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1 Preface

In some countries of the European Community, design rules for simple structural joints
already exist. Unfortunately, these recommendations don't cover all the types of failure and give
sometimes significantly different design rules for a typical failure mode.

In a first step, a comparative study [1] of design rules for pin connections has been
achieved. In this work, reference is made to different normative documents or design
recommendations :

- Eurocode 3 [2] and its revised Annex J [3];

- BS5950 [4] and BCSA-SCI recommendations [5, 6] ;

- NEN 67707, 8];

- German "Ringbuch" [9] ;

Each of these documents possesses its own application field which favours different failure modes.
So, the comparison between them is rather difficult.

With the aim to establish a full design approach according to the general design principles
stated in Eurocode 3, some design sheets for header plate and fin plate connections were prepared
at the University of Li¢ge and discussed at several meetings of the E.C.C.S. Technical Committee
10 « Connections ». The present report contains all these design rules. Explanations of these rules
as well as their range of validity are available in [10].

In a few years, it is expected that the practical design recommendations presented in this
booklet or in its eventual revised version will replace, in every country, the national normative

documents or recommendations. In this way, it will simplify the free trade between the different
European countries.

2 Scope and field of application

2.1 Types of structures

Simple structural joints are commonly met in steel framed buildings but they can be used also in
other types of structures to connect each other steel elements (for example : bridge structures).

2.2 Types of connected elements

The shape of the structural connected elements which are considered in this report are :
- TorHbeams;
- lor H columns (with a possible extension to RHS and CHS).

(U]
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2.3 Types of loading

The design methods are intended for joints subject to predominantly static or quasi-static
loading. The influence of fatigue effects is disregarded.

The connection resistance is checked under shear and tying forces. The shear forces
correspond to usual loading conditions of the structure during its life ; tying forces may develop
when the frame is subjected to an explosion or when a supporting column collapses (Fig. 2.1).

«— — —> «—
A
A/

7/ 7 777 77, 777 7 7,

Figure 2.1 : Tying forces

2.4 Steel grades

This draft applies to steel grades S 235, S 275, S 355, S 420 and S 460.

2.5 Possible joint configurations

All the possible configurations of simple joints are as follows :
Beam-to-column (Fig. 2.2) :

a) Single-sided joint configuration

,41\/7, — —

Lo A

Major axis Minor axis
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b) Double-sided joint configuration

1 I +T%

|| B

Major axis Minor axis

Figure 2.2 : Beam-to-column joint configurations

Beam-to-beam (Fig. 2.3) :

a) Single-sided joint configuration

—— ——
‘ =
1 L
et nd—
Uncoped supported Single-coped supported Double-coped supported
beam web beam web beam web

b) Double-sided joint configuration

—— —— | ————
£ 1 L L
Uncoped supported Single-coped supported Double-coped supported
beam web beam web beam web

Figure 2.3 : Beam-to-beam joint configurations
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Beam splice (Fig. 2.4 aand b) :

The possible localisations

Figure 2.4 a : Beam splice joint

of this joint may be the following (Fig. 2.4 b) :

N A=
o | S B 2s g
position . -/

Figure 2.4 b : Diagrams of bending moments

Column splice (Fig. 2.5) :

Figure 2.5 : Column splice joint
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Braced connection (Fig. 2.6) :

,J\ﬁ,

Figure 2.6 : Braced configuration

Column base (Fig. 2.7) :

Column-concrete

/ "connection"
i?n

'| —=+—— Concrete-ground

- e, W ~_ "connection"

Figure 2.7 : Column base joint configuration

Amongst these joint configurations, only the two first ones will be explicitly covered : beam-
to-column and beam-to-beam configurations. The others are expected to be covered in a revised
edition of the present booklet.

2.6 Types of fasteners

There exist two classes of bolts : normal bolts and high strength bolts. The second class can
be used for preloaded bolts which are characterized by a slip-type resistance in shear.

In this document, only non-preloaded bolts are explicitly covered. Their design geometric
and mechanical characteristics are respectively given in the tables 2.1 and 2.2. The extension of the

7
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rules to preloaded bolts is not at all a difficulty and will be worked out when preparing the final
draft of first edition of the present booklet.

d (mm) 8 10 12 14 16 18 20 22 24 27 30

A (mm?) 50 78 | 113 | 154 | 201 | 254 | 314 | 380 | 452 | 573 | 707

A, (mm?) 36 58 84 | 115 | 157 | 192 | 245 | 303 | 353 | 459 | 561
with d = Nominal diameter of a bolt shank

A = Nominal area of a bolt

Aq = Resistant area of a bolt

Table 2.1 : Bolt Areas

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

Table 2.2 : Nominal values of yield strength f,;, and the ultimate tensile strength f,, for bolts

The possible types of weld are fillet welds, fillet welds all round, butt welds, plug welds and
flare groove welds. Only fillet welds are considered in the present draft.

2.7 Types of connections

The three connections types which are considered in these design recommendations are used
to connect a beam to a column or a beam to a beam. These are the following :

Header plate connections :

The main components of the header plate steel connection are shown in Fig. 2.8. : a steel
plate, a fillet weld on both sides of the supported beam web, and two single- or double-
vertical row group. The plate is welded to the supported member and bolted to a supporting
element such as a steel beam or column. Its height is not exceeding that of the beam web

8
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and the plate is never extending beyond the beam web to the beam flanges. The end of the
supported steel beam may be uncoped, single-coped or double-coped.

Supporting
clement Plate Single-vertical
— —
| row bolt group
4 o o oo oo
il PO | S oo oo
il e e oe oo
i Supported beam Fillet
[ [ —
weld Double-vertical
row bolt group

Figure 2.8 : Header plate connection

Fin plate connections :

The main components of the fin plate steel connection are shown in Fig. 2.9. : a fin plate, a
fillet weld on both sides of the plate, and a single- or double-vertical row group. The plate
is welded to a supporting member such as a steel beam or column and bolted to the
supported beam web. The end of the supported steel beam may be uncoped, single-coped
or double-coped.

Single-vertical Double-vertical
Supporting row bolt group row bolt group
element : :
| |
0/ Fin plate 0/ e
® [ BN ]
® L BN ]
‘ Supported beam ‘
‘ \
Fillet
weld

Figure 2.9 : Fin plate connection

Web cleat connections :

The main components of the web cleat steel connection are shown in Fig. 2.10 : two web
cleats and three single- or double-vertical row group (two on the supporting element and
one on the supported member). The cleats are bolted to the supporting and supported
members. The end of the supported steel beam may be uncoped, single-coped or double-
coped.

9
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Single-vertical

I bolt
Supporting row bolt group
element
i )
e
e ' Supported beam
T
I Web cleat Web
— — — —
cleat
® 1 e eoeot+Heoeo@
OR > WITH o i e OR |[eettiee
’ + e eoei e ?
Single-vertical Double-vertical
tHe o row bolt group row bolt group
H e e
1+t Q& [ J j
Double-vertical
B row bolt group
Figure 2.10 : Web cleat connection
Note :

Traditionally, other types of beam-to-column connections are considered as hinge. But, now,
Eurocode 3 Part. 1.8 classes them as semi-rigid joints. Two examples are given in Fig. 2.11.

e
1}

| '

| -

Figure 2.11 : Other simple connections

The present manual could be extended in the future to cover these connection types.

2.8 Reference code

The design rules are based on the resistance formula provided by Eurocode 3 Part. 1.8 as far
as information is available. If not, the basic design principles prescribed by Eurocode 3 Annex J are
anyway respected.

10
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3 Joint modelling for frame analysis and design
requirements

3.1 General

The effects of the actual response 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 when these effects are sufficiently small, they may be neglected.

To identify whether the effects of joint behaviour on the analysis need be taken into account,
a distinction should be made between the three following modellings :

- 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.

The appropriate type of joint model depends on the classification of the joint and on the
selected procedure for structural analysis and design.

3.2 EC 3 classification system

The joints can be classified according to the values of their main structural properties, i.e.
rotational stiffness, strength in bending and rotational capacity (or ductility). It's very important that
the structural properties of all the joints correspond to the assumptions made in the analysis of the
structure and in the design of the members. In particular, as far as simple joints are concerned, the
available rotation capacity of the joints should be sufficient to accept the rotations of the joints
resulting from the analysis.

In the Eurocode 3 Part. 1.8, joints are classified by stiffness and by strength. Ductility
aspects are also considered ; they will be more especially addressed in Section 4.

This classification is only valid for the beam-to-column joint configurations. Through the
comparison of actual rotational stiffness S;;, with classification boundaries (Fig. 3.1), a joint may
be considered as :
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M;j ‘
Rigid
//
Semi-rieid
emi r1g1/
/
/
/
¢ S
yZ j,ini
// Pinned f
—

——— Stiffness boundaries

—— — Initial rotational stiffness

Figure 3.1 : Boundaries for stiffness classification of joints

Nominally pinned joints :

The joint shall be capable of transmitting the internal forces, without developing
significant moments which might adversely affect the members of the structure. It shall
be also capable of accepting the resulting rotations under the design loads.

] Boundary : Siini £ 0,5ElL, /L

Rigid joints :

The joint behaviour is assumed not to have significant influence on the distribution of
internal forces and moments in the structure, nor on its overall deformation.

P Boundaries : Siini * kv Ely/ Ly

where k, =8 for frames where the bracing system
reduces the horizontal displacement by at
least 80% ;
ky, =25 for other frames.

Semi-rigid joints :
The joint provides a predictable degree of interaction between members, based on the

design moment-rotation characteristics of the joint. It should be able to transmit
internal forces and moments.
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p Boundaries : A joint which doesn't meet the criteria for a
rigid or a nominally pinned joint shall be
classified as a semi-rigid joint.

Keys : E is the elastic modulus of the material whose the beam is formed ;
Iy, is the second moment area of a beam ;
L, is the span of a beam (distance between the axes of the supporting
columns).

Through the comparison of its actual design moment resistance Mjrq With the design
moment resistances of the members that it connects ( Fig. 3.2), a joint may be classified as :

Full-strength

Partial-strength

Pinned

—— Strength boundaries

Joint moment resistance

Figure 3.2 : Boundaries for strength classification of joints

- Nominally pinned joints :
The joint shall be capable of transmitting the internal forces, without developing
significant moments which might adversely affect the members of the structure. It shall

be capable too of accepting the resulting rotations under the design loads.

=} Boundary : Mjrd £ 0,25 M fuli-strength (see Fig. 3.3)

(O8]
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- Full-strength joints :

The design resistance of a full strength joint shall be not less than that of the connected
members.

P Boundary : Mjrd * M full-strength (see Fig. 3.3)

I— M; sq M sq

Top column : Within column height :

M fuit-strengtn = min (M pira s Meplrd) | M ypisrengtn = min ( M pird > 2 Mepira)

Keys: My rais the plastic moment resistance of a beam ;
M, pird is the plastic moment resistance of a column (possibly
reduced by axial or shear forces in the column).

Figure 3.3 : Full-strength resistance

- Partial-strength joints :

A joint which doesn't meet the criteria for full-strength or nominally pinned joints
should be considered to have a partial-strength resistance.

3.3 EC 3 joint modelling

The joint modelling depends on the joint classification (see above) and the selected
procedure of structural frame analysis and design. Eurocode 3 considers three simplified joint
modellings (simple, continuous and semi-continuous) according as the effects of joint behaviour on
the analysis can be neglected or no. The appropriate type of joint modelling should be determined
from the Table 3.1.
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METHOD OF GLOBAL
CLASSIFICATION OF JOINT
ANALYSIS
Elastic Nominally pinned | Rigid Semi-rigid
Rigid-Plastic Nominally pinned | Full-strength Partial-strength
Rigid and partial strength
Elastic-Plastic Nominally pinned | Rigid and full-strength | Semi-rigid and partial strength
Semi-rigid and full-strength
TYPE OF JOINT MODEL Simple Continuous Semi-continuous

Table 3.1 : Type of joint model

So, in the global analysis, the joint behaviour can be replaced by (Fig. 3.4) :
- ahinge, for the simple modelling ;
- arotational spring, for the semi-continuous modelling [10] ;
- ainfinitely rigid and resistant rotational spring, for the continuous modelling.

Type of joint ) ) . . Double-sided .
Single-sided configuration . . Beam splice
model configuration
] il
il i
S==moE HTEEEE et gt~
Simple IR i £5%
me=es e = L i
i H e oo ] ot i
i 1
T
Continuous t } - “"_"1- “"““‘
::-:::-:E ['"‘"::';:: --'..':::::.v'r."""-{
. :: :::::::n. ';-':::::" —-——= _:::'_'T"_ - == ==
Semi- I i | @
. " H ik !
continuous i SRESSN ILESSE225 —=z=z===flkszaszz =0
i i i
1l i il

Figure 3.4 : Local joint modelling

In the global structural analysis, the hinge or spring which models the joint is assumed to be
located at the intersection of the axes of the connected elements.
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3.4 Simple joint modelling

The design rules in this guide are given for joints which are assumed not to transmit bending
moments. Thus, the joints should be modelled by a hinge. Unfortunately, a lot of joints which are
traditionally considered as a hinge don't fulfilled the stiffness and/or strength limitations required
by Eurocode 3 for nominally pinned joints. In front of that situation, what to do?

Two different attitudes may be adopted :

- According to the Eurocode 3 requirements, the joint is modelled by a rotational spring
and is therefore considered as semi-rigid (what it is in reality). Its rotational stiffness,
design bending resistance and shear resistance have to be evaluated and the actual
properties of the joint have to be explicitly taken into consideration in the frame and
joint design and analysis process. This approach is the more scientifically correct one
but it requests more complex calculations in the global analysis and in the joint design.

- Despite its actual properties, the joint is considered as a hinge and the design rules
presented in this present booklet for simple joints can be applied, but under some strict
conditions in order to ensure the safe character of the approach. The global analysis
and the joint design are more simple in this case as they are based on a common hinged
approach.

If the second option is chosen, the joint is assumed not to transmit bending moments but it's
not true in the reality. Bending moments develop actually into the joints which are designed only to
resist to shear forces. This is potentially unsafe and is of course not basically acceptable at first
sight.

But a careful examination of this problem allows anyway to conclude to the safe character
of the "hinge assumption" if the two following requirements are fulfilled :

- the joint possesses a sufficient rotation capacity ;
- the joint possesses a sufficient ductility.

The first requirement relates to the rotational capacity that the joint should have, in order to
"rotate" as a hinge, without developing too high internal bending moments.

The second requirement is there to ensure that the development of combined shear and
bending forces into the joint is not leading to brittle failure modes (for instance, because of a
rupture of a bolt or a weld). In other words, the design of the joint should be achieved to allow
internal plastic deformation instead of brittle phenomena.

If this two requirements (sufficient rotation capacity and ductility) are fulfilled, it can be

demonstrated that to consider an actually semi-rigid joint as a nominally pinned one, is safe for
design purposes and, in particular, for the evaluation of :

16
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- the frame displacements :
the stiffness of the actual structure is always greater than the considered one, and all
the actual displacements are therefore lower than the calculated ones ;

- the plastic failure loading :
as the actual bending strength of the joint is higher than the considered one (equal to
zero), the first order plastic resistance of the frame is higher than the one evaluated on
the basis of a hinge behaviour ;

- the critical loading of linear elastic instability :
the transversal stiffness of the actual structure is larger than the one of the structure
with nominally pinned joints, and the rotational restraints at the end of the columns in
the actual structure are higher than these calculated with a hinge assumption ; this
ensures the safe character of the hinge assumption as far as global and local instability
are concerned ;

- the elastic-plastic phenomena of instability :
the actual stiffness of the structure is greater than the considered one but the actual
solicitations are more important than these acting on the structure with nominally
pinned joints ; nevertheless, experimental studies ([14] and [15]) show that the hinged
approach is safety.

For further explanations, see [10].

In this guide, the design recommendations refer to the so-called "hinge model" and specific
design requirements ensuring this safe character are presented for each of the considered
connection types.

3.5 Summary of design requirements

In this booklet, the internal forces in the joint are determined by a structural analysis based
on a simple "hinge" modelling joint. The hinge is assumed to be located at the intersection of the
axes of the connected elements. As a result of this structural analysis, the maximum applied shear
force and rotation in the joint, respectively Vsq and f required, are obtained.

From the geometrical properties of the joint and the mechanical properties of its constitutive
materials, the available rotation capacity of the joint, f b1, can be estimated, as well as its design
shear resistance, Vrq. To ensure the validity of this approach, some ductility requirements have to
be satisfied and the available rotation of the joint has to be higher than the required one. Finally, the
joint will be considered as acceptable if the applied shear force is smaller than the design shear
resistance.

Sometimes, the evaluation of the resistance to tying forces is requested for robustness

purposes.
17
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4 Practical ways to satisfy the ductility and rotation
requirements

41 General principles

A simple joint is nothing else than an idealisation of the reality. Joints like those studied in
the present document undergo a significant internal rotation but transfer anyway a certain bending
moment. As explained above, to ensure the safety of the simple joint model, some requirements for
sufficient ductility and rotation capacity are necessary.

These requirements can be written for each considered connection type, in the form of
simple criteria based on the mechanical and geometrical characteristics of the different components
forming the connection.

The rotation capacity requirements provide to the hinge a sufficient rotation without
developing too significant bending moments which might adversely affect the members of the
structure. These criteria are often expressed as geometrical limitations.

The ductility requirements avoid the occurrence of brittle failures, especially in bolts and
welds, and buckling. Their derivation is more complex. In the "hinged" structural analysis, the joint
is assumed to be only subjected to a shear force. In the reality, a bending moment and a shear force
are acting simultaneously on the joint. In an "applied shear force — applied bending moment" graph
(Fig. 4.1), the evolution of the actual and idealised loading types can be represented by two paths.
The first is an horizontal one (Mgyq = 0) and the second an oblique one. The inclination of the actual
loading path depends on the relative stiffness between the joint and the connected elements.

Misa
A

'
: . > > Vs
Design loading path

Figure 4.1 : Loading paths

Note : For fin plate connections, two different cross-sections inside the joint have to be considered
separately. The first one is located at the external face of the supporting member ; while the
second is at the level of the bolt group centre.

The actual loading situation is different in these two sections, so leading to two distinct Mgy
— Vgq paths in the diagram shown on Figure 4.2.

18
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But if a "hinge" model is considered, the first section is assumed to transfer only shear
forces (Mgq = 0) while the second one, for sake of equilibrium, transfers the same shear
force Vg4 and a bending moment Mgy equal to Vg . z.

z is defined as the distance between the external face of the supporting element and the bolt
group centre.

Design loading path for the external
face of the supporting member

\Y
A

Design loading path for the
section of the bolt group centre

v Actual loading path for the external
P face of the supporting member
/ o7z _____ Actual loading path for the section

1 of the bolt group centre

> > VSd

Figure 4.2 : Loading paths for a fin plate connection

The design shear resistance of each component of the joint can be represented in a "shear
force — bending moment" graph. According as this resistance is influenced or not by the applied
bending moment, its representation will be a curve or a vertical line. An example of three failure
modes for a fin plate connection is given in Figure 4.3. The relative position between the different
resistance curves or lines depends on the geometrical and mechanical characteristics of the joint
components.

MSd

A Fin plate in shear
(gross section)

Fin plate in bearing |

Bolts in shear

> Vsa

Figure 4.3 : Design resistances for some components of a fin plate connection and
principle for the derivation of the shear resistance of the joint

In reality, the actual shear resistance, Vg,, could be defined at the intersection between the
actual loading path, in the appropriate cross-section, and the design resistance curves or lines of the
weakest components (Fig. 4.3). If a similar principle is applied to the design loading path, a design
shear resistance, Vgg, is then obtained.
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If the failure mode corresponding to the Vg, value is brittle, the design shear resistance is
seen as a full unconservative estimation of the joint resistance (Fig. 4.4 a). In fact, the only way to
reach the design shear resistance Vg, is to rely on a plastic redistribution of internal forces inside

the joint, as shown on Figure 4.4 b.

MSd

‘ Fin plate in shear
(gross section)

Fin plate in bearing | N /\/}/ Brittle failure

[ 7

‘f“ ! mssible

/ | redistribution

Bolts in shear

:,' of internal _~ \
“‘I;’ | forces - -~ I\
;L7 o
e : Vsa
! | \ -—
VRLI VR\I
a) Premature brittle failure
\Y, B¥
A Fin plate in shear
(gross section)
[
) | . Ductile failure
Bolts in shear | /Y

Fin plate in bearing ||
[ ] ! Possible S

| redistribution \/}
of internal .~ '\

) | forces~ - AN
[~ Vsa
! \ ‘ -—
V Ra V Rd

b) Possible plastic redistribution of internal forces
Figure 4.4 : Determination of the shear resistance of the joint

As a conclusion, the ductility requirements will aim to ensure that the move from the actual
to the design shear resistances may occur, as a result of a plastic redistribution of internal forces

inside the joint.

In the next paragraphs, the design requirements to be fulfilled to allow sufficient rotation
capacity and ductility are specified for all the connection types covered in the present booklet.
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With the aim to permit a rotation without increasing too much the bending moment which
develops into the joint, the contact between the lower beam flange and the supporting member has
to be strictly avoided. So, it's imperative that the height of the plate is lower than that of the
supported beam web (Fig. 4.5) :

hy £ dy

where d, is the clear depth of the supported beam web

If such a contact takes place, a compression force develops at the contact place; it is
equilibrated by tension forces in the bolts and a significant bending moment develops (Fig. 4.5).

Bending
moment
A
| | Tension/forcesin the bolts
Bending Contact between
I--l—> moment the supported beam
and the supporting
|--|-> element
Compression force | [7/]
Rotation
|
f available

Figure 4.5 : Contact and evolution of the bending moment

The level of rotation at which the contact occurs is obviously dependent on the
geometrical characteristics of the beam and of the header plate, but also on the actual deformations
of the joint components.

In order to derive a simple criterion that the user could apply, before any calculation, to
check whether the risk of contact may be disregarded, the following rough assumptions are made
(see Fig. 4.6) :

- the supporting element remains undeformed ;
- the centre of rotation of the beam is located at the lower extremity of the header plate.
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On the basis of such assumptions, a safe estimation (i.e. a lower bound) of the so-called

"available rotation of the joint" f ... may be easily derived :

f = t_P
available —
he
1:available
= 1
L fTT R T
/ \\i::\
T
h, | 7 dy| hy
/
/
h, ] +
i :\\\ 1 i
\\:i:\\ /
\\i::\\ /
-
1

Figure 4.6 : Geometrical characteristics of the joint and illustration of the
contact between the beam and the supporting element

This available rotation has to be greater than the "required rotation capacity" which varies
according to the structural system and loading. So, simple criterion ensuring the sufficient joint

rotation capacity may be written as :

favailable > frequired

For instance, the required rotation capacity, for a beam (length L and inertia /) simply
supported at its extremities and subjected to an uniformly distributed load (factored load g p at
ULS), writes:

frequired = gp L3
24 El

By expressing that f ,yailapie > frequired , a simple criterion ensuring a sufficient joint rotation

capacity may be derived. It writes:

t ap L’

— >3Ir -

h 24 El

e

Similar criteria may be derived for other load cases (Annexe 1).
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As already said, bending moments develop in the joint and, as a result, the bolts and the
welds are subjected to tension forces in addition to shear forces. The premature failure of these
elements which exhibit a brittle failure and which are more heavily loaded in reality than in the
calculation model, has therefore to be strictly avoided. Simple related criteria should therefore be
proposed.

Criterion to avoid premature bolt failure because of tension forces
In Eurocode 3, a criterion based on the T-stub approach ensures that a yield lines mechanism
develops in the plate before the strength of the bolts is exhausted (see [2]); its background is

given in [12].

According to this criterion, at least one of the two following inequalities (1) and (2) has to

satisfied :
d f
(1) —328 |2
t, £
d fycf .
2) — 328 for a supporting column flange
tcf fub
............................ for a supporting column or beam web
Note :
A specific criterion has to be established. This criterion
is expected to be satisfied by most of the supporting
webs because of their slenderness.
where
d is the nominal diameter of the bolt shank ;
t, is the thickness of the header plate ;
ter is the thickness of the supporting column flange ;

fip is the yield strength of the steel constituting the header plate ;
fyer is the yield strength of the steel constituting the supporting column flange ;
fub is the ultimate strength of the bolt.

Obviously, such a criterion does not ensure that the whole shear capacity of the bolt may be
considered when evaluating the shear resistance of the joint. When this requirement is satisfied,
it may be demonstrated :

- that the tension force in the bolts may amount 0,5 B, ., i.e. 50% of the design tension
resistance B rq of the bolts ;

[\S]
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- that, for such a tension force, the shear resistance only amounts 64% of the full shear
resistance of the bolts according to the EC 3 resistance formula for bolts in shear and
tension.

This looks at first side to be quite disappointing as the user tries to maximise the shear
resistance of the joint. Obviously, it may be argued that only the bolt located in the upper half
of the header plane are concerned by such a reduction, as the others are located in a
compression zone, and are therefore not subjected to tension forces. Anyway, a reduction of the
resistance of the joints when the "bolts in shear" is the governing failure mode is not welcome.

So finally a reduction is taken into consideration by multiplying the total resistance of the bolts
in shear by a factor 0,8 (i.e. a reduction factor of 0,64 for half of the bolts located in the upper
half of the header plate — 0,5.[1 + 0,64] » 0,8).

Criterion to avoid premature weld failure because of tension forces
An easy way to avoid the brittle failure of the web is to design the latter so that the failure
occurs by yielding in the beam web and not in the weld. A full-strength weld is therefore

recommended.

According to clause 6.6.5.3 and Annex M in Eurocode 3, the following rule may be applied to
estimate the weld resistance per unit length :

f
Vidamee M= 28 —2— (2 welds)
gMZ bw \/g
Standard and steel grade Correlation factor
EN 10025 EN 10210 EN10219 by
S 235
S235H S235H
S235W 0.8
2
S 275 S 275 H S275H
S 275 N/NL S 275 NH/NLH 0,85
S 275 NH/NLH
S 275 M/ML S 275 MH/MLH
S 355
S 355 N/NL S355H < 358531\51;?\1LH 0o
S 355 M/ML S 355 NH/NLH S 355 MH/MLH
S355W
S 420 N/NL
420 MH/MLH
S 420 M/ML 5420 / 1.0
S 460 N/NL
S 460 M/ML S 460 NH/NLH S 460 NH/NLH 1,0
S 460 MH/MLH ’
S 460Q/QL/QL1

Table 4.1 : Type of joint model
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The weld may be considered as full-strength if its resistance per unit length is higher than the
most important force per unit length which is acting in its vicinity on the beam web. This force
may be estimated by :

_ ybw
VRd,web - tbw

MO

Then the minimum value of the throat thickness to get full strength welds may be derived as
follows:

f
a> 05t b, 322 Sw

ubw gMO

But a less conservative approach may be followed by recognising, as in [13], that: “In
Eurocode 3 (Version of April 1990), it is stated that the requirement for full strength will be
satisfied if the design of the weld is not less than 80% of the design resistance of the weakest
of connected parts”.

By applying this principle to the present situation, the precedent equation becomes :

£
a> 0.4 toy, by 3 2 G2

ubw gM 0

and a significantly lower weld size is to be recommended (see Table 4.2).

Amin
Steel grade (EN 10025)
(9v2=1,25; guo=1,0) (9v2=1,25; guwo=1,1)
S 235 0,453 tyy 0,514 tyy
S 275 0,471 tyy 0,535 tyy
S 355 0,543 tyy 0,617 tyy

Table 4.2 : Minimum weld size according EC3 Annex M

If the rotation capacity and ductility requirements are satisfied, the two following quite

acceptable situations may occur (Fig. 4.7). For the first case (Fig. 4.7 a), the same failure mode is
obtained by following the actual and design loading paths. For the second case (Fig. 4.7 b), the

failure mode obtained with the actual loading path is enough ductile to permit a plastic
redistribution of internal forces to take place until the design shear resistance is reached.
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All these design requirements can be checked before any design calculation.

Msq A Plastic mechanism in the header plate

A
Beam web in shear
Bolts in shear
Header plate in shear (shear block)
Header plate in shear (net section)

Header plate in shear (gross section)
Supporting element in bearing

Vi

Design shear
resistance

a) one single failure mode

MSd A

Plastic mechanism in the header plate

— —_
= 5

S 2 =

= - o
o
. 3 o s =)
- Q S [5) o=
< 77} =1 o =
g ©n o @ <
7 = 73] = - Q
- | 8 |8 2 g <
S - T £/3 g

< =
] = ] 154 < =
= = <= (5] Q
= b |2 ) = g

) = - ©n
S |9 |2 = = 3
S |@ |E o = 2]
aa] ) < L &n
= = < =}
= [ = B=!
o I o =
A 5T |8
2 I~ b=l =
= > 5] 5
B jan 2 ©n

fos] T

V sd

Design shear
resistance

b) Different failure modes

Actual loading path
Design loading path

Figure 4.7 : Possible failure modes for a header plate connection
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With the aim to permit a rotation without increasing too much the bending moment which

develops into the joint, the contact between the lower beam flange and the supporting member has
to be strictly avoided. So, it's imperative that the height of the fin plate is lower than that of the

supported beam web (Fig. 4.8) :

hy £ dy

where d, is the clear depth of the supported beam web

If such a contact takes place, a compression force develops at the contact place ; it is
equilibrated by tension forces in the welds and in the plate, and additional shear forces in the bolts.

Shear |forces in the bolts
L —
Bending
e moment
f—

Compression force \

Bending
moment

A

Contact between
the supported beam
and the supporting
element

Rotation
>

f available

Figure 4.8 : Contact and evolution of the bending moment

The level of rotation at which the contact occurs is obviously dependent on the

geometrical characteristics of the beam and of the fin plate, but also on the actual deformations of

the joint components.

In order to derive a simple criterion that the user could apply, before any calculation, to

check whether the risk of contact may be disregarded, the following rough assumptions are made

(see Fig. 4.9) :

- the supporting element and the fin plate remain undeformed ;

- the centre of rotation of the beam is located at the gravity centre of the bolt group.
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On the basis of such assumptions, a safe estimation (i.e. a lower bound) of the so-called

"available rotation of the joint" f ... may be easily derived :

.2

- if z> (Z-gh)2+§i+ho

2 G
f available =" ¥ "
- else:
e )
c Tooe ¢
. z - z- -
favailable = arCSlng > - arctgg En N
ah 0 . P4
2 p = - -
g (Z-gh) +§7+he— - 82 eﬂ
8 9 @
f available f available
o 4
T 5 Centre of
h _ Centre of o o " rotation
P 9 " rotation | db hb o e /O/
]
o o 0
h. T gl
il gh U Zz
i —t
Z
I

Figure 4.9 : Geometrical characteristics of the joint and illustration of the
contact between the beam and the supporting element

This available rotation has to be greater than the "required rotation capacity" which varies
according to the structural system and loading. So, a simple criterion ensuring the sufficient joint
rotation capacity may be written as :

> f

f available required
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As explained previously, the design shear resistance of the joint may be reached, as a result
of a plastic redistribution of internal forces between the different components of the joint. It
requires that no local brittle failure mode or instability develop during this redistribution. The
failure modes which could prevent for an eventual redistribution of internal forces are, for fin plate
connections : the bolts and the welds in shear on account of their brittle nature, and the buckling of
the fin plate which is not ductile in terms of plastic redistribution.

Criterion to avoid premature weld failure because of tension forces

A similar criterion as the one established for the header plate connection, may be written.
Consequently, the requirement is :

f
a>0,4tpwa/§ —p Gwa

up gMO

The values of the correlation factor by, are given in Table 4.1. This requirement can be checked

before any design calculation.

Criterion to permit a plastic redistribution of internal forces between the "actual” and
"design" resistance points

(D First, the attainment of the design shear resistance should correspond to a ductile mode.
The failures by bolts in shear or buckling of the fin plate are therefore excluded. A first
criterion can be written :

min( Va1 ; Vra7) > Vra
where Vgg: 1S the shear resistance of the bolts ;

Vra7 1s the buckling resistance of the fin plate ;
Vra s the design shear resistance of the connection.

2) Secondly, the "actual" resistance point has also to correspond to a ductile mode (so, no
bolts in shear or buckling of the fin plate). According to the failure mode obtained by
the design rules, different criteria can be written :

Failures by bolts in shear or buckling of the fin plate :

Excluded by the first criterion (1).
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All the other failure modes :

For one vertical bolt row, at least one of this two inequalities has to be satisfied :

Fohorra £ min (Fyra; Va7 D) for the beam web

Fohorra £ min (Fyrg; Vra7 D) for the fin plate

For two vertical bolt rows, at least one of this three inequalities has to be
satisfied :

2 2
=S (0] e (0]

max ( 12(a2+b2); 1 . yE @ T 4G b +  for the beam web
FV,Rd VRd7 ng,ver,Rd ﬂ ng,hor,Rd ﬂ

[S]

2 Ny
& 0 e 0
max ( 12(a2+b2); L yET & =,¢ b +

_ : for the fin plate
F ra Via7 ng,ver,Rd g ng,hor,Rd g

. 2 2
Vras £ min(————— Fipq; g Vra7)

3 a’+b’

3) Lastly, during the redistribution process, the "bolts in shear" failure mode should not
be met. To avoid that, simple criteria can be written :

Failures by bolts in shear or buckling of the fin plate :

Excluded by the first criterion (1).

Failures by fin plate or beam web in bearing :
If the two first criteria (1) and (2) are fulfilled, no additional criterion is
necessary.
All the other failure modes :
Vra1>min ( Va2 ; Vrag)
where Vg4 1S the shear resistance of the bolts ;

Vra2 is the bearing resistance of the fin plate ;
Vras 18 the bearing resistance of the beam web.
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The expressions of all the terms used in the above-mentioned requirements are given in the part
"Design sheets for fin plate connections" of the present booklet.

The criteria (1), (2) and (3) can be only checked after the evaluation of the design shear
resistance of the joint.

For further explanations about the derivation of these requirements, see [10].

The behaviour of a web cleat connection may be considered as the combination of the
header and fin plates connections behaviours. The design rules and requirements for a safe
approach may be simply deduced from those established for the two previous connection types.

They will be deduced from the previous requirements for header and fin plate connections
in a revised version of this document.
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5 Geometry of the three connection types

5.1 Symbols
For the bolts :
n Total number of bolts
A Nominal area of a bolt
Aq Resistant area of a bolt
d Nominal diameter of a bolt shank
doy Diameter of a bolt hole

fup Ultimate strength of a bolt

fip Yield strength of a bolt

For the welds :
a Throat thickness of the welds
b, Correlation factor for the evaluation of the weld resistance

For the supporting and supported elements :

t Thickness of the supporting plate (t.; and t.,, for respectively a column flange and
web, t,,, for a beam web)
tw Thickness of the supported beam web

Ay,  Gross shear area of the supported beam
Apyvnet Net shear area of the supported beam

fu Ultimate strength of a steel element (index bw for beam web, ¢f and cw for
respectively column flange and web)
fy Yield strength of a steel element (index bw for beam web, ¢f and cw for

respectively column flange and web)

Safety coefficients :
Ovio Partial safety factor for steel sections ; it is equal to 1,0

Ovi2 Partial safety factor for net section at bolt holes, bolts, welds and plates in
bearing ; it is equal to 1,25

Loading :

A Shear force applied to the joint

Resistance :

Vra Shear resistance of the joint
F,ra  Design resistance in shear

(8]
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5.1.2  Particular notations for header plate connections

N, N

-

IiT

pé' €25 pz' P2 Cas
€1 (S
® ® b @ © D
p pt
b S} b D b b
P p:
el S} %) el © & © @D
. m, e m, €
AL ALY A—
Figure 5.1 : Header plate notations

h, Height of the header plate
t, Thickness of the header plate
A, Gross shear area of the header plate
At Net shear area of the header plate
fip Yield strength of the header plate
n; Number of horizontal rows
n, Number of vertical rows
e Longitudinal end distance
e Transverse end distance
p1 Longitudinal bolt pitch
P2 Transversal bolt pitch
mp Distance between the bolt columns and the toe of the weld connecting the header

plate to the beam web (definition according to prEN 1993 — Part. 1.8)
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=
=]

> p

vnet

n;
ny
€
5]
Cib
Cap
P1
p>2

Civ

ot Lt
|
Civ ‘
€1 €1
@) O
P! ﬁ a P ﬁ a
Qavity cg%tre
jU pr °
of bolt gryup
p p
@)
€1 €1
€2

Figure 5.2 : Fin plate notations

Height of the fin plate
Thickness of the fin plate
Gross shear area of the fin plate
Net shear area of the fin plate

Yield strength of the fin plate

Number of horizontal rows

Number of vertical rows

Longitudinal end distance (fin plate)
Transverse end distance (fin plate)
Longitudinal end distance (beam web)
Transverse end distance (beam web)
Longitudinal bolt pitch

Transverse bolt pitch

Moment of inertia of the bolt group

(O8]
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5.1.4 Particular notations for cleat web connections

tc
6/
€2y C2p Cas ezzs'
+ @ €is S H+ ©
pis
4 @ ® +m D
pis
= @ es S M D
7 €ass
—
tc
6/

Cabb P2b €26 €28 P2s '
s s S

Cis

+ D D © © %
Pis

= & & & D ¢
Pis

=+ O D eis © © ¢

1 © ©
=t & O

- © &

€228

Lz |, Coss
Figure 5.3 : Web cleat notations
h, Height of the cleat
te Thickness of the cleat
A, Gross shear area of the cleat
At Net shear area of the cleat
Supported beam side :
dgp Nominal diameter of a bolt shank
dosy Diameter of a bolt hole
ny Total number of bolts
Ny Number of horizontal rows
Ny, Number of vertical rows
b Longitudinal end distance (cleat)
e Transverse end distance (cleat)
P Longitudinal bolt pitch
P2 Transverse bolt pitch
€2bb Transverse end distance (beam web)

;

Cibb

Civb

Cibb

Cibb
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Cibb

Longitudinal end distance (beam flange)
Lever arm

Moment of inertia of the bolt group

Supporting element side :

Pis

Coss
€225

Nominal diameter of a bolt shank
Diameter of a bolt hole

Total number of bolts

Number of horizontal rows

Number of vertical rows

Longitudinal end distance (cleat)

Transverse end distance (cleat)

Longitudinal bolt pitch

Transverse bolt pitch

Transverse end distance (supporting element)

Longitudinal distance between the inner bolt column and the beam web
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5.2 Geometrical requirements

The design rules may only be applied if the positioning of holes for bolts respects the

minimum spacing, end and edge distances given in the following table (Eurocode 3 requirements).

Maximum 2 2 3)
, Structures made of
Distances and Structures made of steels according to EN .

) o steels according to
spacings, Minimum 10025 except steels acc. to EN 10025-5 EN 100255
see figure 5.4

g Steel exposed to the | Steel not exposed to
Steel used
weather or other the weather or other
. o unprotected
corrosive influences | corrosive influences
The 1 f
End distance ¢, 1,2 dy 4t + 40 mm © larger o
8¢ or 125 mm
End distance e, 1,2 dy 4t + 40 mm
Spacin )94 The smaller of The smaller of The smaller of
paciis b1 “ % 1 144 0r 200 mm 147 or 200 mm 144,y or 175 mm
Spacin had The smaller of The smaller of The smaller of
Paciig p 29 1 144 0r 200 mm 147 or 200 mm 144, or 175 mm

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

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

2) The local 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 to be checked if pi/¢ is smaller then 9 e 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.

3) tis the thickness of the thinner outer connected part.

Table 5.1 : Minimum spacing, end and edge distances

€2

Direction of

A

load transfert

& &
W W
R
faa faa
P P

Figure 5.4 : Symbols for end and edge distances and spacing of fasteners
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6 Design sheets

6.1 General

The forces applied to joints at the ultimate limit state shall be determined according to the
principles in EN 1993-1-1. Linear-elastic analysis is used in the design of the joint.

The resistance of the joint is determined on the basis of the resistances of the individual
fasteners, welds and other components of the joint.

6.2 Design sheet for connections with a header plate
6.2.1 Requirements to ensure the safety of the approach

To apply the design rules established in the section 6.2.2 of this document, all the following
inequalities have to be satisfied.

(1) h, £ dy
t
(2) h_P > f required
3 If the supporting element is a beam or column web :

d f, . .
—3 28 |— OR criterion to establish
t, £,

If the supporting element is a column flange :
d It d fye
—328 |2 OR — 38 [
tp fub tcf fub

£
@) a>04tyby, 3 22 S

ubw gMO

(b, is given in Table 4.1)
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Bolts in shear :

(D The factor 0,8 takes the design shear resistance reduction due to the presence of actual
tension forces into account. The explanation of this reduction is given in the part
"Practical ways to satisfy the ductility and rotation requirements" (4.2.1.2).

2) The shear force applied to the joint, is assumed to be equally distributed between the
different bolts.

Header plate in bearing :

(1) The shear force applied to the joint, is assumed to be equally distributed between the
different bolts.
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FAILURE MODE

VERIFICATION

Bolts in shear

Vra1=0,8nFyrq

where the shear plane passes through the threaded
portion of the bolt :

A = A, (tensile stress area of the bolt)

- for4.6,5.6 and 8.8 bolt grades :
ay =0,6

- for4.8,5.8, 6.8 and 10.9 bolt grades :
av = 0,5

where the shear plane passes through the unthreaded
portion of the bolt :

A (gross cross area of the bolt)
av=0,6

(according Table 3.4 in prEN 1993 Part. 1.8)

Header plate in bearing

VRrd2 =10 Fprd

B k, a, fup dtp

Fora =
Oz

f
where abzmin(e—‘; B l; b ou 1,0)

d, ~ 3d, 4

up

k =min (2,8°2-17:14P2.17.25)
d d

0 0

(see Table 3.4 in prEN 1993 Part. 1.8)




Supporting member in bearing :

(D When the supporting element is a column flange, €5/ 3d, is greater than one.
Vo Vo
E €25 E P2 es

Cis — Cis —

D ® ® p: ® o ® o

[ ° oo oo

pr (] ° pr oo oo

€is — Cis —
A A

2) When the supporting element is a column web, e/ 3dy and (2,8 e,s /dy — 1,7) are
respectively greater than one and 2,5 (because of the presence of the column flanges).

P
Cis E—— Cis ——
D o o p: [ BN ) ® o
® ® ® ®
1 1
p [ ) [ ) p [ BN ) [ BN )
eis E—— eis ——
flanges

3) When the supporting element is a beam web, (2,8 e,s /dy — 1,7) and eis / 3dy are
respectively greater than 2,5 and one (because of the presence of the beam flanges).

Cas Cas Cas P2 P2 €
%/ /% ,,,,,, .
[ J [ J [ B J [ I
p p
[ ] [ ] e e e e
p p:
[ ] [ ] ﬂanges [ I e e
—— | ———
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Supporting member in
bearing

Vra3=nFpra

k,a, f, dt
Fb,Rd =1 7b "w ¥~
Oz

when the supporting element is a column flange :

t= tcf

fu = fucf

1
a, = min b2 ;=2 ou1,0)
3d, 4 f,
ki =min (1422172852 _17.25)
d, d,

when the supporting element is a column web :

€= tey
fu:fucw
£
ay=min (P - L. e g0,
3d, 4 f,

K, =min(1,4z—2- 1,7:2.5)

0

when the supporting element is a beam web :

t:tbw
fu:fubw
f
ab=min(p—1- l; - o5u 1,0)
3d, 4 f,

K, =min(1,4z—2- 1,7:2.5)

0

The formula as it is written here applies to major axis beam-
to-column joints (connection to a column flange), to single-
sided minor axis joints and to single-sided beam-to-beam
joint configurations. In the other cases, the bearing forces
result from both the left and right connected members, with
the added problem that the number of connecting bolts may
differ for the left and right connections. The calculation
procedure may cover such cases without any particular
difficulty. It could just bring some more complexity in the
final presentation of the design sheet.
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Header plate in shear : Gross section

O O

(D) The factor 1,27 takes into account the reduction of the shear
resistance, due to the presence of a bending moment. For further © Q ©
explanations, see [10]. o o

Header plate in shear : net section

* *

? ;/LNetsections&\; g? o
& it i
& 3 E
* *

Header plate in shear : shear block

(D) According as the fin plate is long or not, the effect of the eccentricity of the applied
shear force relative to the bolt group centre has to take into account or not in the
evaluation of the shear block resistance.

2)

|
|

H Ot a

¢ !

Ant

AHV AHV

r
|
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Header plate in shear : 2h t f
Gross section VRas=—-" -+ (2 sections)
127 3 g,
Header plate in shear : f
Net section Vras=2A . — (2 sections)
3 O0wx

with Av,net = tp ( hp — do)

Header plate in shear :

Shear block

VRrd6 =2 Fetrrd

ifh,<1,36 pp,andn; > 1:

fupAnt
Fettra = Fop g = 0.5 +—f

Oz \/5 " mo

else :

f A

— ~up” "nt 1 nv

Feftra = F =
5 eff ,1,Rd yp
gM2 \/g gMO

with P2 = p forn, =2

= p'+p2 forn,=4

A, = net area subjected to tension

- for one bolt vertical row (n, =2) :

A =t, ( d°)
1’1: e__
t P 2 2

- for two bolt vertical rows (n, =4) :

dO
Am=tp(p2+ez—37)

A,, = net area subjected to shear
=tp(hp—€:1 —(Ill —0,5) do)

(see clause 3.10.2 in prEN 1993 Part. 1.8)

(2 sections)
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Header plate in bending :
(1 When the header plate is long, the effects of the bending moment in the central section

become predominant and reduce its shear resistance (Vrq7 < Vra4). The evaluation of
the bending effects is thus necessary.

Beam web in shear :

(D) The area of the beam web which transfers the applied shear force to the joint is equal to
tpw multiplied by h,,.
tbw
I Resistant 7
N section /™
bl of the web © @
+ & @ hy
—+ © @
—
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Header plate in bending - ifh, 3 1,36 px:
VRra7 = ¥
else :
2w, f
VRd 7= el yp
(py - t,) Ou,
2
with P2 = p forn, =2
= Pt forn,=4
2
— t hp
el 6

Beam web in shear £
VRdg = tow h Y

* gy, V3

(clause 5.4.6 in Eurocode 3)

Shear resistance of the _ 8
joint Ve =min Vea
i=1
NOTE :

The design shear resistance of the joint can only be considered if all the design requirements
(section 6.2.1) are fulfilled.
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NOTES :

(D) The evaluation of the tying resistance of the joint is made at the Ultimate Limit State.

2) The determination of the applied tying force needs some further researches. It will be
specified in a revised version of this document.
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FAILURE MODE

VERIFICATION

Bolts in tension

Nul =n Bt,u

with : B,=1f, A

S

Header plate in bending

Nuo2=min ( Fppu1 ;5 Fapu2)

(8 np -2 ew) leff.p.t,l Inu.p

th,u,] =
2m n, -e, (m, +n)
Fh , = 2 leff.p.t,Z mu.p +n Bt.u np
p.u,
m, +n;
where n,=min (e ;1,25 m,)
2
5 fup
n'lu.p -
4
1eff.p1 = 1ef£p2 = hp
(usually safe wvalue ; see EC3 — table with effective
lengths for end plates, case “Bolt-row outside tension
flange of beam” — for more precise values ; the effective

lengths given in the table have however to be multiplied by
a factor 2 before being introduced in the two above-written
expressions)

Supporting member

bending

in

Nu3:

See prEN 1993 — Part. 1.8 for column flanges.
See published reference documents for other supporting members
(for instance [12])

Beam web in tension

Nys=tyh, f

ubw

Welds

The full-strength character of the welds is ensured through
recommendations for weld design given in the design sheet for shear
resistance.

Tying resistance of the

joint

4

Nu = In__ilnNul
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6.3 Design sheet for connections with fin plate

6.3.1 Requirements to ensure sufficient rotation capacity

The two following inequalities has to be fulfilled.

()  hy£dy
(2) f available > f required
where :
ah &
ifz> (Z' gh)2 +§—p+hei :
2 (%]
f available =" ¥ "
else :
& 6
¢ -
walple = aresing z *_ arotgG-2 Bh
G h 62 + (;hp on
le-afegrens &
8 2 4] ﬂ

6.3.2 Requirements to avoid premature weld failure

The following inequality has to be fulfilled.

f
a>04t,b, V3 22 w2

up gMO

(by is given in Table 4.1)
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Bolts in shear :

(D The shear force acting on the bolts results from :
- the applied shear force Vg4 which is assumed to be equally distributed between
the different bolts ;
- and the bending moment Mgy which is assumed to be equal to the shear force
multiplied by the distance z between the bolt group centre and the external face
of the supporting element.

gravity centre of
the bolt group
|
\
O O O
O O
MSd VSd VSd MSd VSd VSd
o O
v
O o O
—] |
V4 Y4
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FAILURE MODE VERIFICATION
Bolts in shear forny,=1:
n F
Vrai = R
& 6z O
Em+Dp, 5
forny,=2:
F
Vea1 = R
62 62
= t—1x o+ g B, (n1'1)i
21 a3 a9
with :
I=— p%%m(nf—l) p
a, f, A
Fv,Rd_ s
Ouz

where the shear plane passes through the threaded portion of
the bolt :

A = A, (tensile stress area of the bolt)

- for 4.6, 5.6 and 8.8 bolt grades :
av=0,6

- for4.8,5.8, 6.8 and 10.9 bolt grades :
ay=0,5
where the shear plane passes through the unthreaded portion
of the bolt :
A (gross cross area of the bolt)

ay = 0,6

according Table 3.4 in prEN 1993 Part. 1.8
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Fin plate in bearing :

(1 The bearing force acting on the fin plate results from the applied shear force Vg4 and
the bending moment Mgy.

2) The resultant bearing force which is acting on the fin plate can be split into two forces,
a horizontal one and an other vertical one.

Fin plate in shear : Gross section

(D The factor 1,27 takes into account the reduction of the shear resistance, due to the
presence of a bending moment. For further explanations, see [10].

Fin plate in shear : Net section
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Fin plate in bearing

1
VRa2=
el 0
; 2
¢,787 ®p 0
¢C— +§7:
éFb,ver,Rd B Fb,hor,Rd ]
%)
forny,=1:
- a=0;
_ 6z
p, n(n+1)
forny,=2:
z
_ a= ZP2.
I 2
z n, -1
- b=> = P:-
1 2
. n 1
with I=—Lpi+—n(n/-1)p;
2 6
. :k1 a, fupdtp . :k] a, fupdtp
b,ver,Rd b,hor,Rd
gMZ gM2
where where
ay=min( e . p 1. fp o) f@=minCe P Lo fe 0)
3d, ~ 3, 4°f, ad, ~3d, 4 f,
ky :mm(z,sz—z- 1,7;1,45—2- 17:2.5) kp=min(yee0 5,0 15.,5)
0 0 0 0

(see Table 3.4 in prEN 1993 Part. 1.8)

Fin plate in shear : h t £
Gross section Vegs = —2 P
1,27 \/§ Ao
Fin plate in shear : ¢
Net section Vegsa = up

Avne =
V3 g

with

Av,net = tp ( hp -1 dO)
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Fin plate in shear : Shear block

(1 The applied shear force is acting with an eccentricity at the bolt group centre.
)
:‘ :‘
AI]\ % AI]\
A]ll Anl
Fin plate in bending :
(1) When the fin plate is long, the effects of the bending moment become predominant and

reduce its shear resistance (Vrqs < Vra3). The evaluation of the bending effects is thus
necessary.

Buckling of the fin plate :

(D The buckling is due to the compression stresses which develop in the lower part of the
fin plate under the action of the bending moment.
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Fin plate in shear : | Vrgs = Fefrora
Shear block
05f, A, 1 A
Fatora = — T fo —
Oz 3 Omo
with A, = net area subjected to tension
- for one bolt vertical row (n, =1) :
d,
Ant:tp(GZ_ 7)
- for two bolt vertical rows (n, =2) :
d,
Ant:tp(p2+62—3_)
2
A, = net area subjected to shear
=tp(hp—e] —(n] —0,5) d())
(see clause 3.10.2 in prEN 1993 Part. 1.8)
Fin plate in bending - ifh, 3 2,73 z:
Veas = ¥
else :
— Wel fyp
Vs
z mo
t h’
with w, =2+
6
Buckling of the fin W, S
plate Vegr = P
z o
t h’
where w, =22+
6
.2
0
s = 81 GL27T 235
g




Beam web in bearing :

(1 The bearing force acting on the beam web results from the applied shear force Vg4 and
the bending moment Mgy.

2) The resultant bearing force which is acting on the beam web can be split into two
forces, a horizontal one and an other vertical one.

Beam web in shear : Gross section
(D For the standard hot-rolled I and H sections, the shear area is equal to :

Apy =Ap—2 by tor + (tow T2 1) tor

where Ay area of section
by width of section
tor flange thickness

tow web thickness
Iy radius of root fillet
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Beam web in 1
bearing Vras = | >
e 0
¢, 3% @ p o
R T
éFb,ver,Rd : Fb,hor,Rd ]
%)
forny,=1:
- a=0;
6z
- b= .
p, n(n+l)
forny,=2:
z
- a = — p_2 ;
I 2
z n -1
- b=-— P:-
1 2
. n 1
with I =—1p§+— nl(nlz—l) p]2
2 6
— k1 ab fubw d tbw —_ k1 ab fubw d tbw
Fb,ver,Rd - Fb,hor,Rd -
gM2 gMZ
where where
ab:min(&_l- fu_bou 1.0) ab:rnin(ei;&-l;f‘—‘boul,O)
3d0 4’ b ’ 3d, 3d, 4 ubw
kj=min (ygesn 17,1402 17,25) ki=minGa B yy i)
0 0 0
Beam web in shear : f,
Gross section Vedo = Ay \/_L
3 Gwo
(clause 5.4.6 in Eurocode 3)
Beam web in shear : f
. — ubw
Net section Veao = b,v,net \/——
3 0w,
with  Apynet = Apy— 01 dg thy
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Beam web in shear : Shear block

(1 The applied shear force is acting with an eccentricity at the bolt group centre.
)
v T [ V% R
| o ||
An\ } A“\ @] } (@)
\ \
\ © \
| |
Ant e Am N |
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Beam web in shear : vV - F
Shear block RATET Tefl2Rd
0,5 f,, A, 1 A
Feff,Z,Rd = = ubw W + T fbe
gMZ 3 gMO
with A, = net area subjected to tension
- for one bolt vertical row (n, = 1) :
d,
A = tow (€2 — 7)
- for two bolt vertical rows (n, = 2) :
d,
A=t (p2tem—3—)
2
A,, =net area subjected to shear
=tpw (e T (ny—1)p1—(n;—0,5)do)
(see clause 3.10.2 in prEN 1993 Part. 1.8)
Shear resistance of 11
the joint Vra = min Vra
i=1

NOTE :

The design shear resistance of the joint can only be considered if all the design requirements
(sections 6.3.1, 6.3.2 and 6.3.4) are fulfilled.
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All the following inequalities have to be satisfied.

(D) Vra <min( Vgq1; Vra7)

2) Form,=1:

Fonorra £ min (Fyrg; Vra7 D) for the beam web
OR
Fonorra £ min (Fyra; Vra7 D) for the fin plate
Forn,=2:
ae 6 e 8
max ( 12(a2+b2); ! 5 )£§ a T +G b T for the beam web
Fv,Rd VRd7 1:b,vcr,Rd Q ng,hor,Rd ﬂ
OR
ae § e 8
max ( 12(a2+b2); 1 > )£§ a T 4G b T for the fin plate
Fv,Rd VRd7 1:b,vcr,Rd Q ng,hor,Rd ﬂ
OR

. 2 2
Vras £ min(—————— Fipq; E Vra7)

3 a’+b’

(3) MOI'GOVCI', if VRd = VRd 39 VRd 49 VRd 59 VRd 69 VRd 9y VRd 10 Or VRd 11, this following
inequality has to be checked :

Vga1>min ( Vraz; Vrasg)
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NOTES :

(D) The evaluation of the tying resistance of the joint is made at the Ultimate Limit State.

2) The determination of the applied tying force needs some further researches. It will be
specified in a revised version of this document.
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FAILURE MODE

VERIFICATION

Bolts in shear

F ,=a, f, A

where the shear plane passes through the threaded
portion of the bolt :

A = A (tensile stress area of the bolt)

- for 4.6, 5.6 and 8.8 bolt grades :

a, =0,6
- for4.8,5.8, 6.8 and 10.9 bolt grades :
a.=0,5

where the shear plane passes through the unthreaded
portion of the bolt :

A (gross cross area of the bolt)
ay = 0,6

Fin plate in bearing

Nu 2=1n Fb,u, hor

with :
Fb,u,hor = kl ab fup d tP

where

3d, ~3d, 4 f

up

k; = min ( 2,82_1- 1,7;1,43—‘- 1,752,5)

0 0

Fin plate in tension :

Gross section

Nus=tyhy

Fin plate in tension :

Net section

Nus4=0,9 Anet,p fup

with :
Anet,p = tp hp — d() n; tp
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Beam web in bearing

Nuys=n Fb,u, hor

with :
Fb,u,hor = k1 ab fubw d tbw

where

a,=min ( 2 . P2 _

B

1
d, 3d, 4 f

ubw

k1=min(1,4z—1- 1,7:2,5)

0

fub

ou 1,0)

Beam web in tension :
Gross section

Nu 6= tbw l'lbw f

ubw

Beam web in tension :
Net section

Ny7= 0,9 Anet,bw f

ubw

with :
Asetbw = tow how — do 0y thy

Supporting member in
bending

Nu8:

See prEN 1993 — Part. 1.8 for column flanges.

See published reference documents for other supporting members

(for instance [12])

Welds

The full-strength character of the welds is ensured through
recommendations for weld design given in the design sheet for shear

resistance.

Tying resistance of the
joint

8

N, :m_ilnNui

6.4 Design sheet for connections with web cleats

To complete in a revised version of this document.
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7 Worked examples

7.1 Header plate connection

Main joint data

Configuration
Column

Beam

Type of connection
Header plate

Detailed characteristics

Column HEA 200, S235

Depth

Thickness of the web
Width

Thickness of the flange
Root radius

Area

Inertia

Yield strength
Ultimate strength

Beam IPE 300, S235

Depth

Thickness of the web
Width

Thickness of the flange

<
[\
o

IPE300

Beam to column flange

HEA 200 S 235
IPE 300 S 235

Header plate connection

230x200x 10, S 235

yc

o]

C

tor

€1
-1 O O
P1
— O O
p1
1 O O
e
| |
ezl P2 lez
190.00 mm
6.50 mm
200.00 mm
10.00 mm
18.00 mm
53.83 cm?
3692.16 cm®
235.00 N/mm?
360.00 N/mm?
300.00 mm
7.10 mm
150.00 mm
10.70  mm
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Root radius
Area
Inertia

Yield strength
Ultimate strength

Header plate 230 x 200 x 10, S 235

Vertical gap
Depth
Width
Thickness

Direction of load transfer (1)

Number of bolts rows
Edge to first bolt row distance

Pitch between bolt row 1 and 2
Pitch between bolt row 2 and 3

last bolt row to edge distance

Direction perpendicular to Load transfer (2)

Number of bolts rows
Edge to first bolt row distance

Pitch between bolt row 1 and 2

last bolt row to edge distance

—

p—

i
fub

ny
S8
Pim

P12
Cin

last bolt row to edge distance (column flange)

Yield strength
Ultimate strength

Bolts M20, 8.8

Resistant area
Diameter of the shank
Diameter of the holes
Yield strength
Ultimate strength

Welds

Throat thickness of the weld
Length of the weld

Ay

n,
€21
p2
€on
Cas

15.00
53.81
8356.11

235.00
360.00

35.00
230.00
200.00

10.00

235.00
360.00

245.00
20.00
22.00

640.00

800.00

4.00
230.00

N/mm?
N/mm?

mm

45.00 mm
70.00 mm
70.00 mm
45.00 mm

50.00 mm
100.00 mm
50.00 mm
50.00 mm

N/mm?
N/mm?

mm
mm
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Safety factors

1.00
1.25

Ovo
Ov2

Applied shear force

VSd =200 kN

Rotation requirements

(1) b, £ dy
h, = 23000 mm
d, = h—-2t— 2r
= 300.00-2 10.70 -2 15.00 =248.60 mm
® ok
2 f avaitable > frequiea  We suppose that this requirement is fulfilled.

Ductility requirements

If
(1) i 328 |2
t, £,

d/t, = 2.00
£/ fp = 0.29
® 2003 152 ok

f
@) a® 04ty by 3 2292 351y

ww  Imo
tow = 7.1 mm
fow = 235.00 N/'mm?
fiow = 360.00 N/mm?
b, =0.80

a =4.00 mm ® ok
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Bolts in shear

VRdl = 0,8 n Fv,Rd: 451.58 kN

n =6
Fira=av A fip/ 0z =94.08 kN
a, =0.6

A = Ay =245.00 mm?
fw  =800.00 N/mm?

Header plate in bearing

VRdZ =n Fb,Rd: 58909 kN

n =6
Fb,Rd: k] dyp d tp fup / Oz = 98.18 kN
a, =min(a;,a;,as,1)=0.68

a =€ / 3d0 =0.68
ar =P /3(10- 1/4=0.81
a; = fy/f, =222

ki, =min(2.8 e/ do—1.7;2.5)
= min(4.66 ; 2.5) = 2.5

d =20.00 mm
=10.00 mm
fi, = 800.00 N/mm?
fipy  =360.00 N/'mm?*

ot
e=}

Column flange in bearing

VRd3 =n Fb,Rd =700.36 kN

n =6

Fore= ki @pd ter fuer/ Quo = 116.73 KN
a =min(@,, a,, 1)=0.81
a, =pi/3dy-1/4=0.81
a, =1/ fr=222
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k1 = 1’1’111’1(28 () / d() -1.7 5 25)
— min(4.66 ; 2.5)=2.5

d =20.00 mm
ter =10.00 mm

fw  =800.00 N/mm?
fuer  =360.00 N/mm?

Gross section of the header plate in shear

VRd4 = 2 FV,Rd = 49144 kN

Fura= A, £,/ (1,27 /3 Guo) = 245.72 kN
A, =h, t, = 23.00 cm?
£, = 235.00 N/'mm?*

Net section of the header plate in shear

VRd 5= 2 Fv,Rd =545.39 kN

FV,Rd = Av,net fup / (\/g g\/lz ) =272.69 kN
Av,net = ( hp -1 do ) tp =16.40 cm?
h, =230.00 mm

n = 6
dg =22.00 mm
t, =10.00 mm

f,» = 360.00 N/mm?

Shear block of the header plate

VRd6 =2 FefﬁRd: 577.40 kN

1,36 p,' = 136.00 mm

1'1]:3

® h,>1,36p,
® n, > 1

Ferra = Fettira = fup Anc/ Gz + By Ane/ (/3 Guo ) = 288.70 kN

A

=1, (e - dy/2 ) = 390.00 mm?

t, =10.00 mm
e; =50.00 mm
dy =22.00 mm

=t,(h,— e —(n;—0.5) do )= 1300.00 mm?
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n = 3
h, =230.00 mm
e; =45.00 mm

f,,  =235.00 N'mm?
fp,  =360.00 N/mm?

Header plate in bending

Vra7=¥
h, =230.00 mm
136p,=1364mm  ®  h,>136p,

Beam web in shear

Vras = Fyra=221.56 kN

Fv.Rd = Av fybw / (\/§ g\/l(]) =221.56 kN
A, = h, ty, = 16,33 cm?
fyow = 235.00 N/mm?

Joint shear resistance

Shear resistance of the joint ~ Vpg  =221.56 kN

Failure Mode: Beam web in shear
Applied shear force: V4 =200 kN
Shear resistance: \%Y =22156kN b Design O.K.
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Bolts in tension

Nu1= 1By, =1176.00 kN

n==o6

B, = f, A,=196.00 kN
A, =245.00 mm?
Fu = 800.00 N/mm?

Header plate in bending
Nu 2= min ( th,u,l ) th,u,2 ) = 684.69 kN

eff.p.t,1 1’nu

&n -2e )1
@n, «) P =852.83 kN
2m,n -e, (m, +n)

th,u, 1=

21 m +nB, n
eff.p.t,2 Myp P — 684.69 kKN

th,u,Z = +
mP n p

n==6
m, = (p2' —ty—2x0,822%)/2=41.925mm

n, =min (e, ; 1,25 m, ) =min ( 50 ; 52.4 ) = 50.00 mm
2

p fuP
my, = 2 =9000.00 N mm/mm

Lestpr = Legep2 = hy = 230.00 mm
ey = 37.00 mm

Supporting member in bending (column flange)
Nyo2=min ( Fegu 5 Fegup ) = ...

B @ng-2e,) e My _
Fcf,u,l - = ...

2mcf ncf - ew (mcf +ncf)

_ 2l Myt B 0y _
Fcf,u,Z - = ...
mcf + ncf

n==6

me= (P2 —tew—2x0,81.)/2=32.35mm

nee=min ( € ; 1,25 m, ) = min ( 50 ; 40.438 ) = 40.438 mm
2

my = % =9000.00 N mm/mm

leff.cfl = ...

59






European recommendations for the design of simple joints in steel structures.

1eff_cf2 = ...

ey =37.00 mm

Comment : More resistance than for the header plate (higher 1. values and smaller values of m
and n).

Beam web in tension

Nug=tyh, £, =587.88 kN

ty = 7.10 mm
h,=230.00 mm
fupw = 360.00 N/mm?

Welds

Conditions for full-strength behaviour of the welds are fulfilled

Joint tying resistance

Tying resistance of the joint N, =587.88 kN
Failure mode : Beam web in tension
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IPE 300
:‘

Main joint data

Configuration
Column

Beam

Type of connection
Fin plate

Detailed characteristics

Column HEA 200, S235

Depth

Thickness of the web
Width

Thickness of the flange
Root radius

Area

Inertia

Yield strength
Ultimate strength

Beam IPE 300, S235

Depth
Thickness of the web
Width

HEA 200

7.2 Fin plate connection

Beam to column flange
HEA 200 S 235

IPE 300 S 235

Fin plate connection
230x 110x 10, S 235

—

Y

—

uc

tbw =

be

190.00
6.50
200.00
10.00
18.00
53.83
3692.16

235.00
360.00

300.00
7.10
150.00

¢

eZ ezb

N/mm?
N/mm?

mm
mm
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Thickness of the flange tor
Root radius r
Area A
Inertia I
Yield strength fip
Ultimate strength fup

Fin plate 230 x 110 x 10, S 235

Vertical gap gv
Horizontal gap (end beam to column flange) g,
Depth h,
Width b,
Thickness tp

Direction of load transfer (1)

Number of bolts rows n
Edge to first bolt row distance e =
Beam edge to first bolt row distance b
Pitch between bolt row 1 and 2 Py =
Pitch between bolt row 2 and 3 Pip =
last bolt row to edge distance €1n

Direction perpendicular to Load transfer (2)

Number of bolts rows n,
Edge to first bolt row distance €y =
last bolt row to beam edge distance € =
Lever arm z
Yield strength fip
Ultimate strength fup
Bolts M20, 8.8

Resistant area Aq
Diameter of the shank d
Diameter of the holes doy
Yield strength fip
Ultimate strength fu

10.70
15.00
53.81
8356.11

235.00
360.00

35.00
10.00
230.00
110.00
10.00

45.00
80.00

70.00
70.00

45.00

50.00
50.00
60.00

235.00
360.00

245.00
20.00
22.00

640.00

800.00

mm
mm
cm?

cm

N/mm?
N/mm?

mm
mm

mm

mm

mm

mm

N/mm?

N/mm?

N/mm?
N/mm?
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Welds
Throat thickness of the weld a, = 500 mm
Length of the weld l, = 230.00 mm
Safety factors
Owo = 1.00
9\/12 = 1.25
Applied shear force
Vgq =100 kKN
7.2.2  Requirements to ensure sufficient rotation capacity
(D) h, £ d,
h, = 230.00 mm
db = h-2 tor — 2r
= 300.00 -2 10.70 —2 15.00 =248.60 mm
® ok
2 f avaitable > frequiea  We suppose that this requirement is fulfilled.

7.2.3  Requirements to avoid premature weld failure

f
a>0,4tpwa/§ e G _ 4.52 mm

up gMO
t, =10.00 mm
fy,  =235.00 N/'mm?

fip  =360.00 N/'mm?*
b, =0.80

a=5.00 mm ® ok

63






European recommendations for the design of simple joints in steel structures.

Bolts in shear

n Fde
Vra1 = : = = 173.28 kN
& 6z O
I + giz
n+)p, u
n =3
z = 60.00 mm
Fira=avA fun/ O =94.08 kN
a, =0.6

A =A;=245.00 mm?
fw  =800.00 N/mm?

Fin plate in bearing

1

VRdz = > =192.59 kN
el o)
¢-*taz x p g
¢ = +§ T
éFb,ver,Rd : Fb,hor,Rd ﬂ
4]
n =3
a =0
1/n =1/3
b -—— 0% o
p, n(n+1)

Forave = ki @pd t, fi/ Guo=98.18 kKN
a, =min(a;,a;,a;,1)=0.68
a, =e;/3dy=0.68
a, =p;/3dy—-1/4=0.81
a; =fu/f,=2.22

ki =min(2.8e/do—1.7;2.5)
= min (4.66 ;2.5)=2.5

Fb,Rd,hor = k1 dyp d tp fup / Oz = 109.09 kN
ab =min (a] ,a.2 , 1):075

a; =e/3dy=0.75
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a, =fy/f,=222

ki =min(28e /do—1.7;1.4p /do—1.7;2.5)
— min (4.03;2.75:2.5)=2.5

d =20.00 mm
=10.00 mm
fi, = 800.00 N/mm?
fip  =360.00 N/'mm?

ot
e=}

Gross section of the fin plate in shear

Viras = Ay £ / (1.27 /3 guo) = 245.72 kN

A,=h, t,=23.00 cm?
f,p = 235.00 N/mm?

Net section of the fin plate in shear

Va4 = Aynet fup / (V3 Gz ) =272.69 kN

Av,net: ( hp — 1 d() ) tp =16.40 sz
h, =230.00 mm

n = 3
dg =22.00 mm
t, =10.00 mm

f,» = 360.00 N/mm?

Shear block of the fin plate
VRd 5= Feff,z,Rd =232.54 kKN
Fetora = 0.5 fup Au/ Gtz + Fp Ane/ (V3 G0 ) = 232.54 kN

Aw  =t,(e;-dy/2)=390.00 mm?

t,  =10.00 mm
e; =50.00 mm
dy =22.00 mm
A, =t,(h,—e;—(n;—0.5)dy)=1300.00 mm?
n =3
h, =230.00 mm
e; =45.00 mm
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f,,  =235.00 N'mm?
fp,  =360.00 N/mm?

Fin plate in bending
h,=230mm 3 2,73 z=163,8 mm

Vwae = ¥

Buckling of the fin plate

\W% S
Vrg7= —% —— =776.97 kN
4 Omo
t, h
Wa= p =88 166.67 mm?
aa 0
= 81 g : = 528.75 N/mm?
(%]
Beam web in bearing
1
VRdg = > =146.19 kN
el 0
¢ ta+ 4 b

O

¢n= +§ T

éFb,ver,Rd = Fb hor,Rd @
%]

n =3

a =0

1/n =1/3

b -— %% s
p, n(n+1)

Foraver = Ki @pd tow fupw / Ovz = 82.88 kN

a, =min(a;,a,,1)=0.81
a = P1 /3d0— 1/4 =0.81
ds = ub/fubw:2-22

k1 =min (28 €y / d() -1.7 N 25)
=min (4.66 ;2.5)=2.5
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Foranor = ki @p d tow fupw/ Oz = 77.45 kN
a, =min(a;,a,,1)=0.75
a, =ey/3dy=0.75
a, =fu/fpw=222

ki,  =min(l.4p,/dy—1.7;2.5)
=min (2.75;2.5)=2.5

d =20.00 mm

tyw = 7.10 mm

fi, = 800.00 N/mm?
fiow = 360.00 N/mm?

Gross section of the beam web in shear

Virao = Apy fyow / (73 Guo) = 348.42 kN

Ap,=25.68 cm?
fyow = 235.00 N/mm?

Net section of the beam web in shear

VRa10 = Avanet Tupw / (V3 Qv ) = 349.11 kN

Apynet = Apy — 101 dg thw =21.00 cm?
Apy=25.68 cm?
n =3
dy =22.00 mm
tyw = 7.10 mm
fipw = 360.00 N/mm?

Shear block of the beam web

VRdll = Feff’z’}{d: 198.82 kN

Fettora = 0.5 fuw Anc/ G2 + Fyow Any/ (73 Guo ) = 198.82 kKN
Ay =ty (€ - do/2)=276.9 mm?
tow = 7.10 mm
ex = 50.00 mm
dy =22.00 mm
Ay =tw(ept+tm—1)p—(n—0,5)dy)=1171.50 mm?
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n =3

p1 =70.00 mm

e, =45.00 + 35.00 = 80.00 mm
fyow  =235.00 N/mm?
fiow = 360.00 N/mm?

Joint shear resistance

Shear resistance of the joint ~ Vg = 146.18 kN
Failure Mode: Beam web in bearing

(1)  Vra<min( Vra1; Vra7)

Vi = 146.18 kKN

min( Vrq1; Vra7) = 178.28 KN
Vra1 = 17828 kKN
Vra7=776.97 kKN

® ok.

2 m=1:
Fbhorra £ min (Fyra; Vra7 D)

Va7 =776.97 kKN
Fora=94.08 kKN

for the beam web :
Fb,hor,Rd = 7745 kN

b=043
min ( Fyrq; Vra7 D) =min (94.08 ; 334.09 ) = 94.08 kN
® ok.
One of the two inequalities is satisfied. ® ok.
(3) VRd = VRd 8 ® ok.
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7.2.6  Design check

Applied shear force: Vg4 =100 kN
Shear resistance: \%Y =146.18kN b Design O.K.
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Bolts in shear

Nui= nFy,=352.80 kN

n=3

F..=a, f, A=117.60 kN
A=A, =245.00 mm?
ay =0,6

Fin plate in bearing

Nu2 =1 Fou hor = 409.09 kN

n=3
Foone =k, @, f,, dt ,=136.36kN

ab = min (a1 ,ay 1):075

a = ez/ 3d0 =0.75
a, = fu/f,=222

ki =min(28e /do—1.7;1.4p /do—1.7;2.5)
— min (4.03;2.75:2.5)=2.5

d =20.00 mm
=10.00 mm
fi, = 800.00 N/mm?
fip  =360.00 N/'mm?

ot
e=}

Fin plate in tension : gross section

Nus=t,hy £, = 828.00 kN

Fin plate in tension : net section
Nus=0,9 Aperp fup =531.36 kN

Avep = t, hy —do 0y t, = 1640.00 mm?
n; = 3
h, =230.00 mm
t, = 10.00 mm
dy=22.00 mm
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Beam web in bearing

Nus =1 Fou hor = 290.45 kN

n=3
Fyoner =Ky @, fip, dt,,=96.82kN
a, =min(;,a,,1)=0.75
a; =ey/3dy=0.75
a, =fu/ fipw=2.22

k; =min (1.4p;/dy—1.7;2.5)
=min (2.75;2.5)=2.5

d =20.00 mm

tow = 7.10 mm

fi, = 800.00 N/mm?
fiow = 360.00 N/mm?

Beam web in tension : gross section

Nues = tow hpw £, =587.88 kN

ubw

Beam web in tension : net section

Nu 7= 0’9 Anet,bw f

ul

.. =37727kN

Anet,bw = tbw hbw - dO n tbw =1 16440 mm?
tpw = 7.10 mm

hpy =230.00 mm

n = 3
dy=22.00 mm

Supporting member in bending

Welds

Conditions for full-strength behaviour of the welds are fulfilled
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Joint tying resistance

Tying resistance of the joint N, =290.45 kN
Failure mode : Beam web in bearing
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9 Annexe 1 : Practical values for f cquired

System of loading Minax f required
_oML
A 6EI
M
B >M QML
g fB:'
3EI
N PL £ 9PL
4 " 16E1
p
2 3
pL iQPL
8 24E 1
, / 2PL A 180EI
L } 943 _ 8gPL’
b 180 E I

where

Q - =

is the elastic modulus of the material whose the beam is formed ;

is the second moment area of a beam ;
is the span of a beam (centre-to-centre of columns) ;

is the loading factor at ULS.






