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Foreword

This document (prEN 1993-1-8: 2003) has been prepared by Technical Committee CEN/TC 250 " Structural
Eurocodes', the secretariat of which is held be BSI.

This document is currently submitted to the Formal Vote.

This document will supersede ENV 1993-1-1.

National Annex for EN1993-1-8

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 Nationa
Annex containing all Nationally Determined Parameters for the design of steel structures to be constructed in
the relevant country.

National choiceisallowed in EN 1993-1-8 through:
- 2.2(2)

- 2.8 (Group 6: Rivets)

- 3.4.2(3)

- 6.2.7.2(9)
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1
1.1

(1)

1.2
D
1.3
D

Introduction
Scope
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.
Distinction between Principles and Application Rules
Therulesin EN 1990 clause 1.4 apply.
Terms and definitions
The following terms and definitions apply:
basic component (of ajoint): Part of ajoint that makes a contribution to one or more of its structural
properties.
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.
connected member: Any member that isjoined to a supporting member or el ement.
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.
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.
rotational capacity: The angle through which the joint can rotate without failing.
rotational stiffness: The moment required to produce unit rotation in ajoint.
structural properties (of a joint): Resistance to internal forces and moments in the connected
members, rotational stiffnessand rotation capacity.
uniplanar joint: In a lattice structure a uniplanar joint connects members that are situated in a single
plane.
2
1 4 1 A\ )
— 2 —t  —
| L
T 3 € 2 T 3 %
}:‘ L | || 1
4% \r
Joint = web panel in shear + connection Leftjoint = 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
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1 [+F B 3 1 Single-sided beam-to-column joint
configuration;
2 2 Double-sided beam-to-column
1k e joint configuration;
oy .
SH 3 Beam splice;
442 4 Column splice;
5 Column base.
5 5
a) Major-axis joint configurations
— —
Mp1,Eq % % M2 ed M b1,Eq % = % M2 Eq
L J
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 My eq = My2eq)

Figure 1.2: Joint configurations

1.4 Symbols

(1) Thefollowing symbols are used in this Standard:
d is thenomina bolt diameter, the diameter of the pin or the diameter of the fastener;
do is theholediameter for abolt, arivet or apin;

do: is the hole size for the tension face, generally the hole diameter, but for horizontally slotted holes
the dot length should be used;

doy is theholesizefor the shear face, generaly the hole diameter, but for vertically slotted holes the slot
length should be used,;

d. is theclear depth of the column web;

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

fura IS thedesign value of the Hertz pressure;
fur is the specified ultimate tensile strength of the rivet;
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is theend distance from the centre of afastener hole to the adjacent end of any part, measured in the
direction of load transfer, see Figure 3.1;

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

is thedistance from the axis of a dotted hole to the adjacent end or edge of any part, see Figure 3.1;

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

is theeffective length of fillet weld;
is the number of the friction surfaces or the number of fastener holes on the shear face;
is the spacing between centres of fastenersin aline in the direction of load transfer, see Figure 3.1;

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

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

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

is 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 thelength of stiff bearing.

is thethickness of the angle cleat.

is thethickness of the column flange;

is thethickness of the plate under the bolt or the nut;

is thethickness of the web or bracket;

is thethickness of the column web;

is the gross cross-section area of bolt;

is theareaof therivet hole;

is theshear area of the column, see EN 1993-1-1;

is thetensile stress area of the bolt or of the anchor bolt;

is the effective shear area;

is thedesign punching shear resistance of the bolt head and the nut
is theéastic modulus;

is thedesign preload force;

is thedesign tensile force per bolt for the ultimate limit state;
is thedesign tension resistance per bolt;

is thetension resistance of an equivalent T-stub flange;

is the design shear resistance per bolt;

is the design bearing resistance per bolt;

FsraseriS  thedesign dip resistance per bolt at the serviceability limit state;

Fs, Rd

is thedesign dip resistance per bolt at the ultimate limit state;

FuedseriS  the design shear force per bolt for the serviceability limit state;

I:v,Ed

is thedesign shear force per bolt for the ultimate limit state;

Mjrs is thedesign moment resistance of ajoint;
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the rotational stiffness of ajoint;

theinitial rotational stiffness of ajoint;

the plastic shear resistance of a column web panel;
thelever arm;

the dip factor;

the rotation of ajoint.

(2) Thefollowing standard abbreviations are used in section 7:
CHS for *“circular hollow section”;

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

gapg overlap Ao, = (a/p) x 100 %

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

Figure 1.3: Gap and overlap joints

(3 Thefollowing symbols are used in section 7:

A is
A, is
Ayert 1S
L is
MipirdiS
Mipigdis
juop,i,RdiS
juop,i,EdiS
Niga is
Niga IS
Wei 1S
Woei 1S
b is
bet 1S

the cross-sectional areaof member i (i=0, 1, 2 or 3);
the shear area of the chord;

the effective shear area of the chord;

the system length of amember;

the design value of the resistance of the joint, expressed in terms of the in-plane internal moment
inmember i (i=0,1,2o0r 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 interna
moment in member 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=0,1,2o0r 3);

the design value of the internal axia forcein 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 (=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;



prEN 1993-1-8 : 2003 (E)

S~

eov

Y

[N

A
Jyo

"N s x>

D> R

| T A

(4)

is

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

the width of aplate;

the effective width for the web of the chord;

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

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

the eccentricity of ajoint;

the buckling strength of the chord side wall;

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

the yield strength of a chord member;

the gap between the brace membersin aK or N joint (negative values of g represent an overlap
q); thegap 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 member i (i =0, 1, 2 or 3);
afactor 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 membersin aK or N
joint, see Figure 1.3(b);

the root radius of an | or H section or the corner radius of arectangular hollow section;
the flange thickness of an | or H section;

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

the thickness of a plate;

the web thickness of an | or H section;

afactor defined in the relevant table;

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

afactor defined where it occurs;

afactor defined in the relevant table;

the angle between the planes in amultiplanar joint.

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

is

an integer subscript used to designate a member of ajoint, i =0 denotingachordandi=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);

iand; are integer subscripts used in overlap typejoints, i to denote the overlapping brace member and ; to

)
n

fp
00,Ed

Op,Ed

10

denote the overlapped brace member, see Figure 1.4(c).

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

is
is
is
is

theratio (ooed/fj0) /! yms (used for RHS chords);
theratio (oped/fy0) ! yms (used for CHS chords);
the maximum compressive stress in the chord at ajoint;

the value of opeg excluding the stress due to the components parallel to the chord axis of the
axial forcesin the braces at that joint, see Figure 1.4.
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The geometric ratios used in section 7 are defined as follows:
is theratio of the mean diameter or width of the brace members, to that of the chord:

- forT,Y and X joints:
i ; i or ﬁ
dO bO bO

- forKand N joints:
dl + d2 . dl +d2 or bl +b2 +h”.l. +h2
2d, = 2b, 4 b,
- for KT joints:
d, +d, +d, d, +d, +d, o b, +b, +b, +h +h, +h,

3d, ’ 35, 6 b,
is theratio bi/by;

is theratio of the chord width or diameter to twiceits wall thickness:
dO ; b 0 or b 0
2t, 2t, 2 t,

is theratio of the brace member depth to the chord diameter or width:

B oo B
dO bO

is theratio hi/by;

: 2003 (E)

is theoverlap ratio, expressed as a percentage (Ao = (g/p) X 100%) as shown in figure 1.3(b).

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

NOTE: Symbolsfor circular sectionsare given in Table 7.2.

11



prEN 1993-1-8 : 2003 (E)

c) Overlap joint with two brace members

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

12
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2 Basis of design

21
D

2.2
(1)

(2)

©)
2.3

(1)

24
(D)
(2)

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 2.8 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 shall have a design resistance such that the structure is capable of satisfying al the basic
design requirements given in this Standard and in EN 1993-1-1.

The partia safety factorsyy for jointsare givenin Table 2.1.

Table 2.1: Partial safety factors for joints

Resistance of members and cross-sections Mo » Ym1 @nd yvz see EN 1993-1-1

Resistance of bolts

Resistance of rivets

Resistance of pins M2

Resistance of welds

Resistance of platesin bearing

Slip resistance
- for hybrid connections or connections under fatigue loading  |yms

- for other design situations M3

Bearing resistance of an injection bolt YMa

Resistance of jointsin hollow section lattice girder VM5

Resistance of pins at serviceability limit state VM6 ser

Preload of high strength bolts M7

Resistance of concrete v. see EN 1992

NOTE: Numericd valuesfor yy may be defined in the National Annex. Recommended values are as
follows: ym2=121,25; ym3=1,25 for hybrid connections or connections under fatigue loading and
ywmz = 1,1 for other design situations; yms=21,0; yms =1,0; ymeser = 1,05 vz =1,1.

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 shall be determined according to
the principlesin EN 1993-1-1.

Resistance of joints
Theresistance of ajoint shall 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.

13
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3)

25
D

)
2.6

(1)

(2)

3)

2.7

(1)

(2)

14

Where fasteners with different stiffenesses 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
3.9.3.

Design assumptions

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

(@ theinterna forces and moments assumed in the analysis are in equilibrium with the forces and
moments applied to the joints,

(b) each dement in thejoint is capable of resisting theinternal 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 shall be redlistic 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 isin 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 ajoint loaded in shear is subject to impact or significant vibration one of the following jointing
methods should be used:

- welding

- boltswith locking devices

- preloaded bolts

- injection bolts

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

Where dip 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, boltsin 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 asingle anglein
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.
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1 Centroidal axes
2 Fasteners

- - 3 Setting out lines

Figure 2.1: Setting out lines

2.8 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).

Reference Standards, Group 1: Weldable structural steels
prEN 10025:2001  Hot rolled products of non-alloy structural steels - Technical delivery conditions

Reference Standards, Group 2: Tolerances, dimensions and technical
delivery conditions

EN 10029:1991 Hot rolled sted plates 3 mm thick or above - Tolerances on dimensions, shape and
mass

EN 10034:1993 Structural stedl I- and H-sections - Tolerances on shape and dimensions

EN 10051:1991 Continuoudy hot-rolled uncoated plate, sheet and strip of non-alloy and aloy steels -
Tolerances on dimensions and shape

EN 10055:1995 Hot rolled steel equal flange tees with radiused root and toes - Dimensions and
tolerances on shape and dimensions

EN 10056-1:1995  Structural steel equal and unequal leg angles - Part 1. Dimensions

EN 10056-2:1993  Structural sted equal and unequa leg angles - Part 2: Tolerances on shape and
dimensions

EN 10164:1993 Stedl products with improved deformation properties perpendicular to the surface of
the product - Technical delivery conditions

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

EN 10219-2:1997  Cold formed welded structural hollow sections of non-alloy and fine grain steels - Part
2: Tolerances, dimensions and sectional properties

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

EN 10210-2:1997 Hot finished structural hollow sections of non-aloy and fine grain structural steels -
Part 2: Tolerances, dimensions and sectiona properties

15
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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

EN 1S0O 2320:1997

EN SO 4014:2001
EN 1S0O 4016:2001
EN ISO 4017:2001
EN 1S0O 4018:2001
EN SO 4032:2001
EN 1SO 4033:2001
EN SO 4034:2001
EN 1SO 7040:1997

EN ISO 7042:1997
EN 1SO 7719:1997
SO 286- 2:1988

1SO 1891:1979

EN 1SO 7089:2000
EN SO 7090:2000
EN 1SO 7091:2000
EN ISO 10511:1997
EN 1SO 10512:1997

EN 1SO 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 stedl - Part 1: Bolts,
screws and studs (1SO 898-1:1999)

Mechanical properties of fasteners - Part 2: Nuts with specia proof load values -
Coarse thread (1SO 898-2:1992)

Prevailing torgue type steel hexagon nuts - Mechanical and performance requirements
(1SO 2320:1997)

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

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

SO 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 al-metal hexagon nuts, style 2, with metric fine pitch thread -
Property classes 8, 10 and 12

Reference Standards, Group 5: Welding consumable and welding

EN 12345:1998
EN 1S0O 14555:1995

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

Pr EN 1SO 13918:1997 Welding-Studs for arc stud welding-January 1997

16
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EN 288-3:1992 Specification and approval of welding procedures for metalic materials. Part 3:
Welding procedure tests for arc welding of stedls. 1992

Pr EN 1SO 5817:2000 Arc-welded jointsin steel - Guidance for quality levels for imperfections

Reference Standards, Group 6: Rivets

NOTE: Reference should be given in the National Annex.

Reference Standard, Group 7: Execution of steel structures
EN 1090 Requirements for the execution of steel structures

17
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3 Connections made with bolts, rivets or pins

3.1
3.1.1
(1)
)
3)

Bolts, nuts and washers

General
All bolts, nuts and washers should comply with 2.8 Reference Standards: Group 4.
Therulesin this Standard are valid for the bolt classes givenin Table 3.1.

Theyield strength £, and the ultimate tensile strength f;,, for bolt classes 4.6, 5.6, 6.8, 8.8 and 10.9 are
givenin 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 £, for bolts

Bolt class 46 5.6 6.8 8.8 10.9
£ (N/mm?) 240 300 480 640 900
£ (N/mm?) 400 500 600 800 1000

3.1.2 Preloaded bolts

(1)

3.2

(D)

3.3
D)

3.4
3.41

(D)

18

Only bolt assemblies of classes 8.8 and 10.9 conforming to the requirements given in 2.8 Reference
Standards. Group 4 for High Strength Structural Bolting with controlled tightening in accordance with
the requirements in 2.8 Reference Standards: Group 7 may be used as prel oaded bolts.

Rivets

The material properties, dimensions and tolerances of steel rivets should comply with the requirements
given in 2.8 Reference Standards. Group 6.

Anchor bolts

The following materials may be used for anchor bolts:

- Stedl grades conforming to 2.8 Reference Standards. Group 1;
- Sted grades conforming to 2.8 Reference Standards. Group 4;
- Steel grades used for reinforcing bars conforming to EN 10080,

provided that the nomina 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
specia 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.
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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 dlip
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 Ny ra, (Se€ 6.2
of EN 1993-1-1), should be checked, at the ultimate limit state.

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

Tension connections
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 2.8
Reference Standards: Group 7 should be used.

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

Table 3.2: Categories of bolted connections

Category Criteria Remarks
Shear connections
A Fugg < Fyrd No preloading required.
bearing type Fugg < Ford Bolt classes from 4.6 to 10.9 may be used.
B juease  Fsmis | Preloaded 8.8 or 109 bolts should be used.
dlip-resistant at serviceability vEd = vRd For dlip resistance at serviceability see 3.9.
Fuea < Ford
c Fyea < Fsra Preloaded 8.8 or 10.9 bolts should be used.
N . Fyea < Fyrd For dip resistance at ultimate see 3.9.
dip-resistant at ultimate Freg < Nowt g Nowt g S0€ EN 1993-1-1
Tension connections
D F < F No preloading required.
tEd = t,Rd
: ’ Bolt classes from 4.6 to 10.9 may be used.
non-preloaded Fiea = Bora Byra See Table 3.4.
E Figg < Fird Preloaded 8.8 or 10.9 bolts should be used.
preloaded Figg < By rd By ra See Table 3.4.

The design tensile force Fi g4 should include any force due to prying action, see 3.11. Bolts subjected to
both shear force and tensile force should also satisfy the criteriagiven in Table 3.4.
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NOTE: When the preload is not explicitly used in the design calculations for shear resistances but is
required for execution purposes or as a quality measure (e.g. fordurability) then the level of preload
can be specified in the National Annex.

3.5 Positioning of holes for bolts and rivets
(1) Minimum and maximum spacing and end and edge distances for bolts and rivets are given in Table
3.3.
(20 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, .
: Structures made from steels conforming to
see Figure 3.1 !
g EN 10025 except steels conforming to Structures mao_le from
EN 10025-5 steels conforming to
EN 10025-5
Steel exposed tothe | Steel not exposed to Sted used
weather or other the weather or other
o T unprotected
corrosive influences | corrosive influences
. The larger of
End distance e; 1,2d, 4¢ + 40 mm 8¢ or 125 mm
. The larger of
Edge distance e, 1,2d, 4f + 40 mm 8¢ or 125 mm
Distance e3 4)
in slotted holes 1,.5do
Distance e4 4)
in Slotted holes 1,5do
Spacin 294 The smaller of The smaller of The smaller of
971 150 14¢ or 200 mm 14¢ or 200 mm 14¢,in Or 175 mm
Spacin The smaller of
P10 14 or 200 mm
Spacing p, The smaller of
971, 28t or 400 mm
Spacin 5) 2 44 The smaller of The smaller of The smaller of
9p2 o 14¢ or 200 mm 14¢ or 200 mm 14¢tin OF 175 mm

1

2

3
4

5)

Maximum values for spacings, edge and end distances are unlimited, except in the following cases:

- 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 py/t issmaller 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 distanceis not affected by this requirement.

t isthe thickness of the thinner outer connected part.
The dimensional limits for slotted holes are given in 2.8 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 fastenersis greater 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

[———P F——F—Pro
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—_— _¢_ _49_ _¢_><— 1 ~>¢_}\V \V—_I P
ey - — %

pi<l4tand<200mm p,<l4tand<200mm  po<l4tand<200mm  pg,;< 28t and < 400 mm

1 outer row 2 inner row

) Staggered spacing — compression d) Spacing in tension members

) |

A
K' ) :/
- |

€3

€) End and edge distances for dotted 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) Thedesignresistance 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, Fpcq ,t0 be used in design
calculations should be taken as:

Foca=0,7fip As ! ym7 .. (32

NOTE: Where the preload is not used in design calculations the guidance given in the note to Table
3.2 should be followed.
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3)

(4)

(5)

(6)
(7)
(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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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 2.8 Reference Standard: Group 4.
For bolts with cut threads, such as anchor bolts or tie rods fabricated from round steel bars where the
threads comply with EN1090, the relevant values from Table 3.4 should be used. For bolts with cut
threads where the threads do not comply with EN1090 the relevant values from Table 3.4 should be
multiplied by afactor of 0,85.

The design shear resistance F, 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 2.8 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, rq should
be taken as 0,85 times the value given in Table 3.4.

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

Thethread of afit bolt should not be included in the shear plane.

The length of the threaded portion of afit 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 2.8 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< 1.5 fd t]ym2 ..(3.2)

NOTE: Singlerivets should not be used in single lap joints.

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

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 4, given by:

ﬁp = % but ﬁpf 1 (33)

14

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 Figq should not exceed the design tension resistance Firq given in Table 3.4.

For grade S 235 stedl the "as driven” value of £, may be taken as 400 N/mm?.

As a generd rule, the grip length of arivet should not exceed 4,54 for hammer riveting and 6,54 for
press riveting.
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1

Figure 3.3: Single lap joint with one row of bolts

Packing plates

=
-EF
=

++ ++ [

HH ++++ 1

11
A

\
) |
: 1

Figure 3.4: Fasteners through packings
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Table 3.4: Design resistance for individual fasteners subjected to shear and/or

tension

Failure mode

Bolts Rivets

Shear resistance per shear
plane

Fv,Rd =
Virz V2
- where the shear plane passes through the
threaded portion of the bolt (4 is the tensile stress
area of the bolt 4y):
- for classes 4.6, 5.6 and 8.8:
o, =0,6
- for classes 4.8, 5.8, 6.8 and 10.9:
oy, =05
- where the shear plane passes through the
unthreaded portion of the bolt (4 isthe gross cross
section of the bolt): o, =0,6

Fv,Rd =

Bearing resistance® 29

kioa, f,dt
V2

b,Rd =

‘f‘ub

where oy, is the smallest of ayq; — or 1,0;

u

in the direction of load transfer:
- for end bolts; Og = & ; for inner bolts: oy = 31‘)7 —

0
perpendicular to the direction of load transfer:

- for edge bolts: k1 isthe smallest of 2,8;—2 —-17o0r25
0

- for inner bolts; k. isthesmallest of 14 % -17 or25
0

Tension resistance? _ky S A, _ 06 f, 4,
Fipg= ———— Fipg= ———
Va2 V2
where k, = 0,63 for countersunk bolt,
otherwise £, =0,9.
Punching shear resistance | Bpra = 0,6 7w dm tp fu ! Y2 No check needed
Combined shear and F, 14 + F, <10
tenS on Fv,Rd l4E,Rd

1)

2)

3)

For countersunk bolt:

The bearing resistance Fy, rq for bolts
- inoversized holesis 0,8 times the bearing resistance for bolts in normal holes.

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

- 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 Firq the angle and depth of countersinking should
conform with 2.8 Reference Standards. Group 4, otherwise the tension resistance Frq should be
adjusted accordingly.

When the load on a bolt is not parale 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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Injection bolts

3.6.2.1 General

(1)

(2)

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

Fabrication and erection detailsfor injection bolts are given in 2.8 Reference Standards. Group 7.

3.6.2.2 Design resistance

(1)

(2)

©)

(4)

(5)

(6)

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 2.8 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 shall 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 serviceahility shear load of any bolt in a category B connection and the design ultimate
shear load of any bolt in a category C connection shall not exceed the design dlip 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 shall 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, Fyraresn, May be determined according to the following
equation:

kl ks d tb,resin ﬁfb,resin
Via

Fb’Rdyreg'n = (34)

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

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

Jforesn 1S the bearing strength of the resin to be determined according to the 2.8 Reference Standards:
Group 7.

ty resin 1S the effective bearing thickness of theresin, givenin Table 3.5

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

ks is takenas1,0for holeswith normal clearancesor (1,0 - 0,1 m), for oversized holes

m is the difference (in mm) between the normal and oversized hole dimensions. In the case of
short dotted holes as specified in 2.8 Reference Standards: Group 7, m = 0.5 x (the difference
(in mm) between the hole length and width).

When calculating the bearing resistance of a bolt with a clamping length exceeding 34, a value of not
more than 34 should be taken to determine the effective bearing thickness #, s (Se€ 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
D

3.8
D

26

Table 3.5: Values of 8 and ¢, ;sin

nlt, B T resin
>2,0 1,0 26<15d
10<4/1,<20 1,66-0,33 (t1/ 1) n<15d
<1,0 1,33 n<15d
. .
. ﬁ .

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
Fyora 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 theindividual fasteners.

Long joints

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

by:

L, -15d

..(35
2004 (39)

:Bsz 1-
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but ,BLf < 1,0 and IBLf > 0,75

(2) The provison 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.

< Li ol
T ) | N S N LT
SR el T D (L S L L L LM LA
[_11_: W ;:: N THE N TR R T
X |

I } o

Figure 3.7: Long joints

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

(1) Thedesign dlip resistance of a preloaded class 8.8 or 10.9 bolt should be taken as.

k., nu

Fs,Rd = Fp,C

M3

where:
ks is giveninTable3.6
n is thenumber of the friction surfaces

.. (36)

u is thedip factor obtained either by specific tests for the friction surface in accordance with 2.8

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

(2) For class 8.8 and 10.9 bolts conforming with 2.8 Reference Standards:. Group 4, with controlled
tightening in conformity with 2.8 Reference Standards: Group 7, the preloading force £, ¢ to be used

in equation (3.6) should be taken as:

Fp,C = 0:7ﬁ1b As

Table 3.6: Values of kg

.. (3.7)

Description ks
Boltsin normal holes. 1,0
Bolts in either oversized holes or short dotted holes with the axis of the dSlot 085
perpendicular to the direction of load transfer. '
Bolts in long slotted holes with the axis of the dot perpendicular to the direction of load 07
transfer. )
Bolts in short dotted holes with the axis of the dot parallel to the direction of load 076
transfer. ,
Bolts in long slotted holes with the axis of the slot parallel to the direction of load 063

transfer.
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Table 3.7: Slip factor, y, for pre-loaded bolts

Class of friction surfaces (see 2.8 Reference Slip factor u
Standard: Group 7)
A 0,5
B 04
C 0,3
D 0,2

NOTE 1: Therequirements for testing and inspection are given in 2.8 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 2.8 Reference
Standards: Group 7.

NOTE 3: The definitions of the class of friction surface are given in 2.8 Reference Standards:
Group 7.

NOTE 4: With painted surface treatments account should made for any loss of pre-load which

occur over time.

3.9.2 Combined tension and shear

(D)

(2)

If a dlip-resistant connection is subjected to an applied tensile force, Figq OF Figqsenv, N @ddition to the
shear force, Fy gq OF F\ gq5ev, t€Nding to produce slip, the design slip resistance per bolt should be taken
as follows:

ks n ,U (Fp’('f - 018E,Ed,,\'crv )
Vs

for a category B connection: Fsraserv = ... (3.89)

k. n F . — 08F .
for acategory C connection: Fspa= — A ) ... (3.8b)
Vs

If, in @ moment connection, a contact force on the compression side counterbalances the applied
tensile force no reductionin dip resistanceis required.

3.9.3 Hybrid connections

(D

As an exception to 2.4(3) , preloaded class 8.8 and 10.9 bolts in connections designed as dip-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 boltsis carried out after the welding is complete.

3.10 Deductions for fastener holes

3.10.1 General

(D

28

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

(1)

(2)

3)

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, Vs 1rq 1S
given by:

Verara = fuAnymz + (L1N3) £ Ay o .. (3.9
where:

Ay IS net area subjected to tension;
Ay IS net area subjected to shear.

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

Vetord = 0,5f  Anclymz + (11 \/3)]§/ An Iymo ... (3.10)
z\g J \f/&/’g r X7
S | L 2 T 4l
? Nsq

<
<,

L .

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

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

- unsymmetrical members,
- symmetrica members that are connected unsymmetrically, such as angles connected by one leg.
(2) A singleanglein tension connected by a single row of boltsin 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:

_ 20(e, -0,5d,)1 /,

with 1 bolt: Nurd .. (311)
V2

A

with 2 bolts: Nyrd = bo Aos S .. (312
V2
A

with 3 or more bolts: Nupd = M .. (3.13)
V2

where:

p» and 3 are reduction factors dependent on the pitch p; as given in Table 3.8. For intermediate values
of p; the value of # may be determined by linear interpolation;

Ane is 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 f#, and g;

Pitch Py <2,5d, >5,0d,
2 bolts B 0,4 0,7
3 bolts or more b3 0,5 0,7
’__61_.‘ a) 1 bolt

b) 2 bolts

ZL _éf;_ }L c) 3 bolts

&
¢
¢
&
&
L_Jv_.

(b) (c)

Figure 3.9: Angles connected by one leg
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3.10.4 Lug angles

(1)

(2)

3)

(4)

(5)

(6)

3.1
(D)

3.12
D

(2)

3

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 aforce 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 aforce 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 aforce 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 alug 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 dueto prying action, where this can occur.

NOTE: Therulesgivenin 6.2.4 implicitly account for prying forces.
Distribution of forces between fasteners at the ultimate limit state

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 Fyrg,

- 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 fastenersis the same.
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3.13 Connections made with pins

3.13.1 General

(1) Wherever thereisarisk 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 isless than 3 times the diameter of the pin, see 3.6.1. For al other
cases the method givenin 3.13.2 should be followed.

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

Table 3.9: Geometrical requirements for pin ended members

TypeA: Given thickness t
|
= I h
Foa |
!
i T
- t
Fsa . +
a> Fsa Yo 2do . . 5 FsaTwmo do
R 3 2, t 3
TypeB: Given geometry
, I«mﬂ—i 0,75d,
! i
‘ : EW
<—| _E" 2,5d,
FSd 5 1.3d0
L
r il
0.3d,
172
t > 07 [FS"f 7M°:| dp < 2,5t
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) Thedesign requirementsfor solid circular pins are givenin Table 3.10.

(20 The momentsin apin 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 asindicated 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 < Thra .. (314
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where:
EF,,. (d,-d
Ohed = 0,591\/ E""“’Z( o =) .. (3.15)
dot
frea = 2,5/ yme ser ... (3.16)

where:
d is the diameter of the pin;
do is the diameter of the pin hole;

Feaser 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 FyRrd =0,6 4 fip/ym2 > Fugd
Bearing resistance of the plate and the pin
"9 P P Ford =15tdfylymo >  Fbed
If the pinisintended to be replaceable this _
requirement should also be satisfied. Forsswr  =081dfylmem > Fose
Bending resistance of the pin
'ng P Mgy =15Weufp/ymo = Mgy
If the pinisintended to be replaceable this _
requirement should also be satisfied. Mrgser = 08Wefy/mosr 2 Meqs
m, V [F.T
Combined shear and bending resistance of the pin |: Ld :| +[ vt :| <1
MRd Fv,Rd

Sy
Jup
Fop

is thediameter of the pin;

is thelower of the design strengths of the pin and the connected part;
is theultimate tensile strength of the pin;

is theyidd strength of the pin;

is thethickness of the connected part;

is the cross-sectional area of apin.
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F
Mgq = BEd (b+4c+2a)

Figure 3.11: Bending moment in a pin
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4 Welded connections

41
D

)
3

(4)
(5)
4.2

(1)

)

4.3

4.3.1

(1)

)

General

The provisions in this section apply to weldable structural steels conforming to EN 1993-1-1 and to
materia thicknesses of 4 mm and over. The provisions also apply to joints in which the mechanica
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 1SO 14555 and EN 1SO 13918.

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

Quality level C according to EN 1SO 25817 is usually required, if not otherwise specified. The
frequency of inspection of welds should be specified in accordance with the rules in 2.8 Reference
Standards. Group 7. The quality level of welds should be chosen according to EN SO 25817. For the
quality level of welds used in fatigue loaded structures, see EN 1993-1-9.

Lamellar tearing shall 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 2.8 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: Generadly 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 al 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 al round and plug welds may be either in circular holes or in elongated holes.

The most common types of joints and welds areillustrated in EN 12345,

4.3.2 Fillet welds

43.2.1

(1)

General

Fillet welds may be used for connecting parts where the fusion faces form an angle of between 60° and
120°.
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(2)

(3)

(4)

()
(6)

Angles smaller than 60° are aso 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 continuoudly, 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 thisimpracticable.

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

(D)
(2)

3)

(4)

()

4.3.3

(D)

)

3

(4)

4.3.4

(1)

)

3

36

Intermittent fillet welds shall 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 equa to at least
three-quarters of the width of the narrower plate concerned (see Figure 4.1).

Fillet welds all round

Fillet welds al 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 acircular hole, or width of an elongated hole, for afillet weld all round should not be
less than four times the thickness of the part containing it.

The ends of dongated 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.

Butt welds

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.

A partial penetration butt weld is defined as aweld that has joint penetration which isless than the full
thickness of the parent material.

Intermittent butt welds should not be used.
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(4)  For eccentricity in single-sided partial penetration butt welds, see 4.12.

L

;_‘ 1
Frsd Frsd F{A.l
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A I—we _-l b,
Fisd Fisd ‘
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e S —— S ::3:%4,
|
— L_ — e ——
__.Lzr‘ b Lwe L.I AbT
:Jit,
Fc,Sd Fc,Sd []:
—_— < | b
—
=
Ly
- " s
The larger of Lw>0,75b and 0,75 b,
For build-up members in tension:
The smallestof L;<16t¢ and 16t and 200 mm
For build-up members in compression or shear:
The smallestof [,<12t¢ and 12t and 0,25 b and 200 mm

Figure 4.1: Intermittent fillet welds

4.3.5 Plug welds

(1) Plug welds may be used:
- totransmit shear,
- toprevent the buckling or separation of lapped parts, and
- tointer-connect the components of built-up members

but should not be used to resist externally applied tension.

: 2003 (E)

(2) Thediameter of acircular hole, or width of an elongated hole, for a plug weld should be at least 8 mm

more than the thickness of the part containing it.

(3) 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 dot, except for those ends

which extend to the edge of the part concerned.

37



prEN 1993-1-8 : 2003 (E)

(4) Thethickness of aplug 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.

(5) 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

(1) For solid bars the design 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 sectionsis given in 7.3.1(7).

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

4.4 Welds with packings

(1) Inthe case of welds with packing, the packing should be trimmed flush with the edge of the part that is
to be welded.

(2) 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.

(3) Where two parts connected by welding are separated by packing having a thickness equa 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 aweld capable of transmitting the design force.

4.5 Design resistance of a fillet weld

451 Length of welds

(1) The effective length of afillet 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.

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

4.5.2 Effective throat thickness

(1) The effective throat thickness, a, of afillet 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 thistriangle, see Figure 4.3.

(2) Theeffective throat thickness of afillet weld should not be less than 3 mm.
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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.

+
~
~ = "
~ 3 Y
- o

wt L gl [ 7 A }

Figure 4.3: Throat thickness of a fillet weld

Figure 4.4: Throat thickness of a deep penetration fillet weld

4.5.3 Design Resistance of fillet welds

45.3.1

(1)

General

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

4.5.3.2 Directional method

(1)

)
3)
(4)

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.

The design throat area 4,, should be taken as 4, = Y a L -
The location of the design throat area should be assumed to be concentrated in the root.

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, asfollows:

- oL is thenormal stress perpendicular to the throat

- o] is thenormal stress parallel to the axis of the weld

- 1o is theshear gtress (in the plane of the throat) perpendicular to the axis of the weld
- 1) is theshear stress (in the plane of the throat) parallel to the axis of the weld.
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Figure 4.5: Stresses on the throat section of a fillet weld

(5 Thenormal stresso) parallel to the axis is not considered when verifying the design resistance of the

weld.

(6) Thedesignresistance of thefillet weld will be sufficient if the following are both satisfied:

[02? + 3 (x® +1))] *°< il Buymz) and o1 < £l ymz

where:
fu is
Pu IS

the nominal ultimate tensile strength of the weaker part joined;
the appropriate correlation factor taken from Table 4.1.

. (4)

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

Table 4.1: Correlation factor g, for fillet welds

Standard and steel grade .
Correlation factor f,,
EN 10025 EN 10210 EN 10219
5235
S 235 W S235H S235H 0,8
S275 S275H
S 275 N/NL S 27852£I5-I|/_|NLH S 275 NH/NLH 0,85
S 275 M/ML S 275 MH/MLH
S355
S355H
S 355 N/NL S355H
S 355 M/ML S 355 NH/NLH 833?’5555,\'/\"://|\'>|'m 0.9
S355W
S 420 N/NL
S 420 M/ML S420 MH/MLH 1,0
S 460 N/NL
S 460 M/ML S 460 NH/NLH Ssjgglcllw:\\l/ll_l_ﬂ 1,0
S460 Q/QL/QL1

45.3.3

Simplified method for design resistance of fillet weld

(1) 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 al the forces per unit length transmitted by the weld
satisfy the following criterion:

Fued < Furd
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where:
Fueq is thedesign value of the weld force per unit length;
Fura is 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 F,, rq should be determined from:

FW,Rd :fvw.d a (43)
where:
Jwa IS thedesign shear strength of the weld.

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

£ 143

L ..(44
’ ﬁwyMZ ( )

where:
foand B, are defined in 4.5.3(7).
Design resistance of fillet welds all round

The design resistance of afillet weld all round should be determined using one of the methods givenin
4.5.

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

(1)

(2)

The design resistance of a partial penetration butt weld should be determined using the method for a
deep penetration fillet weld givenin 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

(1)

(2)

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 isless, 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 both fillet welds (see 4.5.2) and partial penetration butt welds (see 4.7.2).
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T 8nom,1 T @nom,2 = t
The smaller of cphom < #/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 aplug weld (see 4.3.5) should be taken as:

FW,Rd = fvw,d AW1 (45)
where

fuva 1S the design shear strength of aweld givenin 4.5.3.3(4).
A, is thedesign throat area and should be taken as the area of the hole.

Distribution of forces

The distribution of forcesin awelded 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 1oad need not be included when checking the
resistance of aweld. This applies specifically to the normal stress paralld to the axis of aweld.

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 £, the weld
shear force per unit length £, g4 should be multiplied by the factor (e+£)/€, see Figure 4.7.



Figure 4.7: Calculation of weld forces for intermittent welds
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4.10 Connections to unstiffened flanges

(D)

)
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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 | or H sections as given in 6.2.6.2 or 6.2.6.3 as

appropriate,
- thosefor atransverse plate on a RHS member asgivenin 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) asrelevant.”

For an unstiffened | or H section the effective width b«; should be obtained from:

beff: tw

where:

]

Figure 4.8: Effective width of an unstiffened T-joint

+2s+ 7ktf

lﬁ

4 i 1L %050,
= 7 .
/A ] v
E Doy t = [~
4
y 1 A v
Ke— — i} f 0,5bg¢¢

k=@, 1t,))(f,,1f,,)but k<1

fy’f is
fyp is

the yield strength of the flange of the | or H section;
the yield strength of the plate welded to the | or H section.

Thedimension s should be obtained from:
- forarolled | or H section:

- forawelded | or H section:

s = r

s=+2a

... (4.69)

... (4.6b)

... (4.6¢)
... (4.60)
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3

(4)

(5)

4.11
(1)

)

3

(4)

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

bt > (f,, 1 f.,)b, . (47

where:
fup is theultimate strength of the plate welded to the | or H section.
b, is thewidth of the plate welded to the | 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:

bet = 2ty + 515 but  bgi <2ty + 5k (48)

NOTE: For hollow sections, see Table 7.13.

Evenif bgt < by, the welds connecting the plate to the flange need to be designed to transmit the

design resistance of the plate bpfpfyp/ ymo assuming auniform stress distribution.
Long joints

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

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 aweld connecting the
flange and the web of a plate girder.

Generaly in lap joints longer than 150« the reduction factor A, should be taken as S, .1 given by:

Piw1=12-0,2L;/(150a) but Siw1<1,0 ...(4.9)
where:

L; is theoverall length of thelap in the direction of the force transfer.

For fillet welds longer than 1,7 metres connecting transverse diffeners in plated members, the
reduction factor S, may be taken as > given by:

Piw2=11-L,/17 but pf,>2<1,0 and fLw2>0,6 .. (4.10)
where:

L, is thelength of the weld (in metres).

4.12 Eccentrically loaded single fillet or single-sided partial penetration butt welds

(1)
)

44

Local eccentricity should be avoided whenever it is possible.

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 longitudina axis of the weld produces tension at
the root of the weld, see Figure 4.9(a);

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

I U

(@ Bending moment produces tension at the Tensile force produces tension at the root of
root of theweld 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.

(3 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 equa 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

(1) 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 conditionsis fulfilled:

- the cold-formed zones are normalized after cold-forming but before welding;
- ther/rratio satisfy the relevant value obtained from Table 4.2.
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Table 4.2: Conditions for welding cold-formed zones and adjacent material

Maximum thickness (mm)

" Strain due to cold Generally A Fully killl(?llled
i uminium-Ki
forming (%) Predominantly Where fatigue sted
static loading predominates (Al > 0,02 %)
>25 >2 any any any
>10 >5 any 16 any
>3,0 > 14 24 12 24
>2,0 >20 12 10 12
>1,5 >25 8 8 10
> 1,0 >33 4 4 6

5t

l

B g@@m#
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5 Analysis, classification and modelling
5.1 Global analysis

511 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
anaysis.

(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.

(49) The design moment-rotation characteristic of a joint used in the analysis may be simplified by

adopting any appropriate curve, including a linearised 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 partia-strength

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

Type of . _ -

joint model Simple Continuous Semi-continuous

5.1.2 Elastic global analysis
(1) Thejoints should be classified according to their rotational stiffness, see 5.2.2.

(2) The joints shal have sufficient strength to transmit the forces and moments acting at the joints
resulting from the analysis.

(3) In the case of a semi-rigid joint, the rotational stiffness ; corresponding to the bending moment
M, gq should generally be used in the analysis. If Afjgq does not exceed 2/3 Mgy theinitia rotational
stiffness Sj,n may be taken in the global analysis, see Figure 5.1(a).

(4) Asasimplification to 5.1.2(3), the rotational stiffness may be taken as S;.i/# in the analysis, for all
values of the moment Mgy, as shown in Figure 5.1(b), where 5 is the stiffness modification
coefficient from Table 5.2.

(5) Forjointsconnecting H or | sections S isgivenin 6.3.1.
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4 MJ A Mj
Mj,Rd T Mj,Rd B
2B Mjrat --- Miga +
Mied +
Sj,ini o Sj,ini mn o
a) I\”j,Ed < 2/3 ,wj,Rd b) ,wj,Ed < I\”j,Rd

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

Table 5.2: Stiffness modification coefficient y

Other types of joints
. Beam-to-column (beam-to-beam
Type of connection L . X
joints joints, beam splices,
column base joints)
Welded 2 3
Bolted end-plate 2 3
Bolted flange cleats 2 35
Base plates - 3

5.1.3 Rigid-plastic global analysis

(D
(2)
3
(4)

(5)

Thejoints should be classified according to their strength, see 5.2.3.
For joints connecting H or | sections M, gy iSgivenin6.2.
For joints connecting hollow sections the method given in section 7 may be used.

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

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

5.1.4 Elastic- plastic global analysis

(1)
(2)
3)
(4)

(5)
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Thejoints should be classified according to both stiffness (see 5.2.2) and strength (see 5.2.3).
For joints connecting H or | sections Mjrq isgivenin6.2, S isgivenin6.3.1and ¢c4 isgivenin 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 7 should be obtained from Table 5.2.
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i,Rd

Sini/M

>
e

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

5.1.5 Global analysis of lattice girders

(D)
(2)

3)

(4)

()

(6)

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:

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

- theratio 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;

- thechords 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 aso be neglected in the design of connections if the eccentricities are
within the following limits:

- —0,55dy <e<0,25dy ... (5.18)
- —0,55 hg <e<0,25 hy ... (6.1b)
where:

e is theeccentricity defined in Figure 5.3;

dy is thediameter of the chord;

hy is thedepth 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 connections and the compression chord
members. In this case the moments produced by the eccentricity should be distributed between al the
members meeting at the joint, on the basis of their relative stiffness coefficients 7/L .

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

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

'\\ 7w
\\‘Q\ //’//
N 7./ 7 e=0 |
fffffffffffff A
S O N — ;L hy or dg
,,,,,,,,,,,,,, ] Y
A\
WO ///
NO N s 4
N\ 2 ‘-e |
****** 7 - ¥ A
S AN r—;L hy or dg
Y, S T 2
O\ /)
N A/
o~ T A
S DO N :j—;L hy or dg,
,,,,,,,,,,, _ Y

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
Connection Not if 5.1.5(5) is satisfied
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5.2 Classification of joints

5.21 General

(1) The details of al joints shal 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).
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 itsinitial rotational stiffness Sj; with the classification boundariesgivenin 5.2.2.5.

NOTE: Rules for the determination of Sj;, for joints connecting H or | 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.

5.2.22 Nominally pinned joints

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

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

(1) Jointsclassified asrigid may be assumed to have sufficient rotational stiffnessto 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) Classfication boundariesfor joints other than column bases are given in 5.2.2.1(1) and Figure 5.4.
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(2)

Column bases may be classified asrigid 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 4, <0,5;
if 05< 4, < 3,93 and
if A, > 3,93 and

- otherwiseif Sjin > 30 EL./ L.

where:
o

I, L. areasgiveninFigure5.4.

M; A

Key:

... (5.29)
S > 7(2 Ay -1) ELI Lg; ... (5.2b)
Syin > 48 EL/ L. .. (5.20)
. (5.2d)

is the denderness of a column in which both ends are assumed to be pinned;

Zone 1: rigid, if Sjjin > koEly/ Ly

where

k, =8 for frames where the bracing system
reduces the horizontal displacement by
at least 80 %

ki, = 25 for other frames, provided that in every
storey Ky/K, > 0,1”

Zone 2: semi-rigid

All joints in zone 2 should be classified as
semi-rigid. Joints in zones 1 or 3 may
optionally also be treated as semi-rigid.

Zone 3: nominally pinned, if S < 0,5 El,/ Ly,

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

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

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

2
3
P

Kb is
K is
Iy is the second moment of area of a beam;
I is the second moment of area of a column;
Ly is
L. is the storey height of a column.

Figure 5.4: Classification of joints by stiffness

5.2.3 Classification by strength

5.2.3.1

(D)

General

A joint may be classified as full-strength, nominally pinned or partial strength by comparing its design
moment resistance M, rqg 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

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

(3) Ajoint may be classified as nominally pinned if its design moment resistance A rq 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) Thedesignresistance of afull strength joint shall be not less than that of the connected members.

(2) A joint may be classified as full-strength if it meetsthe criteriagiven in Figure 5.5.

5.2.3.4 Partial-strength joints

(1) A joint which does not meet the criteria for a full-strength joint or a nominaly pinned joint should be
classified as a partia-strength joint.

a) Top of column ) Either Mird 2 M pird
I MLSd or ij,Rd 2 Mc,pZ,Rd
b) Within column height Either Mga 2 My prra
M'Sd . >
Js or Iw],Rd = 2Mc,p€,Rd

Key:
My e rq is  the design plastic moment resistance of a beam;
M. pra is the design plastic moment resistance of a column.

Figure 5.5: Full-strength joints

5.3 Modelling of beam-to-column joints

(1) Tomodel 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.

(2) Joint configurations should be designed to resist the internal bending moments My g and Mo Eq,
normal forces Npieg and Nppeq @nd shear forces Vyeg and Vipeg applied to the connections by the
connected members, see Figure 5.6.

(3) Theresulting shear force V,,,eq in the web panel should be obtained using:

Vaped = (Mbred — Muoed)/Z — (Vered — Veord)/2 .. (6.3)
where:
z is theleveram, see6.2.7.

(490 Tomodel ajoint in away 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
forcesin the members, acting at the periphery of the web panel, see Figure 5.6(a) and Figure 5.7.

(5) Asasimplified aternative 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)

(7)

(8)

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 connection.

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 f; and S, , where:

p1 is thevalue of the transformation parameter S for the right-hand side joint;
p> is thevalue of the transformation parameter £ 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
arealso used in 6.2.6.2(4) and 6.2.6.3(4) in connection with Table 6.3 to obtain the reduction factor w
for shear.

Approximate values for £; and p, based on the values of the beam moments My g and Mipeq a
the periphery of the web panel, see Figure 5.6(a), may be obtained from Table 5.4.

#NcZ.Ed Nj,c2,Edi
/\M c2,Ed /~\M&c2,Ed
¢ - v
ch'Ed j,c2,Ed
I I
I Il
—--Z!l ——-==
N b2,Ed | ¥ Njb1,Ed
— > I <
I Il
M b2,Ed —Z=D) 1Z-ZZ M; b1.Ed
Vib2,Ed || X Vib1.Ed
*ij,m,Ed
\\_/( \\_/(
? M1 eq T Mj c1,Ed
Ne1,Ed Nj.ct,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)
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Figure 5.6: Forces and moments acting on the joint

pr,Ed T T
[
/ pr,Ed
z Nbz,a V. V. Np1,ed
— b2,Ed b1,Ed -
pr,Ed
Mb2,Ed 3 Mbl,Ed
~
Vwp.Ed AN 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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-1 2 | 3
(@ =Rl
Single-sided joint configuration Double-sided joint configuration
1 Joint

2 Joint 2: lefi side
3 Joint 1: right side

Figure 5.8: Modelling the joint
As an dternative to 5.3(8), more accurate values of f; and f, based on the values of the beam

moments M es and Mjpeq at the intersection of the member centrelines, may be determined from
the simplified model shown in Figure 5.6(b) as follows:

Br= 1M,y IM | <2 ... (5.49)
o= =M, IM ] <2 ... (5.4b)
where:

Mies 1S the moment at the intersection from the right hand beam;
Moea 1S 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 g

Type of joint configuration Action Vaueof g
' Mb1,Ed
Mp1,Eq
}> [ Mb1Ed p =1
LA A .J\/__
—_ — *
A Mo1ga = Mio kg p=0 %)
M M M M
b2,Ed( ‘b1,Ed b2,EKd P1,Ed Mbl’Ed/szlEd > 0 ﬂ ~ 1
<% %> <% %> Mg | Mppgg < O p=2
_/\/__
Mp1gg + Mppea =0 | =2

*)

Inthiscasethe value of S isthe exact value rather than an approximation.
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6 Structural joints connecting H or | sections

6.1
6.1.1

(1)

(2)

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
1.3(2).

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, rotationa 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

(1)

)

3

(4)

Design moment-rotation characteristic

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 M gq
applied to ajoint and the corresponding rotation ¢gq between the connected members. Generally the
design moment-rotation characteristic is non-linear asindicated in Figure 6.1(c).

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

- moment resistance;

- rotational stiffness;

- rotation capacity.

NOTE: In certain cases the actual moment-rotation behaviour of ajoint includes some rotation due to
such effects as balt 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 shall 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 | and H sections as obtained

from 6.3.1(4) may be assumed to satisfy the requirements of 5.1.1(4) for smplifying this characteristic
for global analysis purposes.
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6.1.2.2 Design Moment resistance

(1)

The design moment resistance M,grq, 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)

6.1.2.3 Rotational stiffness

(1)

Therotational stiffness §, which is the secant stiffness asindicated in Figure 6.1(c), should be taken as
that given by 5.1.1(4). For a design moment-rotation characteristic this definition of S; applies up to
the rotation ¢xq at which Mgy first reaches A rq, but not for larger rotations, see Figure 6.1(c). The
initial rotational stiffness Sj;n, which is the slope of the elastic range of the design moment-rotation
characteristic, should be taken asthat given by 6.1.3(4).

6.1.2.4 Rotation capacity

(1)

The design rotation capacity dcq 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
Siini
Mira - ‘ ;
M EdT
SR P |
N 0
¢Ed ¢xa ¢Cd
1 Limit for S;
a) Joint b) Model c) Design moment-rotation characteristic

Figure 6.1: Design moment-rotation characteristic for a joint

6.1.3 Basic components of a joint

(1)

)

3

(4)
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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
givenin 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 resistancein 6.2.7 and 6.2.8;
- for rotationd stiffnessin 6.3.1;
- for rotation capacity in 6.4.



Table 6.1: Basic joint components
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Component

Reference to application rules

Design Stiffness Rotation
Resistance coefficient | capacity
VEq A_L
Column web panel
in shear 6.2.6.1 6.3.2 6.4(4)
'A
~—VEd
’A
Column web 6.4(5)
In transverse 6.2.6.2 6.3.2 and
compression 6.4(6)
- ' <4=—FcEq
A
'A
- ’ d—p FtEa
Column web
in transverse 6.2.6.3 6.3.2 6.4(5)
tension
1
A
" <= |l —»FtEd
Column flange
in bending 6.2.6.4 6.3.2 6.4(7)
A
\ FtEa
End-plate
in bending 6.2.6.5 6.3.2 6.4(7)
FtEd
Flange cleat
in bending 6.2.6.6 6.3.2 6.4(7)
T —>
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Component

Reference to application rules

Design Stiffness Rotation
Resistance coefficient | capacity
Beam or column
7 | flange and web T 6.2.6.7 6.3.2 *)
in compression
FeEd !
s A
Beam web F . _L .
8 in tension tEd 6.2.6.8 6.3.2 )
Figa o _Fiea Jintension:
Plate - EN 1993-1-1
9 |intensionor 6.3.2 *)
compression in compression:
Fory Foeq | -EN1993-1-1
With column flange:
— -6.264
Bolts < ] » |Wwithend-plate:
10 1in tension \ () Feea | -6265 63.2 6.4(7)
with flange cleat:
-6.2.6.6
ot i
11 in shear 3.6 6.3.2 6.4(2)
FyEd
Bolis fFoes
in bearing
12 | (on beam flange, @ 3.6 6.3.2 *)
column flange,
end-plate or cleat) l Fb.Ed

*)

No information availablein this part.
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Component

Reference to application rules

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
Baseplatein
15 | bending under 6.2.6.11 6.3.2 *)
tension
16 | Anchor bolts 6.2.6.12 6.3.2 *)
intension
Anchor bolts . .
17 in shear 6.2.2 ) )
18 Anchor bolts 6.22 %) *)
in bearing
19 | Welds 4 6.3.2 *)
20 | Haunched beam 6.2.6.7 6.3.2 *)

|
[ )
N

*)

No information availablein this part.
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6.2
6.2.1

(1)

(2)

3

6.2.2

(1)

(2)

3

(4)

(5)

(6)
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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 ajoint, 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.

Shear forces

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 asimplification, 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) thetotal 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:

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

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

- theweb 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 dements 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 Firq between base plate and grout should be derived
asfollows:

Fira = Cia Need .. (6.2)
where:



(7)

(8)

(9)

6.2.3

(1)

)

(3)

(4)

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

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

NeeqiS  the design value of the normal compressive forcein the column.
NOTE: If the column isloaded by atensile normal force, Figrq = 0.

In a column base the design shear resistance of an anchor bolt Fy,rs should be taken as the smaller of
Fiybrd and Foura where

- Fiwrda ISthe design bearing resistance of the anchor bolt, see 3.6.1

o, f., A,

— FZ,vb,Rd = £ (62)
Y

where:
ap =0,44-0,0003 fy,
fp is  theyield strength of the anchor bolt, where 235 N/mm? < £, <640 N/mm?

The design shear resistance F, rq Of acolumn base plate should be derived as follows:

Fyrd = Fira + n Fiyprd .. (6.3
where:
n is thenumber of anchor boltsin 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 interna 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 Nyra Of itS cross-section, the design moment resistance A rq of a beam-to column joint
or beam splice may be determined using the method givenin 6.2.7.

The design moment resistance Mjrq Of acolumn base may be determined using the method given in
6.2.8.

In al joints, the sizes of the welds should be such that the design moment resistance of the joint A rq
is dways 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 equal to the
smaller of:

- thedesign plastic moment resistance of the connected member M rq

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

where

a=14 - for frames in which the bracing system satisfies the criterion (5.1) in EN1993-1-1 clause
5.2.1(3) with respect to sway;

a=1,7 -foral other cases.
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(6)

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 al other bolt-rows closer to the
centre of compression are also neglected.

6.2.4 Equivalent T-stub in tension

6.2.4.1

(1)

(2)

3)

(4)

(5)

(6)

(7)

— | | BLLLIN mo. e
\ | | \ \ |
€min , M

General

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-platein bending;

- flange cleat in bending;

- baseplatein bending under tension.

M ethods for modelling these basic components as equivalent T-stub flanges, including the values to be
used for emin, Ler @Nd m, are givenin 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.

Thetotal effective length > L of an equivalent T-stub, see Figure 6.2, should be such that the design
resistance of itsflange 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 Frrg 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, see Table 6.2, the design tension resistance of a T-stub
flange Frrg should be taken as the smallest value for the two possible failure modes 1-2 and 3.

[
0,8 av2 e

D
—

&
% L0 off
&
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Figure 6.2: Dimensions of an equivalent T-stub flange
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Table 6.2: Design Resistance of a T-stub flange

Prying forces may develop, i.e. L, < Ly, No prying forces

Mode 1 Method 1 Method 2 (alternative method)

WIthOUt 4M L Rd (8n —_ Zew) Mp( LRd

backing | Fp,gpg= — 2 Frapa= —

- m 2mn—e, (m+n)
plates W
Friopd= —ZMp(l'Rd

with 8n—2¢, )M, ., +4nM o m

backing | Frira= AM 1y +2M,, 1, Fripg= (8n—2e,) p(Lra T ANM p, gy

plates m 2mn —e,, (m+ n)

2M + nXF
Mode 2 Frope= "('2*’”+ Lid
m+n

Mode 3 Frara= ZF, 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 eongation 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 haf the height of the nut

* _ 88m°4,

3
zL eff 1 [f

Frrais the design tension resistance of a T-stub flange
Q is thepryingforce

Moira = 02580 5 it £, 1710
Mpeora = 0,25%4 eff 2 tfzfy Va0

Mipra = 0,252/ g[f‘,lthpzf v T Vo

n = enin but n < 125m

Firq IS the design tension resistance of a bolt, see Table 3.4;
Y Firaisthetotal value of Figy for all the boltsin the T-stub;
> Lettq isthe value of Y L for mode 1; Frra T
> Lo isthe value of Y L for mode 2;
emin, m and ; are asindicated in Figure 6.2.

fywp is theyield strength of the backing plates; IR

Ly

fnp IS thethickness of the backing plates, ~~m Il
ew = dyl4; B L B
d, is the diameter of the washer, or the width across points of ¢ My P AT Q

the bolt head or nut, asrelevant. ! !

m ! n i

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 Fr1.2rg and modes 2 and 3 unchanged.
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6.2.4.2 Individual bolt-rows, bolt-groups and groups of bolt-rows

(D

(2)

)

(4)

(5)

(6)

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 in to 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) theforce 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 maximum design resistance of an individua bolt-row, determined considering only that
bolt-row;

b)  the contribution of each bolt-row to the maximum 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 > € should be taken as equal to the effective length (g
tabulated in 6.2.6 for that bolt-row taken as an individual bolt-row.

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

6.2.4.3 Backing plates

(1)
)

3

(4)

66

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 Frry should be determined using
the method given in Table 6.2.

|
e [ 1 1
i I
EE% hop = > Leit1
-7
/ mE ( — €pp > 2d

1 ==
- bbp

1 Backing plate

Figure 6.3: Column flange with backing plates
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6.2.5 Equivalent T-stub in compression

(1)

)

3

(4)

(5)

(6)

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 length /4 and the total width b4 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 be smaller than or equal 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:

Fcra = fid best Lest .. (6.4)
where:

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

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

fia is thedesign 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 /; and the additional bearing width, ¢, should not exceed:

c=1[f1 Bf o] .. (6.5
where:

t is thethicknessof the T-stub flange;

Jfy is theyield strength of the T-stub flange.

Where the projection of the physical length of the basic joint component represented by the T-stub is
lessthan ¢, 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).

_____________

/eff Ieff

<c | i . | |
< c c ,,,,,, C
(|) Short projection (b) Large projection

Figure 6.4: Area of equivalent T-Stub in compression
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(7)

The design bearing strength of the joint £4 should be determined from:

fia =By Frau! (best 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 (bt
Lest).

6.2.6 Design Resistance of basic components

6.2.6.1 Column web panel in shear

(1)

(2)

3
(4)

(5)

(6)
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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,, < 69¢.

For a single-sided joint, or for a double-sided joint in which the beam depths are similar, the design
shear resistance V,,,rq Of an unstiffened column web panel, subject to adesign shear force Vipeq, Se€
5.3(3), should be obtained using:

09f

y,we Avc

Vipra = ——m e
" \/§7M0

where:

.. (6.7)

Ay 1S the shear areaof 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,re may be increased by Vipadara Oiven

by:

4M . . 2M owg T 2M
Vupaddra = % but  Vupedars < — ’”"d Pl .. (68)
where:
ds is the distance between the centrelines of the stiffeners;

My rera IS thedesign plastic moment resistance of acolumn flange
My «ra IS thedesign plastic moment resistance of astiffener.

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

When diagonal web siffeners are used the design 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 iffeners 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
Ay may beincreased by bty If afurther supplementary web plate is added on the other side of the
web, no further increase of the shear area should be made.
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(7)  Supplementary web plates may also be used to increase the rotational stiffness of ajoint by increasing
the stiffness of the column web in shear, compression or tension, see 6.3.2(1).

(8) Thested grade of the supplementary web plate should be similar to that of the column.

(99 Thewidth b5 should be such that the supplementary web plate extends at least to the toe of the root
radius.

(10) Thelength €5 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) Thethickness t; 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) Thewidth bs of a supplementary web plate should be less than 40¢ .

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

bsff,t] —

a) Layout

bS bS bS

Qz t J;; ¢ \;L ¢
%tj\/c /ﬁ it:vc %tj\/c
r+ts | ts

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:

wk, b e yome

we Zeff ¢, we” we

@ kwc p bc f.cowe twy f we
but Fc,wc,Rd S ff ¢, Vs
Vo Vi

Fc,wc,Rd = (69)
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where:

(4]

is areduction factor to alow for the possible effects of interaction with shear in the column
web panel according to Table 6.3;

besi cwe 1S the effective width of column web in compression

for awelded connection:
betews = L +242a, +5(t, +5) ... (6.10)

ac,r. and ap areasindicated in Figure 6.6.
for bolted end-plate connection:
bestewe = 15 + 2J2a , H5(t, +5)+s, ... (6.11)

sp isthe 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 2¢,).

for bolted connection with angle flange cleats:
beff,c,wc = 2ta + 0,67’a +5(Zﬁ. + S) (612)

- forarolled | or H section column: s = rc

- forawelded | or H section column: s = \/Eac

p is the reduction factor for plate buckling:
- if ip < 0,72: p =10 ... (6.133)
- if 2, > 072 p=(A,-024,° .. (6.13)
A, is theplate sendermess:
_ byt e
A, = 0932 \/ A e W;f o ... (6.13c)
EtWL‘
- forarolled | or H section column: dwe = he—2(tic + 1)
- forawelded | or H section column: dwe = he—2(tc+ N 2a )
kyc is areduction factor and isgivenin 6.2.6.2(2).
Table 6.3: Reduction factor « for interaction with shear
Transformation parameter S Reduction factor o
0 < B < 0,5 ® = 1
05 < B < 1 ® = 0 +2(1-5)(1-w)
ﬂ = 1 [0} = w1
1 < S < 2 1) = w1+ (B— 1) (w2~ @1)
ﬂ = 2 [0} = (07
1 1
w1 = Wy =
\/l+ lg(bgff',c,wy twc /Avy ) ? \/l+ 5’ Z(bqﬁ",c,wu twc /Avc ) 2
Ay is theshear areaof the column, see 6.2.6.1;
S is thetransformation parameter, see 5.3(7).
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Where the maximum longitudinal compressive stress o.meq due to axial force and bending moment
in the column exceeds 0,71, in the web (adjacent to the root radius for arolled 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 alowed for by multiplying the value of F...rs given by expression (6.9) by a reduction
factor k,. asfollows:

- when OcomEd = 017fy,wc: kwc = 1’7_

- when Ocomed = Oa7fy,wc: kwe = 1
. (6.14)

o com,kd / y,we

NOTE: Generaly the reduction factor 4, is 1,0 and no reduction is necessary. It can therefore be
omitted in preliminary calculations when the longitudinal stressis unknown and checked later.

Welded joint Joint with end-plate Joint with angle flange cleats
ty
E - W L E .
- 2 T Lo
\ :ﬁ\\ra
b ta
a) Elevation
> t
re tuwe l: My we

|
@
<

3
—>
~
=)
-
©
¢
AT

*H —> l«—
b) Rolled column
f t ’ t f
———— ¢W(: ¢WC L $ $ ‘
b L b
% | ? b H ®
77&ac tfc \ac tfc L] “ !
—> —> l«—

c) Welded column

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.

f§

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.

7
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()

(6)

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 2,0z, if supplementary web plates are added to both sides of the web. In calculating the
reduction factor o 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

(D

(2)

3

(4)

(5)

(6)
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The design resistance of an unstiffened column web subject to transverse tension should be determined
from:

@ bc_'ﬁ",t,wv twc fy,wu
Vwo

Ft,wc,Rd = (615)

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

For a welded connection, the effective width bgs.c Of @ column web in tension should be obtained
using:

betawe = L +242a, +5(t,, +5) ... (6.16)
where:

- forarolled | or H section column: s = 1

- forawelded | or H section column: s= A2 a,

where:

a. and r, areasindicated in Figure 6.8 and a,, isasindicated in Figure 6.6.

For abolted connection, the effective width b we Of 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 bgiiwe givenin 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 gtiffeners 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 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 in Figure 6.15.
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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 longitudina welds
connecting the supplementary web plates. The effective thickness of the web ¢, « should be taken as
follows:

- whenthelongitudinal welds are full penetration butt welds with athroat thickness a > 75 then:
- for one supplementary web plate: tweit = 1,58 .. (6.17)
- for supplementary web plates both sides:  #y et = 2,0%0c ... (6.18)

- when the longitudinal welds are fillet welds with a throat thickness a > ¢/ /2 then for either
one or two supplementary web plates:
- for steel grades S235, S275 or S355: tweit = LAty ... (6.1939)
- for steel grades S420 or S460: tweit = 1,3tuc ... (6.19b)

In calculating the reduction factor « for the possible effects of shear stress, the shear area 4,. 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 Undtiffened column flange, bolted connection

(1)

)
3)

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:

- eachindividual bolt-row required to resist tension;
- each group of bolt-rows required to resist tension.

Thedimensions en, and m for usein 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

‘-ﬂ €min

N

a) Welded end-plate narrower than column flange.

N
b) Welded end-plate wider than column flange.
.*

c) Angle flange cleats.

T‘emin
]

A

0,8, m

C

4
A

rcll

inni I

&

€ min

N

€min

£

Figure 6.8: Definitions of e, enin, rc and m

Table 6.4: Effective lengths for an unstiffened column flange

Bolt-row considered

Bolt-row considered as

Bolt-row |individually part of agroup of bolt-rows

Location | Circular patterns |Non-circular patterns | Circular patterns Non-circular patterns
Eefff,cp Eefff,nc Jaeff,cp Eefff,nc

Inner

bolt-row | 2" 4m + 1,25 2p P

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

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

Mode 1. Ceitn = Cettne DUt Lern < Letrep Dlety = Ylerne bUt Dlers < Dletrop

Mode 2. Cest2 = Leftne 2tz = D Leftnc
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6.2.6.4.2 Stiffened column flange, joint with bolted end-plate or flange cleats

(1) Transverse gtiffeners and/or appropriate arrangements of diagona stiffeners may be used to increase
the design resistance of the column flange in bending.

(2) 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:

- eachindividual bolt-row required to resist tension;
- each group of bolt-rows required to resist tension.

(3) The groups of bolt-rows 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.
e
%( /

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

(49) Thedimensions ey, and m for usein 6.2.4 should be determined from Figure 6.8.

(5) 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.

(6) 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 agroup of bolt-rows

Location Circular patterns Non-circular Circular patterns | Non-circular patterns
Eefff,cp pattems Jaeff,nc Eefff,cp Jaeff,nc

Bolt-row adjacent 5 o + 0,5p + am

to astiffener e " T p — (2m + 0,625¢)

Other inner

bolt-row 2rm 4m + 1,25¢ 2p P

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

bolt-row 2rm 4m + 1,25¢ mm+p 2m + 0,625¢ + 0,50

mm + 2eq 2m + 0,625¢ + ¢4 2e1+p e +0,5p

End bolt-row The smaller of: o+ om

adjacent to a 2m o not relevant not relevant

stiffener m + 2e;q (2m +0,625¢)

For Mode 1: Certn = Leftne DUL Lefr 1 < Lettcp D letra = D Leftne UL Y Lty < D Lestp

For Mode 2; Eeffyz = Eeffync Zzeff,Z = ZEeff,nc

o should be obtained from Figure 6.11.

6.2.6.4.3 Ungtiffened column flange, welded connection

(1)

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

FfC,Rd = bdf‘ybyfy tﬂ, f%ﬂ, /}MO (620)

where:
betpsc 1S the effective breath b defined in 4.10 where the beam flange is considered as a plate.

NOTE: Therequirements specified in 4.10(4) and 4.10(6) should be satisfied.

6.2.6.5 End-plate in bending

(1)

(2)

3

(4)
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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:

- eachindividual 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 aso 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 eq, 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 L4 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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Thevaluesof m and my for usein Table 6.6 should be obtained from Figure 6.10.

Vﬁ eff

Leff U eff

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 agroup of bolt-rows
location Circular patterns Non-circular patterns | Circular patterns Non-circular
Eeff,cp Eeff,nt: Eeff,t:p pattems Eeff,nc
. Smallest of:

Bolt-row outside Srznallest of: 4m, + 1,25e,
tension flange 7o e+2m,+0,625¢, — —

Tmy +w
of beam 49 0,550,

T T 2e 0,5w+2m,+0,625¢,
First bolt-row

. 0,5p + am

below tension 2mm am mm+p ~ (2m + 0,625¢)
flange of beam
Other inner 2m 4m+125¢ %
bolt-row & ’ p
Other end
bolt-row 2rm Adm+1,25¢ mm+p 2m+0,625¢+0,5p
Mode 1: Cestn = Leftne DUt et < Lett,cp DLt = D Letyne DUL D Lest 1 < 3 Lestcp
Mode 2: Leit2 = Lefinc 2 Leit.2 = 2 Lettnc

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

(1) 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.

(2) The effective length £ of the equivalent T-stub flange should be taken as 0,56, where b, isthe
length of the angle cleat, see Figure 6.12.
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Thedimensions e, and m for usein 6.2.4 should be determined from Figure 6.13.

b% o Leff
/ Oeff A ‘/

ﬂgg = =

i

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

N F*ta —{» F—ta
:] ] € min *jl ;remin
%t ias Tl o

a) Gap g < 0,4t, b) Gap g > 0,41,

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 e, and m for a bolted angle cleat

6.2.6.7 Beam flange and web in compression

(1)

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 = Megral (h = t) ... (6.21)

where:
h is the depth of the connected beam;

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

to 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) If abeamisreinforced with haunches they should be arranged such that:
- the steel grade of the haunch should match that of the member;
- theflange size and the web thickness of the haunch should not be less than that of the member;
- theangle of the haunch flange to the flange of the member should not be greater than 45°;

- thelength of stiff bearing ss should be taken as equal to the thickness of the haunch flange parallel
to the beam.

(3) If abeam 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 abolted end-plate connection, the design tension resistance of the beam web should be obtained
from:

Ft,wb,Rd = bqﬁ",t,wb twb fy,wb /}MO (622)

(2) Theeffectivewidth bgirwn 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 £ ra, 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 Fp re, 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 F; ; re, May be determined using the rules given in 6.2.6.5.

(2) Inthecase 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 cdculating 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.
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NOTE: Tolerances on the positions of the anchor bolts should be taken into account if the influence
of tolerancesis significant.

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.

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.

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 1992-12-1. This type of anchorage should not be used for bolts with ayield strength f;,, higher than
300 N/mm?®,

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

: 2 2 Grout

3 Concrete foundation

A
| 4

(a) Hook (b) Washer plate

Figure 6.14: Fixing of anchor bolts

6.2.7 Desigh Moment resistance of beam-to-column joints and splices

6.2.7.1 General

(D)

The applied design moment A, gq shall satisfy:
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(6)

(7)

(8)

(9)

(10)

(11)

(12)
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L <1,0 .. (6.23)

The methods given in 6.2.7 for determining the design moment resistance of ajoint A4y do not take
account of any co-existing axial force Ngy in the connected member. They should not be used if the
axia force in the connected member exceeds 5% of the design plastic resistance Npiraq Of itS cross-
section.

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

M. N,

Jikd + J.kd S 1’0 (624)
Mj,Rd J.Rd
where:

M;rq is the design moment resistance of thejoint, assuming no axial force;
Njra is theaxid design resistance of the joint, assuming no applied moment.

The design moment resistance of awelded 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(b).

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

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 Fry does not exceed 3,8F;rq, Where Firq iSgivenin 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 Firq. Thevaue of Fory may then
be assumed to be equal to Firq, and SO Frg May betaken asequal to 2F;rgy.

The centre of compression should be taken as the centre of the stress block of the compression forces.
As asimplification the centre of compression may be taken as given in Figure 6.15.

A splice in a member or part subject to tension shall be designed to transmit al the moments and
forces to which the member or part is subjected at that point.

Splices shall be designed to hold the connected members in place. Friction forces between contact
surfaces may not be relied upon to hold connected membersin place in abearing 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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Type of connection Centre Of. Lever arm Force distributions
compression
a) Welded connection Inlinewiththe |z=h-f
T mid thickness D
Mo of the h isthe depth of
— compression the connected
. flange beam TR T
t iSthethickness z >
% of the beam ~F, "
flange
1N g L
b)  Bolted connection with angle | Inlinewiththe | Distance fromthe
flange cleats mid-thickness | centre of P
of the leg of the | compression to the
anglecleat on | bolt-row in tension Hoep -
M Ed Rd
the i >
. compression
flange L=,
,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 Myed flange I —F >
I z
N o
7% ,J\f,
L
d)  Bolted extended end-plate Inline with the | Conservatively z
connection with only two bolt-rows | mid-thickness | may betaken as
activein tension of the the distance from
compression the centre of
M) cq flange compre;si ontoa
’ point midway
1 between these two
bolt-rows

€ Other bolted end-plate
connections with two or more bolt-
rowsin tension

MjEq

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-
rowsin tension

A more accurate value may
be determined by taking the
lever arm z asequal tO zg
obtained using the method
givenin6.3.3.1.

Figure 6.15: Centre of compression, lever arm z and force distributions for
deriving the design moment resistance Mijrq
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(13)

(14)

(15

(16)

i 1

TIT
1T 1T
T .

w N
1
TT TIT
1T

R )

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 equa 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 splicesthe second order effects should also be taken into account.

Splicesin 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:
- theshear 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 stressesinto adjoining parts assumed in the design of the member or part.

6.2.7.2 Beam-to-column joints with bolted end-plate connections

(D)

84

The design moment resistance Mgy Of a beam-to-column joint with a bolted end-plate connection
may be determined from:

Mde = Zhr Er,Rd (625)

where:

Fyra is the effective design tension resistance of bolt-row r;

h, is thedistance from bolt-row r to the centre of compression;
r is the bolt-row number.
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NOTE: In a bolted connection 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 value of Fi gy 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.rq Of bolt-row » should be taken as its design tension
resistance Firqg 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 Fyrq Of bolt-row r» ,taken as an individua 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 - e 6.2.6.3;
- thecolumn flange in bending Fiferd - see 6.2.6.4;
- theend-platein bending Fieprd - See 6.2.6.5;
- thebeamwebin tension Fiwbrd - see 6.2.6.8.

The effective design tension resistance Fy.rq Of bolt-row r» should, if necessary, be reduced below
thevalue of Firy given by 6.2.7.2(6) to ensure that, when account is taken of all bolt-rows up to and

including bolt-row » the following conditions are satisfied:
- thetotal designresistance Y Firq < Vupra/f - With g from5.3(7) - e 6.2.6.1;

- thetotal design resistance ) Firq does not exceed the smaller of:

- thedesign resistance of the column web in compression Fycrd - See 6.2.6.2;
- thedesign resistance of the beam flange and web in compression F; frq - see6.2.6.7.

The effective design tension resistance Fy.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 » that form part of the same group of bolt-rows, does not
exceed the design resistance of that group as awhole. This should be checked for the following basic
components:

- the column web in tension Fiwerd - e 6.2.6.3;
- the column flange in bending Fiterd - See 6.2.6.4;
- theend-platein bending Fieprd - see 6.2.6.5;
- thebeamweb in tension FiwoRrd - e 6.2.6.8.

Where the effective design tension resistance Fixrg Of one of the previous bolt-rows x isgreater than
1,9 Firq, then the effective design tension resistance Fy.rqg for bolt-row » should be reduced, if
necessary, in order to ensure that:

Ftr,Rd < th,Rdhr/hx (626)

where:
hy is thedistance from bolt-row x to the centre of compression;
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(10)

6.2.8

x is the bolt-row farthest from the centre of compression that has a design tension resistance
greater than 1,9Fry.

NOTE: The National Annex may give other situations where equation (6.26) is relevant.

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.

1
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Figure 6.17: Bolted beam splices with welded end-plates

Design Resistance of column bases with base plates

6.2.8.1 General

(1)

)

3

(4)
()
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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
strength should not exceed the design bearing strength, fjq , givenin 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).

- Inthe 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:

- Frictiona design resistance at the joint between the base plate and its support.
- Thedesign shear resistance of the anchor bolts.
- Thedesign 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.

H | | Il

a) Column base connection in case of a b) Column base connection in case of a
dominant compressive normal force dominant tensile normal force

| | B i | |
T Zcl | Z1r l‘ |
I | | z |

¢) Column base connection in case of a
dominant bending moment

d) Column base connection in case of a
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, Nrq 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
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 M;rq Of a column base subject to combined axia 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:

- F1rq isthe design tension resistance of the left hand side of thejoint - see 6.2.8.3(2)
- Fryreisthedesign tension resistance of the right hand side of thejoint - see 6.2.8.3(3)
- Fc,raisthe design compressive resistance of the left hand side of thejoint -  see 6.2.8.3(4)
- Fcrralisthe design compressive resistance of theright hand side of thejoint -  see 6.2.8.3(5)
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(2) The design tension resistance Fr, rq 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  Fiucrd - e 6.2.6.3;
- thebase plate in bending under the left column flange Fipird - see 6.2.6.11.

©)

(4)

()

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  Fi e rd - e 6.2.6.3;
- the base plate in bending under theright column flange  Fipira - See 6.2.6.11.

The design compressive resistance Fcrq 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  F'cpira - See 6.2.6.9;

- theleft column flange and web in compression Feterd - see 6.2.6.7.

The design compressive resistance Fcrq 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 F'p ra

- theright column flange and web in compression

(6) For the calculation of z1, z¢y, z11, zcr S€€6.2.8.1.

Table 6.7: Design moment resistance M rq of column bases

F cfc,Rd

- see 6.2.6.9;
- see 6.2.6.7.

Loading Leverarm z Design moment resistance M rq
Left sideintension
. . . = + Ngg> 0 and > Negg <0 and <-
Right sidein compression |~ ~ “™' 7 o = il = ¢ = e
F. z -F. . z
The smaller of — 2 Crid
zo,le+1 z;,le-1
Left sideintension
. o : = + Negg>0and O<e< Ngg>0and  zr,<e<0
Right sidein tension S = L & e
The smaller of The smaller of
Fiiw 2 FioraZz Friwaz Friraz
z,, le+l z,,le=1 |z, le+l z,,le-1
Left sidein compression _ +
. o : = Ngg> 0 and <- Neg <0 and >
Right sidein tension Z T Femam = ¢ = = ¢~z
-F. . .z F, z
The smaller of — <2 Lk
z,, e+l Zeqle=1
Left sidein compression _ +
. o : = Neg <0 and O<e< Neg <0 and -Zzcr<e<0
Right sidein compression |~ _ ¢! ZCr = ¢zl R ferne
The smaller of The smaller of
—Feip 2 —Fo,raZ | —FearaZ —Fo, a2
zo, le+1l zeale=1 |z, le+1 zo,le-1
Meq > 0isclockwise, Ngg > 0 istension
e= Mlz'd - MRd
NEd NRd
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Rotational stiffness
Basic model

The rotational stiffness of ajoint should be determined from the flexibilities of its basic components,
each represented by an elastic stiffness coefficient &; obtained from 6.3.2.

NOTE: These dastic stiffness coefficients are for general application.

For bolted end-plate connections with more than one row of bolts in tension, the stiffness coefficients
k; for the related basic components should be combined. For beam-to-column joints and beam splices
amethod isgivenin 6.3.3 and for column bases a method is givenin 6.3.4.

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 al 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 Ny rq Of its cross-section, the rotationa stiffness S; of a beam-to-column joint or beam
splice, for amoment M, gq |essthan the design moment resistance A rq Of the joint, may be obtained
with sufficient accuracy from:

Ez?

S=——1
1
2y

.. (6.27)

where:

k; is the stiffness coefficient for basic joint component i;
z is thelever arm, see6.2.7,

u is thediffnessratio Sjin/Sj, see 6.3.1(6);

NOTE: Theinitia rotational stiffness S;;, of thejoint is given by expression (6.27) with x =1,0.

The rotational stiffness S; of a column base, for a moment Mgy less than the design moment
resistance Mrq Of thejoint, may be obtained with sufficient accuracy from 6.3.4.

The stiffnessratio ¢ should be determined from the following:

- if M,Ed <2/3 M,Rd:
u=1 ... (6.284)

- if 283 Mgy < Migq < Mjgg:
= @5M,, ,IM, )" ... (6.28D)

in which the coefficient  is obtained from Table 6.8.
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Table 6.8: Value of the coefficient y

Type of connection W
Welded 2,7
Bolted end-plate 2,7
Bolted angle flange cleats 31
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 connection and a bolted angle flange cleat 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, £; ,for the basic components are defined in Table 6.11.

(80 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 connection
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, 4., (for the connection), &, (for the column web in shear), and with the
lever arm, z, taken equal to the equivalent lever arm of the connection, 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 k; k2, k3
Double-sided — Moments equal and opposite ko; k3
Double-sided — Moments unequal ki, ko ks
Beam-to-column joint with Stiffness coefficients &; to be taken
Bolted angle flange cleat connections into account
Single-sided ku; ko ks; ks ke, eaor by *); keap %)
Double-sided — Moments equal and opposite ko, k3 ka ke, kuo; kn *); ko **)
Double-sided — Moments unequal ki ky, k3, kg, ke, kao; ka *); ko **)
*) Two k;; coefficients, one for
i M, T each flange;
M;.eq < T1I > M) eq 1.6 < 11 > Mizea | **)  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

Number of bolt-rowsin

Stiffness coefficients &; to

bolted end-plate connections tension be taken into account
' _ One k1, ko, ks, ka; ks; k1o
Single-sided
Two or more ka; ko, keq
_ _ One ko, k3, ka; ks; kao
Double sided — Moments equal and opposite
Two or more ko ke
_ One ka; ko, ks, ka; ks, k1o
Double sided — Moments unequal
Two or more ka; ko, keq

Beam splice with bolted end-plates

Number of bolt-rowsin
tension

Stiffness coefficients &; to
be taken into account

Double sided - Moments equal and opposite

One

ks[l€ft]; ks[right]; k1o

Two or more

keq

Base plate connections

Number of bolt-rowsin

Stiffness coefficients &; to

tension be taken into account
One kis; kis; kis
Base plate connections ko ko and o for each bolt
Two or more 13, 715 16

row

6.3.2 Stiffness coefficients for basic joint components

(1) The dtiffness coefficients for basic joint component should be determined using the expressions given

in Table6.11.
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Table 6.11: Stiffness coefficients for basic joint components

Component

Stiffness coefficient &;

Unstiffened stiffened
Col b . NN e
p;nZZ.Z ?;ear single-sided joint, or a double-sided joint in
which the beam depths are similar
- 0,384, k
= = 0
1 ﬂ - 1
z is the lever arm from Figure 6.15;
S is the transformation parameter from 5.3(7).
Column web in | unstiffened stiffened
compression 0,7 bqf e b
2= k2 =0
d,
beicwe 1S the effective width from 6.2.6.2
Column web in stiffened or unstiffened bolted connection with | stiffened welded connection
tension asingle bolt-row in tension or ungtiffened
welded connection
0 7bL we wc
ks = ’;l—’ ks =

c

besi 1 wciS the effective width of the column web in tension from 6.2.6.3. For ajoint with a
single bolt-row in tension, b«iiwe Should be taken as equal to the smallest of the
effective lengths (g (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 asingle
bolt-row in
tension)

= 090, 1,
m3
Eeff

isthe smallest of the effective lengths (individually or as part of abolt 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 isas defined in Figure 6.8;

End-plate in
bending

(for asingle
bolt-row in
tension)

0 9t
Cett

isthe 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  isgenerally asdefined in Figure 6.11, but for abolt-row located in the extended part
of an extended end-plate m = my, where m, isasdefined in Figure 6.10.

Flange cleat in
bending

- 097, ¢,
m3

Ceft

m  isasdefinedin Figure 6.13.

isthe effective length of the flange cleat from Figure 6.12;

92




prEN 1993-1-8 : 2003 (E)

Component Stiffness coefficient

Bolts in tension

(for asingle ko= 164 1L, preloaded or non-prel oaded
bolt-row)

L, isthebolt 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.

Bollts in shear | non-preloaded preloaded ”
16n,d?
kll (Or kl7) = h—j;[h kll = 0
d/\/l 16
dvis isthe nomina diameter of an M 16 bolt;
np  isthe number of bolt-rowsin shear.
Bolts in non-prel oaded preloaded *
bearing
(for each 24n,k k. d f,
Component ] k12 (OI’ k18) = b hE, ! ' klZ =0
on which the - .
bolts bear) ko= ki e,  isthedistance from the bolt-row to the free
but 4, < knz edge of the plate in the direction of load
ky=0,25e,/d+ 0,5 transfer;
but &y < 1,25 fu isthe ultimate tensile strength of the steel on
ko= 0,25 pp/d + 0,375 which the bolt bears;
but iy, <1,25 po  isthe spacing of the bolt-rowsin the direction
k=15t dwie of load transfer;
but & <2,5 l; is the thickness of that component.
Concrete f'n . E bl
conipression B~ T AaaE ~
(including L2nE
grout) bgs  isthe effective width of the T-stub flange, see 6.2.5(3);

lgt  isthe effective length of the T-stub flange, see 6.2.5(3).

Plate in kl4.= w - . . . . - - - .
bending under | This coefficient is already taken into consideration in the calculation of the stiffness
compression coefficient kys

Base plate in
bending under
tension

(for asingle
bolt row in
tension)

with prying forces ) without prying forces ™
085 ,t,° 0,425( 1’
kis = — 3 kis = -3
m m
lgt  isthe effective length of the T-stub flange, see 6.2.5(3);
Iy is the thickness of the base plate;

m isthe distance according to Figure 6.8.

Anchor bolts in
tension

with prying forces ™ without prying forces ™

le = ].,GAS /Lb le = 2,014“_ /Lh

L, is the anchor bolt elongation length, taken as equa 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.

g provided that the bolts have been designed not to dlip into bearing at the load level concerned

™) prying forces may develop, if L, <

8,8m3AS
3
eff
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NOTE 1: When calculating b and I 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 S; of the joint.

NOTE 3: For welds (kig) the dtiffness coefficient should be taken as equal to infinity. This
component need not be taken into account when cal culating the rotational stiffness ;.

NOTE 4: For beam flange and web in compression (k7), beam web in tension (kg), plate in tension
or compression (kg), haunched beams (kx), the stiffness coefficients should be taken as equal to
infinity. These components need not be taken into account when calculating the rotationa stiffness
S;.

NOTE 5: Where a supplementary web plate is used, the stiffness coefficients for the relevant basic
joint components k; to ks should beincreased as follows:

-k for the column web panel in shear should be based on the increased shear area A,, from
6.2.6.1(6);

- ko for the column web in compression should be based on the effective thickness of the web
from 6.2.6.2(6);

- ks 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 End-plate connections with two or more bolt-rows in tension

6.3.3.1 General method

(D)

)
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For end-plate connections 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 4, determined
from:

Z kt?tf o hr

kg = —— ... (6.29)

Zeq

where:
h, is thedistance between bolt-row r and the centre of compression;

ke 1S the effective stiffness coefficient for bolt-row » taking into account the stiffness coefficients
k; for the basic componentslisted in 6.3.3.1(4) or 6.3.3.1(5) as appropriate;

Zeq 1S theequivalent lever arm, see 6.3.3.1(3).
The effective stiffness coefficient 4, for bolt-row » should be determined from:

1

1
2

keffyr = (630)

where:
k., is the stiffness coefficient representing component i relative to bolt-row ».
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The equivalent lever arm zg, should be determined from:

chﬁ',r hr2
Zeg = < ... (6.31)

Z kc_'.ff',r hr

I

In the case of a beam-to-column joint with an end-plate connection, ks should be based upon (and
replace) the stiffness coefficients 4; for:

- thecolumn web in tension (ks);

- the column flange in bending (4,);
- theend-plate in bending (ks);

- theboltsin tension (ko).

In the case of a beam splice with bolted end-plates, ko should be based upon (and replace) the
stiffness coefficients ; for:

- theend-platesin bending (ks);
- theboltsin tension (ko).

6.3.3.2 Simplified method for extended end-plates with two bolt-rows in tension

(1)

)

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 asingle bolt-row in the extended part of the end-plate.

NOTE: Thisapproximation leads to adightly 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.

—/

1 @

R/ -1

Figure 6.20: Lever arm z for simplified method

6.3.4 Column bases

(1)

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:

kr) is thetension stiffness coefficient of the left hand side of the joint and should be taken as equal
to the sum of the stiffness coefficients 4;5 and k36 (given in Table 6.11) acting on the left hand
side of the joint.
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kr; is 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 k5 and k6 (given in Table 6.11) acting on the right
hand side of the joint.

kc, is the compression stiffness coefficient of the left hand side of the joint and should be taken as
equal to the stiffness coefficient kq3 (given in Table 6.11) acting on the left hand side of thejaint.

ke, is the compression stiffness coefficient of the right hand side of the joint and should be taken as
equal to the stiffness coefficient k13 (given in Table 6.11) acting on the right hand side of the joint.

(2) Forthecalculation of zr), zc) Zt, Zc, See 6.2.8.1.

Table 6.12: Rotational stiffness S; of column bases

Loading Leveraim z Rotational stiffness S
Left sideintension z = zry+zop Ngg>0 and e >z Negg <0 and e <-zg,
Right side in compression
9 P Ez? e Ze ke, —Zpakr,
where ¢ = —— —
U@k, +1lk.,) e+e, kp,+k.,
Left sideintension z = zry+ z1, Ngg>0 and O<e<zr; |Ngg>0and zr,<e<0
Right side in tension >
Ez e Zyky = zp1k g
where ¢ =
U@k, +1/ k., ) e+e, ky,+k;,
Left sidein compression zZ = zg t+z7y Ngg>0 and e<-zr, Ngg <0 and e>zg)
Right side in tension >
Ez e Zr ky, —Zoakes
where ¢ =
MU ke, +1k;,) e+e, key+ky,
Left sidein compression z = zg) +ze, Ngg <0 and O<e<zc |Negg<0 and -Zzer<e <0
Right side in compression
g P Ez? e Z(,',rk(,',r —Zo1keq
where ¢ =
Ml ke +1 ke, ) ete kea+ke,
Meq > 0isclockwise, Ngg > 0 istension, u see 6.3.1(6).
e= Mlz'd - MRd
NEd NRd

6.4 Rotation capacity
6.41 General

(1) Inthe case of rigid plastic global analysis, a joint at a plastic hinge location should have sufficient
rotation capacity.

(2) Therotation 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 stedl
grades and for joints in which the axial force Ngq in the connected member does not exceed 5% of the
design plastic resistance Ny rq Of its cross-section.

(3) Asan dternative to 6.4.2 and 6.4.3 the rotation capacity of ajoint need not be checked provided that

the design moment resistance M;gq Of the joint is at least 1.2 times the design plastic moment
resistance M, rq 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 testsin accordance with EN1990.

6.4.2 Bolted joints

(1)

(2)

3)

A beam-to-column joint in which the design moment resistance of the joint g4 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) thedesign moment resistance of thejoint 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 asin (a)) satisfies:

1 <036d./f, 17, .. (6.32)

where:
fy is theyield strength of the relevant basic component.
A joint with a bolted connection in which the design moment resistance M,y 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

(1)

(2)

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 ungtiffened 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):

Oca = 0,025hc/ h, ... (6.33)
where:

h, is thedepth of the beam;
he is thedepth of the column.

An unstiffened welded beam-to-column joint designed in conformity with the provisions of this
section, may be assumed to have arotation capacity dcq Of at least 0,015 radians.
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7 Hollow section joints

71
711

(1)

)

3

(4)

()
(6)

(7)
(8)

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 datic design resistances of the joints are expressed in terms of maximum design axia 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 hat 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 afactor 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.

Thetypes of joints covered areindicated in Figure 7.1.

7.1.2 Field of application

(1)

(2)

3)

(4)

(5)

(6)
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The application rules for hollow section joints may be used only where al 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:

0;>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 lessthan (#; + 13).

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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Where overlapping brace members have different thicknesses and/or different strength grades, the

member with the lowest 7, £,; value should overlap the other member.

Where overlapping brace members are of different widths, the narrower member should overlap the

wider one.

DK joint KK joint

i
i i
] i
S (] E— B
% _ e
=" i
11 N I\ —
o
Xjoint TT joint

DY joint XX joint

Figure 7.1: Types of joints in hollow section lattice girders

99



prEN 1993-1-8 : 2003 (E)

7.2
7.21

(1)

(2)

3)

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 givenin 7.4, 7.5 or 7.6 as appropriate.

The stresses oogq OF opeg N the chord at ajoint should be determined from:

N, . M, .
Ooed = OH 4 2 . (7.0
AO We(,O
N . M, .
OpEd = L ..(7.2)
AO We(,O
where:

Npea = Noyy = DN, .y COSB,

i>0

7.2.2 Failure modes for hollow section connections

(D)

(2)
3
(4)

()
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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);

€)  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 givenin 7.4 to 7.6.

Figure 7.2 illustrates failure modes (a) to (f) for joints between CHS brace and chord members.
Figure 7.3 illustrates failure modes (@) to (f) for joints between RHS brace and chord members.

Figure 7.4 illustrates failure modes (@) to (f) for joints between CHS or RHS brace membersand | or H
section chord members.

Although the resistance of ajoint 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

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
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Mode Axial loading Bending moment
a —_ —_
b
c
d - —
4 N ::::jtji 7777777 D 7!!
A F ‘
A-A 1
\\\\\ //// 7 7\
\\ 3\ // y ////'/
f \ 7 1 / |
N N I N S L
[ ] [ |

Figure 7.4: Failure modes for joints between CHS or RHS brace members and |
or H section chord members
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7.3

7.3.1

(1)

)

3)
(4)

(5)
(6)

(7)

(8)

104

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 alow
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 2.8 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.
H a

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 should be determined using
7.42and 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, al 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 < dil dy < 1,0
Class 2 and 10 < dol 1o < 50 generdly
but 10 < dol to < 40 for X joints
Class 2 and 10 < d It < 50

jy0V

%

25%

g 2= 1Lt

7.4.2 Uniplanar joints

(1)

)

In brace member connections subject only to axia forces, the design internal axial force N;gq should
not exceed the design axial resistance of the welded joint gy Obtained from Table 7.2, Table 7.3 or
Table 7.4 as appropriate.

Brace member connections subject to combined bending and axia force should satisfy:

2
N, ., M, M, ;
i Kd +[‘ D, Ed‘} + pi,Ld S 150 (73)

Ni,Rd Mip,i,Rd
where:

Mpira 1S the design in-plane moment resistance;
Mppiga 1S thedesignin-plane internal moment;
Meypira 1S the design out-of-plane moment resistance;
Mepiea 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 facefailure - Tand Y joints

O,2k t2
%(2,8+14,2ﬁ2)/m5

1

Chord facefailure - X joints
&
yLATas
////////// 0, k , tz
. Lyt Nigd= p.fyO 2 22 [Yiss
2) : sing, (1-081p)

Chord face failure -

K and N gap or overlap joints

k k f .t
Nigd = gsip—fyoo(l.S"‘loz%J/ Vs

1 0

sné,
Nopd = —— Ny

sing,

Punching shear failure -K, N and KT gap jointsandall T, Y and X joints [=1,20r 3
o 1+sing,
Whend, <dy—2ty: Nipa= j§ tord, 29070 1Yss
Factors &y and £,
24y"?
kg= 7*? 1 0,024y (see Figure 7.6)
1+exp(0,5¢ /1, —1,33)
For n,>0 (compression): ky=1-0,3n,(1+np) but ky<1,0
For n,<0 (tension): k,=1,0
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Table 7.3: Design resistances of welded joints connecting gusset plates to CHS
members

Chord face failure

b.
e t, ﬁ Nira= K, [yl (4+203°) 1 75
m Mipira=0
LT | ipm=05b
{ ) v o0 opi,Rd = 0,9 bi N rd
t b, 2
i 5k, f oo
Nigg= 2
‘ﬂh% M ,Rd 1_ 0’81ﬁ 7M5
|
t 1 _
w Mopird = 0,5 b Nirg
h

Nira = 5k, f,ote 1+ 0,251) 7,5

Mipird = hi Nigg

Mop,i,Rd =0

Nira= 5k, f,ot2 @+ 0,2510)/ 7,5

Mipird = hi Nigg

Mop,i,Rd =0

Punching shear failure

O ety = (N g | A+ My W), < 200(f10 183 s

Range of validity

Factor £,

In addition to the limits given in Table 7.1:

£>04 and n<4

where ,B = bild, and n= hildg

For n,>0 (compression):
ky=1-03n,(1+ny) but

For n,<0 (tension):

ko< 1,0

k,=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

h, by,
] ﬁ Nasa = kfiol? (4 208)(L + 0.257) / Yus
t
: g Qj d, %K 0 Mip1ra = hy Nygd(1+ 0,250)
H | Mop1rd = 0,5 b1 Nigg
[Ny
h,
N

<] | Ny 5k f 1.2
:”:/i”: Nigd = %(14‘ 012577)/ Vs

Mig1rd = hy N1gpd/(1 + 0,251)

Mop1rd = 0,5 b1 Nirg

Nira = kpfyoto (4 + 208%)(1 + 0,251)/ Yus
Mip1rd = h1 N1grd

Mop1rd = 0,5 b1 Nigg

1
h
Tﬂl N, Sk f 12
e Nipa= —22229% 1+0,250)/
e = wi= 1~ 0g1g T 02 Yus

=

|

|

||

o

o
—+
o

Mip1rd = h1 N1grd

Mop1rd = 0,5 b1 Nigg

Punching shear failure

| or H sections;

Q

max tl

RHS sections:

Q

max tl

(N 1A+ M 1,0) 1, < 20(f014/3) 7,5
(NEd/A+MEd/We()tl < to(fyo/\/g_)/?/Ms

Range of validity

Factor &,

In addition to the limits given in Table 7.1:

£>04 and <4

where f=b,/dp and y=hld

For n,>0 (compression):
ky=1-03n,(1+m) but k<10

For n, <0 (tension): ky=1,0
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The design internal moment M, g 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 Mgy 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 kg whichisusedin Table 7.2 for K, N and KT joints are given in Figure 7.6. The
factor ky isused 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
4,0
Y= 225
35 ¥=20
| y=175 \ \
3,0 ——
Y=15
251 Y= 125 T
Y= 10 T
201 ¥=75 S
15
1,0 -
12 8 4 0 4 8 g/t 12
- « b« -

Overlap type joints  Gap type joints
(q=-g

Figure 7.6: Values of the factor kg for use in Table 7.2
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Table 7.5: Design resistance moments of welded joints between CHS brace
members and CHS chords

Chord facefailure - T,X,and Y joints
footid
Mipara= 4852222 [y Bk, 17,5
t, sing,
D
—> do<—
Chord facefailure - K,N, T,Xand joints
Mop,l
fyotgdl 2 7
M, = = d /
. PR Tne, 1-0818 1 1M
> °
@)

Punching shear failure -K and N gapjointsandal T, X and Y joints

When dy <dy— 21y

Folods 1+3sin6, ,
J3  4sin?g, M°

Mip1rd =

frolod? 3+sin6,
Mop,l,Rd = - /}/
J3  4sin?g, M°

Factor k,

For n,>0 (compression): ky=1-03n,(1+mn,) but k<1,0
For n, <0 (tension): k,=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 shall act in the same direction for both

members.

Nigd < Nigrd

where Nigq isthe value of Nigq for an X joint from
Table7.2.

Member 1 isawaysin compression and
member 2 is awaysin tension.

Nl,EdSingl + N3,Ed5in93 SNl,Rdsinel
NogqSiNGy < NipgSino;

where Nirq iSthe value of Nigq for a K joint from

d, +d,+d
Table 7.2 but with Y replaced by: —+—2—-2
dO 3dO

All bracing members shall always be in either
compression or tension.

N\ /
\\\\ ////
N 7
6, NN\ 6,
****%****}
7.y O
//// \\\\
o N
N, N,

NLEdS.n 0, + N2,Ed§n92 < nyRdSingx

where Nyrq iSthe value of Nygq for an X joint from
Table 7.2, where NyrqSind, isthelarger of:

|N1,Rd5in91| and |N2,Rd5in92|

Member 1 isawaysin compression and member

2isawaysintension.

A | 7
\\\ | ///
0 o AN
1 NN 7 7 Y 2
{7777%7777
7 "y DN
77 R
7 | N

Nigd < Nirg

where Nirq iS the value of Nrq for a K joint from
Table 7.2, provided that, in a gap-type joint, at section
1-1 the chord satisfies:

VO,Ed

2 2
M +] 221 <1.0
NO,p(,Rd VO,p(,Rd
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7.4.3 Multiplanar joints

(1) Ineachrelevant plane of amultiplanar joint, the design criteriagiven 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 x givenin Table 7.7 to the resistance of the corresponding uniplanar
joint calculated according to 7.4.2 by using the appropriate chord force for 4 .

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.

i

[T
i u=10
I
— {LJ‘, —
S QO IR W
XX joint
Members 1 and 2 can be either in compression or
tension. NV, eq/ N1 gq IS Negative if one member isin
tension and one in compression.
N N
#‘ h u=1+033N,,, I N, ,,
1 I
I [
| 1!1 | | taking account of thesign of Nigq and N, g
{ I DL
L] | \.. ‘ where | Nogg | < | Nog|
\‘\ [
i X
g i TV
KK joint 60° < ¢ <90°
Member 1 isawaysin compression and member 2 is
alwaysin tension. £=0,9

provided that, in a gap-type joint, at section 1-1
the chord satisfies:

Now | [ Vo T
0,kd + 0,Kd < 1’0
Np(,O,Rd Vp(,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, al 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 =1or 2, j=overlapped brace]
Tygi:)f bilbg bilt; and A/t or dilf; holbo bolto Gap or overlap
J or and and
dilbg Compression | Tension hil b, holto bilb;
<35
bilt; <35
T,YorX bilby> 0,25 and -
and
Class2
hlt; <35 ;’ 'g’é
> 0.5 <35 glbo= 0.5(1 - )
K gap bilbo> 0,35 and and but but < 1,5(1 - ) ¥
and <20 and
N gap > 0,1+ 0,01bo/to Class2 nlt -7 and as a minimum
<35 Class 2 g>h+1
Jov>25%
K overlap N e, D)
bilbo> 0,25 Class 1 Class2 | PUl/or=100%
N Overlap and bi/bj >0,75
Circular ilbo= 0.4 it As above but with d; replacing b;
brace Class1 <50 and d; replacing b
member but <0,8 - 1 rep 9 0.
D If g/by >1,5(1—p)andglby >t +1, treat thejoint astwo 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

(1)

)

3)

(4)

In brace member connections subject only to axial forces, the design internal axial force N, g4 should
not exceed the design axia resistance of the welded joint Nigrq, 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
givenin 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,Y or X bilbo < 0,85 bolto> 10
K gap or N gap 06< % <13 bolto> 15
Circular hollow section T.YorX bolto= 10
K gap or N gap 06< dlz;dflz <13 boltg> 15
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Table 7.10: Design axial resistances of welded joints between square or circular
hollow section

Type of joint Designresistance [i =1 or 2, j = overlapped brace]

T,Y and X joints Chord face failure £ <0,85

v
e k fots: (2
‘r____"_"/_/‘:__"ﬂj { to Nipda = 22 ( b +4\/1_ﬂ]/7/M5

d_ . L < @-B)sing, | siné,
A |
[ /////// ! b!

K and N gap joints Chord facefailure B=<10

sing, 2b,

N, g N}' @ 2
0 &N\ﬂ\ Ot O . . 8’9},0,5]{”]”),0&, (bl +b, ]/
Ly \ ) 7 iz i,Rd — Vus

K and N overlap joints *’ Bracefailure 25% < Ao, < 50%

compression but one shall be tension and the other

. . . . l !
Member i or member j may be either tension or Niwa= f, ti( by +b,., +?6(2hi 4 )J 17,5
compression.

h; Brace failure 50% < Aoy < 80%

¥Ni i M,Rd =f;/iti Ibqff +be,0v + 2h/ _4ti J/}MS
(-)./A 1\ ////;/ 8
i \ // )
‘ , Y/ | | Brace failure dov> 80%

il} #*o
L Nira=fout b, +b,,, +2h — 4117,

e,0v

Parameters besr, beoy and k;,

_ 10 foolo For n > 0 (compression):
off = b, but ber < b; 0,4n
byl 1, fyiti k= 13- 5
10 f,t, but k<10
eov = | b, but beoy < by For n <0 (tension): ’
bj 7 f,/z‘ti k=10

For circular braces, multiply the above resistances by z/4, replace b, and h; by d; and replace b, and
hz 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.
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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 facefailure £=<0,85
kf,otg 277
Niga= 2 = +a1-B |
R (1= p)sing, | sing, BV
h.
&t N\ |Chord sidewall buckling ¥ £=102
- // bi N, —M ﬂ.“]_()t /
N, " sng, | sng, ° Vs
=z /_/__/___J !
P t
S < {é ho | Brace failure £>0.85
e = ‘
S b, Nigd = fyiti(Zhi -4, +2b¢_ff’)/7’/\45
Punching shear 0,85<p<(1-1ly)
fyOtO 2h
Nipd= ——+2b, |y
Rd \/ésnel Snel P M5

Y For X jointswith @ < 90° use the smaller of this value and the design shear resistance of the chord side
wallsgiven for K and N gap jointsin Table 7.12.

2 For 0,85<f<1,0 use linear interpolation between the value for chord face failure at § = 0,85 and the
governing value for chord sidewall failureat f=1,0 (sidewall buckling or chord shear).

For circular braces, multiply the above resistances by =#/4, replace b, and h; by d; and replace b, and
hz by dz.

For tension:
!
fb =fy0 beff = 10 Mbl but beff <b
bO /tO fyiti
For compression:
Fo=10 (TandY joints) 10
£,=0,8 foSin 6, (X joints) bep = ﬁbf but bep < b
0"0

where y isthe reduction factor for flexural buckling
obtained from EN 1993-1-1 using the relevant

buckling curve and a normalized senderness A For n > 0 (compression):

determined from:
k=13 0,4n
(ho -2 ! but k,<1,0
t siné, S
7 = 34610 i For n < 0 (tension):
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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

Designresistance [i =1 or 2]

K and N gap joints

Chord face failure

iRd =

89K, o2V (b +b, + 1 +h,
Vs

sné, 4b,
Chord shear
fyOAv
Nipg= —=——/
“T J3sng, M°

Nord =[(Ao — A4, )fyo + Avfyo 1- (VSd /Vpl,Rd )2 ]/ Vs

Bracefailure

NS SN W R | j; : o Nipd = fyiti (Zhi — 4, +b, +b¢_ff’ )/7’/\45
e N h,
***************** ! b} Punching shear L=<(1-1y)
fyOtO 2h,
Nigd = ——+b.+b, , |/
,Rd \/§Sn0’ s|n0, b }/M5
K and N overlap joints Asin Table7.10.

For circular braces, multiply the above resistances by #/4, replace b, and h; by di and replace b, and

hy by ds.

Ay = (2ho + abo)to

For a square or rectangular brace member:
1

497

%’

where g isthe gap, see Figure 1.3(a).

o=

1+

For acircular brace member: o =0

10 fido

= b, but bt < b
eff bo I 1g fy,f/ ; eff = D
10
bevp = _b,» but bep S b|
byt
For n > 0 (compression):
0,4n
kn = ]-,3_
but ka<1,0
For n <0 (tension):
kn=1,0
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Table 7.13: Design resistances of welded joints connecting gusset plates or | or
H sections to RHS members

Transverse plate Bracefailure [i = 1]
Nird = fyltlbcf)ff /}MS *)
IN N Chord side wall crushing when by > by — 21
: <
tl
(— + ,,,,,,,,, ' Nipd = fyOtO(Ztl+10t0)/7M5
— 0
- o Punching shear when by < bg — 21
f/OtO
Nird = )—\/5(211 + Zbe,p )/ Vs
Longitudina plate Chord facefailure
I
hy
! km 2 12
S I A Nipa= ﬂ(zmbo +a1=1,15, )1 706
,,,,,,,,,,, % e ﬁho 1- tl/bO
————— i
by
tlby<0,2
| or H section
As a conservative approximation, if > 2,/1- /3,
Nigrq for an | or H section may be assumed to be
ﬁu f i b ed to b
h; equa to the design resistance of two transverse
al he des ' f
Y plates of similar dimensions to the flanges of the |
F?éi or H section, determined as specified above.
I 1 ________ ‘ If y <241, alinear interpolation between one
E _jr and two plates should be made.

Mipard = Nigd (I — 1)

Range of validity

In addition to the limits given in Table 7.8:

05<f<10
bty <30

Parameters bet, bep and ki

of

off = 10 f)o 9 b, but bes < b;
bO /IO fyltl

be’p = 10 1 bUt bep S bi
by !t

For n >0 (compression):
km=13(1—n)
but £,<1,0
For n <0 (tension):
kn=1,0

*) Fillet welded connections should be designed in accordance with 4.10.
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Brace member connections subjected to combined bending and axial force should satisfy the following
regquirement:

N, M. . M .
iLd ipiLid op,i,Id
ey
) i.Rd Mip,/,Rd L 40p,/,Rd

<1,0 (74

where:

My ra 1S the design in-plane moment resistance
My gq 1S the design in-plane internal moment
Mpira 1S the design out-of -plane moment resistance
My, eq 1S the design out-of-plane internal moment

The design internal moment Mg 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 M;rq should be obtained from Table 7.13 or Table 7.14 as appropriate. For reinforced
jointssee 7.5.2.2.

The specia types of welded joints indicated in Table 7.15 and Table 7.16 should satisfy the
appropriate design criteria specified for each typein that table.

7.5.2.2 Reinforced joints

(1)

(2)

3)

(4)

()
(6)
(7)

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 thejoint.

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 membersin aK or N joint, the brace members may be
welded to avertica stiffener.

Any combinations of these types of joint reinforcement may also be used.
The grade of sted 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
members and RHS chords

T and X joints Design resistance
In-plane moments (0 = 90°) Chord facefailure £ <0,85
TNM -kt | L
‘ Mip.1.ra = olo Vs
oo | J T
—
. T Chord side wall crushing 085<p<1,0
TNM,
T i Mipira= 0,971, (hl +9, )2 [V
0 > | | Sk =Fyo for T joints
IV/ ______ ; fx=08f%0  for X joints
‘E —————— R _f Bracefailure 0,85<p<1,0
7L\V::Mip Mp,l,Rd = fyl (Wp(,l - (1_ bqﬁ' /bly)lhltl)/ Vs
Out-of-plane moments (6 = 90°) Chord facefailure £ <0,85
h 1+ ﬁ) 2b,b, (1+ )
Mopird =k, f ot e ly
T NM, § )”(2(1 /N 1-p Je
I Chord sidewall crushing 085<p<1,0
D oled fykt (b ZO)(hl+5tO)/}M5
Sk =Ffyo for T joints
S =0810 for X joints
NM,,
1 Chord distortional failure (T jointsonly) *)
L
D Mopara = 2fy0t0 (hltO ++/bohty (bo +hy ))/ Vs
| |
! 'M Bracefailure 0,85<p<1,0
A op
Mopara = fyl (Wp(,l - 0’5(1_ by / bl)zblztl )/ Vs
Parameters b and &,
For n > 0 (compression):
t
pr = 10 Suclo 1 k= 13- 04"
bO/ 0 fyltl ﬂ
but ka<1,0
but bes < by For n <0 (tension):
k=10

*)  Thiscriterion 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 shall act asin the same

direction for both members.
[T\ /\_F

/TN

\ \
\ \
\ \
rorN
\
|
\
\
|
\

\
\
yal
\
\
\

w p—u

N1gd < Nigrd

where Nigq isthe value of Nigrgq for an X joint from
Table7.11.

The member 1 isawaysin compression and
member 2 isawaysin tension.

leEdS.ngl + N3’Ed§n93 SleRdS.ngl
NzyEdS.ngz SleRdSinel

where Nigq isthe value of Nigrg for a K joint from
b +b,+h +h,
4b,

Table 7.12, but with

by+b,+by+h +h,+h,
6b,

replaced by:

All bracing members shall be either compression
or tension.

NLEdS.n 0, + N2,Ed§n92 < nyRdSingx

where Nyrq iSthe value of Nygq for an X joint from
Table7.11, and NyrgSinéy isthelarger of:

|N1,Rd5in91| and |N2,Rd5in02|

Member 1 isawaysin compression and
member 2 isawaysin tension.

N1 N2
—>1
| %
% \\\\ | oy V92
S/ ]
f____/ _ I
v g N

Nied < Nirg

where Nirq isthe value of Nigrq for a K joint from
Table 7.12, provided that, in a gap-type joint, at section
1-1 the chord satisfies:

VO,Ed

2 2
No + <10
NO,p(,Rd VO,p(,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.

Ned < 0,2Npe pa

N, M,
and Ed_ 4~ E <y
Np(,Rd Mp(,Rd

3\/b, ! hy 1
If 0<90°: = >+
[b,/1, % 1+ 2b,1h,
If 90°<0<180°  x=1-(V2cos(0/2) - Kyp)

where kg isthevalueof x for §=90°.

th > 1,5t and > 10 mm

Cranked-chord

Imaginary extension of chord

Nied < Nigrd

where Ngq isthevalue of Nrq for aK 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

Designresistance[ i=1]

Reinforced with flange plates to avoid chord face failure, brace failure or punching shear.

Tension loading

S < 0,85

h,
0,> " +./b ‘b —b.)
P sné, prr

> 1,5k, /sin6,
and
prbo_zto

2
Nira = Ty —X
’ (1—b,/bp)sn0,

2h 1
X(gn—;+41[1— b, /bp 1/ }/M5

)

S < 0,85

hi
G2 goo +.b,(b, ~b,)

> 15h, /siné,

and
bp > bo— 2l

Take Nirg asthevaueof Njgg foraT, X orY
joint from Table 7.11, but with %, = 1,0 and ¢
replaced by #, for chord face failure, brace failure
and punching shear only.

uckling or chord side wall shear.

A
[
[=]

tp> 15k, /siné,

Take Nirqg asthevalue of Nrq foraT, X orY
joint from Table 7.11, but with 7, replaced by (7o +
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

Designresistance [i =1 or 2]

Reinforced with flange plates to avoid chord face failure, brace failure or punching shear.

EszS{ U ]
siné, sing,

bp > by — 219
th > 26 and 21

Take Nirg asthevalueof Nirq for aK or N joint
from Table 7.12, but with 7, replaced by ¢, for
chord face failure, brace failure and punching shear
only.

Reinforced with apair of side platesto avoid chord shear failure.

JapzlS[ .hi +g+ ,hz }
sing, sing,

Take Nirq asthevalueof Mgy for aK or N joint
from Table 7.12, but with 7, replaced by (7 + #,)
for chord shear failure only.

th > 2 and 21

Take Nirg as the value of Nrg for aK or N
overlap joint from Table 7.12 with A, < 80%, but
with b;, ; and f; replaced by by, f, and f,, inthe
expression for beo, givenin Table 7.10.
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(1) Ineachrelevant plane of amultiplanar joint, the design criteriagiven 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 x givenin 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° < ¢ <90°

Member 1 may be either tension or compression.

XX joint

Members 1 and 2 can be either in compression or
tension. N, eq/ N1 gq iS negative if one member isin
tension and one in compression.

u=090+033N,,,/N,,,)

taking account of the sign of Ny gg and Nogqg

where | Npga| < | Nigdl

60° < ¢ <90°

n=0,9

provided that, in agap-typejoint, at section 1-1
the chord satisfies:

Now | [ Vo T
0,kd + 0,Kd S 1’0
Np(,O,Rd Vp(,O,Rd
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7.6
D

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
jOint bilt, and A/t or dilt,
dulty hilb; bo/tf b,/bJ
Compression Tension
Class1
Class1 > 0.5
X and ﬁ <35 but -
and 1~ <2,0
dw <400 mm P
—L <35 b
t,. —+<35
TorY l Class2
Class2 b 35 d, 1,0 -
K gap t —+<50
and ti
N gap d,
K overlap dy <400 mm " =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 thewelded joint N gy, determined from Table 7.21.

(5) Brace member connections subject to combined bending and axia force should satisfy:
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ikd + ipikd < 1’0 (7.5)
Ni,Rd Mip,i,Rd
where:

MipirdiS the design in-plane moment resistance;
My ediS the design in-plane internal moment.



prEN 1993-1-8 : 2003 (E)

Table 7.21: Design resistances of welded joints between RHS or CHS brace
members and | or H section chords

Type of joint

Designresistance[ i = 1 or 2, j = overlapped brace]

T,Y and X joints

Chord web yielding

Bracefailure

Niga= 2f 11D 5 1 Y s

K and N gap joints [i=1or2]

Chord web stability

.
e

g P
~
z -
eq&\ﬁ K/ -
LY

Nird =

f)O ww
6

[Yys

Bracefailure

Nirda= 2fyjtipqﬂ' 1Y s

Brace failure need not be
checked if:

2lt; <20 —288; < 1,0 0,03y
wherey = bo/2¢

and for CHS:
0,75<d,/d><1,33

or for RHS:

0.75<h | b <133

Chord shear

fyOA

Nipg=—2——1
Rd \/_SI 0 Vs

NORd_[(A A) O+Afy0\/1 Vfd/Vled)z]/yME

K and N overlap joints”

Bracefailure 25% < Aoy < 50%
Members i andj may bein either tensonor | Ngq = f 1, (pdf eor F(=20)A,, /50)/;M5
compression.
;% 5@49 Bracefailure 50% < Aoy < 80%
3.
\A%' IRd fytl (pcff e,0v +hl _2ti )/}/\/IE
J
Bracefailure Aov > 80%
T
i %: - IRd_fytl(b +bc0\+2hi_4ti)/}/\/15
oy
Ay=Ao— (2 —0) botr + (tw + 2r) et =1, +2r+7t, [0l f,,
but Peit < bi+h;i-21;
for T, Y, Xjointsand K and _ 5( )
1 N gap joints and b = sm@ o,
For RHSbrace: o= 5 bess < bithi-21, but
(1+ 4g% 13, ) for K and N overlap joints, |°
_ 10 fy/lb by <2t;+ 10 (; +7)
For CHSbrace: a=0 eov = bt 1, i
yi'i
but be’o\/S b

For CHS braces multiply the above resistances for brace failure by z/4 and replace both b; and h, by d; and

both bz and h2 by d2
*)

Only the overlapping brace member i need be checked. The efficiency (i.e. the design resistance of
the joint divided by the design plagtic resistance of the brace member) of the overlapped brace
member ; should be taken as equal to that of the overlapping brace member.
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(6)

(7)
(8)

(9)

The design internal moment M, gqs 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, 1rq¢ 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;gqy for
T-, X-, Y-, K-gap and N-gap joints (Table 7.22) is determined as follows:

Nird = 21 ti (bt + bests) | Pus ... (7.6)

where:

bei = tw+2r + Tt fyol i but <b+ h - 21
bets = ts+2a+ Tt fol fyi but  <b+h- 2
best + beits < b+ hi - 24,

where:
a is dtiffener weld throat thickness, '2a’ becomes 'a’ if single sided fillet welds are used,;
s refersto the stiffener.

The stiffeners should be at least as thick as the |-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 Designresistance [i = 1 or 2, j = overlapped brace]
Tand Y joints Chord web yielding
Mip.1 4
ﬂ ! Mp,l,Rd = 075fyotwbwhl / 7M5
> ] I*H
b1
P—A Bracefailure
boI
J { Mip1ra = fyltlbqf (I —=1.)1} s
<o)

Parameters by and by,

bat= 1, +2r+ 70, 1o frr DUt bar<bh, bu= 5, +r) but by< 2, +10(, +7)

sing,
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N\

L))

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) Inagap type joint, the design axia resistance of the chord cross-section Nyrq should be determined
allowing for the shear force transferred between the brace members by the chord, neglecting the
associated secondary moment. V erification 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
10 bilt; and A/t or dilt,
joint bilbo U hib | bt Gap Obr/%"e”ap
Compression| Tension i
Class1 . . 1)
> 0,4 05(1-8) <g/bo < L5(1-4)
K gap and h,
and —<35 and
N gap h £
bo <400 mm -1 <35 g=>t; +t,
t, b >0,5
t—’S 35 but | Class?2
>0,25 b, / =2,0

—=35 25% < Joy < 100%

K overlap and 2 d 50
i<

N overl (- bilb; > 0,75

6
ﬂ* = bj_/bo*
bo =bo -2 (tw +10)
Y This condition only apply when < 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 Designresistance [i=1or 2, j=overlapped brace]

K and N gap joints Bracefailure

Nira=ft, (0, + b,y +2h 48, 15

Chord failure

fyOAv
Nipd=—=——1Vus

3sné6.

‘ﬂﬂo [ Jho V3 i

NORd—[(A A) O+Afy0\/1 Vbd/Vp/Rd)z:I/%uS

Bracefailure 25% < Aoy < 50%

Nira=ft, by +b,,, + @0 — 42,2, 150)] 7,5

Bracefalure 50% < Aov < 80%

|Rd_fyt (bqf +bwv +2h/ _411)/71\/15

i§\r0 | tho | Bracefailure Aov> 80%
M
Nigd = fyit/ (b/ +b,,, +2h -4, )/ Y us
Ay=Ao—(1-a) bg fo
bo* = bo- 2(tw+ro)
1 10 fyOt

For RHS, a= bt = b, but  bes < b
f+ag?/3,?) by Ity fut,

For CHS: oa=0

\

A be’o\/ 10 #bl but be,ov S b|
Vora= 2200 1y blt, f.t,
pl,Rd = \/— M5
3

Ved = (Niga SIN 6 )max

For CHS braces except the chord failure, multiply the above resistances by #/4 and replace both 5, and 7,
by di aswell as b, and 4, 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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