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Foreword

ThisEuropean Standard EN1993-1-8, Design of Steel Structures: Design of joints, hasbeen prepared on behal f
of Technical Committee CEN/TC250/SC3 "Eurocode3", the Secretariat of which is held by BSI.
CEN/TC250/SC3 isresponsible for Eurocode 3.

The text of the draft standard was submitted to the formal vote and was approved by CEN as EN1993-1-8 on
YYYY-MM-DD.

No existing European Standard is superseded.

National Annex for EN1993-1-8

This standard has been drafted on the assumption that it will be complemented by a National Annex to enable
it to be used for the design of joints to be constructed in the relevant country.

National choiceis allowed in this document through clause 2.2(2) and 2.8(Group 6: Rivets).
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1 Introduction

1.1 Scope

(1) Thispart presentsrulesfor design of joints.

(2) Thispart contains design methods for joints subject to predominantly static loading.
NOTE: This part is also applicable to dynamic loads, particularly wind action, if not otherwise
mentioned. Fatigue design of joints, see EN 1993-1-9.

(3 Thispart appliesto sted grades S235, S275, S355, S420 and S460. Exeption see 6.4(3).

1.2 Distinction between Principles and Application Rules

(1) Therulesin EN 1990 clause 1.4 apply.

1.3 Definitions

(1) Thefollowing definitions apply:

basic component (of ajoint): Specific part of ajoint that makes an identified contribution to one or
more of its structural properties.

connection: Location at which two members are interconnected, and the means of interconnection.
connected member: Member that is supported by the member to which it is connected.

joint: Assembly of basic components that enables members to be connected together in such away
that the relevant internal forces and moments can be transferred between them. A beam-to-column
joint consits of a web panel an either one connection (single sided joint configuration) or two
connections (double sided joint configuration), seefigure 1.1 .

joint configuration: Type or layout of the joint or jointsin a zone within which the axes of two or
more inter-connected members intersect, seefigure 1.2 .

structural properties (of ajoint): Its resistance to internal forces and moments in the connected
members, its rotational stiffness and its rotation capacity.

uniplanar joint: Inalattice structure an uniplanar joint connects membersthat aresituatedinasingle
plane.

web panel A, connection web panel A\, connection
connection
T components 2 T components
(e.g. bolts, (e.g. bolts,
endplate) endplate)
! }:l
. . - . . /\/ .
Joint = web panel in shear + connection Leftjoint = web panelin shear+ left
connection
Right joint = web panel in shear + right
connection

a) Single-sided joint configuration

b) Double-sided joint configuration

Figure 1.1: Parts of a beam-to-column joint configuration
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Al C c A Single-sided beam-to-
column joint configuration;
B B Double-sided beam-to-
N Bl " column joint configuration;
: ] J.D C  Beam splice;
’ Column splice;
4.B
¥ E Column base.
E Ed.

......

a) Major-axis joint configurations

A\

Mpa1,sd %

] /'/‘ ,
% Mb254 Mp1,sd % ] f‘ Mp2,sq

D Double-sided beam-to-column E Double-sided beam-to-beam
joint configuration. joint configuration.

b) Minor-axis joint configurations (to be used only for balanced moments M, ¢4 = M, 54)

Figure 1.2: Joint configurations

1.4 Symbols
(1) InthisEN thefollowing symbols are used:

the nominal bolt diameter, the diameter of the pin or the diameter of the fastener;
the hole diameter for abolt or arivet or the diameter of the pin hole;

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

the hole size for the shear face, generally the hole diameter, but for vertically slotted holes
the dot length should be used,;

the clear depth of the column web;

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

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

the end distance from the centre of afastener hole to the adjagent end of any part, measured
in the direction of load transfer;
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e s

Po IS
Py s

P, is

r is

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

the distance from the axis of a slotted hole to the adjagent end or edge of any part;

the distance from the centre of the end radius of a slotted hole to the adjagent end or edge
of any part;

the effective length of fillet weld;

the number of the friction surfaces, the number of fastener holes on the shear face;

the spacing between centres of fastenersin alinein the direction of load transfer;

the spacing between centres of fastenersin an outer line in the direction of load transfer;
the spacing between centres of fastenersin an inner line in the direction of load transfer;

the spacing measured perpendicular to the load transfer direction between adjacent lines of
fasteners;

the bolt row number;

NOTE: In abolted 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.

S is
t, is
t, is
t, s
t, is
te IS
A is
A, Is
Ac s
A, is
A IS
Bpra 1S
E is
Foca 1S
Fisg IS
Fira IS
Frra IS
Fiora IS
Fora 1S
FsraselS
Fsra IS
FusiserlS
Foa IS

the length of stiff bearing.

the thickness of the angle cleat.

the thickness of the column flange;

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

the thickness of the web or bracket;

the thickness of the column web;

the gross cross-section are of bolt;

the areaiif therivet hole;

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

the tensile stress area of the bolt;

the effective shear area;

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

the design preload force;

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

the tension resistance of an equivalent T-stub flange;
design shear resistance per balt;

design bearing resistance per bolt;

design dlip resistance per bolt at the serviceability limit state;
design dlip resistance per bolt at the ultimate limit state;
design shear force per bolt for serviceability limit state;
design shear force per bolt for the ultimate limit state;

the design moment resistance of ajoint;
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)

©)

S is therotationa stiffness of ajoint;

S, Is theinitial rotational stiffness of ajoint;

Vupra IS the plastic shear resistance of a column web panel;
z is thelevel am;

V1 is thedip factor;

[0} is therotation of ajoint.

The following 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.

gap g g overlap Aoy = (g/p) X 100%

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

Figure 1.3: Gap and overlap joints.

In section 7 the following symbols are used:

A is the cross-sectional areaof member i (i =0, 1, 2 or 3);
A, is theshear areaof the chord;

A « IS the effective shear areaof the chord;

E is the elastic modulus of steel;

L is the system length of a member;

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

M;,isa1S the design value of the in-plane internal moment in member i (i =0, 1, 2 or 3);

M,,ira 1S the design value of the resistance of thejoint, expressed interms of the out-of-plane internal
moment inmember i (i =0, 1, 2 or 3);

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

Nirs is thedesignvalueof theresistance of thejoint, expressed in terms of the internal axial force
inmember i (i =0,1,2or 3);

N is thedesign value of theinternal axial forcein member i (i =0, 1, 2 or 3);
W,; is theelastic section modulus of member i (i =0, 1, 2 or 3);

W,,; is theplastic section modulus of member i (i =0, 1, 2 or 3);



Page 10 Final draft
prEN 1993-1-8: 20xx 6 September 2001
b is the overall out-of-plane width of RHS member i (i = 0, 1, 2 or 3);
by is theeffective width for a brace member to chord connection;
b, IS the effective width for an overlapping brace to overlapped brace connection;
be, is theeffective width for punching shear;
b, is thewidth of aplate;
b, is theeffective width for the web of the chord,
d is the overall diameter of CHS memberi (i =0, 1, 2 or 3);
d, is thedepth of theweb of an | or H section chord member;
e is the eccentricity of ajoint;
f, is the buckling strength of the chord side wall;
f,i is theyield strength of memberi (i =0, 1, 2 or 3);
fo  is theyield strength of achord member;
g is 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);
h is the overall in-plane depth of the cross-section of memberi (i =0, 1, 2 or 3);
k is afactor defined in the relevant table, with subscript g, m, n or p;
/ is the buckling length of a member;
p is thelength of the projected contact areaof the overlapping brace member onto theface of the
chord, in the absence of the overlapped brace member;
q is thelength of overlap, measured at the face of the chord, between the brace membersin akK
or N joint;
r is theroot radius of an | or H section or the corner radius of arectangular hollow section;
t; is the flange thickness of an | or H section;
t is thewall thickness of member i (i =0, 1, 2 or 3);
t, is thethickness of aplate;
t,, is the web thickness of an | or H section;
is afactor defined in the relevant table;
0, is theincluded angle between brace member i andthechord (i =1, 2 or 3);
K is afactor defined where it occurs;
VI is afactor defined in the relevant table;
@ is the angle between the planes in amultiplanar joint.
(4) Theinteger subscripts used in section 7 are defined as follows:

()

i andj

is

an integer subscript used to designate amember of ajoint, i =0 denotingachordandi =1,
2 or 3 the brace members. Injointswith two brace members, i =1 normally denotes the
compression braceand i = 2 thetension brace, seefigure 1.4(b). For asinglebrace i =1
whether it is subject to compression or tension, see figure 1.4(a);

are integer subscriptsusedin overlaptypejoints, i to denotethe overlapping brace member
and j to denote the overlapped brace member, see figure 1.4(c).

The stress ratios used in section 7 are defined as follows:
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n is theratio (aoss/fy0)/ Yus (used for RHS chords);
n, is theratio (o,s/f,0)/ yus (used for CHS chords);
Ooss 1S the maximum compressive stressin the chord at ajoint;
o,sa 1S thevalueof o,g excluding the stress due to the horizontal components of the forcesin the
braces at that joint, see figure 1.4.
(6) The geometric ratios used in section 7 are defined as follows:

I is theratio of the mean diameter or width of the brace members, to that of the chord:

- forT,Y and X joints:
dl . dl bl

— . —= o —
d, b by

0 0

- forKand N joints:

d +d, d +d, or b, + b, + h +h,

2d, 2 b, 4 b,
- for KT joints:
d +d,+d; d +d,+d, b, + b, + by +h +h, +h
; or
3 d, 3 b, 6 b,
p, is theratio b/b,;
y is theratio of the chord width or diameter to twiceits wall thickness:
L T . 3
2t, 2t, 2t

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

n, is theratio h/b,;
doy IS theoverlap ratio, expressed as a percentage (4,, = (a/p) x 100%) as shown in figure 1.3(b).

(7)  Other symbols are specified in appropriate clause when they are used.
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MO,Sd

NO,Sd

a) Joint with single brace member

MO,Sd

Np,Sd
—

MO,Sd

-—

NO,Sd

¢} Overlap joint with two brace members

NOTE: Symbolsfor circular sections, seetable 7.2.

Figure 1.4: Dimensions and other parameters at a hollow section lattice girder
joint
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2 Basis of Design

2.1 Assumptions
(1) Thefollowing assumptions apply:
- Design procedures are valid if the execution is made according to execution standards (see 2.8).

NOTE: Execution standards refers to a number of requirements which need to be specified during
the design.

- Only construction materials and products are used that are specified in this EN or in the relevant
material or product specifications.

2.2 General requirements

(DP Alljointsshall have adesignresistance such that the structureis capabl e of satisfying all thebasic design
requirements given in EN 1993-1-1 and in this part.

(2) Thepartial safety factor vy,, should be specified.
NOTE: Recommended partial safety factors for joints are given in table 1.1.

Table 1.1: Partial safety factors for joints

Resistance of members and cross-sections Ymo » Ym1 @d vy, See EN 1993-1-1

Resistance of bolts

Resistance of rivets

Resistance of pins e = 1,25

Resistance of welds

Resistance of platesin bearing

Slip resistance at ultimate limit state - no slip is accepted” Ymaur = 1,25
Slip resistance at ultimate limit state - slip is accepted® Ymsue = L1
Slip resistance at serviceability limit state - no slipis Ymzser = L1
accepted”

Slip resistance at serviceability limit state - dipisaccepted” | yyser = 1,0
Bearing resistance of an injection bolt Yma = 1,0
Resistance of jointsin hollow section lattice girder Yws = 1,0
Resistance of pins at serviceability limit state Ymeser = L0
Preloading of high strength bolts v, = 1,0
Resistance on concrete v. see EN 1992

Y The choice of the partial safety factor depends on the application.

(3) Joints subject to fatigue should also satisfy the principles givenin EN 1993-1-9.

2.3 Applied forces and moments

(DP Theforcesand momentsappliedtojointsat the ultimate limit state shall be determined by global analysis
conforming with EN 1993-1-1.
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2.4 Resistance of joints
()P Theresistance of ajoint shall be determined on the basis of the resistances of the individual fasteners,

welds and other components of the joint.

(2) Linear-elastic analysis may be used inthe design of thejoint. Alternatively elastic-plastic analysis of the
joint may be used provided that it takes account of the load deformation characteristics of all the components
of thejoint.

(3 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. As an exception to thisrule, see 3.8.5.

2.5 Design assumptions

(1)P Joints shall be designed by using an assumed distribution of internal forces and moments provided that
they fulfil the following assumptions:

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

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

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

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

(e) thedeformationsassumed in any design model based on elastic-plastic analysisare based onrigid
body rotations and/or in-plane deformations which are physically possible.

(2P The determination of any structural property of fastener or joint shall be based on theory supported by
experimental evidence according to Annex D of EN 1990.

(3) Theapplication rules given in this part satisfy (2).

2.6 Joints loaded in shear subject to impact, vibration and/or load reversal

(1) Whereajoint loaded in shear is subject to impact or significant vibration, either welding or bolts with
locking devices or preloaded bolts or injection bolts or other types of bolt which effectively prevent movement
of the connected parts or rivets should be used.

(2) Wheredlippingisnot acceptablein ajoint (becauseit is subject to reversal of shear load or for any other
reason), either preloaded bolts in a Category B or C connection (see 3.4) or fit bolts (see 3.6.1) or rivets or
welding should be used.

(3) For wind and/or stability bracings, boltsin Category A connections (see 3.4) may be used.

2.7 Eccentricity at intersections

(1) Where there is eccentricity at intersections, the joints and members should be designed for resulting
moments and forces, except in the case of particular types of structures where it has been demonstrated that it
is not necessary, see e.g. 3.9.3(2).

(2) Inthecaseof jointswith angles or tees connected by at |east two bolts at each joint, the setting out lines
for the boltsin the angles and tees may be substituted by the centroidal axesfor the purpose of determining the
intersection at thejoints. Thisisalso valid for the case of two setting linesinawideleg, seefigure 1.5. Possible
eccentricity should be taken into account as givenin (1).

NOTE: For the influence of the eccentricity to angles as web members in compression, see EN
1993-1-1.
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Centroidal axes__

/ 7 \WFasteners

Setting out lines

Figure 1.5: Setting out lines

2.8 References

This European Standard incorporates by dated or undated reference, provisionsfrom other publications. These
normative references are cited at the appropriate placesin 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.

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

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

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

EN 10034:1993  Structural steel |- and H- sections - Tolerances on shape and dimensions

EN 10051:1991 Continuously hot-rolled uncoated plate, sheet and strip of non-alloy and alloy 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 steel equal and unequal leg angles - Part 2: Tolerances on shape and dimensions

EN 10164:1993  Steel 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 Cold formed hollow sections of structural steel - Part 1: Technical delivery requirements

EN 10219-2 Cold formed hollow sections of structural steel - Part 2: Dimensions, tolerances and
gemetrical properties

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

EN 10210-2 Hot finished structural hollow sections of non-alloy and fine grain structural steels- Part 2:

Tolerances, dimensions and sectional properties
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Reference Standards, Group 4: Bolts, nuts and washers

prEN 780

prEN 781

prEN 782

prEN 783

prEN 784
prEN 785

EN 20898-1:1991
EN 20898-2:1993

prEN 22320
EN 24014:1991
EN 24016:1991
EN 24017:1991
EN 24018:1991
EN 24032:1991
EN 24033:1991
EN 24034:1991
prEN 27040

prEN 27042

prEN 27719

1SO 286- 2:1988

1SO 1891:1979
1SO 7089:1983
1SO 7090:1983
1SO 7091:1983
ISO/CD 10511
ISO/CD 10512

ISO/CD 10513

Hexagon nuts for high-strength structural bolting with large width across flats - Product
grade B - Property classes 8 and 10

Hexagon bolts for high-strength structural bolting with large width across flats (thread
lengths according 1SO 888) - Product grade C - Property classes 8.8 and 10.9

Hexagon boltsfor high-strength structural bolting with large width acrossflats (short thread
lengths) - Product grade C - Property classes 8.8 and 10.9

Hexagon nuts for structural bolting with large width across flats, style 1 Product grades B
- Property class 10

Plain washers for high-strength structural bolting, hardened and tempered
Plain washers, chamfered, hardened and tempered for high-strength structural bolting
Mechanical properties of fasteners - Part 1: Bolts, screws and studs (1SO 898-1:1988)

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

Prevailing torque type steel hexagon nuts - Mechanical and performance properties
Hexagon head bolts - Product grades A and B (1SO 4014:1988)

Hexagon head bolts - Product grade C (1SO 4016:1988)

Hexagon head screws - Product grades A and B (1SO 4017:1988)

Hexagon head screws - Product grade C (1SO 4018:1988)

Hexagon nuts, style 1 - Product grades A and B (1SO 4032:1988)

Hexagon nuts, style 2 - Product grades A and B (1SO 4033:1979)

Hexagon nuts - Product grade C (1SO 4034:1986)

Prevailing torque hexagon nuts (with non-metallic insert), style 1 - Property classes5, 8 and
10

Prevailing torque hexagon nuts (with non-metallic insert), style 2 - Property classes5, 8, 10
and 12

Prevailing torgue type al-metal hexagon nuts, style 1 - Property classes 5, 8 and 10

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

Bolts, screws, nuts and accessories - Terminology and nomenclature - Trilingual edition
Plain washers- Nominal series- Product grade A

Plain washers, chamfered - Normal series - Product grade A

Plain washers - Normal series - Product grade C

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

Prevailing torque type hexagon nuts (with non-metallic insert), style 1 with finepitch thread
- Property classes 6, 8 and 10

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

EN12345 Welding-Multilingual terms for welded joints with illustrations. September 1998.

EN-ISO 14555  Welding-Arc stud welding of metallic materials. May 1995

PrEN 1SO 13918 Welding-Studs for arc stud welding-January 1997

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

EN I1SO 25817  Arc-welded jointsin steel - Guidance for quality levels for imperfections

Reference Standards, Group 6: Rivets
NOTE: Reference should be given in National Annex.

Reference Standard, Group 7: Execution of steel structures
ENV 1090-1 Execution of stedl structures- Part 1: General rules and rules for buildings, April 1996

ENV 1090-3 Execution of steel structures- Part 3: Supplementary rules for high yield strength steels.
February 1997

ENV 1090-4 Execution of steel structures - Part 4: Supplementary rules for hollow section lattice
structures
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3 Connections made with bolts, rivets or pins

3.1 Bolts, nuts and washers
3.1.1 General

(1) Boalts, nutsand washersare assumed to conformwith Reference Standards of Group 4, asappropropriate.
(2) Therulesin thispart are applicable to bolts of grades given in table 3.1.

(3) Thenomina valuesof theyield strength f,,, and the ultimate tensile strength f,, are given intable 3.1 and
they should be adopted as characteristic values in calculations.

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

Bolt grade 4.6 5.6 6.8 8.8 10.9
f,, (N/mm?) 240 300 480 640 900
f., (N/mnv) 400 500 600 800 1000

3.1.2 Preloaded bolts
(1) 8.8and 10.9 bolts may be used as preloaded bolts with controlled tightening, if they conform with the
requirements for prel oaded bolts in Reference Standards of Group 7.
3.2 Rivets
(1) The materia properties, dimensions and tolerances of sted rivets should conform with Reference
Standards of Group 6.
3.3 Anchor bolts
(1) Thefollowing materials may be used for anchor bolts:
- Steel grades according to appropriate Reference Standards of Group 1;
- Steel grades according to appropriate Reference Standards of Group 4;
- Reinforcing bars according to EN 10080,
provided that the nominal yield strength does not exeed 640 N/mm?.

3.4 Categories of bolted connections
3.4.1 Shear connections

(1) Thedesign of abolted connection loaded in shear should conform with one of the following categories
A, Bor C, seetable 3.2.

(2) Category A: Bearingtype
In this category bolts from grade 4.6 up to and including grade 10.9 should be used. No preloading and
special provisionsfor contact surfacesare required. Thedesign ultimate shear |oad should not exceed the
design shear resistance nor the design bearing resistance, obtained from 3.6.

(3) Category B: Slip-resistant at serviceability limit state
In this category preloaded 8.8 or 10.9 bolts with controlled tightening in conformity with execution
standards (see 2.8) should be used. Slip should not occur at the serviceability limit state. The design
serviceability shear load should not exceed the design slip resistance, obtained from 3.8. The design
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ultimate shear load should not exceed the design shear resistance nor the design bearing resistance,

obtained from 3.6.

(4) Category C: Slip-resistant at ultimate limit state

In this category preloaded 8.8 or 10.9 bolts with controlled tightening in conformity with execution
standards (see 2.8) should be used. Slip should not occur at the ultimate limit state. The design ultimate
shear load should not exceed thedesign slip resi stance obtai ned from 3.8 nor the design bearing resistance
obtained from 3.6. In addition for a connection in tension, the design plastic resistance of the net cross-

section at bolt holes N, ry, Se€ 6.2 of EN 1993-1-1, should be checked, at the ultimate limit state

3.4.2 Tension connections

(1) Thedesign of abolted connection loaded in tension should conform with one of the following categories

D and E, seetable 3.2.

(2) Category D: Connectionswith non-preloaded bolts

In this category bolts from grade 4.6 up to and including grade 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.

(3) Category E: Connectionswith preloaded 8.8 or 10.9 bolts

In this category preloaded 8.8 and 10.9 bolts with controlled tightening in conformity with execution

standards (see 2.8) should be used.

Table 3.2: Categories of bolted connections

Category Criteria Remarks

Shear connections

A Fiss < Fugg No preloading required.
bearing type Fiss < Fogrg All grades from 4.6 to 10.9.
B Fusiser< Fsrase Preloaded 8.8 or 10.9 bolts.
dlip-resistant at serviceability Fuss < Fugrg Slip seetable 1.1.
Fiss < Foga
C Fisas < Fsgra Preloaded 8.8 or 10.9 bolts.
dlip-resistant at ultimate Fiss < Fora Slip seetable 1.1.
FV,&’ < Nnﬁ,Rd Nnet,Rd % EN 1993'1'1

Tension connections

D Fiss < Fira No preloading required.
non-preloaded Fiss < Byra All grades from 4.6 to 10.9.
B, ks SeEtable 3.4.
E Fiss < Firg Preloaded 8.8 or 10.9 bolts.
preloaded Fiss < Bygra B, ks SeEtable 3.4.

The design tensile force F, g, shall include any force due to prying action, see 3.10. Bolts subjected to
both shear force and tensile fiorce shall in addition satisfy the criteria given in table 3.4.

3.5 Positioning of holes for bolts and rivets

(DP Thepositioning of holesfor bolts and rivets shall be such asto prevent corrosion and local buckling and

to facilitate the installation of the bolts or rivets.
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(2) Minimum and maximum spacing and end and edge distances are given in the table 3.3.

NOTE 1: It may be important to consider the deviation of the group of fasteners from itsintended
position, see execution standardsin 2.8.

NOTE 2: End plate joints may be treated as jointsin tension.
(3  Minimumand maximum spacing, end and edgedistancesfor structuressubjected tofatigue, see EN 1993-
1-9.
3.6 Design resistances

3.6.1 Bolts and rivets
()P Thecriteriagiven in table 3.2 shall be checked.

(2) Design resistance for fasteners subjected to shear and/or tension and design resistance of bolted and
rivited connections are given in table 3.4.

(3) The design resistances for tension and for shear through the threaded portion given in table 3.4 are
restricted to bolts manufactured in conformity with appropriate Reference Standard of Group 4. For other items
with cut threads, such as anchor bolts or tie rods fabricated from round steel bars where the threads are cut by
the steelwork fabricator and not by a specialist bolt manufacturer, the relevant values from table 3.4 should be
reduced by multiplying them by afactor of 0,85.

(4) Thevauesfor design shear resistance F, r givenin table 3.4 apply only wherethe bolts are usedin holes
with nominal clearances not exceeding those for standard holes as specified in execution standards (see 2.8).

(5) M12and M14 bolts may also be used in 2 mm clearance holes provided that for bolts of strength grade
4.8,5.8, 6.8, 8.8 or 10.9 the design shear resistance F, 4 istaken as 0,85 timesthe value givenin table 3.4. This
application tule should be applied only, when F, gy > Fyry -

(6) Theresistances of fit bolts may be calculated by the same way as for boltsin normal clearance holes.
(7)  Thethread of afit bolt should not be included in the shear plane.

(80 Thelength of the threaded portion of the shank of the fit bolt included in the bearing length should not
exceed 1/3 of the thickness of the plate, see figure 3.2.

(9) Thetolerance of the holes for fit bolts should be in accordance with execution standards (see 2.8).

(10) Insingle lap joints of flats with only one bolt row, see figure 3.3, the bolts should be provided with
washers under both the head and the nut and the bearing resistance F,, z, for each bolt should be limited to:

Fora < 1.5f,dt/ vy, .. (32
NOTE: Singlerivets should not be used in single lap joints.

(11) Inthecase of 8.8 or 10.9 bolts, hardened washers should be used for single lap joints of flats with only
one bolt or one rwo of bolts (normal to the direction of load), even where the bolts are not prel oaded.

(12) Wherethedistance L, between the centres of the end fastenersin ajoint, measured in the direction of the
transfer of force (see figure 3.4), is more than 15 d, the design shear resistance F, 4 Of all the fasteners
calculated according to table 3.4 should be reduced by multiplying it by areduction factor g, ;, given by:

Lj715d

.. (3.2
200 d 2

Bi=1-
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but B, < 1,0 and B > 075

(13) Thisprovisionin(12) doesnot apply wherethereisauniformdistribution of forcetransfer over thelength
of the joint, e.g. the transfer of shear force between the web and the flange of a section.

(14) Where bolts or rivets transmitting load in shear and bearing pass through packings of total thicknesst,
greater than one-third of the nominal diameter d, see figure 3.5, the design shear resistance F, g, calculated as
specified in table 3.4, should be reduced by multiplying it by areduction factor g, given by:

9d

Po= 8d + 3t

but B, < 1 .. (33)

(15) For doubleshear connectionswith packings on both sides of the splice, t, should be taken asthe thickness
of the thicker packing.

Py 2]
P, S¥ 124y
i | % ez L 25 24d, \!X’
Direction of L B - o ] ] ] 1 1 /
S Tozd wanster © ] | ~ ; 2 Y W N *i
AR G H o A e
’ e
T T t t
Staggerad Rows of fagtaners
a) Symbolsfor spacing of fasteners b) Symbols for staggered spacing
|______-‘_ pmsm ancd < 200mm
|-——{—p‘ <14t and < 200mm
outer row 4¢_- —_— f;\ - /4\ —_ fl\
..._¢'- —$—— «—é— & !— hi il ,% il p,; =28t
—_— < P, = 14t and < 200mm ‘ ES msmn inner row _ Q _ _ ? _ and < 400mm
- - - - A
M Tension
¢) Staggered spacing - compression d) Spacing in tension members

g |
1)
L.

=

€) End and edge distances for slotted holes

Figure 3.1: Symbols for end and edge distances and spacing of fasteners
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Table 3.3: Minimum and maximum spacing, end and edge distances

14t or 200 mm

Distances and Minimum Maximum® 23
spacings, _
seefigure 3.1 Structures made of steels according to Structures made of
EN 10025 execpt steels acc. to EN 10025-5 | steelsaccording to
EN 10025-5
Steel exposed to the | Steel not exposedto | Steel used
weather or other the weather or other | unprotected
corrosive influences | corrosive influences
End distance g, 1,2d, 4t + 40 mm The larger of
8t or 125 mm
Edge distance e, 1,2d, 4t + 40 mm The larger of
8t or 125 mm
Distance e, 1,5d, ¥
in slotted holes
Distance g, 1,5d, ¥
in slotted holes
Spacing p, 2,2d, The smaller of The smaller of The smaller of
14t or 200 mm 14t or 200 mm 14t,;, or 175 mm
Spacing p; o The smaller of
14t or 200 mm
Spacing py; The smaller of
28t or 400 mm
Spacing p, ® 2,4d, The smaller of The smaller of The smaller of

14t or 200 mm

14t,;, or 175 mm

members and;

- for exposed tension members to prevent corrosion.

¥ tisthethickness of the thinner outer connected part.

Y Maximum values for spacings, edge and end distances are unlimited, except in the following cases:
- for compression membersin order to avoid local buckling and to prevent corrosion in exposed

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

4 For the limits for slotted holes, see execution standardsin 2.8

% For staggered rows of fasteners a minimum line spacing p, = 1,2d, may be used, if the minimum
distance between any two fastenersin a staggered row L > 2,4d,, see Figure 3.1b).
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Table 3.4: Design resistance for fasteners subjected to shear and/or tension
and design resistance of bolted and rivited connections

Failure mode Bolts and bolted connections Rivets and riveted
connections
Shear resistance per shear S fo A 06 f, A
plane vRd = N —
Tm2 Tm2

- where the shear plane passes through the
threaded portion of the bolt (A isthetensile
stress area of the bolt A):
- for strength grades 4.6, 5.6 and 8.8:
a,=0,6
- for strength grades 4.8, 5.8, 6.8 and 10.9:
a, =05
- where the shear plane passes through the
unthreaded portion of the bolt (A isthe gross
cross section of the bolt): o, = 0,6

Bearing resistance? ¥ k o f,dt
Fb,Rd =
Tm2
e f
where ¢, isthesmallest? of —= ; b1 . % or1,0;
3d, 3d, 4 f,
- & 5.4k
k, isthesmallestof 28-=-1,7; 1,4-=-1,70r25.
d0 dO
Tension resistance® K, T A 06 f, A,
Ft,Rd = - tRd =
YMZ yM2
where  k, = 0,63 for countersunk bolt,
otherwise k, = 0,9.
Punching shear resistance | B,y = 0,6 d, t,f,/ yu, No check needed.
Combined shear and F F
tension WS = < 10
I:v,Rd 1’4 I:t,Rd

Y The resistance of agroup of fasteners may be determined as the sum of the bearing resistances Fy g4 Of
theindividual bolts provided that there is sufficient ductility in the connected part, otherwise the
resistance of a group of fasteners should be determined by using the smallest resistance of the
individual fasteners multiplied by the number of fasteners.

2 The bearing resistance F, 4 for boltsin slotted holes, where the longitudinal axis of the slotted holeis
perpendicular to the direction of the force transfer, is 0,6 times the bearing resistance for boltsin
round holes.

¥ For countersunk bolt:

- for the determination of the bearing resistance F, g, the plate thicknesst of the relevant part
joined should be deducted with half the depth of the countersink.

- for the determination of the tension resistance F, 4 the angle and depth of countersinking should
conform with appropriate Reference Standards of Group 4, otherwise the tension resistance F gy
should be adjusted accordingly.

4 When the load on abolt is not parallel to the edge, the bearing resistance may be verified separately
for the bolt load components parallel and normal to the end.
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Figure 3.2: Threaded portion of the shank in the bearing length for fit bolts
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Figure 3.3: Single lap joint with one row of bolts
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Figure 3.5: Fasteners through packings
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3.6.2 Injection bolts

3621 General

(1) If dipisnot alowed in aconnection, injection bolts when injected with resin give an aternative to slip
resistant connections for both bolts and rivets.

(2) Only bolt grades 8.8 and 10.9 are covered.

(3) Fabrication and erection details for hexagon injection bolts are given in execution standards (see 2.8).

3.6.2.2 Designresistance

(1) Injection bolts used in connections of primary structural members may be designed as category A, B or
C as specifiedin 3.4.

(2P The design ultimate shear load shall not exceed either the design shear resistance of the bolt, or the
bearing resistance of theresin.

(3 For connectionsof category B and C, preloaded i njection boltswith controlled tightening shoul d be used.

(4P The design serviceability shear load for category B and the design ultimate shear load for Category C
shall not exceed the design dlip resistance of the connection plus the design bearing resistance of the resin at
therespectivelimit states. Thedesign ultimate shear |0ad shall not exceed the design shear resistance of thebolt,
nor the bearing resistance of the steel plates, calculated for a connection without resin.

(5) Thebearing resistance of theresin, Fy gy 50, Should be determined according to the following equation:

k ks d lmin Bfi) resin
Fb,Rd,resin = l - (34)

Yma

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

3 is acoefficient depending of thethicknessratio of the connected platesasgivenintable 3.5
and figure 3.6
fo resin is determined by test according to execution standards (see 2.8)
toin is thelimiting plate thickness, given in table 3.5
k, is 1,0 for serviceability limit state (long duration)
is 1,2 for ultimate limit state
K, is taken as 1,0 for holes with standard clearances or (1,0 - 0,1 m), for oversized holes
m is the difference between the normal and oversized hole dimensions. In the case of short

slotted holes as specified in execution standards (see 2.8), m= 0.5 times the difference
between the hole length and width.

LLIL] y

S — It
0= I:G © a3 ‘
- o, e

[

\
\
o S
|2|E.E|l| K o, | o, | o,
|
| 1.0 20 t,/t,

Figure 3.6: Increase of f, ., by a factor R in case of thick cover plates
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Table 3.5: Values of R and t

min

t/t, 3 tin
22,0 1,0 21
<1,0 1,33 t,

(6) For bolts with a clamping length exceeding 3d, a value of ¢ of not more than 3d should be taken into
account for calculation of the bearing resistance (see figure 3.7)

m (i 1
— il

L
1.5d

-

Figure 3.7: Limiting effective length for long injection bolts

3.7 Design resistance of rivets

(1) Riveted connections should be designed to transfer forces essentially in shear. If tension is necessary to
satisfy equilibrium, the design tensile force F, s, should not exceed the design tension resistance F, 4 givenin
table 3.4.

(2) Theresistancesfor rivets should be calculated according to table 3.4.
(3) For grade S 235 the "as driven" value of f,, may be taken as 400 N/mm?.

(4) Asagenerd rule, thegrip length of arivet should not exceed 4,5d for hammer riveting and 6,5d for press
riveting.
3.8 Slip-resistant connections using 8.8 or 10.9 bolts

3.8.1 Slip resistance
(1) Thedesign dlip resistance of a preloaded 8.8 or 10.9 bolt should be taken as:

n
_knp

Fsra = pCd .. (3.5)

Ym3

where:  yys IS yusu a the ultimate limit state;

Ymz 1S Ywaer @t the serviceability limit state.
(2) Thevalue of k, should be taken as given in table 3.6.

(3) Therelevant combination of actions for serviceability limit states should be used.
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(4) Additional checks at the serviceability limit state and at the ultimate limit state, see 3.4.

Table 3.6: Values of k.

ks
Where the holesin all the plies have standard nominal clearance as specifiedin 1,0
execution standards (see 2.8)
For oversize holes, or short slotted holes, as specified in execution standards (see 2.8). 0,85
The axis of the slot perpendicular to the direction of force transfer.
For long dotted holes, as spesified in execution standards (see 2.8). The axis of the slot 0,7
perpendicular to the direction of force transfer.
For oversize holes, or short slotted holes, as specified in execution standards (see 2.8). 0,76
The axis of the slot parallél to the direction of force transfer.
For long slotted holes, as specified in execution standards (see 2.8). The axis of the slot 0,63
parallel to the direction of force transfer.

3.8.2 Preloading

(1) For bolt grades 8.8 and 10.9 conforming with the appropriate Reference Standard of Group 4, with
controlled tightening in conformity with execution standards (see 2.8), the design preloading force F,, 4, to be
used in the design calculations, should be taken as:

Foca =K fus A/ yuz ... (3.6)

where:  k istaken asfollows:
-Classl. k,=07
- Tightened with prestress rotation procedure in confomity with execution standards (see 2.8).

- Tightened with prestresstorque procedurein confomity with execution standards (see 2.8) with
individually determined torque for each assembly lot.

-Class2: k,=0,63 for bolt grade 10.9
k,=0,56 for bolt grade 8.8

- Tightenedwith prestresstorque procedurein confomity with execution standards (see 2.8) with
a specific torque for each nominal bolt diameter specified in the product standars (see 2.8) or
in the execution standards (see 2.8).

3.8.3  Slip factor
(1) Thedesign value of the dlip factor p should be taken as given in table 3.7:

3.8.4 Combined tension and shear
(1) If adlip-resistant connectionis subjected to an applied tensileforce F, o, in additionto the shear forceF, g,
tending to produce dlip, the dlip resistance per bolt should be taken as follows:

- Category B: Slip-resistant at serviceability limit states:

n F -08F
Fst,ser: kS u ( pCd t,Sd,ser) (37)

yM3,ser
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- Category C: Slip-resistant at ultimate limit states:

n F -08F
Fora = N H Foo £ .. (38)

RAVERT:

(2) If, in a moment connection, the applied tensile force is counterbalanced by a contact force on the
compression side, no reduction of the dlip resistance is required.

Table 3.7: The design value of the slip factor p

Classes of friction surfaces Design value of the slip factor p
A 0,5
B 04
C 0,3
D 0,2

NOTE 1. Therequirements of testing and inspection, see execution standardsin 2.8.
NOTE 2. Theclassification of any other surface treatment should be based on tests on
specimens representative of the surfaces used in the structure using the procedure set out in
execution standards (see 2.8).

NOTE 3: Thedefinitions of the classes of friction surfaces, see execution standardsin 2.8.
NOTE 4: The grade of the cleanliness of the surfaces should be given in the project
specification.

3.8.5 Hybrid connections

(1) Asanexceptionto 2.4(3) , preloaded 8.8 and 10.9 bolts in connections designed as slip-resistant at the
ultimate limit state (Category Cin 3.4) may be assumed to shareload equally with welds, provided that the final
tightening of the boltsis carried out after the welding is complete.

3.9 Deductions for fastener holes

3.9.1 General

(1) Deduction for holesin the member design should be made according to EN 1993-1-1.

3.9.2 Design for block tearing

(1) Thedesign value for block tearing Vg ; rq fOr symmetric bolt groups under centric loading should be
determined from:

Vetira = fuBu vz + (17 V3) Ty A o ..(3.9)

where: A, isnet areasubjected to tension;

A, isnet areasubjected to shear.

(2) For beam end with a shear force acting eccentric relative to the bolt gfroup the design value for block
tering Vi, rq Should be determined from:

Veff,Z,Rd = 015 fu Anv /’YM2 + (1 / \/3) fy Ant /'YMQ (310)

NOTE: Tensilefailure occurs aong the horizontal limit of the block, and shear plastic yielding occurs
along the left vertical limit of the block. The block is hatched in figure 3.8.
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Figure 3.8: Block tearing

3.9.3 Angles connected by one leg and other unsymmetrically connected members in
tension

(DP Theeccentricity of fastenersin end connections, 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;

- symmetrical members that are connected unsymmetrically, such as angles connected by one leg.
NOTE: Design of angles connected by one leg and other unsymmetrically connected members for
compression, see EN 1993-1-1.

(2) Angles connected by a single row of boltsin one leg, see figure 3.9, may be treated as concentrically
loaded and the design ultimate resistance of the net section determined as follows:

20 (e, - 05d) t f,

with 1 bolt: Noge = .. (311)
vz
f
with 2 bolts: N P2 Pra fu .. (3.12)
Tm2
f
with 3or morebolts: Ny = P Ava .. (3.13)

Tmz

where: B,and f;  are reduction factors dependent on the pitch p, as given in table 3.8. For intermediate
values of p, the value of B may be determined by linear interpolation;

A isthe 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.
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Table 3.8: Reduction factors B, and B,

Pitch P, <25d, >50d,
2 bolts B, 04 0,5
3 bolts or more B- 0,5 0,7

f__%__{
2y _é_ <L

(a) 1 bolt

e, Py I91} D1;]| 01_{

& o | %@@j

(b) 2 bolts (c) 3 bolts

Figure 3.9: Connections of angles

3.9.4 Lug angles

(1) Lugangles, seefigure3.10, connecting anglemembersand their fasteningsto agusset or other supporting
part should be designed to transmit aforce 20% greater than the force in the outstand of the angle connected.

(2) The fastenings connecting the lug angle to the outstand of the angle member should be designed to
transmit aforce 40% greater than the force in the outstand of the angle member.

(3 Luganglesconnecting achannel or asimilar member should be designed to transmit aforce 10% greater
than the force in the component of the member not directly connected.

(4) Thefastenings connecting thelug angleto the channel or similar member should be designed to transmit
aforce 20% greater than force excess as specified in (3) above.

(5) Inno caseshould lessthan two boltsor rivets be used to attach alug angle to agusset or other supporting
part.

(6) Theconnection of lug anglesto gusset plates or other supporting parts 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
apoint beyond the direct connection of the member to the gusset or other supporting part.

Figure 3.10: Lug angles
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3.10 Prying forces

()P Wherefastenersarerequiredto carry an applied tensileforce, they shall be proportioned to also resist the
additional force dueto prying action, where this can occur, see 6.2.2.

3.11 Distribution of forces between fasteners at the ultimate limit state

(1) Thedistribution of internal forces may be either linear proportional to the distance from the centre of
rotation or else plastic.

(20  When amoment is applied to the joint, the distribution of internal forces should be proportional to the
distance from the centre of rotation in the following cases:

- Category C dlip-resistant connections

- Other shear connections where the design shear resistance F, 4 of afastener isless than the design
bearing resistance F, g .

- Where connections are subjected to subjected to impact, vibration or load reversal (except wind
loads), except in connections of secondary structural elements.

(3 Whenajoint isloaded by a non-eccentric shear or axial force only, the load may be assumend to be
uniformly distributed amongst the fasteners, if the size and the class of fastenersis the same.

3.12 Connections made with pins
3.12.1 General
(DP Wherever thereisarisk of pins becoming loose, they shall be secured.

(2) Pin connections in which no rotation is required may be designed as single bolted connections, if the
length of the pin is less than 3 times the pin diameter, see 3.6.1. For other cases the rules below should be

applied.

3.12.2 Pin connected tension members

(1) Inpinconnected tension membersand their connecting parts, the thickness of an unstiffened element that
contains a hole for a pin should not be less than 0,25 times the distance from the edge of the hole to the edge
of the element, measured perpendicular to the axis of the member, see figure 3.11. Where the connected
elements are clamped together by external nuts, this limit on thickness need not be applied to internal plies.

(2) Thenet cross-sectional area beyond a hole for apin, in all direction within 45° of the member axis, see
figure 3.11, should not be lessthan the net cross-sectional area A, required for the member. Perpendicular tothe
member axis, the net cross-sectional area each side of the hole should not be less than 0,67A,.

Dy = At

D, = At

0y = ALt

D, = 0.874, /1
t =0.250,

Figure 3.11: Pin-ended tension member

3.12.3 Pin plates

(1) Pinplatesthat are providedtoincreasethe net cross-sectional areaof amember, or to increasethebearing
resistance of apin, should bearranged to avoid eccentricity and should be of sufficient sizeto distributetheload
from the pin into the member.
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3.12.4 Design of pins

31241 General

(1) Thedesign criteriaaregivenintable 3.9.

(20 Themoment inapin should be calculated on the basisthat the connected partsform simple supports, and

that the reactions between the pin and the connected parts are uniformly distributed along the length in contact
on each part.

Table 3.9: Design criteria for pin connections

Failure mode Design criterion
Shear of the pin Furd =0,6 Afyplymz > Fogy
Bearing of the plate and the pin Ford =15tdf, /vy > Fog

If the pinisintended to be removable, in addition: | Fyryeee =0,61df /vy 2 Fosiser
Bending of the pin Mgq =1L5Wof, lvme > Mg

If the pinisintended to be removable, inaddition: | Mgy =08Wof /[yyeer > Mgyser
Combined shear and bending of the pin M- |2 E |2

Sd V,Sd < 1
M Rd I:V,Rd

the diameter of the pin;

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

is theyield strength of the pin;

is the thickness of the connected part;

is the cross-sectional areaof apin.

o
»

—h

o
©

—h

>l—|'
n

(3) Inaddition to the provisions given in 3.12.1 to 3.12.4, the contact bearing stress should satisfy:

Ohed < fhpra .. (3.14)
where:

EF d, - d

O eq = 0,591J iz (% ~ 9 .. (3.15)
! 2
d<t

fh,Ed = 2i5fy/'YM6'§( (316)

where:  d is the diameter of the pin;

d, is thediameter of the pin hole;

Fsise 1S the design value of the force to be transferred in bearing, under the characteristic load
combination for serviceability limit states.
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4 Welded connections

4.1 General
(1) Theprovisionsin this section apply to:
- Weldable structural steels meeting the requirements of EN 1993-1-1.

- Material thicknesses of 4 mm and over. For weldsin thinner material refer to ENV 1993 part 1.3. For
weldsin structural hollow sections in material thickness of 2,5 mm and over, see section 7.

- Jointsinwhich the weld metal is compatible with the parent metal in terms of mechanical properties,
seed.2.

- For stud welding reference is made to EN 1994-1-1.
NOTE: Guidance for stud welding are given in the standards EN 1SO 14555 and EN 1SO 13918.

(2P Welds subject to fatigue shall also satisfy the principles givenin EN 1993-1-9.

(3 Quality level C accordingto EN 1SO 25817 isusually required, if not otherwise specified in the project
specification. The frequence of inspection of welds should be given in the project specification by using the
rulesin execution standards (see 2.8). The quality level of welds should be chosen according to EN 1SO 25817.
The quality level of fatigue loaded structures, see EN 1993-1-9.

NOTE: The requirement of using level B, see execution standards in 2.8. Level D should be allowed
only in cases of minor importance structures.

(4P Lamellar tearing shall be avoided.

(5) Guidance for lamellar tearing are given in EN 1993-1-10.

4.2 Welding consumables
(D  All welding consumables should confirm with the Reference Standards of Group 5.
(2) Thespecifiedyieldstrength, ultimatetensilestrength, elongation at failureand minimum Charpy V-notch

energy value of thefiller metal, should all be such that the performance of theweld metal should not belessthan
the corresponding values specified for steel grade being welded.

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

4.3 Geometry and dimensions

43.1 Type of weld

(1) ThisEN coversthe design of fillet welds, fillet welds all round, butt welds, plug welds or 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 in either in circular holes or in elongated holes.

(2) Themost common types of joints and welds with pictoral representation are given in EN 12345.

432 Fillet welds
4321 Genera

(1) 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) Smaller anglesthan 60° are also permitted. However, in such casesthe weld should be considered to be
apartial penetration butt weld.

(3 For anglesover 120°, fillet welds should not be relied upon to transmit forces.

(4) Fillet welds should not terminate at corners of parts or members, but should be returned continuously,
full sized, around the corner for alength equal to twice the leg size of the weld, wherever such areturn can be
made in the same plane.

NOTE: Incaseof intermittent weldsthisrule appliesonly to the last intermittent fillet welds at corners.
(5) End returns should be indicated on the drawings.
(6) For eccentricity of single-sided fillet welds, see 4.12.

4322 Intermittent fillet welds
(DP Intermittent fillet welds shall not be used in corrosive conditions.
(2) Inanintermittent fillet weld, the gaps between the ends of each length of weld (seefigure 4.1) should not
be more than the smallest of:
- 200 mm;
- 12 timesthe thickness of the thinner part when the part connected isin compression;
- 16 times the thickness of the thinner part when the part connected isin tension;
- one-quarter of the distance between stiffeners, when used to connect stiffenersto aplate or other part

subjected to compression or shear.

(3 Inanintermittent fillet weld, the gap should be measured between the ends of welds on opposing sides
or on the same side, whichever is shorter.

(4) Inany run of intermittent fillet welds there should always be a length of weld at each end of the part
connected.

(5) Inafabricated member inwhich plates are connected by means of intermittent fillet welds, a continuous
fillet weld should be provided on each side of the plate for alength at each end equal to at least three-quarters
of the width of the narrower plate concerned (see figure 4.1).

4.3.3 Fillet welds all round

(1) Filletweldsall round, comprisingfillet weldsin circular or elongated holes, can be used only to transmit
shear or to prevent the buckling or separation of lapped parts.

(2) Thediameter of acircular hole, or width of an elongated hole, for afillet welds all round should not be
less than four times the thickness of the part containing it.

(3 Theends of elongated holes should be half-circular, except for those ends which extend to the edge of
the part concerned.

(4) For the design of welds all round, see 4.6.

4.3.4 Butt welds
(1) A full penetration butt weld is defined as a butt weld that has compl ete penetration and fusion of weld
and parent metal throughout the thickness of the joint.

(2) A partial penetration butt weld is defined as a butt weld that has joint penetration which isless than the
full thickness of the parent material.
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(3 Intermittent butt welds should not be used.

(4) For eccentricity in single-sided partia penetration butt welds, see 4.12.
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The larger of L, >0,75b and 0,75 Db,
The smallest of L,<16t and 16t and 200 mm
The smallest of L,<12t and 12t and 0,25b and 200 mm

Figure 4.1: Intermittent fillet welds

435 Plug welds

(DP Plug welds shall not be used to resist externally applied tension, but they may be used:
- totransmit shear, or
- to prevent the buckling or separation of lapped parts, or
- to inter-connect the components of built-up members.

(2) Thediameter of acircular hole, or width of an elongated hole, for aslot weld should be at least 8 mm
more than the thickness of the part containing it.

(3 Theendsof elongated holes should either be half-circular or else should have cornerswhich are rounded
to aradius of not less than the thickness of the part containing the slot, except for those ends which extend to
the edge of the part concerned.

(49) Thethicknessof aplugweldin 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) For the design of plug welds, see 4.8.
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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
weldsin rectangular hollow sectionsis givenin 7.3.1(7).

Figure 4.2: Effective throat 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 Wheretwo parts connected by welding are separated by packing having a thickness equal to, or greater
than, theleg 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
45.1 Length of welds

() Theeffectivelength of afillet weld should be taken as the overall length of the full-sizefillet, including
end returns. Provided that the weld isfull size throughout this length, no reduction in effective length need be
made for either the start or the termination of the weld. If the reduction hasto be made, the actual length of the
weld should be reduced and this reduction may be assumed to be as twice the effective throat thickness a. The
design length of afillet weld | isthe length of the weld required by calculations and given in the drawings
including end returns. Long joint, see 4.11.

(2) Welds with effective lengths shorter than 30 mm or 6 times the throat thickness, whichever is larger,
should be ignored for transmission of forces.

(3 Wherethe stressdistribution along aweld is significantly influenced by the stiffness of the members or
partsjoined, the non-uniformity of the stress distribution may be neglected, provided that the design resistance
is correspondingly reduced.

(4) Theeffective widths of welded joints designed to transfer transverse loads to an unstiffened flange of an
I, H or other section should be reduced as specified in 4.10.

(5) The design resistances of welds in long overlapped joints and in long transverse stiffeners should be
reduced as specified in 4.11.
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45.2 Throat thickness

(1) Thethroat thickness, a, of afillet weld should be taken as the height of the largest triangle (with equal
or unequal legs) which can be inscribed within the fusion faces and the weld surface, measured perpendicul ar
to the outer side of thistriangle, seefigure 4.3. Thethroat thickness should not be taken as more than 0,7 times
the leg length. The leg length should be sufficient to ensure that the stength of the weld is greater than that of
the throat thickness.

(2) Thethroat thickness of afillet weld should not be less than 3 mm.
(3 Indetermining the resistance of a deep penetration fillet weld, account may be taken of its additional
throat thickness, see figure 4.4, provided that it is shown by preliminary tests that the required penetration can

consistently be achieved.

(4) Thethroat thickness and the length required by calculations irrespective of the welding process should
be given in the project specification and/or in the drawings.

|

Figure 4.4: Throat thickness of a deep penetration fillet weld

45.3 Resistance per unit length

(1) Thedesignresistance per unit length of afillet weld should be determined using either the method given
below, or else the alternative method givenin 4.5.4.

(2) Thedesignthroat area A, should betakenas A, = Y a /4 .

(3) Thelocation of the design throat area should be assumed to be concentrated in the root.

(4) Inthismethod, 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.

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

- o, isthenormal stress perpendicular to the throat

- o, isthenormal stress parallel to the axis of the weld
isthe shear stress (in the plane of the throat) perpendicular to the axis of the weld

- T

1
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1, isthe shear stress (in the plane of the throat) parallel to the axis of the weld.

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

(6) Thenormal stressc, parallel to the axisis not considered when verifying the resistance of the weld.

(7) Theresistance of thefillet weld will be sufficient if the following are both satisfied:

[62+3(t*+1)]* < f,/(Byym2) and

where:  f, isthenominal ultimate tensile strength of the weaker part joined;

< fulymz

B, isisthe appropriate correlation factor according to the table 4.1.

(8) Weldsbetween partswith different material strength grades should be designed using the lower strength

. (4)

properties.
Table 4.1: Correlation factor B, for fillet welds
Standard and steel grade
Correlation factor g,
EN 10025 EN 10210 EN 10219
S235 S235H S235H 08
S235W '
S275 S275H S275H
S 275 N/NL S 275 NH/NLH S 275 NH/NLH 0,85
S 275 M/ML S 275 MH/MLH
S355 S355H S355H
S 355 N/NL S 355 NH/NLH S 355 NH/NLH 09
S 355 M/ML S 355 MH/MLH '
S355W
S 420 N/NL S420 MH/MLH 10
S420 M/ML '
S 460 N/NL S 460 NH/NLH S 460 NH/NLH 10
S 460 M/ML S 460 MH/MLH '
S460 Q/QL/QL1

454  Alternative method for resistance of fillet welds

(1) Theresistance of afillet weld may be verified by the following method as an alternative to the method

givenin4.5.3.

(2) Theresistanceof afillet weld may be assumed to be adequateif, at every point initslength, the resultant

of all the forces per unit length transmitted by the weld satisfiy the criterion:
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Fusi < Fura .. (4.2

where:  F, ¢ isthedesign value of the weld force per unit length;

Fura isthe design weld resistance per unit length.

(3) Independent of theorientation of theweld, thedesign resistance per unit length F,, z, shoul d be determined
from:

Furd = fowg @ .. (4.3
where: f,,4 isthedesign shear strength of the weld.

(4) Thedesign shear strength f,,, 4 of the weld should be determined from:

RE

..(44
Pu¥mz @4

vw.d

where:  f, and g, aredefined in 4.5.3(7).

4.6 Design resistance of fillet welds all round
(1) Thedesign resistance of afillet weld all round should be determined from 4.5.
(2) The centreto centre spacing of fillet welds all round should not exceed the value necessary to prevent

local buckling, seetable 3.3. For centreto centre distance and for the edge and end distances rules according
to ENV 1993-1-3 should also be applied.

(3) If thethickness of the parent material islessthan 4 mm and the thinner connected part is no more than
3 mm thick, the rules according to ENV 1993-1-3 should be applied.

4.7 Design resistance of butt welds

4.7.1 Full penetration butt welds

(1) Thedesignresistance of afull 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 al-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) Theresistanceof apartial penetration butt weld should bedetermined asfor adeep penetrationfillet weld,
see 4.5.2(3).

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

(3 Thethroat thickness that can be consistently achieved should be determined by preliminary trials.

473 T-butt joints

(1) The resistance of a T-butt joint, consisting of a pair of partial penetration butt welds reinforced by
superimposed fillet welds, may be determined asfor afull penetration butt weld (see4.7.1) if the total nominal
throat thickness, exclusive of the unwelded gap, is not less than the thicknesst of the part forming the stem of
theteejoint, provided that the unwel ded gap isnot morethan (t/ 5) or 3 mm, whichever isless, seefigure4.6(a).
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(2) Theresistance of aT-butt joint which does not meet the requirements given in (1) should be determined
asfor afillet weld or asfor adeep penetrationfillet weld (see 4.5) depending on the amount of preparation. 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).

——

dnom.1
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\/)\ anom,l + anom,2 2 t
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<t/5and 3 mm

nom —

Figure 4.6: Effective full penetration of T-butt welds

4.8 Design resistance of plug welds

(1) Thedesignresistance F,, g4 Of aplug weld (see4.3.5) should betaken asf,, 4 A,,, wheref,, ;isthedesign
shear strength of aweld given in 4.5.4(4).

(2) Thedesignthroat area A, of aplug weld should be taken as the area of the hole.

(3 The centre to centre spacing of plug welds should not exceed the value necessary to prevent local
buckling, seetable 3.3. For centreto centre distance and for the edge and end distances rules according to ENV
1993-1-3 should a'so be applied.

4.9 Distribution of forces

(1) Thedistribution of forcesin awelded connection may be calculated on the assumption of either elastic
or plastic behaviour in conformity with 2.4 and 2.5.

(2) Normally it is acceptable to assume a simplified load distribution within the welds.

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

(4) Weldedjointsshould bedesigned to have adequate deformation capacity. However, ductility of thewelds
should not be relied upon.

(5 Injointswhere plastic hingesmay form, the welds should be designed to provide at | east the samedesign
resistance as the weakest of the connected parts.

(6) Inotherjointswheredeformation capacity for joint rotation isrequired dueto the possibility of excessive
straining, the welds require sufficient strength not to rupture before general yielding in the adjacent parent
material.

(7) If thedesign resistance of an intermittent weld is determined by using the total length 4, the weld shear
force per unit length F,, 5; should be multiplied by the factor (e+)/t, see figure 4.7.
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Figure 4.7: Calculation of weld forces for intermittent welds

4.10 Connections to unstiffened flanges

(1) InaT-jointof aplatetoan unstiffened flange of an |, H or other section, seefigure 4.8, an effectivewidth
should be taken into account both for the parent material and for the welds.

(2) Foranl or H section the effective width by should be obtained from:

beff = tW + 28 + 7ktf (45&)

where: k= (t/t)(f,/f, )  but k < 1 ... (4.5b)

f
f

yi  istheyield strength of the flange of the | or H section;

yp Istheyield strength of the plate welded to the | or H section.
(3 Thedimension s should be obtained from:
- forarolled | or H section: s = ... (4.5¢)

- forawelded | or Hsection: s = 2 a ... (4.5d)

(4) For an unstiffened flange of an | or H section and for box section, the following criterion should be
satisfied:

b = (f,,/f,,) b, ... (4.6)

where:  f isthe ultimate strength of the plate welded to the | or H section.

up

bP
NOTE: Otherwise the joint should be stiffened.

isthe width of the plate welded to the | or H section.

(5) 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 by; should be obtained from:

by = 2t, + 5t but by < 2t, + 5kt .. (4.7)
NOTE: For hollow sections, seetable 7.13.

(6) Evenif by < b, thewelds connecting the plate to the flange should be designed to resist aforce equal

to the resistance of the plate b, t f, /v, -

4.11 Long joints

(1) Inlapjointsthedesignresistance of afillet weld should bereduced by multiplyingit by areduction factor
L. to dlow for the effects of non-uniform distribution of stress along its length.
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Figure 4.8: Effective width of an unstiffened T-joint

(2) This provision does 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 aplate girder.

(3) Generaly inlap jointslonger than 150a the reduction factor f,,, should be taken as 3, ,, ; given by:
Pwi=12-02L,/(150a) but p,,<10 .. (4.8)
where:  L; isthe overall length of the lap in the direction of the force transfer.

(4) Forfillet weldslonger than 1,7 metres connecting transverse stiffenersin plated members, the reduction
factor g, may betaken asf,,, , given by:

Bw=11-L,/17 but p..<10 and p,,=>06 .. (4.9)
where: L, isthelength of the weld (in metres).

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

(1) Local eccentricity (relative to the line of action of the force to be resisted) should be taken into account
in the following cases:
- A bending moment is transmitted about the longitudinal axis of theweld if it produces tension at the
root of the weld, see figure 4.9(a);

- A tensile force is transmitted perpendicular to the longitudinal axis of the weld which would
effectively produce a bending moment , figure 4.9(b).

NOTE: Loca eccentricity should be avoided whenever it is possible.

(2) Local eccentricity need not be taken into account if aweld is used as part of aweld group around the
perimeter of astructural hollow section, but should not be used in the situation indicated in figure 4.9(a).

(@) Bending moment producestension at theroot  (b) Tensile force produces tension at the root of

of the weld theweld

Figure 4.9: Single fillet welds and single-sided partial penetration butt welds
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4.13 Angles connected by one leg

(1) Inangles 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) Foranequal-legangle, or an unequal-leg angle connected by itslarger leg, the effective areamay betaken
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 equal to that of the smaller leg, when
determining the design resistance of the cross-section, see EN 1993-1-1. However when determining the design
buckling resistance of acompression member, see EN 1993-1-1, the actual gross cross-sectional areashould be
used.

4.14

(1) Incold-formed sgquare or rectangular hollow sections, welding should only be carried out in the cold-
formed zones or within the adjacent width of 5t each side, seetable 4.2, if one of the following conditionsis
fulfilled:

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

Welding in cold-formed zones

- ther/t-ratio satisfy the relevant value obtained from table 4.2.

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

Maximum thickness (mm)

Strain dueto cold Generally Fully killed
n forming (%) Aluminium-killed

Predominantly Where fatigue steel
static loading predominates (Al = 0,02 %)

> 25 >2 any any any

> 10 >5 any 16 any

> 3,0 > 14 24 12 24

>20 > 20 12 10 12

>15 > 25 8 8 10

>1,0 > 33 4 4 6
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5 Analysis, classification and modelling

5.1 Global analysis
5.1.1 General

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

(2) Toidentify whether the effects of joint behaviour onthe analysisneed betakeninto account, adistinction
may be made between three simplified joint models as follows:

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

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

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

(3) Theappropriatetype of joint model should be determined fromtable 5.1, depending on the classification
of the joint and on the chosen method of analysis.

(49) Thedesign moment-rotation characteristic of ajoint 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 curvelieswholly bel ow the design moment-rotation characteristic. Exceptionstothisrule, asthose
indicated in 5.1.2(4) and 5.1.4(5), may be contemplated as long as their validity is demonstrated.

Table 5.1: Type of joint model

Method of e -
global analysis Classification of joint

Elastic Nominally pinned Rigid Semi-rigid

Rigid-Plastic Nominally pinned Full-strength Partia-strength

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

_T)_/pe of Simple Continuous Semi-continuous

joint model

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

(2P Thestrength of thejoints shall be verified to be capabl e to transmit the forces and moments acting at the
joints resulting from the analysis.

(3) Inthe case of asemi-rigid joint, the rotational stiffness § corresponding to the bending moment M, g
should generally be used in the analysis.

(4) Asasimplification to (3), the rotationa stiffness may betaken as §,/5 inthe analysis, for all values
of the moment M, g4, asshown infigure 5.1, where 5 isthe stiffness modification coefficient from table 5.2.

(5) Forjointsconnecting H or | sections § isgivenin6.3.1.
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Figure 5.1: Rotational stiffness to be used in elastic global analysis

Table 5.2: Stiffness modification coefficient 5

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

Rigid-plastic global analysis
Thejoints should be classified according to their strength, see 5.2.3.

For joints connecting H or | sections M, 4 isgivenin6.2.
For joints connecting hollow sections rules to determine the strength are given in section 7.

The rotation capacity of the joints shall be verified to be capable to accept the rotations of the joints

resulting from the analysis.

(5)
5.1.4
D)

)
®3)
(4)

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

Elastic-plastic global analysis
Thejoints should be classified according to both stiffness (see 5.2.2) and strength (see 5.2.3).

For joints connecting H or | sections Mg, isgivenin6.2, § isgivenin6.3.1and ¢, isgivenin 6.4.
For joints connecting hollow sections rules to determine the strength are given in section 7.

The moment rotation characteristic of thejoints should be taken into account for the determination of the

distribution of the internal forces and moments.
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(5) Asasimplification, the bi-linear design moment-rotation characteristic shown in figure 5.2 may be
adopted. The stiffness modification coefficient # should be obtained from table 5.2.

Awv

J

i.Rd

Sjini/N

>
P

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

5.1.5 Global analysis of lattice girders

(1) Thedistribution of axial forcesin alattice girder may be determined on the assumption that the members
are connected by pinned joints (see aso 2.7).

(2) Thefollowing provisions in this section apply for structure where the joints are verified according to
section 7.

(3 Secondary momentsat thejoints, caused by therotational stiffnesses of thejoints, may be neglected both
in the design of the members and in the design of thejoints, provided that both of the following conditions are
satisfied:

- thejoint geometry iswithintherangeof validity specifiedintables7.1, 7.8, 7.9 or 7.20 asappropriate;

- 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.

(49) Themomentsresulting fromtransverseloads (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 (3) are satisfied:

- the brace members may be considered as pin-connected to the chords, so moments resulting from
transverseloadsapplied to chord membersneed not be distributed into brace members, and viceversa;

- the chords may be considered as continuous beams, with simple supports at panel points.
(5) Momentsresultingfrom eccentricitiesmay be neglected inthedesign of tension chord membersand brace

members. They may also be neglected in the design of connectionsif the eccentricitiesarewithinthefollowing
limits:

- -055d,

IA

e < 0,25 d, ... (5.13)

IA

A

- 055 h,

IN

e < 025 h, ... (5.1b)

where: e is theeccentricity defined in figure 5.3;
d, is thediameter of the chord;

h, is the depth of the chord, in the plane of the lattice girder.
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(6) When the eccentricities are within the limits given in (5), the moments resulting from the eccentricities
should betaken into account in the design of compression chord members. Inthiscasethe eccentricity moments
should be distributed between the compression chord members on each side of the joint, on the basis of their
relative stiffness coefficients I/L, where L isthe systemlength of the member, measured between panel points.

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

(8) Thestressesinachord resulting from momentstaken into account in the design of the chord, should also
be taken into account in determining the factors k., k, and k, usedinthe design of the connections, seetables
7.2t07.5,7.10and 7.12 to 7.14.

(99 The cases where moments should be taken into account are summarized in table 5.3.
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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 No

Not if 5.1.5(3) Yes
is satisfied
Brace member No
. Not if 5.1.5(5)

Connection is saticfied
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5.2 Classification of joints
5.2.1  General

(P Thestructura properties of all joints shall be such asto achieve the assumptions made in the analysis of
the structure and in the design of the members.

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

5.2.2 Classification by stiffness
5221 General

(1) Ajoint may beclassified asrigid, nominally pinned or semi-rigid according to itsrotational stiffness, by
comparing itsinitial rotational stiffness §;; with classification boundaries, see 5.2.2.5.

NOTE: Rulesfor thedeterminationof §,; for jointsconnectingH or | sectionsaregiveninfrom6.3.1.
Rules for the determination of §;; for joints connecting hollow section are not given in this part.

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

(DP A nominaly pinned joint shall be capable of transmitting the internal forces, without developing
significant moments which might adversely affect members of the structure.

(2P A nominally pinned joint shall be capable of accepting the resulting rotations under the design loads.

5.2.2.3 Rigidjoints

() Jointsclassified asrigid may be assumend to have no significant influence on the distribution of internal
forces and moments in the structure, nor on its overall deformation.

5.2.2.4 Semi-rigid joints

() A joint which does not meet the criteriafor arigid joint or anominally pinned joint shall be classified
asasemi-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 capabl e of transmitting the internal forces and moments.

5.2.25 Classification boudaries

(1) Classification boundaries, see 5.2.2.1(1), for other joints than column bases are given in figure 5.4.

(2) Column bases may be classified asrigid:

- inframeswhere the bracing system reduces the horizontal desplacement by at least 80 % and where
the effects of deformation may be neglected

- if 1, < 05 ... (5.29)
- if05<7,<393 and S, > 7(27,-1)El /L, .. (5.2b)
- if 7, > 393 and S, > 48El. /L, ... (5.20)
- otherwiseif §;; > 30El./L. ... (5.2d)

where: 7, is the reduced slenderness of the column assumed as pinned at both end;

I, L. areasinfigure5.4.



Final draft Page 49
6 September 2001 prEN 1993-1-8: 20xx

Zone 1: rigid, if S, > K,EI /L,

i <
where k, =8 for frames where the bracing
M, A system reduces the horizontal
desplacement by at least 80 %
k, = 25 for other frames, provided that in
every storey K./K. > 0,17

Zone 2: semi-rigid All joints in zone 2 should be

1 classified as semi-rigid. Joints
2 in zones 1 or 3 may optionally
3 also be treated as semi-rigid.
>
¢ Zone 3: nominally pinned, if SJ.’ini < O,5EIb/Lb

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

Key:
K, is the mean value of I /L, for all the beams at the top of that storey;
. Is the mean value of I /L. for all the columns in that storey;
I, is the second moment of area of a beam;
I is the second moment of area of a column;
L, is the span of a beam (centre-to-centre of columns);
c is the storey height of a column.

Figure 5.4: Boundaries for stiffness classification of joints

5.2.3 Classification by strength
5231 General

(1) Ajoint may be classified asfull-strength, nominally pinned or partial strength by comparing its moment
resistance M, 4 With the moment resi stances of the membersthat it joins. When classifyingjoints, theresistance
of amember should be taken as that adjacent to the joint.

5.2.3.2 Nominally pinned joints

(DP A nominaly pinned joint shall be capable of transmitting the internal forces, without developing
significant moments which might adversely affect members of the structure.

(2P A nominaly pinned joint shall be capable of accepting the resulting rotations under the design loads.

(3) Ajointmay beclassified asnominally pinnedif itsmoment resistance M, 4 isnot greater than 0,25 times
the moment resistance required for a full-strength joint, provided that it also has sufficient rotation capacity.

5.2.3.3 Full-strength joints

()P The design resistance of afull strength joint shall be not less than that of the members connected.
(2) Ajoint may be classified as full-strength if it meets the criteriagivenin figure 5.5.

5.2.3.4 Partial-strength joints

(1) A joint which does not meet the criteriafor a full-strength joint or a nominally pinned joint should be
classified asa partial-strength joint.



Page 50 Final draft
prEN 1993-1-8: 20xx 6 September 2001

a) Top of column Either  Mjgrg > My ik

I ) M sd
. or Mira > Mcpira
b) Within column height ) Either  M;gq
M; sq or M, g

Key:
Mynre IS the plastic moment resistance of a beam;
M.nra IS the plastic moment resistance of a column.

\4

Mb,pﬁ,Rd

[\

2 Mc,pa,Rd

Figure 5.5: Full-strength joints

5.3 Modelling of beam-to-column joints

(1) Tomodel thedeformational behaviour of ajoint, account should betaken of the shear deformation of the
web panel and the rotational deformation of the connections.

(2)  Joint configurationsshould be designed to resist theinternal bending moments My, ¢4 and My, s, Normal
forces Ny, oy and Ny, g, and shear forces V, oy and V,, o applied to the connections by the connected beams,
see figure 5.6.

(3) Theresulting shear force V,,,5 inthe web panel should be obtained using:

Vipst = Morss = Mpzsd)/Z = (Versg — Veosd)/2 ...(6.3)
where; z is thelever arm, see 6.2.5.

(4 Tomode ajointinaway that closely reproducesthe expected behaviour, theweb panel in shear and each
of the connections should be modelled separately, taking account of the internal moments and forces in the
members, acting at the periphery of the web panel, see figure 5.6(a).

NOTE: Thistype of modelling is not considered further in this section.

(5) Asasimplified alternative to the method of modelling defined in (4), asingle-sided joint configuration
may be modelled as a singlejoint, and adouble-sided joint configuration may be modelled as two separate but
inter-actingjoints, onefor each connection.Asaconsegquense adoubl e-sided beam-to-columnjoint configuration
has two moment-rotation characteristics, one for the right-hand connection and another for the left-hand
connection.

(6) Each of these joints should be modelled as a separate rotational spring, as shown in figure 5.7, in which
each spring has amoment-rotation characteristic that takes into account the behaviour of the web panel aswell
the influence of the relevant connection.

(7)  When determining the moment resistance and rotational stiffness for each of the joints, the possible
influence of the web panel should be taken into account by means of the transformation parameters g, and 3, ,
where:

p. is thevalue of the transformation parameter f for the right-hand side joint;
p, is thevalue of the transformation parameter S for the left-hand side joint.

NOTE: The transformation parameters f, and S, areused directly in 6.2.5.2(7) and 6.3.2(1). They
arealso used in 6.2.4.2(4) and 6.2.4.3(4) in connection with table 6.3 to obtain the reduction factor w
for shear.
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(8) Conservativevaluesfor g, and S, based on the values of the beam moments M, gy and My, g, atthe
periphery of the web panel, see figure 5.8(a), may be obtained from table 5.4.

¢ N¢2,sd
/\M c2,5d
4‘,
VcZ,Sd
'—1
sz Sd V, vV Nbl,Sd
e b2,Sd b1,Sd -
MbZ,Sd Mp1,sd
Vcl,Sd
A 4
T Cl,Sd
Ncl,Sd
a) Forces and moments acting on joint, at periphery of web panel.
Vip,sd Ingm T
[
VW
p.Sd
[ z Nez,sa v L No1,sq
v — b2,Sd -
wp,Sd
Mo2,s4 Mp1,s4
~
pr,Sd RPN AL
b) Shear forces in web panel. ¢) Connections, with forces and moments in beams.

Figure 5.6: Forces and moments acting on the web panel at the connections

L Joint Joint 2~ L Joint 1

I® — =

Single-sided joint configuration Double-sided joint configuration
Figure 5.7: Modelling the joint
(9) Alternatively, more accurate valuesof #, and f, based onthe values of the beam moments M, ,; 54 and

M .ss @t theintersection of the member centrelines, may be determined from the simplified model shownin
figure 5.8(b) as follows:
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B - |1 - Mj,bZ,Sd/Mj,bl,Sd| <2 ... (5.49)
22 - |1 - Mj,bl,Sd/Mj,bZ,Sd| <2 ... (5.4b)

where: M, 54 IS the moment at the intersection from the right hand beam;

Mposa IS the moment at the intersection from the left hand beam.

Table 5.4: Approximate values for the transformation parameter p

Type of joint configuration Action Valueof f
A\
My1 sq Mo1,sd
%> }> My s B =1
LA
= — *
o Mps s M, s B =0 )
M M M M
b2,Sd b1,Sd z? %b1>,8d Moz s / Mysss > O g~ 1
<% %> - Mosi /' Mysa <0 S = 2
LA
Mysg + Mppsa = O B =2
*) Inthis casethevalue of S isthe exact value rather than an approximation.

¢ Nc2,sd Nj,cZ,Sdi
/_\MCZ,Sd Mj,CZ,Sd
N, Y
,Q\ﬁ, V
VcZ Sd j,c2,Sd
’ Il I
I I
[ q b | N ——=-=ll l==== N
N N j,b2,Sd H I j,b1,Sd
b2s¢ %Vbz,sd Vbl,Sd% DRSS 4>M J QR I B
. I I
‘ | j:b2,5d v —DDo N==== M]blSd
Mp2 sd Mp1 sd ib2sd | i j.b1,sd
Vcl,Sd
e Ve Vjc1,sd
? Mcl,Sd Mj,cl,Sd
Ne1 sd Nj,cl,SdT
a) Values at periphery of web panel. b) Values at intersection of member centrelines.

Figure 5.8: Forces and moments acting on the joint

(20) Inthecaseof 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 stessesin the column web panel should be taken into
account when determining the design moment resistance.
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6 Structural joints connecting H or | sections

6.1 General
6.1.1 Basis

(1) Thissection containsdesign methodsto determinethestructural propertiesof jointsinframesof any type.
To apply these, ajoint should be modelled as an assembly of basic components, see 1.3(1).

(2) For components identified in this section, see table 6.1, their properties should be determined in
accordance with the provisions herein. For components not so identidfied, their properties should be based on
test or analytical or numerical methods supported by tests, see EN 1990.

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

6.1.2  Structural properties

6.1.2.1 Design moment-rotation characteristic

(1) A joint may be represented by arotational 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 spring behaviour is expressed in the form of a design moment-rotation characteristic that
describesthe rel ationship between the bending moment M; s, appliedto ajoint and the corresponding rotation
0y between the connected members. Generally the design moment-rotation characteristic is non-linear as
indicated in figure 6.1(c).

(2) A design moment-rotation characteristic, see figure 6.1(c) should
define three main structural properties, as follows:

- moment resistance;

- rotational stiffness;

- rotation capacity.

NOTE: In certain cases the moment-rotation behaviour of ajoint includes some initial rotation dueto
bolt slip or lack of fit. Thiscan result in asignificant amount of initial hinge rotation that may need to be
included in the design moment-rotation characteristic.

(3P 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.

6.1.2.2 Moment resistance
(1)  The design moment resistance M, g, is equal to the maximum moment of the design moment-rotation
characteristic, see figure 6.1(c).

6.1.2.3 Rotational stiffness

(1) Therotational stiffness S should betaken asthe secant stiffnessasindicated infigure 6.1(c). For adesign
moment-rotation characteristic this definition of § appliesuptotherotation ¢y, at which M, g, first reaches
M, rq, but not for larger rotations, seefigure6.1(c). Theinitial rotational stiffness §;, isthe slope of theelastic
range of the design moment-rotation characteristic.
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6.1.2.4 Rotation capacity

(1) The design rotation capacity ¢4 Of a joint is the maximum rotation of the design moment-rotation
characteristic, see figure 6.1(c).

| Moment # M;
! Sjini
! Mj,Rd T | |
! Mj,Sd ] , i i
| ! i |
] foe =k — . - > ; | Limit for S; !
A o ! |
i Peq M;sd . | |
i VL ¢
| ! ' L
' ¢Ed ¢Xd ¢Cd Rotation
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 ajoint
(1) Thedesign moment-rotation characteristic of ajoint depends on the properties of its basic components.

(2) Thebasicjoint components identified in this section are given in table 6.1, together with the reference
to the application rules for the evaluation of their structural properties.

(3) Certain joint components may be reinforced. Details are givenin 6.2.2.3 and 6.2.4.
(4) Relationships between the properties of the basic components of ajoint and the structural properties of
thejoint are given:

- for moment resistancein 6.2.5;

- for rotationa stiffnessin 6.3.1;

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

Reference to application rules
Component . Stiffness | Rotation
Resistance - .
coefficient | capacity
VSd —_
A
1 | Column web panel 6.2.4.1 6.3.2 6.4(4)
in shear
’A
~—Vsq
’A
Column web 6.4(5)
2 |intransverse 6.2.4.2 6.3.2 and
compression E 6.4(6)
— <4+ " sd
/|
I',1
< > Ft,Sd
Column web
3 |in transverse 6.2.4.3 6.3.2 6.4(5)
tension
A
'A
< — I:t,Sd
4 | Columnflange 6.2.4.4 6.32 6.4(7)
in bending
1
\ I:t,Sd
5 |End-plate 6.2.4.5 6.32 6.4(7)
in bending
Flange cleat Figa
6 |. . ] 6.2.4.6 6.3.2 6.4(7)
in bending
D— i —
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Table 6.1: Basic joint components (continued)

Reference to application rules

Component : Stiffness | Rotation
Resistance - .
coefficient | capacity
Beam or column
7 | flange and web q 6.2.4.7 6.3.2 *)
in compression
If:,Sd
q b
—| —)
g |Beamweb Fisq = 6.2.4.8 6.3.2 *)
in tension
F
td o Fisa | in tension:
—>
Plate - EN 1993-1-1
9 |intensionor 6.3.2 *)
compression . - in compression:
Fesd Fosa |~ EN 1993-1-1
with column flange:
. - 6.24.4
10 | Bolts < (> | Withend-plate: 6.3.2 6.4(7)
intension CJ Fea | - 6.245
~ | with flange cleat:
- 6.24.6
insh et
11 |inshear e ) 3.6 6.3.2 6.4(2)
v,Sd
F
Bolts ! 2o
in bearing
12 | (on beam flange, Q 3.6 6.3.2 *)
column flange, l
end-plate or cleat) F.sd

*)  Noinformation available in this part.
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Table 6.1: Basic joint components (continued)
Reference to application rules
Component . Stiffness | Rotation
Resistance - :
coefficient | capacity

Concrete

13 | in compression 6.2.4.9 *)
including grout

6.3.2

Base plate

14 | in bending under 6.2.4.10 *)
compression
Baseplatein

15 | bending under 6.2.4.11 6.3.2 *)
tension

16 | Anchor bolts 6.2.4.12 6.32 *)
in tension

17 | Anchor bolts 6.2.1.2 6.32 )
in shear

1g | Anchor bolts 6212 6.3.2 *)
in bearing

19 | Welds 4 6.3.2 *)

20 | Haunched beam e 6.2.4.7 6.3.2 *)

7 !
*)  Noinformation availablein this part.
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6.2 Resistance

6.2.1 General

6.2.1.1 Internal forces

(1) The stresses due to the internal forces and moments in the members may be assumed not to affect the
resistances of the basic components of ajoint, except as specified in (2) and (3).

(2) Thelongitudina stressin acolumn should be taken into account when determining the resistance of the
column web in compression, see 6.2.4.2(2).

(3) The shear in a column web panel should be taken into account when determining the resistance of the
following basic components:
- column web in transverse compression, see 6.2.4.2;

- column web in transverse tension, see 6.2.4.3.

6.2.1.2 Resistanceto shear forces

(1) Inwelded 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 beamto thejoint, without any assistance from
the welds connecting the beam flanges.

(2) Inbolted 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 the angle cleat;

- theforce does not exceed the shear resistance of the bolts connecting the cleat to the column;
- theweb of the beam satisfies requirement in EN 1993-1-1.

(3) The shear resistance of ajoint may be derived from the distribution of internal forces within that joint,
and the resistances of its basic components to these forces, seetable 6.1.

(4) Inacolumn base the design friction resistance F; z, between base plate and grout should be derived as
follows:

Fira = Cig Nes .. (6.1)
where: C;, isthe coefficient of friction between base plate and grout layer. The following values may be
used:
- for sand-cement mortar  C;, = 0,20
- for special grout Gy =030
N.g isthe design value of the normal compressive force in the column.
(5)  Inacolumn base design shear resistance of an anchor bolt F,;, z4 should betaken asthesmaller of F, ; z4
and F,,,rq Where
Fiwre ISthebearing resistance of the anchor bolt, see 3.6.1
oy fup A

Tmb

.. (62)

I:2,vb,Rd

where:  «, =0,44-0,0003f,,
f

IS theyield strength of the anchor bolt, where 235 N/mn? < f,,, <640 N/mnv
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NOTE: If the column isloaded by atensile normal force, F; g4 = 0.

(6) Inacolumn basewith aflat base plate, seefigure 6.2, the design shear resistance F, g4 should be derived
asfollows:

Fura = Fira + NFyppa .. (6.3)
where: n isthe number of anchor boltsin the base plate.

(7)  For the design of concrete and reinforcement reference is made to EN 1992.

A
L Nc,Sd FV
F\@’ Vi 1
* Frra
d, |
E . . -
0 &/hole d/

Figure 6.2: Column base loaded by normal force and shear load

6.2.1.3 Resistance to bending moments
(1) The moment resistance of any joint may be derived from the distribution of internal forces within that
joint and the resistances of its basic components to these forces, see table 6.1.

(2)  Provided that the axial force Ng, inthe connected member does not exceed 10% of theresistance N, gq
of its cross-section, the moment resistance M, 4 of abeam-to column joint or beam splice may be determined
using the method givenin 6.2.5.

(3) The moment resistance M; g, of acolumn base may be determined using the method givenin 6.2.6.

(4) Inalljoints, the sizes of the welds should be such that the moment resistance of thejoint M 4 isalways
limited by the resistance of its other basic components, and not by the resistance of the welds.

(5) Inabeam-to-columnjoint or beam spliceinwhich aplastic hingeisrequired to form and rotate under any
relevant load case, the welds should be designed to resist the effects of amoment equal to the smaller of:
- the plastic moment resistance of the connected member M, g,
-y times the moment resistance of thejoint M, zq
where for frames where the bracing system reduces the horizontal desplacement by at least 80 %
y = 1,4 otherwise y = 1,7.

(6) Inabolted connection with morethan one bolt-row in tension, asasimplification the contribution of any
bolt-row may be neglected, provided that the contributions of all other bolt-rows closer to the centre of
compression are also neglected.

NOTE: This leads to an under-estimate of the moment resistance, but generally the reduction is
relatively small.



Page 60 Final draft
prEN 1993-1-8: 20xx 6 September 2001
6.2.2 Equivalent T-stub in tension

6.22.1 General

(1) Inbolted connectionsan equivalent T-stubin tension may be used to model theresistance of thefollowing
basic components:

- column flange in bending;

- end-plate in bending;

- flange cleat in bending.

- base plate in bending under tension.

(2) Methodsfor modelling these basic components as equivalent T-stub flanges, including the values to be
used for e, 4« and m, aregivenin 6.2.4.

(3) Thepossible modes of failure of theflange of an equivalent T-stub may be assumed to be similar to those
expected to occur in the basic component that it represents.

(4 Thetotal effectivelength X/ of an equivalent T-stub, seefigure 6.3, should be such that the resistance
of itsflangeis 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.
(5) Thetension resistance of a T-stub flange should be determined from table 6.2

(6) Incaseswhere prying forces may develop, seetable 6.2, the tension resistance of a T-stub flange F; g4
should be taken as the smallest value for the three possible failure modes 1, 2 and 3.

(7)  In cases where prying forces may not develop, see table 6.2 , the tension resistance of a T-stub flange
Frra Should be taken as the smallest value for the two possible failure modes 12 and 3.

(8) Inthecaseof aT-stub flange, the tension resistance B, g, of abolt-plate assembly is never governed by
the punching shear resistance B, 4 and therefore B, 4 should betaken as equal to thetension resistance of the
bolt Frq givenin 3.6.1.

_ aa
em"‘ﬂ.‘t 1 . & m, LU
¥% % | | o
a T | |
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Figure 6.3: Dimensions of an equivalent T-stub flange
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Table 6.2: Resistance of a T-stub flange

, ) 8,8m3 A,
Prying forces may develop,i.e. L, < ~ 3 No prying forces
Llgrp b

Mode 1 Method 1 Method 2 (alternative method)

without 4M 8n - 2¢,M

backing | Frigrg = —plRd Frird = <2mn - ()m pi'l'l:\d)

plates m S

. 2Mp£,1,Rd

with AM, 3 g 2My g (8n - 2, )My pg*4NMy g | Friore = —

backing | Fripa = —= ' Frags = 2m - g, (m + n)

plates m S
Mode 2 F _ 2Myorg * NEBgy

T,2Rd —
m+n

Mode 3 Frara = ZBygq

Mode 1: Complete yielding of the flange

Mode 2: Bolt failure with yielding of the flange

Mode 3: Bolt failure

L, is - thebolt 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 or

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

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

Mpira = 0250y, t2f Mryo

eff,1f 'y
Mpﬁ,Z,Rd = O’ZSEQQH,Z tfz fy /YMO
Mbp,Rd = 0,25 Egeff,l tbpz fy,bp /YMO
n = €nin but n < 1,25m
Bird is thetension resistance of a bolt-plate assembly, see 6.2.2.1(8);
2Brq IS thetotal valueof Bz, for al the boltsin the T-stub;
Yly, s thevalueof X4, for mode1; Froe |

Xly, is thevaueof X/ for mode2; 05Frg * Q 05Frsa * Q
€.n, mandt; areasindicated in figure 6.3. : :

fy o is theyield strength of the backing plates; W W

top is the thickness of the backing plates; R L

& = d,/4 e o Ml e

d, is the diameter of the washer, or thewidth acrosspoints @/~ % 4@
of the bolt head or nut, as relevant. L PR AL L

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

NOTE 2: In method 2, the force applied to the T-stub flange by a bolt should be 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 of the resistance for
mode 1, but leaves the values for F; ;, 4 and modes 2 and 3 unchanged.
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6.2.2.2 Individual bolt-rows, bolt-groups and groups of bolt-rows

(1) Althoughinan actua T-stub flange the forces at each bolt-row are generally equal, when an equivalent
T-stub flangeis used to model a basic component listet in 6.2.2.1(1), allowance should be made for the forces
are generally different at each bolt-row.

(2) When modelling a basic joint component by equivalent T-stub flanges in accordance with 6.2.4, if
necessary more than one equivalent T-stub may be used, with the bolt-rows divided into separate bolt-groups
corresponding to each equivalent T-stub flange.

(3 Thefollowing conditions should be satisfied:

a) theforceat each bolt-row should not exceed theresi stance determined considering only that individual
bolt-row;

b) thetotal force on each group of bolt-rows, comprising two or more adjacent bolt-rowswithin the same
bolt-group, should not exceed the resistance of that group of bolt-rows.
(4)  Accordingly, when obtaining the tension resi stance of the basic component represented by an equivalent
T-stub flange, the following parameters should generally be determined:
a) the maximum resistance of an individual bolt-row, determined considering only that bolt-row;

b) thecontribution of each bolt-row to the maximum resistance of two or more adjacent bolt-rowswithin
a bolt-group, determined considering only those bolt-rows.

(5) Inthecaseof anindividual bolt-row X/ should be taken as equal to the effective length / tabulated
in 6.2.4 for that bolt-row as an individual bolt-row.

(6) Inthecaseof agroup of bolt-rows X/ should betaken asthe sum of the effectivelengths /y tabulated
in 6.2.4 for each relevant bolt-row as part of a bolt-group.

6.2.2.3 Backingplates
(1) Column flanges in bending may be reinforced by backing plates asindicated in figure 6.4.

(2) Eachbacking plate should extend at |east to the edge of the column flange, and to within 3mm of thetoe
of the root radius or fillet weld.

(3) Thebacking plate should at least extend beyond the furthermost bolt rows active in tension as defined
in figure 6.4.

(4)  Wherebacking plates are used, the resistance of the T-stub F; g, should be determined asgivenin table
6.2

€pp Hi=
hbp Backing plate -
e E=
oo Moy > Tl
Backing plate —HH b I ] eop 2 2d
bp
- —— [ ]
A

Figure 6.4: Column flange with backing plates
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6.2.3 Equivalent T-stub in compression

(1) Insteel-to-concrete connections, theflange of an equivalent T-stub in compression may be used to model
the resistance of the basic components:

- base plate in bending under compression in combination with
- concrete in compression including grout.
(2) Thetota length I and the total width b of an equivalent T-stub should be such that the 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 anotional lengths and
are smaller than or equal to the physical dimensions of the basic joint component it represents.
(3) Thecompression resistance of a T-stub flange F r4 should be determined as follows:

Fera = fia Derr e ... (6.4)

where: by is theeffective width of the T-stub flange, see (5) and (6)
Il is theeffective length of the T-stub flange, see (5) and (6)
fiq is the design bearing strength of the joint, see (7)
(4) Theforcestransferred through a T-stub should be assumed to spread uniformly as shown in figure 6.5(a)

and (b). The pressure on the resulting bearing area should not exceed the design bearing strength f; and the
additional bearing width should not exceed:

c=t[f,/ (3f yuo)]°° ..(65)

where: t is thethickness of the T-stub flange;
f

v is theyield strength of the T-stub flange.

(5) Wherethe projection of the physical length of the basic joint component represented by the T-stubisless
than c, the effective area should be assumed as indicated in figure 6.5(a)

(6) Where the projection of the physical length of the basic joint component represented by the T-stub
exceeds c, the additional projection should be neglected, see figure 6.5(b).

/ /

IN
(9}

IA
o
(9]

" T

dllel e

beff beff
(a) Short projection (b) Large projection

Figure 6.5: Area of equivalent T-Stub in compression
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(7)  Thedesign bearing strength of the joint f,; should be determined from:

fia = B Frau ! (Dest lesr) ... (6.6)

where:  §; is thejoint coefficient, which may be taken as 2/3 provided that the characteristic strength of
the grout is not lessthan 0,2 timesthe 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 casethat the thickness of the grout is more than 50 mm, the characteristic strength
of the grout should be at |east the same as that of the concrete foundation.

Fraw 1S the concentrated resistance force given in EN 1992, where A, isto be taken as (b l«)-

6.2.4 Resistance of basic components

6.24.1 Column web panel in shear

(1) Thedesign methods arevalid if d/t, < 69e.

(2) For asingle-sided joint, or for a double-sided joint in which the beam depths are similar, the shear

resistance V,,,rq Of an unstiffened column web panel, subject to adesign shear force V,, 4, Se€5.3(3), should
be obtained using:

0.9 fy,wc A\/c

V3 7o

where: A, is theshear areaof the column, see EN 1993-1-1.

wp,Rd

.. (67)

(3) The shear resistance may be increased by the use of stiffeners or supplementary web plates.

(49 Wheretransverse web stiffeners are used in both the compression zone and the tension zone, the plastic
shear resistance of the column web panel V,,r; may beincreased by V,,qrs given by:

4M 2M +2M
Vipaddrd = y but  Vipaidra < PIeRd d PSR .. (6.8)
S S
where:  d, is the distance between the centrelines of the stiffeners;

Myira IS the plastic moment resistance of a column flange
My srs IS the plastic moment resistance of a stiffener.
NOTE: Inweldedjoints, thetransverse stiffeners should be aligned with the corresponding beam flange.
(5) When diagona web stiffeners are used the shear resistance of a column web should be determined
according to EN 1993-1-1.
NOTE: Indouble-sided beam-to-column joint configurationswithout diagonal stiffeners on the column
webs, the two beams are assumed to have similar depths.

(6) Where acolumn web is reinforced by adding a supplementary web plate, see figure 6.6, the shear area
A, may beincreased by b,t,.. If afurther supplementary web plate isadded on the other side of the web, no
further increase of the shear area should be made.

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

(99 Thewidth b, should be suchthat the supplementary web plate extend at | east to thetoe of theroot radius.
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(10) Thelength ¢4 should be such that the supplementary web plate extends throughout the effective width
of the web in tension and compression, see figure 6.6.

(11) Thethickness t,of the supplementary web plate should be not less than the column web thickness t,..
(12) Theweldsbetween the supplementary web plate and profile should be design to the acting design forces.
(13) Thewidth b, of a supplementary web plate should be less than 40s t,

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

beff,tI

ls

beff,cI

7

a) Layout

r+s

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

b) Example of cross-section with longitudinal welds

Figure 6.6: Examples of supplementary web plates

6.2.4.2 Column web in transver se compression

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

w lﬂ/vc beff,c,wc twc fy,wc bUt F < w lﬂmc P beff,c,wc twc fy,wc (6 9)
c,wc,Rd = .

yMO yMl

I:c,wc,Rd

where: o is areduction factor to allow for the possible effects of interaction with shear in the column
web panel according to table 6.3 ;

Dyt cnciS the effective width of column web in compression

- for awelded connection:
beff,c,wc: tfb + 2\/§ab + 5(tfc + S) (610)

a. and r, areasindicated infigure 6.9 and a, isasindicated in figure 6.7.

- for bolted end-plate connection:
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beff,c,wc: ty + 2\/§ap + 5(tfc +8) + Sp .. (6.11)

S, isthe length obtained by dispersion at 45° through the end-plate (at least t, and,
provided that the length of end-plate below the flange is sufficient, upto 2t,).

- for bolted connection with angle flange cleats:
et ewe = 2t + 0,6r, + 5(t;, + S) ... (6.12)

- forarolled| or H sectioncolumn: s = r,

- forawelded | or H section column: s = 42a,

p is the reduction factor for plate buckling:

- if 7, < 0,72 p =10 ... (6.133)
- it 7, > 0,72 p = (%, - 0277 ... (6.13b)
Z,  istheplate slenderness:
b d. f
T, = 0932 |_dhowe we ywe ... (6.13c)
Et,’
- forarolled| or H section column:  d,.= h, - 2(t, +r.)
- for awelded | or H section column:  d,.= h, - 2(t, + y24a,)
kee see(2).
Table 6.3: Reduction factor w for interaction with shear
Transformation parameter j Reduction factor @
0 < p < 05 w =1
05 < § <1 ) = 0 +2(1-81-w)
B = 1 0l =
1 < p < 2 w = 0.+ (B -1) (0 - )
B = 2 < = Wy
_ 1 _ 1
0)1 = ; 0)2 = -
\/l * 1’3 (beff,c,wc twc /A\/c) \/1 * 5’2 (beff,c,wc twc /A/c)
A, is theshear areaof the column, see 6.2.4.1;
B is thetransformation parameter, see 5.3(7).

(2)  Where the maximum longitudinal compressive stress o,,,,gq due to axial force and bending moment in
the column exceeds 0,7f, . in the web (adjacent to the root radius for arolled section or the toe of the weld
for awelded section), its effect on the resistance of the column web in compression should be allowed for by
multiplying the value of F_,.rq 0iven by expression (6.9) by areduction factor k,. asfollows:

- when oneg < 0,71, K= 1
- When opmes> 07f et K= 17 — 6nea/ T e .. (6.14)
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NOTE: Generally the reduction factor k,. is 1,0 and no reduction is necessary. It can therefore be
omitted in preliminary calculations when the longitudinal stressis unknown and checked later.

Welded joint Joint with end-plate Joint with angle flange cleats
tw /
F. ¢ apt; l F
— N ap N - il <«
i T ==
Iy
a) Elevation
> 1Ip _
7Lfc twe [ [ o twe [l
| | T . Vet
W J ? L: ‘ o T ::::i: b— 1 "
«— —> «—
b) Rolled column
- el _
— twe [ 1 twe [
‘ ¢ L b ¢ I | p
f g P, el )"
T, T B S
L N ag fc ac fe LI
—> «— —> l—

¢) Welded column

Figure 6.7: Transverse compression on an unstiffened column

(3 The'column-sway* buckling mode of an unstiffened column web in compressionillustrated infigure 6.8
should normally be prevented by constructional restraints.

Il

Figure 6.8: ‘Column-sway’ buckling mode of an unstiffened web

(49) Theresistance may be increased by the use of stiffeners or supplementary web plates.

(5) Transversetiffenersor appropriate arrangements of diagonal stiffenersmay beused in association with,
or asan alternativeto, transverse stiffenersin order to increase theresi stance of the columnweb in compression.

NOTE: Inweldedjoints, thetransverse 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 6.16.

(6) Where an unstiffened column web is reinforced by adding a supplementary web plate conforming with
6.2.4.1, the effective thickness of the web may betaken as 1,5t,. if one supplementary web plateis added, or
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2,0t,. if supplementary web plates are added both sides of theweb. In calculating the reduction factor « for
the possible effects of shear stress, the shear area A, of theweb may beincreased only to the extent permitted
when determining its shear resistance, see 6.2.4.1(6).

6.2.4.3 Column web in transversetension

(1) Theresistance of an unstiffened column web subject to transverse tension should be determined from:

w b t f
Ft,wc,Rd: dhiwe we ywe (615)

7mo

where: @ is areduction factor to allow for the possibl e effects of interaction with shear in the column web
panel.

(2) For awelded connection, the effective width by;,,,. of columnweb intension should be obtained using:

Betiwe =ty + 2y/28, + 5(t, + S) .. (6.16)
where:
- forarolled | or H section column: S =TI,
- for awelded | or H section column: s = y2a

where: a, and r, areasindicated in figure 6.9 and a, isasindicated infigure 6.7.
(3) For abolted connection, the effective width by;,,,. of column web in tension should be taken as equal
to the effective length of equivalent T-stub representing the column flange, see 6.2.4.4.

(4) Thereduction 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 by, givenin (2) or (3) as appropriate.

(5) The shear resistance may beincreased by the use of stiffeners or supplementary web plates.
(6) Transversedtiffenersor appropriate arrangements of diagonal stiffeners may be used in association with,

or as an alternative to, transverse stiffenersin order to increase the resistance of the column web in tension.

NOTE: Inweldedjoints, thetransverse 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 6.16.

(7) Thewelds connecting diagonal stiffenersto the column flange should befill-in welds with asealing run
proving a combination throat thickness equal to the thickness of the stiffeners.

(8) Where an unstiffened column web is reinforced by adding supplementary web plates conforming with
6.2.4.1, the tension resistance depends on the throat thickness of the longitudinal welds connecting the
supplementary web plates. The effective thickness of the web t,,  should be taken as follows:

- when the longitudinal welds are full penetration butt welds with athroat thickness a > t_ then:

- for one supplementary web plate: tyer = L5ty ... (6.17)

- for supplementary web plates both sides:  t, 4 = 2,0t ... (6.18)
- when the longitudinal welds are fillet welds with athroat thickness a > t_/ /2 then for either one

or two supplementary web plates:

- for steel grades S235, S275 or S355: tyer = LAty ... (6.193)

- for steel grades S420 or S460: tyer = L3ty ... (6.19b)



Final draft Page 69
6 September 2001 prEN 1993-1-8: 20xx

(9 Incalculating the reduction factor « for the possible effects of shear stress, the shear area A, of a
columnweb reinforced by adding supplementary web plates may beincreased only to the extent permitted when
determining its shear resistance, see 6.2.4.1(6).

6.2.4.4 Column flangein tranverse bending

6.2.4.4.1 Unstiffened column flange, bolted connection

(1) Theresistance and failure mode of an unstiffened column flangein tranverse bending, together with the
associated boltsintension, should betaken assimilar to those of an equivalent T-stub flange, see 6.2.2, for both:

- eachindividua bolt-row required to resist tension;

- each group of bolt-rows required to resist tension.
(2) Thedimensions e, and m for usein 6.2.2 should be determined from figure 6.9.

(3) The effective length of equivalent T-stub flange should be determined for the individual bolt-rows and
the bolt-group in accordance with 6.2.2.2 from the values given for each bolt-row in table 6.4.

081 || m e 0.8a,v2 m e
[ W a -~
\ C N
0 ] | 24 ]
L_1] 11 | : |
*% €min *ﬂ € min
a) Welded end-plate narrower than column flange.
0,8, m e 08a,v2 m  €nmin
r min
] TN,
11 11 2% 1
L0 1 | 1 ]

N

b) Welded end-plate wider than column flange.

0.8r, m e 0,8a,v2 m e

I o — JUT

L0 1 LT 24
I ITT

(a—imt € min (e—int € min

4|4 4|4

N

£

¢) Angle flange cleats.

Figure 6.9: Definitions of e, e.,,,r. and m
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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
/eff,cp /eff,nc /e‘f,cp /eff,nc

Inner 2mm 4m + 1,25e 2p p

bolt-row

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

bolt-row | 2am am + 1,25e m +p 2m + 0,625e + 0,5p
m + 2e; 2m + 0,625e + g, 2e +p e +0,5p

Mode 1: iy = leine DU L1 < laiop Llgry = Llgine DUt Tl < Dl

Mode 2: lei2 = Ltine Llsip = Zlginc

6.2.4.4.2 Stiffened column flange, joint with bolted end-plate or flange cleats
(1) Transversedtiffenersor appropriate arrangements of diagonal stiffeners may be used in association with,
or asan alternative to, transverse stiffenersin order to increase the resistance of the column flange in bending.
(2) Theresistance and failure mode of a stiffened column flange in transverse bending, together with the
associated boltsin tension, should betaken assimilar to those of an equivalent T-stub flange, see 6.2.2, for both:
- eachindividual bolt-row required to resist tension;
- each group of bolt-rows required to resist tension.

(3 Thegroupsof bolt-rowseach sideof astiffener should be modelled as separate equivalent T-stub flanges,
seefigure 6.10. The resistance and failure mode should be determined separately for each equivalent T-stub.

‘/e
m/H >

¥
b 1 p
e

Figure 6.10: Modelling a stiffened column flange as separate T-stubs

(4)

(5) The effective lengths of equivalent T-stub flange /4 should be determined in accordance with 6.2.2.2
from the values given for each bolt-row in table 6.5. Thevalue of « for usein table 6.5 should be obtained
from figure 6.12.

Thedimensions e, and m for usein 6.2.2 should be determined from figure 6.9.
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(6) The dtiffeners should meet the requirements specified in 6.2.4.1.

Table 6.5: Effective lengths for a stiffened column flange

Bolt-row considered Bolt-row considered as
Bolt-row individually part of a group of bolt-rows
location Circular patterns | Non-circular Circular patterns | Non-circular
/eff,cp paIternS /eff,nc /eff,cp paIternS /eff,nc
Bolt-row 0,5p + am
a(jjacent toa 2mm am m +p ~ (2m + 0,625¢)
stiffener
Other inner
bolt-row 2mm 4m + 1,25e 2p p
Other end 27m 4m + 1,25€ am + p 2m+0,625e+0,5p
bolt-row
FOI’ Mode 1 /eff,l = /eff,nc bUt /eff,l < /eff,cp E/eff,l = E/eff,nc bUt Z/eff,l < Z/eff,cp
FOI’ MOde 2 /eff,Z = /eff,nc Eﬂe‘f,Z = E/eff,nc
o should be obtained from figure 6.12.

6.2.4.4.3 Unstiffened column flange, welded connection

(1) Inawelded joint, the resistance F;.zq Of an unstiffened column flange in bending, due to tension or
compression from a beam flange, should be obtained using:

Frera = beff,b,fc Ly fy,fb/ Tmo ... (6.20)

where: by, IS determined asthe effective breath by, defined in 4.10 where the beam flange is considered
asaplate.

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

6.24.5 End-platein bending

(1) Theresistance and failure mode of an end-plate in bending, together with the associated boltsin tension,
should be taken as similar to those of an equivalent T-stub flange, see 6.2.2 for both:

- eachindividua bolt-row required to resist tension;

- each group of bolt-rows required to resist tension.
(2) The groups of bolt-rows at each side of any stiffener connected to the end-plate should be treated as
separate equivalent T-stubs. In extended end-plates, the bolt-row in the extended part should also be treated as

aseparate equivalent T-stub, seefigure 6.11. Theresistance and failure mode should be determined separately
for each equivalent T-stub.

(3 Thedimension e, requiredfor usein 6.2.2 should be obtained from figure 6.9 for the part of the end-
plate located between the beam flanges. For the end-plate extension e,;, should betaken asequal to e, see
figure 6.11.

(4) The effective lengths of equivalent T-stub flange /4 should be determined in accordance with 6.2.2.2
from the values given for each bolt-row in table 6.6.

(5) Thevauesof m and m, for usein table 6.6 should be obtained from figure 6.11.
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Lot },/
Let }/ ﬂeffj
[I— [—

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
m, in place of e and m when determining
the resistance of the equivalent T-stub
flange.

Figure 6.11: Modelling an extended end-plate as separate T-stubs

Table 6.6: Effective lengths for an end-plate

Bolt-row Bolt-row considered Bolt-row considered as
location individually part of agroup of bolt-rows

Circular patterns Non-circular patterns | Circular patterns Non-circular

ﬂeff,cp /eff,nc /eff,cp paIternS /eff,nc
Bolt-row Smallest of: Smallest of: — —
outside tension 2mm, am, + 1,25e,
flange Tm, + W e+2m,+0,625e,
of beam m, + 2e 0,50,

0,5w+2m, +0,625e,

First bolt-row 2rm om Tm +p 0,5p + am
below tension - (2m + 0,625¢)
flange of beam
Other inner 2nm dm+1,25e 2p p
bolt-row
Other end 2mm dm+125e Tm +p 2m+0,625e+0,5p
bolt-row
MOde 1 ﬂeff,l = /eff,nc bUt ﬂeff,l < ﬂeff,cp Eﬂdf,l = E/eff,nc bUt E/df,l < E/eff,cp
Mode 2: lest 2 = Lett e Llip = Lt

o should be obtained from figure 6.12.
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Figure 6.12: Values of a for stiffened column flanges and end-plates

6.2.4.6 Flangecleat in bending

(1) Theresistance 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 6.2.2.

(2) Theeffectivelength /4 of the equivalent T-stub flange should betaken as 0,5b, where b, isthelength
of the angle cleat, see figure 6.13.

(3 Thedimensions e, and m for usein 6.2.2 should be determined from figure 6.14.
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Figure 6.13: Effective length /, of an angle flange cleat
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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:;

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

Figure 6.14: Dimensions e, and m for a bolted angle cleat

6.2.4.7 Beam flange and web in compression

(1) Thecompression 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 6.2.5. It may be assumed to be given with
sufficient accuracy by:

Feora = Megd/ (N - ty) .. (6.21)

where:  h is the depth of the connected beam;

M rd is themoment resistance of the beam cross-section, reduced if necessary to allow for shear,
see EN 1993-1-1. For a haunched beam M g, may be calculated by neglecting
intermediate flange;

te, is the flange thickness of the connected beam.
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(2) If abeam isreinforced with haunches they should be arranged with:
the steel grade should match that of the member;

the flange size and the web thickness of the haunch should not be less than that of the member;

the angle of the haunch flange to the flange of the member should not be greater than 45°;

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

(3) If abeamisreinforced with haunches, theresistcance of beamwebin compression should be determined
accordingto 6.2.4.2.
6.2.4.8 Beam web intension

(1) Inabolted end-plate connection, the tension resistance of the beam web should be obtained using:
Fwbra=  Betewo tub fy,wb o .- (6.22)

(2) Theeffectivewidth by, 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 6.2.4.5 for anindividual bolt-row
or a bolt-group.

6.24.9 Concretein compression including grout

()P The design bearing strength of the joint between the base plate and the foundation shall be determined
taking account of the material properties and dimensions of both the grout and the concrete foundation. The
punching resistance of the concrete slab shall be designed according to EN 1992.

(2) Theresistance of concrete in compression, including grout, together with the associated base plate in
bending F,, rs, Should be taken as similar to those of an equivalent T-stub, see 6.2.3.

6.2.4.10 Baseplatein bending under compression

(1) Theresistance of a base plate in bending under compression, together with concrete slab on which the
column base s placed F, rq, Should be taken as similar to those of an equivalent T-stub, see 6.2.3.

6.2.4.11 Baseplatein bending under tension

(1) Theresistance and failure mode of a base plate in bending under tension, together with the associated
anchor boltsin tension F,, ., may be determined with the rules given in 6.2.4.5.

(2) Incase of base plates prying forces which may develop should not be taken into consideration.

6.2.4.12 Anchor bolt in tension

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

(2) If no special elements for resisting shear are provided, such as block or bar shear connectors, it should
be demonstrated that either the shear resistance of the anchor bolts or the friction resistance of the base plate
is sufficient to transfer the design shear force, see 6.2.1.2 .

(3 When calculating the tension forces in the anchor bolts due to bending moments, the lever arm should
not be taken as more than the distance between the centroid of the bearing areaon the compression side and the
centroid of the bolt group.

NOTE: Toleranceson the positions of the anchor bolts should be taken into account if the influence of
tolerances is significant.
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(4) Thedesign resistance of the anchor bolts should be determined from 3.6.

(5) Anchor bolts should either be anchored into the foundation by:
- ahook (figure 6.15(a)), or
- awasher plate (figure 6.15(b)), or
- some other appropriate load distributing member embedded in the concrete, or
- some other fixing which has been adequately tested and approved.
(6) Theanchorage of anchor bolts should bein accordance with the relevant clausesin EN 1992-1-1. In the

designrulesgiveninthispart it isassumed that anchor bolts are designed such that bolt yielding occurs before
rupture of the anchor out of the concrete.

(7)  Whenthe bolts are provided with ahook, the anchorage length should be such asto prevent bond failure
beforeyielding of the bolt. The anchorage length should be calculated in accordance with the relevant clauses
in EN 1992. Thistype of anchorage should not be used for boltswith aspecified yield strength higher than 300
N/mm?.

(80 When the anchor bolts are provided with awasher 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.

-<«——<+—Base plate

==

= Grout

-———— Concrete foundaiion

(a) Hook (b) Washer plate

Figure 6.15: Anchorage of anchor bolts
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6.2.5 Moment resistance of beam-to-column joints and splices

6.25.1 General

()P The applied design moment M; 5, shall satisfy:

15210 .. (6.23)
M, R
(20 Themethods givenin 6.2.5 for determining the moment resistance of ajoint M, g4 do not take account
of any co-existing axial force Ng; in the connected member. They should not be used if the axial force in the
connected member exceeds 10% of the plastic resistance N, g4 Of its cross-section.

NOTE: If theaxial force N, inthe connected beam exceeds 10% of theresistance, Ny, rq4 , thefollowing
conservative method may be used:

M. N.

1, 38 90
Mj,Rd Nj,Rd
where: M, gy is the moment resistance of the joint, assuming no axial force;
N, ra isthe axial resistance of the joint, assuming no applied moment.

(3) Themoment resistance of awelded joint should be determined asindicated in figure 6.16(a).

(49) The moment resistance of a bolted joint with aflush end-plate that has only one bolt-row in tension (or
inwhich only one bolt-row intension is considered, see 6.2.1.3(6)) should be determined asindicated in figure
6.16(b).

(5) The moment resistance of a bolted joint with angle flange cleats should be determined as indicated in
figure 6.16(c).

(6) The moment resistance of a bolted end-plate joint with more than one row of bolts in tension should
generally be determined as specified in 6.2.5.2.

(7)  Asaconservativesimplification, themoment resi stance of an extended end-platejoint with only tworows
of boltsin tension may be approximated asindicated in figure 6.17, provided that the total resistance Fr, does
not exceed 3,8B gy, Where B,y iSasin 6.2.2.1(8). 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- Thevalueof F,g; may then be assumed to be equal to F, gy, and so Fry may be taken as equal to
2F 1 ry-

(80 The centre of compression should be taken as the centre of the compression stress block of the
compression forces. As asimplification the centre of compression may be taken as given in figure 6.16.

(9P A splicein amember or part subject to tension shall be designed to transmit all the moments and forces
to which the member or part is subjected at that point.

(10)P 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 a bearing splice.

(11) 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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Figure 6.16: Centre of compression, lever arm z and force distributions for

deriving the moment resistance Mg,
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Figure 6.17: Simplified models for bolted joints with extended end-plates

(12) Wherethe members subjected to compression are not prepared for full contact in bearing, splice material
should be provided to transmit the internal forces and momentsin the member at the spliced section, including
the moments due to applied eccentricity, initial imperfections and second-order deformations, see execution
standards (see 2.8).

(13) Where the members subjected to compression are prepared for full contact in bearing, the splice should
be designed as rigid about both axes, see 5.1.1, and to resist any tension where moments are present for any
reason, including those givenin (12).

(14) Thealignment 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 perpendicul ar to the axis of the member. In the design of splicesalso the
second order effects should be taken into account.

(15) 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;
¢) Parts subjected to shear should be designed to transmit the following effects acting together:
- the shear force at the splice;

- the moment resulting from the eccentricity, if any, of the centroids of the groups of fasteners on
each side of the splice;

- theproportion of moment, deformation or rotations carried by the web or part, irrespective of any
shedding of stresses into adjoining parts assumed in the design of the member or part.
6.2.5.2 Beam-to-column jointswith bolted end-plate connections

(1) The moment resistance Mg, of a beam-to-column joint with a bolted end-plate connection may be
determined from:

Mirs = o D Fipg .. (6.24)
r

where: F 4 is theeffective tension resistance of bolt-row r ;
h, is the distance from bolt-row r to the centre of compression;

r is the bolt-row number.
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NOTE: In abolted 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.

(2) For bolted end-plate connections, the centre of compression should be assumed to bein linewith themid-
thickness of the compression flange of the connected member.

(3) Theeffectivetensionresistance F 4 for each bolt-row should be determined in sequence, starting from
bolt-row 1, the bolt-row farthest from the centre of compression, then bolt-row 2, etc.

(4)  When determining the value of F, g, for bolt-row r al other bolt-rows closer to the centre of
compression should be taken as omitted.

(5) Theeffective tension resistance F, g4 Of bolt-row r should be taken asits tension resistance F,gy as
an individual bolt-row determined from (6), reduced if necessary to satisfy the conditions specified in (7), (8)
and (9).

(6) Thetensionresistance F, gy of bolt-row r asanindividual bolt-row should betaken asthe smallest value
of the tension resistance for an individual bolt-row of the following basic components:

- the column web in tension Fiwra - S€€6.24.3;
- thecolumnflangeinbending F.ry - See6.24.4,
- theend-platein bending Fipra - S€€6.24.5;
- the beam web in tension Fiwra - S€€6.24.8.

(7) Theeffectivetension resistance F, 4 of bolt-row r should, if necessary, be reduced below the value
of F,rq givenby (6) inorder to ensurethat, when account istaken of all bolt-rows up to and including bolt-row
r:

- thetotal resistance ZFzy < V,,re/f - With g from5.3(7) - seeb6.24.1;
- thetotal resistance XF, g, does not exceed the smaller of:
- theresistance of the column web in compression F,,qq - seeb6.24.2
- theresistance of the beam flange and web in compression F_rq - Se€6.2.4.7.
(8) Theeffective tension resistance F, 4 of bolt-row r should, if necessary, be reduced below the value
of F.rq given by (6), in order to ensure that the sum of the resistances taken for the bolt-rows up to and

including bolt-row r that form part of the same group of bolt-rows, does not exceed theresistance of that group
asawhole. This should be checked for the following basic components:

- the column web in tension Fiwra - S€€6.24.3;
- thecolumnflangeinbending F.r¢ - See6.24.4,
- theend-platein bending Fipra - S€€6.24.5;
- the beam web in tension Fiwra - S€€6.24.8.

(99 Wheretheeffectivetension resistance F, 4 of one of the previousbolt-rows x isgreater than 1,9B, g,
then the effective tension resistance F, 4 for bolt-row r should be reduced, if necessary, in order to ensure
that:

Firae < Furahi/hy ... (6.25)

where:  h, is thedistance from bolt-row x to the centre of compression;

X is the bolt-row farthest from the centre of compression that has a tension resistance greater
than 1,9B,g,.



Final draft Page 81
6 September 2001 prEN 1993-1-8: 20xx

(10) The same method may be applied to a bolted beam splice with welded end-pates, see figure 6.18, by
omitting the items relating to the column.

RN
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Figure 6.18: Bolted beam splices with welded end-plates

6.2.6 Resistance of column bases
6.26.1 General
(1) For base plate connections loaded with normal force and bending moment, there may be:

- full compression under both column flanges in case of a dominant compressive normal force, see
figure 6.19(a);

- full tension under both column flangesin case of adominant tensile normal force, seefigure 6.19(b);

- compression under one column flange and tension under the other column flangein case of adominant
moment, see figures 6.19(c) and (d);

(2)  For column bases, apotential centre of compression should be assumed in line with the mid-thickness of
the corresponding column flange, see figures 6.19(a), (b) and (c).

(3 For column baseswith potentially one bolt row in tension, the corresponding centre of tension should be
assumed in line with this bolt row in tension, see figure 6.19(c).

(4)  Asanapproximation, for column baseswith potentially two bolt rowsin tension the corresponding centre
of tension may be assumed in line with the mid thickness of the corresponding column flange. In this case, one
bolt row should be located in the extended part of the base plate and one bolt row between the column flanges.
The distance between both bolt rows and the centre of the column flange should be identical

(5) Methodsto calculate the lever arm z, dependent on the loading, are given in 6.2.6.

(6) Columns should be provided with base plates capable of distributing the compressive forces in the
compressed parts of the column over abearing area, such that the bearing pressure on the foundation does not
exceed the design bearing strength of the joint, see 6.2.3(7).

(7)  When calculating the tension forces 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, taking the tolerances on the positions of the anchor bolts into account. This clause
relevant to the lever arm should apply only within a plastic distribution of the forces.

(8 If no special elements for resisting the shear force are provided, such as block or bar shear connectors,
it should be demonstrated that sufficient resistance to transfer the shear force between the column and the
foundation is provided by one of the following:

- thefrictional resistance of the joint between the base plate and the foundation;

- the shear resistance of the anchor bolts;
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- the shear resistance of the surrounding part of the foundation.

When the shear force between the columns and the foundation is taken up by shear in the anchor bolts, the risk
of concrete rupture due to bearing should also be checked.

[N | [N |l
4 #

Z7) 21y

z

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

compressive normal force

27

X i b -
[T . i
|

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

Figure 6.19: Determination of the lever arm z for column base connections

6.2.6.2 Column bases only subjected to axial forces

(1) Theresistanceof asymmetric columnbaseN, , with acompressive normal force only may be determined
asthe sum of theindividual resistance F g, of three T-stubs according to 6.2.3: Two T-stubs under the column

flanges and one T-stub under the column web.

NOTE: If the compressive normal force causes any bending moment in the column base (e.g. due to
eccentricity), the resistance should be determined according to 6.2.6.3.

(2) Thethree T-stubsreferred to in (1) should be non-overlapping, see figure 6.20.

T-stub 2

Figure 6.20: Non overlapping T-stubs

6.2.6.3 Column bases subjected to axial forces and bending moments

(1) Themoment resistance M, g4 of acolumn basefor normal forcein combination with bending moment may
be determined by table 6.7 where the contribution of the concrete portion just under the column web (T-stub

2 of figure 6.20) to the compressive capacity is omitted.
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(2) Thetension resistance F g4 Of the |eft side of the joint should be taken as the smallest values of the
resistance of following basic components:

- the column web in tension under the left column flange F,,,crq

- the base plate in bending under the left column flange

I:t,pl ,Rd

see 6.2.4.3;
see6.2.4.11.

(3) Thetension resistance F, 4 Of the right side of the joint should be taken as the smallest values of the
resistance of following basic components:

- the column web in tension under the right column flange F,,,rq

- the base plate in bending under the right column flange  F,, g

see6.2.4.3;
see6.2.4.11.

(4) Thecompressiveresistance F¢, r, Of theleft side of thejoint should be taken asthe smallest values of the
resistance of following basic components:

- the concrete in compression under the left column flange F, rq

- theleft column flange and web in compression

Fc,fc,Rd

see6.2.4.9;
see6.2.4.7.

(5 Thecompressive resistance F, 4 Of theright side of the joint should be taken as the smallest values of

the resistance of following basic components:

- the concrete in compression under the right column flange F; rq

- theright column flange and web in compression

Fc,fc,Rd

(6) For thecalculation of z;,, z,, z;,, Z., Se€ 6.2.6.1.

see 6.2.4.9;
see6.2.4.7.

Table 6.7: Moment resistance M, of column bases

Loading Lever aim z Moment resistance M; gq
Left sidein tension z2=2,+2, |Ny>0 and e>z, Ny <0 and ec<-z,
Right sidein compression
Frira 2 “Ferra 2
The smaller of = ik
z..le+1 z;le -1
Left sidein tension Z=-2,+2, |Ng>0 and O<e<z; |[Ng>0 and -z,<e<O
Right sideintension
The smaller of The smaller of
Frira Z Frrra Z Frira Z Frrra Z
z le+1 zle-1 |z /e+1 z,le -1
Left sidein compression z2=2, +2z, |Ny>0 and ec<-z, Ny <0 and e>z,
Right sidein tension
“Feira 2 Frira Z
The smaller of = and a
z, le +1 z,le-1
Left side in compression Z-12, +7%, |Ng<0 and 0<e<z; |Ng<O0 and -z,<e<O
Right side in compression
The smaller of The smaller of
“Feira 2 FerraZ | Foira 2 “Ferra 2
z., /e +1 z.,le -1 |z, /e+1 z,le -1

M M
o Vs _
N

Sd

Mg, > Oisclockwise, Ng; > 0 istension
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6.3 Rotational stiffness
6.3.1 Basic model

(1) Therotationa stiffnessof ajoint should bedetermined fromtheflexibilitiesof itsbasic components, each
represented by its elastic stiffness coefficient k. obtained from 6.3.2.

NOTE: These élastic stiffness coefficients are of general application.

(2)  For bolted end-plate connections with more than one row of bolts in tension, the stiffness coefficients
k; for therelated 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.

(3) Inabolted connection with more than one bolt-row in tension, as asimplification the contribution of any
bolt-row may be neglected, provided that the contributions of all other bolt-rows closer to the centre of
compression are also neglected. The number of bolt-rows retained need not necessarily be the same asfor the
determination of the moment resistance.

(4)  Provided that the axial force Ng; inthe connected member does not exceed 10% of theresistance N, gq
of its cross-section, the rotationa stiffness § of a beam-to-column joint or beam splice, for amoment M, g
less than the moment resistance M,z of the joint, may be obtained with sufficient accuracy from:

s - _EZ ... (6.26)

1
uZiIki

where:  k; is the stiffness coefficient for basic joint component i ;
z is thelever arm, see 6.2.5;
1 is the stiffnessratio §;,/S, see (6);
Sin is theinitial rotational stiffness of the joint, given by expression (6.26) with u = 1,0.

(5) Therotational stiffness § of a column base, for amoment M; g, lessthan the moment resistance M; g,
of the joint, may be obtained with sufficient accuracy from 6.3.4.

(6) Thedtiffnessratio pu should be determined from the following:
- if Mgy < ZBMjgy:
p =1 ... (6.273)
- if Mgy < Mjg < Mjgqg:
W= (L5M, /M

el ... (6.27h)

in which the coefficient y is obtained from table 6.8.

Table 6.8: Value of the coefficient w

Type of connection: W
Welded 2,7
Bolted end-plate 2,7
Bolted angle flange cleats 31
Base plate connections 2,7
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(7) Instiffnesscalculations, the stiffness coefficients k; for basic components taken into account should be
aslisted intable 6.9 for joint configurations with welded connections or bolted angle flange cleat connections,
in table 6.10 for bolted end-plate connections and for base plate connections.

Table 6.9: Joints with welded connections or bolted angle flange cleat
connections

Beam-to-column joint with Stiffness coefficients k; to be taken

welded connections into account
Single-sided K;; Ky; Ko
Double-sided - Moments equal and opposite k,; Ky
Double-sided - Moments unequal ky; Ko; Ky
Beam-to-column joint with Stiffness coefficients k; to be taken
bolted angle flange cleat connections into account

Single-sided
Double-sided - Moments equal and opposite

Ky; Koi Kai Kas Ker Koy Kyg *); kyp %)
Ko Kai Kay Ker Kygr Kyy ®); kyp *%)
ki Koi Kay Ky Key Kooy Koy *; Ky, **)

Double-sided - Moments unequal

*)  Two ki, coefficients, onefor
: : ; each flange;
MI;Sd< | §>Mj,sd Mi"3d<§ )"”fzsa **)  Four ky, coefficients, one for
77777 ) each flange and one for each
Moments equal and opposite Moments unequal cleat.

Table 6.10: Joints with bolted end-plate connections and base plate
connections

Beam-to-column joint with Number of bolt-rowsin | Stiffness coefficients k;

bolted end-plate connections tension to be taken into account
One Ky Ko Ky Ky Ks; K
Single-sided i lilo il6 ko
Two or more Ky; Koy Koy
Double sided - Moments equal and One Koy Kay Kas Ks; Ko
opposite Two or more Koy Keg
One Ky, Koy Ks; Kyy ks, K
Double sided - Moments unegual 1 i ki ki ksl Kao
Two or more Ky; Koy K

Beam splice with bolted end-plates

Number of bolt-rowsin

Stiffness coefficients k;

tension to be taken into account
Double sided - Moments equal and One ks[left]; ks[right]; ko
opposite Two or more Keg

Base plate connections

Number of bolt-rowsin

Stiffness coefficients k;

tension to be taken into account
One k13; k15; k16
Base plate connections .
p T OF TOre K.s; Ki5 and ki for each

bolt row
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6.3.2  Stiffness coefficients for basic joint components

(1) The stiffness coefficients for basic joint component should be determined from table 6.11.

Table 6.11: Stiffness coefficients for basic joint components

Component Stiffness coefficient k

Column web unstiffened, stiffened
panel in shear | single-sided joint, or a double-sided joint in
which the beam depths are similar

_038A,
- Bz

z is thelever armfrom figure 6.16;
£ is thetransformation parameter from 5.3(7).

Column web unstiffened stiffened
in
compression k. - 0,704 ¢ wetwe

2T T4 Kk, = o0

C

Dgs . we 1S the effective width from 6.2.4.2

Column web stiffened or unstiffened bolted connection stiffened welded connection
in tension with asingle bolt-row in tension or
unstiffened welded connection

07b

efftwc wC

d

[

ks = oo

Dt e 1S the effective width of the column web in tension from 6.2.4.3. For ajoint with
asingle bolt-row in tension, by, should be taken as equal to the smallest of the
effective lengths Z (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 0,94, tfc3
flangein = 3
bending N . . .
(for asingle {4 1sthe smallest of the effective lengths (individually or as part of abolt group) for this
bolt-row in bolt-row given in table 6.4 for an unstiffened column flange or table 6.5 for a
tension) stiffened column flange;

m isasdefined in figure 6.9;
End-platein 0,94, tp3
bending T3
(for asingle om _ o
bolt-row in {4 1Sthe smallest of the effective lengths (individually or as part of a group of bolt-
tension) rows) given for this bolt-row in table 6.6;

m isgenerally as defined in figure 6.12, but for a bolt-row located in the extended part
of an extended end-plate m = m,, where m, isasdefined in figure 6.11.

Flange cleat 0,9/,t2
in bending T

Ly 1S the effective length of the flange cleat from figure 6.13;
m isasdefined in figure 6.14.
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Component Stiffness coefficient k
Boltsin kKo = L6AJ/L, preloaded or non-preloaded
tension L, isthe bolt elongation length, taken as equal to the grip length (total thickness of
(forasingle material and washers), plus half the sum of the height of the bolt head and the height
bolt-row) of the nut.
Boltsin shear | non-preloaded preloaded ”
16n_d?f
kyy (Or ky7) = b w Ky = o
E dM 16
dys isthenominal diameter of an M 16 bolt;
n, isthe number of bolt-rowsin shear.
Boltsin non-prel oaded preloaded
bearing 24n k kd 1
(for each _ Ay u .
component | kaz (OF kag) E Kiz
on which the
bolts bear) K -k btk < k g, isthe distance from the bolt-row to the free edge
k. B 0125 /d + 05 but k; B 2 of the plate in the direction of load transfer;
1 i . ® ’ 1= f, isthe ultimate tensile strength of the steel on
B which the bolt bears;
Koz ;10 2255 po/d + 0,375 but ke P, isthe spacing of the bolt-rows in the direction of
- |oad transfer;
K =15t/dys btk < 25 t, isthe thickness of that component.
Concretein E .b. .
compression | k= — e
(including ) 1275 E )
grout) by isthe effective width of the T-stub flange, see 6.2.3(3);
l« 1S the effective length of the T-stub flange, see 6.2.3(3).
Platein Ky, = o0
bending under | This coefficient is already taken into consideration in the calculation of the stiffness
compression coefficient k5
Baseplatein | with prying forces™ without prying forces ™
bending under
tension 3 3
0,857t 0,425/ .t
(for asingle 15 = T dfp o = el
bolt row in m? m?
tension)

|« isthe effective length of the T-stub flange, see 6.2.3(3);

t, isthethickness of the base plate;
m isthe distance according to figure 6.9.

Anchor bolts
intension

with prying forces ™

without prying forces ™

k= LBAJL,

ki = 20A/L,

™) prying forces may develop, if L, <

") provided that the bolts have been designed not to slip into bearing at the load level concerned

88 m3 A

3
I t

L, isthe anchor bolt elongation length, taken as equal to the sum of 8 times the nominal bolt diameter,
the grout layer, the plate thickness, the washer and half of the height of the nut;
A, isthetensile stress area of the anchor bolt
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Component Stiffness coefficient k

NOTE: When calculating b and |4 the distance ¢ should be taken as 1,25 times the base plate
thickness.

NOTE: Backing plates should be assumed not to affect the rotational stiffness § of thejoint.

NOTE: For welds (k,o) the stiffness coefficient should be taken as equal to infinity. This component
need not be taken into account when calculating the rotational stiffness S.

NOTE: For beamflange and web in compression (k;), beam web in tension (kg), platein tension or
compression (ky), haunched beams (k,), the stiffness coefficients should be taken as equal to infinity.
These components need not be taken into account when calculating the rotational stiffness S.

NOTE: Where a supplementary web plate is used, the stiffness coefficients for the relevant basic

joint components k; to k; should be increased as follows:

-k, for the column web panel in shear should be based on the increased shear area A, from
6.2.4.1(6);

-k, for the column web in compression should be based on the effective thickness of the web from
6.2.4.2(6);

-k, for the column web in tension, should be based on the effective thickness of the web from
6.2.4.3(8).

6.3.3 End-plate connections with two or more bolt-rows in tension
6.3.3.1 General method

(1) 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 k, determined from:

Z keff,r hr

Kg= —— ... (6.28)
Zeq
where:  h, is the distance between bolt-row r and the centre of compression;

kgi, is the effective stiffness coefficient for bolt-row r taking into account the stiffness
coefficients k; for the basic components listed in (4) or (5) as appropriate;

Z,, is the equivalent lever arm, see (3).
(2) Theeffective stiffness coefficient ky;, for bolt-row r should be determined from:
1

e

ir

Kt ... (6.29)

where: k;, is the stiffness coefficient representing component i relative to bolt-row r.

(3) Theequivalent lever arm z,, should be determined from:

Z keff,r hr2
= ... (6.30
Zeq ; keff,r hr ( )
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(4) Inthe case of a beam-to-column joint with an end-plate connection, k., should be based upon (and
replace) the stiffness coefficients k; for:

- the column web in tension (k);

- the column flange in bending (k,);

- theend-plate in bending (ks);

- theboltsin tension (k).
(5 Inthecaseof abeam splice with bolted end-plates, k,, should be based upon (and replace) the stiffness
coefficients k for:

- theend-platesin bending (ks);

- theboltsin tension (k).
(6) In calculating the rotational stiffness of joint configurations with bolted end-plate connections, the
stiffness coefficients k; for the basic components listed in table 6.10 should be taken into account.
6.3.3.2 Simplified method for extended end-plates with two bolt-rowsin tension

(1) For extended end-plate connections with two bolt-rowsin tension, (one in the extended part of the end-
plate and one between the flanges of the beam, see figure 6.21), a set of modified values may be used for the
stiffness coefficients of the related basic componentsto allow for the combined contribution of both bolt-rows.
Each of these modified values should be taken as double the corresponding value for asingle bolt-row in the
extended part of the end-plate.

NOTE: This approximation leads to aslightly lower estimate of the rotational stiffness.

(2) 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-rowsin tension, see figure 6.21.

(.|
Figure 6.21: Lever arm z for simplified method

6.3.4 Column bases

(1) Therotational stiffness § of acolumn base for normal force in combination with bending moment may
be determined with table 6.12 where the contribution of the concrete portion just under the column web (T-stub
2 of figure 6.20) to the rotational stiffnessis omitted.

(2) Thetension stiffness coefficient k;, of theleft side of thejoint should be taken asthe sum of the stiffness
coefficients k,; and k,¢ acting on the left side of the joint, see table 6.11.

(3) Thetension stiffness coefficient k;, of theright side of thejoint should betaken asthe sum of the stiffness
coefficients k;5 and k,¢ acting on the right side of the joint, see table 6.11.

(4) The compressive stiffness coefficient k., of the left side of the joint should be taken as the stiffness
coefficient k5 acting on the left side of the joint, see table 6.11.
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(5) The compressive stiffness coefficient k., of the right side of the joint should be taken as the stiffness
coefficient k5 acting on the right side of the joint, see table 6.11.

(6) Forthecaculation of z;, z., z;, z;, se€6.2.6.1.

Table 6.12: Rotational stiffness S, of column bases

Loading Lever arm z Rotational stiffness §
Left sidein tension z2=2,+2, |Ny>0 and e>z, Ny; <0 and ec<-z,
Right sidein compression
E z? e where ¢, - Ze, Ker ~ Zr Ky
M (Vi + Uke,) ere Kr) *+ ke,
Left sideintension z=2,+2, |Ny>0 and O<e<z; |Ng>0 and -z,<e<O
Right sidein tension
E 22 e Whereek _ ZT,r I(T,r_ZT,I kT,I
i (Uky, + Uk, ) eve, ey =Ky
Left side in compression z2=2, +2z, |Ngy>0 and ec<-z, Ny <0 and e>z,
Right sidein tension
E z2 e where e - ZT,r kT,r B ZC,I kC,I
M (Vi + Uk ) ere Key + ke,
Left side in compression Z-12, +7%, |Ng<0 and 0<e<z; |Ng<0 and -z, ,<e<O
Right side in compression ,
Ez e where e - ZC,r kC,r ZC,I kC,I
M (Vi + Vke,) g kei + ke,

M M
o Vs _
N

Sd

Mg, > O isclockwise, Ng; > Oistension, | see 6.3.1(6).

6.4

Rotation capacity

(1)  Whenrigid-plastic global analysisis used, see 5.1.3(4), and design resistance M, 4 of thejoint is at |east
1,2 times the design plastic resistance M, g4 of the member, the rotation capacity need not be checked.

(2)  Ajoint with abolted connection in which the moment resistance M, 4 is governed by the resistance of
bolts in shear, should not be assumed to have sufficient rotation capacity for plastic global analysis.

(3) Inthe case of members of stedl grades S235, S275 and S355, the provisions given in (4) to (7) may be
used for jointsin which the axial force Ny, in the connected member does not exceed 10% of the resistance

Npﬁ,
grades S420 and S460.

re Of its cross-section. However these provisions should not be applied in the case of members of steel

(4) A beam-to-column joint in which the moment resistance of thejoint M,y isgoverned by the resistance
of the column web panel in shear, may be assumed to have adequaterotation capacity for plastic global analysis,

provided that d/t, < 69e.

(5) Inawelded beam-to-column joint in which the column web is stiffened in compression but unstiffened
intension, provided that the moment resistance isnot governed by the shear resistance of the column web panel,
see (4), the rotation capacity 6.4 may be assumed to be not |ess than the value given by:

q)Cd = 0,025 hC/ hb

.. (631)
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where:  h, is thedepth of the beam,

h. is thedepth of the column.

(6) Anunstiffened welded beam-to-column joint designed in conformity with the provisions of this section,
may be assumed to have arotation capacity ¢, of at least 0,015 radians.

(7) Ajointwith abolted connection with end-plates or angle flange cleats may be assumed to have sufficient
rotation capacity for plastic analysis, provided that both of the following conditions are satisfied:
a) the moment resistance of the joint is governed by the resistance of either:
- the column flange in bending;
- the beam end-plate or tension flange cleat in bending.

b) the thickness t of either the column flange or the beam end-plate or tension flange cleat (not
necessarily the same basic component asin (a)) satisfies:

t < 036d,/f /f .. (6.32)
ub 'y

where: f, is theyidld strength of the relevant basic component.

(8) Incasesnot covered by (3) to (7), the rotation capacity may be determined by testing in accordance with
EN 1990. Alternatively, appropriate cal cul ation model smay be used, provided that they are based on theresults
of testsin accordance with EN 1990.
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7 Hollow section joints

7.1 General
7.1.1  Scope

(1) This Section gives detailed application rules to determine the static resistances of uniplanar and
multiplanar joints in lattice structures composed of circular, square or rectangular hollow sections, and of
uniplanar jointsin lattice structures composed of combinations of hollow sections with open sections.

(2) The static resistances of the joints are expressed in terms of maximum design axial and/or moment
resistances for the brace members.

(3) Theseapplication rulesare valid both for hot finished hollow sectionsto EN 10210 and for cold formed
hollow sectionsto EN 10219, if the dimensions of the structural hollow sectionsfulfil the requirements of this
section.

(4 Thenominal yield strength of hot finished hollow sections and the nominal yield strength of the basic
material of cold formed hollow sections should not exceed 460 N/mny’. For grades S 420 and S 460 the static
resistances given in this section should be reduced by afactor 0,9.

NOTE: Accordingto EN 10210 and EN 10219 the requirementsfor material isdetermined based onthe
end product, not on the base material.

(5) Thenominal wall thickness of hollow sections should be limited to a minimum of 2,5 mm.

(6) 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.

(7)  For fatigue assessment see EN 1993-1-9.
(80 Thetypesof joints covered areindicated in figure 7.1.

7.1.2 Field of application
(1) Theapplication rules given in this section may be used only where all of the following conditions are
satisfied.
(2) 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.
(3 Theangles 6; between the chords and the brace members, and between adjacent brace members, should
satisfy:

6, > 30°

(49) Theendsof membersthat meet at ajoint should be preparedin such away that their cross-sectional shape
isnot modified. Flattened end connections and cropped end connections are not covered in this section.

(5 Ingaptypejoints, inorder to ensurethat the clearanceisadequate for forming satisfactory welds, the gap
between the brace members should not be lessthan (t, +t,).

(6) Inoverlap typejoints, the overlap should be large enough to ensure that the interconnection of the brace
members is sufficient for adequate shear transfer from one brace to the other. In any case the overlap should
be at least 25%.
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(7)  Whereoverlapping bracemember havedifferent thicknessesand/or different strength grades, themember
with lowest t; f,; - value should overlap the other member.

(8 Whereoverlappingbracemembersareof different widths, the narrower member should overlapthewider
one.

v Vi
7 S
v V.
v V.
Vi
T joint X joint Y joint
N 7
X | V
\i\\\\ | ////;/
N\

X joint TT joint

./

DY joint XX joint

Figure 7.1: Types of joints in hollow section lattice girders
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7.2 Design
7.2.1 General

(1) Thedesignvauesof theinternal axial forcesboth in the brace membersand in the chords at the ultimate
limit state should not exceed the design resistances of the members determined from EN 1993-1-1.

(2) Thedesignvauesof theinternal axial forcesin 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.

(3) Thestresses g, 0r 0,5 inthechord at ajoint should be determined from:

M

0,Sd 0,sd
O-O,Sd = . + . (71)
Ay W
N M
O = —X 4+ 20X .. (7.2)
Ao Wy

where:  N,g = Nyg - X% N, g4 COS 6,
1>
7.2.2 Failure modes for hollow section connections

(1) The design joint resistances of connections between hollow sections and of connections of hollow
sections to 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;

¢) Chord shear failure;

d) Punching shear failure of ahollow section chordwall (crack initiation |eading to rupture of the brace
members from the chord member);

€) Brace failurewith reduced effective width (cracking in the welds or in the brace members);
f) Local buckling failure of a brace member or of ahollow section chord member at the joint location.
NOTE: The phrases printed in boldface typein thislist are used to describe the various failure modes
in the tables of design resistances givenin 7.4to 7.6.

(2) Figure7.2illustrates failure modes (@) to (f) for joints between CHS brace and chord members.

(3) Figure7.3illustrates failure modes (@) to (f) for joints between RHS brace and chord members.

(4) Figure7.4illustrates failure modes () to (f) for joints between CHS or RHS brace membersand | or H
section chord members.

(5) Althoughtheresistanceof ajoint with properly formed weldsisgenerally higher under tension than under
compression, the design resistance of thejoint isgenerally 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 J— J—
\\ \\ // // /////
S IS ST _L _/ i
T A4 _
b - ‘ E—
AN\ ‘ ./ y ‘
N N ¥ I
r ] | —
c
d — —
Crack initiation TN
T i ‘
|
: : )
j
A-A
| N
I ~ 1 ~ i,
1 — E—

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 Welds

7.3.1 Design resistance

(1) Thewelds connecting the brace members to the chords should be designed to have sufficient resistance
to allow for non-uniform stress-distributions and sufficient deformation capacity to allow for redistribution of
bending moments.

(2) Inweldedjoints, the connection should normally be established around the entire perimeter of the hollow
section by means of a butt weld, afillet weld, or combinations of the two. However in partially overlapping
jointsthe hidden part of the connection need not be welded, provided that the axial forcesin the brace members
are such that their components perpendicular to the axis of the chord do not differ by more than 20%.

(3) Typical weld details are indicated in execution standards (see 2.8).

(49) Thedesign 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.

(5) Therequired throat thickness should be determined from section 4.

(6) Thecriterion givenin (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 itslength is effective.

(7)  For rectangular structural hollow sections the design throat thickness of flare groove weldsisdefined in

figure 7.5.

Figure 7.5: Effective throat of flare groove welds in rectangular structural
hollow section

(8 Weldingin cold-formed zones, see 4.14.
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7.4 Welded joints between CHS members
7.4.1 General

(1) 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 7.4.2 and
7.4.3.

(2) Forjointswithintherange of validity givenintable 7.1, only chord facefailure and punching shear need
be considered. The design resistance of a connection should be taken as the minimum value for these two
criteria.

(3 For joints outside the range of validity given in table 7.1, al the criteria given in 7.2.2 should be
considered. Inaddition, the secondary momentsin thejoints caused by their rotational stiffness should betaken
into account.

Table 7.1: Range of validity for welded joints between CHS brace members
and CHS chords

0,2< d/d, < 10

Class2 and 10 < dy/t, < 50 generdly
but 10 < d,/t, < 40for X joints

Class2 and 10< d/t < 50

Joy> 25%

g >4+t

7.4.2 Uniplanar joints

(1) Inbrace member connections subject only to axial forces, thedesigninternal axial force N, ¢; should not
exceed the design axial resistance of the welded joint Nz, obtained from tables7.2, 7.3 or 7.4 as appropriate.

(2) Brace member connections subject to combined bending and axial force should satisfy:
2

N, g . M . M

N M M

ip,i,sd oisd 10 - (7.3)

op,i,Rd

iRd ipi,Rd

where:  M,,irq IS thedesignin-plane moment resistance;
Myisa IS thedesignin-planeinternal moment;
Myira IS thedesign out-of-plane moment resistance;

Myisa IS thedesign 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 - T and Y joints

[ty
0,2
A lﬂa oo
N ., = —PX (28 + 142
1,Rd sin e ( B /YM5
Chord facefailure - X joints

/ty
. @)
5l

5w
/::///// &01 . to Nle = kp.fYOto /YM5
| NN ) @( ' sing, (1 - 081[3
S | @j
dD
Chord facefailure - K and N gap or overlap joints
by yte kK fiote? d
®\ N, N> @ Nira = S PXD 118+ 102 /Vlvls
di | [N ]| sing, d,
to
@ sinf,
L&J Norg = SiTez N, R

Punching shear failure - K, Nand KT gapjointsandall T, Y and X joints [i=21,20r3]
f 1 + sing,
Whend < dy - 260 Ny = Ztomd, ——— /vy
’ /3 2sin?6,

Factors k, and k,

0,024 y'2

seefigure 7.6
1+ exp(o,59/t0 - 1,33) (seefig )

ky = yO2 1 +

For n,>0 (compression): k,=1-0,3n,(1+n,) but k,<1,0
For n, < 0 (tension): k, =1,0




Final draft
6 September 2001

Page 101
prEN 1993-1-8: 20xx

Table 7.3: Design resistances of welded joints connecting gusset plates to
CHS members

Chord face failure
b
ﬁ%ti ﬁ lﬂofyO 0 4 " ZOB /VM5
[h ¢ Mip,i,Rd =0
o T 0 d 0
’\\/ ) 0 @K Mop,i,Rd =05b, N R
b.
t i : 5iﬂafy0 0
ﬁﬁ% M Nira = 772 0,81B / s
\
,ﬁh,,Jg,,J\/, d, @to Migira = O
w Mop,ira = 0,5 b Ni g
hi
ﬁ ﬁ%ti Nipg = 5K, oty (1 + 0,251) /s
/ ,_‘ t |p| Rd — h N| Rd
Y ) 1, ;
Mop,i,Rd =0
hi
t.
m < Nigg = 5K fot2(1 + 0.250) /76
’ ‘ 0 t h N.
,\\r,,+,,,\}, d0 Y |p|Rd i,Rd
I
L'—‘ I\/Iop,i,Rd =0
Punching shear failure
Sracti = (NaslA + MWL)t < 2t(f0/V3) /e
Range of validity Factor k,
In addition to the limits given in table 7.1: For n,>0 (compression):
B>04 and n<4 k,=1-03n,(1+ny) but k,<10
where p=b/d, and n =h/d For n, <0 (tension): 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, b,

e to

Nigg = kofiote’ (4 + 208)(1 +0.250) /1ys
Mip,l,Rd =h Nl,Rd/(l + 0,251)

Mop,l,Rd =05 bl Nl,Rd

5k, f t2
N, = —P¥O9 (1,025
1Rd T 7 0,81[3( n) /VM5

Mip,l,Rd =h; Nl,Rd/(l + 072577)

Mop,l,Rd =05 bl Nl,Rd

Nigrg = kpfyOtOZ 4+ 20[32)(1 +0,251) /VM5
Mip,l,Rd = h1 Nl,Rd

Mop,l,Rd =05 bl Nl,Rd

h, N
1 N 5k folo” (1 + 0,25n)
e I Ch e |
:JL: ] e 1-081p k /YMS
Nl 1 7d to
- - — 0 A Mip,l,Rd =h Nl,Rd
N Mop,l,Rd =05 bl Nl,Rd
1
Punching shear failure
| or H sections: Opmex t1 = (Ngg/ A + Mgy/W,) ) < 2t,(F0/V/3) /7ys
RHS sections: Omex t1 = (Ngg/ A + Mgy/W,) ) < t(F0/v3) /vy

Range of validity

Factor k,

In addition to the limits given in table 7.1:
p>04 and n<4

where

ﬁ:blldo and n:hl/do

For n,>0 (compression):

kK,=1-03n,(L+n,) but k<10

For n, <0 (tension): k, = 1,0
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(3) Thedesigninternal moment M; 5; may betaken asthevalue at the point wherethe centreline of the brace
member meets the face of the chord member.

(4) Thedesignin-plane moment resistance and the design out-of-plane moment resistance M, 4, should be
obtained fromtables 7.3, 7.4 or 7.5 as appropriate.

(5) The special types of welded joints indicated in table 7.6 should satisfy the appropriate design criteria
specified for each typein that table.

(6) Valuesof thefactor k, whichisusedintable 7.2 for K, N and KT joints are givenin figure 7.6. The
factor k, isused to cover both gap type and overlap typejoints by adopting g for both the gap and the overlap
and using negative values of g to represent the overlap g asdefined infigure 1.3(b).

kg 4,5
y=25
4.0 v= 225 — T
35 y= 20 _—
y= 17,5 .
L I N\
310 I Y — 15 \\\\\\\
y=125| | :
2.5 ——
y= 10
V=75
2,0 S
15
1.0- R
-12 -8 -4 0 4 8 g/to 12
Overlap type joints Gap type joints

(a=-9)

Figure 7.6: Values of the factor k, 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 face failure -

T, X,and Y joints

IVlip,1
O 1
Mipird = 4,85 ——— y ‘/—ka /7M5
Ty
o
Chord facefailure - K, N, T, X andY joints
IVlop,1
f t.2d
_ yo0o ™1
Mop.1ra = sinb, 1 - 081[3 %/ us
\\ to
AL

Punching shear failure

- KandNgapjointsandal T, X and Y joints

f td? 1+ 3sin0,

Whend, < d, - 2t,: M. S ke y
1 0 0 ip,1,Rd \/§ 4sin261 / M5

M _ fotod,” 3 + sin, /Y

op,1,Rd \/é 4S|n 91 M5

Factor k,

For n, < 0 (tension):

For n,>0 (compression):

ko
ko

=10

=1-03n,(1+n,) but 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

N; sy < Nigg

inwhich N, g4 isthevalueof N,g, for an X joint
fromtable 7.2.

The forces may be either tension or
compression but shall act in the same direction
for both members.

Member 1 is alwaysin compression and . . .
member 2 is always in tension. Nygg SN0 + N3ggSind; < NygySING,
N, sy SiNG, < NypgSING,

inwhich N, g4 isthevalueof N,z for aK joint

d
from table 7.2 but with El replaced by:
0

d, +d, +d,
3d,
All bracing members shall always be in either
compression or tension.
N, ':z/ N, s:SiN0; + N, 5,SiN0, < N, ySiNG,
\\ //
\\\\\ ////// 0
Oy NN\ 27\ inwhich N, gy isthevalueof N, g4 foran X joint
{*_*_* — X *_*_*} fromtable 7.2, where N, g,Sin6, isthelarger of:
7.y D
7.y 0D . .
4 O IN1rgSINOy| and | NpgySING,|
/Nz N

Member 1 is awaysin compression and

member 2 isawaysin tension.
&y Nisg < Nigg

inwhich N, g, isthevalueof N,z for aK joint from

RN | /% table 7.2, provided that, in a gap-type joint, at section
Oy NN 1-1 the chord satisfies:
- % -
- 7/ v N g B 2 2
//:/// | \\\1\\ NO,Sd . VO,Sd < 1’0
’ N0 pt,Rd VO pt,Rd
N, ‘_(>1 '\ o o
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7.4.3  Multiplanar joints

(1) Ineachrelevant plane of amultiplanar joint, the design criteriagivenin 7.4.2 should be satisfied using
the reduced design resistances obtained from (2).

(2) Thedesign resistances for each relevant plane of a multiplanar joint should be determined by applying
the appropriate reduction factor i given in table 7.7 to the resistance of the corresponding uniplanar joint

calculated according to 7.4.2 by using the appropriate chord force for k; .

Table 7.7: Reduction factors for multiplanar joints.

Type of joint Reduction factor p

TT joint 60° < ¢ < 90°

Member 1 may be either tension or compression.

n=10

XX joint
Members 1 and 2 can be either in compression or
tension. N, o/N; g, is negative if one member isin
tension and one in compression.

#N1 lN1

T b H=1+033N,g/N g
[T

Il
i ] taking account of thesign of N, ¢, and N,

e N2 rif,,‘/VT\\x,,,,j‘ N2
if@— — —5?77:;&('?} ;777{‘—
— where[Nysy| < |Nyg

KK joint 60° < ¢ < 90°

Member 1 is awaysin compression and member 2 is

alwaysin tension.
pn =09

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

2

Y/

N 0.sd
\Y

N

0.5d <10

+

pe,0,Rd p!¢,0,Rd
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7.5 Welded joints between CHS or RHS brace members and RHS chord
members

7.5.1 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) Forjointswithintherangeof validity givenintable7.8, only thedesign criteriacoveredintheappropriate
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. Inaddition, the secondary momentsin thejoints caused by their rotational stiffness should betaken
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]

Type of bi/b, bitandh/tord/t, | holb, | bty | Gaporoverlap
joint or ) ) and and
di/b, Compression | Tension | h/h holts by/b,
<35
b/t <35
T,Y or X b/b, > 0,25 and -
and
b/t Class 2

h/t; < 35
<35 <35 g/b, > 0,5(1 - B)

K gap b/by > 0,35 and and zbg:[S but < 1,5(1 - 5) ¥
and <20 and
N gap > 0,1+ 0,01 by/t, Class 2 h/t - and as minimum
sl3tl'> Class 2 g>t +t,
K overlap Fou > 25%
0 2
b/b, > 0.25 Class 1 Class2 | DU/ < 100%
N overlap andb/b, > 075
Cg:;é':r di/b, > 0.4 Class 1 d./t, As above but with d. replacing b,
member but < 0,8 < 50 and d replacing b.

Y If g/b, >1,5(1 - f) and g/b, >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) Inbrace member connections subject only to axial forces, thedesigninternal axial force N, ¢, should not
exceed the design axial resistance of the welded joint N, 4, determined from (2) or (4) as appropriate.

(2) For welded joints between square or circular hollow section brace members and square hollow section
chord members only, where the geometry of the jointsiswithin the range of validity givenintable 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.

(3) 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: Thedesignaxial resistancesfor jointsof hollow section brace membersto square hollow section
chordsgivenintable 7.10 have been simplified by omitting design criteriathat are never decisive within
the range of validity of table 7.9.

(4) Thedesignaxial resistances of any unreinforced welded joint between CHS or RHS brace membersand

RHS chords, within the range of validity of table 7.8, may be determined using the expressions given in tables
7.11, 7.12 or 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
T,YorX b,/b, < 0,85 bo/ty = 10
Square hollow section
b, + b,
K gap or N gap 06 < <13 bo/ty = 15
2 b
T,YorX — by/t, > 10
Circular hollow
section dl n d2
K gap or N gap 06 < TR 13 bo/ty = 15
1
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Table 7.10: Design axial resistances of welded joints between square or
circular hollow section braces and square hollow section chords

Type of joint Designresistance [i = 1 or 2, j = overlapped brace]
T,Y and X joints Chord face failure B <0,85
At
"
o AT oy
\ //////:: /j(% N knfyotoz 2B a./1 B
— Z - = | | = + —
T T {to WRe (1 - B)sing, | sind, / tus
L____:;Z _________ i
// ///// b‘O
K and N gap joints Chord face failure B<10
_ b st
b?&/ \N1 N /®/

g b
0, \N\\\ ////——//v \) 89y05Ignfyoo b, + b,
L W\ L % Nigg = /VM5
,,,,,,,,, e sing,
L N { |
o T

K and N overlap joints *) Brace failure 25% < Ly, < 50%

Member i or member j may be either tension or
compression but one shall be tension and the Niga = fili| Per * Bogy * 50( hy - 4t, ) / Yms
other compression.

Brace failure 50% < A, < 80%

=f t [b + by, + 2h - 4ti] /yMS

yi i

Brace failure Loy > 80%

=f t [bi + b, * 20 - 4ti] /7M5

yi i

befff be,ov and kn

bo/ty Tt =5 For n > 0 (compression): k, = 1,3 - 241
10 fyt but k, <10
be,ov - [ but be,ov < bi For n < O (tension): k,=10
b, fwt,

For circular braces, multiply the above resistances by n/4, replace b, and h, by d, andreplace b, and
h, by d,.

*) Only the overlapping brace member need be checked. The brace member efficiency (i.e. the design
resistance of thejoint divided by the design plastic 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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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 B <085

N = kn fy0t02 21 . 4m /Y
'Rd (1 -B)sing,| sine, Ms

‘ Chord side wall buckling ¥ B-102
by ft [ 2h

\4} N _ b [ [ 10'[0) /YM5

‘ A7\ 8 'Rdding, | sing,

e P r e ] to

%*****i? iiiiiiiiiii = o Brace failure > 0,85
[ J B
L

A—;//:// Lb_o> Nira = fyiti(Zhi -4t - Zbeff) /YM5

Punching shear 085<B < (1-1fy)
fot 2h
Ny = —202 | —L +2p_| /vy
i,Rd \/§sin9i( smei ep / M5

Y For X jointswith ¢ <90° usethe smaller of this value and the shear resistance of the chord side walls
given for K and N gap jointsin table 7.12.

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

For circular braces, multiply the above resistances by n/4, replace b, and h, by d, andreplace b, and
h, by d,.

e f fot
For tension: f,, = f, by, - blz fyo to b but by <b
. 0''0 yi i
For compression:
fo=xfo (Tand joints)
f, =0,8xf,sinG (X joints)
10
where y isthe reduction factor for flexural ey = by/t, b but b, <h
buckling obtained from EN 1993-1-1 using the
relevant buckling curve and a normalized
slenderness 4 determined from:
E B 2) 1 For n> 0 (compression): k, = 1,3 - %
_ t sing.
A =346 22 \ S
E but k,<1,0
n _
f0 _
For n < 0O (tension): k,=10
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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

s 8,9knfy0t02ﬁ b, +b, +h +h, /y

i,Rd sinei 4b0 M5
Chord shear

fo A
Nira = . : /YMS
V/3sino,

Nord = [(Ao_p\/) fo T A fyovl_ (Vaa! Vpl,Rd)z}/ Tms
Brace failure

Nira = fyiti(2hi —4t b+ beff) /YMs

Punching shear B<(1-Ly)

f t 2h
_ y0 0 i
Nira = ﬁsine.( sino. +b + be,pJ /YMS
|

K and N overlap joints

Asintable 7.10.

h, by d,.

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

A, = (2hy + abg)ty

For a square or rectangular brace member:

where gisthe gap, seefigure 1.3(a).

For acircular bracemember: o =0

£t

by - 0 X 0p byt by, <b
bolt T,
10

b, -2 b but b, <b

e " oty er =

For n > 0 (compression): k, = 1,3 - 24N

but k,<1,0

For n < 0O (tension): k,=10
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Table 7.13: Design resistances of welded joints connecting gusset plates or |
or H sections to RHS members

Transverse plate Bracefailure [i = 1]
N g fyl 1 st /VMS *)

IN1 o Chord side wall crushing whenb, > b, - 2t,
| K ] Nyrg = fyOtO(Ztl + 10t0) /yM5
T St
T% T ’!_ ‘jhf’ Punching shear when b, < by - 2t,
| by

Nirg = yﬁ( + 2b, ) /YMS
Longitudinal plate Chord face failure B <085
]
hy knfolo’

- . N, rg = —/b(Zh by = 4T =105 /1ys
| ) I
%% TS jho
___________________ |

t,/by < 0,2
| or H section
L] _ _
Conservétively, base N, g, for an | or H section
ﬁLﬁ upon the design resistance of two transverse plates
7 similar to its flanges, determined as specified
%e' above.
| 1 |
T ] M, = Ny (h; - t)
L ip,1,Rd 1,Rd \''1 1
R T
Range of validity
In addition to the limits given in table 7.8:
05<B<10
by/t, < 30
Parameters by, b, and k;
10 fyoto .
by = b ﬁbl but by < b, For n>0 (compression): k. = 13(1 - n)
070 vid but k<10
10 _
bep, = bt b, but Db, <Db For n< 0 (tension): k,=1,0
0" "0
*) Fillet welded connections should be designed in accordance with 4.10.
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(5) Brace member connections subjected to combined bending and axia force should satisfy:

N M M

o pisd - Topisd g .. (7.4
I\/Iip,i,Rd Mop,i,Rd

i,Sd

i,Rd

where:  M;,;rq IS the designin-plane moment resistance
Mpisa IS thedesignin-planeinternal moment
Mo rd is the design out-of-plane moment resistance

Myiss IS thedesign out-of-plane internal moment

(6) Thedesigninternal moment M, g, may betaken asthevalue at the point where the centreline of the brace
member meets the face of the chord member.

(7)  Forunreinforcedjoints, thedesign in-plane moment resi stance and out-of-plane moment resistance M, gy
should be obtained from tables 7.13 or 7.14 as appropriate. For reinforced joints see 7.5.2.2.

(8) Thespecia typesof welded jointsindicated intables 7.15 and 7.16 should satisfy the appropriate design
criteria specified for each typein that table.

7.5.2.2 Reinforced joints

(1) Varioustypesof joint reinforcement may be used. The appropriate type depends upon the failure mode
that, in the absence of reinforcement, governs the design resistance of the joint.

(2) Hangereinforcing platesmay be used toincreasetheresi stance of thejoint to chordfacefailure, punching
shear failure or brace failure with reduced effective width.

(3) A pair of sideplatesmay be usedto reinforce ajoint against chord sidewall failure or chord shear failure.

(4) Inorder to avoid partial overlapping of brace membersin aK or N joint, the brace members may be
welded to avertical stiffener.

(5) Any combinations of these types of joint reinforcement may also be used.
(6) The grade of steel used for the reinforcement should not be lower than that of the chord member.

(7) Thedesign resistances of reinforced joints should be determined using tables 7.17 and 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 (6 = 90°) Chord face failure B <0,85
/N My, 1
l 1 2 n
b = kﬂf t 2h + + fY
t ““““““““ ‘ Chord side wall crushing 085<«<p<10
NM
T Mipira = 05fykt0( + 5t ) /YM5
0 > | | fo =Ty for T joints
FK: 777777 fu = 08f, for X joints
T______I__________} Brace failure 085<p <10
n
| | |
o 7Mipl Migira = fy:L(Wpﬂ,l = (1 - bg/by)b, hltl) /YMs
A
Out-of-plane moments (0 ~ 90°) Chord face failure B < 0,85
h, (1+p) 2b, b, (1+B)
/N Mop 1 Mop1Rd = kf yolo { 2 (1-P) * /VM5
Chord side wall crushing 085<p<10
Mopird = yk to(by — to)(hy + 5t) /VMS
fx =0 for T joints
fx =081, forXjoints
N Mop 1 Chord distortional failure (T jointsonly) *)
,1_\/\_r
! I
' ! Mop1rd = 2fyoto( il \/bohoto(bo * ho)) /Vlvls
,g[ Brace failure 085<p<10
| |
"I—\/\—L’M Mop1ra = fy ( po1 - 05(1 - beff/bl)2 b12t1) /7M5
N A
Parameters by and k;
10 fot ion): k=13 94N
by, = yo 0 b, For n> 0 (compression): K, = 4, T
B/t Ty but k,<1,0
but b < b, For n < O (tension): k, = 1,0
*)  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

0

| |

| |

[/ 1N

Vo NP\

R N;sg < Njgg

| | \\

| I\ \\

I PN \\\

| | \

! >v inwhich N, g4 isthevalueof N, g, for an X joint
Ny~ 8 e, KN1 from table 7.11.

The members may be in either tension or
compression and shall act asin the same
direction for both members.

The member 1 isawaysin compression and

N,o;SinB, + N,.,snb, < N
member 2 isawaysin tension. 15 1 3.sd 3

NZ,SdSinez < leRd
inwhich N, g4 isthevalueof N,g, for aK joint
+ b2 + hl + h2

4b,

1,Rd S'nel

sing,

b
from table 7.12, but with —*

replaced by:
b, + b, + by +h +h,+h,

6b,

All bracing members shall be either
compression or tension.

N4

N;gSin6; + Nyg8in6, < N, sinb,

inwhich N, gy isthevalueof N, g4 for an X joint
fromtable 7.11, where N, g,Sin6, isthelarger of:

IN;rgSINO;| and |N,gqSino,|

Member 1 is awaysin compression and
member 2 isawaysin tension. N

1sd < Nigg
N4

inwhich N, g, isthevalueof N4 for aK joint from

e?jk\\\\ ' table 7.12, provided that, in a gap-typejoint, at

section 1-1 the chord satisfies:

2 2
N V
0,5d osd | 1.0
N> NO,pﬂ,Rd Vo,pa,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.

Ngg < 0,2Ny; g

and

Mpﬂ,,Rd

3BR, 1

f6<90°: «-=
[by/t,8 1+ 2by/hg

If 90° <6 < 180°:x = 1 - (/2c0s(8/2))(1 - Kgy)

where kg, isthevalueof x for 6 = 90°.

t, > 1,5t and > 10mm

N M
Sd + Sd < 1’0
Npﬂ.Rd Mpﬂ,Rd
Cranked-chord
AT
I ‘ | |
o
I : Nisg < Nigg
: I
I
1

where N, g, isthevalueof N, gy for aK or N overlap joint
from table 7.12.

Imaginary extension7
of chord
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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 B, < 0,85
TN1 l, = sno + ,/bpibp - b))
A and > 1,5h,/sing,
[
i : i bp > by - 2t,
] ¢
| ‘ | \L p
| — ] T 2
””” T”ffj A N oty «
- ,,,W,,ij (1 - b/by)sing,
777777 I 2h, /o,
x ( Sne, +4,/1 - bi/bp] /yM5
Compression loading B, < 0,85
h
Ny 0 > ' +./b(b -Db
;\ \ P~ sino, p\"p i
i and > 1,5h./sing,
i‘i b, bpzbont0
i LIl

Take N, gy asthevalueof Nz, foraT, X orY joint
from table 7.11, but with k,=1,0 and t, replaced
by t, for chord face failure, brace failure and
punching shear only.

buckling or chord side wall shear.

A
[
o

(, > 15h,/sing,

Take N,y asthevalueof Ny, foraT, X orY joint
fromtable 7.11, but with t, replaced by (t, +1t,) 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.

Take N,y asthevalueof N g4 foraK or N joint
from table 7.12, but with t, replaced by t, for
chord face failure, brace failure and punching shear
only.

Reinforced with a pair of side platesto avoid chord shear failure.

h, h,

(> 15 +g+

P sing sind
1 2

Take N;gq asthevalueof Ngy foraK or N joint
from table 7.12, but with t, replaced by (t, +t,)
for chord shear failure only.

t, > 2t, and 2,

AR WY | 275 SN . Take N, gy asthevalueof N, g4 foraK or N overlap

(AN ) to [ joint from table 7.12 with %, < 80%, but with by,

T T ’ t and f, replaced by by, t, and f, inthe
expression for b,,, givenintable7.10.
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7.5.3 Multiplanar joints

(1) Ineachrelevant plane of amultiplanar joint, the design criteriagivenin 7.5.2 should be satisfied using
the reduced design resistances obtained from (2).

(2) Thedesign resistances for each relevant plane of a multiplanar joint should be determined by applying
the appropriate reduction factor u given in table 7.19 to the resistance of the corresponding uniplanar joint
calculated according to 7.5.2 with the appropriate chord load in the multiplanr situation.

Table 7.19: Reduction factors for multiplanar joints

Type of joint Reduction factor p

TT joint 60° < @ < 90°

Member 1 may be either tension or compression.

n =09
XX joint
Members 1 and 2 can be either in compression or
tension. N, s/N, g is negative if one member isin
tension and one in compression.
N, N;
+ H=09 (1 + 0,33 NZ,Sd/Nl,Sd)

| taking account of the sign of N; gy and N, g,

|
i
<
:
L

- __ Where|N23d| < |NlSd|

KK joint 60° < ¢ < 90°

N
N1\4 N1/ \\1 sz uzo’g

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

N 2

N

VO,Sd

Vpﬂ,O,Rd

0,Sd n

<10

p¢,0,Rd
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7.6 Welded joints between CHS or RHS brace members and | or H section
chords

(1) 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, | = overlapped brace ]
Type of b/t and hi/t or di/t
joint d, /t,, : : h./b by/t; b/b,
Compression Tension
Class1
Class 1 > 0,5
X and but -
and h; <20
d, < 400 mm T <
h- i
-1 <35
TorY b b,
— <35 Class 2
Class 2 b. i 1,0 -
K gap — <35
and G d,
d, < 400 mm d :
K overlap <50 > 0,5
t but > 0,75
N overlap <20

(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. Inaddition, the secondary momentsin thejoints caused by their rotational stiffnessshould betaken
into account.

(4)  Inbracemember connectionssubjected only to axial forces, thedesignaxial force N, ¢4 should not exceed
the design axial resistance of thewelded joint N, q, determined from table 7.21.

(5) Brace member connections subject to combined bending and axial force should satisfy:

N
N

M. .
+ RS0 ... (7.5)

Mip,i ,Rd

i,Sd

i,Rd

where: M, rqiS the design in-plane moment resistance;

M, saiS the design in-plane internal moment.
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Table 7.21: Design resistances of welded joints between RHS or CHS brace
members and | or H section chords

Type of joint Designresistance[i = 1 or 2, j = overlapped brace |
T.Y and X joints Chord web yielding
f t b
Y0 ww /YM5
sing,
‘ Bracefailure
\
T Nirg = 21 1 Dy /7M5
K and N gap joints [i =1 or 2] |Chord web stability Brace failure need not
be checked if:
fyo t, b, olt; < 20 - 28B
sno, /M B< 1,0 - 0,03y
t wherey = by/2t;
2 h .
s % Brace failure and for CHS:
@‘1 0,75<d,/d, < 1,33
N .
& \N1 o / /}' \é/bi 2f t b /'YM5 or fOI’ RHS
0 AN < ///é ! 0,75 < b,/b, < 1,33
177N Y\ 7 7N 8,
- — 3 Chord shear
~ - >3 t, tw ho
( rm
BN N g = Tms
W fsme /
Nogrd = [(AO’A\/) fyo +A fyo\/l’ s /VpI,Rd)Z]/YMS
K and N overlap joints” [i =21or2]|Bracefailure 25% < X, < 50%

Members i and j may bein either tension or ~
compression. Nira = 1y t,(b + Bogy * (Zhi - 4ti) hoy! 50) / Ywvs

h(‘* N é@@ Brace failure 50% < o, < 80%
bg/ W ) é/N/j' V/b%,- Nirg = fyI tl(b b,ov +2h, - 4ti) /yMS

9 \\‘\\\ ///.;'///\ )
; f\ i A Brace failure Aoy > 80%
LN r t h
r B
‘ " F b ,R - fy| tl(b * b * 2hi a 4ti) /YMS
by = t, + 2r + 7tffy0/fy|
Av = AO - (2 - (X) bO tf * (tW + 2r) tf but beff < bi+hi_2ti hi
for K and N overlapjointsand | By = = o 5(t + 1)
ber < bith-2t, Sno;
. 3 1 eff = M4 o
For RHSbrace: o = — for T, Y, X, K and N gap joints.
(1 + 4g7/3t") but
_ 10 Ty
For CHSbrace: « =0 aov bJ/tJ fyltl ! b, <2t +10(t +r)
but b, < b

) Only the overlapping brace member i need be checked. The brace member efficiency (i.e. the design
resistance of thejoint 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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(6) Thedesigninternal moment M; 5, may betaken asthevalue at the point wherethe centreline of the brace
member meets the face of the chord member.

(7)  Thedesign in-plane moment resistance M, ;4 Should be obtained from table 7.22.

(8) If stiffenersinthe chord (see Figure 7.7) are used, then the bracing failure resistance N, g4 for T-, X-, Y-,
K-gap and N-gap joints (Table 7.22) is determined as follows:

Nirg =2 fyi t; (D + et ) / Vs .. (7.6)

Where beff = tW + 2I' + 7 tf fyo / fyi but S bi + hi = 2t|
beff,s = tS + 28. + 7 tf fyo / fyi but S bi + hi = 2t|
Dyt + bgrs < b+ - 2t
where: a isdtiffener weld throat thickness, '2a’ becomes 'a’ if single sided fillet welds are used;

s refersto the stiffener.

(99 The dtiffeners should be at |east 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 Design resistance [i = 1 or 2, ] = overlapped brace]

Tand joints Chord web yielding

t
—————— > E Mipira = 0.5f0t, b, 0y /VMS
- h
1

Brace failure

Mipira = fyati ey (hl - tl) /VMS

Parameters by and b,

h
byt = t, = 2r + 7Tt fo/f, b, = Smle + 5t +r)
1

but b, <2t + 10(t + r)

IN




Final draft Page 123
6 September 2001 prEN 1993-1-8: 20xx

Fﬁ N7 o E—

AN

o

: : ‘ 7 L

v

-

e Y
-

|
T
|
|
|
I

Bracing effective ‘peri meter, without (left)
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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 stiffess should be taken into account.
(3) Inagap typejoint, the design axial resistance of the chord cross-section N,z should be determined

alowing 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, | = overlapped brace]
Type of
o b/t; and h/t; or d/t;
joint b/b, : . h/b, by/t, Gap or overlap
Compression| Tension bi/b,
Class 1
>0,4 0,5(1-B") < g/b,” < 1,5(1-B") ¥
K gap and h,
and T < 35 and
N o " s |
— <
b, < 400 mm t b . 05 gx>t+t
T 35| but | Class2
b. i <20
>0,25 1 <35
t. d. 25% < A, < 100%
K overlap and J. 50
N ove q t b/b, > 0,75
OVerlap | 1, < 400 mm TI < 50
B =h/b,
by =bg-2(t,+ro)
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 = Ty ti(bi + by + 2h; - 4ti) /YMS

Chord failure

oA
Ni gy = & /VMs

V/3sino,
Nogd = [(AO’A/) fyo +A fyovl’ (Vg /Vp|,Rd)2]/VM5
Brace failure 25% < A, < 50%
Nigs = fi (beff + bygy +(2hi - 4ti) }“ov/SO) /VM5
Brace failure 50% < A, < 80%

Nira = 1 ti(beff + by, + 2h; - 4ti) /VM5

Bracefailure A, > 80%

Nira = 1 ti(bi + by, + 2h; - 4ti) /VM5

10 fyot

by = X Oh but by <b,
by /ty fyil
ForCHS. o =0 f t
o -2 b but by, <h
Y pt fot ’

f A, I U
VpI,Rd_% /VMS

Vss = (Nisg SN O, )

For CHS braces exept the chord failure, multiply the above resistances by n/4 and replace both b, and h;
by d, aswell asb, and h, by d.,.

*) Only the overlapping brace member i needs to 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.




