method of global Classification of joint
analysis

Elastic Nominally pinned Rigid Semi-rigid

Rigid-Plastic Nominally pinned Full-strength Partial-strength
Semi-rigid and partial-strength

Elastic-Plastic Nominally pinned Rigid and full-strength | Semi-rigid and full-strength
Rigid and partial-strength

Typ ¢ of Simple Continuous Semi-continuous

joint model

5.1.2 Elastic global analysis

@)
@

(€))

4)

®)
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The joints should be classified according to their rotational stiffness, see 5.2.2.

The joints should have sufficient strength to transmit the forces and moments acting at the joints
resulting from the analysis.

In the case of a semi-rigid joint, the rotational stiffness S; corresponding to the bending moment
M; k4 should generally be used in the analysis. If Mg does not exceed 2/3 Mrq the initial rotational
stiffness Sj i, may be taken in the global analysis, see Figure 5.1(a).

As a simplification to 5.1.2(3), the rotational stiffness may be taken as Sji,;/#7 in the analysis, for all
values of the moment M;gq, as shown in Figure 5.1(b), where # is the stiffness modification
coefficient from Table 5.2.

For joints connecting H or I sections §j is given in 6.3.1.

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

AV, AN
Mira T Mjrd + =====----------,
203 Mgad ——- Miga 1
Migs +
Sjini o Sjini/ M R
a) Mjgq < 2/3 Migrg b) Mg < MjRrq

Figure 5.1: Rotational stiffness to be used in elastic global analysis

Table 5.2: Stiffness modification coefficient

Other types of joints

Beam-to-column (beam-to-beam
joints joints, beam splices,

column base joints)

Type of connection

Welded 2 3
Bolted end-plates 2 3
Bolted flange cleats 2 3,5
Base plates - 3

5.1.3 Rigid-plastic global analysis

@)
2
3
“)

®)

The joints should be classified according to their strength, see 5.2.3.
For joints connecting H or I sections Mjgq is given in 6.2.
For joints connecting hollow sections the method given in section 7 may be used.

The rotation capacity of a joint should be sufficient to accommodate the rotations resulting from the
analysis.

For joints connecting H or I sections the rotation capacity should be checked according to 6.4.

5.1.4 Elastic- plastic global analysis

@)
@
3)
“

©)

The joints should be classified according to both stiffness (see 5.2.2) and strength (see 5.2.3).
For joints connecting H or I sections M;rq is givenin 6.2, S; is given in 6.3.1 and ¢¢q is given in 6.4.
For joints connecting hollow sections the method given in section 7 may be used.

The moment rotation characteristic of the joints should be used to determine the distribution of
internal forces and moments.

As a simplification, the bi-linear design moment-rotation characteristic shown in Figure 5.2 may be
adopted. The stiffness modification coefficient # should be obtained from Table 5.2.

51
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Figure 5.2: Simplified bi-linear design moment-rotation characteristic

5.1.5 Global analysis of lattice girders

Q)
@
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4
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The provisions given in 5.1.5 apply only to structures whose joints are verified according to section 7.

The distribution of axial forces in a lattice girder may be determined on the assumption that the
members are connected by pinned joints (see also 2.7).

Secondary moments at the joints, caused by the rotational stiffnesses of the joints, may be neglected
both in the design of the members and in the design of the joints, provided that both of the following
conditions are satisfied:

- the joint geometry is within the range of validity specified in Table 7.1, Table 7.8, Table 7.9 or
Table 7.20 as appropriate;

- the ratio of the system length to the depth of the member in the plane of the lattice girder is not
less than the appropriate minimum value. For building structures, the appropriate minimum value
may be assumed to be 6. Larger values may apply in other parts of EN 1993.

The moments resulting from transverse loads (whether in-plane or out-of-plane) that are applied
between panel points, should be taken into account in the design of the members to which they are
applied. Provided that the conditions given in 5.1.5(3) are satisfied:

- the brace members may be considered as pin-connected to the chords, so moments resulting from
transverse loads applied to chord members need not be distributed into brace members, and vice
versa;

- the chords may be considered as continuous beams, with simple supports at panel points.

Moments resulting from eccentricities may be neglected in the design of tension chord members and
brace members. They may also be neglected in the design of connections if the eccentricities are
within the following limits:

- —0,55d; <e<0,25d, .. (5.1a)
- —0,55hy<e<0,25 hy ... (5.1b)
where:

e is the eccentricity defined in Figure 5.3;
dy 1s the diameter of the chord;
hy is  the depth of the chord, in the plane of the lattice girder.

When the eccentricities are within the limits given in 5.1.5(5), the moments resulting from the
eccentricities should be taken into account in the design of compression chord members. In this case
the moments produced by the eccentricity should be distributed between the compression chord
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members on each side of the joint, on the basis of their relative stiffness coefficients /L, where L is
the system length of the member, measured between panel points.

(7)  When the eccentricities are outside the limits given in 5.1.5(5), the moments resulting from the
eccentricities should be taken into account in the design of the joints and the compression chord
members. In this case the moments produced by the eccentricity should be distributed between all the
members meeting at the joint, on the basis of their relative stiffness coefficients /L.

(8)  The stresses in a chord resulting from moments taken into account in the design of the chord, should
also be taken into account in determining the factors k,, kK, and k, used in the design of the joints,
see Table 7.2 to Table 7.5, Table 7.10 and Table 7.12 to Table 7.14.

(9)  The cases where moments should be taken into account are summarized in Table 5.3.

8
N
|
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<)
e

[ or do
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\\‘\\ s
\\\\ //.///
L o 7 ‘-e\
T ***** %L% A
———————————— — h or d
ATy °
O\ s/
LN L
2 A
''''''' | Vannbe i \(ho or d,

Figure 5.3: Eccentricity of joints

Table 5.3 Allowance for bending moments

Source of the bending moment

Type of component
Secondary effects Transverse loading Eccentricity
Compression chord Yes
Tension chord Not if 5.1.5(3) Yes No
Brace member is satisfied No
Joint Not if 5.1.5(5) is satisfied
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5.2 Classification of joints
5.21 General

(1)  The details of all joints should fulfil the assumptions made in the relevant design method, without
adversely affecting any other part of the structure.

(2)  Joints may be classified by their stiffness (see 5.2.2) and by their strength (see 5.2.3).

NOTE: The National Annex may give additional information on the classification of joints by their
stiffness and strength to that given in 5.2.2.1(2).

5.2.2 Classification by stiffness
5.2.2.1 General

(1) A joint may be classified as rigid, nominally pinned or semi-rigid according to its rotational stiffness,
by comparing its initial rotational stiffness S, with the classification boundaries given in 5.2.2.5.

NOTE: Rules for the determination of Sji; for joints connecting H or I sections are given in 6.3.1.
Rules for the determination of Sj;, for joints connecting hollow sections are not given in this
Standard.

(2) A joint may be classified on the basis of experimental evidence, experience of previous satisfactory
performance in similar cases or by calculations based on test evidence.

5.2.2.2 Nominally pinned joints

(1) A nominally pinned joint should be capable of transmitting the internal forces, without developing
significant moments which might adversely affect the members or the structure as a whole.

(2) A nominally pinned joint should be capable of accepting the resulting rotations under the design loads.
5.2.2.3 Rigid joints

(1) Joints classified as rigid may be assumed to have sufficient rotational stiffness to justify analysis based
on full continuity.

5.2.2.4 Semi-rigid joints

(1) A joint which does not meet the criteria for a rigid joint or a nominally pinned joint should be
classified as a semi-rigid joint.

NOTE: Semi-rigid joints provide a predictable degree of interaction between members, based on the
design moment-rotation characteristics of the joints.

(2)  Semi-rigid joints should be capable of transmitting the internal forces and moments.
5.2.2.5 Classification boundaries

(1)  Classification boundaries for joints other than column bases are given in 5.2.2.1(1) and Figure 5.4.
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Zone 1: rigid, if Sjmi > ko El, /Ly

where:

M; A k, =8 for frames where the bracing system

Key:

@

reduces the horizontal displacement by
at least 80 %

ko = 25 for other frames, provided that in every
storey Ky/K; > 0,1 )

Zone 2: semi-rigid

1
All joints in zone 2 should be classified as
2 semi-rigid. Joints in zones 1 or 3 may
3 > optionally also be treated as semi-rigid.
(I) Zone 3: nominally pinned, if S < 0,5EL / Ly

7 For frames where Ky/K. < 0,1 the joints
should be classified as semi-rigid.

K, is the mean value of /L, for all the beams at the top of that storey;
K. is the mean value of I/L. for all the columns in that storey;

Iy is the second moment of area of a beam;

Ie is the second moment of area of a column;

L, is the span of a beam (centre-to-centre of columns);

L. is the storey height of a column.

Figure 5.4: Classification of joints by stiffness

Column bases may be classified as rigid provided the following conditions are satisfied:

- in frames where the bracing system reduces the horizontal displacement by at least 80 % and
where the effects of deformation may be neglected:

- if A, <05 .. (5.2)
~if05< 4, < 3,93 and Sy > 7(2 A, - 1) EL/ L ... (5.2b)
- if Ay > 3,93 and S > 48 ElL./ L. .. (5.2¢)
- otherwise if S > 30 EL./ L.. .. (5.2d)

where:

/TO is the slenderness of a column in which both ends are assumed to be pinned;

I, L. are as given in Figure 5.4.

5.2.3 Classification by strength

5.2.3.1 General

(M

A joint may be classified as full-strength, nominally pinned or partial strength by comparing its design
moment resistance M;rq With the design moment resistances of the members that it connects. When
classifying joints, the design resistance of a member should be taken as that member adjacent to the

joint.

5.2.3.2 Nominally pinned joints

)

A nominally pinned joint should be capable of transmitting the internal forces, without developing
significant moments which might adversely affect the members or the structure as a whole.
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(2) A nominally pinned joint should be capable of accepting the resulting rotations under the design loads.

(3) A joint may be classified as nominally pinned if its design moment resistance Mrq is not greater than
0,25 times the design moment resistance required for a full-strength joint, provided that it also has

sufficient rotation capacity.

5.2.3.3  Full-strength joints
(1)  The design resistance of a full strength joint should be not less than that of the connected members.
(2) A joint may be classified as full-strength if it meets the criteria given in Figure 5.5.
a) Top of column Either Miga = My pirs
Mirq
or Mira 2 M pird
b) Within column height Either Migs = Mo pera
M rq
or Mira 2 2M;piRra

Key:

My pird is the design plastic moment resistance of a beam;
M. pira is  the design plastic moment resistance of a column.

Figure 5.5: Full-strength joints

5.2.3.4 Partial-strength joints

Q)

5.3
)

@

(€))

“

©)
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A joint which does not meet the criteria for a full-strength joint or a nominally pinned joint should be
classified as a partial-strength joint.

Modelling of beam-to-column joints

To model the deformational behaviour of a joint, account should be taken of the shear deformation of
the web panel and the rotational deformation of the connections.

Joint configurations should be designed to resist the internal bending moments My gs and My gq,
normal forces Ny pa and Npps and shear forces Viipa and Vipesa applied to the joints by the
connected members, see Figure 5.6.

The resulting shear force V4 in the web panel should be obtained using:

Vipgd = Myipa = Mupga)z — (Veipa — Verpa)/2 .. (5.3)

where:

z is the lever arm, see 6.2.7.

To model a joint in a way that closely reproduces the expected behaviour, the web panel in shear and
each of the connections should be modelled separately, taking account of the internal moments and
forces in the members, acting at the periphery of the web panel, see Figure 5.6(a) and Figure 5.7.

As a simplified alternative to 5.3(4), a single-sided joint configuration may be modelled as a single
joint, and a double-sided joint configuration may be modelled as two separate but inter-acting joints,
one on each side. As a consequence a double-sided beam-to-column joint configuration has two
moment-rotation characteristics, one for the right-hand joint and another for the left-hand joint.
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(6) In a double-sided, beam-to-column joint each joint should be modelled as a separate rotational spring,
as shown in Figure 5.8, in which each spring has a moment-rotation characteristic that takes into
account the behaviour of the web panel in shear as well as the influence of the relevant connections.

(7)  When determining the design moment resistance and rotational stiffness for each of the joints, the
possible influence of the web panel in shear should be taken into account by means of the
transformation parameters S, and S, , where:

p1 is  the value of the transformation parameter S for the right-hand side joint;

f> is  the value of the transformation parameter S for the left-hand side joint.

NOTE: The transformation parameters f; and f, are used directly in 6.2.7.2(7) and 6.3.2(1). They
are also used in 6.2.6.2(1) and 6.2.6.3(4) in connection with Table 6.3 to obtain the reduction factor w

for shear.

(8)  Approximate values for f; and f, based on the values of the beam moments M, g and Mg at
the periphery of the web panel, see Figure 5.6(a), may be obtained from Table 5.4.

¢N02,Ed Nj.cZ,EdL
/\M c2,Ed /\M‘j,cZ,Ed
’j\ﬁ" LV
ch,Ed j.c2,Ed
Il Il
Il Il
———=ll ===z
N. T nooT N
N Np1.Eq i.b2,Ed N B 1:b1,Ed
b2.E¢ J Via,Ed Vb1,Ed L - > TR
Il Il
M b2 Ed ——=-D|, === M; b1.Ed
Mb2,e4 My1 eq Vib2Ed || | Vi1,
Vc1,Ed v
e » Vij,cl,Ed
\/( \\_/(
? M1 Ed T Mj.c1,Ed
N1 Eq Njc1,Ed
a) Values at periphery of web panel b) Values at intersection of member centrelines

Direction of forces and moments are considered as positive in relation to equations (5.3) and (5.4)

Figure 5.6: Forces and moments acting on the joint

pr,Ed TV —
—_—
[pr,Ed N
b2,Ed 2 Nb1 Ed
z — Vb2,Ed Vb1,Ed -
pr,Ed
I\/IbZ,Ed 3 I\/|b1,Ed
~
pr,Ed LA [N
a) Shear forces in web panel b) Connections, with forces and moments in beams

Figure 5.7: Forces and moments acting on the web panel at the connections
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]

Single-sided joint configuration Double-sided joint configuration

1 Joint
2 Joint 2: left side
3 Joint 1: right side

Figure 5.8: Modelling the joint

As an alternative to 5.3(8), more accurate values of f; and f, based on the values of the beam
moments My ga and My pq at the intersection of the member centrelines, may be determined from
the simplified model shown in Figure 5.6(b) as follows:

pr=1-M, 0 IM | <2 ... (5.4a)
Po= [1=M 0 I My | <2 .. (5.4b)
where:

Mipiga is the moment at the intersection from the right hand beam;

Mira is the moment at the intersection from the left hand beam.

In the case of an unstiffened double-sided beam-to-column joint configuration in which the depths of
the two beams are not equal, the actual distribution of shear stresses in the column web panel should
be taken into account when determining the design moment resistance.
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Table 5.4: Approximate values for the transformation parameter f

Type of joint configuration Action Value of S
[l Mb1,Eq
Mp1 Eq
i My ka g =1
LA .J\/_.
= = *
A My1ga = Mo ra =0 %
M M M M
b2,Ed , b2,Ed b1,Ed
‘ P <% %> My ga/ Miyga > 0 g =1
<+ %> K ’ My gd /Mypa < 0 p =2
_/\/_.._
Myipa + Myppa = 0[S =2
*) In this case the value of S is the exact value rather than an approximation.
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6 Structural joints connecting H or | sections

6.1

6.1.1

Q)

@

General
Basis

This section contains design methods to determine the structural properties of joints in frames of any
type. To apply these methods, a joint should be modelled as an assembly of basic components, see
1.4(1).

The basic components used in this Standard are identified in Table 6.1 and their properties should be
determined in accordance with the provisions given in this Standard. Other basic components may be
used provided their properties are based on tests or analytical and numerical methods supported by
tests, see EN 1990.

NOTE: The design methods for basic joint components given in this Standard are of general
application and can also be applied to similar components in other joint configurations. However the
specific design methods given for determining the design moment resistance, rotational stiffness and
rotation capacity of a joint are based on an assumed distribution of internal forces for joint
configurations indicated in Figure 1.2. For other joint configurations, design methods for determining
the design moment resistance, rotational stiffness and rotation capacity should be based on appropriate
assumptions for the distribution of internal forces.

6.1.2 Structural properties

6.1.2.1 Design moment-rotation characteristic

(M

2

3

4)

60

A joint may be represented by a rotational spring connecting the centre lines of the connected
members at the point of intersection, as indicated in Figure 6.1(a) and (b) for a single-sided beam-to-
column joint configuration. The properties of the spring can be expressed in the form of a design
moment-rotation characteristic that describes the relationship between the bending moment Mg
applied to a joint and the corresponding rotation ¢pg between the connected members. Generally the
design moment-rotation characteristic is non-linear as indicated in Figure 6.1(c).

A design moment-rotation characteristic, see Figure 6.1(c) should define the following three main
structural properties:

-  moment resistance;
- rotational stiffness;

- rotation capacity.

NOTE: In certain cases the actual moment-rotation behaviour of a joint includes some rotation due to
such effects as bolt slip, lack of fit and, in the case of column bases, foundation-soil interactions. This
can result in a significant amount of initial hinge rotation that may need to be included in the design
moment-rotation characteristic.

The design moment-rotation characteristics of a beam-to-column joint should be consistent with the
assumptions made in the global analysis of the structure and with the assumptions made in the design
of the members, see EN 1993-1-1.

The design moment-rotation characteristic for joints and column bases of I and H sections as obtained
from 6.3.1(4) may be assumed to satisfy the requirements of 5.1.1(4) for simplifying this characteristic
for global analysis purposes.
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Design Moment resistance

The design moment resistance Mjrq, Which is equal to the maximum moment of the design
moment-rotation characteristic, see Figure 6.1(c), should be taken as that given by 6.1.3(4)

Rotational stiffness

The rotational stiffness S;, which is the secant stiffness as indicated in Figure 6.1(c), should be taken as
that given by 6.3.1(4). For a design moment-rotation characteristic this definition of Sj applies up to
the rotation ¢xq at which Mjgq first reaches M;rq, but not for larger rotations, see Figure 6.1(c). The
initial rotational stiffness S, which is the slope of the elastic range of the design moment-rotation
characteristic, should be taken as that given by 6.1.3(4).

6.1.2.4 Rotation capacity

@)

The design rotation capacity ¢cq of a joint, which is equal to the maximum rotation of the design
moment-rotation characteristic, see Figure 6.1(c), should be taken as that given by 6.1.3(4).

A Mj
Sjini
MjRrdat+ . ]
Mie T 0 |
S i
o ¢
(I)Ed (I)Xd (I)Cd
I Limit for S;
a) Joint b) Model c) Design moment-rotation characteristic

Figure 6.1: Desigh moment-rotation characteristic for a joint

6.1.3 Basic components of a joint

(M

(@)

3

“

The design moment-rotation characteristic of a joint should depend on the properties of its basic
components, which should be among those identified in 6.1.3(2).

The basic joint components should be those identified in Table 6.1, together with the reference to the
application rules which should be used for the evaluation of their structural properties.

Certain joint components may be reinforced. Details of the different methods of reinforcement are
given in 6.2.4.3 and 6.2.6.

The relationships between the properties of the basic components of a joint and the structural
properties of the joint should be those given in the following clauses:

- for moment resistance in 6.2.7 and 6.2.8;
- for rotational stiffness in 6.3.1;

- for rotation capacity in 6.4.
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Table 6.1: Basic joint components

Component

Reference to application rules

Design Stiffness Rotation
Resistance coefficient | capacity
VEeg —_—
Column web panel 6.4.2 and
1 in shear 6.2.6.1 6.3.2 6.4.3
'A
~—VEq
/
Column web
2 | In transverse 6.2.6.2 6.3.2 622 e;nd
compression o
—_ ' <€=FcEq
1
y
— . _»Ft,Ed
Column web 6.4.2 and
3 |in transverse 6.2.6.3 6.3.2 A
. 6.4.3
tension
1
y
< _*Ft,Ed
Column flange 6.4.2 and
% | in bending 6.2.6:4 632 6.4.3
1
\ Fosa
s |End-plate 6.2.6.5 6.3.2 6.4.2
in bending
Fied
6 | Flange cleat 6.2.6.6 6.3.2 6.4.2
in bending
—_
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Reference to application rules

Component Design Stiffness Rotation
Resistance coefficient | capacity
Beam or column
7 | flange and web = 6.2.6.7 6.3.2 *)
in compression
Feed !
— |
B b I.
g |ocamwe Fied = 6.2.6.8 6.3.2 *)
in tension
F'fi O _F;'Ed in tension:
Plate - EN 1993-1-1
9 | in tension or 6.3.2 *)
compression in compression:
Forn Foea | -EN1993-1-1
With column flange:
— -6.2.64
10 Bolts ' - ) » with end-plate: 632 6.4.7
in tension () Fieq -6.2.6.5
with flange cleat:
-6.2.6.6
11 | Bolts ; 3.6 6.3.2 6.4.2
in shear —
Fyed
Bolts TFb’Ed
in bearing
12 | (on beam flange, @ 3.6 6.3.2 *)
column flange,
end-plate or cleat) l Fu,Ed
*) No information available in this part.
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Reference to application rules

Component Design Stiffness Rotation
Resistance coefficient | capacity

Concrete

13 | in compression 6.2.6.9 6.3.2 *)
including grout
Base plate

14 | in bending under 6.2.6.10 6.3.2 *)
compression
Base plate in

15 | bending under 6.2.6.11 6.3.2 *)
tension

16 | AAnchor bolts 6.2.6.12 632 *)
in tension

17 Anchor bolts 6.2.2 *) *)
in shear

18 .Anchor. bolts 6.2.2 %) *)
in bearing

19 | Welds 4 6.3.2 *)

20 | Haunched beam ) 6.2.6.7 6.3.2 *)

N
*) No information available in this part.
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Design Resistance
Internal forces

The stresses due to the internal forces and moments in a member may be assumed not to affect the
design resistances of the basic components of a joint, except as specified in 6.2.1(2) and 6.2.1(3).

The longitudinal stress in a column should be taken into account when determining the design
resistance of the column web in compression, see 6.2.6.2(2).

The shear in a column web panel should be taken into account when determining the design resistance
of the following basic components:

- column web in transverse compression, see 6.2.6.2;

- column web in transverse tension, see 6.2.6.3.

6.2.2 Shear forces

@)

2

3

4)

(6))

(6)

In welded connections, and in bolted connections with end-plates, the welds connecting the beam web
should be designed to transfer the shear force from the connected beam to the joint, without any
assistance from the welds connecting the beam flanges.

In bolted connections with end-plates, the design resistance of each bolt-row to combined shear and
tension should be verified using the criterion given in Table 3.4, taking into account the total tensile
force in the bolt, including any force due to prying action.

NOTE: As a simplification, bolts required to resist in tension may be assumed to provide their full
design resistance in tension when it can be shown that the design shear force does not exceed the sum
of:

a) the total design shear resistance of those bolts that are not required to resist tension and;

b) (0,4/1,4) times the total design shear resistance of those bolts that are also required to resist
tension.

In bolted connections with angle flange cleats, the cleat connecting the compression flange of the
beam may be assumed to transfer the shear force in the beam to the column, provided that:

- the gap g between the end of the beam and the face of the column does not exceed the thickness
t, of the angle cleat;

- the force does not exceed the design shear resistance of the bolts connecting the cleat to the
column;

- the web of the beam satisfies the requirement given in EN 1993-1-5, section 6.

The design shear resistance of a joint may be derived from the distribution of internal forces within
that joint, and the design resistances of its basic components to these forces, see Table 6.1.

In base plates if no special elements for resisting shear are provided, such as block or bar shear
connectors, it should be demonstrated that either the design friction resistance of the base plate, see
6.2.2(6), or, in cases where the bolt holes are not oversized, the design shear resistance of the anchor
bolts, see 6.2.2(7), is sufficient to transfer the design shear force. The design bearing resistance of the
block or bar shear connectors with respect to the concrete should be checked according to EN 1992.

In a column base the design friction resistance Frrq between base plate and grout should be derived
as follows:

Fira = Cia Nepa .. (6.1)

where:

65

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

™)

®)

)

6.2.3

(M

2

(€)

4)

©)

66

Crq is  the coefficient of friction between base plate and grout layer. The following values may be
used:

- for sand-cement mortar Ciqg = 0,20
- for other types of grout the coefficient of friction Crq should be determined by testing in
accordance with EN 1990, Annex D;

N.rqis  the design value of the normal compressive force in the column.
NOTE: If the column is loaded by a tensile normal force, Frrq = 0.
In a column base the design shear resistance of an anchor bolt Fi,rs should be taken as the smaller of

Fiwraand Fopra Where:

- Fiwra 18 the design shear resistance of the anchor bolt, see 3.6.1
ah ﬁtb AS

Y mp

. (62)

- Fopra =

where:
o, =0,44-0,0003 fy
fw is  the yield strength of the anchor bolt, where 235 N/mm? < S <640 N/mm?

The design shear resistance Fyrq of a column base plate should be derived as follows:

Fyra = Fira + 1 Fara .. (6.3)
where:

n is the number of anchor bolts in the base plate.
The concrete and reinforcement used in the base should be designed in accordance with EN 1992.
Bending moments

The design moment resistance of any joint may be derived from the distribution of internal forces
within that joint and the design resistances of its basic components to these forces, see Table 6.1.

Provided that the axial force Ngg in the connected member does not exceed 5% of the design
resistance N, rq Of its cross-section, the design moment resistance Mjrq of a beam-to column joint
or beam splice may be determined using the method given in 6.2.7.

The design moment resistance M;grq of a column base may be determined using the method given in
6.2.8.

In all joints, the sizes of the welds should be such that the design moment resistance of the joint M;rq
is always limited by the design resistance of its other basic components, and not by the design
resistance of the welds.

In a beam-to-column joint or beam splice in which a plastic hinge is required to form and rotate under
any relevant load case, the welds should be designed to resist the effects of a moment at least equal to
the smaller of:

- the design plastic moment resistance of the connected member M, r4

- o times the design moment resistance of the joint M;gq

where:

a=1,4 - for frames in which the bracing system satisfies the criterion (5.1) in EN 1993-1-1 clause
5.2.1(3) with respect to sway;

o=1,7 - for all other cases.
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In a bolted connection with more than one bolt-row in tension, as a simplification the contribution of
any bolt-row may be neglected, provided that the contributions of all other bolt-rows closer to the
centre of compression are also neglected.

6.2.4 Equivalent T-stub in tension

6.2.4.1 General

(M

2

3

“

©)

(6)

™)

€min , M

In bolted connections an equivalent T-stub in tension may be used to model the design resistance of
the following basic components:

- column flange in bending;
- end-plate in bending;
- flange cleat in bending;

- base plate in bending under tension.

Methods for modelling these basic components as equivalent T-stub flanges, including the values to be
used for ey, Ler and m, are given in 6.2.6.

The possible modes of failure of the flange of an equivalent T-stub may be assumed to be similar to
those expected to occur in the basic component that it represents.

The total effective length > L. of an equivalent T-stub, see Figure 6.2, should be such that the design
resistance of its flange is equivalent to that of the basic joint component that it represents.

NOTE: The effective length of an equivalent T-stub is a notional length and does not necessarily
correspond to the physical length of the basic joint component that it represents.

The design tension resistance of a T-stub flange should be determined from Table 6.2.

NOTE: Prying effects are implicitly taken into account when determining the design tension
resistance according to Table 6.2.

In cases where prying forces may develop, see Table 6.2, the design tension resistance of a T-stub
flange Frrq should be taken as the smallest value for the three possible failure modes 1, 2 and 3.

In cases where prying forces may not develop the design tension resistance of a T-stub flange Frra
should be taken as the smallest value for the two possible failure modes according to Table 6.2.

0,8 aV2 e

e

e

BN

IE

20 off

T
6 6 o

b
jy
AN
—

TR |

Figure 6.2: Dimensions of an equivalent T-stub flange
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Table 6.2: Design Resistance Frrq of a T-stub flange

Prying forces may develop, i.e. L, < L, No prying forces
Mode 1 Method 1 Method 2 (alternative method)
without _
backing | Frjra= 4Mpl'l’Rd Frira= (8n -2, )Mpl'l‘Rd
plates B m 2mn—e, (m+n)
2M pl.1,Rd
ith Friora= —5—
E:cking Frird= 4Mp1,l,Rd + 2Mbp,1€d Froipa= (8’1 - Zew )M,,I‘I’Rd + 4anp'Rd m
plates h m B 2mn—e, (m+n)
2M +nZF
Mode 2 Frora= pl.2,Rd t,Rd
m+n
Mode 3 Frsra= 2F, 4,

Mode 1: Complete yielding of the flange

Mode 2: Bolt failure with yielding of the flange

Mode 3: Bolt failure

L, is -the bolt elongation length, taken equal to the grip length (total thickness of material and
washers), plus half the sum of the height of the bolt head and the height of the nut or

- the anchor bolt elongation length, taken equal to the sum of 8 times the nominal bolt diameter,

the grout layer, the plate thickness, the washer and half the height of the nut

* _ 838m’A,
oty

Frrais the design tension resistance of a T-stub flange

Q is the prying force

MpE,l,Rd = 0,252( eﬁ",llfz f‘y /yMO
MpE,Z,Rd = 0,252£ eff .2 Zf2fy /}/MO

Mypra = 0,250 it * fo0 Voo

n = €min but n < 125m

Fira 1s the design tension resistance of a bolt, see Table 3.4;
> Firais the total value of Firq for all the bolts in the T-stub;
> Letr1 isthe value of Y lesr for mode 1; FrRd T
D Letr2 isthe value of ) L for mode 2; '
emin » M and #; are as indicated in Figure 6.2.

Jyep 1s the yield strength of the backing plates; v

Ly

t, 1s the thickness of the backing plates; R A | R

e = dul4 T

dy 1s the diameter of the washer, or the width across points of q dw b dw Q
the bolt head or nut, as relevant. Do b om0 m o

NOTE 1: In bolted beam-to-column joints or beam splices it may be assumed that prying forces
will develop.

NOTE 2: In method 2, the force applied to the T-stub flange by a bolt is assumed to be uniformly
distributed under the washer, the bolt head or the nut, as appropriate, see figure, instead of
concentrated at the centre-line of the bolt. This assumption leads to a higher value for mode 1, but
leaves the values for Fr,rq and modes 2 and 3 unchanged.
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6.2.4.2 Individual bolt-rows, bolt-groups and groups of bolt-rows
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Although in an actual T-stub flange the forces at each bolt-row are generally equal, when an
equivalent T-stub flange is used to model a basic component listed in 6.2.4.1(1), allowance should be
made for the different in forces at each bolt-row.

When using the equivalent T-stub approach to model a group of bolt rows it may be necessary to
divide the group into separate bolt-rows and use an equivalent T-stub to model each separate bolt-row.

When using the T-stub approach to model a group of bolt rows the following conditions should be
satisfied:

a) the force at each bolt-row should not exceed the design resistance determined considering only
that individual bolt-row;

b)  the total force on each group of bolt-rows, comprising two or more adjacent bolt-rows within
the same bolt-group, should not exceed the design resistance of that group of bolt-rows.

When determining the design tension resistance of a basic component represented by an equivalent
T-stub flange, the following parameters should be calculated:

a) the design resistance of an individual bolt-row, determined considering only that bolt-row;

b)  the contribution of each bolt-row to the design resistance of two or more adjacent bolt-rows
within a bolt-group, determined considering only those bolt-rows.

In the case of an individual bolt-row Y {.r should be taken as equal to the effective length Ces
tabulated in 6.2.6 for that bolt-row taken as an individual bolt-row.

In the case of a group of bolt-rows Y L. should be taken as the sum of the effective lengths L.
tabulated in 6.2.6 for each relevant bolt-row taken as part of a bolt-group.

6.2.43 Backing plates

(M
@

3

“

Backing plates may be used to reinforce a column flange in bending as indicated in Figure 6.3.

Each backing plate should extend at least to the edge of the column flange, and to within 3 mm of the
toe of the root radius or of the weld.

The backing plate should extend beyond the furthermost bolt rows active in tension as defined in
Figure 6.3.

Where backing plates are used, the design resistance of the T-stub Frrq should be determined using
the method given in Table 6.2.

|

1

: N

* ]
€bp :7%F ] J hbp > Zﬁeff’]
-
1/' == ( 1 ( €bp > 2d

€pp | ||

hpp

1 Backing plate

Figure 6.3: Column flange with backing plates
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6.2.5 Equivalent T-stub in compression
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In steel- to-concrete joints, the flange of an equivalent T-stub in compression may be used to model
the design resistances for the combination of the following basic components:

- the steel base plate in bending under the bearing pressure on the foundation;

- the concrete and/or grout joint material in bearing.

The total effective length /. and the total effective width b of an equivalent T-stub should be such
that the design compression resistance of the T-stub is equivalent to that of the basic joint component
it represents.

NOTE: The effective length and the effective width of an equivalent T-stub are notional lengths and
may differ to the physical dimensions of the basic joint component it represents.

The design compression resistance of a T-stub flange Fc rq should be determined as follows:

Fera = fia besr Lesr ... (6.4)
where:

ber 18 the effective width of the T-stub flange, see 6.2.5(5) and 6.2.5(6)

L 1s  the effective length of the T-stub flange, see 6.2.5(5) and 6.2.5(6)

fia is  the design bearing strength of the joint, see 6.2.5(7)

The forces transferred through a T-stub should be assumed to spread uniformly as shown in Figure
6.4(a) and (b). The pressure on the resulting bearing area should not exceed the design bearing
strength fiq and the additional bearing width, ¢, should not exceed:

c=tfy/ 3 faymo)l® ... (6.5)
where:

t is the thickness of the T-stub flange;

fy is  the yield strength of the T-stub flange.

Where the projection of the physical length of the basic joint component represented by the T-stub is
less than c, the effective area should be taken as indicated in Figure 6.4(a)

Where the projection of the physical length of the basic joint component represented by the T-stub
exceeds ¢ on any side, the part of the additional projection beyond the width ¢ should be neglected, see
Figure 6.4(b).

A

<c . | |
<c [ »-(-: ------- ;:._‘
(&) Short projection (b) Large projection

Figure 6.4: Area of equivalent T-Stub in compression
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The design bearing strength of the joint f;g should be determined from:

Jia=Pi Frau/ (besr Letr) ... (6.6)

where:

B is the foundation joint material coefficient, which may be taken as 2/3 provided that the
characteristic strength of the grout is not less than 0,2 times the characteristic strength of the
concrete foundation and the thickness of the grout is not greater than 0,2 times the smallest width
of the steel base plate. In cases where the thickness of the grout is more than 50 mm, the
characteristic strength of the grout should be at least the same as that of the concrete foundation.

Frauis  the concentrated design resistance force given in EN 1992, where A is to be taken as (besr
Zeff)~

6.2.6 Design Resistance of basic components

6.2.6.1 Column web panel in shear

@)

@

(€))
“

©)

(6)

The design methods given in 6.2.6.1(2) to 6.2.6.1(14) are valid provided the column web slenderness
satisfies the condition d/t, < 69s.

For a single-sided joint, or for a double-sided joint in which the beam depths are similar, the design
plastic shear resistance Vypra of an unstiffened column web panel, subject to a design shear force
VapEd> see 5.3(3), should be obtained using:

0,9 A
fyine e .. (6.7

V. = 7 ywetve
e \/371\40

where:
A,. 1s the shear area of the column, see EN 1993-1-1.

The design shear resistance may be increased by the use of stiffeners or supplementary web plates.
Where transverse web stiffeners are used in both the compression zone and the tension zone, the

design plastic shear resistance of the column web panel V,rs may be increased by Vypaiara given
by:

aM 2M +2M
pl,fe,Rd [, fe,Rd /,st,Rd
pr,add,Rd = but pr,add,Rd < 2 L (68)
d, d,
where:
ds is the distance between the centrelines of the stiffeners;

My sra 1s the design plastic moment resistance of a column flange

My sra 1s the design plastic moment resistance of a stiffener.

NOTE: In welded joints, the transverse stiffeners should be aligned with the corresponding beam
flange.

When diagonal web stiffeners are used the design plastic shear resistance of a column web should be
determined according to EN 1993-1-1.

NOTE: In double-sided beam-to-column joint configurations without diagonal stiffeners on the
column webs, the two beams are assumed to have similar depths.

Where a column web is reinforced by adding a supplementary web plate, see Figure 6.5, the shear area
A,. may be increased by bt,.. If a further supplementary web plate is added on the other side of the
web, no further increase of the shear area should be made.

71

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

(7)  Supplementary web plates may also be used to increase the rotational stiffness of a joint by increasing
the stiffness of the column web in shear, compression or tension, see 6.3.2(1).

(8)  The steel grade of the supplementary web plate should be equal to that of the column.

(9) The width by should be such that the supplementary web plate extends at least to the toe of the root
radius or of the weld.

(10) The length £, should be such that the supplementary web plate extends throughout the effective width
of the web in tension and compression, see Figure 6.5.

(11) The thickness ¢ of the supplementary web plate should be not less than the column web thickness #..

(12) The welds between the supplementary web plate and profile should be designed to resist the applied
design forces.

(13) The width b, of a supplementary web plate should be less than 40¢ ¢.

(14) Discontinuous welds may be used in non corrosive environments.

beff,tI

S

heff,c]

7

)

U s ==

NOTE: Weldability at the corner should be taken into account.

b) Examples of cross-section with longitudinal welds

Figure 6.5: Examples of supplementary web plates

6.2.6.2 Column web in transverse compression

(1) The design resistance of an unstiffened column web subject to transverse compression should be
determined from:

a)kwcbc{[)",c,wctwcf:v,wc but FC,WC’Rd < a)kwc p bqff,c,wc Z‘wc fy,wc (69)

Y mo Y

Fc,wc,Rd =
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where:

w

is a reduction factor to allow for the possible effects of interaction with shear in the column
web panel according to Table 6.3;

betrewe 15 the effective width of column web in compression:

for a welded connection:
bettewe = Ly + 2\5% +5(zﬁ, +5) ... (6.10)

a.,r. and ay, are as indicated in Figure 6.6.

for bolted end-plate connection:
bettewe = L +242a, +5(t, +5)+5, - (6.11)

sp 1s the length obtained by dispersion at 45° through the end-plate (at least #, and, provided that
the length of end-plate below the flange is sufficient, up to 2t,).

for bolted connection with angle flange cleats:

bettewe = 2t, +0,67, + S(tfc +5) .. (6.12)
- forarolled I or H section column: s =7
- for a welded I or H section column: s = \/Eac
p is the reduction factor for plate buckling:
- if 4, <072 p =10 ... (6.13a)
- if 4, > 072 p=(A,-02/1 ... (6.13b)
/1p is the plate slenderness:
Pl b) 'cwcdwc ), we
A, = 0932 % .. (6.13¢)
EtWC
- forarolled I or H section column: dye = he—2(te +1¢)
- for awelded I or H section column: dye = he—2(t + \/Eac )
kw. 1s areduction factor and is given in 6.2.6.2(2).
Table 6.3: Reduction factor « for interaction with shear
Transformation parameter /3 Reduction factor w
0 < b < 0,5 w = 1
0,5 < S < 1 w = 0 +2(1 =51 - w)
S = 1 w = W
1 < :8 < 2 w = a)1+(,8—1)(a)2—a)1)
ﬁ = 2 w = a)2
1 1
w; = B Wy = B
\/1 + 133(beﬁ’,c,wc zwc / Avc) \/l + 552(beﬁ”,c,wc tWC / A"C)
A,. is the shear area of the column, see 6.2.6.1;
B is  the transformation parameter, see 5.3(7).
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Where the maximum longitudinal compressive stress ocomps due to axial force and bending moment
in the column exceeds 0,7f, . inthe web (adjacent to the root radius for a rolled section or the toe of
the weld for a welded section), its effect on the design resistance of the column web in compression
should be allowed for by multiplying the value of F.u.ra given by expression (6.9) by a reduction
factor k. as follows:

- When Ocom,Ed < 0,7f;/,wc: kwc =1

- when geomea > 0.7fwe: kwe = L7=0 054 /fM,L, .. (6.14)

NOTE: Generally the reduction factor k,. is 1,0 and no reduction is necessary. It can therefore be
omitted in preliminary calculations when the longitudinal stress is unknown and checked later.

Welded joint Joint with end-plate Joint with angle flange cleats
ty
; (RN :
> ap N < i .——
< Lt
=
N Ha

a) Elevation

t
] rc we —jﬁh
ool o,
L, o1
| ? tfr:. :j:” =
H )(;
b) Rolled column
twe [

—

c) Welded column

[+

Na thc Jiimmay
l«—

Figure 6.6: Transverse compression on an unstiffened column

The ‘column-sway' buckling mode of an unstiffened column web in compression illustrated in Figure
6.7 should normally be prevented by constructional restraints.

Figure 6.7: ‘Column-sway’ buckling mode of an unstiffened web

Stiffeners or supplementary web plates may be used to increase the design resistance of a column web
in transverse compression.
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Transverse stiffeners or appropriate arrangements of diagonal stiffeners may be used (in association
with or as an alternative to transverse stiffeners) in order to increase the design resistance of the
column web in compression.

NOTE: In welded joints, the transverse stiffeners should be aligned with the corresponding beam
flange. In bolted joints, the stiffener in the compression zone should be aligned with the centre of
compression as defined Figure 6.15.

Where an unstiffened column web is reinforced by adding a supplementary web plate conforming with
6.2.6.1, the effective thickness of the web may be taken as 1,5 #,. if one supplementary web plate is
added, or 2,0 ¢, if supplementary web plates are added to both sides of the web. In calculating the
reduction factor @ for the possible effects of shear stress, the shear area A4,. of the web may be
increased only to the extent permitted when determining its design shear resistance, see 6.2.6.1(6).

6.2.6.3 Column web in transverse tension

Q)

2

3

4)

©)

Q)

The design resistance of an unstiffened column web subject to transverse tension should be determined
from:

a)b twe twc we
Fiera = — 22 s .. (6.15)

Y mo

where:

o is areduction factor to allow for the interaction with shear in the column web panel.

For a welded connection, the effective width begr w. of a column web in tension should be obtained
using:

bettiwe = £ +2+/2a, +5(t,, +5) ... (6.16)
where:

- forarolled I or H section column: s = I

~  for a welded I or H section column: s= 2 a,

where:

a. and r. are as indicated in Figure 6.8 and a, is as indicated in Figure 6.6.

For a bolted connection, the effective width by 0of column web in tension should be taken as equal
to the effective length of equivalent T-stub representing the column flange, see 6.2.6.4.

The reduction factor  to allow for the possible effects of shear in the column web panel should be
determined from Table 6.3, using the value of begriwe given in 6.2.6.3(2) or 6.2.6.3(3) as appropriate.

Stiffeners or supplementary web plates may be used to increase the design tension resistance of a
column web.

Transverse stiffeners and/or appropriate arrangements of diagonal stiffeners may be used to increase
the design resistance of the column web in tension.

NOTE: In welded joints, the transverse stiffeners are normally aligned with the corresponding beam
flange.
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The welds connecting diagonal stiffeners to the column flange should be fill-in welds with a sealing
run providing a combined throat thickness equal to the thickness of the stiffeners.

Where an unstiffened column web is reinforced by adding supplementary web plates conforming with
6.2.6.1, the design tension resistance depends on the throat thickness of the longitudinal welds
connecting the supplementary web plates. The effective thickness of the web ¢, .+ should be taken as
follows:

- when the longitudinal welds are full penetration butt welds with a throat thickness a > ¢, then:
- for one supplementary web plate: tyerr = 1,5t .. (6.17)
- for supplementary web plates both sides: twett = 2,0t ... (6.18)

- when the longitudinal welds are fillet welds with a throat thickness a > ¢/ V2 then for either
one or two supplementary web plates:
- for steel grades S 235, S275 or S 355: tyerr = 1,41 ... (6.19a)
- for steel grades S 420 or S 460: twett = 1,3t ... (6.19b)
In calculating the reduction factor @ for the possible effects of shear stress, the shear area A4, of a

column web reinforced by adding supplementary web plates may be increased only to the extent
permitted when determining its design shear resistance, see 6.2.6.1(6).

6.2.6.4 Column flange in tranverse bending

6.2.6.4.1 Unstiffened column flange, bolted connection

)

2
3

76

The design resistance and failure mode of an unstiffened column flange in tranverse bending, together
with the associated bolts in tension, should be taken as similar to those of an equivalent T-stub flange,
see 6.2.4, for both:

- each individual bolt-row required to resist tension;

- each group of bolt-rows required to resist tension.
The dimensions e, and m for use in 6.2.4 should be determined from Figure 6.8.

The effective length of equivalent T-stub flange should be determined for the individual bolt-rows and
the bolt-group in accordance with 6.2.4.2 from the values given for each bolt-row in Table 6.4.
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a) Welded end-plate narrower than column flange.

"

M { €min
c
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N
b) Welded end-plate wider than column flange.
+

O,BrL’ m e
|
]

I
Y\

(=t €min

- -4

c) Angle flange cleats.

~—im € min

Figure 6.8: Definitions of e, enin, 7. and m

Table 6.4: Effective lengths for an unstiffened column flange

Bolt-row considered
Bolt-row [individually

Bolt-row considered as

part of a group of bolt-rows

Location | Circular patterns [Non-circular patterns Circular patterns Non-circular patterns
Eeff cp Eeff,nc Eeff cp Eeff ne

[nner

+

bolt-row 27m 4m + 1,25e 2p 2

End The smaller of: The smaller of: The smaller of: The smaller of:

bolt-row 2mm 4dm + 1,25¢ m+p 2m +0,625e + 0,5p
am + 2e, 2m+0,625¢ + ¢; 2ei+p e +0,5p

Mode 1: Cetr = Lefrne DUt  Legi < Lesrep Dletr = Dletne DUt Dlesri < Dlesrep

Mode 2: Lesrr = Lefine

Zﬂeff,z = Zfeff,nc
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6.2.6.4.2 Stiffened column flange, joint with bolted end-plate or flange cleats
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Transverse stiffeners and/or appropriate arrangements of diagonal stiffeners may be used to increase
the design resistance of the column flange in bending.

The design resistance and failure mode of a stiffened column flange in transverse bending, together
with the associated bolts in tension, should be taken as similar to those of an equivalent T-stub flange,
see 6.2.4, for both:

- each individual bolt-row required to resist tension;

- each group of bolt-rows required to resist tension.

The groups of bolt-rows on either side of a stiffener should be modelled as separate equivalent T-stub
flanges, see Figure 6.9. The design resistance and failure mode should be determined separately for
each equivalent T-stub.

1 End bolt row adjacent to a stiffener
2 End bolt row

3 Inner bolt row

4 Bolt row adjacent to a stiffener

Figure 6.9: Modelling a stiffened column flange as separate T-stubs

The dimensions e, and m for use in 6.2.4 should be determined from Figure 6.8.
The effective lengths of an equivalent T-stub flange ({.; should be determined in accordance with
6.2.4.2 using the values for each bolt-row given in Table 6.5. The value of a for use in Table 6.5

should be obtained from Figure 6.11.

The stiffeners should meet the requirements specified in 6.2.6.1.
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Table 6.5: Effective lengths for a stiffened column flange

Bolt-row considered Bolt-row considered as

Bolt-row individually part of a group of bolt-rows

Location Circular patterns Non-circular Circular patterns | Non-circular patterns
Eeff cp patterns Eeffnc Eeff cp Eeff nc

Bolt-row adjacent >am am m + 0,5p + am

to a stiffener P — (2m + 0,625¢)

]?(:{ltiolilvner 2am 4dm + 1,25¢ 2p )2

Other end The smaller of: The smaller of: The smaller of: The smaller of:

bolt-row 2mm 4m + 1,25¢ mm+p 2m +0,625e + 0,5p

mm + 2e, 2m + 0,625¢ + ¢; 2e;1+p e;+0,5p
End bolt-row The smaller of:
. e+ oam

adjacent to a 2mwm ~ 2m + 0.625¢) not relevant not relevant

stiffener mm + 2e; ’

For Mode 1: Cest1 = Leene DUt Legry < Leprep 2leitt = D Lerne but D Lepri < D Lleprep

For Mode 2: Cetto = Lefrne ez = D lefine

o should be obtained from Figure 6.11.

6.2.6.4.3 Unstiffened column flange, welded connection

@)

In a welded joint, the design resistance Fygrq of an unstiffened column flange in bending, due to
tension or compression from a beam flange, should be obtained using:

Frera = bejf',b,fc Ly fy,fb 17 wo .. (6.20)

where:

betrp . 18 the effective breath begr defined in 4.10 where the beam flange is considered as a plate.

NOTE: See also the requirements specified in 4.10(4) and 4.10(6).

6.2.6.5 End-plate in bending

(M

@

(€)

“

The design resistance and failure mode of an end-plate in bending, together with the associated bolts
in tension, should be taken as similar to those of an equivalent T-stub flange, see 6.2.4 for both:

- each individual bolt-row required to resist tension;

- each group of bolt-rows required to resist tension.

The groups of bolt-rows either side of any stiffener connected to the end-plate should be treated as
separate equivalent T-stubs. In extended end-plates, the bolt-row in the extended part should also be
treated as a separate equivalent T-stub, see Figure 6.10. The design resistance and failure mode should
be determined separately for each equivalent T-stub.

The dimension ey, required for use in 6.2.4 should be obtained from Figure 6.8 for that part of the
end-plate located between the beam flanges. For the end-plate extension e, should be taken as
equal to ey, see Figure 6.10.

The effective length of an equivalent T-stub flange {.x should be determined in accordance with

6.2.4.2 using the values for each bolt-row given in Table 6.6.
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(5) The values of m and m, for use in Table 6.6 should be obtained from Figure 6.10.

P/Q eff

et

0 et

The extension of the end-plate and the portion
between the beam flanges are modelled as two
separate equivalent T-stub flanges.

For the end-plate extension, use e, and my in
place of e and m when determining the design
resistance of the equivalent T-stub flange.

Figure 6.10: Modelling an extended end-plate as separate T-stubs

Table 6.6: Effective lengths for an end-plate

Bolt-row considered

Bolt-row considered as

Bolt-row individually part of a group of bolt-rows
location Circular patterns Non-circular patterns | Circular patterns Non-circular

Ee:ff cp {)Jeff nc EE:ff cp patterns EE:ff nc

. Smallest of:
Bolt-row outside S;I:;lllem of: dm, + 1,25e,
tension flange X et2m,+0,625¢, — —
Tmy +w
of beam e+ e 0,50,
i 0,5w+2m,+0,625¢,
Eé:rlf)tv}l) (t)el:;_g)(:fl 27m om m~+p 0,5p +am
a —(2m+0,625¢)
ange of beam
Other inner
+
bolt-row 27m dm+1,25e 2p p
Other end
+ + + +

bolt-row 2mm dm+125¢ m+p 2m+0,625e+0,5p
MOde 1: Eeff,l = Eeff,nc but Eeff,l S Fveff,cp zgeff,l = ZEeff,nc but ZEeff,l S Zﬁeff,cp
MOde 2: Eeff,2 = Eeff,nc deff,Z = ZEeff,nc

o should be obtained from Figure 6.11.
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Figure 6.11: Values of o for stiffened column flanges and end-plates

6.2.6.6  Flange cleat in bending

@)

@

The design resistance and failure mode of a bolted angle flange cleat in bending, together with the
associated bolts in tension, should be taken as similar to those of an equivalent T-stub flange, see
6.2.4.

The effective length L.y of the equivalent T-stub flange should be taken as 0,5b, where b, is the
length of the angle cleat, see Figure 6.12.
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(3) The dimensions ey, and m for use in 6.2.4 should be determined from Figure 6.13.

% 5 =
v

> -
=

Figure 6.12: Effective length (.4 of an angle flange cleat

‘/
Deff /ﬂ
—>

:l € min 7]  lemn
%u - L,y

05t

v

a) Gap g < 0,4t, b) Gap g > 0,4¢t,
Notes:
- The number of bolt-rows connecting the cleat to the column flange is limited to one;
- The number of bolt-rows connecting the cleat to the beam flange is not limited;

- The length b, of the cleat may be different from both the width of the beam flange and the width
of the column flange.

Figure 6.13: Dimensions enin and m for a bolted angle cleat

6.2.6.7 Beam flange and web in compression

(1)  The resultant of the design compression resistance of a beam flange and the adjacent compression
zone of the beam web, may be assumed to act at the level of the centre of compression, see 6.2.7. The
design compression resistance of the combined beam flange and web is given by the following

expression:
Femra = Mcra/(h—ty) .. (6.21)
where:

h is the depth of the connected beam;

M. rq is the design moment resistance of the beam cross-section, reduced if necessary to allow for
shear, see EN 1993-1-1. For a haunched beam M,.rs may be calculated neglecting the

intermediate flange.

tn, ~ is the flange thickness of the connected beam.
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If the height of the beam including the haunch exceeds 600 mm the contribution of the beam web to
the design compression resistance should be limited to 20%.

(2) Ifabeam is reinforced with haunches they should be arranged such that:
- the steel grade of the haunch should match that of the member;
- the flange size and the web thickness of the haunch should not be less than that of the member;
- the angle of the haunch flange to the flange of the member should not be greater than 45°;

- the length of stiff bearing s, should be taken as equal to the thickness of the haunch flange parallel
to the beam.

(3) If a beam is reinforced with haunches, the design resistance of beam web in compression should be
determined according to 6.2.6.2.

6.2.6.8 Beam web in tension

(1) In a bolted end-plate connection, the design tension resistance of the beam web should be obtained
from:

F‘»Wb»Rd = bef/‘f,t,wb twb fy,wb /}/MO (622)

(2)  The effective width b, of the beam web in tension should be taken as equal to the effective length
of the equivalent T-stub representing the end-plate in bending, obtained from 6.2.6.5 for an individual
bolt-row or a bolt-group.

6.2.6.9 Concrete in compression including grout

(1)  The design bearing strength of the joint between the base plate and its concrete support should be
determined taking account of the material properties and dimensions of both the grout and the concrete
support. The concrete support should be designed according to EN 1992.

(2)  The design resistance of concrete in compression, including grout, together with the associated base
plate in bending £, r¢, should be taken as similar to those of an equivalent T-stub, see 6.2.5.

6.2.6.10 Base plate in bending under compression

(1)  The design resistance of a base plate in bending under compression, together with concrete slab on
which the column base is placed F i rq¢, should be taken as similar to those of an equivalent T-stub,
see 6.2.5.

6.2.6.11 Base plate in bending under tension

(1)  The design resistance and failure mode of a base plate in bending under tension, together with the
associated anchor bolts in tension £\ rg, may be determined using the rules given in 6.2.6.5.

(2) In the case of base plates prying forces which may develop should not be taken into consideration.
6.2.6.12 Anchor bolt in tension

(1) Anchor bolts should be designed to resist the effects of the design loads. They should provide design
resistance to tension due to uplift forces and bending moments where appropriate.

(2)  When calculating the tension forces in the anchor bolts due to bending moments, the lever arm should
not be taken as more than the distance between the centroid of the bearing area on the compression

side and the centroid of the bolt group on the tension side.

NOTE: Tolerances on the positions of the anchor bolts may have an influence.
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(3) The design resistance of the anchor bolts should be taken as the smaller of the design tension
resistance of the anchor bolt, see 3.6, and the design bond resistance of the concrete on the anchor bolt
according to EN 1992-1-1.

(4)  One of the following methods should be used to secure anchor bolts into the foundation:
- ahook (Figure 6.14(a)),
- awasher plate (Figure 6.14(b)),
- some other appropriate load distributing member embedded in the concrete,

- some other fixing which has been adequately tested and approved.

(5) When the bolts are provided with a hook, the anchorage length should be such as to prevent bond
failure before yielding of the bolt. The anchorage length should be calculated in accordance with
EN 1992-1-1. This type of anchorage should not be used for bolts with a yield strength f;, higher than
300 N/mm’.

(6)  When the anchor bolts are provided with a washer plate or other load distributing member, no account
should be taken of the contribution of bond. The whole of the force should be transferred through the
load distributing device.

1 Base plate

—1
il -2 2 Grout

3 Concrete foundation

 +

1
<
oys

-

(a) Hook (b) Washer plate

Figure 6.14: Fixing of anchor bolts

6.2.7 Design moment resistance of beam-to-column joints and splices
6.2.7.1 General

(1)  The applied design moment M; g4 should satisfy:

<1,0 .. (6.23)
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The methods given in 6.2.7 for determining the design moment resistance of a joint Mjrq do not take
account of any co-existing axial force Ngg in the connected member. They should not be used if the
axial force in the connected member exceeds 5% of the design plastic resistance Nyirgq Of its cross-
section.

If the axial force Ngq in the connected beam exceeds 5% of the design resistance, Npirq , the following
conservative method may be used:

M., N.
LE L PR <10 .. (6.29)

M_/',Rd j.Rd

where:

Mirq 1s the design moment resistance of the joint, assuming no axial force;

Nira 1is the axial design resistance of the joint, assuming no applied moment.
The design moment resistance of a welded joint should be determined as indicated in Figure 6.15(a).

The design moment resistance of a bolted joint with a flush end-plate that has only one bolt-row in
tension (or in which only one bolt-row in tension is considered, see 6.2.3(6)) should be determined as
indicated in Figure 6.15(c).

The design moment resistance of a bolted joint with angle flange cleats should be determined as
indicated in Figure 6.15(b).

The design moment resistance of a bolted end-plate joint with more than one row of bolts in tension
should generally be determined as specified in 6.2.7.2.

As a conservative simplification, the design moment resistance of an extended end-plate joint with
only two rows of bolts in tension may be approximated as indicated in Figure 6.16, provided that the
total design resistance Frq does not exceed 3,8F rq, Where Firq is given in Table 6.2. In this case
the whole tension region of the end-plate may be treated as a single basic component. Provided that
the two bolt-rows are approximately equidistant either side of the beam flange, this part of the end-
plate may be treated as a T-stub to determine the bolt-row force Fgrq. The value of F,rq may then
be assumed to be equal to F) rq, and so Frq may be taken as equal to 2F gq.

The centre of compression should be taken as the centre of the stress block of the compression forces.
As a simplification the centre of compression may be taken as given in Figure 6.15.

A splice in a member or part subject to tension should be designed to transmit all the moments and
forces to which the member or part is subjected at that point.

Splices should be designed to hold the connected members in place. Friction forces between contact
surfaces may not be relied upon to hold connected members in place in a bearing splice.

Wherever practicable the members should be arranged so that the centroidal axis of any splice material

coincides with the centroidal axis of the member. If eccentricity is present then the resulting forces
should be taken into account.
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Centre of

Type of connection . Lever arm Force distributions
compression
a) Welded connection In line with the [z="h -ty
mid thickness . A
M) eq of the h is the depth of
e compression the connected e
. flange beam Fra
ty 1s the thickness -
of the beam ~F,
flange
,A/V,
b)  Bolted connection with angle | In line with the | Distance from the
flange cleats mid-thickness | centre of A
of the leg of the | compression to the
angle cleat on | bolt-row in tension HeF -
Mj.ed Rd
the I
2 > compression
flange .
/| g T ¢FRd
,J\f,
c) Bolted end-plate connection In line with the [ Distance from the
with only one bolt-row active in mid-thickness | centre of o
tension of the compression to the
T compression bolt-row in tension
L Mj ed flange I TR T >
==o z |
ZI % : > +FRd4>
i’ ,J\/,,

LA U

d)  Bolted extended end-plate
connection with only two bolt-rows
active in tension

Mj Ed

i)

In line with the
mid-thickness
of the
compression
flange

Conservatively z
may be taken as
the distance from
the centre of
compression to a
point midway
between these two
bolt-rows

e) Other bolted end-plate
connections with two or more bolt-
rows in tension

Mjgd

In line with the
mid-thickness
of the
compression
flange

An approximate
value may be
obtained by taking
the distance from
the centre of
compression to a
point midway
between the
farthest two bolt-
rows in tension

A more accurate value may
be determined by taking the
lever arm z as equal to zeq
obtained using the method
given in 6.3.3.1.

Figure 6.15: Centre of compression, lever arm z and force distributions for
deriving the design moment resistance M,;rq

86

Project NDP - working copy



(13)

(14)

(15)

(16)

EN 1993-1-8 : 2005 (E)

-
I

Ir

1T

w N

T i

1T i}
T

Figure 6.16: Simplified models for bolted joints with extended end-plates

Where the members are not prepared for full contact in bearing, splice material should be provided to
transmit the internal forces and moments in the member at the spliced section, including the moments
due to applied eccentricity, initial imperfections and second-order deformations. The internal forces
and moments should be taken as not less than a moment equal to 25% of the moment capacity of the
weaker section about both axes and a shear force equal to 2.5% of the normal force capacity of the
weaker section in the directions of both axes.

Where the members are prepared for full contact in bearing, splice material should be provided to
transmit 25% of the maximum compressive force in the column.

The alignment of the abutting ends of members subjected to compression should be maintained by
cover plates or other means. The splice material and its fastenings should be proportioned to carry
forces at the abutting ends, acting in any direction perpendicular to the axis of the member. In the
design of splices the second order effects should also be taken into account.

Splices in flexural members should comply with the following:

a) Compression flanges should be treated as compression members;

b) Tension flanges should be treated as tension members;

c) Parts subjected to shear should be designed to transmit the following effects acting together:
- the shear force at the splice;

- the moment resulting from the eccentricity, if any, of the centroids of the groups of fasteners
on each side of the splice;

- the proportion of moment, deformation or rotations carried by the web or part, irrespective of
any shedding of stresses into adjoining parts assumed in the design of the member or part.

6.2.7.2 Beam-to-column joints with bolted end-plate connections

)

The design moment resistance Mjrq of a beam-to-column joint with a bolted end-plate connection
may be determined from:

Mirg = Zh, F,,,’Rd ... (6.25)

where:
Fi.ra 1s the effective design tension resistance of bolt-row r;
h, is the distance from bolt-row r to the centre of compression;

r is the bolt-row number.

87

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

@

©)

4)

®)

(6)

(7

®)

(€))

88

NOTE: In a bolted joint with more than one bolt-row in tension, the bolt-rows are numbered starting
from the bolt-row farthest from the centre of compression.

For bolted end-plate connections, the centre of compression should be assumed to be in line with the
centre of the compression flange of the connected member.

The effective design tension resistance Fyrq for each bolt-row should be determined in sequence,
starting from bolt-row 1, the bolt-row farthest from the centre of compression, then progressing to
bolt-row 2, etc.

When determining the effective design tensin resistance Firq for bolt-row r the effective design
tension resistance of all other bolt-rows closer to the centre of compression should be ignored.

The effective design tension resistance Fi.gq of bolt-row 7 should be taken as its design tension
resistance Firq as an individual bolt-row determined from 6.2.7.2(6), reduced if necessary to satisfy
the conditions specified in 6.2.7.2(7), (8) and (9).

The effective design tension resistance Firq Of bolt-row 7 ,taken as an individual bolt-row, should
be taken as the smallest value of the design tension resistance for an individual bolt-row of the
following basic components:

- the column web in tension Fiwerd - see 6.2.6.3;
- the column flange in bending Fiterd - see 6.2.6.4;
- the end-plate in bending Fiepra - see 6.2.6.5;
- the beam web in tension Fiwbra - see 6.2.6.8.

The effective design tension resistance Fi.grq of bolt-row r should, if necessary, be reduced below
the value of Firq given by 6.2.7.2(6) to ensure that, when account is taken of all bolt-rows up to and
including bolt-row r the following conditions are satisfied:

- the total design resistance ) Fira < Vipra/B - with g from 5.3(7) - see 6.2.6.1;

- the total design resistance ) Firq does not exceed the smaller of:
- the design resistance of the column web in compression F ycrd - see 6.2.6.2;

—  the design resistance of the beam flange and web in compression F; pra - see 6.2.6.7.

The effective design tension resistance Fi.rq of bolt-row r should, if necessary, be reduced below
the value of Firq given by 6.2.7.2(6), to ensure that the sum of the design resistances taken for the
bolt-rows up to and including bolt-row r that form part of the same group of bolt-rows, does not
exceed the design resistance of that group as a whole. This should be checked for the following basic
components:

- the column web in tension Fiwera - see 6.2.6.3;
- the column flange in bending Fitcra - see 6.2.6.4;
- the end-plate in bending Fiepra - see 6.2.6.5;
—  the beam web in tension Fiwbrd - see 6.2.6.8.

Where the effective design tension resistance Fixrq Of one of the previous bolt-rows x is greater than
1,9 Fira, then the effective design tension resistance Firq for bolt-row r should be reduced, if
necessary, in order to ensure that:

Ftr,Rd < F[x,Rd hr/hx (626)

where:

hy is the distance from bolt-row x to the centre of compression;
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x is  the bolt-row farthest from the centre of compression that has a design tension resistance

greater than 1,9 Firg.

NOTE: The National Annex may give further information on the use of equation (6.26).

(10) The method described in 6.2.7.2(1) to 6.2.7.2(9) may be applied to a bolted beam splice with welded
end-plates, see Figure 6.17, by omitting the items relating to the column.

6.2.8

6.2.8.1

@)

@

(€)

4)
©)

Figure 6.17: Bolted beam splices with welded end-plates

Design resistance of column bases with base plates
General

Column bases should be of sufficient size, stiffness and strength to transmit the axial forces, bending
moments and shear forces in columns to their foundations or other supports without exceeding the
load carrying capacity of these supports.

The design bearing strength between the base plate and its support may be determined on the basis of a
uniform distribution of compressive force over the bearing area. For concrete foundations the bearing
stress should not exceed the design bearing strength, fiq , given in 6.2.5(7).

For a column base subject to combined axial force and bending the forces between the base plate and
its support can take one of the following distribution depending on the relative magnitude of the
applied axial force and bending moment:

- In the case of a dominant compressive axial force, full compression may develop under both
column flanges as shown in Figure 6.18(a).

- In the case of a dominant tensile force, full tension may develop under both flanges as shown in
Figure 6.18(b).

- In the case of a dominant bending moment compression may develop under one column flange
and tension under the other as shown in Figure 6.18(c) and Figure 6.18(d).

Base plates should be designed using the appropriate methods given in 6.2.8.2 and 6.2.8.3.

One of the following methods should be used to resist the shear force between the base plate and its
support:

- Frictional design resistance at the joint between the base plate and its support.
- The design shear resistance of the anchor bolts.

—  The design shear resistance of the surrounding part of the foundation.

If anchor bolts are used to resist the shear forces between the base plate and its support, rupture of the
concrete in bearing should also be checked, according to EN 1992.
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Where the above methods are inadequate special elements such as blocks or bar shear connectors
should be used to transfer the shear forces between the base plate and its support.

Neg Neg
/i\AMEd %{MEd
| | I N | | I
T Zc)) ‘ Zcr T ‘l z7) | Z1r ;
| z | | z |
a) Column base connection in case of a b) Column base connection in case of a
dominant compressive normal force dominant tensile normal force
. .
Neg Neg

»/i\ Megq /i\ Megq

N | | B | | B
T Zc) ‘ 21 l‘ ‘l 21 | Zcr T
| z | | z |

¢) Column base connection in case of a d) Column base connection in case of a
dominant bending moment dominant bending moment

Figure 6.18: Determination of the lever arm z for column base connections

6.2.8.2 Column bases only subjected to axial forces

(1)  The design resistance, Njrq ,0f a symmetric column base plate subject to an axial compressive force
applied concentrically may be determined by adding together the individual design resistance Fcrq Of
the three T-stubs shown in Figure 6.19 (Two T-stubs under the column flanges and one T-stub under
the column web.) The three T-stubs should not be overlapping, see Figure 6.19. The design resistance
of each of these T-stubs should be calculated using the method given in 6.2.5.

————————————————————————————

1 T-stub 1
§ 2 T-stub 2
: 3 T-stub 3

Figure 6.19: Non overlapping T-stubs

6.2.8.3 Column bases subjected to axial forces and bending moments

(1) The design moment resistance Mjrq of a column base subject to combined axial force and moment
should be determined using the method given in Table 6.7 where the contribution of the concrete
portion just under the column web (T-stub 2 of Figure 6.19) to the compressive capacity is omitted.
The following parameters are used in this method:

- Frra 18 the design tension resistance of the left hand side of the joint - see 6.2.8.3(2)
see 6.2.8.3(3)
see 6.2.8.3(4)
see 6.2.8.3(5)

- Fr,rais the design tension resistance of the right hand side of the joint

- Fcrais the design compressive resistance of the left hand side of the joint

~ Fcrrals the design compressive resistance of the right hand side of the joint
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(2)  The design tension resistance Frrq Of the left side of the joint should be taken as the smallest values
of the design resistance of following basic components:

- the column web in tension under the left column flange

-  the base plate in bending under the left column flange

Fipira

F t,we,Rd

- see 6.2.6.3;
- see 6.2.6.11.

(3) The design tension resistance Fr,rq Of the right side of the joint should be taken as the smallest values
of the design resistance of following basic components:

- the column web in tension under the right column flange

- the base plate in bending under the right column flange

F t,pLRd

F t,we,Rd

- see 6.2.6.3;
- see 6.2.6.11.

(4) The design compressive resistance Fc rq Of the left side of the joint should be taken as the smallest
values of the design resistance of following basic components:

- the concrete in compression under the left column flange

- the left column flange and web in compression

F ¢ fc,Rd

F c,pLRd

- see 6.2.6.9;
- see 6.2.6.7.

(5) The design compressive resistance Fc,rq Of the right side of the joint should be taken as the smallest
values of the design resistance of following basic components:

—  the concrete in compression under the right column flange Fira

- the right column flange and web in compression

(6) For the calculation of zr, zcJ, Zr., Zcr S€€ 6.2.8.1.

F ¢,fc,Rd

- see 6.2.6.9;
- see 6.2.6.7.

Table 6.7: Design moment resistance Mjrq of column bases

Loading

Lever arm z

Design moment resistance M, rq

Left side in tension

. . . z = zrgtzey Ngq> 0 and e>zr Ngg <0 and e<-zc,
Right side in compression
F z -F. .z
The smaller of —~% Crkd
zo, le+l z;,/e—1
L;ft s1d.e in tension z = zry ¥ ony Nga>0and 0<e<zp |[Ngg>0and  -zr,<e<0
Right side in tension
The smaller of The smaller of
Frira 2 d FroraZ FriraZ FriraZ
z,, le+1 zple=1 | z;, /e+l zp,/e—1
Lgft s1d.e in compression z = ze)+zn; Ngg> 0 and e<-zr, Neg <0 and e>zc)
Right side in tension
-F z F z
The smaller of — 2~ and —2%
z;,. e+l ze,/e—1
Left side in compression | - _ Zeit+zer | Npg<0and 0<e<zey |Npg<0and  -zc,<e<0
Right side in compression ' ’ ’ ’
The smaller of The smaller of
—FeiraZ q_ FeoraZ | —Feipa 2 and — Feori?
zo, le+1 zeyle=1 | zo, e+l zo,le—1

Ed _ My,
Ny Ny

e =

Mgq> 0 is clockwise, Ngq > 0 is tension

91

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

6.3
6.3.1

Q)

@

(€))

4)

©)

Q)

92

Rotational stiffness
Basic model

The rotational stiffness of a joint should be determined from the flexibilities of its basic components,
each represented by an elastic stiffness coefficient k; obtained from 6.3.2.

NOTE: These elastic stiffness coefficients are for general application.

For a bolted end-plate joint with more than one row of bolts in tension, the stiffness coefficients %; for
the related basic components should be combined. For beam-to-column joints and beam splices a
method is given in 6.3.3 and for column bases a method is given in 6.3.4.

In a bolted end plate joint with more than one bolt-row in tension, as a simplification the contribution
of any bolt-row may be neglected, provided that the contributions of all other bolt-rows closer to the
centre of compression are also neglected. The number of bolt-rows retained need not necessarily be
the same as for the determination of the design moment resistance.

Provided that the axial force Ngg in the connected member does not exceed 5% of the design
resistance Nperq Of its cross-section, the rotational stiffness S; of a beam-to-column joint or beam
splice, for a moment Mg less than the design moment resistance Mjrq of the joint, may be obtained
with sufficient accuracy from:

Ez*

- — .. (6.27)
H Z;

S

where:
k; is  the stiffness coefficient for basic joint component i;
z is the lever arm, see 6.2.7;

1 18 the stiffness ratio Sjini/S;, see 6.3.1(6).
NOTE: The initial rotational stiffness S, of the joint is given by expression (6.27) with u = 1,0.

The rotational stiffness S; of a column base, for a moment M;gqs less than the design moment
resistance M,grq Of the joint, may be obtained with sufficient accuracy from 6.3.4.

The stiffness ratio u should be determined from the following:

— if M,Ed < 2/3 Mi,Rd:
=1 ... (6.282)

~ if 2/3 Mijra < Mjpa < Mjrqg:
= (L5M, I M, )" ... (6.28b)

in which the coefficient y is obtained from Table 6.8.
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Table 6.8: Value of the coefficient y

Type of connection 7
Welded 2,7
Bolted end-plate 2,7
Bolted angle flange cleats 3,1
Base plate connections 2,7

(7)  The basic components that should be taken into account when calculating the stiffness of a welded
beam-to-column joint and a joint with bolted angle flange cleats are given in Table 6.9. Similarly, the
basic components for a bolted end-plate connection and a base plate are given in Table 6.10. In both of
these tables the stiffness coefficients, 4; ,for the basic components are defined in Table 6.11.

(8)  For beam-to-column end plate joints the following procedure should be used for obtaining the joint
stiffness. The equivalent stiffness coefficient, k., and the equivalent lever arm, z,,, of the joint should
be obtained from 6.3.3. The stiffness of the joint should then be obtained from 6.3.1(4) based on the
stiffness coefficients, k., (for the joint), k; (for the column web in shear), and with the lever arm, z,
taken equal to the equivalent lever arm of the joint, z,,.

Table 6.9: Joints with welded connections or bolted angle flange cleat
connections

Beam-to-column joint with Stiffness coefficients £; to be taken
welded connections into account
Single-sided ks ka; ks
Double-sided — Moments equal and opposite ka; ks
Double-sided — Moments unequal ki, ky; ks
Beam-to-column joint with Stiffness coefficients k; to be taken
Bolted angle flange cleat connections into account
Single-sided kis ko ks ks ke kros Ky 5 kg *%
Double-sided — Moments equal and opposite ks ks keas ks Kaos iy s ey ¥
Double-sided — Moments unequal ki ko ks ks ey Kenos Ky *); ko ¥¥)
*) Two ki, coefficients, one for
I I M T I each flange;
MJ,Ed( ) > M e ‘1'Ed< R > Mjz2.eq **)  Four ky, coefficients, one for
each flange and one for each
Moments equal and opposite Moments unequal cleat.
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Table 6.10: Joints with bolted end-plate connections and base plate connections

Beam-to-column joint with
bolted end-plate connections

Number of bolt-rows in
tension

Stiffness coefficients k; to
be taken into account

Single-sided

One

ks ko k3; ks ks ko

Two or more ks ks kg

One ko ks; ke ks; ko
Double sided — Moments equal and opposite

Two or more ks kg

One ki; ka; ks ka; ks; ko
Double sided — Moments unequal

Two or more ki; ks keq

Beam splice with bolted end-plates

Number of bolt-rows in
tension

Stiffness coefficients %; to
be taken into account

Double sided - Moments equal and opposite

One

ks [left]; ks[right]; ki

Two or more

keq

Base plate connections

Number of bolt-rows in
tension

Stiffness coefficients k; to
be taken into account

Base plate connections

One

kis; kis; kis

Two or more

ki3; k15 and k6 for each bolt
row

6.3.2 Stiffness coefficients for basic joint components

(1)  The stiffness coefficients for basic joint component should be determined using the expressions given

in Table 6.11.
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Table 6.11: Stiffness coefficients for basic joint components

Component Stiffness coefficient k;
Column web Unstiffened, o ' S stiffened
panel in shear single-sided joint, or a double-sided joint in
which the beam depths are similar
0,384
k= — ki =o0
Pz
z is the lever arm from Figure 6.15;
b is the transformation parameter from 5.3(7).
Column web in | unstiffened stiffened
compression 0,7 beﬁ e Eoe
kz - k2 = 00

d

c

besrewe 1S the effective width from 6.2.6.2

Column web in
tension

stiffened or unstiffened bolted connection with | stiffened welded connection
a single bolt-row in tension or unstiffened

welded connection

0,7b
k3 eff ,t,we nL k3 -

d

c

befr.weis the effective width of the column web in tension from 6.2.6.3. For a joint with a
single bolt-row in tension, berrrw. should be taken as equal to the smallest of the
effective lengths L. (individually or as part of a group of bolt-rows) given for this
bolt-row in Table 6.4 (for an unstiffened column flange) or Table 6.5 (for a
stiffened column flange).

Column flange
in bending
(for a single
bolt-row in
tension)

- 0,9¢ ¢
m3
Ler  is the smallest of the effective lengths (individually or as part of a bolt group) for
this bolt-row given in Table 6.4 for an unstiffened column flange or Table 6.5 for a
stiffened column flange;
m is as deﬁned in Figure 6.8.

End-plate in
bending
(for a single
bolt-row in
tension)

0971,

5= 3
m
L 1s the smallest of the effective lengths (individually or as part of a group of bolt-
rows) given for this bolt-row in Table 6.6;
m is generally as defined in Figure 6.11, but for a bolt-row located in the extended part

of an extended end-plate m = m,, where m, is as defined in Figure 6.10.

Flange cleat in
bending

09€eﬂ ;
6= 3
m

Ler  1s the effective length of the flange cleat from Figure 6.12;

m is as defined in Figure 6.13.
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Component

Stiffness coefficient k;

Bolts in tension
(for a single
bolt-row)

kl() = 1,6AS /Lb

preloaded or non-preloaded

L,  is the bolt elongation length, taken as equal to the grip length (total thickness of
material and washers), plus half the sum of the height of the bolt head and the

height of the nut.
Bolts in shear | non-preloaded preloaded ”
16n,d*
ky (or ky7) = 16m,d" f.y keyy =0
EdM16
dwvie 1s the nominal diameter of an M 16 bolt;
y, is the number of bolt-rows in shear.
Bolts in non-preloaded preloaded ”
bearing
(for each 24n,k k. d f,
component j iz (or kis) = : Zv [ kiz = oo
on which the . -
bolts bear) kv =k e, is the distance from the bolt-row to the free
but k< iy edge of the plate in the direction of load
k1= 0,25 e,/d + 0,5 transfer;
but &y, < 1,25 fu is the ultimate tensile strength of the steel on
ko= 0,25 py/d + 0,375 which the bolt bears;
but &y <1,25 pv  1s the spacing of the bolt-rows in the direction
k=1,5%/dwis of load transfer;
but &k <2,5 t is the thickness of that component.
Concrete m o E bl 5
| S —
compression 1275E
(including
grout) berr  1s the effective width of the T-stub flange, see 6.2.5(3);
L 1s the effective length of the T-stub flange, see 6.2.5(3).
Plate in kyq = o0
bending under | This coefficient is already taken into consideration in the calculation of the stiffness
compression | coefficient ki3
Base plate in with prying forces ) without prying forces )
bena'fmg under 0.85/ S 3 0,425/ S 3
tension kis= oy p ks = /A
(for a single m’ m’
bolt row in g is the effective length of the T-stub flange, see 6.2.5(3);
tension) t is the thickness of the base plate;
m is the distance according to Figure 6.8.

Anchor bolts in | with prying forces *

L without prying forces *

fension ko= 1,64, /L, ko= 2,04, /L,

L, is the anchor bolt elongation length, taken as equal to the sum of 8 times the
nominal bolt diameter, the grout layer, the plate thickness, the washer and half of
the height of the nut.

i provided that the bolts have been designed not to slip into bearing at the load level concerned
) . . 858m3AS
prying forces may develop, if Ly < ————
t

efff

96

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

NOTE 1: When calculating b and . the distance ¢ should be taken as 1,25 times the base plate
thickness.

NOTE 2: Backing plates should be assumed not to affect the rotational stiffness Sj of the joint.

NOTE 3: For welds (ko) the stiffness coefficient should be taken as equal to infinity. This
component need not be taken into account when calculating the rotational stiffness S;.

NOTE 4: For beam flange and web in compression (k;), beam web in tension (kg), plate in tension
or compression (ko), haunched beams (ky), the stiffness coefficients should be taken as equal to
infinity. These components need not be taken into account when calculating the rotational stiffness
Si.

NOTE 5: Where a supplementary web plate is used, the stiffness coefficients for the relevant basic
joint components k; to k3 should be increased as follows:

- ki for the column web panel in shear should be based on the increased shear area A4, from
6.2.6.1(6);

-k for the column web in compression should be based on the effective thickness of the web
from 6.2.6.2(6);

— k3 for the column web in tension, should be based on the effective thickness of the web from
6.2.6.3(8).

6.3.3

6.3.3.1

@)

()

End-plate joints with two or more bolt-rows in tension
General method

For end-plate joints with two or more bolt-rows in tension, the basic components related to all of these
bolt-rows should be represented by a single equivalent stiffness coefficient k., determined from:

ke,
kg = —— ... (6.29)
z

eq
where:
h, is  the distance between bolt-row » and the centre of compression;

ke s the effective stiffness coefficient for bolt-row 7 taking into account the stiffness coefficients
k; for the basic components listed in 6.3.3.1(4) or 6.3.3.1(5) as appropriate;

Zeq 1s  the equivalent lever arm, see 6.3.3.1(3).

The effective stiffness coefficient k., for bolt-row r should be determined from:

1

1
2.

keff,r = (630)

where:

ki, 1s  the stiffness coefficient representing component i relative to bolt-row r.
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The equivalent lever arm z., should be determined from:

2k, ]

Zeq T NS 5 (631)
Zkejf,r hr

r

In the case of a beam-to-column joint with an end-plate connection, k., should be based upon (and
replace) the stiffness coefficients k; for:

- the column web in tension (k3);

- the column flange in bending (k);
- the end-plate in bending (ks);

- the bolts in tension (ko).

In the case of a beam splice with bolted end-plates, k., should be based upon (and replace) the
stiffness coefficients k; for:

- the end-plates in bending (ks);

- the bolts in tension (ko).

6.3.3.2 Simplified method for extended end-plates with two bolt-rows in tension

(M

2

For extended end-plate connections with two bolt-rows in tension, (one in the extended part of the
end-plate and one between the flanges of the beam, see Figure 6.20), a set of modified values may be
used for the stiffness coefficients of the related basic components to allow for the combined
contribution of both bolt-rows. Each of these modified values should be taken as twice the
corresponding value for a single bolt-row in the extended part of the end-plate.

NOTE: This approximation leads to a slightly lower estimate of the rotational stiffness.

When using this simplified method, the lever arm z should be taken as equal to the distance from the
centre of compression to a point midway between the two bolt-rows in tension, see Figure 6.20.

—/—
7 _
Z z
_=
I -

Figure 6.20: Lever arm z for simplified method

6.3.4 Column bases

(M

98

The rotational stiffness, Sj, of a column base subject to combined axial force and bending moment

should be calculated using the method given in Table 6.12. This method uses the following stiffness

coefficients:

kry is  the tension stiffness coefficient of the left hand side of the joint and should be taken as equal
to the sum of the stiffness coefficients k5 and ks (given in Table 6.11) acting on the left hand
side of the joint.
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kr, 1is  the tension stiffness coefficient of the right hand side of the joint and should be taken as
equal to the sum of the stiffness coefficients ks and k¢ (given in Table 6.11) acting on the right
hand side of the joint.

kcy is  the compression stiffness coefficient of the left hand side of the joint and should be taken as
equal to the stiffness coefficient k5 (given in Table 6.11) acting on the left hand side of the joint.

kc: 1s  the compression stiffness coefficient of the right hand side of the joint and should be taken as
equal to the stiffness coefficient k5 (given in Table 6.11) acting on the right hand side of the joint.

(2)  For the calculation of zt, zc), Zr., Zc, see 6.2.8.1.

Table 6.12: Rotational stiffness S; of column bases

Loading Lever arm z Rotational stiffness Sjini

Left side in tension z =z + zc, Ngq> 0 and e>zr) Nge <0 and e<-zcy

Right side in compression

g p Ez* e ZC,rkC,r _ZT,lkT,l
where e, =
ul/ky +1/k.,) ete, kp,+ke,
Left side in tension z = zrtzn, Ngg>0 and 0<e<zr Ngg>0 and -zr,<e<0
Right side in tension
& Ez’ e zr,ky, =2y ik
where e, =
u(l/ky +1/k; ) et+e, kpy+k;,
Left side in compression z = zc)tz1, Ngq> 0 and e < -zy, Ngg <0 and e>zc)
Right side in tension
: Ez’ e zr. ke, = Zcike,
where e, =
ul/ ke, +1/k; ) e+e; ke, +kp,
Left side in compression z = zogtzey Neg <0 and 0<e<zg Ngg <0 and zc,<e<0
Right side in compression
& P Ez? e Ze, ke, —Zcike,
where e, =
ul/ ke, +1/k.,) e+e, ke, +ke,
Mgq > 0 is clockwise, Ngq > 0 is tension, u see 6.3.1(6).
o= My, _ My,
N, Npa

6.4 Rotation capacity

6.4.1 General

(1) In the case of rigid plastic global analysis, a joint at a plastic hinge location should have sufficient
rotation capacity.

(2)  The rotation capacity of a bolted or welded joint should be determined using the provisions given in
6.4.2 or 6.4.3. The design methods given in these clauses are only valid for S235, S275 and S355 steel
grades and for joints in which the design value of the axial force Ngq in the connected member does
not exceed 5% of the design plastic resistance Npira Of its cross-section.

(3)  As an alternative to 6.4.2 and 6.4.3 the rotation capacity of a joint need not be checked provided that

the design moment resistance Mjrq of the joint is at least 1.2 times the design plastic moment
resistance M, rq Of the cross section of the connected member.
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In cases not covered by 6.4.2 and 6.4.3 the rotation capacity may be determined by testing in
accordance with EN 1990, Annex D. Alternatively, appropriate calculation models may be used,
provided that they are based on the results of tests in accordance with EN 1990.

6.4.2 Bolted joints

@)

2

(€)

A beam-to-column joint in which the design moment resistance of the joint M;grq is governed by the
design resistance of the column web panel in shear, may be assumed to have adequate rotation
capacity for plastic global analysis, provided that d/t, < 69¢.

A joint with either a bolted end-plate or angle flange cleat connection may be assumed to have
sufficient rotation capacity for plastic analysis, provided that both of the following conditions are
satisfied:

a) the design moment resistance of the joint is governed by the design resistance of either:
- the column flange in bending or
- the beam end-plate or tension flange cleat in bending.

b) the thickness ¢ of either the column flange or the beam end-plate or tension flange cleat (not
necessarily the same basic component as in (a)) satisfies:

1 <036d.(f, /7, .. (632)

where:

Jfy is  the yield strength of the relevant basic component.

A joint with a bolted connection in which the design moment resistance M;rq is governed by the
design resistance of its bolts in shear, should not be assumed to have sufficient rotation capacity for
plastic global analysis.

6.4.3 Welded Joints

@)

2

100

The rotation capacity ¢cq of a welded beam-to-column connection may be assumed to be not less that
the value given by the following expression provided that its column web is stiffened in compression
but unstiffened in tension, and its design moment resistance is not governed by the design shear
resistance of the column web panel, see 6.4.2(1):

dca = 0,025 he/hy .. (6.33)

where:
h, is  the depth of the beam;
h. is  the depth of the column.

An unstiffened welded beam-to-column joint designed in conformity with the provisions of this
section, may be assumed to have a rotation capacity ¢cq of at least 0,015 radians.
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7 Hollow section joints
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General
Scope

This section gives detailed application rules to determine the static design resistances of uniplanar and
multiplanar joints in lattice structures composed of circular, square or rectangular hollow sections, and
of uniplanar joints in lattice structures composed of combinations of hollow sections with open
sections.

The static design resistances of the joints are expressed in terms of maximum design axial and/or
moment resistances for the brace members.

These application rules are valid both for hot finished hollow sections to EN 10210 and for cold
formed hollow sections to EN 10219, if the dimensions of the structural hollow sections fulfil the
requirements of this section.

For hot finished hollow sections and cold formed hollow sections the nominal yield strength of the end
product should not exceed 460 N/mm”. For end products with a nominal yield strength higher than 355
N/mm? , the static design resistances given in this section should be reduced by a factor 0,9.

The nominal wall thickness of hollow sections should not be less than 2,5 mm.

The nominal wall thickness of a hollow section chord should not be greater than 25 mm unless special
measures have been taken to ensure that the through thickness properties of the material will be
adequate.

For fatigue assessment see EN 1993-1-9.

The types of joints covered are indicated in Figure 7.1.

7.1.2 Field of application

)

@

©)

4)

©)

(6)

The application rules for hollow section joints may be used only where all of the conditions given in
7.1.2(2) to 7.1.2(8) are satisfied.

The compression elements of the members should satisfy the requirements for Class 1 or Class 2 given
in EN 1993-1-1 for the condition of pure bending.

The angles 6; between the chords and the brace members, and between adjacent brace members,
should satisfy:

6, >30°

The ends of members that meet at a joint should be prepared in such a way that their cross-sectional
shape is not modified. Flattened end connections and cropped end connections are not covered in this
section.

In gap type joints, in order to ensure that the clearance is adequate for forming satisfactory welds, the
gap between the brace members should not be less than (# + 1,).

In overlap type joints, the overlap should be large enough to ensure that the interconnection of the

brace members is sufficient for adequate shear transfer from one brace to the other. In any case the
overlap should be at least 25%.
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(7)  Where overlapping brace members have different thicknesses and/or different strength grades, the
member with the lowest ¢ f;; value should overlap the other member.

(8)  Where overlapping brace members are of different widths, the narrower member should overlap the
wider one.

DK joint KK joint

i
) il
I 1
S — |
% — ] e | =]
B r
11 I R \” S
-
X joint TT joint
— 7m7 7m7
| !
i it
| | ]
— e — U T
T A T | E—
I I
1 il
e Ay gl
DY joint XX joint

Figure 7.1: Types of joints in hollow section lattice girders
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Design
General
The design values of the internal axial forces both in the brace members and in the chords at the
ultimate limit state should not exceed the design resistances of the members determined from

EN 1993-1-1.

The design values of the internal axial forces in the brace members at the ultimate limit state should
also not exceed the design resistances of the joints given in 7.4, 7.5, 7.6 or 7.7 as appropriate.

The stresses ogrq Or 0,4 in the chord at a joint should be determined from:

N M
Gopq = —2L 4 0H (7.
4, Wel,O
N M
Oppa = pEd | "7 OFEd ..(1.2)
4, Wez,o
where:

Nora = N gy _ZNi,Ed cos 0,

>0

7.2.2 Failure modes for hollow section joints

Q)

@
(€))
“)

&)

The design joint resistances of connections between hollow sections and of connections between
hollow sections and open sections, should be based on the following failure modes as applicable:

a) Chord face failure (plastic failure of the chord face) or chord plastification (plastic failure of
the chord cross-section);

b)  Chord side wall failure (or chord web failure) by yielding, crushing or instability (crippling
or buckling of the chord side wall or chord web) under the compression brace member;

c) Chord shear failure;

d)  Punching shear failure of a hollow section chord wall (crack initiation leading to rupture of the
brace members from the chord member);

e) Brace failure with reduced effective width (cracking in the welds or in the brace members);

f) Local buckling failure of a brace member or of a hollow section chord member at the joint
location.

NOTE: The phrases printed in boldface type in this list are used to describe the various failure modes
in the tables of design resistances given in 7.4 to 7.7.

Figure 7.2 illustrates failure modes (a) to (f) for joints between CHS brace and chord members.
Figure 7.3 illustrates failure modes (a) to (f) for joints between RHS brace and chord members.

Figure 7.4 illustrates failure modes (a) to (f) for joints between CHS or RHS brace members and I or H
section chord members.

Although the resistance of a joint with properly formed welds is generally higher under tension than
under compression, the design resistance of the joint is generally based on the resistance of the brace
in compression to avoid the possible excessive local deformation or reduced rotation capacity or
deformation capacity which might otherwise occur.
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Mode

Axial loading

Bending moment

104

Figure 7.2: Failure modes for joints between CHS members
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Mode

Axial loading

Bending moment

Figure 7.3: Failure modes for joints between RHS brace members and RHS chord

members

105

Project NDP - working copy



EN 1993-1-8 :

2005 (E)

Mode Axial loading Bending moment
a f— f—
\\ \\ // // //////
=
b ‘ j\' ‘
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Figure 7.4: Failure modes for joints between CHS or RHS brace members and |
or H section chord members
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Welds

Design resistance
The welds connecting the brace members to the chords should be designed to have sufficient
resistance to allow for non-uniform stress-distributions and sufficient deformation capacity to allow
for redistribution of bending moments.
In welded joints, the connection should normally be formed around the entire perimeter of the hollow
section by means of a butt weld, a fillet weld, or combinations of the two. However in partially
overlapping joints the hidden part of the connection need not be welded, provided that the axial forces
in the brace members are such that their components perpendicular to the axis of the chord do not
differ by more than 20%.
Typical weld details are indicated in 1.2.7 Reference Standards: Group 7.

The design resistance of the weld, per unit length of perimeter of a brace member, should not normally
be less than the design resistance of the cross-section of that member per unit length of perimeter.

The required throat thickness should be determined from section 4.
The criterion given in 7.3.1(4) may be waived where a smaller weld size can be justified both with
regard to resistance and with regard to deformation capacity and rotation capacity, taking account of

the possibility that only part of its length is effective.

For rectangular structural hollow sections the design throat thickness of flare groove welds is defined

in Figure 7.5.

Figure 7.5: Design throat thickness of flare groove welds in rectangular
structural hollow section

For welding in cold-formed zones, see 4.14.
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Welded joints between CHS members
General

Provided that the geometry of the joints is within the range of validity given in Table 7.1, the design
resistances of welded joints between circular hollow section members may be determined using 7.4.2
and 7.4.3.

For joints within the range of validity given in Table 7.1, only chord face failure and punching shear
need be considered. The design resistance of a connection should be taken as the minimum value for
these two criteria.

For joints outside the range of validity given in Table 7.1, all the criteria given in 7.2.2 should be
considered. In addition, the secondary moments in the joints caused by their rotational stiffness
should be taken into account.

Table 7.1: Range of validity for welded joints between CHS brace members and

CHS chords
0,2 < di/ dy < 1,0
Class 2 and 10 < do/ty < 50  generally
but 10 < do/ty < 40  for X joints
Class 2 and 10 < d /¢ < 50

Aov

v

25%

Hhtt

oQ
\%

7.4.2 Uniplanar joints

@)

2

108

In brace member connections subject only to axial forces, the design internal axial force N;gq should
not exceed the design axial resistance of the welded joint N;rq obtained from Table 7.2, Table 7.3 or
Table 7.4 as appropriate.

Brace member connections subject to combined bending and axial force should satisfy:

2
JEd ip,i,Ed op,i,Ed
=+ +

<1,0 .. (7.3)
Ni,Rd Ml'p,i,Rd M op,i,Rd

where:

Mi,ira 1s the design in-plane moment resistance;
Mi,iga 1s the design in-plane internal moment;
Mopira 1s the design out-of-plane moment resistance;
Mopira 1s the design out-of-plane internal moment.
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Table 7.2: Design axial resistances of welded joints between CHS brace
members and CHS chords

Chord face failure - T and Y joints

ty

72k, f oot

2
L2000 (28+14,28%) 7,5
sin 6,

Chord face failure - X joints

k,fots 52

Nl,Rd =

/
sin6, (1-0815) 7"

Chord face failure - K and N gap or overlap joints

Nira=

sin 6,
2Rd T T

sin @,

k. k fote
w[l,mm,z%} Vs

0

Nl,Rd
ino,

Punching shear failure -K, N and KT gap joints and all T, Y and X joints

[i=1,20r3]

1+sind.
When difd() — 21y : ]vi,Rd: &l‘oﬂ'd —r
3

" 2sin’ 6,

1V us

Factors k, and k,

0,024y "
1+exp(0,5g /¢, —1,33)

k= y*? (1 +

(see Figure 7.6)

ky=1-03n,(1 +ny)
ky=1,0

For n,>0 (compression):
For n, <0 (tension):

but k< 1,0
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Table 7.3: Design resistances of welded joints connecting gusset plates to CHS

members
Chord face failure
t o Niga= k. f.2(4+208%)/
ﬁ% i m iRd = pfy() 0 (4+2087°) 75
Mipira =0
i t
0
7%7 - 7%7 do @{ Mopira= 0,5 bi Nira
t > 5k 112
ﬁ% i M Nigg = pfyo 0 y
h S 1—0818 0
( i d o Mipira=0
7677*7&7*** 0 p,i,
u MOP,i,Rd =0,5b Ni,Rd
h.
ﬁ e t, Nira= 5k, £,022 (140.257)/ 7,4
[ ] . Mipira = hi Nira
{ A 0
. W 777777 I- " do Meypira=0
hi t
m %% I Nira = Skayolg (1 + 0,2577)/}/M5
lﬁ i—‘ % d t, Mipira = hi Nira
N 0
‘ L;_‘ : Mop,i,Rd: 0

Punching shear failure

O rts = (N | A+ My WD < 200 (fro /N3 ¥ s

Range of validity

Factor &,

In addition to the limits given in Table 7.1:
£>0,4 and 7 <4

where = b;/d, and n = hi/dy

For n,>0 (compression):
k=1-03n,(1+mn,) but £,<1,0

For n, <0 (tension): ky=1,0
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Table 7.4: Design resistances of welded joints connecting I, H or RHS sections to
CHS members

Chord face failure

Nira = kyfioto” (4 +208°)(1 +0,251) / s
My ra = hy Niro/(1 +0,257)

Mop1ra = 0,5 by Ny gy

2

5k, f ot (

1+0,25n)/
10818 77) Vs

NI,Rd:

Mip 1 ra = Iy Nird/(1 +0,257)

Mop,l,Rd =0,5b, Nl,Rd

| N
h; o
ﬁ Nira = kyfioto” (4 +2067)(1 + 0,251)/ yus
alinininininiing/ to
o Edo Mip 1 ra = h1 Nira
N
D] Mop,l,Rd =0,5b, Nl,Rd
N
h,
™ Nipam o). b (1+0,257)/
_ o = —_— + N
:‘F: S 1,Rd 1-0813 )Y wus
= = *d 0
- - = E 0 S My 1 ra = hi Nira
M, JLRd = 0,5 b Nl,Rd
N, "

Punching shear failure

I or H sections:

Q9 9

RHS sections:

max tl

maxtl = (NEd/IA-"_MEd/\NVeI)t < 2t0(fy0/\/§)/7M5
(NEd/A+MEd/We1)t1 < tO(fyO/\/3_)/7M5

Range of validity

Factor £,

In addition to the limits given in Table 7.1:
=04 and x<4

where f=b;/d, and n="h/d

For n,>0 (compression):

ky=1-03n,(1+n) but k<10

For n, <0 (tension): ky=1,0
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The design internal moment Mgy may be taken as the value at the point where the centreline of the
brace member meets the face of the chord member.

The design in-plane moment resistance and the design out-of-plane moment resistance M;rq should
be obtained from Table 7.3, Table 7.4 or Table 7.5 as appropriate.

The special types of welded joints indicated in Table 7.6 should satisfy the appropriate design criteria
specified for each type in that table.

Values of the factor &, which is used in Table 7.2 for K, N and KT joints are given in Figure 7.6. The
factor k, is used to cover both gap type and overlap type joints by adopting g for both the gap and
the overlap and using negative values of g to represent the overlap ¢ as defined in Figure 1.3(b).

kg 45
y= 25
40
y=225
-_—_\
3’5 - = 20
L y=175 T~ \
3,0 —
y=15
o5 1= 125 T
Y= 10 T
20 v=75 —_—
\&E\i
15
1,0 -
-12 -8 -4 0 4 8 g/to 12
- = >

Overlap type joints  Gap type joints
(q=-g

Figure 7.6: Values of the factor kg for use in Table 7.2

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

Table 7.5: Design resistance moments of welded joints between CHS brace
members and CHS chords

Chord face failure - T, X, and Y joints
Ivlip,1
fyotgdl
Mip1ra= 4,85— \/;,ka 1V us
t, sin 6,
D
Chord face failure - K, N, T, X and Y joints
Mop,1
M LRA= fyotgdl 297 /7/
' e sing, 1-0818 7 "'
e
@,

Punching shear failure -K and N gap joints and all T, X and Y joints

When d, <dy— 2t :
fy()t()dlz 1+ 3sin 91
V3 4sin? 6,

M, ra = Vs

I fotod{ 3+sin6, )
op,1,Rd \/g 4sin2 91 M5

Factor k,
For n,>0 (compression): ky=1-03n,(1+n,) but k,<1,0
For n,<0 (tension): ky=1,0
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Table 7.6: Design criteria for special types of welded joints between CHS brace
members and CHS chords

Type of joint

Design criteria

The forces may be either tension or compression
but should act in the same direction for both

members.

N\
X

Niga<Nirg

where N, grq is the value of N;pq for an X joint from
Table 7.2.

Member 1 is always in compression and
member 2 is always in tension.

Nl,Ed sin 61 + N3,Ed sin 03 < Nl,Rd sin 01
N2,Ed sin (92 < Nl,Rd sin 01

where N,grq is the value of N,rq for a K joint from

d d +d,+d
Table 7.2 but with — replaced by: ——2——=
d, 3d,

All bracing members should always be in either
compression or tension.

Nl,Ed sin 91 + N2,Ed sin 02 < Nx,Rd sin QX

where Nyrq is the value of N,grq for an X joint from
Table 7.2, where Nyrqsin 6y is the larger of:

|N1,Rd sin 91 | and | N2,Rd sin 02 |

Member 1 is always in compression and member
2 is always in tension.

Niga < Nirg

where Nrq is the value of N;pq for a K joint from
Table 7.2, provided that, in a gap-type joint, at section
1-1 the chord satisfies:

2 2
N, V.
0,Ed " 0,Ed <10
N pl,0.Rd Vpl,O,Rd
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(1)  In each relevant plane of a multiplanar joint, the design criteria given in 7.4.2 should be satisfied using
the reduced design resistances obtained from 7.4.3(2).

(2)  The design resistances for each relevant plane of a multiplanar joint should be determined by applying
the appropriate reduction factor x4 given in Table 7.7 to the resistance of the corresponding uniplanar
joint calculated according to 7.4.2 by using the appropriate chord force for £, .

Table 7.7: Reduction factors for multiplanar joints

Type of joint

Reduction factor u

TT joint

60° < < 90°

Member 1 may be either tension or compression.

v LY

XX joint

Members 1 and 2 can be either in compression or
tension. N, ga/Ni gq 1S negative if one member is in
tension and one in compression.

u=1+033N, ., /N, g,

taking account of the sign of N, gq and Ny kg

where | Noga| < | Niga

KK joint

60° < < 90°

Member 1 is always in compression and member 2 is
always in tension.

u=209

provided that, in a gap-type joint, at section 1-1
the chord satisfies:

2 2
N, V.
0,Ed + 0,Ed <10
N pl,0.Rd Vpl,O,Rd
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7.5 Welded joints between CHS or RHS brace members and RHS chord members

7.51 General

(1)  Provided that the geometry of the joints is within the range of validity given in Table 7.8, the design
resistances of welded joints between hollow section brace members and rectangular or square hollow
section chord members may be determined using 7.5.2 and 7.5.3.

(2) For joints within the range of validity given in Table 7.8, only the design criteria covered in the
appropriate table need be considered. The design resistance of a connection should be taken as the
minimum value for all applicable criteria.

(3) For joints outside the range of validity given in Table 7.8, all the criteria given in 7.2.2 should be
considered. In addition, the secondary moments in the joints caused by their rotational stiffness should

be taken into account.

Table 7.8: Range of validity for welded joints between CHS or RHS brace
members and RHS chord members

Joint parameters [ i=1or2, j=overlapped brace ]
Type tOf bi/by bi/t; and hi/t; or di/t; ho/by bo/ty Gap or overlap
Jjom or and and
di/by Compression | Tension h;/b; holty bi/b;
<35
bi/t; <35
T,Y or X bi/by > 0,25 and -
and
Class 2
bi/t;
hi/t; <35 <35
K gap bi/by > 0,35 and and but but < 1,5(1 - ) "
and <20 and
N gap >0,1+0,01 b/t Class 2 hilt, o and as a minimum
<35 Class 2 g2t th
K overlap Aov = 25%
o/ 2)
bi/by> 0,25 Class 1 Class 2 but Aoy < 100%
N overlap and b;/b; > 0,75
Circular di/bo = 0.4 di/t; As above but with d; replacing b;
brace Class 1 <50 and d; replacing b,
member but <0,8 - j replacing ;.
D If g/by > 1,5(1 —p) and g/by > t, + 1, treat the joint as two separate T or Y joints.
2) The overlap may be increased to enable the toe of the overlapped brace to be welded to the chord.
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7.5.2 Uniplanar joints

7.5.2.1 Unreinforced joints

)

2

3

4)

In brace member connections subject only to axial forces, the design internal axial force N;gq should
not exceed the design axial resistance of the welded joint Njrq, determined from 7.5.2.1(2) or
7.5.2.1(4) as appropriate.

For welded joints between square or circular hollow section brace members and square hollow section
chord members only, where the geometry of the joints is within the range of validity given in Table
7.8 and also satisfies the additional conditions given in Table 7.9, the design axial resistances may be
determined from the expressions given in Table 7.10.

For joints within the range of validity of Table 7.9, the only design criteria that need be considered are
chord face failure and brace failure with reduced effective width. The design axial resistance should be
taken as the minimum value for these two criteria.

NOTE: The design axial resistances for joints of hollow section brace members to square hollow
section chords given in Table 7.10 have been simplified by omitting design criteria that are never
critical within the range of validity of Table 7.9.

The design axial resistances of any unreinforced welded joint between CHS or RHS brace members
and RHS chords, within the range of validity of Table 7.8, may be determined using the expressions
given in Table 7.10, Table 7.11, Table 7.12 or Table 7.13 as appropriate. For reinforced joints see
7.5.2.2.

Table 7.9: Additional conditions for the use of Table 7.10

Type of brace Type of joint Joint parameters

Square hollow section

T,YOI’X b,/b0§0,85 bo/f()E 10

b, +b,

<13 by/ty > 15
2b1 0/t0

K gap or N gap 0,6 <

Circular hollow section

T,YOI’X bo/loz 10

d,+d,

<13 bolty > 15
2d, 0=

K gap or N gap 0,6 <
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Table 7.10: Design axial resistances of welded joints between square or circular
hollow section

Type of joint Design resistance [i =1 or 2, j = overlapped brace]

T, Y and X joints Chord face failure £ <0,85

N,
i bl s
el t 28
= | Nira= 00 +4 1= |/
T } {‘o M (1= p)sing,  sin6, P |/ Ve
IS ——— |
o b,
K and N gap joints Chord face failure B=10

8’97/0’5knfy0t§ bl +b2
!V us

N y
= 6, iRd = ;
N } ImER e\ 2
R
1 b‘u
K and N overlap joints ) Brace failure 25% < Aoy < 50%

Member i or member j may be either tension or o & _
compression but one should be tension and the Nira= S [beﬁ Hbept 50 (2hi 4ti) [7s

other compression.

Brace failure 50% < Aoy < 80%
o

Ni,Rd :fyiti lbejf + be,ov + 2hl - 4tl J/j/MS

Brace failure Aoy > 80%

to
} ﬂ{ Nird :fyiti [bi +be,ov +2h, _4ti]/7M5

Parameters begr, beov and k,

For n > 0 (compression):

10 f,of
off — & b,- but beff < bi O,4n
by /1, fyiti ko= 13-
10 fyt, but k<10
beov = mﬁbi but beoy < bi For n < 0 (tension):
il b Iyt k=10

For circular braces, multiply the above resistances by #/4, replace b, and h; by d; and replace b, and
h2 by dz.

*) Only the overlapping brace member i need be checked. The brace member efficiency (i.e. the design
resistance of the joint divided by the design plastic resistance of the brace member) of the
overlapped brace member j should be taken as equal to that of the overlapping brace member.

118

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

Table 7.11: Design axial resistances of welded T, X and Y joints between RHS or
CHS braces and RHS chords

Type of joint

Design resistance [i = 1]

Chord face failure

<085

k.folo (2
Nird 20 ¢ ( iU +4J1=B |/ Vs

(1-p)sing, \ sin6,
h;
P! Chord side wall buckling p=1,07
AT b Noga= Lol [ 21 100 |/
//////749. iRd = 0 —9 0 M5
I /::_/_/_ 0 sind, \ sing,
- t
S } {eo h, | Brace failure £>0,85
_____ o __ )
z /// ! |
////// bO M,Rd:f}7iti(2hi_4ti+2be_f)/7/M5

Punching shear

0,85 < <(1-1/y)

fyOtO

o 2h,
bR \/gsinﬁl Sinel

+2be,p]/y/M5

walls given for K and N gap joints in Table 7.12.

" For X joints with € < 90° use the smaller of this value and the design shear resistance of the chord side

? For 0,85</<1,0 use linear interpolation between the value for chord face failure at = 0,85 and the
governing value for chord side wall failure at = 1,0 (side wall buckling or chord shear).

For circular braces, multiply the above resistances by /4, replace b, and 4, by d; and replace b, and

hz by d2 .
For tension:
10 !
ﬁ> :fyo off = @ b,- but b < b;
bO /tO fyiti
For compression:
So=xfo (T and Y joints) 10
£o=0,8 1 f30 sin 6, (X joints) bep= ﬁbi but b, <b;
oo
where y is the reduction factor for flexural buckling
obtained from EN 1993-1-1 using the relevant
buckling curve and a normalized slenderness A |Forn> 0 (compression):
determined from: 0.4n
k=13-=
b, .1 but k. <1,0
T = 3.46 t, sin 6, For n <0 (tension): 1o
E n s
72' -
fyO
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Table 7.12: Design axial resistances of welded K and N joints between RHS or
CHS braces and RHS chords

Type of joint

Design resistance [i =1 or 2]

K and N gap joints

Chord face failure

i,Rd =

sin @, 4b,

8.9k, foto N7 (bl Tb, +h +h J .
M5

Chord shear

fyOAv

Nira= /
" \/gsiné’i Tors

No’Rd:|:(Ao _Av)fy() + Avfy() 1_(VEd /Vpl,Rd )2 :|/YM5

Brace failure

Nira= foit,(2h, =4, +b,+ b, )/ 7,5

Punching shear B<(1-1h)
Sroto ( 2k
Niwa = L t+b,+b, |/
- 3sin 0, \ sind, i 70 |17 ms

K and N overlap joints

As in Table 7.10.

hz by dz.

For circular braces, multiply the above resistances by /4, replace b, and 4, by d; and replace b, and

Ay = (2hy + abo)ty

For a square or rectangular brace member:

where g is the gap, see Figure 1.3(a).

For a circular brace member: o =0

1 ¢
eff = 0 Ju b, but besr < b;
bO /t() fyiti
10
bep=—b, but b, < b;
b0t0
For n > 0 (compression):
0,4
b= 13- =20
B
but k<10
For n <0 (tension):
k=10
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Table 7.13: Design resistances of welded joints connecting gusset plates or | or
H sections to RHS members

Transverse plate

Brace failure [i=1]

Nira= foutibey 1V s *

Chord side wall crushing when b; > by — 2t

Nira= vatO(ztl +102,)/ 7 115

Punching shear when b; < by — 2t

It
Nira= \y/()go (2t1 + 2b£ p)/}/MS
Longitudinal plate Chord face failure
g
hi
! k,fot
‘ I t Moo= 2250 (s s T8 78, ) s

B
[y

t/by < 0,2

] jhﬂ

1 0

I or H section

As a conservative approximation, if # > 2.,/1- 4,

Nirq for an I or H section may be assumed to be
equal to the design resistance of two transverse
plates of similar dimensions to the flanges of the I
or H section, determined as specified above.

If  <24/1—f , a linear interpolation between one

and two plates should be made.

Mipira = Nira (hi —t1)

Range of validity

In addition to the limits given in Table 7.8:

0,5<p<1,0
bo/ty <30

Parameters bes, be, and ky,

1 t
off = 0 Jouly b, but ber < by
bO /t0 fyltl
10
by = b, but be, <b;
b, /t,

For n>0 (compression):

k= 13(1—n)
but £,<1,0
For n<0 (tension):
km=1,0

*) Fillet welded connections should be designed in accordance with 4.10.

121

Project NDP - working copy



EN 1993-1-8 : 2005 (E)

®)

(6)

(7

®)

Brace member connections subjected to combined bending and axial force should satisfy the following
requirement:

N. M. . M .
JEd ip,i,Ed op,i,Ed
e e %

<10 . (7.4
Ni,Rd Mip,i,Rd Mop,i,Rd

where:

Mip;rq is the design in-plane moment resistance
Mip;ra is the design in-plane internal moment
Mpird 1s the design out-of-plane moment resistance

My izq is the design out-of-plane internal moment

The design internal moment M,y may be taken as the value at the point where the centreline of the
brace member meets the face of the chord member.

For unreinforced joints, the design in-plane moment resistance and design out-of-plane moment
resistance Mirq should be obtained from Table 7.13 or Table 7.14 as appropriate. For reinforced
joints see 7.5.2.2.

The special types of welded joints indicated in Table 7.15 and Table 7.16 should satisfy the
appropriate design criteria specified for each type in that table.

7.5.2.2 Reinforced joints

@)

@

©)

“

(&)
(6)
(7

122

Various types of joint reinforcement may be used. The appropriate type depends upon the failure mode
that, in the absence of reinforcement, governs the design resistance of the joint.

Flange reinforcing plates may be used to increase the resistance of the joint to chord face failure,
punching shear failure or brace failure with reduced effective width.

A pair of side plates may be used to reinforce a joint against chord side wall failure or chord shear
failure.

In order to avoid partial overlapping of brace members in a K or N joint, the brace members may be
welded to a vertical stiffener.

Any combinations of these types of joint reinforcement may also be used.
The grade of steel used for the reinforcement should not be lower than that of the chord member.

The design resistances of reinforced joints should be determined using Table 7.17 and Table 7.18.
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Table 7.14: Design resistance moments of welded joints between RHS brace

EN 1993-1-8 : 2005 (E)

members and RHS chords

T and X joints Design resistance
In-plane moments (€= 90°) Chord face failure L <085
NM 1 2
ip.1 77
M; =k toh +——/
. : i : ip,1,Rd — nfy() [2?7 l—ﬂ 1_ﬂJ 7/M5
[
e
o I Chord side wall crushing 0,85<p<1,0
INM,
Y - > Mip1ra= O’Sfykt() (hl +5¢, )2 1V s
| |
6 - 1| Sk =Jy0 for T joints
\FWJCIWWI 777777 j Sk =0,8f5 for X joints
=== R B ‘ race tailure B3<p <1,
L T ! B fail 0,85<p<1,0
n
7$7Mip Mip,l,Rd = fyl (Wpl,l - (1 _beff /bl )blhltl )/VMS
Out-of-plane moments (8 = 90°) Chord face failure £<0,85
kSt h(+p), [2b,b,(1+ ) )
Mop1ra = VY m
"N M,,, ; 20-5) "\ 1-p "
,"_\/\_r,
i i Chord side wall crushing 0,85<5<1,0
L
D Moy 1 ra = fykt (b, tO)(hl +5to)/7M5
— Jx =t for T joints
=0,8 for X joints
/T NM,, e S !
T Chord distortional failure (T joints only) *)
! |
D MOp,l,Rd: 2fyoto (hlt() +\/b0hot0 (bo +h0 ))/7M5
| |
| ' i <p<
| | Brace failure 0,85<5<1,0
N Mom

Mop,l,Rd = fyl (W

pl,1

_035(1 _beff /bl )zblztl )/YW

Parameters b g and k,

10 [t
beff_ 1
b, /t, fyltl
but bes < b,

For n > 0 (compression):

0,4n

kn=13—

but k<10
For n < 0 (tension):

k=10

*)  This criterion does not apply where chord distortional failure is prevented by other means.
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Table 7.15: Design criteria for special types of welded joints between RHS brace
members and RHS chords

Type of joint Design criteria

The members may be in either tension or
compression and should act as in the same
direction for both members.

|

| Niga < Nigrg
\
N
|

|

|

|

|

|

where N, rq is the value of N;rq for an X joint from

Table 7.11.
\
| \
\
e, \ N,
The member 1 is always in compression and Nigasin ) + N3 gqsin 63 < Ny rqsin 6,
member 2 is always in tension. Ny p48in 6> < N gy sin 6, |

where N,rq is the value of N,gq for a K joint from

+b, +h +
Table 7.12, but with b +b, +h +h,
4b,

b +b, +b;+h +h,+h,
6b,

replaced by:

All bracing members should be either
compression or tension.

Nl,Ed sin 91 + NZ,Ed sin 02 < Nx,Rd sin QX

where Nygrq is the value of Nygrq for an X joint from
Table 7.11, and Nyrqsin by is the larger of:

Nl,Rd sin 91 | and | NZ,Rd sin 92

Member 1 is always in compression and
member 2 is always in tension. Nigda < Nira

N4
where Njrq is the value of Ngq for a K joint from

Table 7.12, provided that, in a gap-type joint, at section
1-1 the chord satisfies:

2 2
N |4
0,Ed + 0,Ed < 1’0
Np/,O,Rd Vpl,O,Rd
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Table 7.16: Design criteria for welded knee joints and cranked-chord joints in
RHS members

Type of joint

Criteria

Welded knee joints

The cross-section should be Class 1 for pure bending, see
EN 1993-1-1.

Nea < 0,2N, ra
Npl,Rd Mpl,Rd
3.b, /h 1
If6<90°: =Y 20

SR TNTAERR TS

1£90°<0<180  x=1-(V2cos(8/2))1- Ky )

where #q is the value of x for 8=90°.

t, > 1,5¢ and > 10 mm

Cranked-chord

Imaginary extension of chord

Nigd < Nira

where Nirq is the value of N;rq for a K or N overlap joint
from Table 7.12.
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Table 7.17: Design resistances of reinforced welded T, Y and X joints between
RHS or CHS brace members and RHS chords

Type of joint

Design resistance [ i =1 ]

Reinforced with flange plates to avoid chord face failure, brace failure or punching shear.

Tension loading Bp < 0,85
h,
> — +,/bpibp—bi)
sin @,
> 1,5h, /sin 6,
and
by > by — 21
N _ fypt;
iRd — . RS
(1-5,/b,)sin6,
2h, /b
oo | ——E+4J1=-b,/b, |/
[ sin 6, ' pJ Vus
B,<0.85
h,
> — +,/bpibp—bii
sin @,
> 1,5h, /sin 6,
and
by > by — 2ty

Take Nirq as the value of Njgg fora T, X or Y
joint from Table 7.11, but with &k, = 1,0 and ¢
replaced by ¢, for chord face failure, brace failure
and punching shear only.

uckling or chord side wall shear.

€, > 1,5h, /sin 6,

Take Nra as the value of Nijgq fora T, X or Y
joint from Table 7.11, but with ¢, replaced by (# +
t, ) for chord side wall buckling failure and chord
side wall shear failure only.
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Table 7.18: Design resistances of reinforced welded K and N joints between RHS
or CHS brace members and RHS chords

Type of joint

Design resistance [i =1 or 2]

Reinforced with flange plates to avoid chord face failure, brace failure or punching shear.

sin @, sind,
by > by — 21y
t, > 2t and 2t

Take Nirq as the value of Njrq for a K or N joint
from Table 7.12, but with ¢, replaced by ¢, for
chord face failure, brace failure and punching shear
only.

Reinforced with a pair of side plates to avoid chord shear failure.

6,>15 _h' +g+ ,hz
sin @, sin 6,

Take Nigq as the value of Nirq for a K or N joint
from Table 7.12, but with # replaced by (% + ¢,)
for chord shear failure only.

th 2 2t; and 20

Take Nirq as the value of Nrq for a K or N
overlap joint from Table 7.12 with 1., < 80%, but
with b, ¢ and f,; replaced by b,,#, and f;, in the
expression for b.,, given in Table 7.10.
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7.5.3 Multiplanar joints

(1)  In each relevant plane of a multiplanar joint, the design criteria given in 7.5.2 should be satisfied using
the reduced design resistances obtained from 7.5.3(2).

(2)  The design resistances for each relevant plane of a multiplanar joint should be determined by applying

the appropriate reduction factor u given in Table 7.19 to the resistance of the corresponding uniplanar
joint calculated according to 7.5.2 with the appropriate chord load in the multiplanar situation.

Table 7.19: Reduction factors for multiplanar joints

Type of joint Reduction factor u

TT joint 60° < ¢p <90°

Member 1 may be either tension or compression.

XX joint

Members 1 and 2 can be either in compression or
tension. N, ge/N) kq 1S negative if one member is in
tension and one in compression.

u=09(1+033N,,, /N, ,,)

taking account of the sign of N, gy and Ny gq

where |N2,Ed| < |N1,Ed|

60° < ¢ <90°

p=0,9

provided that, in a gap-type joint, at section 1-1
the chord satisfies:

2 2
N V.
0,Ed + 0,Ed S 1 ,O
Npl,O,Rd Vpl,O,Rd
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Welded joints between CHS or RHS brace members and | or H section chords

Provided that the geometry of the joints is within the range of validity given in Table 7.20, the design
resistances of the joints should be determined using the expressions given in Table 7.21 or Table 7.22
as appropriate.

Table 7.20: Range of validity for welded joints between CHS or RHS brace
members and | or H section chord members

Joint parameter [ i = 1 or 2, j = overlapped brace |
Type of
jOiIlt b;/t; and h;/t; or d,/t;
d/ty hi/b; bo/te bi/bj
Compression Tension
Class 1
Class 1 >0.5
h. Thu
X and and Zi<35 but -
t, <2,
dy, <400 mm A
<35 b
t; —+<35
TorY Z Class 2
ClaSS 2 ﬁ< 35 d 1’0 _
K gap t, — <50
and l;
N gap d,
K overlap dy <400 mm t_ =50 >0,5
’ but >0,75

N overlap <2,0

(2)  For joints within the range of validity given in Table 7.20, only the design criteria covered in the
appropriate table need be considered. The design resistance of a connection should be taken as the
minimum value for all applicable criteria.

(3) For joints outside the range of validity given in Table 7.20, all the criteria given in 7.2.2 should be
considered. In addition, the secondary moments in the joints caused by their rotational stiffness should
be taken into account.

(4) In brace member connections subjected only to axial forces, the design axial force Nigq should not
exceed the design axial resistance of the welded joint Nrq, determined from Table 7.21.

(5) Brace member connections subject to combined bending and axial force should satisfy:

N. M. .

i,Ed + ip,i,Ed < 1,0 (75)
Ni,Rd Mip,i,Rd
where:

Mip;rdis the design in-plane moment resistance;

M;p;rais the design in-plane internal moment.
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Table 7.21: Design resistances of welded joints between RHS or CHS brace
members and | or H section chords

Type of joint Design resistance [ i = 1 or 2, j = overlapped brace |
T, Y and X joints Chord web yielding
Jyotub,,
Nira= - 17 us
sin 6,

Brace failure

A b
P e
‘%—/ ffffff % twggv[ho Nira= 2fy111p¢ff 17 s

K and N gap joints [i=1or2] Chord web stability Brace fai.lure need not be
checked if:
Syl b g/te<20— 288 ; f< 1,0 — 0,03
Ni = J YU wow f= y M= 14y ’ V
Y [ Vs where y = by/2t;
Brace failure and for CHS:
0,75<d,/d,<1,33
Niga = 2fy, lpeﬁ/;/MS or for RHS:
0.75<bh./bhb,<1.33

t2 h
hy 2
%/\ tq @4} Chord shear

N
'&M . P }V \& Nira= fyoAv /7/
ﬁw h/,///'%"zl ) \/gsine. M
| N .
e By N R TN e 19

B T bo
K and N overlap joints ) [(=Tor?2 Brace failure 25% < Aoy < 50%

Members i and j may be in either tension or | Njgg= £, (peff +b,,, +(h =2t)A,, / 50)/ Vs

compression.

hi %": hi Brace failure 50% < 1oy < 80%
{1\ ti /& M °

bﬁy ST ) N}v Y}bj Nird :fyiti (pe_)‘f + be,ov +h, =21, )/ Y us
e \\i\ //?%ai | Brace failure Aoy > 80%
‘% '''''' A % ty EE"EO
| Y Nira=fut, (b, +b,,, +2h —41,) 7,5
R
Av=Ag— Q2 —a) byt + (b +27) tp Par= 1, + 204711 )
but per < bi+hi-2t;
for T, Y, X joints and K and b — ; 5( )
1 N gap joints and Y sin 0, o,
For RHS brace: a= > bese < bithi-2t; b
‘1 +4g%/ 3t, ’ for K and N overlap joints. ut
10 Jyts, by < 26+ 10 (t+ 1)
For CHS brace: a=0 eov = b /t f b
but be o < by

For CHS braces multiply the above resistances for brace failure by z/4 and replace both b, and h, by d, and
both b, and h; by d,.

M Only the overlapping brace member i need be checked. The efficiency (i.e. the design resistance of
the joint divided by the design plastic resistance of the brace member) of the overlapped brace

member j should be taken as equal to that of the overlapping brace member.
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The design internal moment Mgy may be taken as the value at the point where the centreline of the
brace member meets the face of the chord member.

The design in-plane moment resistance M;,ra should be obtained from Table 7.22.

If stiffeners in the chord (see Figure 7.7) are used, then the design bracing failure resistance N,rq for
T-, X-, Y-, K-gap and N-gap joints (Table 7.22) is determined as follows:

Nira =2 fyi ti (besr + besrs) / Pms ... (7.6)

where:

ber = tw+2r+ 7 tefyo/ fyi but < bi+hi-2¢
beirs = ts+2a+ 7 tefyo/ £ but < b+ ki -2
besr + betts < bi+ hi- 24

where:

a is stiffener weld throat thickness, 2a' becomes 'a' if single sided fillet welds are used;

s refers to the stiffener.

The stiffeners should be at least as thick as the I-section web.

Table 7.22: Design moment resistances of welded joints between rectangular

hollow section brace members and | or H section chords

Type of joint Design resistance [i =1 or 2, j = overlapped brace]

T and Y joints Chord web yielding

t
_____ Pt 1 Mip1ra= O:Sfyotwbwhl 1V ws
| — ) E*%
b,

k—% Brace failure

J l My ra = fyltlbeff (hy =1) 7 s

Parameters by and by,

h
ber=1t,+2r+7Tt . f o/ f,  but ber<b by = — +5(tf +r) but b, < 2t, +10(zf +r)

sin 6,
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N\
E II. H - H I'! ,I
=]

Bracing effective perimeter, without (left) and
with (right) stiffeners

Figure 7.7: Stiffeners for I-section chords

7.7 Welded joints between CHS or RHS brace members and channel section
chord members

(1)  Provided that the geometry of the joints is within the range of validity given in Table 7.23, the design
resistances of welded joints between hollow section brace members and channel section chord
members may be determined using Table 7.24.

(2)  The secondary moments in the joints caused by their bending stiffness should be taken into account.
(3) In a gap type joint, the design axial resistance of the chord cross-section Nyrq4 should be determined

allowing for the shear force transferred between the brace members by the chord, neglecting the
associated secondary moment. Verification should be made according to EN 1993-1-1.

Table 7.23: Range of validity for welded joints between CHS or RHS brace
members and channel section chord

Joint parameter [ i = 1 or 2, j = overlapped brace ]
Type of
;/(E)il’lt b;/t; and h;/t; or d;/t; Gap or overlap
bilby hi/b; bo/ty b /b
Compression | Tension 7Y
Class 1 « « .l
>0,4 0,5(1-8") < g/by <1,5(1-8) "
K gap and h,
and o <35 and
N gap h. i
b0§400mm —1535 g2t1+t2
L b. >0,5
t_l <35 but | Class2
>0,25 b, " =20
—=3 25% < Zoy < 100%
K overlap and L d.
—+4 <50
N | t bi/b; 20,75
overlap |, ' 400 mm i< 5 i
t,
ﬁ**: bl/bo*
by =bo -2 (tw+ro)
" This condition only apply when f < 0,85.
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Table 7.24: Design resistance of welded joints between RHS or CHS brace
members and channel section chords

Type of joint

Design resistance [i=1or2, j=overlapped brace]

K and N gap joints

Brace failure

é\s;
— _
\
N
N\ N
\\\
.
.
=]
-~

/ . ‘0
%j_;_i————:/——t—;i;_f% ﬁﬂlho

Niga=fit,\b, + by +2h, —41,) 7,4

Chord failure

fyOAv

Npa=—=——/y
“ \/gsinﬁi "

Nora = [(Ao _Av)fyO +Avfy0 1- ( /Vled) j|/7M5

Brace failure 25% < Aoy < 50%

Nira=foit by +b,.,, + (20, —4,)2,,150)/ 7,5

Brace failure 50% < Aoy < 80%

Nira =ty by b,y +2h —42,) 7,5

Brace failure Aov = 80%

Nira = fyt(b +b, +2hi_4ti)/7M5

AV:AO*(I *U.) bo* ty
bo =bo-2 (ty + o)

1

For RHS: o= >
(1+4g7/3t,%)

For CHS: a=0

A
f:vo v/y

VoLra = T Ms

VEd = (MEd sin ei )max

t
beff= 10 Lol b, but bg<bh
ty fuli
10
eov fy— i but be,ovgbi
b / t fy”

For CHS braces except the chord failure, multiply the above resistances by z/4 and replace both b, and 4,

by d, as well as b, and &, by d,.

*) Only the overlapping brace member i needs to be checked. The efficiency (i.e. the design resistance
of the joint divided by the design plastic resistance of the brace member) of the overlapped brace
member j should be taken as equal to that of the overlapping brace member.
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