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FOREWORD

This publication is one of a series of “Green Books” that cover a range of steelwork connections. This
publication provides guidance for nominally pinned joints that primarily carry vertical shear and, as an accidental
limit state, tying forces, designed in accordance with Eurocode 3 and its UK National Annexes.

This publication is cited in the UK National Annex: joints designed in accordance with the principles within this
publication can be classed as nominally pinned without calculation.

A companion publication (published in 2012) covers moment-resisting joints.

Guidance for nominally pinned joints designed in accordance with BS 5950 is available in publication P212
Joints in Steel Construction; Simple Connections.

The major changes in scope compared to P212 are:

e Double angle cleats are omitted from the current publication, as it was felt they are not commonly used
in the UK.

e A new full depth end plate (i.e. welded to both flanges) has been introduced, which offers a significantly
increased tying resistance compared to a partial depth end plate.

e The tying resistance of partial depth end plates is calculated using Eurocode provisions. The revised
design model results in an increased tying resistance compared to P212.

BS EN 1993-1-8 has clear definitions for connections and joints: the terms ‘joint’ and ‘connection’ refer to the
zone where members are interconnected and to the location where elements meet, respectively. In this
publication, the distinction in terminology is not emphasised and “connection” is used more generally, reflecting
traditional practice in the UK.

This publication was produced under the guidance of the BCSA/SCI Connections Group, which was established
in 1987 to bring together academics, consulting engineers and steelwork contractors to work on the
development of authoritative design guides for steelwork connections.
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1 INTRODUCTION

1.1 ABOUT THIS PUBLICATION

This publication provides procedures for designing
joints in steel-framed structures in accordance with
BS EN 1993-1-8!"l and its accompanying National
Annex®  and with BS EN 1993-1-181 and its
National Annex.Connections between UK Beams
(“universal beams”) and UK Columns (“universal
columns”) using non-preloaded and preloaded bolts
are included. Connections between UK Beams and
hot finished structural hollow section columns using
the Flowdrill and Hollo-Bolt systems are also
included. Design procedures are provided for:

(a) Beam to beam and beam to column
connections

e  Partial depth end plates
e  Full depth end plates
e Fin plates

(b) Column splices

Bolted splices, which may be cover plate or
end plate type.

(c) Column bases
Steel plates welded to column shafts.

(d) Bracing connections

General guidance is provided for connections
between bracing members and main members,
via a gusset plate. Typical details are shown.

(e) Special connections

General guidance is given on special
connections, where, for example, members do
not align on a common centreline, align at
different levels or at an angle.

Steel grades

This publication covers steel conforming to BS EN
10025-2" and BS EN 10210,

Within this publication, reference is only made to the
strength designation; the sub-grade is required for a
complete specification.

Design procedures

Individual design procedures are included for all
connection components. The procedures commence
with the detailing requirements (joint geometry),
then present the checks for each stage of the load
transfer through the connection including welds,
plates, bolts and the section webs or flanges as
appropriate. The resistance checks on sections,
welds and bolts are all based on Eurocode 3.

The design guidance for hollow section columns is
restricted to hot finished structural hollow sections.

Resistance tables

Resistance tables for standard connections are
provided in the yellow pages of this guide.

The resistance tables have been arranged so that
the designer can simply select a connection and,
with the minimum of calculation, check whether it
has sufficient resistance.

Design examples

Worked examples illustrating the design procedures
and the use of resistance tables are included.

1.2 JOINT CONSIDERATIONS

Joint classification

According to BS EN 1993-1-8, nominally pinned

joints:

(1) should be capable of transmitting the internal
forces, without developing significant moments

which might adversely affect the members or
the structure as a whole and

(2) be capable of accepting the resulting rotations
under the design loads

In addition, the joint must:

(3) provide the directional restraint to members
which has been assumed in the member

design
(4) have sufficient robustness to satisfy the
structural integrity  requirements  (tying

resistance).

BS EN 1993-1-8 requires that all joints must be
classified; by stiffness, which is appropriate for
elastic global analysis, or by strength, which is
appropriate for rigid plastic global analysis, or by
both stiffness and strength, which is appropriate for
elastic-plastic global analysis.

Classification by stiffness: the initial rotational
stiffness of the joint, calculated in accordance with
BSEN 1993-1-8, 6.3.1 is compared with the
classification boundaries given in BS EN 1993-1-8,
5.2.2.

Alternatively, joints may be classified based on
experimental evidence, experience of previous
satisfactory performance in similar cases or by
calculations based on test evidence.



Introduction — Exchange of information

Classification by strength: the following two
requirements must be satisfied in order to classify a
joint as nominally pinned, based on its strength:

(1) the design moment resistance of the
connection does not exceed 25% of the design
moment resistance required for a full-strength
joint

(2) the joint should be capable of accepting the
rotations resulting from the design loads.

The UK National Annex to BS EN 1993-1-8 states
that connections designed in accordance with this
publication” may be classified as nominally pinned
joints.

All the standard connections given in this publication
may be classified as nominally pinned according to
the strength requirements. Care should be taken
before amending the standard details as the
resulting connection may fall outside the provisions
of the UK National Annex (UK NA). In particular:

e the rotation capacity of the standard fin plate
details have been demonstrated by test

e the thickness of the full depth end plates have
been limited to ensure the moment resistance is
less than 25% of a full strength joint.

Structural integrity

The UK Building Regulations require that all
buildings should be designed to avoid
disproportionate collapse. Commonly, this is
achieved by designing the joints in a steel frame
(beam to column, beam to beam, beam through
beam and column splices) for tying forces.
Guidance on the design values of tying forces is
given in BSEN 1991-1-7"1 Annex A, and its UK
National Annex®. The requirements relate to the
building Class, with a design value of horizontal
tying force generally not less than 75 kN, and
usually significantly higher. The full depth end plate
details have been developed to provide an
increased tying resistance compared to the partial
depth details.

Appendix A and Appendix B give information on the
behaviour and methodology for designing
connections to resist tying forces.

Connection types

The selection of beam end connections can often be
quite involved. The relative merits of the three
connection types included in this guide are
summarised in Table 1.1.

Composite floors

It is recognised that interaction with a composite
floor will affect the behaviour of a simple

" Strictly, the UK NA refers to P2120'6l, which accords with
BS 5950. All the principles within P212 have been
adopted in this publication; it is expected that the UK NA
will refer to the present publication in due course.

connection. Common practice is to design such
connections without utilising the benefits of the
continuity of reinforcement through the concrete
slab. However, Joints in steel construction:
Composite connections®, enables reinforcement
continuity to be allowed for in providing relatively
simple full depth end plate connections with
substantial moment resistance.

1.3 EXCHANGE OF INFORMATION

The design of the frame and its connections is
usually carried out in one of the following ways:

(1) The frame is designed by the Consulting
Engineer and the connections are designed by
the Steelwork Contractor

(2) The frame and the connections are designed
by the Steelwork Contractor

(3) The frame and its principal connections are
designed by the Consulting Engineer.

If the frame and connections are not designed by a
single authority, care must be taken to ensure that
design requirements for the connections are clearly
defined in the contract and on the design drawings.

The National Structural Steelwork Specification for
Building Construction!' gives guidance on the
transfer of necessary information. The following
items should be considered a minimum:

e a statement describing the design concept

e drawings, or equivalent electronic data, showing
the size, grade and position of all members
the design standards to be used
the forces required to be transmitted by each
connection

e whether the forces shown are factored or
unfactored

e requirements for any particular type of fabrication

detail and/or restriction on the type of connection
to be used.

14 COSTS
Simple connections are invariably cheaper to
fabricate than moment-resisting connections,

because they provide a significant degree of
simplicity and standardisation.

Giving specific guidance on costs is difficult, as a
Steelwork Contractor's workmanship rates can vary
considerably and are dependant upon the level of
investment in plant and machinery. However, the
main objective is to reduce the work content. The
material cost for fittings and bolts is small compared
with  workmanship costs. In a typical fabrication
workshop the cost of fabrication of connections may
be 30% to 50% of the total fabrication cost.



1.5 SUSTAINABILITY

Standardised connections are efficient in their
production. Steelwork Contractors can equip their
workshops with specialist machinery that will
increase the speed of fabrication, allowing them to
produce fittings and prepare the members much
more quickly than they would if the connection
configuration were different each time.

Introduction — Sustainability

The standardised details mean the steelwork is
straightforward to erect, which provides a safer
working environment for the steel erectors.

Due to the nature of most bolted joints, the
connections are demountable at the end of the
service life of the structure. The steelwork can be
dismantled, reused or recycled, therefore reducing
the environmental impact of the construction.

Table 1.1 Relative merits of beam end connection types
Partial depth end plate |Full depth end plate |Fin plate
Design
Shear resistance - percentage |Up to 75% 100% Up to 50%
of beam resistance Up to 75% with two vertical
lines of bolts
Tying resistance Fair Good Good
Special considerations
Skewed Joints Fair Fair Good
Beams eccentric to columns Fair Fair Good
Connection to column webs Good Good Fair
To facilitate erection, flange
stripping may be required.
Stiffening may be required
for long fin plates
(Figure 5.6)
Fabrication and treatment
Fabrication Good Good Good
Stiffening may be required
for long fin plates
(Figure 5.6)
Surface treatment Good Good Good
Erection
Ease of erection Fair Fair Good
Care needed for two- Care needed for two-
sided connections sided connections
Site adjustment Fair Fair Fair
Temporary stability Fair Good Fair
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1.6

MAJOR SYMBOLS

The major symbols used in this publication are listed below for reference purposes. Others are described
where used.

Av

do
el
e2

e2h
fy

fu

fub

hp

n

nz

Shear area of element
Effective throat of weld

Width of section (Subscript c or b refers to column or beam. Subscript 1 refers to supported beam and
subscript 2 refers to supporting element)

Depth of web between fillets or diameter of a bolt
Hole diameter

End distance

Edge distance

Edge distance on beam side

Yield strength of steel (Subscript c, b or p refers to column, beam or plate. Subscript 1 refers to supported
beam and subscript 2 refers to supporting element)

Ultimate tensile strength (Subscript ¢, b or p refers to column, beam or plate. Subscript 1 refers to supported
beam and subscript 2 refers to supporting element)

Ultimate tensile strength of the bolt
Tying force or resistance (subscripts Ed or Rd)

Depth of section (Subscript ¢ or b refers to column or beam. Subscript 1 refers to supported beam and
subscript 2 refers to supporting element)

Height of plate

Total number of bolts

The number of horizontal bolt rows

The number of vertical bolt rows

Bolt spacing (column bases)

Vertical bolt spacing for end plates, fin plates and column splices (‘pitch’)

Transverse distance between bolt centrelines in a fin plate connection

Transverse distance between bolt centrelines (gauge)

Root radius of section

Leg length of fillet weld

Thickness of flange

Thickness of web (Subscript 1 refers to supported beam and subscript 2 refers to supporting element)
Thickness of plate

Shear (Subscript Ed or Rd refer to design effect (force) or design resistance respectively)

Section modulus (Subscript el or pl refers to elastic or plastic modulus)

is the partial factor for the resistance of cross section (ymo = 1.0 as given in the UK NA to BS EN 1993-1-1)

is the partial factor for the resistance of members to instability assessed by member checks (m1 = 1.0 as
given in the UK NA to BS EN 1993-1-1)

is the partial factor for the cross-sections to fracture (used with fu) (2= 1.1 as given in the UK NA to
BS EN 1993-1-1) AND the partial factor for resistance of bolts, welds, ()2 = 1.25 as given in the UK NA to
BS EN 1993-1-8)

is the partial factor for the resistance of components when verifying structural integrity. No partial factor is
given in BS EN 1993-1-8. In this publication mu has been used. A value of ymu = 1.1 is recommended.

is the partial factor for slip resistance at ULS (m3 = 1.25 as given in the National Annex).



2 STANDARDISED CONNECTIONS

2.1 THE BENEFITS OF STANDARDISATION

In a typical braced multi-storey frame, the
connections may account for less than 5% of the
frame weight, and 30% or more of the total cost.
Efficient connections will therefore have the lowest
detailing, fabrication and erection labour content —
they will not necessarily be the lightest.

Use of standard connections, where the fittings,
bolts, welds and geometry are fully defined, offers
the following benefits:

e A reduction in the number of connection types
which:

— leads to a better understanding of their cost
and performance by all sides of the industry

— encourages the development of design aids
and computer software.

e The use of standard components for fittings
which:

— improves availability
— leads to a reduction in material costs
— reduces buying, storage, and handling time.

e The use of one property class and diameter of
fully threaded bolt in a limited range of lengths
which:

— saves time changing drills or punches in the
workshop

— leads to faster erection and fewer errors on
site

— leads to economy of bulk purchase.

e The use of small, single pass fillet welds which:
— avoids the need for any edge preparation
— reduces the amount of testing required.

In practice, steel structures can be complex and
there will be times when the standard connections
presented here are not suitable. However, even in
these cases, it will still be possible to adopt some of
the general principles of standardisation, such as
limiting the range of fittings, sections and bolt sizes.

Asummary of the recommended components
adopted for this publication is shown in Table 2.1.

Table 2.1 Recommended components
Component  Preferred Option Notes
Fittings Material of grade S275 — (see Table 2.2)
Bolts M20 8.8 Bolts, fully threaded — Some heavily loaded connections may
need larger diameter bolts
— Foundation bolts may be M20, M24, M30,
8.8 0or4.6
Holes Generally 22 mm diameter, punched or drilled — 26 mm diameter for M24 bolts
— 6 mm oversize for foundation bolts
Welds Fillet welds generally 6 mm or 8 mm leg length — Larger welds may be needed for some

column bases




Standardised connections — Components

2.2 COMPONENTS
Fittings

With the exception of column bases and some
components for heavy column splices, fittings may
be manufactured from standard flats or cut by
machine from larger plates. Table 2.2 lists the
recommended range of fitting sizes which have
been adopted throughout this publication.

It is recommended that all fitting material should be
S275. Other material grades should not be used
without demonstrating that the joint classification
remains nominally pinned.

Table 2.2 Recommended sizes of end plates and

fin plates
Fittings Location
Size Thickness End Plate Fin Plate
mm mm
100 10 °
120 10 °
150 10 ° °
160 10 °
180 10 ° °
200 12
Bolts

Structural bolting practice for both rolled section
members and hollow section members is based
predominantly on property class4.6 and 8.8
non-preloaded bolts used in 2 mm clearance holes.
Such bolts are specified in BS EN ISO 4014, 4016,
4017 and 4018,

The recommended option of M20 8.8 fully threaded
bolts is readily available. Property class 4.6 bolts
are generally used only for fixing lighter components
such as purlins or sheeting rails, when 12 mm or
16 mm bolts may be adopted. For holding down
bolts, see Section 7.2.

There may be situations, for example a column
splice subjected to large load reversals in a braced
bay, where the designer considers that joint slip is
unacceptable. In these cases property Class 8.8
preloaded bolts to BS EN 14399-3['2 should be
used.

The mixing of different bolt property classes in the
same diameter on any one project should be
avoided.

The determination of bolt shear resistance should
assume that the threads are in the shear plane. All
the resistance tables and examples in this
publication follow this assumption.

Fully threaded bolts

Common practice is to specify fully threaded bolts,
meaning one bolt size can be universally used for a
large number of connections. The use of M20, 8.8
fully threaded bolts 60 mm long is recommended.

Research!”™ has demonstrated that the very
marginal increase in deformation with fully threaded
bolts in bearing has no significant effect on the
performance of a typical joint. If additional
deformation might be of concern, the use of
preloaded bolts is recommended.

Bolting to square and rectangular hollow
sections

Bolted connections to square and rectangular
hollow sections using the Flowdrill, Blind Bolt or
Hollo-Bolt systems may also be standardised but
the layout of the fasteners may need revision to
accommodate larger holes (Hollo-Bolt) and the
proximity of the side wall of the hollow section.

For further information on the Flowdrill system, see
Appendix D and Tables G.58, G.59 and G.68.

For further information on the Hollo-Bolt system, see
Appendix E and Tables G.60, G.61 and G69.

For further information on Blind Bolts,
Appendix F and Tables G.62 and G63.

see

Holes

Normal practice is for holes to be punched or drilled
in members and fittings. Hole sizes should be as
follows:

e Bolt diameter (d) < 24 mm: d+2mm
e Bolt diameter (d) > 24 mm: d+ 3 mm
e Holding down bolts: d+ 6 mm

With slab bases thicker than 60 mm, the normal
clearance of 6 mm may need to be increased.

Holes of 22 mm or 26 mm can be safely punched
through grade S275 material up to 12 mm thick.
Further guidance on hole punching can be found in
the National Structural Steelwork Specification!'?).

Welds

All the welds used for connections in this publication
are simple fillet welds carried out by a metal arc
process in accordance with BS EN 1011-10'41,

2.3 GEOMETRY
Beam notches

Notching is normally required for beam to beam
connections to enable the supported beam to frame
into the web of the supporting beam (Figure 2.1).



Notches are generally fabricated with a radius at
the notch.

The notch length should provide a nominal
clearance of 10 mm from the edge of the supporting
beam flange and will vary depending on the width of
the supporting beam, but should be kept to a
minimum to avoid local stability problems.

Clearance generally 10mm
> < Standard top

notch depth

50mm

Single notched beam

Double notched beam

Supported

Supported beam beam

Supporting beam

Figure 2.1 Beam notches

Astandard top notch depth of 50mm s
recommended and is adequate for all but the largest
UKB and UKC sections. Specific notch dimensions
for a particular rolled section can be found in the
dimension tables in the yellow pages.

Flange trims

For some beam to column web connections, the
edges of the beam flanges may need to be trimmed
as shown in Figure 2.2. The dimensions given make
allowance for the beam to swing down into position
in the column web, clearing any bolt heads present
from beams already connected to the column
flanges. This extra fabrication can often be avoided
by the careful selection of beam and column sizes.

a
Column Beam

Figure 2.2 Flange trims

Column Flange trim (mm)

a b

356UC 240 190
305UC 195 160
254UC 150 135
203UC 110 110

152UC 70 85

Standardised connections — Geometry

Flange chamfers

When beams of different depths connect into
opposite sides of a column or beam web, the bottom
flange of the smaller beam may clash with the bolts
connecting the deeper beam. To avoid using special
fittings with non-standard bolt pitches, a bottom
flange chamfer can be used, as shown in
Figure 2.3.

This chamfer will give adequate clearance for
20 mm bolts at 90 mm or greater cross centres.

Vertical bolt layout

The recommended vertical bolt layout using M20
bolts adopted throughout this publication is shown in
Figure 2.4.

In the standard details, the tops of the partial depth
end plates and fin plates are located 50 mm below
the top of the beam, which for beams with a
standard notch, positions them flush with the top of
the notch. This leads to the first bolt row being set
down a constant 90 mm from the top of the beam,
which is generally the setting out point.

For the partial depth end plates and fin plates, a top
and bottom edge distance to the bolts of 40 mm has
been used. This complies with the 2d minimum
specified for fin plates in design procedure Check 1
(Section 5) and will prevent premature bearing
failure with M20 bolts.

The standard pitch of 70 mm which is recommended
in this publication has been found to be an optimum
solution which will satisfy most conditions. In
practice the benefits of using a standard layout will
far outweigh any possible savings that might come
from varying the pitch and omitting one or two rows
of bolts.

Bolt gauge

For UKB and UKC sections, the bolt gauge (cross
centres) has been set at 90 mm or 140 mm for end
plates. These dimensions are designed to provide
reasonable clearance for bolt access as well as
giving sufficient width for flexibility in end plate
connections.

The bolt gauge may have to depart from these
standard dimensions when connecting to the face of
a hollow section because the gauge should be at
least 0.3 x the hollow section face width.

Hollo-bolts

The recommended layout of Hollo-Bolts is given in
Figure 4.5.
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Bottom flange
stripped back

Section XX

Figure 2.3 Flange chamfers
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—1 11 clearance to the bottom bolt

Figure 2.4  Vertical bolt layout (beam end connections using M20 bolts)



3 BEAM TO BEAM AND BEAM TO COLUMN CONNECTIONS

3.1  INTRODUCTION

The design procedures which follow are suitable for
either hand calculation or for the preparation of
computer software.

Designing connections by hand can be a laborious
process and so a full set of resistance tables has
been included in the yellow pages of this
publication.

Verifying the strength of a nominally pinned joint
involves three stages:

(1) Ensuring that the joint is detailed such that it
develops only nominal moments which do not
adversely affect the members or the joint itself.
The joint should be detailed so that it behaves
in a ductile manner.

Identifying the load path through the joint
i.e. from the beam to the supporting member.

Checking the resistance of each component.

(2)
3)

For normal design there are ten design procedure
checks for all the parts of a beam to beam or beam
to column joint for vertical shear.

A further six checks are necessary to verify the
tying resistance of the joint. Beam to column
connections must be able to resist lateral tying
forces unless these forces are resisted by other
means within the structure, such as the floor slabs.

Table 3.1 summarises the design procedure checks
required for Partial Depth End Plates (PDEP), Full
Depth End Plates (FDEP) and Fin Plates (FP). The
design procedures are described in Sections 4.5,
Error! Reference source not found. and 5.5.

Table 3.1 Design procedure for beam connections - summary table

Design procedure checks PDEP FDEP FP

1 Recommended detailing practice

2 Supported beam Welds Bolt Group

3 Supported beam N/A N/A Fin plate

4 Supported beam Web in shear

5 Supported beam Resistance at a notch N/A Resistance at a notch

6 Supported beam Local stability of N/A Local stability of
notched beam notched beam

7 Unrestrained supported beam Overall stability of N/A Overall stability of
notched beam notched beam

8 Connection Bolt group Welds

9 Connection End plate in shear N/A N/A

10 Supporting beam/column
11 Tying resistance
12 Tying resistance
13 Tying resistance
14 Tying resistance
15 Tying resistance

16 Tying resistance N/A

Shear and bearing
Plate and bolts
Supported beam web
Welds
Supporting column web (UKC or UKB)
Supporting column wall (RHS or SHS)

N/A Supporting column wall

(CHS)

Note:

(1) Checks on the bending, shear, local and lateral buckling resistance of a notched beam section are included in
this table as it is usually at the detailing stage that the requirement for notches is established, following which, a

check must be made on the reduced section.



4 END PLATES

41 INTRODUCTION

Typical end plate connections are shown in
Figure 4.1. The end plate, which may be partial
depth or full depth, is welded to the supported beam
in the workshop. The beam is then bolted to the
supporting beam or column on site. Flowdrill or
Hollo-Bolts are used for connections to hollow
section columns.

End plates are probably the most popular of the
simple beam connections currently in use in the UK.
They can be used with skewed beams and can
tolerate moderate offsets in beam to column joints.

Figure 4.1 End plate beam to column and beam to
beam connections
4.2 PRACTICAL CONSIDERATIONS

Partial depth end plates

Normal practice is for partial depth end plates to be
welded to the beam web only, usually with modest
size fillet welds. In this publication, the welds are
sized to be full strength based on the web
thickness, as explained in Appendix C. The weld
should not be continued across the top and bottom
of the plate.

It is quite common, particularly with thinner plates,
to experience bowing of the plate due to weld
shrinkage. Moderate curvature of the plate in this
way should not be a problem as the joint will usually
be pulled together during erection as the bolts are
tightened.

10

Supported beam web

Bowing of end plate

Figure 4.2 Distortion after welding

Two sizes of end plate have been recommended for
use in this publication. A 150 x 10 mm flat with bolts
at 90 mm cross centres will generally be adequate
for beams up to 457 mm deep. For deeper beams,
a 200 x 12 mm flat is recommended with a 140 mm
bolt gauge.

In practice, there will be occasions when it is not
possible to adhere rigidly to the above guidelines.
For example, two-sided connections framing into a
beam or column web must clearly be detailed with a
common bolt gauge and large beams connecting
into a 152 UKC or 203 UKC column web will have
to be fitted with a narrower end plate.

According to BS EN 1991-1-771 all significant
buildings must resist a minimum tying force as
given in Annex A of that Standard. Although Class 1
structures have no minimum tying force, other
guidance!"™ recommends a minimum tying force of
75 kN even for Class 1 buildings. For other classes
of building, the tying force can be considerable.

The tying resistance of partial depth end plates may
be less than required. A thicker end plate will
generally increase the tying resistance, although
nominally pinned behaviour must be maintained.
The thicknesses recommended in this publication,

compared with thicknesses recommended in
P212l'1 are shown in Table4.1. The new
recommendations are 2 mm thicker than the

previous details. The increase in thickness does not
change the fundamental joint behaviour or affect the
joint classification as nominally pinned.



Table 4.1 Recommended end plate size

End plate connection Previous advice Current

from P212[16] advice
Ordinary, Blind Bolt or 150 x 8 150 x 10
Flowdrill bolts
Beams < 457x191UKB
Ordinary, Blind Bolt or 200 x 10 200 x 12
Flowdrill bolts
Beams > 457x191UKB
Hollo-Bolts 180 x 8 180 x 10
Beams < 457x191UKB
Hollo-Bolts 200 x 10 200 x 12

Beams > 457x191UKB

If the tying resistance achieved with partial depth
end plates is not sufficient to comply with the
structural integrity requirements, the designer is
advised to use a full depth end plate connection
(see next paragraph and the design procedures in
Section Error! Reference source not found.).
Simply specifying a thicker partial depth end plate
could result in a stiff joint with insufficient rotation
capacity to be classified as “nominally pinned”. In
S275 steel, end plates thicker than 12 mm do not
satisfy Eurocode requirements for rotation capacity
and cannot be classified as nominally pinned (see
Section 1.2).

Full depth end plates

End plates which extend the full depth of the beam,
and are welded to the beam flanges may also be
used, as shown in Figure 4.3.

In general, full depth end plates welded all around
the supported beam will provide an increased
resistance to tying and (where vertical resistance is
governed by web shear) an enhanced vertical
resistance compared to partial depth end plates.

,¢J -

Fillet weld to
web and flanges

Figure 4.3  Full depth end plate

If the recommended detailing rules given in Check 1
are followed, then a full depth end plate has
sufficient flexibility to be classified as a nominally
pinned joint. If a stiffer arrangement is provided, the
joint may become semi-rigid, when consideration
should be given to both the additional moment that

End plates — Practical considerations

may be transferred into the columns and to the
required rotation capacity within the connection.

However, research work has indicated that, at the
ultimate limit state, these additional moments are
redistributed back into the beams. This
phenomenon of moment shedding has been
researched at Imperial College, London!'! and at
The University of Sheffield!'®. This second study
highlights the situations where these moments may
safely be ignored.

Using the design rules given in Section 4.5, the
connection moment (which is indeterminate but
small) can be neglected.

Connections with thicker end plates are discussed
in another publication in this series, Joints in Steel
Construction: Moment-resisting joints to
Eurocode 3",

Erection

Connections with end plates have little facility for
site adjustment. To avoid the accumulation of
tolerances over a number of beams, a slightly
shorter beam with various thicknesses of packs
should be detailed at regular intervals, for example
every fifth beam of a continuous run. The number of
packs should be kept to a minimum (less than 4)
and allowance made for the reduction in shear
resistance of the bolts (clause 3.6.1(12) of BS EN
1993-1-8).

Difficulties can also be encountered on site with
two-sided connections, where a pair of beams
either side of a column web share a common set of
bolts. For larger beams it may be advisable to
provide some form of support during erection, as
shown in Figure 4.4.

Top bolt/bolts used for
erection purposes

Et
.

I

)
P

=+

=

mt—
|7
Erection landing cleat |
(larger beams) 1
|
|
J\_/\‘-

Figure 4.4  Erection aids
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4.3 RECOMMENDED GEOMETRY

The design procedures which follow set down a
number of recommended details that are intended
to achieve the required flexibility and ductility.

When detailing the joint, the main requirements are

as follows:

(1) in partial depth end plates, the end plate
should be positioned close to the top flange in
order to provide positional restraint to that
flange

(2) in partial depth end plates, the end plate depth
should be at least 0.6 x the supported beam

(3) the end plate should be relatively thin (10 mm
or 12 mm)

(4) the bolts should be at reasonable gauge (cross
centres) of 90 mm or 140 mm.

The first two requirements ensure that in cases
where the beam is laterally unrestrained, it can be
designed with a buckling length of 1.0 L. The last
two requirements ensure adequate flexibility and
ductility to classify as “nominally pinned joints”.

These requirements, together with the standard
geometry presented in Section 2, have been used
to create the ‘standard connection’ shown in

depth in order to provide the beam with Figure 4.5.
adequate torsional restraint
bp
b
I A ——
[ /%f ]
90 ’ 90 ‘ (=] ¢e1
P
¥ ¥ <
P P o
Py €
A N e1 {}
< €
I—
C?auge,;o3
Gauge,p,
Ordinary and Flowdrill bolts
Supported beam Recommended end plate size Bolt gauge

bp X tp ps3

Up to 533 UKB 150 x 10 90

533 UKB and above 200 x 12 140

Bolts: M20 in 22 mm diameter holes
End plate:

Vertical pitch p1=70 mm

End distance e1 =40 mm

Edge distance e2 =30 mm

S275, minimum length 0.6hv1 where hp1 is the depth of supported beam

Hollo-Bolts

Supported beam Recommended end plate size Bolt gauge
bp X tp ps

Up to 533 UKB 180 x 10 90

533 UKB and above 200 x 12 110

End plate:

Vertical pitch p1 =80 mm
End distance e1 =45 mm
Edge distance e2 =45 mm

S275, minimum length 0.6hp1 where hy1 is the depth of supported beam

Figure 4.5 Standard end plate connections



44 DESIGN
The full design procedure is presented in
Section 4.5.

The end plate has a vertical shear resistance of
around 50% to 70% of that of the beam for the
partial depth end plate and up to 100% for the full
depth end plate.

If the standard geometry shown in Figure 4.5 and
Table G.2 is adopted, it will be found that the
connection shear resistance is generally governed:

e For ordinary/Flowdrill bolts: either by shear in the
beam web, (Check 4) or shear in the bolts
(Check 8)

e For Hollo-Bolts: either by shear in the beam web
(Check 4) or shear in the end plate (Check 9)

The general behaviour of the connection is shown in
Figure 4.6. For partial depth end plates there are
basically two stages:

(1) the unhindered rotation of the connection until,

(2) the lower beam flange bears against the
support.

Structural integrity

As noted in Section 1.2, all buildings must satisfy
certain structural integrity requirements. For some
classes of buildings it will be necessary to check the
connection for tying forces determined from
BS EN 1991-1-7. The verification of the tying
resistance and vertical resistance are completed as
independent checks, not in combination. The
calculation of tying resistance generally involves
ultimate strengths, and it anticipates that irreversible
deformation of the connection components will take
place. BS EN 1993-1-8 does not provide a factor for
the resistance of elements under accidental actions.
mu is adopted and taken as 1.1 in this publication.

For connections to UKC flanges, the critical mode of
failure of partial depth end plates will be design
Check 11, the tension resistance of the end plate.
Use of a full depth end plate will generally increase
the tying resistance.

Although full depth end plate connections will be
stiffer than those with partial depth end plates, the
standard connections in this publication have been
shown to be classified as nominally pinned in
accordance with BS EN 1993-1-8.

Worked examples

Four worked examples are provided in Section 4.6
to illustrate the full set of design checks of
Section 4.5.

13

End plates — Design

Beam end slope and end
plate deformations are
exaggerated for clarity

Elevation

Plan
Behaviour of partial depth end plate
connections

Figure 4.6

Resistance tables

Resistance tables for standardised partial depth and
full depth end plates for S275 and S355 beams are
provided as shown in Table 4.2.

Table 4.2 Resistance tables for end plates

Partial depth Full depth
Ordinary & Hollo- Ordinary Hollo-
Flowdrill Bolt & Flowdrill Bolt
S275 G4 G.6 G.11 G.13
S355 G.5 G.7 G.12 G.14
Values of the connection shear and tying

resistances are tabulated together with simple aids
to check the necessary support thickness and the
beam notch (if applicable).

4.5 DESIGN PROCEDURES FOR PARTIAL

DEPTH END PLATES

The design procedures used in this publication are
in accordance with traditional UK design practice
and are based on the simply supported beam end
reaction.

The design procedures apply to beams connected
to a column flange, a column web, a supporting
beam web or to a rolled hollow section column.



End plates — Design procedures for partial depth end plates

/_\—/

n, rows
of bolts

Supporting
Column
(I or RHS

\f

Assumed line Of—)?
shear transfer

(face of column) 4

Check
Check
Check
Check
Check
Check
Check
Check
Check
Check
Check
Check
Check
Check
Check
Check

0o N o 0o b WODN -

N U O G N
o b~ WN -~ O 0©

Recommended detailing practice

Supported beam
Not applicable

Supported beam
Supported beam
Supported beam

Unrestrained supported beam

Connection

Connection

Supporting beam/column
Tying resistance

Tying resistance

Tying resistance

Tying resistance

Tying resistance

Not applicable
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n, rows
of bolts

Supporting
beam

<— Assumed line of
shear transfer
(face of web)

Ve

d

— Welds

— Web in shear

— Resistance at a notch

— Local stability of notched beam

— Overall stability of notched beam

— Bolt group

— End plate in shear

— Shear and bearing

— Plate and bolts

— Supported beam web

— Welds

— Supporting column web (UKC or UKB)
— Supporting column wall (Hollow section)



End plates — Design procedures for partial depth end plates

CHECK 1 Recommended detailing practice

Length of end plate,

he>0.6h,,

_— Bolt diameter, d

\?ﬁ s o o~
h, 1 y iii‘:\ Hole diameter, d
4‘,

do=d+2mmfor d < 24 mm
v A S do= d+3 mm for d > 24 mm
(for Hollo-Bolts see Table G.69)

Face of beam or < Plate thickness, t,
column (I or RHS) t,=10 mm or 12 mm Gauge, ps
90 mm < p3 < 140 mm

50 mm but

tf pot I and > ( + 1
10 mm clearance b2) bipr* Tor)

o

Supported beam

. Supported beam
(single notched)

(double notched)

\ Supporting beam /

Subscript 1 refers to the supported beam
Subscript 2 refers to the supporting member

Note:

The end plate is generally positioned close to the top flange of the beam (50 mm is recommended), to provide
adequate positional restraint. Plate length of at least 0.6hy1 is adopted to give adequate torsional restraint.

15




End plates — Design procedures for partial depth end plates

CHECK 2

Supported beam — Welds

-

|
Veq

Weld

Weld Weld
¥ 3 ¥
p N Single notched hy Double notched
beam beam
A 3 Y

|
Veg

Veq

Resistance of fillet welds connecting end plate to beam web:

where:
Basic requirement: ) ) )

a is the effective weld throat thickness
a > 0.40tw,b1 for S275 supported beam

= 0.7s (normally)
>

a > 0.48twb1 for S355 supported beam s is the weld leg length

See Appendix C for more details about the weld requirements.

16




End plates — Design procedures for partial depth end plates

CHECK 4 Supported beam — Web in shear

Critical length of web for shear

&

Shear resistance of the beam web at the end plate

m~

d d

where:
Basic requirement: i
v v Av is the shear area
<
o T e = 0.9hptupr *
. ) . tw,b1 is the thickness of the supported
Verda  is the design shear resistance of the supported beam web

beam connected to the end plate

fy,b1 /\/E

7 Mo

= VpiRd = Av

*

The factor of 0.9 is applied to rectangular areas as recommended in Access-Steel document SN014[2%,

17




End plates — Design procedures for partial depth end plates

CHECK 5

Supported beam — Resistance at a notch

Shear and bending interaction at the notch:

Basic requirement:
Vea x (tp + [h) <
MuyN R4

MuN,Rd OF My,pN,Rd

is the moment resistance of a single notched
supported beam at the notch in the presence of
shear

M, pnra is the moment resistance of a double notched
supported beam at the notch in the presence of
shear

For single notched beam:

For low shear (i.e. Ved < 0.5VpinRd)

_ FypiWany
MV,N,Rd -

7 Mo
For high shear (i.e. Ved > 0.5VpinRd)

2
_1]
For double notched beam:
For low shear (i.e. Ved < 0.5V;i,0n,Rd)

2Veyq

Mynrd =

VoiNRd

fy,b1 WeI,N,y 1 _
7 Mo

_ fy,b1 tw,b1

My.,pN,Rd (Mot —dpt —dpp )2

67 mo

For high shear (i.e. Ved > 0.5Vpi,0n,Rd)

fy,b1 tw,b1

2V,
MypNRd = _C7Ed

2
(Mot —dp —drp ) 1—[ —1J

6 7m0 VpI,DN,Rd

Where:
t

VplI,N,Rd

Av, N

Vp1,DN,Rd

Av,DN

t,01
tw,b1

ho1
ATee
WeI,N,y

is the end plate thickness

is the shear resistance at the notch
for single notched beams

AV,N fy,b1
\/E ¥ Mo
tf,b1

Atee — bitp1 + (twb1 + 2rb1)7

is the shear resistance at the notch
for double notched beams

Av,Dny,b1
\/5 7 ™Mo
0.9 (hb1 — dnt — dnb) tw,p1

is the flange thickness of the
supported beam

is the web thickness of the
supported beam

is the height of the supported beam
is the area of the Tee section

is the elastic modulus of the Tee
section at the notch

18




End plates — Design procedures for partial depth end plates

Supported beam — Local stability of
CHECK 6 notched beam

y y 7
A TR

No account need be taken of the local stability of the notched beam provided that the following conditions
are met:

For one flange notched 2'1122], Basic requirement:
it < ho1/2 and:

Ih £ ho for  hp1/twpr < 543  (S275 steel)

ln 10000t for  hwr/tuss > 543 (S275 steel)
(Pt )

lh £ ho for  hp1/twpr < 48.0  (S355 steel)

I 19900Rw for  pyy/tuns > 48.0 (8355 steel)
(Pt /twpr)

For both flanges notched [?2.. Basic requirement:
max (dnt, dno) < hp1 /5 and:

Ih £ ho for  hp1/twpr £ 543  (S275 steel)

In —160000hb13 for  ho1/tupr > 543  (S275 steel)
(hb1/tw,b1)

Ih £ ho for  hp1/twpr < 48.0  (S355 steel)

MO000M ¢ p /e > 48.0  (S355 steel)
3
(hb1/tw,b1)

fw,b1 is the web thickness of the supported beam

Where the notch length [, exceeds these limits, either suitable stiffening should be provided or the notch should
be checked to references 21, 22 and 26.

If the beam is unrestrained, overall stability should be checked in accordance with Check 7.

19




End plates — Design procedures for partial depth end plates

CHECK 7

Unrestrained supported beam
Overall stability of notched beam

d

n

M

v

v
*

[

— dnt

hy,-d

nt

L

b

When a notched beam is unrestrained against lateral torsional buckling, the overall stability of the beam should
be checked.

Notes:

(1)

K

Ab

This check is only applicable for beams with one flange notched. Guidance on double-notched beams

is given in Section 5.12 of reference 30.

If the notch length [, and/or notch depth dnt are different at each end, then the larger values for I» and

dnt should be used.

Beams should be checked for lateral torsional buckling to BS EN 1993-1-1, Clause 6.3.2, using an
effective length in the calculation of M, the elastic critical moment for lateral torsional buckling.

The solution below gives an effective length (Le) based on references 30, 31 and 32. It is only valid for
In/ Ly <0.15 and dnt / ho1 < 0.2. Beams with notches outside these limits should be checked as Tee

sections, or stiffened.

1/2
= Lo [1+2[” (K2 +2K)]

Where:

X, U, Vand i; are for the un-notched I beam

Ly . ! .
section and are defined in P-3632%
=Ko/ 2 Conservatively:
_ UVLy U = 0.9 and
i, % =1.0
For A <30 Ko=1.1g0X but <1.1Kmax
For A >30 Ko=go X but < Kmax
go and Kmax are as follows:
[ Kumax
: 90 UKB section UKC section
<0.025 5.56 260 70
0.050 5.88 280 80
0.075 6.19 290 90
0.100 6.50 300 95
0.125 6.81 305 95
0.150 7.13 315 100
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End plates — Design procedures for partial depth end plates

CHECK 8 Connection — Bolt group

Check these bolts in shear
under concentric load

Yo B
| |
ool )
| |
AT SOl
Y, Ny — A
Supportin

beam 9 k%%

ndhe—

Basic requirement:

VEq < Frd

Frd is the resistance of the bolt group

If Fo.ra < 0.8FvRrd then Frd = nFoRrd

If Fora > 0.8FyRrd" then Frg = 0.8n(Furd) "

*

The reduction factor 0.8 allows for the presence of
tension in the bolts 24,

Shear resistance
Fvra, is the shear resistance of one bolt
_ ayfpA

7 M2

Bearing resistance
(See next page)

Check these bolts in shear
under concentric load

i "y
14 e
e odlEa
o —x—©
i 9“ <762
b5 B
- .
Supportin
k%Ps Crc))rl)umng

Shear and bearing resistance of the bolt group connecting the end plate to the supporting beam or column.

where:

Qv

(Ior RHS)

= 0.6 for 8.8 bolts
is the tensile stress area of the bolt, As
is the total number of bolts

is the partial factor for resistance of

bolts (2 = 1.25 as given in the
National Annex)
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End plates — Design procedures for partial depth end plates

CHECK 8

(continued)

Connection — Bolt group

Bearing resistance:

Fo,rd is the minimum of the bearing resistance on the
end plate and the bearing resistance on the
supporting member for an individual bolt

= min (Fb,Rd,p i Foraz )
Bearing on the end plate:

_ k1’pabypfuypdl‘p

FoRrdp =
VM2

Bearing on the supporting member:

_ Kizapofy 20t

FoRrd2 =
VM2

Subscript 2 refers to the supporting member

Subscript p refers to the end plate

where:

m2 = 1.25 (see shear resistance)

fup is ultimate tensile strength of plate

d is the diameter of the bolt

do is the diameter of the holes

to is the thickness of the plate

t is the thickness of the supporting
element

For the end plate:

Ob,p = min e_1; p_1_l; fu_b; 10
3d0 3d0 4 fu,p

For the supporting member:

f
b2 = min| -2 —l; w. 10
3d, 4 fuz

For the end plate:

kip,  =min|28%2_17.14P* _17. 25
do do

For the supporting member:
e

kiz  =min|28-22_17.14P% _17. 25
do do
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CHECK 9

Connection — End plate in shear

Critical sections

in shear
Nl
>l

€1

n, rows
of bolts

€1

S e

P3
=2 B A=
2 2

Block shear - check failure by
tearing out of shaded portion

v

Vq
2

7

)

|
2

Shear resistance of the end plate connected to the supporting beam or column

For shear:

Basic requirement:
VEd <

VRd,min IS

VRd,min
the shear resistance of the end plate

= smaller of the gross section shear resistance
VRrd,g, Net section shear resistance, Vre,n and
block tearing resistance, Vrdp

End plate in shear: gross section

2h,t, fyp
VRdg = ———
127 3y

The coefficient 1.27 takes into account the reduction in
shear resistance due to the presence of bending?.

End plate in shear: net section
fup

\/§7M2

End plate in shear: block tearing

2[fu,pAnt i fy,pAnv J

VRd,n = 2A0 et

VRd,b e
7 m2 \/§7M0

But if hp < 1.36ps and n1 > 1 then:

Veas = 2[ 05fupAn _ FypAnm ]
Ym2 \/EVMO

Additional requirements: End plate in-plane bending
If hp < 1.36ps3 then in addition, Ved < Vrd,ip

2t h2f

P P yP

where VRd,ip =
3(P3 _tw)7M0

where:

Av,net

Ant

Anv
do
to
he
p3
nm

m2

|

~

hel
/—
D

N

|
o | &
—

to (hy —e4—(ny—0.5)d, )

is the diameter of the holes

is the thickness of the end plate
is the height of the end plate

is the gauge (cross centres)

is the number of bolt rows

is the partial factor for the ultimate
tension resistance of cross sections
(m2 = 1.1 as given in the National
Annex to BS EN 1993-1-1)

23




End plates — Design procedures for partial depth end plates

Supporting beam/column — Shear and Bearing
CHECK 10 (with one supported beam)

Supporting Column

I Column . . RHS Column
Critical sections

Critical sections Top of column web
or RHS wall

ni rows
of bolts

nq rows
of bolts

s
fmE

\
\

Web thickness t,,

r Web thickness t, —> P < r P P

% ¢ ¢ %

Ed Voo Vg Ed Ve Ve Ver Voo
2 2 2 2 2 2

Local shear and bearing resistance of supporting beam web or column web or RHS wall for one supported beam

where:
Shear: .
et =min (e1t; 5d)
Basic requirement: eb =min (ewp; ps/2; 5d)
Veg < Veamn (for supporting beam)
2 v =min (p3/2; 5d)
Vramin  is the local shear resistance of the supporting (for supporting column)
member do is the diameter of the holes
[ Aty Avnetfuz d is the diameter of the bolt
= min ;
V3rmo V37w n1 is the number of bolt rows
Av is the shear area of supporting member E is the thickness of the supporting
member (column web, beam web or
=t (et+(n1—1)p1+ev) column flange)
Avret  is the net shear area of supporting member M2 is the partial factor for the ultimate
= Ay — nidot2 tension resistance of cross sections
(m2 = 1.1 as given in the National
Annex to BS EN 1993-1-1)

Bearing resistance with one supported beam has been considered in Check 8
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CHECK 10 Supporting beam/column — Shear and Bearing

(continued) (with two supported beams)
Supporting Beam Supporting I Column
Supporting beam Critical sections Top of column web  Critical sections
v
e, T Y 7 i ien
n rows{i . A I nyrows [ 11 rows
3 M- | n,rows *-—¢ { - |y
of bolts] - .}Og bolts B of bolts | }of bolts
RS . S
Notched to €, Notched to
clear bolts ’ e clear bolts
nie— *><*tw
' Web thickness t; > Ps i<~ 1r
\/E(J V., VeartVeas ‘\/Edﬁvm V., VEd1+2VEd3 ¢ ‘ VEm';VEds

Where n1 > n3

Local shear and bearing resistance of supporting beam web or column web for two supported beams

Shear: where:
Basic requirement: et =min (e:t; 5d)
Vea: Vegs v =min (eip; pa/2; p1; 5d)
2’ + 2’ < VRd,min t2 is the thickness of the supporting
) ) ] element (column web or beam web)
VRd,min Irie”r;ebg)rcal shear resistance of the supporting do is the diameter of the holes
At A s d is the diameter of the bolt
= min[ vy2 . Zlvnetiuz ] n1 is the number of bolt rows in the
\/§7M0 \/Emz larger connection side

A is the shear area of the supporting member ns is the number of bolt rows in the

=t (ex + (m1 — 1)p1 + ev) smaller connection side

Avnet  is the net shear area of the supporting member 2 IS th_e partlal factor for the uItlma_te
tension resistance of cross sections
= Av — nidotz (m2 = 1.1 as given in the National

. Annex to BS EN 1993-1-1)
Bearing:

Basic requirement:

VEd,1 VEd,3
+

< F
2ny  2n;, >R

Fora is the bearing resistance of a single bolt. See
Check 8 for equations to calculate this value.

Note:
The above check is for local shear only; the effects of any global shear forces must also be considered.
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CHECK 11

Tying resistance — Plate and bolts

[ i i B
- i Y ;1
n, rows J|T|L %E p1
of bolts Jrjrt %E 1
Il 1
AR

f ﬁ

i

Resistance of the end plate

There are three modes of failure for end plates in
bending:

Mode 1: complete yielding of the end plate
Mode 2: bolt failure with yielding of the end plate
Mode 3: bolt failure

Basic requirement:
Feq < min(Frou1 iFrauz iFraus )

Mode 1 (complete yielding of the end plate)
(8” -2ey )Mpl,1,Rd,u

2mn-e, (m+n)

Frd,u,1

Mode 2 (bolt failure with yielding of the end plate)

2M i 2Rdu +NZFiRay

Frauz =
(m+n)
Mode 3 (bolt failure)
Frdus = ZFirau
KofuAg ,
Firau = —2° for ordinary bolts.
7M,u

(For Flowdrill, Hollo-Bolt and Blind Bolt resistances the
value of Fird,u should be taken from Tables G.59, G.61
and G.63 respctively)

where:

Mpi,1,Rdu =

FEd
T Tying force

Ps

0.25%/ ot 2 fyp

7 Mu

Mpi2,Rd,u = Mpi,1,Rd,u

ZIeff

€1A

P1A
to
k2

As

tw,b1

€min
ew

dw

is the effective length of the equivalent
T-stub

=2en+ (N1 —1)pia
= e

but e1a < 0.5(p3 —twpr —2aﬁ)+d—°
2

=p1but < ps —typ —2a«/§+d0
is the end plate thickness
=0.63
=0.9
is the tensile stress area of the bolt

_ P3 —twp ~2x0.8xay2

) 2

is the web thickness of the supported
beam

for countersunk bolts
otherwise

is the weld throat thickness
= emin but n<1.25m

= e

_ dy

4

is the diameter of the washer or the
width across points of the bolt or nut as
relevant. Washers are not necessarily
provided; it is conservative to assume
washers are not used.
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CHECK 12 Tying resistance — Supported beam web
* \
“*7?‘
ii hy, Feq
% _>
A R
odhe— \
Resistance of the beam web
Basic requirement: where:
Fed < Frdu fw,b1 is the thickness of the supported
_ tw,b‘lhpfu,b1 beam web
Frou = ) he is the height of the end plate
M,u
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CHECK 13 Tying resistance — Welds

The weld size specified in check 2 will be adequate for tying resistance because the weld is chosen to be full
strength.

See Appendix C for more details about the weld requirements.
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Tying resistance — supporting column web
CHECK 14 (UKC or UKB)

(n1 -1 )p1

} P

Yield lines

Supporting web resistance

Basic requirement:

Fed < Frdu
8M
Frau = ﬂ[m +1 .5(1 - B )0'5 (1 - 71 )0‘5 ]
1- 4,
fuotus?
MpI,Rd,u = ﬂ
47M,u

The factor 1.5 in the equation for Frd,u includes an

allowance for the axial compression in the column.

Note:

m

yig

d>

do

tw,2

n

where:

End plate
connecting to
column web

is the depth of the column between
fillets

is the diameter of the hole
is the thickness of the column web
is the number of bolt rows

This check is required for either single-sided connections to the column web or unequally loaded double-sided

connections to the column web.

If the beam is connected to a column flange, the tying resistance of the column flange may be assessed using

the procedures given in Reference 19.
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Tying resistance — supporting column wall
CHECK 15 (hollow section)

— :

[ S

| |

R

] el i <t
o)LL *fjm

H L*J |

e A

| ! < 15t,

Yield lines

Resistance of hollow section wall with axial compression in the column.

Tying resistance of hollow section wall where:
. . . n
Basic requirement: (ny —1)p; —jdo
Fed < Frd,u n = (b—312 )
8M
Frau = -8) p';d)’” [m +1.5(1- B, * x(1-y, )0‘5] 5 _ps
' 1 (b-3t,
fu2t22
Mpirdu = — =90
47y 4 (b—3t,)
The factor 1.5 in the equation for Frq,u includes an tr is the thickness of the hollow section
allowance for the axial compression in the column. column
do is the diameter of hole in hollow
section (the bolt diameter for Flowdrill
or the hole diameter given from table
G.69 of yellow pages for Hollo-Bolts)
n is the number of rows of bolts

See Appendix B for more details about prying effects.
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4.6 WORKED EXAMPLES WITH PARTIAL
DEPTH END PLATES

The worked examples show design calculations for
typical standard joints. Each example first
demonstrates the use of the resistance tables
(vellow pages) and then the full checks according to
the procedures in Section 4.5. The full checks will
normally only need to be applied to non-standard
connections but their application to standard
connections demonstrates the validity of the much
simpler process when using standard details.

When calculations must be made for non-standard
joints, some design checks may be omitted where it
is obvious, from inspection of the detail, that a check
is not critical. In the case of Example 1, Check 9 is
shown for completeness, but is unlikely to be critical
for end plates with bolts spaced at reasonable
centres.

Check 7, dealing with overall stability of an
unrestrained beam, should be undertaken by the
member designer taking account of any notching
required at the ends of the supported beam in order
to facilitate the use of a simple connection.

Checks 11 to 15 deal with tying resistance. The
magnitude of the tie force depends on the class of
building. When the tie force is 75 kN, no checks are
required, as every standard detail will accommodate
this force. Calculations will be required for larger
forces.

Example 1

Example 1 covers the design checks for a two-sided
beam to beam connection. A 200 x 12 end plate is
used for the large beam and a 200 x 10 end plate is
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used for the smaller beam, since it is necessary to
have common bolt centres in the supporting beam.

Example 2

Example 2 demonstrates the additional design
checks required when a beam to column web
connection must be designed to resist tying forces.

Example 3

Example 3 is a beam connection to a hollow section
column using normal grade 8.8 bolts in Flowdrill
threaded holes to connect a partial depth end plate
to the column wall. The beam sizes and vertical
reactions are as in Example 1, so only the checks
which are different to those in the first example are
shown. A 150 x 10 end plate is used for the smaller
beam and a 200 x 12 for the larger beam since the
connecting bolts to the column are not common to
both beams.

Example 4

Example 4 covers the same beam for connections to
a hollow section column as in Example 3 but uses
Hollo-Bolts to connect a flexible end plate to the
column wall. Hollo-Bolts require larger than normal
holes so different standard details (see Table G.2)
have to be used to maintain an adequate edge
distance.

Example 5

Example 4 covers the same beam for connections to
a hollow section column as in Example 4 but uses
blind bolts to connect a flexible end plate to the
column wall.



End plates — Worked examples with partial depth end plates — Example 1

% /” /—/—/ Job Joints in Steel Construction — Simple connections Sheet 1 of 12
£V sci Title Example 1 — Partial depth end plate — Beam to beam
Steel Knowledge
CALCULATION SHEET

Client Connections Group

Bcsn Calcs by CZT Checked by ENM Date Sept 2011

DESIGN EXAMPLE 1

Check the following beam to beam joint for the design forces shown.
Yellow pages are used for the initial selection of the connection detail.

1,=120
o 50 Notch
I ! \
40 A
406 x 178 x 74 UKB 70
Grade S275 —
70
i1 N 770 533 x 210 x 92 UKB
y Grade S275
40}77 70
70
174 -
/ 40
Flange chamfered \

to clear bolts

i \610x229x140 uB

ﬂ r Grade S275
340 kN 550 kN

& 6
S
: 2 140
Partial depth end plates:
For 406 x 178 UKB: 200 x 10
For 533 x 210 UKB: 200 x 12
Design Information:
Bolts: M20 8.8
Welds: All 6 mm leg length fillet welds
Material: All S275

Note:

End plate size and details are governed by the larger beam, hence the end plate for the smaller
beam is 200 x 10 and not 150 x 10 as recommended.
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Title Example 1 — Partial depth end plate — Beam to beam

Sheet 2 of 12

CONNECTION DESIGN USING RESISTANCE TABLES
\

406 x 178 x 74 UKB

Grade S275
533 x210 x92 UKB
Grade S275
40
// | 4

/

Flange chamfered
to clear bolts

\ 610 x 229 x 140 UKB
1 r Grade S275
340 kN 550 kN

406 x 178 x 74 UKB Grade S275 533 x 210 x 92 UKB Grade S275
End plate, 200 x 10 End plate, 200 x 12

Note: End plate size is determined by the size
of the opposing beam.

Welds 6 mm fillet Welds 6 mm fillet

Bolts M20 8.8 Bolts M20 8.8

Bolts at 140 mm cross centres Bolts at 140 mm cross centres
4 rows of bolts 6 rows of bolts

From Table G.4 From Table G.4

The values obtained from the resistance
Table G.4 are for a 150 x 10 end plate, but may
be used for a 200 x 10 end plate

Connection shear resistance (single notch) Connection shear resistance (single notch)
=394 kN > 340 kN =621 kN > 550 kN

Maximum notch length Maximum notch length

=192 mm > 120 mm =186 mm > 122 mm

Web thickness of supporting beam = 13.1 mm
Minimum support thickness =@B8.7+39)=76mm <13.1mm
Connection is adequate

Note that the minimum support thicknesses are based on the connection resistance, not the
applied shear. If necessary, the actual minimum support thicknesses may be calculated as:

= O.K.

340

3.7x —+39x — =6.7mm

394

550
621
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Title Example 1— Partial depth end plate — Beam to beam

Sheet 3 of 12

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 1

Sheet

406 UKB (S275)

533 UKB (S275)

610 UKB (S275)

CHECK ; ; i
No. Resistance Design Resistance Design Resistance Design
force force force
4 |Check1l - ) All recommendations adopted
Recommended detailing practice
4 Check 2 Resist
Supported beam es(llfNa)nce Full strength welds adopted — not critical Not applicable
Welds
Check 3 Not applicable Not applicable
4 Check 4 Shear
Supported beam resistance 394 340 621 550 Not applicable
Web in shear (kN)
5 Check 5 Bending
Supported beam resistance 85 41 140 67 Not applicable
Resistance at a notch | (kNm)
7 Check 6 413 110 533 110
Supported. t.)eam Notch Not applicable
Local stability at a length (mm) Notch length [, < specified limits
notch
Check 7 Not applicable
Supported b.elam - (beam restrained) Not applicable
Overall stability
7 Check 8 Bolt group
Connection resistance 602 340 902 550 Not applicable
Bolt group (kN)
9 Check 9 Shear
Connection resistance 691 340 1195 550 Not applicable
End plate in shear (kN)
Shear
11 |Check 10 s
Supporting beam resziﬁ;‘ce 742 354
Shear and bearing Not applicable
Bearing
resistance 174 88
(kN)
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Title Example 1 — Partial depth end plate — Beam to beam Sheet 4 of 12

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 1: Recommended detailing practice

End plates: 200 x 10 mm and 200 x 12 mm

Height of plates:  hy =290 mm (> 0.6hv1 for 406UKB)
=430 mm (> 0.6hv1 for 533UKB)

Bolts: M20, 8.8 at 140 mm cross centres

Check 2: Supported beam — Welds

Resistance of fillet welds to connecting end plate to beam web.
Basic requirement: a 2 0.40 fw,p1

406 x 178 x 74 UKB, S275

Throat thickness of 6 mm fillet weld, a = i =4.24 mm
J2
0.40 x twp1 =0.40 x 9.5 = 3.8 mm
A =4.24 mm > 3.8 mm .. O.K.
533 x 210 x 92 UKB, S275
Throat thickness of 6 mm fillet weld, a = S . 4.24 mm
J2
0.40 x twp1 =0.40 x 10.1 =4.04 mm
a =424 mm> 4.04 mm .. O.K.

Check 4: Supported beam — Web in shear

Shear resistance of beam web at the end plate
Basic requirement: Ved < VeRrd

Avfy,b1 /\/E

7 Mo

Shear resistance of beam web at the end plate: Vcrd =

406 x 178 x 74 UKB, S275

Shear area of beam web at the connection:

Ay =0.9 x 290 x 9.5 = 2480 mm? 9
i =16.0 mm, hence fyp1 =275 N/mm? 7 hy= 290
m  =1.0

Shear resistance of beam web at the connection:
_ 2480x275/4/3
=
Ves =340 kN <394 kN 340 kN .. O.K.

.. Voird x10~% =394 kN ﬂ

533x210x92 UKB, S275

Shear area of beam web at the connection:

Ay =0.9x430x 10.1 = 3909 mm? h, = 430
t =15.6 mm, hence fyp1 =275 N/mm?

mo  =1.0 - O.K.
Shear resistance of beam web at the connection:

_3909x275/43 .
. Vpl,Rd - TX1O = 621 kN 550 kN
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Title Example 1 — Partial depth end plate — Beam to beam

Sheet 5 of 12

Ves =550 kN <621 kN

Check 5: Supported beam — Resistance at a notch

Shear and bending interaction at the notch
Basic requirement: Ved(fp + In) < MyNRd

406 x 178 x 74 UKB, S275

For low shear conditions: t,+1,=120 o5
Ve¢ < 0.5VpinNRd ’jr 50 77%&
Vonrg = 2oenTyer /43 Critical —>|
o 7o section 258
363
Total area of T-section:
105 =
Atee = (363-16)x9.5+16x179.5 N ﬁ&i ,Z
=6169 mm2 ? 179.5 16
Vs = 340 kN
Shear area of T-section:
AN =6169-179.5x16 + (9.5 + 2 x 10.2)E = 3536 mm?
2
VoiNRd = MX 10-3 =561 kN
1.0
0.5VpinRrd = 0.5 x 561 =281 kN
Ves =340 > 281 kN therefore high shear conditions apply and the moment resistance is
given by:
2
fup W,
MyNRd = yor 7 ey 1- 2Veg -1
7 Mo VpI,N,Rd

Calculation of elastic section modulus, Wein,y
Position of the neutral axis: take moments of area about the bottom of the bottom flange:

347

(179.5x16><8)+[347x9.5><( +16JJ = ((179.5%16)+(347x9.5))x Z

.z =105 mm from the bottom of the section
Second moment of area about the neutral axis:
_(179.5x163
Iyy I
12
o ly =8370 cm*
Elastic section modulus:

lyy  8370x10*
Z max 258

Moment resistance of the beam at the notch in the presence of shear

3
+179.5x16x 972 J+(M+347x9.5x84.52 Jmo-4
12

WeI,N,y = X 1073 =324 cm?

_324x10° x275 2x 340
MynNRrd = -
1.0 561

2
—1} }106 =85.1 kNm
Eccentric moment
Ved(to+ In) =340 x (10 + 110) x 10 =41 kNm
41 kKNm <85.1 kNm

- 0.K.
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Title Example 1 — Partial depth end plate — Beam to beam Sheet 6 of 12

533 x 210 x 92 UKB, S275

For low shear conditions: 10.1 t, +1,=122
Vea < 0.5VpiNRd _ A= 50 ,yi:—(—)j;
VoINRd = —A o yor /\/E i

7o 332 483 R

Total area of T-section: 151 i 5
N—— ¥y
Atee =(483-15.6) x 10.1 + 15.6 x 209.3 <> Ms6

= 7986 mm? 2003 T
VL, = 550 kN

Shear area of T-section:

A =7986—209.3 x 15.6 + (10.1 + 2 x 12.7)x 152'6 = 4998 mm?
VA Mxm* = 794 kN
0.5VpiNRrd = 0.5 x 794 =397 kN
Ves =550 kN > 397 kN therefore high shear conditions apply and the moment resistance
is given by:
2
fuptWe
MyNRa = YOTTENY |y 2Veq -1
7 Mo VoiNRd

Calculation of elastic section modulus, Wein,y
Position of the neutral axis: take moments of area about the bottom of the bottom flange:

[209.3><15.6>< 15'6j+[467.4x10.1x[483 +15.6D = ((209.3x15.6 )+ (483 x10.1))x Z
2 2

. Z =151 mm from the bottom of the section
Second moment of area about neutral axis:
_(209.3x15.6°
IYV -\
12
oy =19858 cm*
Elastic section modulus:

lyy _19858x10%
Z 332

10.1x 467.4°3

+209.3x15.6 x 143.22 J+[
12

+467.4x10.1x98.3° jx104

Weiny = 10~% =598 cm?

Moment resistance of the beam at the notch in the presence of shear

3 2
Mungrd = Mx 1—- @_1 %1073 = 140 KNm
1.0 794

Eccentric moment
VEd(to + [h)= 550 x (110 + 12) x 103 = 67 kNm
67 KNm <140 kNm .. O.K.

Note:

The verification of the section class does not need to be checked as the length of the notched
beam is relatively small. Thus it is assumed that the section is able to reach a full elastic
resistance.
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Title Example 1 — Partial depth end plate — Beam to beam

Sheet 7 of 12

Check 6: Supported beam — Local stability of notched beam

When the beam is restrained against lateral torsional buckling no account need be taken of
stability of the notch stability provided that for a S275 beam with one flange notched the basic
requirements are satisfied.

Basic requirements:
Notch depth:  dht < hy /2

Notch length: [ < hos for <54.3
w1
< 160000y, for oy >543
(hb1/tw,b1)3 Fwbt

406 x 178 x 74 UKB, S275
Notch depth:
Moo 4128 5064 mm

2 2
aht =50 mm <206.4 mm
Notch length:
hi - 428 =43< 54.3
twpit 9.5
In =110 mm <412.8 mm
533 x 210 x 92 UKB, S275
Notch depth:
Mo~ 8331 966.6 mm

2 2
ah =50 mm <266.6 mm
Notch length:
o 5381 508 <543

twpit 10.1
In =110 mm <533.1 mm
Check 8: Connection — Bolt group
Basic requirement: Ved < Frd
The resistance of the bolt group, Fgry, is as follows:
If Fyrg <0.8F, gy then Fra = NFRy Ry
if Frg>0.8F gy then Fra = 0.8nF, g4
Shear resistance of a single bolt:
Fura = —avabA

VM2

For M20 8.8 bolts:
_ 0.6 x800 x 245 N
1.25

FuRrd 1073 =94 kN

- 0.K.

- 0.K.

- 0.K.

- 0.K.
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Title Example 1 — Partial depth end plate — Beam to beam

Sheet 8 of 12

Bearing resistance of a single bolt:
Fora = min(FbRrdp; FbRd2)
k1’p abp fu,p dtp

Fordp =
VM2
_ kizapaf,dt;
Fordz = ———~~
7 M2

Bearing on the supporting beam will be verified in Check 10

406 x 178 x 74 UKB, S275

406 X 178 X 74 UKB 62=30
<
i Y
P - e =40
. . pP1=70
o} o
ot o
de—

610 x 229 x 140 UKB
Grade S275

340 kN /

L 7

Bearing on the end plate:

kip =min 285217 142 _17.25| = min[28x30_17.14x19 47 25
d d 22 22

0 0
=min(2.12; 7.21; 2.5)
< kip =212
f
obp = min e—1; p—1—l; w.. 10
3d,’ 3d, 4  fy,
we  =min| 20 79 _go5 890 44 = min(0.61; 0.81; 1.95; 1.0)
3x22" 3x22 410
~avp  =0.61
Forap = 2.12><0.611><;E1)0><20><10X10_3=85 kN

0.8 x Fura = 0.8 x 94 = 75.2 kN
85kN  >75.2kN
" Frg=0.8nF gy =0.8x8x94 =602kN

. Vea = 340 kN <602 kN

533 x 210 x 92 UKB, S275
ez=30

533 x210 92 UKB

.

-

.

.

. 610 x 229 x 140 UKB
" Grade S275

—
L ‘ 7
550 kN

- 0.K.
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Title Example 1 — Partial depth end plate — Beam to beam

Sheet 9 of 12

Bearing on the end plate:

kip =min 288217147 1725 = min28x32-1714x120 1725
dy dy 22 22
= min(2.12; 7.21; 2.5) .. kip = 2.12
Olb,p = min 9_1, p_1_l, fu_b, 1.0
3d, 3d, 4 T,
we = min| 22 79 __go5 890 44 = min(0.61; 0.81; 1.95; 1.0)
3x22" 3x22 410
. owp =0.61
Forgy = 2:12x081x410x20x12 05400
1.25

0.8 x Fura= 0.8 x 94 = 75.2 kN
- Fors  =102kN >75.2 kN
o Fag = 08nF,qg = 0.8 x 12 x 94= 902 kN

" VEd =550 kN <902 kN

Check 9: Connection — End plate in shear

Basic requirement: Ved < VRdmin
VRdmin = Min(Vrd,g; VRdn; VRdp)

406 x 178 x 74 UKB, S275 e,=30
i : <
Shear resistance of gross section: ﬁ
2hptp fyvp
127 3740

_ 2x290x10 275

VRd,g =

103 =725kN

> o o o

b oo

VRdg = x
127 J3x1.0 =40

Shear resistance of the net section:
fup VEd J

WRin = 2A, et
V3rme Vg =340
Net area:
Avnet =A—ndoty, =290 x 10 —4 x 22 x 10 = 2020 mm?
410

V3 x1.1
Block tearing resistance (block shear):
1.36p3=1.36 x 140 =190 mm
hp =290 mm > 190 mm, therefore

fu,pAm fy,pAnv ]

2o VRan = 2x2020 x x1073 =869 kN

+
7' M2 \/EJ/MO

Net area subject to tension:

22
Ant = tp (ez —d70] = 10X(30—7j =190 mm?

Vrdb = 2[

Net area subject to shear:
Anv =t,(h, —e;—(n; —05)dy) =10x(290-40-(4-0.5)x22)  =1730 mm?

e,=40

n-1)p;
10

- 0.K.
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Title Example 1 — Partial depth end plate — Beam to beam Sheet 10 of 12
 Veap = 2 410x190 N 275x1730 «10-% =691 kN
1.1 \/3 «1.0

Vramn = min(725; 869; 691) =691kN
. Vea =340kN < 691kN . OK.

533 x 210 x 92 UKB, S275
Shear resistance of gross section:

ZhPtD fy,p e;=30
VRag = ———— l<—
1.27 ﬁ)’mo ‘
=40
Viag = 2x430x12 275 <103 = 1290 kN o | o e1
127 {3x1.0 o~ —o
Shear resistance of net section: o | ¢
; hy ‘ ‘ (n2-1)p4
WRin = 2A, et . 4 —e =350
\/§7M2 ® 4
Net area: o— | o _
Av,net =A-ndo tp ‘ ‘ 1= 40
Avnet =430x12-6x22x12  =3576 mm? VEdJ &VEd
o Vein = 2x3576x—0 110 = 1539 kN 2 2
3x1.1 VEd=550kN
Block tearing resistance (Block shear):
1.36p3=1.36 x 140 =190 mm
hp =430 mm > 190 mm, therefore
fuoAnt  fypAny
Vrapb = 2[—") L ]
7 m2 */EJ/MO
Net area subject to tension:
Av =t (ez —d—"] = 12[30—2] = 228 mm?
2 2
Net area subject to shear:
Av =t (h, —e;—(n-05)dy) = 12x(430-40-(6-0.5)x22) = 3228 mm?
o Veep = 25| H10x228  275x3228 | 455 = 1195 kN
1.1 «/Ex 1.0
Vramin = min(1290; 1539; 1195) = 1195 kN
. VEa = 550 kN < 1195kN - 0.K.

Additional requirement: End plate in bending

For 406 x 178 x 74 UKB,;

hp =290 mm

1.36 p3 = 1.36 x 140 = 190 mm, < 290, so no additional check required
For 533 x 210 x 92 UKB;

hp =430 mm

1.36 ps = 1.36 x 140 = 190 mm, < 430, so no additional check required
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End plates — Worked examples with partial depth end plates — Example 1

Title Example 1 — Partial depth end plate — Beam to beam

Sheet 11 of 12

Check 10: Supporting beam — shear and bearing

Local shear and bearing resistance of beam web supporting two beams:
Shear

Veara  Ved2
_—
2

Basic requirement: < VRd,min

p,= 140

617

357

610 x 229 x 140 UKB B )
Grade S275 Veao™ 340 Nl Veq.1 = 550 kN

Applied shear over the top four rows of bolts:

550 x 4 + 340 =707 kN or 354 kN per plane
6

Shear resistance of supporting beam web:
Av fy,2 i Av,net fu,2 ]
\/E}’MO \/§7M2

Shear area of gross section:

VRd,min = min [

Ay = (et+(n1—1)p1+eb)t2

e =min(es; 5d) =min(90; 100) =90 mm

eo =min(esp; p3/2; 5d) =min(357; 70; 100) =70 mm
A =13.1x(90+(4-1)x70+70) = 4847 mm?

tr=22.1 mm > 16 mm, therefore f, = 265 N/mm?
Therefore the shear resistance of the gross section is:
Avfys 4847 x265
‘/EVMO ‘/3 x1.0
Shear area of net section:
Avnet = Av—ndotz =4847 —4 x22 x13.1 = 3694 mm?
Therefore the shear resistance of the net section is:
Aynetfuz _ 3694 x410 <10-® =795 kN
x/?}/mo \/g x1.1

<. Vramin = min(742; 795) =742kN
- 354 kN< 742 kN

x1072 = 742 kN

- 0.K.
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End plates — Worked examples with partial depth end plates — Example 1

Title Example 1 — Partial depth end plate — Beam to beam

Sheet 12 of 12

Bearing

Vea1  Veas
+

< A
2n, 2n4 PR

Bearing resistance of beam web:

- k1,b2 Qg fu,bz dtw,bz

Fo.rd
7 m2
ke =min|1.4P% 17, 25
do
kipe = min(1.4>< 140 _4 7, 2.5] =min(7.2; 25)=25
22
w =min P 025 . 10|=min(0.81; 1.95 1.0)=0.81
3d0 fu,b2
+ Fupg = 2:5X081x410x20x131 05 _1opi
125
Vear V,
. Eat Jeos o 590 340 _ gg kN < 174 kN

2n, 2n; 2x6 2x4

= 0K
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End plates — Worked examples with partial depth end plates — Example 2

LU=

A sCi

Steel Knowledge

CALCULATION SHEET

BCSA

Job Joints in Steel Construction — Simple Connections Sheet 1 of 6

Example 2 — Partial depth end plate — Beam to column web —

Title Tying resistance

Client Connections Group

Calcs by CZT Checked by ENM Date  Sept 2011

DESIGN EXAMPLE 2

Check the following beam to column joint for the tying force shown.

175 kN

Tying force

Supported beam
406 x 178 x 74 UKB
Grade S275

Design Information:
Bolts:
End plates:
Welds:
Material:

70
70

70
40

L

\—/'/%Supporting column

305 x 305 x 137 UKC
Grade S275

() _ =]  }90across centres

M20 8.8 @ 90 c/c

150 x 10

6 mm leg length fillet welds
All S275
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End plates — Worked examples with partial depth end plates - Example 2

Title Example 2 — Partial depth end plate — Beam to column web — Tying resistance ~ Sheet 2 of 6

CONNECTION DESIGN USING RESISTANCE TABLES

175 kN
Tying force

-

L

Supported beam
406 x 178 x 74 UKB

Grade S275 /%
— Supporting column

305 x 305 x 137 UKC
Grade S275

End plate: 150 x 10

Bolts: M20 8.8
at 90 cross centres
4 rows of bolts

Weld: 6 mm leg length fillet welds

From Table G.4: Table G.4
Connection tying resistance = 381 kN

Tying force =175 kN < 381 kN - O.K.

The beam side of the connection is adequate

Notes:

(1) The tying resistance of the connection given in the Tables is the least of the values
obtained from Checks 11, 12 & 13.

(2) The column web must also be checked for web bending as shown in Check 14.
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End plates — Worked examples with partial depth end plates — Example 2

Title Example 2 — Partial depth end plate — Beam to column web — Tying resistance  Sheet 3 of 6

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 2

406 UKB (S275)

305 UKC (S275)

Sheet CHECK

0. Resistance | Design force | Resistance | Design force

4 Check 11
Tying resistance 381 175 Not applicable
Plate and bolts (kN)

5 Check 12
Tying resistance 1027 175 Not applicable
Supported beam web (kN)

5 Check 13
Tying resistance Full strefg?]tgtv(\:/ﬁ:%séla dopted Not applicable
Welds (kN)

5 Check 14

Tying resistance
Tying resistance of column web (kN)

Not applicable

405 175
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End plates — Worked examples with partial depth end plates — Example 2

Title Example 2 — Partial depth end plate — Beam to column web — Tying resistance ~ Sheet 4 of 6

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 11: Tying resistance — Plates and bolts

Resistance of end plate

ey = 30

v

- e = 40
p1=170

Basic requirement:

Frd,u,1

Sl

€1A

O.5><(90—9.5—2><4.24><«/E)+2—22 =45.3 mm

. e1A

P1A

P3 —twpt —2av2 +do = 90-9.5-2x4.24x4/2 +22 =90.5 mm

=2emn+ (N1 —1)pia

=e1 but < 0.5(p3 —twp1 —23&)4.0’70

=p1 bUtS P3 _tw,b1 —Za\/E+d0

Fes < min (Frdu1; FrRdu2; FrRdu3)
(8” -2ey )Mp|,1,Rd,u

175 kN

p3=90

2mn-e, (m+n)

40 mm

Sop1a =70mm
Zleft =2x40+ (4 —-1)x 70 =290 mm

0.255/ o t 21, 2
M1 Rau = iilpTup _ 0.25x290x10° x410 «10-% = 2.7 kKNm

7M,U 11
—tyu, —2x0.8 2 _95_

L Ps-tw-2x08xaV2 _90-95 2xg.8x4.24xﬁ 354 mm
n = min(e,; 1.25m) = min(30; 44.3) = 30 mm
Assuming no washer is used, dw is taken as the width across points from Table G.66 Table G.66
ew =d—“’=§=8.25mm

4 4

6

- Frooq= (8x30-2x825)x2.7x10° 115 _ 404y

2x35.4x30-8.25%(35.4 +30)

_ 2M g oRau + NZFiRgy
Frdu2 =
m+n

Mo 2Rd,u= Mpi,1Rdu = 2.7 KNm

kyfp A
Ft,Rd,u - 21ub s - 09X800X245 ><1073 - 160 kN

7 Mu

1.1
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End plates — Worked examples with partial depth end plates — Example 2

Title Example 2 — Partial depth end plate — Beam to column web — Tying resistance  Sheet 5 of 6

_ 2x2.7x10° +30x8x160x10°

oo Frduz2= %1073 = 670 kN
35.4+30
Fraus = ZFirqs =8 x 160 = 1280 kN -
<_
Tension
bolt —>
group Tying force
—>

min(Fray1,» Frauz, Fraus ) = Min(38% 670; 1280) =381 kN
Fea =175KkN <381 kN - O.K.
Check 12: Tying resistance — Supported beam

Resistance of the beam web.
I—

ot o+
175 kN
o) el ¥

hy n, rows
ofel 1 :.QLD

R R
i —
Basic requirement: Fes £ Frd

twpiMpfupt _ 9.5x290x410
7 Mu 1.1

Fea =175kN <1027 kN - O.K.

Check 13: Tying resistance — Welds

Y

Fra = x107% = 1027 kN

Resistance of fillet welds connecting end plate to beam web.
Basic requirement: a = 0.40 tw,b1

Throat thickness:

0.40 x tw,b1 =0.40x9.5=3.8mm

a =4.24 mm > 3.8 mm - O.K.

Check 14: Tying resistance — Resistance of supporting column web

Basic requirement: Fed < Frd

\_/ M
fﬁiiiiii/‘
I
T 305 x 305 x 137 UKC
e | Grade S275
1
(n-1)p, :%7 : *7:
I
o |+ tw=13.8
[
|
\_/_\
8M
Frg = . led,; (771 15(1= 5, )% (1= y )0.5)
-1
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End plates — Worked examples with partial depth end plates — Example 2

Title Example 2 — Partial depth end plate — Beam to column web — Tying resistance ~ Sheet 6 of 6

fustua” _ 410x13.82

Mpird,u= x107% = 17.7 kNm/mm
47mu 4x1.1
B =Ps _ 90 _ 0.365
dy 2467
d
” =% __22 _ 0.089
dy 2467
4
(n1—1)p1—n—1d0 (4—1)><70—7><22
mo = 2 - 2 -0673
d, 246.7
Fra = 8X14(0.673 +1.5(1-0.365)%° (1-0.089)"° ) = 405 kN
(1-0.365)
Fea =175kN <405 kN .. O.K.
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End plates — Worked examples with partial depth end plates — Example 3

£ 4 /—‘ 4 Job Joints in Steel Construction — Simple Joints Sheet 1 of 9
AV scl . Example 3 — Partial depth end plate — Beam to hollow section
Title . )
Steel Knowledge column using Flowdrill
CALCULATION SHEET Client Connections Group
Bcsn Calcs by CZT Checked by ENM Date  Sept 2011

DESIGN EXAMPLE 3

Check the following beam to hollow section column connection for the design forces shown
using property class 8.8 bolts in Flowdrill threaded holes in the column.

Note:

The connections should be checked independently for (i) shear forces and (ii) tying forces and

not for both forces acting at the same time.

250 x 250 x 12.5 SHS
Grade S355
40 40
I b 4& 3
70] |70
70) | 70
000 KN <— 70] | 70 —» 275kN
Tying force S Tying force
/ / ﬁ 1 70
40 — \
L Il \
406 x 178 x 74 UKB L 40
Grade S275 10> 12 553 x 210 92 UKB
Grade S275
340 kN 1 T 550 kN
90 140

180 x 10 partial depth end plate Flowdrill 200 x 12 partial depth end plate
Grade S275 owarl Grade S275

Design Information:
Bolts: M20 8.8, Flowdrill
Welds: All 6 mm leg length fillet welds
Column: S355
Beams:  S275
End plates:  S275

See
Figure 4.5 and
Table G.4
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End plates — Worked examples with partial depth end plates — Example 3

Example 3 — Partial depth end plate — Beam to hollow section column

Title using Flowdril Sheet 2 of 9
CONNECTION DESIGN USING RESISTANCE TABLES
250 x250x12.5
Square hollow section
Grade S355
200 kN 275 kN
Tying forcg_ _$yi ng force
406 x 178 x 74 UKB
Grade S275 553 x 210 92 UKB
Grade S275
340 kN1 r 550 kN

406 x 178 x 74 UKB Grade S275 533 x 210 x 92 UKB Grade S275
End plate 150 x 10 End plate 200 x 12
Welds 6 mm fillet Welds 6 mm fillet
Bolts M20 8.8 Bolts M20 8.8
Bolts at 90 cross centres Bolts at 140 cross centres
4 rows of bolts 6 rows of bolts
From Resistance Table G.4 From Resistance Table G.4 Table G.4

Connection shear resistance
=394 kN > 340 kN

Minimum support thickness
=3.7mm <125 mm

Connection tying resistance
=381 kN > 200 kN

The beam side of the connection is adequate

Notes:

Connection shear resistance
=621 kN > 550 kN

Minimum support thickness
=3.9mm<12.5mm

Connection tying resistance
=450 kN > 275 kN

(1) The tying resistance of the connection given in the Tables is the least of the values

obtained from Checks 11, 12 & 13.

(2) The hollow section wall must also be checked for bending as shown in Check 15.
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End plates — Worked examples with partial depth end plates — Example 3

Example 3 — Partial depth end plate — Beam to hollow section column

using Flowdrill Sheet 3 of 9

Title

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 3

Notes:

(1) Checks 1to 7 and 9, where applicable, are generally as shown in Worked Example 1 and are not repeated
in this example, but the calculated resistances are summarised below. For completeness, the bearing
resistance of the bolts in the hollow section is checked following the procedures in Check 8

(2) Tying forces are ignored when calculating the shear resistance and shear is ignored when calculating the
tying resistance.

SHS Column S355
Sheet CHECK 406 UKB (S275) |533 UKB (S275)| 406 UKB Side | 533 UKB Side
No. - - - -
Resistance Design Resistance Design Resistance Design Resistance Design
force force force force
Check 1
Recommended detailing All recommendations adopted
practice
Check 2 Full strength wglds adopted — not Not applicable
Supported beam - welds (kN) critical
Check 3 Not applicable
Check 4 Shear
Supported beam |resistance 394 340 621 550 Not applicable
Web in shear (kN)
Check 5, 6, 7 Not applicable Not applicable
4 Check 8 Bolt arou
Connection (k?\j) Pl 602 340 | 902 | 550 Not applicable
Bolt group
Check 9 Shear
Supporting beam |resistance 691 340 1195 550 Not applicable
End plate in shear (kN)
4 | Check 10 Sgear_a”d
Supporting beam | “*E719 Not applicable 848 | 170 | 1233 | 275
Shear and bearing (kN)
5 Check 11 Tension
Tying resistance (kN) 381 200 451 275 Not applicable
Plate and bolts
7 Check 12
Tying resistance | Tension | 4457 | 500 | 1619 | 275 Not applicable
Supported beam (kN)
web
8 'Ic':hi(r?Ckrelss;stance Tension Full strength welds adopted — not Not applicable
ying (kN) critical PP
Welds
Check 14 Not applicable Not applicable
8 Check 15
Tying resistance | Tension Not applicable 437 | 200 | 862 | 275
Supporting column (kN)
wall
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End plates — Worked examples with partial depth end plates — Example 3

Example 3 — Partial depth end plate — Beam to hollow section column

Title  sing Flowdrill

Sheet 4 of 9

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 8: Connection — Bolt group

The calculation of bolt shear resistance and bearing in the end plate is identical to that shown in
Example 1.

Fvrda =94 kN

Bearing resistance
Bearing on the supporting member:

_ kigapafuzdt;

Ford2 =
VM2

e
kiz =min| 28222 _17:14P% _17.25
do do

ez is not applicable in a hollow section, where there is no free edge. Therefore,

kiz  =min| 1422 17 25| =min [1.4@—1.7; 2.5} = min (4.03; 2.5) =2.5
d, 22

For the supporting member:

w2  =min | 2 —l; be; 1.0 | = min [7° —l; @; 1.0
3d, 4 o 3x22 4’ 470

=min (0.84; 1.70; 1.0) =0.81

2.5x0.81x470x20x12.5
1.25

0.8 x Fura= 0.8 x 94 =752 kN

75.2 <190 kN, therefore Fra = 0.8nFyrd

For 406 x 178 x 74 UKB connection, Frd = 0.8 x 8 x 94 = 602 kN

For 533 x 210 x 92 UKB connection, Fra = 0.8 x 12 x 94 = 902 kN

Ford2 =

107 =190 kN

Check 10: Supporting column — Shear and bearing

Local shear and bearing resistance of column wall
Shear

. . V
Basic requirement: —% < Vrg,min
2

Afys A, et Critical sections
VRd,min = min[ vz . vnet’u2 j
‘/§7M0 \/§7|\/|2
406 x 178 x 74 UKB, S275
Shear resistance of gross section: | |
A =ty(e+(ny-1)ps +ey) | S |
| }
|
e = min[p—s; SdJ e |
! |
2 At
|
|

2 |
et = min (eH ; 5d) wall thicknes

|
90
Since the connection is not near the top of the column tw=12.5mm P,
e1tis not applicable. v v
et =5x20=100 mm -5 5 =170kN

53




End plates — Worked examples with partial depth end plates — Example 3

Example 3 — Partial depth end plate — Beam to hollow section column

Title sing Flowdrill

Sheet 5 of 9

s Ay =125x(100+(4-1)x70 +45) = 4438 mm?
tv < 16 mm, hence f;2 = 355 N/mm?
ATy _ 4438x355
h NET i V3x1.0
Shear resistance of net section:
Avnet = Av— mdotz =4438 -4 x20x 125 =3438 mm?
C Avnetfuz  _ 3438 x470
h \/§7M2 ) \E’d A

VRamin = min (909; 848) = 848 kN

x107% =909 kN

x107% =848 kN

\% =170kN < 848kN

533 x 210 x 92 UKB, S275
Shear resistance of gross section: D
A =t (et+ (Mm—1)p1+ ev)

eb = min[p—s; 5d]
2

T

b

* o

|

|

|

|

|

|

=min(m; 5><20) =70 mm i
? |
|

|

|

|

|

I TT1

eec  =min(e,; 5d)

o o ¢

Since the connection is not near the top of the column
et is not applicable.

e =5x20=100 mm wall thicknes 140
ty=125mm

© Ay =125%(100+(6-1)x70+70) = 6500 mm? i Ps i

o Ay _ 6500x355 e Yo

h \/§7M0 V3x1.0

Shear resistance of net section:

Avnet =Av—nidot2 =6500 -6 x 20 x 12.5 =5000 mm?

. Avnetfuz - _ 5000x470

h \/EVMZ V3 x1.1

VRdmin = min (1332; 1233) = 1233 kN

m
m

=275

N
N

x107% =1332 kN

x107% = 1233 kN

Ves . 275kN <1233 kN
2

Check 11: Tying resistance — Plate and bolts

Basic requirement: Fedq Smin(FquuJ; Frauz: FRd,u,s)

406 x 178 x 74 UKB, S275
(8”_29w )Mpl,1,Rd,u

2mn-e, (m+n)

<

e1=40

p=70 fzoo kN

[
n; rows m
( L

=40

N

Frau1 =

Lo

0.255) gt 2,
MpH,Rd,u = $

7Mu

e

ps=90
St =2e1a+ (M —1)p1a

- O.K.

- 0.K.
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Example 3 — Partial depth end plate — Beam to hollow section column

Title using Flowdril Sheet 6 of 9
emn =er but < 0.5(p3 ~ s —2aﬁ)+d—°
2
O.5x(90—9.5—2x4.24x\/§)+% = 45.3 mm
- e1a =40 mm
p‘lA =p1 but < P3 _tw,b1 —26\/5+d0
90-9.5-2x4.24x/2+22 =90.5 mm
Sopia =70 mm
Slit =2x40+ (4—1)x70 =290 mm
2
Motrau = 0.25x 2901><110 x 410 <10 = 2.7 KNm
—t -2x0.8 2 _ _
b o Patue —2x08xav2 _ 90-9.5-2x08x4.24xV2 o,
2 2
Assuming no washer is used, dw is taken as the width across points from Table G.66 Table G.66
ew —d—W—§=8.25mm
4 4
n = min(e,; 1.25m) = min(30; 1.25x35.4) =30 mm
6
- Frous = (8x30-2x8.25)x2.7x10° 15 _ a0\
2x35.4x30-8.25 x(35.4 +30)
_ 2My2rau +NZFiRA.
Frau2 =
m+n
Mpi2Rdy = Mpl,1,rdu = 2.7 KNm
Ftrau =125 kN (12.5 mm, S355) Table G.59
6 3
- Frauz _2x2.7x10°+30x8x125x10 <103 =541 kN
35.4+30
Fraus = ZFirgy = 8 x 125 =1000 kN
min(Frau1; Frauz: Fraus) = min(38% 541, 1000) = 381 kN
Feas =200 kN < 381kN - O.K.
533 x 210 x 92 UKB, S275
T v
7‘77 ,‘, ~ g=40
$ 275 kN
ofe|l
m
*‘ y p# L 70 :*jE:E
6 rows
,‘ 4 ,‘ Y
p,= 140
,‘,, ,‘, Y
o] e,= 40
— ¢\
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End plates — Worked examples with partial depth end plates — Example 3

Example 3 — Partial depth end plate — Beam to hollow section column

Title sing Flowdrill

Sheet 7 of 9

(8n—2e, )My 1rau

2mn-—e,, (m+n)

Frdu1 =

Skt =2e1a+ (M —1)p1a

e1A = e bUt < 05(p3 _tW,b1 —26'\/5)+d70

0.5x(140—10.1—2x5.6x«/§)+% =68 mm

- e1a =40 mm

piA  =p1 but < ps3 —typ —Zaﬁ+do
140 -10.1-2x5.6x/2 +22 = 136 mm
Sopia =70 mm

Slt  =2x40+(6-1)x70 =430 mm

0255 onsty“fu _ 025 x 430 x 127 x 410 _
11

107% =5.77 kNm

Mpi1Rrduy =
7Mu

_ Ps ~twpt ~2x0.8xavV2 _ 140-10.1-2x0.8x4.2x12
2 2
Assuming no washer is used, dv is taken as the width across points from Table G.66

m =60 mm

n = min(e,; 1.25m) = min(30; 1.25x59) =30 mm

6
- Frges = 8x80-2x825)677x10° s 4ot
2x60x30-8.25(60 +30)

2MyioRau +NZFiRgy

Frdu,2
m+n

Mpi2Rdy = Mpi,1,rdu = 5.77 KNm

Ftrdu =125 kN (12.5 mm, S355)

_2x5.77x10° +30x12x125x10°
60+ 30

Fraus = ZFiRyy =12 x 125 = 1500 kN

min (Frdu1; Frdu2; Frdus) = min (451; 628; 1500) = 451 kN

Fea =275kN < 451kN

x107% = 628 kN

. Frauz2

Check 12: Tying resistance — Supported beam web

Resistance of the beam web
Basic requirement: Fea £ Frd
406 x 178 x 74 UKB, S275

290

Table G.66

Table G.59

- 0O.K.
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Example 3 — Partial depth end plate — Beam to hollow section column

Title using Flowdril Sheet 8 of 9

twoihof,

Frg = Lwotflpfupt _ 95x290x410 05 _ 4007 kN
7M,u 11

Fes =200kN < 1027 kN - O.K.
533 x 210 x 92 UKB, S275

I

olel ¢

olel 1

ot o |—)
430 6 rows

ole—1

olel 1

ofe

d—

two1hof, .. O.K.
Frg = Dwethofubt | 10.1x430x410 oo _ qeio i

7M,u 11

Fed =275 kN <1619 kN
Check 13: Tying resistance — Welds
Basic requirement: a 2 0.40 twp1
406 x 178 x 74 UKB, S275
Throat thickness:

6
a = — =424 mm

J2
0.40 fwp1 =0.40 x 9.5=3.8 mm
4.24 mm = 3.8 mm . O.K.
533 x 210 x 92 UKB, S275
Throat thickness:
a =-5 =424mm

2

0.40 twp1 =0.40 x 10.1 =4.04 mm
4.24 mm =4.04 mm .. O.K.
Check 15: Tying resistance — supporting column wall
Basic requirement: Fed < Frdu
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Example 3 — Partial depth end plate — Beam to hollow section column

Title using Flowdril Sheet 9 of 9
b = 250
N |  250x250x12.5SHS
| | .~ Grade S355
Iﬁfgff:
, h o e }i —>{l<t, =125
H o b o — 90 for 406 x 178 UKB
Ol e A e }| (n-1) ps P3= 140 for 533 x 210 UKB
) H o - ll
—\
[
| |
J\/—\L $
Tying Force
8M giRrq,
Frg = >4 [771 +1.5(1—ﬂ1 )0'5 (1—7/1 )0'5 ]
(1-51)
fucta®
MpiRd,u = be?
7 Mu
406 x 178 x 74 UKB, S275
2
Mpird,u= MX‘IO’3 =16.7 kKNm/mm
4x1.1
s =P 90 = 0.424
b-3t,  250-3x12.5
woo=—do - 20 _(ooa
b-3t,  250-3x12.5
n 4
(n1_1)p1_71d0 (4—1)><70—E><20
™ = = = 08
b-3t, 250 -3x12.5
8x16.7 0.5 0.5
Fi = =27 |0.8+1.5x(1-0.424)*° (1-0.094 =437 kN
Rd,u (1_0.424)( + X( ) ( ) )
Fes =200 kN < 437 kN .. O.K.
533 x 210 x 92 UKB, S275
2
Mpgrou= 279X1257 163 = 16.7 KNm/mm
4x1.1
g =P o 140 -6
b-3t,  250-3x125
wooo=_do - 20 _(ooa
b-3t,  250-3x12.5
6
n
(ny ~1)p+ ~ 2 do (6—1)x70—5x20
mo = = =1.36
b-3t; 250-3x12.5
Fra = m(1.36 +1.5(1-0.66)%° (1-0.094)°° ) = 862 kN
(1-0.66)
Fes =275kN <862 kN - O.K.
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€ 4« /—“/ Job Joints in Steel Construction — Simple Joints Sheet 1 of 13
AV scl . Example 4 — Partial depth end plate — Beam to hollow section
Title .
Steel Knowledge column using Hollo-Bolts
CALCULATION SHEET

Client Connections Group

Bcsn Calcs by CZT

Checked by ENM Date  Sept 2011

DESIGN EXAMPLE 4

Check the following beam to hollow section column joint for the design forces shown using
Hollo-Bolt connectors to the column.

In this example the tie force is less than the shear force.

The connections should be checked independently for shear forces and tying forces and not for
both forces acting at the same time.

250 x 250 x 12.5 SHS
Grade S355
45 45
9] ¥ v 790
80 | 80
80] | 80
200 kN <— 80| | 80 —»  275kN
Tying force 80 Tying force
L [ 80
45 \
L Il AY
406 x 178 x 74 UKB L 45
Grade S275 12 553 x 210 92 UKB
Grade S275
340 kN 1 T 550 kN
90 ————— 110

180 x 10 partial depth
end plate, S275

200 x 12 partial depth
end plate, S275

Hollo-Bolts
Design Information:
Bolts: M20 8.8, Hollo-Bolts
Welds: 6 mm leg length fillet welds
Column: S355
Beams: S275
End plates: S275
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Example 4 — Partial depth end plates — Beam to hollow section column using

Title  olio-Bolts

Sheet 2 of 13

CONNECTION DESIGN USING RESISTANCE TABLES

250 x 250 x 12.5 SHS
Grade S355

200 kN 275 kN
Tying forcg_ / _$ying force
406 x 178 x 74 UKB ‘
Grade 5275 553 x 210 92 UKB
Grade S275
340 kN1 r 550 kN

406 x 178 x 74 UKB, S275 533 x 210 x 92 UKB, S275

End plate, 180 x 10 End plate, 200 x 12

Welds 6 mm fillet Welds 6 mm fillet

Bolts M20 8.8 Bolts M20 8.8

Bolts at 90 cross centres Bolts at 110 cross centres

4 rows of bolts 5 rows of bolts

From Resistance Table G.6 From Resistance Table G.6

Connection shear resistance Connection shear resistance

=427 kN > 340 kN =592 kN > 550 kN

Minimum support thickness in S355 Minimum support thickness in S355

=3.0mm< 12.5mm =3.3mm< 12.5mm

Connection tying resistance Connection tying resistance

=458 kN > 200 kN =613 kN > 275 kN

The beam side of the connection is adequate | The beam side of the connection is adequate

Note:

(1) The tying resistance of the connection given in the tables in the yellow pages is the least

of the values obtained from Checks 11, 12 & 13.
(2) The hollow section wall must also be checked as shown in Check 15.

Table G.6

60




End plates — Worked examples with partial depth end plates — Example 4

Title

Example 4 — Partial depth end plate — Beam to hollow section column using

Hollo-Bolts

Sheet 3 of 13

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 4

Notes:

(1

length of the end plate varies from Example 1.

()

Checks 1 to 4, where applicable, are generally as shown in Example 1. Check 4 is included because the

Tying forces are ignored when checking the shear resistance and shear is ignored calculating the tying

resistance.
SHS Column, S355
Sheet CHECK 406 UKB (S275)|533 UKB (S275)| 406 UKB Side | 533 UKB Side
No. - - - -
Resist Design Resist Design Resist Design Resist Design
force force force force
Check 1 . . All recommendations adopted
Recommended detailing practice
Check 2
Full strength welds adopted — .
Supported beam Not critical Not applicable
Welds (kN)
Check 3 Not applicable
4 Check 4 Shear
Supported beam resistance | 448 340 592 550 Not applicable
Web in shear (kN)
Checks 5, 6,7 Not applicable
4 Check 8 Bolt arou
Connection (kgl]\l) Pl 429 340 643 550 Not applicable
Bolt group
6 Check 9 Shear
Connection resistance | 721 340 1037 550 Not applicable
End plate in shear (kN)
8 | Check 10 Sgear_a”d
Supporting column res?:tg:ge Not applicable 756 | 170 | 925 | 275
Shear and bearing (kN)
10 Check 11 Tension
Tying resistance 487 200 631 275 Not applicable
(kN)
Plates and bolts
12 Check 12 Tension
Structural Integrity 1169 200 1543 275 Not applicable
(kN)
Supported beam web
12 Check 13 .
. Tension Full strength welds adopted — .
Structural Integrity (kN) not critical Not applicable
Welds
Check 14 Not applicable
13 Check 15 Tension
Structural Integrity (kN) Not applicable 427 200 566 275
Supporting column wall
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Title Example 4 — Partial depth end plate — Beam to hollow section column using Sheet 4 of 13
Hollo-Bolts

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 4: Supported beam — Web in shear

Shear resistance of beam web at the end plate
Basic requirement: Veq < VcRa

Avfy,b1 /\/3

7 Mo

Shear resistance of beam web at the end plate: Vcrd =

406 x 178 x 74 UKB, S275

Shear area of beam web at the connection:

hp =45+ 3 x 80 + 45 =330 mm 5
A =09x330x95 =2822 mm? 1 80
ts =16.0 mm, hence fyp1 = 275 N/mm? 1 80 ho =330
m =10 4 80
Shear resistance of beam web at the connection: 45
_ 2822x275/\/3

1.0

Ves =340 kN <448 kN .. O.K.

>

. Vira x1073 = 448 kN 4

533x210x92 UKB, S275

Shear area of beam web at the connection:

hp =45+4x80+45=410 mm

Ay =0.9 x 410 x 10.1 = 3727 mm?

f = 15.6 mm, hence fyp1 =275 N/mm? hp=410
mo  =1.0

Shear resistance of beam web at the connection:

_ 3727x275/\3
1.0

". VblRd 07* =592 kN

Ve« =550 kN <592 kN .. O.K.
Check 8: Connection — Bolt group

Basic requirement: Veds < Frd
The resistance of the bolt group, Fgq, is as follows:

|f Fb,Rd S O'SFV,Rd then FRd = ZFb,Rd
if Fogg > 0.8F, then Fry = 0.8nF, gq

Shear resistance of a single bolt. For M20 Hollo-Bolts: Table G.60
FvRrd =169 kN

Bearing resistance of a single bolt:
FoRrd = min(FoRrdp; FoRrd2)

kyoap,fupdt
FoRrdp = Z1PTbPTUP TR

7 m2

k1,2ab,2fu,2dt2

Fo,rd,2
7' m2

Bearing on the supporting column will be verified in Check 10.

. FbRrd = FoRrdp
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Example 4 — Partial depth end plate — Beam to hollow section column using

Title  ollo-Bolts

Sheet 5 of 13

406 x 178 x 74 UKB, S275

406 x 178 x 74 UKB ?
=,

e1=45
p1=80

|

|

|

|

i

T

1 p1=80
i p1=80
I

|

|

|

|

|

|

|

|

|

|

AR

T

250 x 250 x 12.5 SHS —>

|

340 kN ¢
Bearing on the end plate:

Kip = min| 2822 _17. 14P2_47. 25
do do
45 9% do from Table
= min| 2.8x——=-1.7; 14x—-17; 25|=min(1.9; 1.9; 25)=1.9 G.69
35 35
f
Qop = min| - : P —l; b .10 = min i; i—0.25; @; 1.0
3d,’ 3d, 4 fy, 3x35’ 3x35 410
= min(0.43; 0.51, 1.95; 1.0) =0.43
Forap = 19x0.43x410x20x10 05 _ ga s

1.25
0.8Fvrda =0.8 x 169 = 135.2 kN

- Fora =53.6 kN <135.2 kN
© Frd = ZFppg =8 x 53.6 = 429 kN
" Ves =340 kN < 429 kN - 0K

533 x 210 x 92 UKB, S275

533 x 210 x 92 UKB E
| |
| i i i ¢e-45
| | -
I a p11=80
e
} ! p1=280
DS DY RS
3F43 80
[ p1=
el
} [
250 x 250 x 12.5 SHS —>1| |
‘T\

\
550 kN ¥
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Example 4 — Partial depth end plate — Beam to hollow section column using

Title  ollo-Bolts

Sheet 6 of 13

Bearing on the end plate:

Kip = min[2.8e—2—1.7; 14P2 _47. 2.5]
dO 0
= min[ 2.8x22 1.7, 1.4x 109 _17; 25 =min(1.9; 2.7; 25) =1.9
35 35
wo = min| 2y PN e o) o[ 45 80 55, 8004
3dy, " 3d, 4 fy, 3x35" 3x35 410
= min(0.43; 0.51; 1.95; 1.0) = 0.43
Forgy = 1:9%043x410x20x12 105 _ gy 54
1.25
. Fora =64.3kN<1352kN
o Fra = SFpgg = 10 x 64.3 =643 kN

. Ved =550 kN < 643 kN

Check 9: Connection — End plate in shear
Basic requirement: VEd £ VRdmin

VRd,min =min(Vrdg; VRdn; VRdb)

406 x 178 x 74 UKB, S275

Shear resistance of gross section

Vi 2hpt,  fyp ;zﬁ
Rd.g = — |
1.27 ‘/E}’MO . 1_77‘ Jv/(91=4'_‘r._'>
T i i
VRd,g = 2><1:3207><10 N 275 10-2 =825 kN #4‘75 (n-1)p,
' J3x10 +-—o| |=240
Shear resistance of net section: +J,,,5, o= 45
T i T 1=
2A fup Ve | Ve
Vi = - Yed Yed
Rd,n v,net ﬁyMz 2Ed 5‘1
Veg= 340 kKN
Net area: 0= 340
Av,net =A- ndotp
Avnet =330 x 10 — 4 x 35 x 10 = 1900 mm?
o Veen = 2x1900x—10 405 = 818 kN
3x1.1

Block tearing resistance (block shear):
1.36ps =136x90 =122 mm

hp =330 mm > 122 mm, therefore
VRrap = 2x TupAe +—fy’pAnV
7m2 \/§7|\/|0
Net area subject to tension:
d
Ant = tp [92 _—OJ = 10><(45—3—25j = 275 mm?
2

Net area subject to shear:

Any =t,(h, —e1 —(ny —0.5)do ) = 10x(330-45-(4-0.5)x35) = 1625 mm2
410x275 275x1625
o VRap = 2x + x1073 =721 kN
[ 1.1 J3x1.0 ]

- O.K.
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Example 4 — Partial depth end plate — Beam to hollow section column using

Title Hollo-Bolts Sheet 7 of 13
Vramn  =min(825; 818; 721) =721kN
" VEd =340 kN <721 kN - O.K.
533 x 210 x 92 UKB, S275
Shear resistance of gross section
2h,t, f 6.= 45
Vegg =~ = PP v e .
1.27 «/§7M0 #ﬂ e | €1=45
SRR
Vesg = 2022, 2D 405 = 1230 kN e
- J3x1.0 e | @p
Shear resistance of net section: #,J,,,‘ =320
f, el ¥
VRd,n = 2Av,net e # B * €= 45
\/§7M2 Vi { : }ﬁ
Net area: 2 2
Av,net =A- ndotp VEd =550 kN
Avnet =410 x12-5x35x12 =2820 mm?
o Veen = 2x2820x—219 110 = 1214 kN
V3 x1.1
Block tearing resistance (Block shear):
1.36ps =1.36 x 110 = 150 mm
hp =410 mm > 150 mm, therefore
VRrap = 2x TupA +—fy’pAnV
Ym2 \/§7|\/|0
Net area subject to tension:
Ant =t, [ez -d—OJ = 12{45—3—5] = 330 mm?
2 2
Net area subject to shear:
Any =t, (h, —e; —(n-0.5)dy ) = 12x(410-45—(5-0.5)x35) = 2490 mm?
o Veay = 2x| 310x330 2752490 | 155 = 4037 kN
1.1 J3x1.0
VRamn  =min(1230; 1214; 1037) = 1037 kN
" VEd =550 kN < 1037 kN - 0.K.
Additional requirement: End plate in bending
For 406 x 178 x 74 UKB;
hp =330 mm
1.36 p3  =1.36 x 90 = 122 mm, < 330 mm, so no additional check required
For 533 x 210 x 92 UKB;
hp =410 mm
1.36 ps =1.36 x 110 = 150 mm, < 410 mm, so no additional check required
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Example 4 — Partial depth end plate — Beam to hollow section column using

Title  ollo-Bolts

Sheet 8 of 13

Check 10: Supporting column — Shear and bearing

Local shear and bearing resistance of the hollow section column wall
(i) Shear:

. . V
Basic requirement: —£4 < VRdmin
2

A,f A f
VRd,min = min[ viye | vnetTu2 ]

\/§7M0 \/§7M2

406 x 178 x 74 UKB, S275

Critical sections

wall thickness l(ﬂ)l
t,=12.5mm Ps

Ve Ve
5 5¢ =170kN

Shear area of gross section: Ay =t (et+ (M —1)p1 + ev)
min(p—s; SdJ = min(%; 5><20J = 45 mm
2 2

min (e“; 5d)

€b

et

Since the connection is not near the top of the column e+t is not applicable.
et =5x20=100 mm

oAy =12.5x (100 + (4 — 1) x 80 + 45) = 4813 mm?

2 < 16 mm, hence fy2 = 355 N/mm?

Therefore the resistance of the gross section is:

. Avfyz _ 4813x355
h \/§7MO J3x1.0
Shear area of net section: Avnet = Ay — n1dotz
s Avnet =4813 -4 x 35 x 12.5 = 3063 mm?
Therefore the resistance of the net section is:

. Avnetfuz  _ 3063x470
h x/gymz V3 x1.1
. VRamin = min(986; 756) =756 kN
VEd

— =170 kN < 756 kN
2

x10 3 = 986 kN

x107 =756 kN

- O.K.

66




End plates — Worked examples with partial depth end plates — Example 4

Example 4 — Partial depth end plate — Beam to hollow section column using

Title  ollo-Bolts

Sheet 9 of 13

533 x 210 x 92 UKB, S275
Critical sections

wall thickness 1316
t, =12.5 mm k—ﬂ
ﬁ ﬁ =
2 > 275 kN

Shear area of gross section: Av =t (et+ (n1—1)p1 + ep)

min(p—3; 5d] = min(%; 5x20] = 55 mm
2

€p

et min (e“; 5d)

Since the connection is not near the top of column e1t is not applicable.
et =5x20=100 mm

oA =12.5x (100 + (5 — 1) x 80 + 55) = 5938 mm?

Therefore the resistance of the gross section is:

- Ay 5938 x 355 y
U By V3x1.0
Shear area of net section: Avnet = Ay — n1dotz
oo Avnet =5938 — 5 x 35 x 12.5 = 3751 mm?
Therefore the resistance of the net section is:

. Avnetfuz _ 3751x470
h x/gymz V3x1.1
< Vramn = min(1217; 925) = 925 kN
VEd

— =275 kN < 925 kN
2

107% = 1217 kN

x107° = 925 kN

- 0O.K.
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Example 4 — Partial depth end plate — Beam to hollow section column using

Title  ollo-Bolts

Sheet 10 of 13

Check 11: Tying resistance — Plate and bolts

Resistance of end plate

Basic requirement: Fed < min(Frau1; Frdu2; Frdu3)
406 x 178 x 74 UKB, S275
: <—e,=45
o ! o e=45
| ‘ ] ! 80 ?
p =
\ E ) 200 kN
T lefr \ nyrows
2 m
| ‘ |
\
oo ¢
‘ p3=90
et
Mode 1:
_ (8f7 —26w )Mpl,1,Rd,u
Frd,u,1 =
2mn-e, (m+n)
0.25%/ gty % Fups 2
Mairou = ofp ubt - 0.25x330x107 <410 446 = 3.1 kNm
7M,u 11
_ Ps —tup —2x0.8xav2 _ 90-9.5-2x0.8x6 _
m = = =35.5mm
2 2
dw from Table
d w
ew =—W=£=11.5mm G.69
4 4
n = min(e,; 1.25m) = min(45; 1.25x35.5) = 44 mm

_ 6
- Frgu: = (8x44-2x11.5)x3.1x10 1= = 487 kNm
2x34x44-11.5x(34 +44)

Mode 2:
_ 2MyioRau + NZFiRay
Frd,u2 =
m+n
Mpi2Rdy = Mpi1Rrdu = 3.1 KNm
FtRrdu =113 kN Table G.60
6 3

Fraus _ 2x3.1x10° +44x8x113x10 «10-% =589 kN

34+ 44
Mode 3:
Frdus = XFirgy =8 x 113 =904 kN
min(Frau1, Frauz, Frous ) = min(487, 589; 904) =487 kN
Fed =200 kN < 487 kN - 0O.K.
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Example 4 — Partial depth end plate — Beam to hollow section column using

Title Hollo-Bolts Sheet 11 of 13
533 x 210 x 92 UKB, S275
7
#ﬁ e1=45
¢ -
* v ? 275 kN
o — :.ir;'"
#_' Ep1= 80
T et 5 rows
| |
p3=110
o teo| Yoy
i
Mode 1:
_ (8f7 —26w )Mpl,1,Rd,u
Frd,u,1 =
2mn-e, (m+n)
0.25%/ gty % Fups 2
Mptros = e b 0.25x410x127 x410 466 = 5 50 kNm
7M,u 11
. _ Ps~tup ~2x08xaV2 _ 110-101-2x0.8x56xy2 _,,
2 2
dy 46
ew =—=— =11.5mm
4 4 Table G.69
n = min(e,; 1.25m) = min(45; 1.25x43.6) =45 mm
6
- Frgu: = (8x45-2x11.5)x5.50x10 <10-* =631 kN
2x44x45-11.5x (44 + 45)
Mode 2:
_ 2MyioRdau + NZFiRay
Frdu,2 =
m+n
Mpi2rdy = Mpi1,Rd,u =5.50 kNm
FtRrdu =113 kN
6 3
Frows = 2x5:50x10°+45x10x113x10° 05 _ gop
44 + 45
Mode 3:
Fraus = ZFiray =10 x 113 = 1130 kN
min(Frgu1, Fravz» Fraus ) = min(631, 694; 1130) =631 kN
Feq =275 kN < 631 kN - 0.K.
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Example 4 — Partial depth end plate — Beam to hollow section column using

Title  ollo-Bolts

Sheet 12 of 13

Check 12: Tying resistance — Supported beam web

Resistance of the beam web

Basic requirement: Fed < Frd
406 x 178 x 74 UKB, S275
——
Effecti *1e
ective
length #,4 ¥¢,, ¥ ? 200 kN
of web n,rows m
R
ofo
py=90
de—
twprhof
Frg = wptTplupt 9.5><330><41OX10_3 = 1169 kN
7 Mu 1.1

Fea =200 kN < 1169 kN

533 x 210 x 92 UKB, S275

Effective 7"7 7¢W A m
length
ofweb| | @ 4 @-|—)5rows

h P

p,=110
—#—7\—# —t *
vlefel
ih—
twp1hof
Frg = wb1MpTup1 _ 10.1><410><410X10,3 = 1543 kN
7Mu 1.1

Fea =275kN < 1543 kN

Check 13: Tying resistance — Welds

Basic requirement: a < 0.40 tw,b1

406 x 178 x 74 UKB, S275
Throat thickness:
6

a = — =424mm

2
0.40 fwp1 =0.40 x 9.5=3.8 mm
a =4.24 mm = 3.8 mm

533 x 210 x 92 UKB, S275
Throat thickness:

a =95 - 4.24 mm

2
0.40 twp1 =0.40 x 10.1 =4.04 mm
a =4.24 mm 2 4.04 mm

=~ 0K

- 0.K.

~ 0K

- 0.K.
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Title

Example 4 — Partial depth end plate — Beam to hollow section column using

Sheet 13 of 13

Hollo-Bolts

Check 15: Tying resistance — Supporting column wall

Resistance of hollow section wall

Basic requirement: Fea < Frd
8M
Fra = i p';d'“ (/71+1.5(1—B1)0'5><(1—y1)0‘5)
- 1)
fuots®
MpiRrdu = o2
Y Mu
406 x 178 x 74 UKB, S275
b =250
—— 7 | 250x250x12.5SHS
| | | y~ Grade S355
|
H < T o ! —>|l<t,=125
i H 3 S ] Ao p, = 90 for 406 x 178 UKB
Tite o] (n-1) ps 37140 for 533 x 210 UKB
t H o e
‘ —
=
J\_/_\L ¢
Tying Force
2
Moirdu= MMO’3 =16.7 KNm/mm
4x1.1
g =P - %0 =0.424
b-3t,  250-3x12.5
d
no =90 - 3% =0.165
b-3t,  250-3x125
n 4
(ny =1)p; _71(10 (4—1)><80—E><35
™ = = =0.8
b-3t, 250 -3x12.5
Frou = 22007 (08415 (1-0.424)% x(1-0.1650) = 427 kN
(1-0.424)
Fe« =200kN < 427kN .. OK.

533 x 210 x 92 UKB, S275

MpiRd,u

yoq

Frd,u

Fed

2
470x12.57 163 = 16.7 kNm/mm
4x1.1
Ps 110 _(518
b-3t, 250_3x125
d
o - 35 =0.165
b-3t, 250 -3x12.5
(ny -1)pr —Mdy  (5-1)x80-2x35
2 - 2 =109
b-3t, 250-3x12.5
8x16.7

(1-0.518

7 (1 09+1.5x(1-0.518)"° x (1 —0.165)0'5) = 566 kN

=275 kN < 566 kN - 0.K.
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£ 4 /—‘ 4 Job Joints in Steel Construction — Simple Joints Sheet 1 of 11
AV sCl Title Example 5 — Partial depth end plate — Beam to hollow section
Steel Knowledge column using Blind Bolts
CALCULATION SHEET Client Blind Bolts
Bcsn Calcs by CZK Checked by DGB Date = December 2013

DESIGN EXAMPLE 5

Check the following beam to hollow section column joint for the design forces shown using

Blind Bolts to the column.

In this example the tie force is less than the shear force.
The connections should be checked independently for shear forces and tying forces and not for

both forces acting at the same time.

250 x 250 x 12.5 SHS

40
9 ¥
70|
70,
200 kN «— 70|
Tying force / A
40
406 x 178 x 74 UKB
Grade S275 10 —>

)

150 x 10 partial depth
end plate, S275

Design Information:

Bolts: M20 Blind Bolts
Welds:
Column: S355
Beams: S275
End plates: S275

6 mm leg length fillet welds

Grade S355
40
v Too
| 70
| 70
170 —» 275 kN
70 Tying force

I

\

L 40
12 553 x 210 92 UKB
Grade S275

200 x 12 partial depth
end plate, S275

Blind Bolts
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Title  olio-Bolts

Example 5 — Partial depth end plate — Beam to hollow section column using

Sheet 2 of 11

CONNECTION DESIGN USING RESISTANCE TABLES

250 x 250 x 12.5 SHS
Grade S355

200 kN -— 70
Tying force /

406 x 178 x 74 UKB
Grade S275

340 kN 1

Although the connection resistance tables are based on ordinary bolts, they may be used to
determine the vertical shear resistance of connections with Blind Bolts, because bolt shear
resistance is generally not critical. The tables for ordinary bolts cannot be used to determine
the connection tying resistance, as the bolt tension resistance has a significant influence on
the tying resistance of the connection.

406 x 178 x 74 UKB, S275
End plate, 150 x 10 S275
Welds 6 mm fillet

Bolts M20

Bolts at 90 cross centres

4 rows of bolts

From Resistance Table G.4:
Connection shear resistance
=394 kN > 340 kN

Minimum support thickness in S355
=32mm< 12.5mm

Connection tying resistance
Table cannot be used

Note:

(1) For connections using Blind Bolts, the tying resistance of the connection is the least of the
values obtained from Checks 11, 12 & 13.

—» 275 kN
Tying force

\

553 x 210 92 UKB
Grade S275

533 x 210 x 92 UKB, S275
End plate, 200 x 12 S275
Welds 6 mm fillet

Bolts M20

Bolts at 140 cross centres

6 rows of bolts

From Resistance Table G.4
Connection shear resistance
=621 kN > 550 kN

Minimum support thickness in S355
=34 mm< 12.5mm

Connection tying resistance
Table cannot be used

(2) The hollow section wall must also be checked as shown in Check 15.

Table G.4
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Title Example 5 — Partial depth end plate — Beam to hollow section column using Hollo-Bolts

Sheet 3 of 11

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 5

Notes:
(1) Checks 1to 4 and 9 are as shown in Example 1.

(2) Tying forces are ignored when checking the shear resistance and shear is ignored calculating the tying

resistance.
SHS Column, S355
Sheet CHECK 406 UKB (S275)|533 UKB (S275)| 406 UKB Side | 533 UKB Side
No. - - - -
Resist Design Resist Design Resist Design Resist Design
force force force force
Check 1 ;
All recommendations adopted
Recommended detailing practice P
Check 2
Full strength welds adopted — .
Supported beam Not critical Not applicable
Welds (kN)
Check 3 Not applicable
Check 4 Shear
Supported beam resistance | 394 340 621 550 Not applicable
Web in shear (kN)
Checks 5,6, 7 Not applicable
4 | Checks Bolt grou
Connection (k?\l) Pl 487 | 340 | 731 | 550 Not applicable
Bolt group
Check 9 Shear
Connection resistance | 691 340 1195 550 Not applicable
End plate in shear (kN)
6 Check 10 Sgear'and
Supporting column eanng Not applicable 823 170 1196 | 275
. resistance
Shear and bearing (kN)
8 Check 11 Tension
Tying resistance 323 200 390 275 Not applicable
(kN)
Plates and bolts
10 Check 12 Tension
Structural Integrity (kN) 1027 200 1619 275 Not applicable
Supported beam web
10 Check 13 .
. Tension Full strength welds adopted — .
Structural Integrity (kN) not critical Not applicable
Welds
Check 14 Not applicable
11 Check 15 Tension
Structural Integrity (kN) Not applicable 431 200 850 | 275
Supporting column wall
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Example 5 — Partial depth end plate — Beam to hollow section column using

Blind Bolts Sheet 4 of 11

Title

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 8: Connection — Bolt group

Basic requirement: Veds < Frd
The resistance of the bolt group, Fgq, is as follows:

|f Fb,Rd S O'SFV,Rd then FRd = an,Rd
if Fb,Rd >0'8FV,Rd then FRd =0.8nFVYRd

Shear resistance of a single bolt. For M20 Blind Bolts:
Conservatively asume the shear plane is over the slot:

FuRrd = FuRrdsiot = 76.1 kN Table G.62
Bearing resistance of a single bolt:
FoRrd = min(FbRd,p; FoRrd2)

Kipatp,fupdt
Fordp = P DPUP P

VM2

Kioapofyodt

Fb,Rd,z - 12%p21u24t2

7' m2

406 x 178 x 74 UKB, S275

406 x 178 x 74 UKB |
-
Tefeti5oc2
| | yPi=70
12121 Koo
| 1=
i ** % p1=70
| 1=
s adb
|
I |
250 x 250 x 12.5 SHS—>{! |
| |
\
340kN‘
Since plate is 150 mm wide and ps = 90 mm then: e2 = 30 mm Appendix F

For an M20 Blind Bolt: d=20mm do=22mm fup = 1000 N/mm?
Bearing on the end plate:

Kip =min| 282 _17; 1422 _17. 25
do do
= min(2.8x£—1.7; 14x20 47, 2.5]=min(2.1; 4.0; 25) =21
22 22
. 4 7 1 fup from
b = min(;; ; 3‘;1 —%; :“b ; 1.0] = mm(3 22; 3 22—0.25; fTO:; 1.0) Table 7 of
o 90 up x x EN 10025-2
= min(0.6% 0.81, 2.44; 1.0) =0.61
Forgy = 2.1%x081x410x20x10 15 _ gy 04N

1.25
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Example 5 — Partial depth end plate — Beam to hollow section column using

Title - gind Bolts

Sheet 5 of 11

Bearing on the supporting column:

Since the hollow section wall is 12.5 mm thick and S355, clearly the end plate is critical.

Therefore can be assumed that:

FoRraz2 > FbRdp

Fo,rd = min(FoRrdp; Fora2) =84.0 KN

0.8Fvra =0.8x76.1=60.9 kN

o Fora =84.0 kN >60.9 kN

. Frd = 0.8nF,gy =0.8x8 x76.1=487kN

. Ved =340 kN < 487 kN

533 x 210 x 92 UKB, S275
|

533X210X92UKBEr

! 1

I ‘J
| | e1=40
3+ Ml p1=70
}*- -#- i p1=70
i+ + | p1=70
i-¢- -‘ i p1=70
}*- -¢- i p1=70
i+ aal
}—i

250 x 250 x 12.5 SHS —> i !
J\//'\L

\

550kN$

Since plate is 200 mm wide and ps = 140 mm then: e2 = 30 mm
Bearing on the end plate:

Kip =min| 282 _17; 1473 _17. 25
do do
= min[2.8x£—1.7; 14x140_4 7, 2.5] =min(2.1; 7.2; 25) =2.1
22 22
Qb,p = min i ; Pi —l; Fup ;1.0 | = min 40 ; 70 -0.25; @; 1.0
3dy, ' 3d, 4 fy, 3x22" 3x22 410

= min(0.6%; 0.8% 2.44; 1.0) = 0.61

Forgy = 21X0B1x410x20x12 005 _ 400 64N

1.25
Bearing on the supporting column:

Since the hollow section wall is 12.5 mm thick and S355, clearly the end plate is critical.

Therefore can be assumed that:

Fo,rd,2 > Fordp

Fb Rd = min(FoRrdp; Ford2) = 100.8 kN
0.8Fvra =0.8x76.1=60.9 kN

. Fora =100.8 kN > 60.9 kN

. Frd = 0.8nF,gy =0.8x12x76.1=731kN

. Ved =550 kN <731 kN

- O.K.

- O.K.

76




End plates — Worked examples with partial depth end plate — Example 5

Example 5 — Partial depth end plate — Beam to hollow section column using

Title - gind Bolts

Sheet 6 of 11

Check 10: Supporting column — Shear and bearing

Local shear and bearing resistance of the hollow section column wall
(i) Shear:

. . vV
Basic requirement: —% < Vrdmin
2

A, f A f
VRdmin = min[ viy2 = Avnetlu2 J

\/§7M0 ‘ ﬁ?fmz

406 x 178 x 74 UKB, S275

Critical sections

| |

R

| | |

I fhhf’ I

I e |

| |

e

| |

| |

| |

%
wall thickness l&l
t,=12.5mm Ps

Ves Ve
> > = 170 kN
Shear area of gross section: Ay =t (et+ (N —1)p1+ ep)
€v = min(ew ;p—s; SdJ
2
Since the connection is not near the bottom of the column e1 s is not applicable.
eb = min(p—s; SdJ = min[%; 5><20] =45 mm
2 2

et = min(e“; Sd)

Since the connection is not near the top of the column e+t is not applicable.
et =5x20=100 mm

oAy =12.5x (100 + (4 — 1) x 70 + 45) = 4438 mm?

t < 16 mm, hence f,2 = 355 N/mm?

Therefore the resistance of the gross section is:

. Avfya _ 4438 x355
3y 3x10
Shear area of net section: Avnet = Av — n1dotz
s Avnet =4438 —4 x 22 x 12.5 = 3338 mm?
Therefore the resistance of the net section is:

. Avnetfuz _ 3338x470
RENEY V3 x1.1
. Vramn = min(910; 823) =823 kN
Veq

— =170 kN < 823 kN
2

x10 3 =910 kN

x107% =823 kN

fu2 for S355
from Table A.3
of

EN 10210

-~ 0.K.
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Example 5 — Partial depth end plate — Beam to hollow section column using

Title - gind Bolts

Sheet 7 of 11

533 x 210 x 92 UKB, S275
Critical sections

|
R
R
[ S
[ Pl
Raaadt
End
| _+ '_'_+__I
b =
wall thickness 140
t,=125mm H
Ve Ve

> > =275kN

Shear area of gross section: Av =t (et+ (n1—1)p1 + ep)

€b = min[ew ;p—s; 5d]
2
Since the connection is not near the bottom of the column e1 is not applicable.
eb = min(p—s; SdJ = min[ﬂ; 5><20] =70 mm
2 2
et = min (e“; Sd)

Since the connection is not near the top of column e is not applicable.

et =5x20=100 mm

oAy =12.5x (100 + (6 — 1) x 70 + 70) = 6500 mm?

Therefore the resistance of the gross section is:

Aty _ 6500 x 355 N

h \/Eymo \/EX 1.0

Shear area of net section: Avnet = Av — n1dotz

o Avnet  =6500 -6 x 22 x 12.5 = 4850 mm?

Therefore the resistance of the net section is:
Avnetfuz _ 4850x470

RN J3x1.1

<. Vramn = min(1332; 1196) = 1196 kN

102 = 1332 kN

x107% = 1196 kN

Ves. =275 kN < 1196 kN
2

(ii) Bearing resistance

Bearing resistance in the column wall will not be critical when compared to the bearing
resistance in the end plates (see Check 8).

- 0.K.
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Example 5 — Partial depth end plate — Beam to hollow section column using

Title - gind Bolts

Sheet 8 of 11

Check 11: Tying resistance — Plate and bolts
Resistance of end plate

Basic requirement: Fed < min(Frau1; Frdu2; Frdu3)
406 x 178 x 74 UKB, S275

j r ex=30

“ ‘7 ¥ e= 40
p= 170 200 kN
ol *
2 et nrows
olel ki
p3=90
the—
Mode 1:
8n-2e, M
FRd,u,1 _ ( w ) pl,1,Rd,u

2mn-e, (m+n)
2/ is the effective length of the equivalent T-stub = h, = 290 mm

2
0.252/ettp"fup — 0.25%290x102 x410
}/M,u 11

x107® =27 kNm

Mpiirduy =

a+ 2 is the weld leg length = 6 mm

Ps —tup1 ~2x0.8xav2 _ 90-9.5-2x0.8x6

m = =35.5mm

2 2

dy _ 37 dw from Table
ew =—=—=925mm
4 4 G.66
n = min(e,; 1.25m) = min(30; 1.25x35.5) = 30 mm
_ 6
- Frgur = (8x30-2x9.25)x2.7x10 102 =392 kN
2x35.5x30-9.25x(35.5+30)
Mode 2:
_ 2M 2Ry + NZFiRay
Frd,u2 =
m+n

Mpi2rdu = Mpi1rdu = 2.7 KNm
Firau =657 kN Table G.63

6 3
Frows = 2X27x10°+30x8x657x10° 15 _ goq

35.5+30
Mode 3:
Fraus = ZFirqy =8 x 65.7 =526 kN
min(Fraut, Frauz, Fraus ) = min(392, 323; 526) =323 kN
Feq =200 kN < 323 kN .. O.K.
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Example 5 — Partial depth end plate — Beam to hollow section column using

Title - gind Bolts

Sheet 9 of 11

533 x 210 x 92 UKB, S275

F

N J e = 40
+ + p1=70 f 275 kN
Al g o~
Zletr p1=70 m
-¢_ _‘ =70
p1
aal g _ 70
p1=
Y + -¢- e = 40
d— _5 ps= 140
T
Mode 1:
F _ (8n -2e, )Mpl,1,Rd,u
Rd,u,1 =

2mn-e,, (m + n)
2/« is the effective length of the equivalent T-stub = hp = 430 mm

2
0.252/ it "fup _ 0.25%430x122 x410
}/M,u 11

x107% =577 kNm

MpiRdy =

a+ 2 is the weld leg length = 6 mm

Ps —twpr =2x0.8xav2 _ 140-10.1-2x0.8x6

m = =60.15 mm
2 2
ew =d—w=3—7=9.25mm
4 4
n = min(e,; 1.25m) = min(30; 1.25x60.15) = 30 mm
_ 6
- Frgur = (8x30-2x9.25)x5.77x10 £10-° = 461 kN
2x60.15%30-9.25%(60.15+30)
Mode 2:
_ 2M g2 rau + NZFiRay
Frd,u2 =
m+n
Mpi2Rrdy = Mpi1,Rdu =5.77 kNm
Ftrdu =65.7 kN
6 3
Fraus _ 2x5.77x10° +30x12x65.7x10 <103 =390 kN
60.15+30
Mode 3:
Frdus = XFirqy =12 x65.7 =788 kN

min(Frau1, Frauz, Fraus ) = min(461, 390; 788) =390 kN
Feq =275 kN < 390 kN

Table G.69

Table G.63

-~ 0K
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Example 5 — Partial depth end plate — Beam to hollow section column using

Blind Bolts Sheet 10 of 11

Title

Check 12: Tying resistance — Supported beam web

Resistance of the beam web

Basic requirement: Fed < Frd
406 x 178 x 74 UKB, S275
——
Effecti i #7’ 7‘7 )
ective
length #,1¥‘, I T 200 kN
of web n, rows < m
hllelel—x
vlefel M
ps=90
mnthe—
twothof
Frg = b1plupt Q'SXZ90X41O><10‘3 = 1027 kN
7M,u 11
Fed =200 kN <1027 kN - 0O.K.
533 x 210 x 92 UKB, S275
R
> 1o —
# + R 2 f 275 kN
Effective
length # + Y m
of web 6 rows
he * 1 e —
‘ # - p3= 140
nh—
two1hofu
Frg = b1 o Tup1 _ 10.1><430><410X10_3 =1619 kN
}/M,U 11
Feq =275 kN < 1619 kN - 0.K.

Check 13: Tying resistance — Welds

Basic requirement: a < 0.40 tw,b1

406 x 178 x 74 UKB, S275
Throat thickness:
6

a =— =424 mm
2
0.40 twp1 = 0.40 x 9.5=3.8 mm
a =4.24 mm = 3.8 mm - O.K.

533 x 210 x 92 UKB, S275
Throat thickness:

a =-2 =424mm
2
0.40 twp1r =0.40 x 10.1 =4.04 mm
a =4.24 mm = 4.04 mm - O.K.
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Example 5 — Partial depth end plate — Beam to hollow section column using

Title - gind Bolts

Sheet 11 of 11

Check 15: Tying resistance — Supporting column wall

Resistance of hollow section wall

Basic requirement: Fea < Frd
8M
Fra = pLRAu (I’]1 +1 .5(1 - B )0'5 X (1 2 )0‘5)
(1-8,)
fuots?
MopiRd,u = b2
4}/M,u
406 x 178 x 74 UKB, S275
b = 250
— | 250x250x125SHS
| I / Grade S355
|rf4ff:
h o e }I >{l<t,=125
v H ool - pg = 90 for 406 x 178 UKB
Priile b o }| (m-1)p4 140 for 533 x 210 UKB
t H o o]
——
| |
k/‘\L *
Tying Force
2
Mpirdu = MMO’S =16.7 kKNm/mm
4x1.1
B =_Ps . 90 = 0.424
b-3t,  250-3x12.5
d
» =% -2 = 0.104
b-3t,  250-3x12.5
4
(ny-Dps-"dy  (4-1)x70-=x22
e = 2 - 2 =0.781
b-3t, 250 - 3x12.5
Frou = 2007 (0.781+1.5x(1-0.424)°% x(1-0.104)>° ) = 431 kN
(1-0.424)
Feq =200kN < 431kN

533 x 210 x 92 UKB, S275

2
MpiRrd,u = MMO’3 =16.7 kNm/mm
4x1.1
B =_Ps - 140 = 0.659
b-3t,  250-3x12.5
d
” S 22 =0.104
b-3t,  250-3x12.5
(n-1)ps-"dy  (6-1)x70-Cx22
m = 2 - 2 =1.34
b-3t, 250-3x12.5
Frow = 2007 (134415x(1-0.659)°% x(1-0.104)°% ) = 850 kN
(1-0.659)
Feq = 275 kN < 850 kN

fu.c for S355
from Table A.3
of

EN 10210-1

- 0O.K.

- O.K.
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4.7 DESIGN PROCEDURES FOR FULL DEPTH

END PLATES
The design model used in this publication is in The checks can be modified to cover end plates
accordance with traditional UK design practice and welded to one flange only, though this situation is
is based on the simply supported beam end notcovered in the publication.
reaction.

The design procedure applies to beams connected
to a column flange, a column web, a supporting
beam web or to a hollow section column.

//\’/

n{rows Supported
ofbolts | & beam

Supporting
Column
(I or RHS)
N
Check 1 Recommended detailing practice
Check 2 Supported beam — Welds
Check 3 Not applicable
Check 4 Supported beam — Web in shear
Check 5 Not applicable
Check 6 Not applicable
Check 7 Not applicable
Check 8 Connection — Bolt group
Check 9 Not applicable
Check 10 Supporting beam/column — Shear and bearing
Check 11 Tying resistance — Plate and bolts
Check 12 Tying resistance — Supported beam web
Check 13 Tying resistance — Welds
Check 14 Tying resistance — Supporting column web (UKC or UKB)
Check 15 Tying resistance — Supporting column wall (Hollow Section)
Check 16 Not applicable
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CHECK 1 Recommended detailing practice

_— Bolt diameter, d

~—Hole diameter, d,
d,=d+2 mm ford < 24 mm
do =d+3 mm ford > 24 mm
(for Hollo-Bolts see Table G.69)

—>{}<— Plate thickness,t,
Face of beam or t,=10 mm or 12 mm Gauge
column (Tor RHS)  (gee note 1) oL

90 mm< p, £140 mm

(see note 2)

Notes:

(1)

In order to satisfy rotational requirements for pinned connections according to BS EN 1993-1-8, the
maximum end plate thickness is 12 mm for S275 fittings. For shallow beams, the use of 10 mm thick
end plates is recommended. Increasing the end plate thickness above this value may lead to an
increased moment resistance which does not satisfy BS EN 1993-1-8 requirements for pinned
connections.

Reducing the gauge will increase the tying resistance and the connection stiffness. Care must be taken
to ensure that conditions in BS EN 1993-1-8, 5.2 are satisfied.

The effective lengths calculated in Check 11 are valid provided p1 < 4m + 1.25e
The tying resistance assumes that a plastic distribution of bolt forces is possible. For this to be

appropriate, the end plate thickness, fp, must be limited to ¢, s% :”b

y.p

This requirement is satisfied with M20, 8.8 bolts and 12 mm S275 plates. Although thicker plates will
also satisfy this requirement, they are not recommended for the reasons explained above.
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CHECK 2

Supported beam — Welds

Supported
beam

Resistance of web fillet welds connecting end plate to beam web:

Basic requirement:

a
a

> 0.40 twp1 for S275 supported beam
> 0.48 twb1 for S355 supported beam

where:

a is the effective weld throat thickness
= 0.7s (normally)

s is the weld leg length

tw,b1 is the web thickness of the supported
beam

See Appendix C for more details about the weld requirements.
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CHECK 4 Supported beam — Web in shear

f

Veq
Resistance of the beam web (complete section is effective)

Basic requirement:

VEd < Ve Rd

Vera  is the design shear resistance of the supported
beam connected to the end plate

fypi

= Av
3¥mo

v
—ﬂf,m

tw,b1

<———————Sheararea A,

[T ]

where:
Av

hw

t,p1

tw,b1

db1

I'v1

is the shear area

= Ab1 — 2bbattpr + (fwp1 + 2rb1)i b1
but not less than 7 hw tw,b1

= (h — 2tp1)

is the gross area of the supported
beam

is the thickness of the supported
beam flange

is the thickness of the supported
beam web

is the width of the supported beam

is the straight part of the supported
beam web

is the root radius of the supported
beam

is given by BS EN 1993-1-5 but may
be conservatively taken as 1.0
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CHECK 8 Connection — Bolt group

Check these bolts in shear
under concentric load

‘# g3 + Supporting

Column

_
|

Shear and bearing resistance of the bolt group connecting the end plate to the supporting beam or column.

Basic requirement: where:
Ves < Frd o = 0.6 for 8.8 bolts
Fra is the resistance of the bolt group A is the tensile stress area of the bolt, As
do is the diameter of the holes
If Fora  <0.8Fure® then Frda=nFoRrd to is the thickness of the plate
If Fo,Rd > 0.8Fre* then Frda=0.8nFRrd* t is the thickness of the supporting
*  The reduction factor 0.8 allows for the presence of member
tension in the bolts!?4,
= min| _P1 L
Qb,p =min{ —— - —; ;1.0
Shear resistance 3d, 4 fup
FuRrd is the shear resistance of one bolt
fup A we =min| P Tw gy
ayly ! ’ ’
= Zvue® 3dy 4 fuy
VM2
Bearing resistance: Kip =minl 2882 _17- 2 5]
Fora  is the minimum of the bearing resistance on the do
end plate and the bearing resistance on the
supporting member per bolt K12 =min| 2.8 ©2p _17- 2 5}
= min (Fb,Rd,p v FbRra2 ) do
Bearing on the end plate: If supporting member is a beam or a column
web then k12 = 2.5
_ kipappfypdt, . . .
Forap = ——F— M2 is the partial factor for resistance of
7 m2 bolts (ym2 = 1.25 as given in the
Bearing on the supporting member: National Annex)

Kiosapofyodt
Forao = 120p2Tu 20l

7 M2
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CHECK 10

Supporting beam/column — Shear and bearing
(with one supported beam)

VEq

n4 rows
of bolts

Supporting Column

Top of columnweb I Column RHS Column
or RHS wall

Web thickness t,,

Ps Ps

Ves Ve Ves Ve
2 2 2 2

Local shear resistance of supporting column web for one supported beam

Shear:

Basic requirement:

VE%

VRd,min

Ay

Av,net

< VRd,min

is the local shear resistance of supporting

member

\/EJ/MO ’

is the shear area of supporting member

= Av — nidotz

. [Avfy,z . Av,netfu,z
min

(et+(m—-1)p1+ev)t
is the net shear area of supporting member

where:
et =min (et; 5d)
€ =min (ps/2; 5d)
do is the diameter of the holes
d is the diameter of the bolt
n is the number of bolt rows
] t is the thickness of the supporting
member
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CHECK 10

(continued)

Supporting beam/column — Shear and bearing
(with two supported beams)

Supporting I Column

Top of column web

€1t

ni rows
of bolts

1’ VEa1+ Ve

2

VEg

13

b

VEar+ Ve

Local shear and bearing resistance of supporting beam web or column web for two supported beams

Shear:
Basic requirement:

VEd,1 VEd,Z
— + —

2 2 < VRd,min
Vramin is the local shear resistance of supporting
member
_ . [ Avfy,2 ) Av,net fu,2 ]
= min ;
‘/§7M0 \/§7M2
Bearing:

Basic requirement:

% %
Ed,1 Ed,2 < Fb,Rd
2ny 2ny
Fora s the bearing resistance of a single bolt. See
Check 8 for equations to calculate this value.
Note:

where:
Av

Av,net

is the shear area of the supporting
member

= (et+ (n1—1)p1 + eb)tw,2

is the net shear area of the
supporting member

= Av — n1dotw,2
=min (e1t; 5d)
=min (e1p; ps/2; p1; 5d)

is the thickness of the supporting
element (column web or beam web)

is the diameter of the holes
is the diameter of the bolt
is the number of bolt rows

The above check for shear is for local shear only; the effects of any global shear forces must also be

considered.
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CHECK 11

Tying resistance — Plate and bolts

n,rows
of bolts

Resistance of end plate.

Basic requirement:

Fed <  Frd

Fra tying resistance of end plate
min(FRd,1 ; Fra2; Fras )

(8” -2ey )M pl.Rd,u

FRra,1 =

2mn-e,, (m+n)

0.2550 oty fup
Mprdy = ——m8

7Mu

2M iR, +nZFt,Rd

Fraz =
m+n

Fraz = ZFt,Rd

kofy, A .
Fira = —2%"° for ordinary bolts.

}/M,u

(For Flowdrill, Hollo-Bolt and Blind Bolt
resistances the value of Firqu should be taken
from Tables G.59, G.61 and G.63 respctively)

sleslesles

p, m
R
_Y Ps e,
where:
Leff = Lletit + (N-1)p1 + Letib
_ 4m +1.25e, ), 4m +1.25e,
Leftt =max| a;m — ;
2 2
_ ( [4m +1.25e, ] (4m +1.25e, D
Lefi,b =max| a,m — > ; >

ot and ap are from Figure 7 for the top and bottom
flanges based on A1 and A2 for the respective

flanges
tp is the end plate thickness
ko = 0.63 for countersunk bolts
= 0.9 otherwise
As is the tensile stress area of the bolt
P3 —twps -2x0.8xav?2
m =
2
fw,b1 is the web thickness of the supported beam
a is the weld throat thickness
n = emin but n<1.25m
€min =min (e2; e2¢)
€2.c is the edge distance on the column flange
o = dw
4
dw is the diameter of the washer or the width

across points of the bolt or nut as relevant

The effective lengths, /eft, given above, are appropriate as long as p1 is not large compared to other connection
geometry. The expressions given above are appropriate if p1 < 4m + 1.25ez. If p1 is larger than this limit, P398!"°!
should be consulted and the effective lengths worked out from first principles.
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CHECK 11

(continued)

Tying resistance — Plate and bolts

1.4 4

1.3 4

1.24

1.1 1

0.9 +

0.8 -

0.6

05 4

0.4 4

0.3 -

0.2 1

0.1 4

05 06 1.0

As

00 01 02 03 04 07 08 09

Figure 7 Values of o based on connection geometry

m,orm,
(top or bottom)

Setting out for Figure 7

Mathematical expressions to determine « are provided in P398!'9,

m, myor m,
———————— ==

m+e;

mq orms,
m+e,
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CHECK 12 Tying resistance — supported beam web
L ¢l‘f,b1
L_i]F — m
I b
o bolts 2

b
E

Lo -]

Resistance of supported beam web

Basic requirement:

Fed < FiRrdu

tw,b1 (hb1 - 2l‘f,b'l )fu,b'l

Firau =
7 Mu

|

P4

where:

tw,b1

hoa

t,p1

is the web thickness of the supported
beam

is the height of the supported beam

is the flange thickness of the
supported beam
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End plates — Design procedures for full depth end plates

CHECK 13 Tying resistance — Welds

structural weld

\ (see notes)

top flange of
D ~— supported bearn
~—|
end plate
Flange weld tension resistance
Basic requirement: where:
Feq /2 < Frdfiangeweld a is the weld throat
=0.7
FRrd flangeweld = 2fvw,d @ (b - 23) . ?h SI | h
s is the leg leng
f, /43 . .
fwd = ————— b is the width of the supported beam or
Bw’wmu the width of the end plate, whichever
is smaller
Pw =0.85 for S275

=0.9 for S355

Web weld tension resistance
The weld size specified in Check 2 will be adequate for the web weld in tying.

See Appendix C for more details of weld requirements.

Note 1: In this tying model for flush end plates it is recommended that the flange welds be designed for half the
tying force. Some designers might find this to be unnecessarily conservative and it is acknowledged that a more
efficient design may be feasible. However due to the lack of tests to confirm this, the more conservative
approach has been chosen in this publication.

Note 2: The design method given in Check 11 relies on the development of yield line patterns near the flange,
which requires that the end plate be continuous with the flange. The designer must ensure that this restraint is
made effective by providing adequate weld details. Adequate flange weld details include those shown in the
figure. Other details may be possible.

Note 3: Research is underway which may lead to a less conservative model.

Note 4: As an alternative to calculation, a full strength weld to the flange may be provided, following the
guidance in Appendix C.
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End plates — Design procedures for full depth end plates

CHECK 14

Tying resistance — supporting column web

(UKC or UKB)

(n1'1)p1

\
\

# 4,1 ®p1
\

\_ﬁ
Yield lines

Resistance of the column web

Basic requirement:

Feq < Frdu
Frau = 8’:"’%[,]1 +1 .5(1_31)0.5 « (1 _V1)o_5]

- by

£ty

Mpirdu = ﬁ

The factor 1.5 in the equation for Frd,u includes an

allowance for the axial compression in the column.

Note:

n

g

n

d>
do
tw,2

n

where:

End plate
connecting to
column web

n
(”1 —1)P1 -—d,
- 2
de
= Ps
d,
_ 9o
d,

is the depth of column between fillets
is the diameter of hole

is the thickness of the column web

is the number of bolt rows

This check is required for either single-sided connections to the column web or unequally loaded double-sided

connections to the column web.

If the beam is connected to a column flange, the tying resistance of the column flange may be assessed using

the procedures given in Reference 16.
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End plates — Design procedures for full depth end plates

CHECK 15

Tying resistance — supporting column wall

(hollow section)

[

-
(ny-1p+ H #
.

End plate connecting to
hollow section column

etz

Resistance of hollow section wall with axial compression in the column.

Basic requirement:

Feq

Frd,u

Mpird,u
p

<

Frd,u

8M. ke
Henas [ 1.5(1- 5% (171 )% ]

1- By

fu,2 t22

4}/M,u

The factor 1.5 in the equation for Frd,u includes an

allowance for the axial compression in the column.

See Appendix B for more details of prying effects.

where:
n
(’71 —1)P1 —71‘10
T (b-3t,)
B - P3
(b-3t,)
A (b-3t,)
t is the thickness of the RHS wall
do is the diameter of hole in RHS (the
bolt diameter for Flowdrill or the hole
diameter given from Table G.69 of the
yellow pages for Hollo-Bolts)
m is the number of rows of bolts
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End plates — Worked examples with full depth end plates

4.8 WORKED EXAMPLES WITH FULL DEPTH
END PLATES

The worked examples show design calculations for
typical standard connections. Each example firstly
demonstrates the use of the resistance tables
(vellow pages) and then full checks according to the
procedures in Section 4.5. The full checks will
normally only need to be applied to non-standard
connections but their application to standard
connections demonstrates the validity of the much
simpler process when using standard details.

When calculations must be made for non-standard
connections, some design checks may be omitted
where it is obvious, from inspection of the detail, that
a check is not critical.

Checks 11 to 15 deal with tying resistance. The tying
force should be determined from BS EN 1991-1-7
based on the Class of building.

Example 1
Example 1 covers design checks for a one sided
beam to column connection using a flush end plate.

Example 2

Example 2 demonstrates the additional design
checks required when a beam to column web
connection must be verified.
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End plates — Worked examples with full depth end plates — Example 1

Y = Job

Joints in Steel Construction — Simple Joints

Sheet 1 of 5

Example 1 — Full depth end plate — Beam to column

A7 sCl -
Steel Knowledge Title
CALCULATION SHEET Client

Connections Group

BCSA

Calcs by CZT Checked by ENM Date  Sept 2011
DESIGN EXAMPLE 1
Check the following beam to column joint for the design forces shown.
Yellow pages are used for the initial selection of the connection detail.
o4l 90
bl 70
| e 70
: 70
z
Supported beam N
406 x 178 x 74 UKB | .
- Supporting column
Grade S275 305 x 305 x 137 UKC
400 kN Grade S275
6
—_ 190 across centres
Design Information:
Bolts: M20 8.8 @ 90 c/c Table G.11

End plates: 150 x 10

Web welds: 6 mm leg length fillet weld
Flange welds: 6 mm leg length fillet weld (assumed)

Material: All S275
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Worked examples with full depth end plates — Worked Example 1

Title Example 1 — Full depth end plate — Beam to Column

Sheet 2 of 5

JOINT DESIGN USING RESISTANCE TABLES

o~
: 90
| 70
| 70
A 70
A
Supported beam
406 x 178 x 74 UKB ]
Grade S275 Supporting column
T 305 x 305 x 137 UKC
400 kN Grade S275

406 x 178 x 74 UKB, S275
End plate: 150 x 10
Web welds: 6 mm leg length fillet weld
Flange welds: 6 mm leg length fillet weld (assumed)
Bolts: M20 8.8
@ 90 cross centres
4 rows of bolts

From Table G.11 in Yellow pages
Connection shear resistance =602 kN > 400 kN

Web thickness of supporting column =13.8 mm
Minimum support thickness =57mm<13.8 mm
Joint is adequate
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Worked examples with full depth end plates — Worked Example 1

Title Example 1 — Full depth end plate — Beam to Column

Sheet 3 of 5

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 1

Sheet

406 UKB (S275)

305 UKC (S275)

CHECK - . - -
No. Resistance | Design force | Resistance | Design force
4 Check 1 . . All recommendations adopted
Recommended detailing practice
4 Check 2 Resistance of
Supported beam fillet welds (kN) Full strength welds provided to web
Welds
Check 3 Not applicable
4 Check 4
Supported beam Shear 664 400 Not applicable
upported bea resistance (kN) PP
Web in shear
Checks 5, 6,7 - Not applicable
4 Check 8 Bolt group
Supporting beam resistance 602 400 Not applicable
Bolt group (kN)
Check 9 Not applicable
5 Check 10 Shear and
Supporting beam bearing Not applicable 749 400

Shear and bearing

resistance (kN)
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End plates — Worked examples with full depth end plates — Example 1

Title Example 1 — Full depth end plate — Beam to column

Sheet 4 of 5

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES

Check 1: Recommended detailing practice

End plate: 150 x 10 mm thick
Web bolts: 20 mm diameter at 90 mm cross centres

Check 2: Supported beam — Welds
Resistance of fillet welds to connecting end plate to beam web.
Web welds are designed as full strength
Basic requirement: a = 0.40 twp1 for S275 supported beam
040x9.5 =3.8mm
a =424 mm > 3.8 mm

Check 4: Supported beam — Web in shear

Shear resistance of beam web at the end plate
Basic requirement: Ved < VeRrd

f
Verd= A yo!

\

37mo

Shear area of beam web:
Av = Ab1— 2bpitib1 + (fwp1+ 2rb1) tib1
Av =9450-2x179.5x16+(9.5+2x10.2)x 16 =4184
fip1 = 16 mm, hence fy,b1 = 275 N/mm?
275

oo Verd = 4184x—=—"x107% =664 kN
3x1.0

Ve¢ =400 kN < 664 kN

Check 8: Connection — Bolt group

Basic requirement: Ves £ Frd
Shear resistance of a single bolt:
fu A
Fura = —av ub
¥ M2

For M20 8.8 bolts:

Furg = wxm-\’) =94 kN
1.25

Bearing resistance of a single bolt:

Fora = min(Fob,Rrd,p; Fb,Rrd,2)

k1'p ab‘p fu,p dtp

Fo,rd,p
7 M2

kipap,f, dt,

FoRrd,2
7 m2

Bearing on the end plate:

kip =min| 2852 _17; 25 =min(2.8x£—1.7; 2.5
do 22

ckip =212

mm?

j = min(2.12; 2.5)

- OK

~OK
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End plates — Worked examples with full depth end plates — Example 1

Title Example 1 — Full depth end plate — Beam to column Sheet 5 of 5

f
wp  =min| 2L Tw g0l = min[ 270 025, 890 4] = min(0.81; 1.95; 1.0)
3dy 4 fy, 3x22 410

0.81
2.12x0.81x410x20x10
1.25
Bearing on the supporting column:

The thickness of the web of the supporting column is thicker than the end plate, the edge and
end distances and bolt spacings are equal or larger than those in the end plate and the yield
strength of the supporting column is the same as the yield strength in the end plate. Therefore
the bearing resistance of the supporting column will be greater than that obtained for the end
plate.

. Qbp

x1072 =113 kN

Fo,rd,p

0.8 Fura =0.8x94 =75.2 kN
o Fora =113 kN

0.8Frd <  FobRrd

therefore

Fre =0.8nFurd
o Fra =0.8x94 x 8 =602 kN
. Veqa =400 kN < 602kN -OK

Check 10: Supporting column — Shear and bearing

Local shear resistance of column web supporting the beam:
Basic requirement: VE% < Vrdmin

Shear resistance of supporting beam web:

. (Avfyz AvnelfUZJ

VRdmin = min ; : :
N/EVMO \/§7M2

Shear area of gross section:
Av =(et+(n—1)xpr1+ep)xtb
et =min (e1t; 5d) =5x20 =100 mm
Since the connection is not near the top of the column, et is not applicable
€ =min (p3/2; 5d) =min (90/2, 5 x 20) =45 mm

Av = (100 + (4 -1) x70 + 45) x13.8 =4899 mm?

tic = 21.7 mm, hence f;,01 = 265 N/mm?

Therefore the shear resistance of the gross section is:
Avfya  _ 4899x265
\/EyMO ‘/EX 1.0

Shear area of net section:

Avnet = Av— n1dotz

Avnet =4899 —4 x 22 x 13.8 = 3685 mm?

Therefore the shear resistance of the net section is:
Avnetfuz _ 3685x410

x/?}/Mz V3 x1.1

x107% = 749 kN

x1072 =793 kN

- Veamn =min(749: 793) =749 kN
VE% 400/ =200kN < 749 kN ~OK
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End plates — Worked examples with full depth end plates — Example 2

LU=

A sCi

Steel Knowledge
CALCULATION SHEET

BCSA

Job Joints in Steel Construction — Simple Joints

Sheet 1 of 6

Title Tying resistance

Example 2 — Full depth end plate — Beam to column —

Client Connections Group

Calcs by CZT Checked by ENM Date

Sept 2011

DESIGN EXAMPLE 2

Check the following beam to column connection for the tying force shown.

\_///\
90
70
-— -
350 kN 70
Tying force Eilg 70
Supported beam
406 x 178 x 74 UKB |
Grade S275

Design Information:

Bolts:

End plates:
Web welds:
Flange welds:
Material:

6
L

M20 8.8 @ 90 c/c
150 x 10
6 mm fillet

Supporting column
305 x 305 x 137 UKC
Grade S275

( \f || } 90 across centres

6 mm fillet assumed — see check 13

All S275

102




Worked examples with full depth end plates — Worked Example 2

Title Example 2 — Full depth end plate — Beam to Column Sheet 2 of 6

CONNECTION DESIGN USING RESISTANCE TABLES

— T

[ 90
| -
} i 70
g | 70
350 kN | .-
Tying force : 1y 70
|

Supported beam
406 x 178 x 74 UKB
Grade S275

Supporting column
305 x 305 x 137 UKC
Grade S275

End plate: 150 x 10

Bolts: M20 8.8 @ at 90 c/c
4 rows of bolts
Weld: 6 mm fillet web weld

6 mm fillet flange weld assumed — see check 13

From Resistance Table G.11

Connection tying resistance =515 kN

Tie force =350 kN < 515kN

The beam side of the connection is adequate

Notes:

(1) The tying resistance of the connection given in the tables in the yellow pages is the
least of the values obtained from Checks 11 & 12.

(2) The flange weld size must be determined by calculation, or a full strength weld
provided.

(3) The resistance of the column web must also be checked as shown in Check 14.
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Worked examples with full depth end plates — Worked Example 2

Title Example 2 — Full depth end plate — Beam to Column Sheet 3 of 6

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 2

Sheet CHECK 406 UKB (S275) 305 UKC (S275)
No. Resistance Design force Resistance | Design force

4 Check 11
Tying resistance 517 350 Not applicable
Plate and bolts (kN)

5 Check 12
Tying resistance 1348 350 Not applicable
Supported beam web (kN)

5 Check 13
Tying resistance 293 175 Not applicable
Welds (kN)

6 Check 14
Tying resistance Not applicable 404 350
Supporting column web (kN)
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End plates — Worked examples with full depth end plates — Example 2

Title Example 2 — Full depth end plate — Beam to column —Tying resistance Sheet 4 of 6
CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 11: Tying resistance — Plate and bolts
Resistance of end plate
Basic requirement: Fes < min (Frdu1; FrRu2; FRdu3)
Mode 1:
Fo o (8n-2e, )My pay
Rd,u,1 —

2mn-e, (m+n)
Force assumed in flange = 350 / 2 = 175 kN
Length of weld around flange is approximately 2 x 180 = 360 mm
Load / mm =175/ 360 = 0.49 kN/mm
From Table G.64, a 6 mm fillet weld will be adequate (1.15 kN/mm) Table G.64
Therefore, assuming a 6 mm fillet weld to the flange,
myt =90—-fp1—08xs =90-16-0.8x6 =69.2 mm
o Pa—tun —2x08xaV2 _ 90-95-2x08x42xV2 _ o

2 2
Leff = Lefit + (N1 — 1)p1 + Leftp
( [4m+1.25e2] [4m+1.2562 D
leffit = mMax| aym-— ;
2 2

g =M =35 s

m+e, 35.5+30
hog = o 892y

m+ey 35.5+30
From Figure 7, @« =5.2 Figure 7
lony = max(5.2x35.5_( 4x35.5 +21 25x30 ); (4><35.5 +21.25><30 jj - max(95: 90)
oo Lefft =95 mm

( [4m+1.25ezj [4m+1.25e2 D
leffb = max| apm— ;
2 2

Mip  =hot—90 — (m-1) p1—0.8 a2 =412.8-90—(4—1)70—0.8x4.2x/2 =108 mm
My =M = 398 _g5

m+e, 35.5+30
A2p = M = 108 =1.65

m+ ey 35.5+30
From Figure 7, v =5 Figure 7
- fuin = max 5X35.5_(4x35.5+1.25x30]; (4><35.5+1.25><30j

2 2
=max (88; 90) =90 mm
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End plates — Worked examples with full depth end plates — Example 2

Title Example 2 — Full depth end plate — Beam to column —Tying resistance Sheet 5 of 6
ol =95+ (4—-1)x70+90 =395 mm
0.25) 0 o1t 2, 2
Momgue 2252 emlofup _ 0.25x395x107x410 406 5 cgnm
7M,u 1 1
Assuming no washer is used, dw is taken as the width across points from Table G.66 Table G.66
ew 9w .38 =8.25mm
4 4
n =emn but < 1.25m
emn =min (e2, e2c) but ezcis not relevant when the connection is to the web
€mn =62 =30mm;1.25m =44 mm
n =30 mm
6
Frgus = _(8x30-2x8.25)x3.68x10° 5 5y
2x35.5x30-8.25x (35.5+30)
Mode 2:
_ 2M Ry +NZFiRgy
Frduz =
m+n
Firiu = kofu As _ 0.9x800x245 «10° =160 kN
7'My 1.1
6 3
Frous = 2x3.68x10° +30x8x160x10 «10° =699 kN
35.5+30
Mode 3:
FRd,u,3 = thde’u = 8x160 = 1280 kN
min (Frdu1; Frdu2; Frdu3) =min(517; 699; 1280) =517 kN
Fea =350kN < 517 kN ~0.K.
Check 12: Tying resistance — Supported beam web
Resistance of the beam web.
Basic requirement: Fes £ Frdu
twot (Por —2tp1 )F, . 8-
Fagy = fuot (s =2t Jfum  _ 95x(4128-2x16)x410 0 oo
7 Mu 1.1
Fie =350 kN < 1348 kN - OK
Check 13: Tying resistance — Welds
For the flush end plate the flange welds are designed for the applied tying force, and the web
welds are designed for the applied shear force.
In this example, the end plate is welded on both sides of the beam flange.
The web welds are full strength, as verified in Example 1, Check 2 - OK
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End plates — Worked examples with full depth end plates — Example 2

Title Example 2 — Full depth end plate — Beam to column —Tying resistance Sheet 6 of 6
For the flange welds, 6 mm fillet welds were assumed, therefore a = % =4.24 mm
2
For S275, = 0.85
fvw,d = M =253 N/mm?
0.85%x1.1
Frofiangewsid =2 fowa @ (bp— 25) =2x253x4.2x(150-2x6)x10"> =293 kN
Fea 2390 _q75kn < 203KkN - OK
2 2
Check 14: Tying resistance — Supporting column web
Basic requirement: Fe«a < Frd
8M
Frau = — 2R (m +1.5(1-B,° x(1 —y1)°'5)
(1-8)
2 2
Moo= Juetwe = 410138 45 47 7 knmimm
4 v 4x1.1
Ps 90
=— =—— =0.365
P d. 246.7
7 ~do _ 22 _ 0.089
de 246.7
n
(ny=1py—""do  (4-1)x70-2x22
mo = ZA 2 =673
d. 246.7
Frau = Mx(0.673+1.5><(1—O.365)0'5 ><(1—O.089)0'5) =404 kN
(1-0.365)
Fea =350 kN < 404 kN - OK
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5 FIN PLATES

5.1 INTRODUCTION

The fin plate connection consists of a length of plate
welded in the workshop to the supporting member,
to which the supported beam web is bolted on site
(see Figure 5.1)

This connection is popular, as it can be one of the
quickest connections to erect and overcomes the
problem of shared bolts in two-sided connections.

Figure 5.1

Rotational capacity

Fin plate connections derive their rotational capacity
from:

e hole distortions
beam web

e shear deformation of the bolts.

In the previous publication P212, components were
selected such that bearing resistance of the bolts
was the critical design check, thus ensuring

in the fin plate and/or the

Additional deformation could be available from bolt
slippage, but this may be limited, as most bolts will
be in bearing from the outset. To ensure that such
connections have sufficient rotational capacity, a
series of tests!?!?”l were undertaken to verify the
design model, and thus to establish the design
procedure. However, for beams deeper than
610 mm, caution must be exercised. In these cases
further tests®?”! have shown that additional

geometrical precautions are needed, as described
later in this Section.

Fin plate beam to column and beam to beam connections

adequate rotational capacity. With increased bearing
resistance  calculated according to BSEN
1993-1-8!", bearing may no longer be the critical
design check. The recommended detailing rules are
most important, since it is only for such connections
that adequate rotational capacity has been
demonstrated by test.
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5.2 PRACTICAL CONSIDERATIONS

A fin plate is usually made by cropping and
punching. With 10 mm thick plates in S275 steel,
8 mm fillet welds to the supporting member will
guard against any possibility of weld failure.

Skewed and raking beams, as well as moderate
offsets, can be easily accommodated.

Generally, the connection is arranged with the
supported beam web lying on the centre line of the
supporting member and the fin plate offset as shown
in Figure 5.2. On site it is not always evident which
side of the fin plate the beam should be connected
to and so a consistent system for setting out should
be established during detailing. Alternatively, the
contact face of the fin plate should be marked.

Like the end plate joint, there is little facility for site
adjustment, and care must be taken with continuous
runs of beams.

Supporting column and
supported‘beam web

i< twp1
2
Figure 5.2  Setting out for fin plate

Short and long fin plates

Fin plates may be classified as short or long as
follows:
tp tp
— > 0.15 Long, — < 0.15
% %

Short,

Where ‘z,’ is the distance between the face of the
support and the first line of bolts.

If a short fin plate is used for connections to column
webs, erection can be difficult. In these situations it
is common to remove one half of the bottom flange
of the beam, to allow the beam to be lowered into
position, as shown in Figure 5.3.

Long fin plates may be used, in which case the fin
plate must be checked for lateral torsional buckling.

Fin plates — Practical considerations

Supporting column

Bottom flange
stripped to
clear fin plate

Figure 5.3  Detail to facilitate erection

If the beam is laterally unrestrained, long fin plates
can behave in an extremely complex way. Long fin
plates should not be used with beams that are
laterally unrestrained in the permanent condition
unless satisfactory performance is demonstrated by
tests.

5.3 RECOMMENDED GEOMETRY

The recommendations which follow establish details
that are intended to deliver the necessary flexibility
and rotational capacity for the joint to behave as
nominally pinned.

When detailing the joint, the main requirements are
as follows:

(1) the fin plate is positioned close to the top
flange, in order to provide positional restraint

(2) the fin plate depth is at least 0.6 times the
supported beam depth, in order to provide the
beam with adequate torsional restraint

(3) the thickness of the fin plate or the beam web
is:  <0.42d (for S355 steel) or

< 0.50d (for S275 steel)

(4) Property class 8.8 bolts are
preloaded, in clearance holes

(5) all end and edge distances on the plate and the
beam web are at least 2d

(6) full strength fillet welds are provided
Check 8)

used, non-

(see

The first two requirements ensure that in those
cases where the beam is laterally unrestrained, the
beam can be designed with an effective length of
1.0L.

The last four requirements ensure the connection
provides the necessary rotational capacity.

These requirements, together with the standard
geometry presented in Section 2, have been used to
create the standard connections shown in Figure 5.4.
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Fin plates — Recommended geometry

T 2
‘ 40 40
- Supported
? é)epam Sugg:r;ted N
x'; E ?7 Holes @ Holes @
X y | 70 pitch 70 pitch
= €
_ Y
| ﬁ 40 ﬁ 40
! J
\—/c k gap gj, k gap g

gapg,

b
H ( . Ve P
U t, = E‘F centre line

—% A
qu K FLH

b, b,

Section XX Section YY

Figure 5.4  Standard fin plate connection

Table 5.1 Standard fin plate connection details

Horizontal bolt
Supported beam Vertical bolt lines Recommended fin spacing,

nominal depth n2 plate size ezlez or Gap, gn
ezl palez
mm mm mm mm
<610 1 100 x 10 50/50 10
> 610* 1 120 x 10 60/60 20
<610 2 160 x 10 50/60/50 10
>610* 2 180 x 10 60/60/60 20
Bolts: M20 8.8 in 22 mm diameter holes
Plate: S275 steel, minimum length 0.6+
where hp1 is the depth of the supported
beam
Weld: Two 8 mm fillets for 10 mm thick plates

* For beams over 610 mm nominal depth the span to depth ratio of beam should not exceed 20 and the vertical
distance between extreme bolts should not exceed 530 mm

Fin plate connections outside these geometric recommendations, or with different grade of plate or property
class of bolt, may not behave as nominally pinned.
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5.4 DESIGN
The full design procedure is presented in
Section 5.5.

With a single vertical line of bolts, the connection
shear resistance will be in the range of 25% to 50%
of the beam shear resistance. Using two vertical
lines of bolts does increase the resistance, but as
the eccentricity of the load also increases, the
benefit does not double and the best that can be
achieved is around 75% of the beam shear
resistance.

Support flexibility

For the design of the fin plate, weld and bolts, it
could be considered that the line of action for the
load is either on the bolt line or where the fin plate is
supported.

If the support is flexible, the line of action is
considered to be at the weld line. In this case the
bolt group should be designed for the shear force
and the bending moment Veqz.

X e

M i |
3 !
) !

\

Figure 5.5

Figure 5.6

Fin plates — Design

If the support is rigid, the line of action is considered
to be at the bolt line. In this case the weld should be
designed for the shear force and the bending
moment Veqz.

In this publication, both situations are covered. The
bolt groups are checked for the shear force and the
bending moment, whilst the welds are sized to be
full strength.

Stiffening

It is possible to improve the performance of a long
fin plate by providing some stiffening. This can
prevent lateral torsional buckling of the plates.
Possible arrangements are shown in Figure 5.5 and
Figure 5.6.

One further minor consideration is the torsion
introduced because the fin plate is attached to only
one side of the supported beam web. The test
programme indicated that these torsions are
negligible and may be ignored.

Possible stiffening arrangement for long fin plates to supporting beam

Stiffening arrangements for long fin plates to column webs
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Fin plates — Design

Structural integrity

As noted in Section 1.2, BS EN 1991-1-7 defines
horizontal and vertical tying, used to ensure a
minimum level of robustness and to prevent
disproportionate collapse in the event of an
accidental action affecting the structure. When these
tying forces are carried by the primary structure,
which is often the case, the connection must be
designed to carry an axial tension, which varies in
magnitude with the Class of the building.

Fin plate connections detailed in accordance with
Figure 5.4 will be found to have tying resistances
which generally exceed their shear resistance, and
in this respect no further checks will normally be
required for the plate, weld or beam. Local checks to
the column, particularly in one-sided beam to
column web connections or connections to hollow
section columns, must be carried out (see
Checks 14 to 16).

In checking the appropriateness of a connection to
resist tying forces, it should be noted that the tying
forces are ignored in checks for vertical reactions
and similarly, vertical forces are ignored in checks
for tying forces, so tying forces and vertical forces
are never considered acting simultaneously.

Worked examples

Four worked examples are provided in Section 5.6
to illustrate the full set of design checks of
Section 5.5.

Resistance tables

Resistance tables for fin plate connections with one
and two vertical rows of bolts, using grade S275 and
S355 beams, detailed in accordance with the
standard geometry presented in Figure 5.4, are
included in the yellow pages.
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5.5 DESIGN PROCEDURES

The design procedures apply to beams connected
either to the column flange, the column web, the
supporting beam web, or to hollow section columns.

For connections to the column web the cw/fw ratio of
the column should be limited to 40¢ for 1 sections,
SHS and RHS. d/t should be limited to 70 for CHS,

where:

235
&= |—
fy2

//\,/
* ——————\

Supported beam Supported beam
Double vertical Single vertical
line of bolts line of bolts

Ny rows nqrows

of bolts of bolts

/ Supporting —>
; Beam
Supporting Column

(I RHS of CHS)

N

//\,/
EE—
Supported beam Supported beam
Double vertical Double vertical
line of bolts line of bolts
nirows nq rows
of bolts of bolts
/ Supporting —>|
Supporting Column Beam d—
(IRHSofCHS) [~ —U

Check 1 Recommended detailing practice

Check 2 Supported beam — Bolt group

Check 3 Supported beam — Fin plate

Check 4 Supported beam — Web in shear

Check 5 Supported beam — Resistance at a notch

Check 6 Supported beam — Local stability of notched beam

Check 7 Unrestrained supported beam — Overall stability of notched beam

Check 8 Supporting beam/column — Welds

Check 9 Not applicable

Check 10 Supporting beam/column — Shear and bearing

Check 11 Tying resistance — Plate and bolts

Check 12 Tying resistance — Supported beam web

Check 13 Tying resistance — Welds

Check 14 Tying resistance — Supporting column web (UKC or UKB)

Check 15 Tying resistance — Supporting column wall (RHS)

Check 16 Tying resistance — Supporting column wall (CHS)
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CHECK 1 Recommended detailing practice

Supporting Column  fin plate
(I,RHSor CHS)  (See note (1))

gap gn gap gn

All end and edge Face
ﬂ < distances > 2d of web —f ﬂ
/\ —
I

A

M20, 8.8 bolts,
non preloaded

°

T
Length of in clearance holes
fin plate  |h,
hp=0.6hpy ™~

#( 22 mm holes %
dhe—— :
Long fin plate if

Min. 2.5d z,> =2

0.15
\JT/—\ 10 mm §275 »Z’e f t, = fin plate thickness

‘ Face + +

“ofweb y

: ﬁ Double line of bolts
#1 50 I Supported beam
Length of } mm generally (Double notched)
fin plate h | heo - 50 mm
ho>0Q.6hor | | (ho2 )
6|
All end P ‘
and edge ﬁ
distances — X
22d et — efe—
Supported beam j .
(Single notched) ~ Supporting beam Supporting beam

Notes:

(1
(2)

3)
(4)

The fin plate is generally positioned close to the top flange of the beam to provide adequate positional
restraint. Its height should be at least 0.6 hv1 to give adequate “nominal torsional restraint”.

For supported beams exceeding a nominal depth of 610 mm, the design method given here may only be
used when the following three conditions are all met:

e  Supported beam Span/Depth < 20

e Gapgh=20mm

e  Vertical distance between extreme bolts (n1-1)p1 <530 mm

Bolt spacing and edge distances should comply with the requirements of BS EN 1993-1-8.

Detailing is similar for long fin plates (i.e. the fin plate thickness fp is less than 0.15zp) except the gap gn will
be considerably greater.

In beam to column flanges of I sections connections designed for a tie force of 75 kN, the connection must have
at least 2 No. M20, 8.8 bolts and the fin plate thickness > 6 mm.

For greater tie forces, Checks 11 to 16, as appropriate, should be carried out.
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CHECK 2 Supported beam — Bolt group
//\/ — P,
| >{\ 1\
— ——\ e1,p¢ T T
p7( i 7* P * Centre 7* 7%
L I 1 of bolt o —
i nyrows e
Py t P t “of bolts IR H e e
P [ Py | | |
Y] -+ .
/l
A\ I, RHS \ \
_A- or CHS \\/1 /—\,A
—> z < —> z < —> z <
l<— Assumed line of l<— Assumed line of l«<— Assumed line of
shear transfer shear transfer shear transfer
Vg Vg Ed

Shear and bearing resistance of bolt group on fin plate and supported beam web (taking account of eccentricity

).

where:
Bolt shear )
. . n is the total number of bolts
Basic requirement:
Vi < Vi = mxnz
= B R For a single vertical line of bolts (n2 = 1)
nFrq
VRd = =0
2 2 a
J(A+an)? +(pn)
'8 = L
Fura = 2w A n,(n, +1)p;
72 For two vertical lines of bolts (n2 = 2)
The expression for Vrqg is taken from Access-steel a = 2Pz
resource SN0O17:28! 21
z
Fo =2
2]
ny o 1 2 2
/ = — +—=n4(ny° -1
> P2 g (ny )P+
oy = 0.6 for 8.8 bolts
M2 is the partial factor for resistance of
bolts (2 = 1.25 as given in the UK
National Annex to BS EN 1993-1-8)
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CHECK 2

(continued) Supported beam — Bolt group

| P

MRS
S 08¢

v
i ;1 | I ;1
Az kez €% P2 | &
VEd VEd
where:

Bolt bearing in the fin plate
Basic requirement:
Vea < VRrd

a, fand n are as defined in Check 2(i)
d is the diameter of the bolt

For Fo,ver,rd:
n

VRd =
2 2 ki min| 2882 _17. 14P2_17. 25
[ 14 an } +[ fn ] do do

Fb,ver,Rd Fb,hor,Rd

b

1
3
—
Lo
&2
w
Q
o
|
IN

Fora s the bearing resistance of a single bolt defined fup
as:
For Fi :
k1abfu’pdtp b,hor,Rd
Fb,Rd = e
Vw2 ki = min[2.8d—1—1.7; 1.45—1—1.7; 2.5]
Foverra is the vertical bearing resistance of a single bolt 0 0
on the fin plate 5 - &2 . P2 1. fu o
Fo.horra is the horizontal bearing resistance of a single b 3d,’ 3d, 4 f,,
bolt on the fin plate '
M2 is the partial factor for resistance of

bolts (2 = 1.25 as given in the UK NA
to BS EN 1993-1-8)

When calculating k1 and a» for connections with a single vertical row of bolts (n2 = 1), terms involving p2
are ignored.

116




Fin plates — Design procedures

CHECK 2 Supported beam - Bolt group
(continued) Beam web in bearing

n, rows
of bolts
where:
Bolt bearing in supported beam web . ) .
. . a, fand n are as defined in Check 2(i)
Basic requirement:
Ves € Vrd d is the diameter of the bolt
For Fb,ver,Rd:
VRd = n
2 2 e
1+ an An ki =min| 28222 _17;14P2 17,25
+ do do
Fb,ver,Rd Fb,hor,Rd

. : . , [ e P11 fw

F the b t f le bolt = min ; -——; ;1.0
bRd IS the bearing resistance of a single bo ab (3% 3dy 4 Tup J
_ k1abfu,b1dtw,b1
I — For Fohor,Rd:
7m2

: . . . . e
Foer,ra is the vertical bearing resistance of a single bolt ki =min| 282 _17:14P" _17.25

on the supported beam web do do

Fohorra is the horizontal bearing resistance of a single
bolt on the supported beam web . = min| 820 P2 _1. fub 10
3d, '3d, 4’ fup1 ’

M2 is the partial factor for resistance of
bolts (2 = 1.25 as given in the UK
National Annex to BS EN 1993-1-8)

When calculating k1 and a» for connections with a single vertical row of bolts (n2 = 1), terms involving p2
are ignored.
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CHECK 3 Supported beam - Fin plate

Critical section in shear and bending

r‘/ Block shear - check failure by\‘}

tearing out of shaded portion

€1

K

) I

91

bl o)

VEd

Shear and bending resistance of the fin plate:

Shear

Basic requirement:

VEd

VRd,min

< VRd,min

is the shear resistance of the fin plate, calculated
as the smaller of the gross section shear
resistance VRrd,g, Net section shear resistance,
VRra,n and block shear resistance, Vrap.

Fin plate in shear: gross section

VRd,g

hptp fyxp

1.27 V3 yuo

The coefficient 1.27 takes into account the reduction in
the shear resistance of the cross section due to the
nominal moment in the connection.

Fin plate in shear: net section

VRdn

= Av,net

fu,p
\/371\42

Fin plate in shear: block shear

VRd,b

0.5f,5Ant . fyp Any

7' M2 \/§7M0

ﬁﬁh

\ \ €4

eptgh Py, | €5

VEq
where:
Avnet = tp (hp —n1d0 )
Ant is the net area subjected to tension

For a single vertical line of bolts (n2 = 1):
Ant = t, (6 ——2)

For two vertical lines of bolts (n2 = 2):

Ant = t,(p2 +ez—3d—°)
2
Anv is net area subjected to shear
=ty (h, —e1—(ny-0.5)d,)
M2 is the partial factor for the resistance

of net sections ()2 = 1.1 as given in
the UK National Annex to BS EN
1993-1-1)
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CHECK 3

(continued) Supported beam - Fin plate

L
Bending where:
Basic requirement: t 2
Ves < Vrd Weip = p6ID
If hp 22.73 z then VRd = T is the reduction factor for lateral
torsional buckling of the fin plate
E Voo = Weip fyp obtained from Table 5.2 and based on
se M T the slenderness of the fin plate, given
for S275 by
Lateral torsional buckling P
- - p p
Basic requirement: AT= =58 15¢2
Ves < Vi . Y
Ed = Rd
_ M2 is the partial factor for resistance of
If zo > %/0.15  (long fin plate) net sections (ym2 = 1.1 as given in the
UK National Annex)
then Vra = min{Wel’p ZLTfy'p : Weip fy—pJ Zp =e2b+ gn
z 0.6y Z 7vo

The 0.6 factor in the expression for Vrd4 accounts for the
triangular shape of the assumed bending moment diagram in
the fin plate.

If z, < 1,/0.15 (short fin plate)

We, T
then Vg = —2P YP

Z Ywmo

Note:

Long fin plates should not be used with unrestrained beams without experimental evidence to justify the
design.
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CHECK 3

(continued)

Supported beam - Fin plate

Table 5.2 Reduction factor for lateral torsional buckling, ;1

At Reduction factor, yr At Reduction factor, y.1
0.25 0.96 1.50 0.28
0.30 0.92 1.55 0.26
0.35 0.89 1.60 0.25
0.40 0.85 1.65 0.24
0.45 0.81 1.70 0.23
0.50 0.78 1.75 0.22
0.55 0.74 1.80 0.21
0.60 0.71 1.85 0.20
0.65 0.68 1.90 0.19
0.70 0.64 1.95 0.18
0.75 0.61 2.00 0.18
0.80 0.58 2.05 0.17
0.85 0.55 2.10 0.16
0.90 0.52 2.15 0.16
0.95 0.49 2.20 0.15
1.00 0.47 2.25 0.15
1.05 0.44 2.30 0.14
1.10 0.42 2.35 0.13
1.15 0.40 2.40 0.13
1.20 0.38 2.45 0.13
1.25 0.36 2.50 0.12
1.30 0.34 2.55 0.12
1.35 0.32 2.60 0.11
1.40 0.31 2.65 0.11
1.45 0.29 2.70 0.11

The values in Table 5.2 have been calculated using expression 6.56 of BS EN 1993-1-1 with an imperfection

factor arrof 0.76
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CHECK 4

Supported beam — Web in shear

Critical section
in plain shear

€2p

Shear
failure

Shear
failure

Tension
failure

—>> ez’b
ghﬂ Qhﬂ
i |
e
wj{ €ib i
;( |
|
nqrows i .
of bolts =
e
A A : N
he he |
|
|
|
VEd

Block shear failure

tearing out of shaded portion

Shear and bending resistance of the supported beam:

Shear

Basic requirement:

Ved < VRd,min

Vramin  is the shear resistance of the supported beam

web

= smaller of the gross section shear resistance
VRrd,g, Net section shear resistance, Vre,n and
block shear resistance, Vrd,»

Beam web in shear: gross section

f
VRd,g = Vpi,Rd = Av yo!
\/E 7 Mo
Beam web in shear: net section
f
VRd,n = Av,net ub1
37 m2

Beam web in shear: block shear (applicable to
notched beams only)

0-5fu,b1Ant fy,b1Anv

+
\/§7M0

VRd,b
7' m2

where:
Avnet = Av— nqdotyps
Unnotched beams:

A = Ay = 2By, i + (bypr + 26 )ty DUE £
hw,b1tw,b1

Single notched beams:

t
Av = Aree —buitip + (tw,m + 2”b1)%

ATee
Double notched beams:

Av = O-gtw,m(hm =y _dnb)

is the area of the Tee section

For a single vertical line of bolts (n2 = 1)
0

d
= twp
2

Ant esz ke
For two vertical lines of bolts (n2 = 2)

d
Ant = twpt (Pz +€2p —3—0]

2
Anv = tw,b1 (e1vb +(n1 —1)p1 —(n1 —05)d0 )
m2 is the partial factor for the resistance

of net sections (2 = 1.1 as given in
the UK National Annex to BS EN
1993-1-1)
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CHECK 4 Supported beam — Web in shear
(continued) (notched beams)
Critical secti
in plain shear. . N
€b €b
g o
v v
€1p €1p
y -0 ~

p 1
n, rows 3

—
ok

of bolts 1 a%
%

L

i

Veg VEq

Shear and bending interaction for two lines of bolts, if the notch length In > (e2p + p2)
Note:

Although shear and bending should be checked at both bolt lines, the check is generally only applied in
connections with two rows of bolts (n2 = 2), assuming that unless the geometry is extreme, it will not be critical
in connections with only one row of bolts. The check is only applicable if the notch extends past the second bolt
row (i.e. I > (ez2p + p2)). The beam should be checked at the end of the notch - see Check 5.

Basic requirement: where:

VEs (gh+ e2b + p2) < MecRrd Wean is the elastic section modulus of the
gross tee section at the notch

Voinra IS the shear resistance of the single
notched beam at the critical section

Mcrd is the moment resistance of the notched beam at
the connection in the presence of shear

For a single notched beam (see figure)

For low shear (i.e. Ved < 0.5VpinRra) =min(Vrd,g; VRan) (see Check 4 (i)

M _ fypiWen Voi.onRd iS the shear resistance of the double
c,Rd -

notched beam at the critical section

Vwo (see figure)
For hlgh shear (|e VEqd > O.SVpI,N,Rd) - min(VRd,g; VRd,n) (See Check 4 (I))
2
Me ra - fy,b1 WeI,N 1— 2VEd 1
Mo VoiNRd

For a double notched beam

For low shear (i.e. Ved < 0.5V}i,0N,Rd)
fypit
Mcra = M(ew +(f71 —1)P1 +he )?
67mo

For high shear (i.e. Ved > 0.5Vpi0n.Rd)

2
fupitw
Meo= 22 (0. () ~1)py +h ) 1_[”/&_1]

7 Mo VoioNRd
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CHECK 4

Supported beam — Resistance at the connection

(continued)
9h €2p 9nh ey, Py
»lLﬂe >i <>
| \ | \
Al <E Al "+§ -
A I T<_ I Pull
(M1 -1) Py | Veazp I ?: VEd(Zp+p2)( I oo Ao,
V| by =
D C D krc
91 Zpk —>l|zp
| \

<
m
—

Vg ?

Shear and bending interaction of the beam web:
For short fin plates (i.e. zp < £,/0.15) background studies have demonstrated that the resistance of the web does
not need to be checked.

For long fin plates (i.e. zp > #/0.15) it is necessary to ensure that the section ABCD shown above can resist a
moment Veqzp for single line of bolts or Vg4 (zp + p2) for a double line of bolts. Sections AB and CD are

considered to be in shear and section BC in bending.

Basic requirement: For a single vertical line of bolts (n2 = 1):
For a single vertical line of bolts (nz2 = 1): twp1€20 X fyb1
VolasrRe = — =
VEd zp < MegcRrd + VplaeRd (N1 — 1) p1 \/§7M0
For two vertical lines of bolts (nz = 2): For two vertical lines of bolts (nz = 2):
VEq (Zp + ,02) < Megc,rd + VpiagRrd (N1 — 1) p1 typi(€2p + Po) X fy’b1
. . Vpi,ABRd =
Mccrd is the moment resistance of the beam web BC \/§7Mo

For low shear (i.e. Vaced < 0.5Vyi,8c,Rd)

fyoitw Vecea is the shear force on the beam web BC
Mescra =221 ((n, - 1)p,

67mo = Ve (’71 - 1)P1
For high shear (i.e. Viced > 0.5Vpi8c,Rd) P
, hp is the height of the beam
£ ot 2V
Mecscra =220 ((ny = 1)p, )2 | 1— | —2CEL _ 1 Y _ tw,b1(n1 —1)P1 xfy b1
67M0 pl,BC,Rd pl,.BC,Rd — \/57/
MO

Vo,ABRd iS the shear resistance of the beam web AB
Voi,Bc,Rd iS the shear resistance of the beam web BC
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CHECK 5 Supported

beam — Resistance at a notch

Critical sections

e e

o o
=
ele 7% e@F 7+
PRI I
+ .

h,
R

|

L

9h

Y

€1b

T

i

!

In

to notch or
f beam flange Loeg(rzqtcﬂhagrge
Veg = Veq Veq
Shear and bending interaction at the notch:
Basic requirement: where:
Wen  is the elastic section modulus of

For single bolt line, or for double bolt lines if xn 2 2d:

VEd (gh + [n) < MynRd
My Rd
the presence of shear

For single notched beam:

For low shear (i.e. Veq < 0.5VpinRd)

fupW,
_ lyb1¥VelN
Mynrd = ———

7 Mo
For high shear (i.e. Ved > 0.5ViNRd)

1_[ >_1]2

For double notched beam if xn 2 2d:
For low shear (i.e. Ved < 0.5Vpi,0N,Rd)

fyptWen 2V

My Rd

7 Mo VpI,N Rd

MypNRd = (n1 —1),01 +he )2

For high shear (i.e. Ved > 0.5Vpi,0n,Rd)

fypitw 2V,
MyoNRd = M(ew +(n1 —1)p1 +hg )2 1-| ——Ed
7 mo Vo1.0NRd
For double bolt lines if xn < 2d:
max (Ved (gh + Ih); Ved (gh + €26+ p2)) £ MyNRd

is the moment resistance of the beam at the notch in

the gross tee section at the notch

VoinRra IS the shear resistance at the
notch for single notched beams

_ Av,N fy,b1

\/§7M0

t
= Atee — boitfp1 + (twbt + 2rb1) o1

Av,N

Voi,DNRd iS the shear resistance at the
notch for double notched beams

- Av,Dnyb
\/g ¥ mo
Avon = 0.9 twb1 (€16 + (N1 -1) p1 + he)
fw,b1 is the thickness of the beam web
to is the thickness of the fin plate
MyNnRd = McRrd from Check 4

]
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CHECK 6

Supported beam — Local stability of
notched beam

(LT

ln

v [

hp

=

When the beam is restrained against lateral torsional buckling, no account need be taken of notch stability,
provided the following conditions are met:

Basic requirement:

For one flange notched [ [22],

dnt
In

In

In

IN

IN

ho1/2
ho1
160000 hy

(Pt It )?

IN

ho1
110000 hy,

(Pt Tt )?

and:

for  ho1 / twp1

for  ho1 / twp1

for  ho1 / twp1

for  ho1 / twp1

For both flanges notched 2],

max (dnt, dnb) <

In

In

In

tw,b1

IN

IN

ho1

160000 Ay,
(Aot )?
ho4

110000 Ay,

B (hb1 /tw,b1 )3

ho1/5

for  hb1 / twpa

for  hb1 / twpa

for  ho1 / twp1

for  ho1 / twp1

IN

IN

and:

IN

IN

\%

54.3 (S275 steel)

54.3 (S275 steel)

48.0 (S355 steel)

48.0 (S355 steel)

54.3 (S275 steel)

54.3 (S275 steel)

48.0 (S355 steel)

48.0 (S355 steel)

is the web thickness of the supported beam

Where the notch length I exceeds these limits, either suitable stiffening should be provided or the notch should
be checked to references 21, 22 and 27.
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CHECK 7

Unrestrained supported beam — Overall stability
of notched beam

Ly

When a notched beam is unrestrained against lateral torsional buckling, the overall stability of the

beam should be checked.

(1) This check is only applicable for beams with one flange notched. Guidance on double-notched beams
is given in Section 5.12 of reference 17.

(2) If the notch length I and/or notch depth dnt are different at each end, then the larger value for I and dnt

should be used.

(3) Beams should be checked for lateral torsional buckling to BS EN 1993-1-1, clause 6.3.2 using an

effective length in the calcul
buckling.

(4) The solution below gives an

ation of Mcr, the elastic critical buckling moment for lateral torsional

effective length (Le) based on references 29, 30 and 31. It is only valid for

In/ Lo <0.15 and dnt / ho1 < 0.2. Beams with notches outside these limits should be checked as tee

sections, or stiffened.

Basic requirement: where:
9/ 2 X, U, V and I; are for the un-notched | beam
e =L 1o (k2 +2k) section and are defined in P363 23
° Conservatively:
K =Ko/l v U =09and
Pn _ UYLb vV =1.0
Iz For <30 Ko = 1.1gox but <1.1Kmax
For A6>30 Ko = go X but < Kmax
go and Kmax are as follows:
/n Kmax
Ly go UKB section UKC section
<0.025 5.56 260 70
0.050 5.88 280 80
0.075 6.19 290 90
0.100 6.50 300 95
0.125 6.81 305 95
0.150 713 315 100
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CHECK 8 Supporting beam/column — Welds

Critical weld Critical weld
\

—

e I web or flange
7% 3 or RHS, CHS wall

t o ¢,
s

|
Supporting beam Supporting column

Strength of weld connecting fin plate to supporting beam or column under bending moment and
shear

Basic requirement: where:
a > 0.5%, for S275 fin plate a is the effective weld throat thickness
a > 0.61p for S355 fin plate = 0.7s (normally)

S is the leg length

tp is the thickness of the fin plate
Note:

This check ensures that the weld is not the weakest part of the connection.

See Appendix C for more details about the weld requirements.
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CHECK 10 Supporting beam/column — Shear and bearing

(with one supported beam)

I Column RHS Column

Y ——

.

L

web thickness t, wall thickness t,

= ey +0n for single row of bolts

P2

€2p +Tn +T for two rows of bolts

CHS Column

wall thickness t,

Local shear and punching shear resistance of beam web, web of I column or wall of RHS or CHS

column supporting one beam
Local shear
Basic requirement:

V
% < Frd
f
Frd = A y2
*/37 MO

Punching shear

Provided that the requirement given below is satisfied,
yielding of the fin plate occurs before punching shear failure
of the supporting member.

Basic requirement:

f, .
tz —*2 (conservative)

ty <
y.p Ym2
f,th?

th < t-—22PP (rigorous)
Vea 6272

If the requirement is not satisfied, strengthening will be
necessary.

where:

Av
)

he

=hp t2

is the thickness of the supporting
column web or beam web

is the height of the fin plate
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CHECK 10

(continued)

Supporting beam/column — Shear and bearing
(with two supported beams)

Note:

The supporting beam web or column web must be checked for the combined shear force applied by both fin

plates, VEqtot, Over the length of the smaller fin plate.

VEd2 VEd 1

Supporting column
/ web N
7 \—

Local shear and punching shear resistance of supporting beam web or column web supporting

two beams:
Basic requirement:

V

Ed,tot < FRd

VEd1 VEd2

V = 4+ — h,

Ed,tot [ hp,1 hp,z p,min
Frd = —Avfy’z

\/§7M0

where:
Av
hp,min

fy, 2

hp,min t2
min(hpj v hpo )

yield strength of the supporting
member
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CHECK 11

Structural integrity — Plate and bolts

Note:

Feg Feg
— — Case 1
€, P2 | €
Ly
- e1
ng)frggtss I P, ho I I
I 1 i Case 2
P
o | € | |
T

Single line of bolts

Double line of bolts

To resist a tie force of 75 kN, the connection must have at least 2 M20, 8.8 bolts and the fin plate
thickness = 6 mm.

Structural integrity — tension and bearing resistance of the fin plate:

Tension resistance of fin plate

Basic requirement:

Fed < Frdu

Frau  is the smaller of the block tearing tension
resistance, Frdb and the net section tension
resistance, Fradn

Frap = —fu’pAm +fy—'p—AnV

7 Mu «/E 7' Mo

Frd,n = —OlgAnet’pfu’p

7 Mu

Bolt shear

Basic requirement:  Fed < Frdu

FRd,u =n Fv,u

Fvu - avfubA

7 Mu

Bolt bearing in fin plate

Basic requirement: Fed < Frdu

Frd,u =N Fb,hor,Rd,u

kiayf,,dt
Fo,hor,Rd,u = L
7 Mu

where:
For Case 1:
Ant = fp((n1 = 1)p1 = (n1 = 1) do)

For one vertical line of bolts (n2 = 1):
Anv =2tp(92—d0 /2)

For two vertical lines of bolts (nz2 = 2):

Anv =2tp(p2 +ez—3d0 /2)
For Case 2:
Ant = tp((n1 = 1)p1 — (n1—0.5) do + €1)

For one vertical line of bolts (n2 = 1):
Anv =tp(92—d0 /2)

For two vertical lines of bolts (nz2 = 2):

Anv =tp(p2 +ez—3d0 /2)
Anetp = to(hp — don1)
Qv = 0.6 for 8.8
ab =min| 22, Pz _ 1. Tw 4,
3d, 3d, 4 Ty,
ki = min[2.89—1—1.7; 1491 17, 2.5]
dO 0

When calculating k1 and a» for connections with a single vertical row of bolts (n2 = 1), terms involving p2
are ignored.
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CHECK 12

Structural integrity — Supported beam web

G20 €21 P2
< > <>
Tl > ey
p.
n1rows ' t
ofbolts | P _ —» Feq
e 4+t
nyrows
of bolts

— = Feq Case 1

Case 2

Structural integrity — tension and bearing resistance of beam web

Tension resistance of beam web
Basic requirement:

Fed < FiRrdu
Firau is the smaller of the block tearing tension
resistance, Frd,p and the net section tension
resistance, Frdn
_ Ant fu,b1 Anv fy,b1
Frd,p = +
7 Mu \/§7MO
_ fu,b1
FRd,n = 09 Anet,wb
7 Mu

Bolt bearing in beam web
Basic requirement:

Feqa < Frd,u
Frd,u = n Fb,horRd,u

_ k1abfu,b1dtw,b1
Fb,hor,Rd,u =

7 Mu

where:
for Case 1:
Ant = twb1 (M1 -1) p1-(n1-1)do )

For a single vertical line of bolts (n2 = 1):
Anv = 2tw,b1 (eZ’b —do /2)

For two vertical lines of bolts (n2 = 2)

Anv = 2tW,b1 (p2 +ezyb —3d0 /2)
For case 2:
Ant = two1 ((M1 = 1) p1-(n1—0.5)do + e1,b)

For a single vertical line of bolts (n2 = 1):
Anv = tupr+ (620~ do/2)

For two vertical lines of bolts (n2 = 2)

Anv = typr + (2 +625 -3, /2)

Anetwb = twb1 (hwb - do n1)

hwo = hp (conservatively)
e f

o = min| -2 P2 —l; w - 1.0
3do’ 3dy 4 fup

k1 =

min| 1421 _17. 25
do

When calculating a» for connections with a single vertical row of bolts (n2 = 1), terms involving p2 are ignored.

131




Fin plates — Design procedures

CHECK 13 Structural integrity — welds

The weld size specified in Check 8 will be adequate for tying resistance.

See Appendix C for more details about the weld requirements.
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CHECK 14

Structural integrity — supporting column

(UKC or UKB)

\¥/_\\
N~ A
PN |
N 2
| N\ s |
| PN ‘
A~ |l T \
‘ qR \
\ qah |
‘ g \
h ! 7N |
p \ ah |
‘ g \
R I .
| = !
| % N |
% \ |
[ N
1,7 N }
vV N
\\/\\

#

Feg

Fin plate
connecting to
column web

Structural integrity — tying resistance of rolled column web, in the presence of axial compression

in the column
Basic requirement:

Fe¢ < Frdu
8Mpirau
Friu= — 22 71 +‘I.5(1—,6'1 )0'5 )
7 Mu (1—,31 )(

1
MpI,Rd,u = qu,z t22

The 1.5 factor in the equation for Fra includes an allowance
for the axial compression in the column

Note:

where:
t

m

b

do

is the web thickness of the column

de
t, +2s
de

is the depth of straight portion of the
column web
is the weld throat = 0.7s

is the leg length of fillet weld

This check is required for either single-sided connections to a column web or unequally loaded double-sided

connections to a column web.
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Structural integrity — supporting column
CHECK 15 (Hollow section)

m b
| |
b, \ ’ N
i~ A
‘\ \\ // I
IR
Ao 4
L g I
G |
DN |
\‘ s/ N 0l
3; ¥ <—1.5t,
X | e
Yield lines *
FEd

Structural integrity — tying resistance of the hollow section wall, with axial compression in
the column

Basic requirement: where:
Fea < Frdu t is the thickness of the hollow section

iy column
Frau = %(7]+1.5(1—ﬂ)0-5 ) h,

u - n =

7™M B b-3t,
Mpirdu = lfu,zl‘z2 t, +2s

4 '8 =P

b-3t,

The 1.5 factor in the equation for Frau includes an allowance
for the axial compression in the column b is the overall width of the hollow
section column wall to which the
connection is made

is the weld throat = 0.7s
is the leg length of fillet weld
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CHECK 16

Structural integrity — supporting column wall

(CHS)

d,

2

'

FEd

Structural integrity — tying resistance of the CHS wall, with axial force in the column

Basic requirement:

Fed < Frd
5fot,% (1+0.257)0.67

7 Mu

Frd =

The 0.67 factor in the equation for Frq includes an allowance
for the axial force in the column. It is recommended that this
factor is applied in all cases (either compression or tension
in the column).

where:

t2

n

d>

is the thickness of the CHS column
— hp

d;

is the diameter of the CHS column
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5.6 WORKED EXAMPLES

The worked examples show design calculations for
typical standard connections. Each example
demonstrates firstly the use of the resistance tables
(yellow pages) and then the full checks according to
the procedures in Section 5.5. The full checks will
normally only need to be applied to non-standard
connections but their application to standard
connections demonstrates the validity of the much
simpler process when using standard details.

Check 7, dealing with overall stability of an
unrestrained beam, should be undertaken by the
member designer taking account of any notching
required at the ends of the supported beam in order
to facilitate the use of a simple connection.

Checks 11 to 15 deal with tying resistance. The
magnitude of the tie force depends on the class of
building. When the tie force is 75 kN, no checks are
required, as every standard detail will accommodate
this force. Calculations will be required for larger
forces.

Example 1

This example covers the design checks for a
two sided beam to beam connection with fin plates
welded to the web of the supporting beam. A fin
plate with a single line of vertical bolts is employed
on one side and a fin plate with a double line of bolts
is used to connect a larger beam, with a heavier
vertical reaction, on the other side.

Example 2

Example 2 demonstrates the additional structural
integrity design checks required for a beam to
column web connection when an axial tie force must
be carried by the connection.

Example 3

Example 3 is a beam to hollow section column
connection using fin plates welded to the column
wall. The beam sizes and vertical reactions are as in
Example 1, so only checks which are different from
those in the first example are shown.

Example 4

Example 4 shows the same beam connections as in
Example 3 but uses fin plates welded to a
CHS column.
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% /” /—/—/ Job Joints in Steel Construction — Simple Joints Sheet 1 of 15
£V sci Title Example 1 — Fin plates — Beam to beam
Steel Knowledge
CALCULATION SHEET Client Connections Group
Bcsn Calcs by CZT Checked by ENM Date  Sept 2011
DESIGN EXAMPLE 1
Check the following beam to beam connection for the design forces shown.
Yellow pages are used for the initial selection of the connection detail.
A fin plate with a single vertical line of bolts would be adequate for both connections in this
example, but a double vertical line was used for the 533 x 229 x 92 UKB in order to
demonstrate the design checks required for this configuration.
Ih=110
\ ¥ 50 Notch
. \ 40
406 x 178 x 74 UKB \ 70
Grade S275
) 70
o
+ / 70
‘X) A / 70
/ Ihd { 40
/ |
533 x210 x 92 UKB
50 80 Grade S275
\
A}
Gap, g =10 mm T\ 510 %229 x 140 UK
ﬂ r Grade S275
200 kN 350 kN
Fin Plates: 100 x 10 160 x 10 Table G.18
(Single line) (Double line) and G.19
Design information:
Bolts: M20, 8.8
Welds: 8 mm leg length fillet weld
Material: All S275
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Title Example 1 — Fin Plates — Beam to Beam Sheet 2 of 15

CONNECTION DESIGN USING RESISTANCE TABLES

—

406 x 178 x 74 UKB I

Grade S275

533 x210 x 92 UKB
Grade\8275

\

\ 610 x 229 x 140 UKB

ﬂ r Grade S275
200 kN 350 kN

406 x 178 x 74 UKB, S275 533 x 210 x 92 UKB, S275

Bolts M20 8.8 Bolts M20 8.8

From Resistance Table G.18 From Resistance Table G.19

Connection shear resistance (single notch) Connection shear resistance (single notch)
=286 kN > 200 kN =450 kN > 350 kN

Maximum notch length Maximum notch length

=311 mm > 120 mm =359 mm > 120 mm

Web thickness of supporting beam = 13.1 mm

Minimum support thickness based on the maximum shears of 286 kN and 450 kN
=(34+44) =7.8mm<13.1mm -~ O.K.

The connection is adequate.
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Title Example 1 — Fin Plates — Beam to Beam

Sheet 3 of 15

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 1

406 UB (S275)

533 UB (S275)

610 UB (S275)

Sheet
CHECK i i ;
No. Resistance Design Resistance Design Resistance Design
force force force
4 Check 1 . _ All recommendations adopted
Recommended detailing practice
4 Check 2 Shear (kN) 288 200 577 350 Not applicable
Supported beam Fin plate in
bearing 332 200 574 350
Bolt
olt group (kN)
Beam web
in bearing 291 200 565 350
(kN)
8 Check 3 Shear 347 200 450 350
Supported beam Bepding
Fin olate resistance o0 200 °0 350
P (kN) Not applicable
LTB of fin
plate 771 200 743 350
(kN)
10 Check 4 Shear (kN) 312 200 481 350
Supported beam Bending
Web in shear resistance NA NA 164 38.5
(kNm) Not applicable
Long fin
plate NA NA NA NA
(kN)
13 Check 5 Bending
Supported beam resistance 89 24 164 42 Not applicable
Resistance at a notch (kNm)
14 Check 6
Supported beam Notch 413 110 533 120
o length Not applicable
Local stability of notched | (mm)
beam Notch length I» < specified limits
Check 7
Supported beam - Not applicable Not applicable
Overall stability
14 Check 8 Weld
Supporting beam/column| throat, a 5.7 5.0 5.7 5.0 Not applicable
— Welds (mm)
Check 9 - Not applicable Not applicable
15 | Check 10 Shear
Supporting beam reszskt:l\;ce Not applicable 603 241

Shear and bearing
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Title Example 1 — Fin plates — Beam to beam

Sheet 4 of 15

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES

Check 1: Recommended detailing practice

Fin plate thickness: to =10 mm <£0.5d (d =20 mm diameter)
Height of fin plate: hp =290 mm (> 0.6hv1 for 406 UKB)

=360 mm (> 0.6hp1 for 533 UKB)
Bolts: M20 8.8

Check 2: Supported beam — Bolt group

Bolt shear
Basic requirement: Vea < VRrd
nF,
VRe = R
\/(1+an)2 +(fn)?
Fura = —avabA
7 M2
For M20 8.8 bolts:
Furs = Mxmﬁ =94 kN

1.25

406 x 178 x 74 UKB, S275
For a single vertical line of bolt (i.e. n=1 and n = m):
a =0
_ 6z - 6 x50 - 0.21
ny(ny +1)p; 4x(4+1)x70
- Vea = 494 = 288 kN
J(1+0x4)2 +(0.21x4)?

Vea =200 kN < 288 kN

533 x 210 x 92 UKB, S275
For a double vertical line of bolt (i.e. n=2 and n = 2n1):

, =22
21
o=z (2 1o = 54602+ Lusx(52 —1)x702 = 107000 mm?
2 6 2 6
z =50+ 0.5x60 =80 mm
Lo = M:OOZ
2x107000
Zp4 80x70
= P1(n, —1 = XY (51 =0.11
A 2/ (ny 1) 2107000 <~
o VRa = 1094 = 577 kN

J(1+0.02x10)2 +(0.11x10)?
Ves =350kN < 577 kN

- 0.K.

- 0.K.
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Title Example 1 — Fin plates — Beam to beam

Sheet 5 of 15

Fin plate in bearing

Basic requirement: Vea < VRrd
VRa = n
2 2
[ 1+an J +[ pn ]
Fb,ver,Rd Fb,hor,Rd

406 x 178 x 74 UKB, S275

a=0and g=0.21, as above
The vertical bearing resistance of a single bolt:

kiafy,dt
Fb,ver,Rd = w
_ _ 50 _
ki1 = min 28——1 7, 25| =min| 2.8x—-1.7; 2.5
22
= min(4.66; 2.5) =25
o =min LA N P TR = min[ 20, 7005, 800. 4,
3d0 3d0 4 f, 3x22 3x22 410
= min(0.61; 0.81; 1.95; 1.0) =0.61
Fover s _ 25x0.61x410x20x10 05 _ 400\
1.25
The horizontal bearing resistance for a single bolt:
kiayf,, dt
Fb.horRd = w
ki =min 28——1 7. 1421 17 25| = m|n(284—0 17, 1479 47, 25)
do 22 22
= min(3.39; 2.75; 25) =25
ab = min ; ;1.0 =min[ 50 ; @; 1.0J
3d0 fup 3x22 410
= min(0.76; 1.95; 1.0) =0.76
Fo nor Ra _ 2.5><0.76><410><20><10X10,3 = 125 kN
1.25
4
“ Vra = = 332 kN
[1+0X4J2 +{0.21x4j2
100 125
. Veda =200 kN < 332 kN - O.K.
533 x 210 x 92 UKB, S275
a=0.02 and #=0.11, as above
The vertical bearing resistance for a single bolt:
kiapf,,dt
Fo.ver,Rd = D% lwTp
7 m2
ki =min| 282 17, 14P2 17, 25 = min[ 2822 17,1482 _17, 25
o do 22 22

=212

min(4.66; 2.12; 2.5)
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Title Example 1 — Fin plates — Beam to beam

Sheet 6 of 15

70

800 |

5. 800
410

25, — 10)
410°

o

ab = min 61; P 1' '10 =min( 40; 70—
3d,’ 3d, 4’ 3x22 3x22
a  =min(0.61; 0.81; 1.95; 1.0) = 0.61
 Fowrrs = 212X081x410x20x10 05 g\
1.25
The horizontal bearing resistance for a single bolt is:
kiafy,dt
Fo hor,rd _w
ki = min 28——17 14P" _17; 25| = min 28><—0—17 1.4x—-1.7; 2.5
do 22 22
=m|n(339 2.75; 25) =25
o = ; -0.25; Fup ; 1.0 = min i; _60 __
3d0 3d0 fup 3x22° 3x22
= min(0.76; 0.66; 1.95; 1.0) =0.66
. Foporng = 2:5%0.86x410x20x10 /s ~ 108 kN
1.25
" Vra = 10 =574 kN

1+0.02x10 2+ 0.11x10 )
85 108
" Vea =350kN <574 kN
Beam web in bearing

Basic requirement: Vea < Vrd
n

2 2
[ 1+an } +[ pn ]
Fb,ver,Rd Fb,hor,Rd
406 x 178 x 74 UKB, S275

a=0and g=0.21, as above
The vertical bearing resistance for a single bolt:

WVRe =

_ k106bfu,b1dtwb1
Fo,ver,Rd ==

ki

m|n[2 g2 1. 7; 25} = min[Z Sﬂ—'l 7, 25
22

e

L l; Fup 10| = min( 40 :

3d0 3d0 4 fu,b'l 3)<22
min(0.61; 0.81; 1.95; 1.0) =0.61

2.5%x0.61x410x20x9.5

. Foerra = x107° =95 kN
1.25

The horizontal bearing resistance for a single bolt:

&
I

_ Kqapfup1dtyp
Fo,hor,Rd == "7

Y m2

j = min(3.39; 25)=25

70 1

3x22 4

800
410’

10|

)

= 0O.K.
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Title Example 1 — Fin plates — Beam to beam

Sheet 7 of 15

ki = min P —-1.7; 2.5 | = min 28><ﬂ—17 1.4x m—17 2.5
do 22 22
=m|n(339 2.75; 25)=25
e
b = min| =2 be; 1.0 =min{ 40 : @; 1.0]
3do  fup 3x22 410
= min(0.61; 1.95; 1.0) =0.61
. Fonorre = 2'5XO'61X410X20X9'5><10'3 = 95 kN
1.25
© VRa = 4 =291 kN
(1+O><4J2+[0.21><4J2
95 95
. Vs =200 kN <291 kN - O.K.
533 x 210 x 92 UKB, S275
a=0.02 and g =0.11, as above
The vertical bearing resistance for a single bolt:
Kyayfypidty
FoverRd = 10pTup1 b1
7 m2
e
ki =min| 28222 17; 14P2 17, 25 =min(28xﬂ—17 14x99 17, 25)
do do 22 22
= min(3.39; 2.12; 25) =2.12
I o1 l; fo . 4 g =min( 40 . 70 1. 800 1.0]
3d, 4 fyp 3x22° 3x22 4 410
= min(0.61; 0.81; 1.95; 1.0) =0.61
 Fovemg = 2122061x410x20x101 (05 _ ey
1.25
The horizontal bearing resistance for a single bolt:
kiapfypdt
FohorRd = 1%bTyp1Alw,b1
ki =min P = min 28><—0—17 14x1% 17, 25
o 22 22
=m|n(339 2.75; 25) =25
o = eZb- p_2_0.25; f“_b; 101 = min(i;i—O.ZS; @; 1.0J
3d, 3d, fupt 3x22 3x22 410
= min(0.61; 0.66; 1.95; 1.0) =0.61
. Fonorra = 2.5x0.61><410><20><10.1X10,3 =101 kN
1.25
Vo = 10 = 565 kN
140.02x10 ) (0.11x10)"
86 101
. Ves = 350 kN < 565 kN - O.K.
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Title Example 1 — Fin plates — Beam to beam

Sheet 8 of 15

Check 3: Supported beam — Fin plate

Shear
Basic requirement: Ve < VRd,min
VRd,min =min(VRdg; VRdn; VRdp)

406 x 178 x 74 UKB, S275
Gross section:

VRdg - hptp fy,p
1.27 3ywo
Vgg = 22010 2715 452 = 363 kN
127 /3x1.0
Net section
Fup

Vrin = Av,net —_—

\/§7M2
Net area: Avnet =t (hp -nqdy )
Avnet = 10x(290 — 4 x22) = 2020 mm?
o VRdin = 2020x—19 103 =435kN

3x1.1

Block tearing
0.5f,pAnt . fypAnyv

VRap =
VM2 \/§7M0
Net area subject to tension: At =ty (ez —d—oj
2
A =10x(50-0.5%x22) =390 mm?
Net area subject to shear: A = ¢, (hp -e;-(n;-0.5)d, )

Aw  =10x(290-40-(4-0.5)x22) = 1730 mm?

_[0.5x410x390  275x1730
2 VRdp = +
( 1.1 J3x1.0
<. Vkamin = min(363; 435; 347) =347 kN
Veas =200kN <  347kN

}103 = 347 kN

533 x 210 x 92 UKB, S275
Gross section

Veag = hoty  fyp
' 1.27 3740
Vrgg = 20010 278 452 = 450 kN
1.27 ﬁx 1.0
Net section
f
VRd,n .

= Av,net L
‘/§7M1

50,60 50

&

= 0.K.
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Title Example 1 — Fin plates — Beam to beam Sheet 9 of 15

Netarea:  Avnet = t, (h, —nido)

Avnet = 10x(360-5x22) = 2500 mm?
410
3x1.1

2. VRdn = 2500 x x1072 =538 kN

Block tearing
_ 0.5f A . fypAny

Vrab =
7 M2 \/EJ/MO
. . 3d,
Net area subject to tension: Ant =ty| po +€5 -
2
At =10x(60+50-1.5x22) =770 mm?
Net area subject to shear: Anv = ¢, (hp -e;-(n;-0.5)d, )

An  =10x(360-40-(5-0.5)x22) =2210 mm?

2. VRdp =

[0.5><410><77O N 275><2210JX103 = 494 kN

1.1 J3x1.0
. VRd,min =min(450; 538; 494) =450kN
. Vea = 350 kN < 450 kN -~ O.K.
Bending
Basic requirement: Vea < VRrd

406 x 178 x 74 UKB, S275
2.73z =2.73 x50 =136.5mm
hp =290 mm > 2.73z
o VRd = o

Veds < VRd - 0.K.

533 x 210 x 92 UKB, S275
273z =2.73x80 =218.4mm

hp =360 mm > 2.73z
o VRd = o
Vea < VRd - O.K.
Lateral torsional buckling of fin plates
Basic requirement: Vea < VRd
406 x 178 x 74 UKB, S275
z =50 mm < 66.7 mm Therefore fin plate is short. For short fin plates:
Vra = %fy—'p
Z 7mo
t B2 10x2902
Wep =22 = = 140167 mm?
6 6
Ve = 140167 278 455 =771 kN
50 1.0
~Ves =200kN < 771kN - O.K.
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Title Example 1 — Fin plates — Beam to beam Sheet 10 of 15

533 x 210 x 92 UKB, S275

z =80 mm > 66.7 mm Therefore fin plate is long. For long fin plates:
VR = min[WEI’ID Zrhy ; Weis fy—p]
z 0.6y Z  7mo
toh,? 10 % 3602
Wel,p = = = 216000 mm?

1/2

— 28 ((em+anh, _ 28 ((40+10)x360)"* _

ALT - 2 - X > - 036
86.4| 15t 864 | 15x10

From Table 5.2, ;7-0.88

Vea = min[ 216000 0.88x275 5 216000 275 .
80 0.6x1.0 80 1.0
= min(1089; 743) =742 kN
- Vea =350 kN < 743 kN . OK.

Check 4: Supported beam — Web in shear

Shear
Basic requirement: Vea < VRd.min
VRd,min =min(VRdg; VRdn; VRdp)

406 x 178 x 74 UKB, S275
Gross section

f typr = 9.5

VRig = Auwb y.ot o

\/§7M0

oo | e1=40
Gross area: Ay = Atee — btip1 + (twp1 + 2rb1) ——
2 | (ns-1)
n -
Aree = (362.8—16)x 9.5+ 179.5 x 16 A4 YrLe
= 6167 mm? ]
A =6167—179.5x 16 + (9.5 +2 x 10.2) x 10 v 4 he =113
2 L 1 L
tip1=16 Shear plane
= 3534 mm? t P
. Vrag =3534x—27° 103  =561kN
3x1.0
Net section
fup1

Vran = Av,net —_—

\/€7M2
Net area: Avnet = Av— nidotw,b =3534-4x22x95 = 2698 mm?
.. VRdn = 2698 x 410 x1073 =581 kN

3x1.1
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Title Example 1 — Fin plates — Beam to beam

Sheet 11 of 15

Block tearing
- O-Sfu,b'IAnt fy,b1AnV

+
VM2 x/§7|v|o

Net area subject to tension:
Ant = twbi(e2p — 0.5do)
=9.5x(40-0.5x22)
Net area subject to shear:
Anv = twbi(e1b + (M1 —1)p1 — (11— 0.5)do)

VRd,b

=276 mm?

=9.5x (40 + (4—1)x 70 — (4 — 0.5) x 22) '
= 1644 mm?

[0.5><410><276 275 x 1644
VRd,b +

}10-3 =312 kN

1.1 V3 x1.0
Vramin = min(561; 581; 312) =312kN
.. VRd,min =200 kN < 312 kN

533 x 210 x 92 UKB, S275
Gross section

f
AV y,b1
\/37’1\40

Gross area: Ay

VRd,g =

_ tip1
= Atee — bfrp1 + (fwp1 + 2rb1)7

Atee =(483.1-15.6) x 10.1 +209.3 x 15.6
= 7987 mm?
A, =7987-209.3 x 15.6 + (10.1 + 2 x 12.7) x >
= 4999 mm?
2. VRag =4999 x 275 x1072 =794 kN
3x1.0
Net section
fu1
VRd’Q = Av,net —_—
\/€7M2
Net area: Avnet = Av— n1dotw,p1 =4999 —5x 22 x 10.1
.. VRdn = 3888 x 410 x1073 =837 kN
3x1.1

= 0.K.

et=40

(n+-1) py
=280

he=163
tf,b‘l: 15.6

= 3888 mm?
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Title Example 1 — Fin plates — Beam to beam

Sheet 12 of 15

Block tearing
- O-Sfu,b'IAnt + fy,b1AnV

VM2 \/§7M0

Net area subject to tension:

Ant = twb1(p2 + e2p — 1.5d0)
=10.1 x (60 +40 — 1.5 x 22)
=677 mm?

Net area subject to shear:

A =twbi(erp + (M —1)p1 — (01— 0.5)do
=101x(40+(5-1)x 70— (5-0.5) x 22)
= 2232 mm?

Vg = [0.5><410><677 N 275x2232
’ 1.1 J3x1.0

VRdmin = Min(794; 837; 481)

= 350 kN <

VRd,b

=481 kN
481 kN

" VRd,min

Shear and bending interaction
406 x 178 x 74 UKB, S275

}103 =481 kN

Block shear
failure

e1,b= 40

(n4-1) p1

=280

he = 163

The connection has only one row of bolts (n2 =1), and orthodox geometry, so the check is not

required for this beam

533 x 210 x 92 UKB, S275

This check is applicable if [y > (e2p + p2)
e2pb + p2 =40+ 60 =100 mm

In =120 mm > 100 mm

. Interaction check required

Basic requirement:

VEd (gh + €20 + p2) < McRrd

VEd (gh + €20 + p2) =350 (10 + 40 + 60)x103
" VEd (gn + €20 + p2) = 38.5kNm

VoiNRd = MiN(VRrdg;,  VRdn) =min(794; 837)
. Voinrd = 794 kKN

0.5VpiNRd =0.5x794 =397 kN

Ves =350 kN < 397 kN

". Low shear criteria for bending applies

Mors = fyptWean

7 Mo

For gross tee section:

Taking moments of area about the bottom of the section:

(209.3 x 15.6 x 7.8) +

©zZ =151 mm
Second moment of area about the neutral axis:

(467.4 x 10.1 x 249.3)

110
Gh= 10 <>

Q‘L egwb= 40
‘ p>=60
v
0 \ ,F

\

|-

\ Critical action
I~ for shear
I

\

I[—

\

|

€ p=4

(ny-1) s

=280 and bending

interaction

he= 163

F,= 350 kN T |

=332

Zmax

483

Z =151

A%I:IAL
156" <5571

209.3

= ((209.3 x 15.6) + (467.4 x 10.1)) x

= 0.K.
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Fin plates — Worked examples — Example 1

Title Example 1 — Fin plates — Beam to beam Sheet 13 of 15

3 3
ly = [[M+209.3x15.6x143.22 J+(M+467.4x10.1x98.32 J]mo-“

12 12

oy =19858 cm*

/
Wen = W= @ =508 |‘T'|3

Z max 33.2
Moment resistance of the beam at the notch in the presence of shear
Mera = 2282275 403 = 164 kNm

1.0

< Vg (gh + €20 + p2) = 350x(10+40+60)x10~° =38.5 kNm < 164 kNm ~ 0K

Web resistance with long fin plates
For both connections, £,/0.15 = 67 mm

For both connections, z, = 50 mm. therefore the fin plates are not long and the resistance of the
web needs no further check.

Check 5: Supported beam — Resistance at the notch

Basic requirement: Veax(gh + ) < MynNRrd

406 x 178 x 74 UKB, S275

Av N fy b1 1 10
FoNnrd = ————— ’(—) < g=10
\/§7M0 i
t /:P 1= 40
AN = Atee — blipt + (twpr + 2I’b1)% Critical | "

section

SN

= 3534 mm? from Check 4(i)
_ 3534 x275

ﬁ,
j (ny-1) ps
- =210

-3 -
FolNRd = WX‘IO =561 kN ﬂ‘,
0.5xFpinra = 0.5 x 561 kN =281 kN ‘ he=113
Ves =200kN < 281 kN ‘
.. Low shear criteria for bending applies V= 350 KN *
Mv,N,Rd - fy,b1 WeI,N
7 mo

Taking moments of area about the bottom of the section:
(197.5 x 16 x 8) + (347 x 9.5 x 189.5) = ((179.5x 16) + (347 x 9.5)) xz
~z =105mm
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Fin plates — Worked examples — Example 1

Title Example 1 — Fin plates — Beam to beam

Sheet 14 of 15

Second moment of area about the neutral axis:
3 3
Ly = || 22187 479 5x16x972 |+ 2223477 | 347,05x8452 | [x10-*
12 12
oy =8370cm* 05
D>«
/
WeI,N = L4 = @ = 324 Crﬂ3 = 258
Zmax 25.8 Z max
347
Moment resistance of the beam at the notch in the
presence of shear - -
Mogs = 2222275 10 =891 kNm 2=105
1.0 16 —F C—— —
179.5
2 VEax(gh + [n) =200 x (10 +110) x 10°® =24 kNm < 89 kKNm - O.K.
533 x 210 x 92 UKB, S275
Double bolt lines =110
X =10 mm and 2d =40 mm gn= 10>
N # 62,?= 40
Therefore, the basic requirement is: } pa= 60
max(Veax(gh + lh);  Veax(gh + €2p + p2)) < My .Rd ‘
(gn + In) =120 mm | ,k \
(gh+em+p)  =10+40+60 =110 mm }, }
‘ | Critical
- section
Munra= 164 KNm from Check 4 \/
I|_d | ‘
VEax(gh + [h) =350 x 120 x 10° =42 kNm \ tf‘ .. O.K.
42kNm < 164 kNm | oo |
| | \
—> <
Veq =200 kN X =10
Check 6: Supported beam — Local stability of notched beam
When the beam is restrained against lateral torsional buckling no account need be taken of
notch stability provided that:
For one flange notched beam in S275
dnt < hb1 /2
and
In < hb1 fOI' hb1 /tw,b1 < 543
n M for  hy/tusr >  54.3
(Pot /twpr)
406 x 178 x 74 UKB, S275
di =50 mm and Mot = A28 5064 mm
2 2
50 < 206.4 - O.K.
hor _ 4128 _ 34 543
tupt 95
In =110 mm < 412.8 mm - O.K.
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Fin plates — Worked examples — Example 1

Title Example 1 — Fin plates — Beam to beam

Sheet 15 of 15

533 x 210 x 92 UKB, S275

Py 533.1

Ont =50 mm and —— = =266.6 mm
2

50 < 266.6

Do 5331 g5pg<543

e 10.1

In =120 mm < 533.1 mm

Check 8: Supporting beam/column — Welds

For a beam in S275 steel
Basic requirement: a > 0.5¢,
0.5, =05x10 =5mm
..a =57mm > 0.5%

Check 10: Supporting beam — Shear and bearing (two supported beams)
Local shear

VEd, tot

Basic requirement: > < Frd
V| V
VEd,tot = Eo + Ed2 hp,min
hy 4 hp2
fyo |
Fra = A, —
\/§7M0 - ##
Av = hp,mintZ = 290 X 131 I
= 3799 mm? hp2 =290 ! hp1 = 360
- -o—@
Fre = 3799x—21° 4103 I
\/Ex 1.0 = T L
=603 kN ﬁ‘*‘
h min
VEd 1A = VEgq & = 350x@ -
pmax 360 1 r
_ 282 kN VEd,Z =200 kN VEd,1= 350 kN
Ve = | 220,350 590 =482kN
' 290 360
482 _241kN <603 kN

Punching shear
This check is not necessary as the beam is double sided

= O.K.

= 0.K.

- O.K.

- 0.K.
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Fin plates — Worked examples — Example 2

£ 4 /—‘ 4 Job Joints in Steel Construction - Simple Joints Sheet 1 of 6
£V sci Title Example 2 — Fin plates — Beam to column web — Tying resistance
Steel Knowledge
CALCULATION SHEET Client Connections Group
Bcsn Calcs by ENM Checked by DGB Date  Sept 2011
DESIGN EXAMPLE 2
Check the following beam to column connection for the tying force shown.
50 50
\——/—/‘_\
f ‘ i 50
; B 40
3 f 70
Feq= 175 kN | i 70
Tying force | -
| | 70
406 x 178 x 74 UKB | el 40
Grade 8275 |
/
Column
305 x 305 x 137 UKC
Grade S275
Section AA
A A
l _ — }E _ ]
N
8 |24
Design information:
Table G.18
Bolts: M20, 8.8
Welds: 8 mm leg length fillet welds
Material: All S275
Fin plates: 100 x 10
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Fin plates — Worked Example 2

Title Example 2 — Fin Plates — Beam to column web — Tying resistance Sheet 2 of 6

CONNECTION DESIGN USING RESISTANCE TABLES

/_\

|

|

3

|

Feq= 175k |
Tying force }
|

|

|

|

|

|

|

406 x 178 x 74 UKB
Grade S275
/

L

Column
305 x 305 x 137 UKC
Grade S275

]

Fin plate: 100 x 10, S275
Bolts: M20, 8.8

8 mm fillet welds Table G.18
From resistance tables G.18:

Connection tying resistance = 428 kN < 175 kN

.. Beam side of connection is adequate - O.K.

Note:

(1) The tying resistance of the connection given in the table in the yellow pages is the lesser of
the values obtained from Checks 11 and 12.

(2) When beams connect into a column web, the column web must also be checked for
column web bending as shown in Check 14.
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Fin plates — Worked Example 2

Title Example 2 — Fin Plates — Beam to column web — Tying resistance

Sheet 3 of 6

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 2

Note:

If the value of the tying force is greater than the vertical shear force, then the shear strength of the bolts
should also be checked using the values given in b

olt resistance tables in the yellow pages.

406UKB S275 Beam

305UKC S275 Column

Sheet
CHECK - -
No. Resistance I:;z?::gen Resistance I:;z?::gen
4 | Check 11 Tenson 661 175
Tying resistance (kN)
Plate and bolts S(Eﬁfi“ 428 175 Not applicable
Bearing
(kN) 560 175
5 | Check 12 T?Eﬁ,';) | 07 175
Tying resistance Not applicable
Supported beam web Bearing
432 175
(kN)
Check 13 Not applicable
Tying resistance Not applicable (Check :p overns)
Welds g
6 Check 14
Tying resistance (kN) Not applicable 412 175

Supporting column web
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Fin plates — Worked examples — Example 2

Title Example 2 — Fin Plates — Beam to column web — Tying resistance Sheet 4 of 6
CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 11: Tying resistance — Plate and bolts
Tension resistance of fin plate
Basic requirement: Fea < Frau
Frau = min(Frdp, FRrdn)
Block tearing: :}
Frap = —f“’pAm +—3£Anv J
u 3
T 7o €2=50 50
Ant = tp ((n1 —1)p1 —(n1 —1)d0) I o
= 10x((4-1)x70-(4-1)x22) . e1=40
— 2 p1=70
1440 mm FEd=175kN < h B p =70
. 1
_ dy Tying force Pl o-
Anv 2tp €5y —7 | p1=70
.- eq = 40
=2x10x[50—%]=780 mm? Bl
Frgo = | 410x1440 275780 | 0. = 561 kN
1.1 \/Ex 1.0
Net tension:
f
Fran = 0.9A.4p —
7 Mu
Anetp = t, (hy —dony) = 10x(290 —22x4)= 2020 mm?
Fran = 09x2020x 19,10 =678 kN
1.1
Friu =min(661; 678) =661kN
Fea =175kN < 661 kN - O.K.
Bolt shear
Basic requirement: Fea < Frdu
FRd,u = an,u
Fou = ZvfwA  0.6x800x245 0. = 107 kN
7 Mu 1.1
Frau =4x107 =428 kN
Fea =175kN < 428 kN - 0O.K.
Bolt bearing in the fin plate
Basic requirement: Fea < Frdu
Frdu = N FbhorRdu
kyapf,,dt
Fb.horRd.u = 1ThueTe
7 Mu
ki =min| 282117, 1421 17, 25 = min[z.sﬂ—n; 1470 47, 2.5)
do do 22 22
= min(3.39; 2.75; 25) =25
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Fin plates — Worked examples — Example 2

Title Example 2 — Fin plates — Beam to column web — Tying resistance Sheet 5 of 6
w  =min| 22 Tw.oqq) = min{ S0 . 800, 1.0]
3dy  fup 3x22 410
= min(0.75; 1.95; 1.0) =0.75
- Fororas = 2.5%x0.75x410x20%10 «<10~% =140 kN
1.1
Friu =4x140 =560 kN
Fe« =175kN < 560 kN - O.K.
Check 12: Tying resistance — Supported beam web
Tension
Basic requirement: Fea < Frdu
Block tearing:
Frau = min(Frdp, FRrdn) €, =40
F _ Antfu,b1 Anvfy,b1 »‘ ’e
Rdb — + J_ /
7 Mu 3¥mo e1p,=90
Ant = tw,b1 ((n1 —1)p1 —(n1 —1)d0 ) #’
= 9.5x((4-1)x70-(4-1)x22) -
= 1368 mm? > |y im0
Feq=175 kN ]
d i _
A = 2tW,b1[e2,b ——OJ Tying force -®
= 2x9.5x[40—%j =551 mm? s
Frgo = | 1388x410 851275 | s o7
1.1 \/Ex'].o
Net tension:
f,
Fran = 0.9 Angtus —
7Mu
Anetwp = typ1hup —doNqtype = 9.5x290-22x4x%x9.5 =1919 mm?
Fran = 0.9x1919x ‘:1:) x10° =644 kN
Frau =min(597; 644) =597 kN
Fea =175kN < 597 kN - O.K.
Bearing
Basic requirement: Fea < Frdu
Frdu = nFbhor, Rdu
Kyotp Fyprdty,
Fo o, Rdu = M1%6Tubt P wbt
7 Mu
ki =142 17, 25| = [1.4Q—1.7; 2.5] = (275, 25) =25
do 22
R R T e ( 40 . 800, 1.0] = (061 1.95; 10) =061
3dy  fup 3x22 410
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Fin plates — Worked examples — Example 2

Title Example 2 — Fin Plates — Beam to column web — Tying resistance Sheet 6 of 6

_ 2.5x0.61x410x20x9.5
1.1

Frau =4x108 =432kN

Fea =175kN < 432kN

x107 =108 kN

Fo hor, Rd,u

Check 14: Tying resistance — Supporting column web

T~ de= 246.7
N
N
|
48 || 305x305x 137 UKC |
hp=200 | || 4k | Grade S275
1 a ! twe=13.8
A
| // \\
PN
|| |
Fes = 175kN
Basic requirement: Fea < Frdu
8M
Frau = ﬂ(m +1.5(1—ﬂ1 )0'5 )
7 Mu (1 = B )
Mosau= Thiat,,” = 0.26x410x13.82 <10 = 19.5 kNm/mm
h
m =_P = & =1.18
d, 2467
t, +2s
poo= =t = 10+2x8 - 405
d, 246.7
Frau =ﬂx(1.18+1.5(1—0.105)0‘5) =412 kN
1.1x(1-0.105)
Fea =175kN < 412 kN .. O.K.

Note: If column web fails to satisfy the above criteria then the column should be strengthened
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Fin plates — Worked examples — Example 3

LU=

A sCi

Steel Knowledge

CALCULATION SHEET

BCSA

Job Joints in Steel Construction — Simple Joints Sheet 1 of 9
Title Example 3 — Fin plates — Beam to hollow section column

Client Connections Group

Calcs by ENM Checked by DGB Date  Sept 2011

DESIGN EXAMPLE 3

Check the following beam to hollow section column connection for the design forces shown. In
this example it is assumed that the tying force is equal to the end reaction.

FEd=2OO kN
Tying force

406 x 178 x 74 UKB
Grade S275

\

40

Y

Sl Sle_ >l
T T T T

\

10 mm gap —>| l«—

Design information:
Bolts:
Welds:
Column:
Beams:
Fin plates:

Viy =200 krj

—

100 x 10 Fin plate

\_/—\\'\
| 1|50 60
—>{ 50 <~ }
1| T \
i ' -t
| I | 40
- fe—e )
o I ¥ 0
i I\ 0
-1 N-eo—e| %
i + 20 FETd;35f() kN
|
‘7} } } } %E ying force
! N 70
| oo ~ 10
‘ 1
1250 X 250 X 12.5 SHS| N 5335210 x92 UKB
‘ Grade S355 | Grade S275
| 3 .
|

160 x 10 Fin plate

M20, 8.8

8 mm leg length fillet welds

S§355
S275
S275
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Fin plates — Worked Example 3

Title Example 3 — Fin Plates — Beam to hollow section column Sheet 2 of 9

CONNECTION DESIGN USING RESISTANCE TABLES
M\\

200 kN
Tying force
350 kN

’ Tying force

406 x 178 x 74 UKB
Grade S275

PSP
DA

250 X 250 X 12.5 SHS

Grade S355 533 x 210 x 92 UKB

Graiie S275
\\—/\~
200 kN1 rsso kN
406 x 178 x 74 UKB Grade S275 533 x 210 x 92 UKB Grade S275
Fin plate, 100.>< 10, S275 Fin plate, 150.>< 10, S275 Tables G.18
Welds 8 mm fillet Welds 8 mm fillet and G.19
Bolts M20 8.8 Bolts M20 8.8
4 rows of bolts 5 rows of bolts
From Resistance Table G.18 From Resistance Table G.19
Connection shear resistance (un-notched) Connection shear resistance (un-
=286 kN > 200 kN notched)
=450 kN > 350 kN

Maximum notch length Maximum notch length
N/A N/A
Minimum support thickness in S355: Minimum support thickness in S355:
2.7 mm < 12.5 mm 3.4 mm<125mm
Connection tying resistance: Connection tying resistance:
428 kN > 200 kN 839 kN > 350 kN
Beam side of connection is adequate Beam side of connection is adequate
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Fin plates — Worked examples — Example 3

Title Example 3 — Fin plates — Beam to hollow section column

Sheet 3 of 9

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 3

Notes:

(1)

this example are not notched.

(2)

Checks 1 to 9, where applicable, are all as shown in Example 1 and are not repeated in this example, but
the calculated resistances are summarised below. Check 4 resistances are higher because the beams in

In accordance with BS EN 1991-1-7, tying forces are ignored when checking the resistance to shear forces

and shear forces are ignored when calculating the resistance to tying forces.

406 UKB X SHS Column (S355)
Sheet (S275) 533 UKB (S275) 206 UKB si -
CHECK side | 533 UKB side
No. - - - -
Resistance Dfe5|gn Resistance Design Resistance Design Resistance Design
orce force force force
Check 1 All recommendations adopted
Recommended detailing practice
Check 2 Shear (kN) 288 200 577 350
Supported beam Fin plate in
Bolt group bearirl)’lg (kN) 332 200 586 350 Not applicable
Beam web in
291 200 565 350
bearing (kN)
Check 3 Shear (kN) 347 200 450 350
Supported beam Bending
- Fin plate resistance [c'e] 200 0 350 Not app|icab|e
) (kN)
Q.
g LTBof | 771 | 200 | 742 | 350
X fin plate
@ |Check 4 Shear (kN) | 664 | 200 | 909 | 350
@ Supported beam Bending
Web in shear resistance NA NA NA NA Not applicable
( kNm)
Long fin NA | NA| NA | NA
plate (kN)
Checks 5, 6, 7 Not applicable Not applicable
Check 8 .
Supporting column Wzl(:ntqhn';(;at' Not applicable 5.7 5.0 5.7 5.0
Welds
Check 9 Not applicable Not applicable
4 |(Check 10 Shear (kN) 743 100 922 175
Supporting column : Not applicable .
Shear and bearing Pgr}:c;f;pg tp is adequate
5 |Check 11 Tension (kN)| 661 | 200 839 350
Structural integrit
Plate and bolts Bo'(tkﬂ‘)ear 428 | 200 | 1070 | 350 Not applicable
Bearing (kN) | 560 | 200 1230 350
7 |Check 12 Tension (kN)| 997 | 200 | 847 350 .
Structural integrity Not applicable
Supported beam web | Bearing (kN) | 432 | 200 | 11350 350
Checks 13, 14 Not applicable Not applicable
8 Check 15 .
Tension (kN) Not applicable 422 200 472 350

Structural integrity
Supporting column wall

160



Fin plates — Worked examples — Example 3

Title Example 3 — Fin plates — Beam to hollow section column Sheet 4 of 9

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES

Check 10: Supporting column — shear and bearing
\\/\\ \\/\\

50 60

406 x 178 x 74 UK

‘ Grade S275
I
250 X 250 X 12.5 SHS
533 x210 x 92 UKB
N Grade 5355 Grade 5275
l&
. gap j
| > Wall thickness Sdl 10 mm gap
N Y {,=125mm ~_ %

Veg= 200 kN1 rvsa =350 kN

Shear and punching shear resistance of column wall
Local shear

Basic requirement: % < VRd
A, f

Vea = —*2
\/§7M0

406 x 178 x 74 UKB, S275
Ay = hp t2 =290 x 12.5 = 3625 mm?

. Veg = 30252385 443 = 743 kN
V3x1.0
. % 100kN <  743KN - 0K
533 x 210 x 92 UKB, S275
Ay = hp t2 = 360 x 12.5 = 4500 mm?
. Veg = 3000385 443 = 920 kN
«/Ex 1.0
Ve Sq75kN < 922N - OK
Punching shear
f
Basic requirement (conservative approach): tp < ty x f”’2
y.p
fu
tyx22 = 1255270 Z 29 4 mm
Vo 275
to =10 mm < 214 mm .. OK
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Fin plates — Worked examples — Example 3

Title Example 3 — Fin plates — Beam to hollow section column

Sheet 5 of 9

Check 11: Structural integrity — plate and bolts
Tension
Fea <

FRd,n )

Basic requirement: Frdu

FRd,u = min(FRd’b )

406 x 178 x 74 UKB, S275
See example 2.
533 x 210 x 92 UKB, S275

P, = 60 <~ €,=50

e1=40
p=70

70

=22 mm
=10 mm

do
b

Hole diameter:

Fin plate thickness: =
1

pi=70
pi=70
=40

hy —p-Fea =350 kN
Tying force

Q—FH—?

ﬁJpA fypA

Rd,b — '\/_}/MO

Block tearing, F

For Case 1:

A =t,((ny =1)py —(ny —1)dy) = 1920 mm?

=10x((5-1)x70-(5-1)x22)

Anv =2tp[pz+e2—3d—°j =2><10><(60+50 w%j = 1540 mm?2
2

.. Frdp = [

For Case 2:
Ant = tp ((n1 - 1)p1 - (n1 -

_tp(p2+62—3%J =10><[60+50—3x2—22) = 770 mm?

410x1920 N 275 %1540

1.1 J3x1.0

]mo-3 =960 kN

0.5)d,+€) = 10x((5-1)x70-(5-0.5)x22+40) =2210 mm?

AI’]V

_ (410x2210 275x770
.. Frdp =

+
1.1 J3x1.0
0.9A

netp
Mu
—dony) =10x(360-22x5)
0.9 x 2500 x 410
1.1
min(960; 946; 839)

839 kN

jmo-3 =946 kN

Net tension, Ry, =

Anatp = t, (hy = 2500 mm?

. Fran = x107 =839 kN

" Frau = = 839 kN

. Fea =350 kN <

= OK
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Fin plates — Worked examples — Example 3

Title Example 3 — Fin plates — Beam to hollow section column Sheet 6 of 9
Bolt shear
Basic requirement: Fea < Frdu
Frau =nFvu
Fou = ayfypA
7 Mu

406 x 178 x 74 UKB, S275
v =0.6
fub =800 N/mm?
A = 245 mm?
Fo, = 08x800x245 0., = 107 kN

1.1
o Frauy =4 x107 =428 kN
. Fes =200 kN < 428 kN - OK
533 x 210 x 92 UKB, S275
Fvu =107 kN (see calculation for 406 x 178 x 74 UKB)
oo Frau =10x107  =1070 kN
. Feq =350 kN < 1070 kN - OK

Bearing

Basic requirement: Fea < Frdu
Frau = zFb,hor,u,Rd

_ kjapfypdt,

Fo,hor,u,Rd
7 Mu

406 x 178 x 74 UKB, S275
See Example 2.

533 x 210 x 92 UKB, S275

ki = min 2.86—1—1.7; 1.4p—1—1.7; 2.5 = min 2.8><£—1.7; 1.4><m—1.7;
dyo 0 22 22

= min(3.39; 2.75; 25) =25

w  =min| Sz Pz _1 fub; 10| =min[_50_, _60 _1 800
3d, 3d, 4 fy 3x22" 3x22 4 410

= min(0.75; 0.66; 1.95; 1.0) =0.66
- Forouwrs = 2.5x0.66 ><1411O><20><10X10,3 = 123 kN
<. Frdu =10x 123 =1230 kN

. Fea =350 kN < 1230 kN

o

25|

- OK
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Fin plates — Worked examples — Example 3

Title Example 3 — Fin plates — Beam to hollow section column

Sheet 7 of 9

Check 12: Structural integrity — supported beam web
Tension, shear and bearing resistance of the beam web
Tension resistance of beam web

Basic requirement: Fea < Frdu
Frdu = min (Frap; Frdn)

406 x 178 x 74 UKB, S275
See Example 2

533 x 210 x 92 UKB, S275
_ Antfu,b1 Anvfy,b1

Block tearing, Frap = + e25=40 p,=60
7 Mu \/§7M0
Ant = tw,b1 ((n1 —1)p1 —(n1 —1)d0 ) e1,b= 90 4#4#
=10.1x((5-1)x70-(5-1)x 22) p,=10 +
- 2 =70
1939 mm P oo — o Fesm 350 KN
do py=T70 Tying force
Anv = 2tw,b1 p2 +92,b —3— 1 ++
2 p+=T70 |
22 San o
= 2x10.1x 60+40—3><7
= 1353 mm?
- Frap _ 410x1939 N 275x1353 <103 = 938 kN
1.1 J3x1.0
0.9Aoio1f
Net tension, Fran = T netbl bt
7 Mu
Anetp = twpi (Pupr —dony) =10.1x (360 —22x 5) = 2525 mm?
. Fran = 09x2825x410 455 - ga7kN
1.1
<. Frau = min(938; 847) =847 kN

Fea =350 kN < 847 kN

Bolt bearing in beam web

Basic requirement: Fea < Frau
Frdu = N FbhoruRd

_ kiapfuprdtyp

Fo,hor,u,Rd =
7 Mu

406 x 178 x 74 UKB, S275
See Example 2

= OK
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Fin plates — Worked examples — Example 3

Title Example 3 — Fin plates — Beam to hollow section column

Sheet 8 of 9

533 x 210 x 92 UKB, S275

ki

min 142117 25 = min[1.4xﬂ—1.7; 25
dy 22

min(2.75; 25) =25
e
a = min 2b . P2 —l; Fup ;1.0 = min| -2 ;
3doy 3d, 4 fup 3x22
min(0.61; 0.65; 1.95; 1.0) =0.61

- Fororurs = 2.5x0.61x ;1110 x20%x10.1 %103 =115 kN

- Frdu =10x115 =1150 kN
. Fea = 350 kN < 1150 kN

Check 15: Structural integrity — supporting column wall

— — N
U — A
SN
1 S’ I
.
he=200 | I I
.
— A
[ N
[ N
I, \\}
oo | 250 x 250 x 12.5 SHS
4w Grade S355
th=125

b =250 - —

200 kN

350 kN
Tie force Tie force
Basic requirement: Fea < Frdu
8M
Frau = 2% (4 q5(1- )5 )

(1_16)7Mu

%x470><12.52 «10-3 = 18.4 KNm/mm

1
MpiRrdu= qu,Z t, 2

t, +2s
A - P _ 10+2x8 =0.122

h, =3t, 250 -3x12.5
406 x 178 x 74 UKB, S275

h

g =2 = 29 = 1365

h, -3t, 250 -3x12.5
< Frau :ﬂ(1.365+1.5(1-o.122)°-5) = 422 kN

(1-0.122)x 1.1
. Fea =200kN < 422kN

60 1. 800

3x22 4’ 410°

0

- OK

- OK
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Fin plates — Worked examples — Example 3

Title Example 3 — Fin plates — Beam to hollow section column Sheet 9 of 9
533 x 210 x 92 UKB, S275
h
y = - 360 = 1.694
h, -3t, 250 -3x12.5
<. Feau = &(1.694“.541—0.122)0-5) =472 kN
(1-0.122)x1.1
. Fes = 350 kN < 472 kN .. OK
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Fin plates — Worked examples — Example 4

LU=

A sCi

Steel Knowledge
CALCULATION SHEET

BCSA

Job Joints in Steel Construction — Simple Joints Sheet 1 of 5
Title Example 4 — Fin plates — Beam to CHS column

Client Connections Group

Calcs by CZT Checked by ENM Date  Sept 2011

DESIGN EXAMPLE 4

Check the following beam to CHS column connection for the design forces shown.
In this example it is assumed that the tying force is equal to the end reaction.

Note: The connections should be checked independently for shear forces and tying forces.

2445 X 12.5 CHS
Grade S355
> )
i 1150 60
—>{ 50 <~ }
\ I ] } } I \
v | v
40 11| oo |2
10 1 i I 10
—1A1 I NI
| I NI
70 Rl | ++ 70
i oo
70 ]! | ++ 70
-1 BN
406 x 178 x 74 UKB 40 Y i 70
| |
Grade SZ?F{ i i ; ’ # 40
\ | |
! ! N s33x210%92 UKB
} } Grade S275
10 mm —> [« [ \
gap 1 | A
C > i< ommow

Veq= 200 kNﬂ

100 x 10 Fin plate

Design Information:

rVEd =300 kN

160 x 10 Fin plate

Bolts: M20 8.8
Welds: 8 mm fillet weld
Column: S355

Beams: S275

Fin plates: S275
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Fin plates — Worked Example 4

Title Example 4 — Fin plates — Beam to CHS column

Sheet 2 of 5

CONNECTION DESIGN USING RESISTANCE TABLES

2445X12.5CHS

Grade S355

F, Ed= 200 kN
Tying force
-

406 x 178 x 74 UKB !
Grad<—< S275

|

)

VEd =200 kl\ﬂ

406 x 178 x 74 UKB, S275
Fin plate, S275

Bolts M20 8.8

4 rows of bolts

From Resistance Table G.18

Connection shear resistance
=286 kN > 200 kN

Max notch length
N/A

Minimum support thickness in S355
=27mm <125 mm

Connecting tying resistance
=428 kN > 200 kN

Beam side of connection is adequate

>

Fzs& 300 kN
Tying force
_>

533 x210 x 92 UKB
Grac\ie S275

\

r Veq = 300 kN

533 x 210 x 92 UKB, S275
Fin plate, S275

Bolts M20 8.8

5 rows of bolts

From Resistance Table G.19

Connection shear resistance
=450 kN > 300 kN

Max notch length
N/A

Minimum support thickness in S355
=34 mm<125mm

Connecting tying resistance
=839 kN > 300 kN

Beam side of connection is adequate

Tables G.18
and G.19
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Fin plates — Worked Example 4

Title Example 4 — Fin plates — Beam to CHS column

Sheet 3 of 5

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 4

Note:

Checks 1 to 9, where applicable, are all as shown in Example 1 and are not repeated in this example, but
the calculated resistances are summarised below. Check 4 resistances are higher because there are no

notched beams in Example 4. Similarly, Checks 11 and 12 are as shown in Example 3.

CHS Column S355

Sheet CHECK 406UKB (S275) | 533UKB (S275) | 406UKB Side | 533UKB Side
No. - - - -
Resistance Design Resistance Design Resistance Design Resistance Design
force force force force
Check 1 . . All recommendations adopted
Recommended detailing practice
288 200 577 300
Check 2 Bolt group .
Supported beam (kN) 332 200 586 300 Not applicable
Bolt group (kN) 291 200 565 300
Check 3 Shear (kN) 347 200 450 300
Supported beam Bending
- Fin plate (kNm) * 200 * 300 Not applicable
o -
2 LTBoffin | 274 | 200 | 742 | 300
g plate
L
2 | Check 4 Shear (kN) 664 200 909 300
® | Supported beam Shear and
Web in shear bending NA NA NA NA Not applicable
Long fin
plate (kN) NA NA NA NA
Checks 5, 6, 7 Not applicable Not applicable
Check 8
Supporting column s (mm) Not applicable 57 5.0 57 50
Welds
Check 9 Not applicable Not applicable
4 | Check 10 Shear (kN) 576 | 100 | 714 | 150
Supporting column | Punching Not applicable .
Shear and bearing shear fp is adequate
5 | Check 11 TeE;'O“ 661 | 200 | 839 | 300
Tying resistance (kN) ;
Plate and bolts Bol(tks’\T)ear 498 200 1070 300 Not applicable
Bearing (kN) 560 200 1230 300
5 | Check 12 Te&;‘;’” 597 | 200 | 847 | 300
gylng rr?s(ljstsmce Not applicable
oy A PeAM  IBearing (kN) 432 | 200 | 1150 | 300
Checks 13, 14, 15 Not applicable Not applicable
5 Check 16 ]
Tying resistance Tension Not applicable 290 | 200 | 306 | 300
Supporting column (kN)

wall
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Fin plates — Worked examples — Example 4

Title Example 4 — Fin plates — Beam to CHS column Sheet 4 of 5

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES

Check 10: Supporting beam — Shear and bearing

244.5X 12,5 CHS
| Grade S355

406 x 178 x 74 UK
Grade S275

533 x210 x 92 UKB

AN Grade S275
Wall thickness
d\/ t, =12.5mm Q\_/

Veq= 200 kN1 rVE‘F 300 kN

Local shear
. . V
Basic requirement: % <Fyra
AT
Fv,Rd =" v:2
‘/EyMO

406 x 178 x 74 UKB, S275
A, =hots =290 x 12.5 = 3625 mm?
_ 3625x275

@x1.0

\% =100kN < 576 kN .. 0.K.

Furd x107% =576 kN

533 x 210 x 92 UKB, S275
Av = hpt2 =360x12.5 =4500 mm?

Fora = 2900%275 163 = 714 kN
\/3)(1.0
V% =150 kN < 714 kN .. 0.K.

Punching shear resistance

fu
Basic requirement: (using the conservative method for both beam sides): t, <t, 2
y.p
f
t, 22 =125x370 ~ 21 4 mm
fro 275
to =10 mm < 21.4 mm - O.K.
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Fin plates — Worked examples — Example 4

Title Example 4 — Fin plates — Beam to CHS column Sheet 5 of 5

Check 11: Structural Integrity — Plate and bolts

See Example 3

Check 12: Structural Integrity — Supported beam web
See Example 3

Check 16: Structural Integrity —Supporting column Wall

I
| AN //
; \\, 7 !
1 !
I
i !
I
hy=290 for 406 x 178 x 74 UKB |
hp= 360 for 533 x 210 x 92 UKB i lIN
| N
| J
| |
1 A |
i /// \\\ }
! 1
>
I

245.5x12.5 CHS
Grade S355

d2:244.5 - M w1 —
Feq =200 kN Feq=300 kN
Tying force Tying force
Basic requirement: Fea < Frau
5f,ot,° (1+0.257)x 0.67
Frau =
7 Mu
406 x 178 x 74 UB, S275
h
n = _P = ﬂ =1.186
d, 2445
2
Fag, = 5X470x125 x(11+1o.25x1.186)xo.67 10-% = 290 KN
o Fea =200kN < 290 kN .. OK
533 x 210 x 92 UB, S275
h
n =_P = ﬂ =1472
d, 2445
2
Frou = 5x470x12.5 x(11+1o.25x1.472)x0.67 10-® = 306 kN
o Fea =300kN < 306 kN .. OK
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6 COLUMN SPLICES

6.1 INTRODUCTION

Column splices in multi-storey construction are
usually provided every two or three storeys and are
usually located just above floor level. This results in
convenient lengths for fabrication, transport and
erection, and gives easy access from the adjacent
floor for bolting up on site. The provision of splices
at each storey level is seldom economical, since the
saving in column material is generally far
outweighed by the material, fabrication and erection
costs of making the splice.

Typical bolted column splices used for rolled
I section and hollow section members are shown in
Figure 6.1.

0O 0\000Q
QO O\Q QO
600 0
oofo o
SIS

1

Figure 6.1  Splice connections

Bolted cover plate splices for I sections:
There are two categories for this type of connection:

e Bearing type (see Figure 6.3). Here the loads
are transferred in direct bearing from the upper
shaft either directly or through a division plate.

The “bearing type” is the simpler connection,
usually having fewer bolts than the non-bearing
splice, and is therefore the one most commonly
used in practice.

o Non-bearing type (see Figure 6.4). In this case
loads are transferred via the bolts and splice
plates. Any direct bearing between the members
is ignored, the connection sometimes being
detailed with a physical gap between the two
shafts.

Splices are generally provided just above floor levels
(typically 600 mm above the top of the steel) hence
the moment due to strut action is considered
insignificant. The moments induced in splices placed
at other positions should be taken into account.

Column splices should hold the connected members
in line, and wherever practical, the members should
be arranged so that the centroidal axis of the splice
material coincides with the centroidal axis of the
column sections above and below the splice. If the
column sections are offset (for example to maintain
a constant external line) the moment due to the
eccentricity should be accounted for in the joint
design.

Bolted ‘cap and base’ or ‘end plate’ splices for
tubular and rolled I sections

This type of splice, consisting of plates which are
welded to the ends of the lower and upper columns
and then simply bolted together on site, is commonly
used in tubular construction but may also be used
for open sections.

The most simple form of the connection is as shown
in Figure 6.2 and is satisfactory as long as the ends
of each shaft are prepared in the same way as for a
bearing type splice. The possibility of load reversal
should be considered, in addition to stability during
erection and tying requirements.

Although commonly used, it is difficult to
demonstrate that cap and base splices meet the
requirements of BSEN 1993-1-8' clause
6.2.7.1(13) and (14). If these types of splices are
used, common practice is to ensure that the plates
are thick, and that bolts are located close to the
flanges to increase the stiffness of the connection.
Extended plates, with bolts outside the profile of the
section may be used. If cap and base plate splices
are located away from a point of restraint, special
consideration should be given to ensuring adequate

stiffnress so that the member design is not
invalidated.
i
Baseplate\
Capplate/
Figure 6.2 ‘Cap and base’ or ‘end plate’ splice
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Column splices — Practical considerations

Pack Ends of Ends of Packs
members members
prepared prepared
for bearing for bearing
Division
plate
(a) External cover plates (b) Internal cover plates (c) External cover plates
- same serial size - same serial size - different serial size
Figure 6.3  Bearing column splices for rolled I sections

Packs

(a) External cover plates
- same serial size

(b) External and internal
cover plates
- same serial size

Figure 6.4

6.2 PRACTICAL CONSIDERATIONS

Rolled I section column splices

The two types of splices used for universal column
sections are shown in Figure 6.3 and Figure 6.4.

The normal preparation for a rolled I section column
required to transmit compression by direct bearing is
by saw cutting square to the axis of the member. A
good quality saw in proper working order is
adequate for this purpose.

Direct bearing does not necessitate the machining or
end milling of the columns and full contact over the
whole column area is not essential. The allowable
tolerances between bearing surfaces are given in
BS EN 1090-2%2 and the National Structural
Steelwork Specification!?.

(c) Internal cover plates
- same serial size

(d) External cover plates
- different serial size

Non-bearing column splices for rolled I sections

Bearing type splices are preferred in most cases for
reasons of economy. However, if constructional
difficulties are encountered (e.g. the need to splice
to existing steelwork) then a non-bearing splice may
be the only alternative. In such cases, a physical
gap may be detailed between the columns, and the
splice components should be designed accordingly.

In splices joining members of different serial size,
multiple packs are necessary to take up the
dimensional differences. In order to limit the packing
to reasonable proportions, no more than one jump in
the column serial size should be made at each
splice. Rules on packing follow in the design checks.
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Column splices — Recommended geometry

These restrictions on packing do not apply when
preloaded bolts are used.

For architectural reasons, it will often be necessary
to keep the width of the connection to a minimum. If
this is the case, then either countersunk bolts, or
narrow flange plates bolted to the inside of the
flanges can be used, as shown in Figure 6.3 and
Figure 6.4. By using both these options, it is
possible to detail a splice that is no wider than the
column section itself.

Fasteners
Generally, the design resistances of fasteners
should be based on the rules given in

BS EN 1993-1-8. The fastener spacing and edge
distances should comply with the requirements of
Section 3.5 of that Standard.

For the majority of cases, property class 8.8, M20 or
M24, bolts will be adequate for cover plate splices;
the flange bolts are inserted with the heads on the
outside. Countersunk bolts may be used if flush
surfaces are required, modifying the checks as
appropriate.

Non-preloaded bolts in clearance holes are normally
used, except in cases where significant net tension
may be present or where slip is unacceptable.
Situations where joint slip may be unacceptable
include splices in a braced bay subjected to large
load reversal. In cases where significant net tension
may be present, either preloaded bolts can be used,
or alternatively the connection could be detailed with
“cap and base” plates as shown in Figure 6.2. As a
guide, net tension is considered significant when it
exceeds 10% of the yield strength (fy) of the upper
column.

If preloaded bolts are used, it is recommended that
the connection be designed as “non slip at
serviceability limit state”, i.e. category B in
accordance with Table 3.2 of BS EN 1993-1-8.

Holes

Holes in fittings may be punched full size, using
semi-automatic equipment, within the limits laid
down in BS EN 1090-21%? and in accordance with the
National Structural Steelwork Specification!'?, Holes
through thicker fittings, column flanges and column
webs may be punched or drilled.

Splice fittings

Splice fittings are usually fabricated using S275
material from standard flats or from plate.

If a division plate is necessary, it will either be
nominally welded to the column or bolted to the web
using angle cleats. The latter option gives the
opportunity for the plate to be easily removed on site
if any adjustments are necessary.

Division plates will normally be flat enough for
transfer of loads in bearing without the need for
machining or flattening.

6.3 RECOMMENDED GEOMETRY

The main aims when detailing column splices are as
follows:

e To provide a connection that is capable of
carrying the design forces;

e To ensure that members are held accurately in
position relative to each other;

e To provide a degree of continuity of stiffness
about both axes;

e To provide sufficient rigidity to hold the upper
shaft safely in position during erection!33,

Detailing requirements for splices outlined in this
Section are based mainly on past experience, and
these guidelines have been used to produce the
standard bearing splices for rolled sections included
in the yellow pages.

6.4 DESIGN

Full design procedures for column cover plate
splices in rolled sections are given for bearing
splices in Section 6.5 and for non-bearing splices in
Section 6.6.

The design procedures for SHS, RHS and CHS
bolted “cap and base” splices, when subject to
tensile forces, are described in Section 6.7 and
Section 6.8.

Bearing splices

The procedures require bearing splices to be initially
checked to establish whether the design forces and
moments induce net tension in any part of the
connection. If net tension does occur then further
checks must be carried out on the flange cover
plates and bolts. With no net tension a standard
connection such as shown in the yellow pages can
be used without further checks.

Clause 6.2.7.1(14) requires that the splice material
(the plates and bolts) must transmit at least 25% of
the maximum compressive force in the column.

Non-bearing splices

The design of a non-bearing splice is more involved,
as all forces and moments must be transmitted
through the bolts and splice plates. The connection
must be checked both for compression and for any
net tension that may occur. It is possible that the
minimum requirements stated in BS EN 1993-1-8,
6.2.7.1(13) will dominate the design of a non-
bearing splice, if the applied moments are modest.
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Column splices — Design procedures for cover plate splices for | section columns — Bearing type

Shear force

Any horizontal shear is normally resisted by friction
across the contact bearing surfaces and/or by the
web cover plates. For steel with no surface
treatment and mill scale, the coefficient of friction
may be conservatively taken as 0.2. Wind forces on
the external elevations of buildings are normally
taken directly into the floor slabs. It is rare for
column splices in simple construction be expected to
transmit significant shears.

Structural integrity

As noted in Section 1.2 the Building Regulations
require that multi-storey buildings must be designed
so that accidental damage does not lead to
disproportionate collapse. Requirements regarding
structural integrity are given in BS EN 1991-1-7.

Vertical tying requirements are given in BS EN
1991-1-7, A.6(2), stating that the accidental force to
be resisted is the largest design vertical permanent
and variable load reaction applied to the column
from any one storey. It is recommended that the
floors considered are limited to those down to the
next lower splice. Use of a partial factor ymu = 1.1 is
recommended when calculating the resistance of the
splice for vertical tying. Tying resistances for splices
are not given in the yellow pages of this publication
as the difference between resistance at ULS and in
the accidental state is modest. The tying resistance
of a splice can be conservatively taken as the twice
the tension resistance of one flange connection.

Worked examples

Five worked examples are provided in section 6.9;
three examples illustrate the design checks for rolled
section cover plate splices and the other two
examples illustrate the design checks for hollow
section splices in tension.

Column splice tables

A fully detailed set of bearing type splices for
common combinations of UKC columns is included
in the yellow pages (Tables G.23 and G.24).
Rationalised bolt spacing and fittings sizes have
been adopted and these may be used for most
splices. Tension resistances are given for bolted
cover plates on each flange and these values can be
used either for the net tension or for the structural
integrity checks.

For the use of preloaded bolts, see Table G.22
note 7.

Non-bearing splices are infrequently used for
universal columns, so tables are not provided for
this type of connection. Tables G.27, G.28 and G.29
are provided for bolted splices in CHS, SHS and
RHS members in tension.

6.5 DESIGN PROCEDURES FOR
COVER PLATE SPLICES FORI SECTION

COLUMNS - BEARING TYPE

Recommended desigh model

When the splice is between columns of the same
serial size, the transfer of axial forces from the upper
shaft to the lower shaft can be in direct bearing
because the inner profile of the lighter section will
always align with the inner profile of the heavier
section. The flange cover plates can be arranged to
connect either to the external faces of the column
(when pairs of packing plates will be required, with a
thickness equal to half the difference in the section
depth of the two sizes) or alternatively they may be
connected to the inner flanges.

When the splice is being made between columns
which are of different serial sizes, the transfer of
axial forces from the upper shaft to the lower shaft is
made through a horizontal division plate provided
between the shafts. The thickness of the division
plate is chosen so that the load from the upper
section can be transferred to the lower section
assuming a spread of load through the division plate
at 45°. Flange cover plates then connect to the
external faces of the column shafts.

In normal circumstances, any horizontal shear force
is resisted by friction across the contact bearing
surfaces and/or by the web cover plate, but no
specific checks are presented here.

Design procedures are summarised below. Check 1
gives the recommended detailing rules for the splice,
Checks 2 to 4 are strength checks required when
tension is present. Check 5 covers the minimum
resistance requirements specified in the Standard.
Check 6 is required for structural integrity.

— Presence of net tension

— Plate resistance

— Bolt group

— Cover plates and bolt group

Check 1 Recommended detailing practice
Check 2 Flange cover plates

Check 3 Flange cover plates

Check 4 Flange cover plates

Check 5 Minimum resistance

Check 6 Tying resistance

— Cover plates and bolt group
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Column splices — Design procedures for cover plate splices for | section columns — Bearing type

Recommended detailing practice
CHECK 1 | section columns - Bearing splice
External flange cover plates

Web cover plate width 2 0.5h,

Multiple packs
thickness tyq

Web cover plate
atleast 4 No.
M20, 8.8 bolts
See notes (1) & (2)

For double-sided web

cover plates, thickness
>t i

2ty /2

Bolts (normally
non-preloaded in
clearance holes)
See notes (1) & (2)

For single-sided web
cover plates, thickness

2tw,uc

~——Packs arranged
as necessary

Flange cover plate
Height: hg, 2 2b,,¢

Wide bolt spacing

/ for joint sti ffness
Width: b, 2 by
Thickness: tr, = t; /2
and 10 mm

Butting surfaces of sections in direct bearing
Cleat length>0.5hy

Web angle cleats
at least 2 No. M20,

8.8 bolts each side e

thickness fp, 45° | — Division plate thickness

should be at least
[(hlc - 2tf.|c) - (huc_ 2tfuc)]/2

Flange cover

plate as above

Direct bearing onto a division plate
Notes:

(1) Bolt spacing and edge distances should comply with the recommendations of BS EN 1993-1-8,
Table 3.3.

(2) |If there is significant net tension (see Check 3) then the notes from Check 1 for non-bearing splices
should be followed.
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Column splices — Design procedures for cover plate splices for | section columns — Bearing type

Recommended detailing practice
| section columns — Bearing splice
Internal flange cover plates

CHECK 1

(continued)

Web cover plate thickness =0.5h,,

bUC
Web cover plate !
at least 4 No. /‘\WN/
M20, 8.8 bolts tiuc i
I H‘ — Bolts (normally
— A L non-preloaded in
) @j‘ﬁﬁ o clearance holes)
| | |
: ‘ L i
Li @ \‘Jﬂ ! @
J Lo
. i Y @ﬂ#@
Flange cover plate L hey \m ‘
|

Height: hp2 2b, ~——~Packs arranged

as necessary

Width: bip=(by — twie —2r) /2 |
Thickness: tp> t1uc/2

and 10 mm
(r = root radius)

Wide bolt spacing
for joint rigidity

Internal flange cover plates

Notes:

(1) Bolt spacing and edge distances should comply with the recommendations of BS EN 1993-1-8,
Table 3.3.

(2) If there is significant net tension (see Check 3) then the notes from Check 1 for non-bearing splices
should be followed.
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Column splices — Design procedures for cover plate splices for | section columns — Bearing type

CHECK 2

Flange cover plates — Presence of net tension

Neg, 6

Basic requirement:
Nggch
If Meqs —226—

net tension does not occur; the splice need only be detailed
to transmit axial compression by direct bearing.
Negeh

2

net tension does occur; Checks 3 and 4 should be used to
check the flange cover plates and their fasteners for the
tensile force, Neq, where:

If Meq >

— MEd _NEd,G
h 2

NEd

Preloaded bolts should be used when net tension induces
stress in the upper column flange > 10% of the design
strength of that column.

is the column design moment (due to
factored permanent and variable
loads) at the floor level immediately
below the splice.

is the axial compressive force due to
factored permanent load only.

is, conservatively, the overall depth of
the smaller column (for external
flange cover plates) or the centreline
to centreline distance between the
flange cover plates (for internal
flange cover plates)
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Column splices — Design procedures for cover plate splices for | section columns — Bearing type

CHECK 3 Flange cover plates — Plate resistance

Tension
NEd

Column T

flange P2

of bolts

€ | H: |
..
P Loy n, rows
T 7?'777'7"7'4?"

i |7 Critical section

Flange— - %o
cover L
plate ¢, Neg

This check is required when net tension occurs (see Check where:

2) At is the gross area of the flange cover
Basic requirement: plate(s) attached to one flange
Neq < Nirg Arnet is the net area of the flange cover
) plate(s) attached to one flange
NiRrd = min(Npi,rd; NuRrd; NbtRrd) . .
) ) ) truc is the flange thickness of the upper

Np,ra  is the tension resistance of the gross area column
Norg = Anfyp btuc is the flange width of the upper

- column

7 mo
Nurd is the tension resistance of the net area Amnv s the net area subjected to shear
A =2t ( e1+(m-1 — (M-0.5)d
0.9 A0t furo v =20 (ert(ni-1)p . (n1-0.5)dbo ) |
Afp,nt is the net area subjected to tension
If p2 < 2e2 Aspnt = to( p2—do )

If p2 > 2e2 Atpnt = tp( 262 — do )

Nu,Rrd

M2
Notrd  is the block tearing resistance
For a concentrically loaded bolt group:

m2 is the partial factor for the ultimate
Notrd = Fugo Asprt + Fyto Atpon tension resistance of cross sections
Y VM2 \/EyMO (m2 = 1.1 as given in the National

Annex to BS EN 1993-1-1)
Check for significant net tension:

If % > 0.1 then preloaded bolts should be used.
f,uc Mfuc y,uc

Notes:

(1) Itis sufficiently accurate to base the calculation for significant net tension on the gross area of the
flange.

(2) When the tension is due to structural integrity requirements it is not necessary to use preloaded bolts.
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Column splices — Design procedures for cover plate splices for | section columns — Bearing type

CHECK 4

Flange cover plates — Bolt group

Il
L]
| |
Tension *7\%
il
e
M
4‘,417
il
,iii%jiii\,
() 12
NEd
This check is required when net tension occurs (see where:
Check 2) n
For non-preloaded bolts:
Basic requirement: av
Neqd < FRrd,fo A
. : . Bo
Frafp s the design resistance of the bolt group
Frafp = nFobRrd if  FbRrd < FyRd
Frafp = nNFyRrd if  FuRd < Fb,Rd d
t
FuRrd is the shear resistance of a single bolt P
= ﬂp « avfubA Ob
VM2
Fora s the bearing resistance of a single bolt K
1
_ k1abfudl‘fp
M2 do
If the length of the joint in each column Lj = (n1 —1) p1 | m2
is greater than 15 d, the design shear resistance of all
the fasteners should be reduced by a factor f.r given
by:
L, -15d
P =1 5004
Note 1: If the thickness of the column flange is less
than the thickness of the flange cover plates, or of
a lesser grade, then the bearing resistance of the
column flange should also be checked.

Column
flange

P

Py

Flange
cover
plate

is the number of bolts connecting one
flange to the cover plate

= 0.6 for property class 8.8 bolts
is the tensile stress area of the bolt, As
1.0 if fpa < dl3

9d
8d +3t,,

if toa > d/3

is the diameter of the bolt
is the total thickness of the packing

min| 21 1. f“b; 1.0
3d,

T
=min|28%2_-17 14P2_17 25
d d

f
0 0
is the diameter of the hole

P
3d,

u,fp

is the partial factor for bolt resistance
(2 = 1.25 as given in the National
Annex)
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CHECK 4

(continued)

Flange cover plates — Bolt group

For Preloaded bolts:

Basic requirement:

For connections designed to be non-slip under
serviceability loads.

NEd,ser <

Fsraser = design slip resistance

nFs,Rd,ser

KM F . (BS EN 1993-1-8, 3.9.1)
M3,ser

and

Nes £ Frdfp

(shear and bearing resistance — see check for non-
preloaded bolts)

where:

ks

Fp,C

As
M3, ser

NEd,ser

Frad,fp

From BS EN 1090-2, Table 18, values of the slip factor, u are:

is the number of bolts connecting one
flange to the cover plate

= 1.0 for fasteners in standard
clearance holes (BS EN 1993-1-8,
Table 3.6)

is the number of the friction surfaces
is the slip factor

is the preloading force

= 0.7fy As

is the tensile stress area of the bolt

is the partial factor for slip resistance
of bolts at serviceability limit state
(m3.ser = 1.10 as given in the National
Annex)

is calculated at SLS

is the design resistance of the bolt
group (see check for non-preloaded
bolts)

Surface Treatment faséitr;r
Surfaces blasted with shot or grit with loose rust removed, not pitted 0.5
Surfaces blasted with shot or grit:

a) Spray-metallized with an aluminium or zinc based product 0.4
b) With alkali-zinc silicate paint with a thickness of 50 um to 80 um 0.4
Surfaces cleaned by wire brushing or flame cleaning, with loose rust removed 0.3
Surfaces as rolled 0.2
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CHECK 5

Minimum resistance
Cover plates and bolt group

Basic requirement:

0.25Ned¢ = Nrd
Cover plates:

0.25 NEd < NRrd

NRrg = —2Af°fy’fp
7mo
Bolt group:

0.25 Ned £ 2Frdfp

025 NEd

where:

Afp is the area of the flange cover plate

Frafp is the resistance of the bolt group in
one flange as calculated in Check 4

Note: Conservatively, it is assumed that the compression is transferred by the flange cover plates and bolts.
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CHECK 6 Tying resistance

Tension

If it is necessary to comply with structural integrity requirements, then Checks 3 and 4 should be carried
out with:

based on the conservative assumption that the tying force is resisted by the two flange cover plates.
NEeq,u is the tensile force from BS EN 1991-1-7, clause A.6.

Although the resistance of the connection can be calculated using yu = 1.1, it is conservative to adopt the
resistances calculated according to Checks 3 and 4.
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6.6 DESIGN PROCEDURES FOR COVER
PLATE SPLICES FOR I COLUMNS -

NON-BEARING TYPE

In a non-bearing splice, all forces and moments are
carried by the splice cover plates.

The flange cover plates can be arranged to connect
either to the external faces of the column (when
pairs of packing plates will be required with a
thickness equating to the difference in the depth
dimension of the two sizes) or alternatively to the
inner flanges by using split cover plates.

In normal circumstances, the horizontal shear force
arising from the moment gradient is resisted by the

web cover plate,
presented here.

but no specific checks are

Design procedures are summarised in the following
Section. Check 1 gives the recommended detailing
rules for the splice, Checks 2 to 5 are resistance
checks and Check 8 is required for structural
integrity design. Checks 6 and 7 cover the minimum
resistance requirements specified in BSEN
1993-1-8, 6.2.7.1(13). Note that these minimum
requirements may dominate the design.

— Plate resistance

— Bolt group

— Plate resistance

— Bolt group

Cover plates and bolt group
Cover plates and bolt group

Check 1 Recommended detailing practice
Check 2 Flange cover plates

Check 3 Flange cover plates

Check 4 Web cover plates

Check 5 Web cover plates

Check 6 Minimum resistance — major axis —
Check 7 Minimum resistance — minor axis —
Check 8 Structural integrity

— Cover plates and bolt group
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Recommended detailing practice
CHECK 1 | section columns — Non-bearing splice
External flange cover plates

Web cover plate width= 5h

bUC
Web cover plate
at least 4 no. M~
M20, 8.8 bolts f e N (lw,uc
See notes (1) & (2) - I Bolts
Multiple packs A r\/ (normally untorquec
thickness f, 3 ST Y7 in clearance holes)
L. A hm See notes (1) & (2)
] hfp \ | \"j
Flange cover plate | Gapyg. {9_%*}
Height:hsp> 2byc \ (optional) 7{7 QH‘L:H ) }7 N Packs arranged
L as necessary
Width:  bg> by, i &——
Thickness:t, > t; /2 v P . ' '
and 10 mm vy | t Y ﬁ}NIQe. thI't §S$C|ng
9‘ M,Ic or joint rigidity
|
|

blc

Axial compression developed in external flange cover plates

Notes:

(1
(2)

®3)
(4)
®)
(6)

)

Preloaded bolts are required if slip is unacceptable.

Although the minimum width and length for cover plates are similar to those for bearing splices the
cover plates in non-bearing splices may be much larger, especially when the minimum requirements of
Checks 6 and 7 are considered.

Bolt diameters should be at least 75% of packing thickness t,.5%
The number of plies in multiple packs should not exceed four.?
There should not be more than one jump in serial size of column at the splice.

If external and internal flange covers are to be provided, the size should be similar to those shown and
the combined thickness of the external and internal cover plates should be at least t,.uc / 2. All cover
plates should be at least 10 mm thick.

Bolt spacing and edge distances should comply with the recommendation of BS EN 1993-1-8,
Table 3.3.
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Recommended detailing practice
| section columns— Non-bearing splice
Internal flange cover plates

CHECK 1

(continued)

Web cover plate width >0.5h,

Web cover plate
at least 4 no.
M20, 8.8 bolts

See notes (1) & (2) Bolts
T AF (normally untorqued
Multiple packs B A N ‘ “‘ ‘ N in clearance holes)
thickness ft, L o ‘ :: o See notes (1) & (2)
v < W F\é}
<X Gap:g, ik
— (optional) ¥ SR Packs arranged
‘ ‘ as necessary
L. Pan) m
j A\ ‘ T\ ‘
Flange cover plate ‘ A i ‘ A
Height:  h, >2b,, - P TITY FWide bolt spacing

4 @,.c for joint rigidity
I

Width:  bp> by

Thickness: te, > t /2

and 10 mm P, ]
hlc bfp bfp
be

Axial compression developed in internal flange cover plates

Notes:

(1)
(2)
3)
(4)
®)

(6)

Preloaded bolts are required if slip is unacceptable.

Bolt diameters should be at least 75% of packing thickness t,.5%

The number of plies in multiple packs should not exceed four.*?

There should not be more than one jump in serial size of column at the splice.

If external and internal flange covers are to be provided the size should be similar to those shown and
the combined thickness of the external and internal cover plates should be at least tuc / 2. All cover
plates should be at least 10 mm thick.

Bolt spacing and edge distances should comply with the recommendation of BS EN 1993-1-8,
Table 3.3.
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CHECK 2

Flange cover plates — Plate resistance

Compression

NEd,c

Column
flange
|
A
|
B
|
¢
I
Lo |
Flange -
cover |
plate -

Compression

Basic requirement:

NEd,c <

NEd,c

NEdg

NeRrd

Ncrd

is the axial compressive force due to factored
permanent and variable loads

Aoy
= 4 p'y.fp
M1

Afp

is the area of one flange of the
smaller column

= hy t,1
is the total area of the smaller column

is, conservatively, the overall depth of
the smaller column (for external
flange cover plates) or the centreline
to centreline distance between the
flange cover plates (for internal
flange cover plates)

is the reduction factor for buckling.
See BS EN 1993-1-1, clause 6.3.

Use of a buckling length of 0.6 x p1,4,

width brp/2 and buckling curve c are
recommended.

may be taken as 1.0 if ﬂggg (no
to
buckling)

is the pitch between the bolt groups
in the upper and lower columns

is the thickness of the flange cover
plate

_ 235
fwm

is the gross area of flange cover
plate(s) attached to one flange

Note that this check assumes p1, > p1, where p1 is the vertical pitch between bolt rows.
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CHECK 2

Flange cover plates — Plate resistance

(continued)
NEd.l NEd,l
NEd,1 T T
T & P & & P &
|
Column /_TTF—/ T
flang i
SN
i
S i o | | e lye | e y &
1* }\ #‘ 777777 P L pi
L ,,W,J _| Critical section | g P e ; g
® P (4
| ‘ |
L |
Flange | H T~
%
cover i T T—
plate ¢ ¢ I%/
Neg Neq Ed,t
Tension where:
Basic requirement: Amrnet is the net area of flange cover
plate(s) attached to one flange
Neai < Nird Annv  is the net area subjected to shear
Nea: = %—N&YG[%] Apne =t (&1 +(n1—1)p1 — (11 — 0.5)do )
Amnt is the net area subjected to tension
Neqc  is the axial compressive force due to factored
permanent loads only
Ntrd = min(Npi,rd; NuRrd; NbtRrd) If p2 < 2e2 then:
N, _ Anfyp At =t(p2—do)
pl,Rd -
7 Mo
Nurd = M If p2 > 2e2 then:
Ym2 Afp,nt = tp ( 2e2 — do )
For a concentrically loaded bolt group: 2 is the partial factor for tension
__ fupApnt fypApny resistance of net sections (2 = 1.1
Notra = = + 73 as given in the National Annex to
Vw2 Yo BS EN 1993-1-1)
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CHECK 3 Flange cover plates — Bolt group
Nedc Neg
Column
flange ¢ T
T i
I e ]
1
\
ﬁ## o # ‘wi #
Il L ]
I !l
I by 1‘\
ij > A I >
L T
Flange /_\L} g—/ /—\L}v
cover
plate €2 P2 ¢
T NEd,c NEd,t
For non-preloaded bolts where:
Basic requirement: o =0.6 for 8.8 bolts
NEeq < Frip A is the tensile stress area of the bolt, As
Ned =max ( Nedc; Nedt) Bo =1.0 if toa < d/3
_ 9d .
Fra.fp is the design resistance of flange cover © 8d+3t,, if toa > df3
plate bolt group . .
Fram = MoFora if  Fora < Fur d !s the d|amet.er of the bolt |
Frao = MoFura  if  Fure < Forg tpa is the total thickness of the packing
ab =min[ &1 ; P —l; Fup ; 1.0]
Fura is the shear resistance of a single bolt 3dy  3dy 4 fup
vfp A
= p, L ki = min(2.89—2—1.7; 14P2 17, 2.5)
Ym2 do 0
Fora is the bearing resistance of a single bolt do is the diameter of the hole
_ kiavfudty, tip is the thickness of the flange cover
Yoo plate
N is the numberof bolts connecting one
flange to a flange cover plate
M2 is the partial factor for bolt resistance
(m2 = 1.25 as given in the National
Annex)
Note:

If the thickness of the column flange is less than the thickness of the flange cover plates, or of lower grade,
then the bearing resistance of the column flange should also be checked.
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CHECK 3

(continued)

Flange cover plates — Bolt group

For Preloaded bolts:
Basic requirement:

For connection designed to be slip resistant under
serviceability loads (Category B connection).

NEd,ser <

= max ( NEd,c,ser;

Fs,Rd,ser
NEd,ser NEd,t,ser )
Fsraser = design slip resistance

_ ksnu

Foc (BSEN 1993-1-8,3.9.1)

7 m3

and

Nes £ Frdfp

(shear and bearing resistance — see check for non-
preloaded bolts)

where:
ks

Fp,C

As
M3, ser

= 1.0 for fasteners in standard
clearance holes (BS EN 1993-1-8,
Table 3.6)

is the number of friction surfaces

is the slip factor (see Check 3 for
bearing splices)

is the preloading force
= 0.7fpAs
is the tensile stress area of the bolt

is the partial factor for slip resistance
of bolts at serviceability limit state
(m3.ser = 1.10 as given in the National
Annex)

NEd,c,ser and Neq i ser are calculated at SLS

Frad,fp

is the design resistance of the bolt
group (see check for non-preloaded
bolts)

190




Design procedures for cover plate splices for | columns —Non-bearing type

CHECK 4

Web cover plates
Plate resistance

Column

Web ———

cover
plates

Web cover plate resistance
Basic requirement:

NEd,c,web
—_— = Nc,Rd,wp
2
_ AWP fy,wp
Nc,Rd,wp -
7 Mo

NEdAw

Conservatively Ned,cweb =

NEd,c,web

NEd,c,web

v

NEd,c,webT TNEd,c,web

2 2

where

Ned is the axial compressive force due to
factored permanent and imposed
loads

A is the total area of the smaller column

Aw is the area of web of the smaller
column
= (A - 2A9)

As is the area of one flange of the
smaller column

Awp is the gross area of one web cover
plate
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CHECK 5

Web cover plates — Bolt group

Column

Web ————

cover
plates

For non-preloaded bolts:

Basic requirement:

NEd,c,web

NRd,wp
FRd,wp

Frd,wp
Fv,Rd

Fo,rd

< F Rd,wp

is the design resistance of bolt group in the web

Ford £ FyRd
Furd < Fo,Rrd

= shear resistance of a single bolt

= nprb,Rd if

= nprv,Rd if

(double shear)

=5

20, A
P

Ym2

bearing resistance of a single bolt
2kyonf At

Ym2

NEd,c,webT TNEd,c,web

2

ki

do

twp

Nwp

where:

2

= 0.6 for 8.8 bolts

is the tensile stress area of the

bOlt, As

=1.0
9d

=_— 9% i t>d3
8d+3t,

if tpa < d/3

is the diameter of the bolt
is the total thickness of the packing

e . P11 fw

. f,
= min : —— .10
3d, 3d, 4 f,,

28°%2 47
d

= min 0

14P2_17. 25
do

is the hole diameter

is the thickness of one web cover
plate

is the number of bolts connecting
one web to the cover plates

is the partial factor for resistance of
bolts (mm2 = 1.25 as given in the
National Annex)

Note: If the thickness of the column web is less than the combined thickness of the web cover plates, or of
lower grade, then the bearing resistance of the column web should also be checked.
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CHECK 5

(continued)

Web cover plates — Bolt group

For Preloaded bolts:
Basic requirement:

For connection designed to be slip resistant under
serviceability loads (Category B connection).
NEd,c,web,ser < Fs,Rd,ser
Fs,raser = design slip resistance

= ksﬂ@C (BS EN 1993-1-8, 3.9.1)

YMm3,ser

and

NEd,c,web < FRd,wp

(shear and bearing resistance — see check for non-
preloaded bolts)

where:
ks

Fp,C

As
M3 ser

= 1.0 for fasteners in standard
clearance holes (BS EN 1993-1-8,
Table 3.6)

is the number of friction surfaces

is the slip factor (see Check 3 for
bearing splices)

is the preloading force
= 0.7, A
is the tensile stress area of the bolt

is the partial factor for slip resistance
of bolts at serviceability limit state
(m3.ser = 1.10 as given in the National
Annex)

NEed,cweb,ser IS calculated at SLS

Frd,wp

is the design resistance of the bolt
group (see check for non-preloaded
bolts)
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CHECK 6

Minimum resistance checks — major axis

| 0.025Nggc |

\\/\\

According to BS EN 1993-1-8 clause 6.2.7.1(13), the splice must have a resistance greater than 25% of the
capacity of the smaller section, in bending, in both axes. The splice must also have a minimum shear resistance
in both axes, equal to 2.5% of the compression capacity of the weaker column section. It is recommended that
because the checks are designed to ensure an adequately stiff connection, it is not necessary to verify
connection components under combinations of moments and forces.

(i) Major axis bending — cover plates
Basic requirement:
0.25 Mcyrd < h Ncra and
0.25 Mcyrd < h Nt Rrd
Ncrd = At fyfol mo
Nrrais the lesser of:
Npird = Afy/ o and
NuRrd = 0.9Anetfu/ ym2
(ii) Major axis bending — bolt group
Basic requirement:
0.25 Mcyrd < h Frdsp

(iii) Major axis shear resistance — cover plates
Basic requirement:
0.025 NRrd,c < Vpi,Rdwp

(iv) Major axis shear resistance — bolt group
Basic requirement:

The bolts in the web should be checked for an applied shear of
0.025 Nrdc. The shear also applies a moment to the bolt
group, equal to the applied shear at a lever arm taken from the
end of the column to the centroid of the bolt group.

where:

h is the distance between the centres
of the cover plates

Frafp is the resistance of the bolt group
from Check 3

VouRa, wp = 2x0.9t,,bupfy wp

\/§7M0

Nrac  is the design resistance in
compression of the weaker section

Mcyrd is the design resistance for bending
of the weaker section in the major
axis

MO is the partial factor for resistance of
cross sections (mo = 1.0 as given
in the National Annex to BS EN
1993-1-1)

M2 is the partial factor for resistance of

net sections (2 = 1.1 as given in
the National Annex to BS EN
1993-1-1)
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CHECK 7

Minimum resistance checks — minor axis

0.25M¢ 7 rd
—  —a

bi

0.025NRg,c

\_/—\

i) Minor axis bending — cover plates
Basic requirement:
0.25 MczRd < McRrdfp

ii) Minor axis bending — bolt group
Basic requirement:

The resistance of the bolt group in each flange must be
verified under the applied moment (equal to 0.125 Mczrd in
each flange).

Both shear and bearing resistances must be checked.
Bearing resistances may conveniently be checked in two
perpendicular directions, as permitted by BS EN 1993-1-8,
Table 3.4, note 3.

The shear resistance of the bolts must be reduced if packs
are used, as required in Check 3.

iii) Minor axis shear resistance — cover plates
Basic requirement:
0.025 NRd,c < VpiRdfp

iv) Minor axis shear resistance — bolt group
Basic requirement:

The resistance of the bolt group should be calculated for
the moment due to the applied shear multiplied by the lever
arm from the end of the column to the centroid of the bolt

group.

where:

Mqrdatp is the bending resistance of the cover
plates

For 2 external cover plates:

2te by, 2 f
Mec Rrd,ip = 27 v

67mo

For internal cover plates:

m 12 P12 ) {1+ b o

/ is the distance between the centres of the
plates

bip is the width of the individual plate

Voirdfp IS the shear resistance of the flange cover
plates

For external cover plates:

2x 0.9, by f, 1

VolRdfp =
\/gmo

For internal cover plates:
4 x 0.9 by 1, 1,
\/§?’Mo

is the resistance of the bolt group from
Check 3

VolRdfp =

Frad,fp

Nra,c  is the design resistance in compression of
the weaker section

M:z.ra is the design resistance for bending of
the weaker section in the minor axis

MO is the partial factor for resistance of cross

sections (o0 = 1.0 as given in the
National Annex to BS EN 1993-1-1)
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CHECK 8 Tying resistance

Tension

NEd,u

If it is necessary to comply with structural integrity requirements, then the bearing type splice checks 2 and 3
should be carried out with:

NEd = NEd,u
2

based on the conservative assumption that the tie force is resisted by the flange cover plates.

NEq,u is the tensile force from BS EN 1991-1-7, A.6
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6.7 DESIGN PROCEDURES FOR HOLLOW
SECTION ‘CAP AND BASE’ SPLICES

IN TENSION

The design procedures for tension splices in square
and rectangular hollow sections considers tension
bolts being placed along two parallel faces as shown
below. There are no structural integrity checks given
since the design force is in tension.

The semi-empirical rules are based on the
recommendations given in the CIDECT Design
Guidel® and take account of prying forces.

Plate and bolt resistance

Check 1 Recommended detailing practice
Check 2 Connection - (not applicable)
Check 3 Connection -

Check 4 Connection - Bolt group
Check 5 Connection - Welds
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CHECK 1 Recommended detailing practice

| |
| |
| |
} 1 ¢ Hole diameter do
S : : E ¢S—E do=d +2mm for d <24 mm
do=d + 3 mm for d>24 mm

4 — 1l Plate thickness,tp i I
12mm <tp <26 mm
See Note (2)

B ol — -
- HPH - h
p Bolt spacingp
+ p}{ B p>25d
- e AR \ ) —&—
b e, ey b e e
Edge distance e2 > 1.2do
Edge distance es > 1.2do
2h
Total number of bolts n < —+2 but >4
p

Notes:
(1) Dimension e1 should be minimised

(2) Plate thickness tp, should be limited to between 12 mm and 26 mm because this is the range for which
the design method has been validated experimentally
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CHECK 3

Plate and bolt resistance

Basic requirement:
NEed < Frd
Frad design tension resistance of the T-stub

_ l‘p2 (1+6a)n

K
o = 1_d_0
p
K _ 4e,—(d/2)+1)
fyqpxp
o - KFt,Fd -1 €eff +(d/2)
ty? S(eer +e1+t)
but a>0

where:

n is the total number of bolts

do is the bolt hole diameter

Ftrd is the tension resistance of bolts

(see box below)

Beff =min ( e2; 1.25e1)

Tension resistance — 8.8 bolts

Bolt size Ft,rda (KN)
M20 141
M24 203
M30 323
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CHECK 4 Bolt group
Neq ‘72 ****** AR = Neq
1 — —— \
Basic requirement: where:
NEeq < nFird k2 = 0.63for countersunk bolts
Fing = kafup As = 0.9 for ordinary bolts
’ ¥ M2 As is the tensile stress area of bolt
n is the total number of bolts
M2 is the partial factor for resistance of

bolts (2 = 1.25 as given in the
National Annex)
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CHECK 5 Welds
I
End plate—»
- S t
7777777 — - <_>| I
- } Neq N
|
- a hollow section
wall
| ———~_ 1
Weld resistance
Basic requirement: where:
t < a (continuous full strength weld) h is the RHS depth
or P = 0.85for S275
Nes < 2hat1225 "4 = 0.9 for S355
3Bwrme M2 is the partial factor for the resistance
of welds (2 = 1.25 as given in the
National Annex)
a is the weld throat thickness
For a fillet weld:
a =0.7s
s is the weld leg length
Notes:

(1) The weld should be capable of developing the full strength of the hollow section. A fillet weld should
normally be used, but if the required leg length exceeds 12 mm then a partial penetration butt weld with

additional fillets may be a more economical solution.

(2) Depending on splice plate stiffness, the welded perimeter of the hollow section will not be uniformly
loaded. In the absence of more precise design guidance, the effective weld length should be taken as
the lengths adjacent to the bolts in tension. The same size weld should be used around the entire

perimeter.
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6.8 DESIGN PROCEDURES FOR CHS END

PLATE SPLICE IN TENSION

The design procedures for tension splices in circular
hollow sections consider tension bolts being evenly
placed around the section. There are no structural

integrity checks given, since the principal force is

tension.

Check
Check
Check
Check
Check

a H~ WON =

The semi-empirical rules are based on the
recommendations given in the CIDECT Design
Guidel4,

uf

Recommended detailing practice

Connection
Connection
Connection
Connection
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Tension Splices - CHS sections - Design procedures

CHECK 1 Recommended detailing practice
ITVEd
tp
:* '*: Hole diameter do:
- do =d+2mm ford < 24 mm
'}
@\J P do =d+3mm ford > 27 mm
L >
€1 &

Notes:

Bolt spacing p:
p = 25d

IN

p 10d

(1) Bolts to be equally spaced around the member

(2) Atleast 4 bolts to be used
(3) Dimension e1 to be minimised
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Tension splices — CHS sections — Design procedures

CHECK 2 Plate resistance

- i(;@ + (ka2 - 2k, )o‘sj

{2

(In = natural logarithm)

D

_ D-t

2

Basic requirement: where:
2
Fea < Dhemh fa
270
k1
I
rs
k3

=ki+2
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Tension Splices -

CHS sections - Design procedures

CHECK 3

Plate and bolt resistance

Basic requirement:

(In = natural logarithm)
FtRrd = tension resistance of a bolt
_ kafuAs

7 M2

Tension resistance — 8.8 bolts

Bolt size Ftra (kN)
M20 141
M24 203
M30 323

f3

k1

ry

Ceff

r2

r3

k3

is the total number of bolts

2:( (ks + (ka2 — 2k, )O'SJ

1

e

(In = natural logarithm)

D
= —t+eq+ee
2

min ( ez ; 1.25e1)

D
—+ ey

_ D-t

2
=ki+2
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Tension splices — CHS sections — Design procedures

CHECK 4 Bolt group

Basic requirement: where:
Ned < nFtra ko = 0.63for countersunk bolts
kofupAs = 0. i
Fira _ Kalw (see Check 3) 0.9 for ordinary bolts
7 m2 As is the tensile stress area of the bolts
n is the total number of bolts
M2 is the partial factor for resistance of
bolts (m2 = 1.25 as given in the
National Annex)
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Tension Splices - CHS sections - Design procedures

CHECK 5 Welds

End plat
4>NEd \*S>| It
a hollow section
| wall
Weld resistance
Basic requirement: where:
t < a (continuous full strength weld) D is the diameter of the CHS
or Lw = 0.85 for S275
Nes < mxDxax u = 0.9 for S355
\/gﬁw}’Mz M2 is the partial factor for the resistance
of welds (2 = 1.25 as given in the
National Annex)
a is the weld throat thickness
For a fillet weld:
a =0.7s
s is the weld leg length
Note:

The weld should be capable of developing the full strength of the CHS. A fillet weld should normally be
used, but if the required leg length exceeds 12 mm then a partial penetration butt weld with additional fillets
may be a more economical solution.
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Column splices — Worked examples

6.9 WORKED EXAMPLES

The five worked examples for column splices
illustrate the design checks required for the most
commonly used details:

Example 1

A bearing splice for connecting two different size
universal column sections using external cover
plates and with a division plate between.

Example 2

A connection as Example 1 but with a bending
moment producing net tension (additional checks
which have to be made are shown).

Example 3

A non-bearing splice for universal columns, with all
forces transferred by the cover plates, and including
a structural integrity check.

Example 4

A splice in a rectangular hollow section subject to
axial tension.

Example 5

A splice in a circular hollow section subject to axial
tension.
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Column splices — Worked examples — Example 1

£ 4 /—‘ 4 Job Joints in Steel Construction - Simple Joints Sheet 1 of 4
£V sci Title Example 1 — Column splice — Bearing splice (No net tension)
Steel Knowledge
CALCULATION SHEET

Client Connections Group

BCSA

Calcs by ENM Checked by DGB Date  Sept 2011

DESIGN EXAMPLE 1 - BEARING TYPE

/_Tv\_/ T~
254 x 253X 73 UKC—{~ 1
(S355 steel) i
iy
\ m \
40 3 I N -
|
Il
160 H
|
iy
Y T, I Y — - - —
50 eme sof T i
525| 257 " i 11 25plate [ - - |
50 T 50 ]
+— 07—7%——0— 77477 LR 2 %er
Vi
160 i
1
1
Y 1l ey — —
40 ‘\ il ? r 1
(1]
1\ M|
305 x 305 x 118 UKC+—| 1;
(S355 steel) Y . D N .
50 150 50 35| |80 |35
—>| < S e |«
250 150

Splice details
Flange cover plates: 2/250 x 12 x 525
Flange packs: 2/250 x 30 x 240
Cleats: 4/90 x 90 x 8 Angles x 150 Long
Web Packs: 2/85 x 2 x 150
Division plate: 265 x 25 x 310
Bolts: M20 8.8
Fittings material: S275 steel

Check the column splice for the following design forces.

Neg 825 kN (permanent actions)

Neq 1767 kN (total actions)

M, gq 15 kNm (about major axis of column)
Veq 8 kN
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Column Splices - Worked Example 1

Title Example 1 — Column Splices — UKC bearing splice (No net tension) Sheet 2 of 4

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 1

No checks needed on shear, which can be resisted by friction across the bearing surfaces.

Sheet CHECK Resistance Design Comments
No. force

3 Check 1 All recommendations adopted,
Recommended N/A N/A within reasonable practical
detailing practice limits

3 Check 2
Flange cover plates NIA NIA No net tension developed
presence of net
tension

3
Check 5 544 442 25% of Neg

Minimum resistance
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Column splices — Worked examples — Example 1

Title Example 1 — Column splice — Bearing splice (No net tension) Sheet 3 of 4
Check 1: Recommended Detailing Practice
External flange cover plates
Height, hep > 2byc + fp and .. Acceptable
Width, bmp > buc =254.6 mm Say 250 mm .. Acceptable
Maximum vertical bolt spacing, p1 = 14¢, i.e. minimum thickness is p1/14
t
Thickness, tp > [ qomm, P
2 14
=142 , 10 mm, 160
2 14
=71 mm, 10 mm, 11.4 mm Say 12 mm .. Acceptable
Packs, fe = e _Zh“° = 314'5;254'1 =302mm  Say30mm
Division plate
Thickness,
he = 2t5e )—(hue = 2tue
tap > [( ! fl ) ( f, )]
2
_ [(314.5—2x18.7);(254.1—2><14.2)] —257mm  Say25mm
Web cleats
Use 90x90x8 angles to accommodate M20 bolts.
Length > 0.5huc =0.5x254.1 =127 mm Say 150 mm .. Acceptable
twie —t _
Packs, t, = % = % =1.7 mm Say 2 mm . Acceptable
Check 2: Flange Cover Plates
Presence of net tension
. . . Negg xh
Basic requirement for no net tension: Mes < —_—
2
N h
EdG X - 825 x 254.1 <103 = 105 KNm
2 2
Mes =15kNm < 105 kNm
Tension does not occur. .. 0.K.
Check 5: Minimum resistance
Cover plates
Basic requirement: 0.25Ned < Nrd
0.25 Nes =0.25 x 1767 x 10°= 442 kN
2Af
Neg = 2Awfyp | 2x250x12x275 05 _ a0y
7 Mo 1.0
1650 kN > 442 kN - O.K.
Bolt group
Basic requirement: 0.25Ned < 2Frdfp
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Column splices — Worked examples — Example 1

Title Example 1 — Column splice — Bearing splice (No net tension) Sheet 4 of 4

Frdafp =nNFoRrd if  FoRrd < Furd
Frafp =nFyrd if  Fuyrd < FbRd
Shear resistance of one bolt:

vfip A
Fv,Rd = ﬁpa—b
7 m2
5 =99 _ _ 9x20 - 0.72
8d+3t,,  8x20+3x30
o Furd = 0.72x 0:62800x245 45 gg kN
1.25
Bearing resistance of one bolt:
kiapf,dt
Forg = ——2u4”®
7 M2
od = min 6_1; p_1_l; fu_b; 1.0 = min 40 ; ﬂ_l; @; 1.0
3d, 3d, 4 f, 3x22° 3x22 4 410
=min (0.61; 2.17; 1.95; 1.0) =0.61
2.8 14 1.4x160
ki =min| 2882 17, 14P1 4705 —min[28x50 4, 14X160 0 o5
0 0 22 22
=min (4.66; 848, 25) =25
Fomy = 25x081x410x20x12 o0

1.25x10°3

As the column flange is thicker, with no reduced edge or end distances, and of higher grade, it
is not necessary to check bearing in the flange.

o Frdafp =nFurd =4 x 68 =272 kN
2FRrafp = 2 x 272 = 544 kN
442 KN < 544 kN

= 0K
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Column splices — Worked examples — Example 1

Y /—/—/ Job Joints in Steel Construction - Simple Joints Sheet 1 of 4
AV sCl Title Example 2 — Column splice — Bearing splice
Steel Knowledge (Net tension developed)
CALCULATION SHEET

Client Connections Group

Bcsn Calcs by ENM

Checked by DGB Date  Sept 2011

DESIGN EXAMPLE 2 - BEARING TYPE

Check the splice for the following design forces. The splice details are the same as Example 1.
Neg 760 kN (permanent actions)

Neqg 1630 kN (total actions)
Mygs 110 KNm (About major axis of column)
VEeq 60 kN

(Note : In this example net tension is developed in the flange cover plates)

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 2

Sheet CHECK Resistance Design Comments
No. force
2 |Check 1 = Not Not All recommendations adopted,
Recommended detailing | applicable | Applicable | within reasonable practical limits
practice
2 Check 2 . .
Flange cover plate 966 110 Net tension developed, ordinary

bolts adequate
Presence of net tension

2 Check 3 825 53
Plate resistance

3 Check 4 271 53 No need to check column flange
Bolt group in this example

4 Check 5 542 408

Minimum resistance

4 Check 6 . If necessary, carry out Checks 2
Tying resistance Not applicable and 3 with the tying force from
BS EN 1991-1-7, A.6
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Column splices — Worked examples — Example 2

Title Example 2 — Column splices —Bearing splice (Net tension developed) Sheet 2 of 4

Check 1: Recommended Detailing Practice

As for Example 1

Check 2: Flange cover plates

Presence of net tension

. . . NEd G X h
Basic requirement for no net tension:  Meq < _—

Nesg xh  _ 760x254.1
2
Mea =110kNm ¢ 96.6 kKNm

x107° = 96.6 KNm

Net tension does occur and the flange cover plates and their fastenings must be checked for a
tensile force Nea.
Meq  Neso =(110><106  760x10°

Nes = =5
ho 2 254.1 2

Jx’|0_3 =52.9kN

Check for the suitability of ordinary bolts.
It is sufficiently accurate to base the folowing calculation on the gross area of the flange

Negg  52.9x10°
tucbruchyue  14.2x254.6x355

=0.04< 0.1 = 0.K.

There is no significant net tension in the column flange and the use of ordinary bolts in
clearance holes is satisfactory.

Check 3: Plate resistance

Basic requirement: Nea < Ntrd
Nira = mMin(Npird; Nurd; NbtRd)
Tension resistance of the gross area

Apf
Npira = SNLE

¥ Mo
Gross area:
Ap  =250x12 =3000 mm?
_ 3000 x275
1.0
Tension resistance of the net area
0.9 Ao et Fup

. Npird x107% =825 kN

Nurd =
Y m2

Net area:

Aronet =12 x (250 — 2 x 22) = 2472 mm?
_ 0.9x2472x410 N
1.1

Block tearing resistance

. Nurd 107 =829kN

fu,fp Afp,nt fy,fp Afpv”V

For a concentrically loaded bolt group: Nbtra = +
VM2 \/57M0
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Column splices — Worked examples — Example 2

Title Example 2 — Column splice —Bearing splice (Net tension developed) Sheet 3 of 4
P2 =150 mm
2e> = 2x50 =100 mm
p2 >  2e2, therefore:
Apnt  =t(2e2—do) =12 x (2 x 50— 22) = 936 mm?
Aprv =2t (e1+(m-1)p1— (N1 —0.5)do ) =2 x 12 x (40 + (2 -1) x 160 — (2 — 0.5) x 22)

o Apnv = 4008 mm?

Nowmg = | 410%936  275x4008 | s _gas iy

1.1 J3x1.0
o NtRrd =min(825; 829; 985) =825kN
Fea =529kN < 825kN - O.K.

Check 4: Bolt group

Shear and bearing resistance of the bolt group

Basic requirement: Nes < Frafp
The design resistance of the bolt group, Fraf:
Frafp = ZFoRrd if ForRa < FuRrd
Frafp = nFyRrd if Furd < FoRrd

The shear resistance of a single bolt, Fyrd =

Joint length, L; =160 mm

15d =15x20 =300 mm

Lj < 15d

Therefore there is no long joint effect.
Total thickness of flange pack, fpa =30 mm

Flange cover plate

[

e =40 ‘ O
1 * 0
| I |
p=160 | | 1
| I |
LA
O Y
/F\/
e
©,=50 p,= 150

d =6.7mm
3
d
to % —
3
Therefore Fv,ra must be multiplied by a reduction factor .
5 =99 _  8x20 072
8d +3t, 8x20+3x30
Fora = 072 28x800x245 455 _ g7 7kN
1.25
kia,f,dt
Bearing resistance, Fpgq = ——— 2
¥ m2
ki = min[2.86—2—‘|.7; 14P2 47, 2.5J
dO 0
ki = min[Z.Sx%—'].?; 1.4x%—1.7; 2.5} = min(4.66; 7.85; 2.5) =2.5
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Column splices — Worked examples — Example 2

Title Example 2 — Column splices —Bearing splice (Net tension developed) Sheet 4 of 4

@ = min| - ; P1 —l; o ;1.0

3dy 3dg 4 fup
av = min 40 ; ﬂ—l; @; 1.0] = min(0.6%, 2.02; 1.95; 1.0) =0.61

3x22 3x22 4 410
Fo rdeng _ 2.5x0.61x410x20x12 <103 =120 kN

1.25

67.7 kN < 120 kN
.. Frafp = nxFuRrd =4x67.7 =271kN
oo Nea =529kN < 271 kN - O.K.

Check 5: Minimum resistance

Cover plates

Basic requirement: 0.25 Neq < Ne rd

0.25 NEed =0.25 x 1630 =408 kN

From Example 1 the resistance in compression is 1650 kN.

408 kN < 1650 kN - O.K.
Bolt group

Basic requirement: 0.25 Neq < 2Frdfp

From Check 4 Frafp is 271 kN.

2 x 271 =542 kN

408 kN <542 kN - O.K.

Check 6: Tying resistance

If it is necessary to comply with structural integrity requirements, then Checks 3, 4 and 5 should
be carried out with:

Based on the conservative assumption that the tying force is resisted by the flange cover
plates.

Neq,u is the tying force obtained from EN 1991-1-7, clause A.6.
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Column splices — Worked examples — Example 3

% /” /—/—/ Job Joints in Steel Construction — Simple Joints Sheet 1 of 9
£V sci Title Example 3 - Column splice — Non-bearing splice
Steel Knowledge
CALCULATION SHEET Client Connections Group
Bcsn Calcs by CZT Checked by ENM Date  Sept 2011

DESIGN EXAMPLE 3 — NON BEARING COLUMN SPLICE

254 x 254 x 73 UKC
(S355 steel)

50

80

80

80

10— =
690 50

80

80

80
50

305 x 305 x 118 UKC
(S355 steel) —>!

Splice details
Flange cover plates:
Flange packs:
Web cover plates:
Web Packs:
Bolts:
Fittings material:

2/25
2/25
2/15
2/15
M24
S275 steel

0 x 12 x 690
0 x 30 x 340
0 x 8 x 350
0x2x170
8.8

Check the column splice shown for the following design forces:

Neg s
Neg
My eq
Veg
NEd,u

825 kN  (permanent actions)

942 kN  (total actions)

15 kNm (about major axis of the column)
8 kN

400 kN (from floor below splice)
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Column splices — Worked examples — Example 3

Title Example 3— Column splice — Non-bearing splice Sheet 2 of 9
SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 3
S'I‘}get CHECK Resistance Design force Comments
3 Check 1 ) ) All recommendations
Recommended detailing Not Applicable Not Applicable adopted, within
practice reasonable practical limits
3 Check 2 No net tension
Flange cover plate 817 745
Plate resistance
4 Check 3
Flange cover plate 840 745
Bolt Group
5 Check 4
Web cover plates 330 199
Plate resistance
5 Check 5
Web cover plates 532 398
Bolt group
6 Check 6 ' 269 88
Minimum 260 88
resistance — major | i 274 88
axis ii 343 83
iv 136 24.8
7 | Check 7 Minimum | ! 69 27
resistance — minor i 105 17.7
axis iii 779 83
iv 105 13.9
8 Check 8
Tying resistance 797 200
Cover plates
Bolt group 840 200
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Column splices — Worked examples — Example 3

Title Example 3— Column splices — Non-bearing splice Sheet 3 of 9
Check 1: Recommended Detailing Practice
Bolt diameter> 75% of thickness of packing either side
24 mm > 0.75 x 30 =22.5mm
If this is found to be impractical then the packs may be welded to the column flanges and this
check completed for any remaining loose (unwelded) packs. All other requirements are satisfied
as in worked example 1.
Check 2: Flange cover plates
Plate resistance
Compression
Basic requirement: Nede < NeRrd
Conservatively:
A
NEd,C = MEd + NEd i
h A,
As =93.1 x 102 mm?
A1 = hit1=254.6 x 14.2 = 3615 mm?
6
o Nese = | 2107 (8251 942)x10° x[ﬂJ <103 = 745 kN
254.1 93.1x102
Apf
NC,Rd = ZM
7 Mo
P 110 Note 2 in
— = =917 Table 3.3 of
o 12 BS EN
1993-1-8
& = & = & =0.92
fri | 275
9¢  =9x0.92 =8.28
Py IS 9¢, therefore plate buckling must be checked
tho
V4 =1 but » < 1.0
oVo? -A°
7 =le 1
i, A4
250 x 123
poo= | =1—212  =346mm
A 250%x12
The buckling length L is taken as 0.6 x p1;
7 _ 0.6x110 1 - 0.22
3.46 93.9x0.92
s = 0.5[1+a(Z—o.2)+22 }
For a solid section in S275 steel use buckling curve c, therefore, « = 0.49
4 =05[1+049(0.22-0.2)+0.22% |=0.53
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Column splices — Worked examples — Example 3

Title Example 3 — Column splice — Non-bearing splice Sheet 4 of 9

g = ! =0.99

0.53++/0.532 —0.222

. NcRrd = 0.99><M><1073 =817 kN
1.0
2. Nese =T745kN < 817 kN - 0.K.
Tension
Basic requirement: Neqt < Ntra

6
Neay = Mes g [Au] o 15x10 —825x10° x _ 3615 %107 =-261 kN
Ed,G 2
h A, 254.1 93.1x10

This indicates a net compression of 261 kN. Therefore tension is not present.
Assuming that slip is acceptable, and since there is no net tension, the use of ordinary bolts is

satisfactory.

Check3: Flange bolt group

Bolt group

Basic requirement: Neqg < Frad.fo
The design resistance of the bolt group, Frap:

Frafp = nFvRrd if Ford < FuRrd
Frafp = nFyrd if Fura < Fo,rd

The shear resistance of a single bolt:

Fura = —avabA
7 m2
Joint length, L; =3x80 =240 mm

15d =15x24 =360 mm

L < 15d

Therefore there is no long joint effect.
Total thickness of flange pack, tpa = 30 mm
d

— =8 mm
3
d
tha % -
3
Therefore Fvra must be multiplied by a reduction factor /.
4 _ 9d _ 9x24 =077
8d+3tpa  8x24+3x30
o Fore = 0775 28x800x353 165 — 405 kN
1.25
kiapf,dt
Bearing resistance, Fpgq = ————°
7 m2
ko= min(2.86—2—1.7; 14P2 47, 2.5J
dO 0
ki = min[2.8x%—1.7; 1.4x%—1.7; 2.5]: min(3.7; 6.4; 25) =25
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Column splices — Worked examples — Example 3

Title Example 3— Column splices — Non-bearing splice Sheet 5 of 9
@ = min| - : P1 —l; o ;1.0

3d, 3dg 4 fup
w  =min[ 20, 80 1. 800 445) = iin(0.64; 078; 1.95; 1.0) =064

3x26 3x26 4 410
Fora = 2.5x0.64x410%x24 x12 «<10~% =151 kN

1.25
Thus Fure < Ford
.. Frafp = nxFuRrd =8x 105 =840 kN
. Ned = 745 kN < 840 kN - O.K.
Check 4: Web cover plate
Plate resistance Ned cweb
N

Basic requirement: % < NeRrdwp
Nedcweb = NeaAw

A,

Aof
Nc,Rd,wp = Py
7 Mo
Aw =A-2A: 0
Ay =93.1x10°2-2x254.1x14.2 =2094 mm? L
Netowes = (825+942)x2094 o0 T ,\,Ed,clwebﬁ,\,Ed‘c‘web
93.1x10? Ned,c.web 2 2
Nordwn - 150x8x275 455 =330kN
1.0
N
Ed,c,web - ﬁ - 199 kN
2 2
- O.K.

199kN < 330kN

Check 5: Web cover plate bolt group

Shear and bearing resistance of the bolt group
Basic requirement: Ned,cweb < Frdwp
The design resistance of the bolt group, Frdp

Frawp = nNFprda if  Fbra < FuRrd
Frawp =NFurd if  Furd < FoRrd
. . . _ o, 20, A
The resistance of a single bolt in double shear, Fvrd = B, ——"—
7m2
Joint length, L; =80 mm
15d =15x24 =360 mm
L; < 15d
Therefore there is no long joint effect.
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Column splices — Worked examples — Example 3

Title Example 3 — Column splice — Non-bearing splice Sheet 6 of 9
Total thickness of flange pack, fra=2 mm
d =8 mm
3
w o< O

3
Therefore Fvra does not need to be multiplied by a reduction factor f.
o Fora = 2x0.6x800x 353 <102 = 279 kN

1.25
2k, f dt,
Bearing resistance, F gy = Z% T
Tm2
ko= min[Z.Se—z—‘I.?; 14P2 47, 2.5J
dO 0
ki =min 28x-2_17; 14x22_17, 25 = min(2.07; 261, 2.5) =2.07
26 26

@ = min| —; P —l; be; 1.0

3dy 3dg 4 fup
o = min 40 ; i—l; @; 1.0 = min(0.51; 0.78; 1.95; 1.0) =0.51

3x26 3x26 4 410
Fora = 2><2.O7><0.51><410><24><8X10,3 = 133 kN

1.25

Thus Fora < FyRrd
.. Frafp =nxForda =4x133 =532 kN
NEd,c,web = 398 kN
398 kN < 532 kN - 0.K.
Check 6: Minimum resistance requirements — major axis
(i) Bending — cover plates
Basic requirement: 0.25 Mcyrd < hNcrd
Mcyra = 352 KNm (upper section) P36312°
h=314.5+12=326.5mm
Nese = Npro = 220X 123275 X:i X275 10 =825kN
hx Ncra =326.5 x 825 x 10%= 269 kNm
0.25 Mcyra  =0.25 x 352 =88 kNm
88 kNm < 269 kNm ~. 0.K.
Anet =250 x 12 — (2 x 26 x 12) = 2376 mm?
Nurd =0.9 %2376 x410/1.1 x 103 =797 kN
hx Nura =326.5x 797 x 10°=260 kNm
88 kNm < 260 kNm - 0.K.
(ii) Bending — bolt group
Basic requirement: 0.25 Mcyrd < hFrdfp
From Check 3, Frdf = 840 kN
h Frafp  =326.5 x 840 x 103= 274 kNm
88 kNm < 274 kNm ~. 0.K.
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Column splices — Worked examples — Example 3

Title Example 3— Column splices — Non-bearing splice Sheet 7 of 9
(iii) Shear resistance — cover plates
Basic requirement: 0.025 Nrd,c < Vol,Rd,wp
Nra.c = 3310 kN P363[23
0.025 Nrdc =0.025x 3310 = 83 kN
Voiraun _ 2><0.9><8><150><275X10_3 = 343 kN
\/5 x1.0
83 kN < 343 kN - 0.K.
(iv)Shear resistance — bolt group
The bolt group must be checked for an applied shear of
0.025 NRd,c —
0.025 Nrd,c =0.025 x 3310= 83 kN
Inertia of bolt group = 4 x 402 + 4 x 402
= 12800 mm*
Applied moment =83 x (50 + 0.5 x 80) x 10
=7.5kNm

3

Horizontal force per bolt due to moment = 7.5x40x107 =23 kN
12800
3
Vertical force per bolt due to moment = 1.5x40x10° =23 kN
12800
. _ 83 -

Horizontal force per bolt due to shear e =21kN
Resultant = /(23 +21F +232 =49.6 kN or 24.8 kN per cover plate
From Check 5, Fyrd = 272 kN in double shear.
In single shear, Fura-136 kN > 24.8 kN, - OK.
By inspection, the bearing resistance is not critical.
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Column splices — Worked examples — Example 3

Title Example 3 — Column splice — Non-bearing splice Sheet 8 of 9
Check 7Minimum resistance checks — minor axis
(i) Bending — cover plates
Basic requirement: 0.25 MczRrd < McRrdfp - + . +
Mczrda = 109 kNm (upper section) ‘ ‘ P363123
2 p1=80
Mo rasp = 2x12x250 X275><10‘6 = 69 KNm ‘ ‘
6x1.0 v + . #
0.25 Mczrd =0.25x109 =27 kNm | |
27kNm < 69 kNm ‘ ¢ ‘ - 0K
170 ‘ ‘
>
P=150
(ii) Bending — bolt group
The resistance of the bolt group in each flange must be verified under the applied moment
(0.025 Mczrd) in each flange.
Inertia of bolt group
=8 x 752 + 4 x 40% + 4 x 1207
= 109000 mm*
Vertical force on extreme bolt
3
_ 0.125x109x75x10° _ o
109000
Horizontal force on extreme bolt
3
_ 0.125x109 x120x10 = 15 kN
109000
Resultant = y152 +9.42 =17.7kN
From Check 3, Fvra = 105 kN
17.7kN < 105kN - O.K.
By inspection, the bearing resistance is not critical
(iii) Shear resistance — cover plates
Basic requirement: 0.025 Nrd,c < Vol,Rdfp
0.025 Nrd,c =0.025 x 3310= 83 kN
Vorap= 2X0:9x250x12x275 15 _ 779 4
V3 x1.1
83 kN < 779 kN - 0.K.
(iv) Shear resistance — bolt group
The bolt group must be checked for an applied shear of 0.025 Nrd,c
0.025 Nrdc =0.025 x 3310= 83 kN
Applied moment =83 x 170 x 10 =14 kNm or 7 kNm per flange
From Check 7(ii):
Vertical force on extreme bolt due to moment = RAIEE x10° =4.8 kN
109000
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Title Example 3— Column splices — Non-bearing splice

Sheet 9 of 9

7x120 5
109000

Horizontal force on extreme bolt due to moment = 10° =7.7 kN

Shear per bolt = 83
2x8

X

Resultant = /(5.3+7.7f +4.82 =13.9kN

From Check 3, Fvrd = 105 kN
13.9kN < 105kN

=5.2kN

Check 8: Tying resistance

The maximum factored vertical load applied to the column from any floor down to the next

splice
Nequ =400 kN

All column splices must be capable of resisting a tensile force of not less than the maximum

vertical load applied to the column from any floor down to the next splice.
Design force applied to each flange cover plate:
_ 400

NEd =200 kN
2
Plate resistance
Basic requirement: Nes < Nird

Nird = min(Npird; Nurd; NbtRrd)
Tension resistance of the gross area

A f
Nord = Tyl
7' Mo
Gross area:
Afp =250 x 12 =3000 mm?
o Nprs = 2000x275 455 - gos kN
1.0
Tension resistance of the net area at ultimate
Nu,Rd — 0-9Afp,netfu,fp
VM2
Net area:
Aronet =12 x (250 — 2 x 26) = 2376 mm?
o Nogs = wxm* = 797 kN

Block tearing resistance

fu,fp Afp,nt fy,fp Afp,nv
+
7 M2 «/57 MO

For a concentrically loaded bolt group: Nbtra =

P2 =150 mm

22  =2x50 =100 mm

P2 > 2e», therefore:

s At =1 (2e2—do) =12 x (2 x 50 — 26) = 888 mm?

Apnv =2 (e1+(m—1)p1—(nm—-05)do) =2x12x(50+ (4—-1)x80—(4-0.5)x 26)

o Apnv = 4776 mm?

= O.K.
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Title Example 3 — Column splice — Non-bearing splice

Sheet 10 of 9

_ | 410x888 275x4776
Nptrd = +
1.1 J3x1.0
. Nird =min(825; 797; 1089) =797 kN
Fedq =200 kN < 797 kN

]x10_3 = 1089 kN

Bolt group

Design resistance  Fo,rd = 840 kN (as before)
Feat =200 kN < 840kN

Therefore, the splice detail is adequate.

- 0.K.

- 0.K.
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Column splices — Worked examples — Example 4

Joints in Steel Construction — Simple Joints Sheet 1 of 4

Y = Job
NN

scCl Title

Example 4 — Splices — RHS tension splice
Steel Knowledge

CALCULATION SHEET

Client Connections Group

BCSA

Calcs by ENM Checked by DGB Date  Sept 2011

DESIGN EXAMPLE 4 — RHS TENSION SPLICE

Check the following connection for the design forces shown:

800kN
| »’—ﬁ«
4‘7 ! \;F _e,= 50
| | p=90
hp,=280| |- - -
{ : p=90
T S “e,=50
|
b, =310 A
Design information:
Total number of bolts: n==6
End plates: 280 x 310 x 25
Bolts: M24 8.8
Material: S275 steel
Weld: 12 mm leg length fillet weld
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Title Example 4 — Splices — RHS tension splice

Sheet 2 of 4

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 4

Sheet CHECK Resistanc | Design force Comments
No. e (kN)
(kN)
3 Check 1 All recommendations
- . n/a n/a
Recommended detailing practice adopted
3 Check 2 - - Not applicable
Check 3 . 867 800
Plate and bolt resistance
4 |Check4 1218 800
Bolt group
4 Check 5
Welds Full strength weld

CONNECTION DESIGN USING RESISTANCE TABLES
200x100x8.0 RHS S355 Standard connection

Total number of bolts n =6

End plate thickness b =25mm

Axial resistance Nra =809 kN
Nes =800 kN

800 kN <809 kN

Note: the resistance from Table G.29 is conservatively based on the thickest section in the

range.

Table G.29

- O.K.
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Title Example 4 — Splices — RHS tension splice Sheet 3 of 4

Connection design following the design procedures

Check 1: Recommended detailing practice

End plates: (=12 mm <26 mm) b =25mm - 0.K.
Bolts: (n< 2h +2 =6.4) n =6 >4 .. 0.K.
p

Spacing: (p >2.5d =48 mm)
Edge distance (e221.2do =31 mm)  e2=50 mm
Edge distance (e321.2do=31mm) e3=50 mm - O.K.

Check 2: Complete end plate yielding — Not applicable

(because end plate is within recommended detailing rules)

Check 3: Plate and bolt resistance

| : |
et
D 800 kN == \800 kN
1 2
I
p=90
Basic requirement:
Fea < Frd
Frg = tp2(1+5a)n
K
eeft =min (ez2; 1.25e1) =min (50; 1.25 x 55) =50 mm
s =129 o428 _g7q4
p 90
K = 4(ei—(d/2)+t)10° _ 4x(55-(24/2)+8.0)x10° _ 555
fy plate X P 265x90
KF
. = | KFre ( eer +(d/2) j _ [8.55x203_1j( 50 +(24/2) j 1374
t,> 5(ecs +€4 +1) 252 0.711x (50 + 55 +8.0)
2
R x(1+0.711x1.374 )x6 = 867 kN
8.55
.. Fea =800kN < 867 kN - 0.K.

Note that the resistances in Table G.29 conservatively assume t = 16 mm
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Title Example 4 — Splices — RHS tension splice

Sheet 4 of 4

Check 4: Bolt group
\

° Iy
T T .
800KN \ MK 800KN
_ ] | - —_—
’ ‘ ,,,,, #L; ,,,,,

° Iy _
T T

Basic requirement:

Fea < nFird

y kafuAs _ Bx 0.9x 800 x 353 y
7 M2 1.25

. Fea =800 kN < 1218kN

1073

nFirda = n

Check 5: Welds

Continuous
# # weld

=1218

f 7 800KN Y A8
] I AN _
V;‘lij; bp_ 100 77777 Vi N —

)

hp =200
Basic requirement:

(1) t < a (continuous full strength weld)
or

f
(2) Ne«s £ 2hax1225x ———
3Bw¥me
The weld throat is: a =0.7s =0.7 x 12= 8.4 mm
t =8.0 mm < 84 mm

kN

800kN

- 0.K.

- 0.K.
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LU=
NN

SCi

Steel Knowledge
CALCULATION SHEET

BCSA

Job Joints in Steel Construction — Simple Joints Sheet 1 of 5
Title Example 5 — Splices — CHS tension splice

Client Connections Group

Calcs by ENM Checked by DGB Date  Sept 2011

DESIGN EXAMPLE 5 - CHS TENSION SPLICE

Check the following connection for the design forces shown:

273 x 6.3, S355 CH

750 kN

53.5 50

o

273 x6.3, S355 CH

Total number of bolts n= 8

20
20

480 diameter
Design information:
Total number of bolts n =8
End plates ty = 20 mm
Bolts M24, 8.8
Material S275 steel
Weld 10 mm leg length fillet weld
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Title Example 5— Splices — CHS tension splice Sheet 2 of 5

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 5

Sheet Resistance | Design force

No CHECK (kN) (kN) Comments

3 Check 1
Recommended n/a n/a All recommendations adopted
detailing practice

3 Check 2 1030 750
Plate resistance

4 Check 3
Plate and bolt 1061 750
resistance

4 Check 4 1624 750
Bolt group

5 Check 5 Full strength welds
Weld

CONNECTION DESIGN USING RESISTANCE TABLES

Table G.27
273 x 6.3 CHS Grade S355 Standard connection
Total number of bolts, n =8
End plate thickness tr =20 mm
Axial resistance Nra =943 kN
Applied force Nes =750 kN
750 kN <943 kN - O.K.

Note: the resistance from Table G.27 is conservatively based on the thickest section in the
range.
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Title Example 5— Splices — CHS tension splice Sheet 3 of 5

Check 1: Recommended detailing practice

End plates:  (f, > 12 mm) h =20mm
(t < 26 mm) -~ O.K.
Spacing: (p>2.5d =60) p =380xxt/8 = 149 mm -~ O.K.
(p <10d = 240)
Edge distance:(e22>1.2do=31mm) ez =50mm - O.K.

Check 2: Plate resistance

Basic requirement:

2
tp fy,plate a f3

Fea <
2ymo
o= (k3 + (ka2 — K, )O'sj
2k,
k1 = In[r—zJ (In = natural logarithm)
rs
r2 =2+e1 :£+53.5 =190 mm
2
rs = Dot =273-63  _ 4334 mm
2 2
ko= |n[ﬂj = 0.354
133.4
ks =ki+2=0354+2 =2354
- 1 2 05 -
Afo= —(2.354+(2.354 —4x0.354) ) =6.19
2x0.354

20%x265x 7 x6.19
2x1.0

. Fea =750 kN < 1030 kN = O.K.

x107  =1030 kN

.. Plate resistance

A

Note that the resistance in Table G.27 conservatively assume { = 16 mm
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Title Example 5— Splices — CHS tension splice Sheet 4 of 5
Check 3: Plate and bolt resistance
Basic requirement:
Fea < MFirq
1 1
fs  fain(ry/ry)

Fira =203 kN Check 4
f3 =6.19 Check 2

D
r = —+€4 +e

2
et =min(e2; 1.25e1) =min(50; 1.25x53.5) =50 mm
r = £+53.5+50 =240 mm

2
r =190 mm Check 2
.. Bolt group resistance = . 8x203 1 =1061 kN
1- +
6.19 6.19x|n[240j
190
. Feq =750 kN < 1061 kN ~. 0.K.
Check 4: Bolt group
Basic requirement:
Fea < nFird
nFird = nszu—bAS = SXMX1O’3 = 1624 kN
Yotz 1.25

. Fea =750 kN < 1624 kN - 0.K.
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Title Example 5— Splices — CHS tension splice Sheet 5 of 5
Check 5: Welds
750 kN
-
€,=53.5
Basic requirement:
(1) t < a (continuous full strength weld)
or
(2) Neq < D a fy
Ed = I —_—
‘/Eﬂw 7 m2
The weld throatis: a = 0.7s = 0.7x10mm = 7 mm
t =6.3mm < 7mm - O.K.
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7 COLUMN BASES

7.1 INTRODUCTION

Typical column bases, as shown in Figure 7.1,
consist of a single plate fillet welded to the end of
the column and attached to the foundation with four
holding down bolts. The bolts are cast into the
concrete base in location tubes or cones and are
fitted with anchor plates to prevent pull-out. High
strength grout is poured into the space below the
plate (see Figure 7.2).

Such column bases are usually assumed to be
subject to axial compression and shear only.
However, uplift may be a design case for column
bases in braced bays.

The base plate should be of sufficient size, stiffness
and strength to transmit the axial compressive force
from the column to the foundation through the
the

bedding material, without exceeding local

bearing resistance of the foundation.

Figure 7.1  Typical column bases

Holding down systems are designed to stabilise the
column during construction, and resist any uplift in
braced bays. In some cases it is assumed that
horizontal shear is also carried by the holding down
bolts.

A simple rectangular or square baseplate is almost
universally used for columns in simple construction.

Column bases are generally designed to transfer the
force from the column to the baseplate in direct
bearing.

The way in which horizontal shear forces are
transferred to the foundation is not well researched.
Some designers check the resistance of the holding
down bolts, and ensure that the holding down bolts
are adequately grouted. This practice has been
successfully followed for portal frame bases, which
carry a significant shear.

Braced bays may have relatively high shear forces.
Designers may opt to provide a shear stub welded to
the underside of the baseplate, though the recess
may complicate the casting of the foundation, and
special attention must be paid to the grouting
operation. Design methods are available that cover
this type of detaill3%%61,

Shear between the column end and the base plate
can be transmitted by friction or by nominal welds
between the column and the base plate. Welds may
be provided to the web only, or around parts of the
profile — it will generally be found that the weld
resistance is more than adequate for small shear
forces.

7.2 PRACTICAL CONSIDERATIONS
Column
The normal preparation for a bearing-type

connection is for the column section to be sawn
square to its axis. A good quality saw in proper
working order is adequate for this purpose. Direct
bearing does not necessitate the machining or
milling of the column ends. Tolerances for bearing
surfaces can be found in BS 1090-2B2 or the
National Structural Steelwork Specification!'l.

Base plates

Base plates will usually be flame cut or sawn from
S275 or S355 plate. Most plates have a sufficiently
flat bearing surface without machining or cold
pressing.

Welds

For bearing-type bases, the main function of the
weld is to hold the column shaft securely in position
on the base plate and to ensure the column is stable
in any temporary condition.
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Fillet welds are generally provided, 6 mm or 8 mm
leg length, usually along the outside of the flanges
and for a short distance either side of the web. Full
profile welds will usually only be used if additional
resistance is needed during erection or as an
anti-corrosion measure.

Holding down bolts

Holding down bolts are normally manufactured in
accordance with BS 7419 which covers:

a) bolts with square head and neck, and
b) bolts with hexagon head and round neck

For the square head type, bolt rotation during
tightening is prevented by placing the square neck in
a square hole in the anchor plate. For the hexagon
head type, a small ‘keep’ flat is usually welded to the
underside of the plate to bear against one of the
hexagonal head flats.

The embedded length of the bolt in the concrete will
usually be in the region of 16 to 18 bolt diameters.
The thread length must allow for tolerances and
should be 100 mm plus the bolt diameter.

Holding down bolts are usually property class 8.8
(property class 4.6 is not commonly used). It is bad
practice to specify different bolt strengths on one
site, unless the bolts are physically different in
length or diameter, as confusion can easily lead to
the incorrect bolt being cast into the foundation. M20
bolts are often used, although M24 bolts are
recommended for bases up to 50 mm thick,
increasing to M36 for plates over 50 mm thick.

Although bolts are normally used in the non-coated
condition, they can be supplied:

a) electroplated to BS EN ISO 404207
b) galvanized to BS EN ISO 10684 138
c) sherardized to BS 7371-85

/xm’\_/

Base plate

|
Top of concrete
foundation |

Column bases — Practical considerations

Hole sizes and washers

Clearance holes in the base plate should be 6 mm
larger than the bolt diameter, to allow for adjustment;
for bases thicker than 60 mm, this figure may need
to be increased.

Washers to BS EN ISO 70914941 gre needed under
the nuts, or alternatively washers can be made from
plate.

Location tubes

Normally the bolts are set into location tubes
(usually wire mesh) or cones (usually polystyrene or
cardboard). The diameter of the tube or the tops of
the cones should be at least 100 mm or 3 times the
diameter of the bolt, whichever is greater. The
threaded portion of the bolts should be protected
during the concreting operation. As the concrete
cures, the bolts should be moved so that they can
be freely adjusted as the steel is erected.

Bolts are occasionally cast solidly into the concrete.
However, this is not recommended as a general
practice as the bolts must be located with precision
and there is no opportunity for subsequent
adjustment.

Base packs

Columns are normally erected on central steel
levelling packs that are left permanently in position.
Steel wedges placed around the edges of the base
plate are also necessary to ensure stability during
erection.

Bedding space

Optional

Location tube
or equivalent N )

Holding down bolts Anchor

plates

f

Figure 7.2  Column base holding down bolts

ﬁ Q} el grout hole
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Column bases — Recommended geometry

Concrete strength

Typical concrete strengths are shown in Table 7.1,
taken from BS EN 1992-1-1.

f
The design compressive strength fur = —2"%  in

Ve
which acc = 0.85 and % =1.5. Thus fcs = 0.56fck. It
may be assumed that, for initial design, the design
bearing strength fu is equal to the design
compressive strength, although the design bearing
strength also depends on the physical geometry of
the foundation.

Table 7.1 Concrete strengths
. Design
Cylinder Cube .
Concrete compressive
strength strength
class (N/mm?) (N/mm?) strength
(N/mm?2)
fck fck,cube fcd
C25/30 25 30 14.2
C30/37 30 37 16.8
C35/45 30 45 17.0
C40/50 40 50 22.7

For design purposes, the lowest strength of either
the grout or the concrete in the foundation should be
used. In most situations, the design will be based on
the strength of the concrete in the foundation, and
non-shrink cementitious grout will be specified to be
at least as strong. Other bedding materials may be
specified.

Clearance under the baseplate

A space between the top of the foundation and the
baseplate of between 25 mm and 50 mm is the
normal allowance when using grout. This gives

reasonable access for grouting the bolt pockets,
which is necessary to prevent corrosion, and for
thoroughly filling the space under the base plate. It
also makes a reasonable allowance for tolerances.

In slab bases of size 700 mm x 700 mm or larger,
50 mm diameter grout holes should be provided to
allow trapped air to escape and also for inspection.
A hole should be provided for each 0.5 m? of base
area. If it is expected to place grout through these
holes then the diameter should be increased to
100 mm.

7.3 RECOMMENDED GEOMETRY

No specific detailing requirements for column bases
can be provided, although in practice there are three
main considerations:

a) The plate dimensions must be sufficient to
spread the design loads to the foundation and to
accommodate the holding down bolts;

b) The base and holding down system must be
sufficiently  robust to  withstand loads
experienced during erection resulting from wind
loads, lack of verticality and asymmetric loading.

c) The setting out dimensions for the holding down
bolts should be on a regular, simple geometry

In view of this, normal practice is for the base to be
at least 100 mm larger all round than the column,
with a thickness greater than or equal to that of the
column flange and with four holding down bolts
positioned outside the section.

Baseplate dimensions are generally rounded up to
the nearest 50 mm.
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Column bases — Design

b+2c

projection, ¢

tf = flange thickness
tw= web thickness

(i) Effective area

Figure 7.3

7.4 DESIGN

The design procedure for column bases is taken
from BS EN 1993-1-8 and follows an effective area
approach. The procedure covers the design of
bases under axial compression only.

The process is to:
1. Find the required area, Areq.

2. Determine the effective area, Aer, in terms of
the projection width from the steel profile, c.

3. By equating Areq and Aett, calculate c.

4. Calculate the required plate thickness,
assuming that the projection widthc is a
uniformly loaded cantilever.

Column bases subject to both axial load and an
overturning moment have to take into account the
effect of tension on one side of the base. Guidance
can be found in Joints in Steel Construction:
Moment-resisting Joints!"®!,

Effective area method

It is assumed that the bearing pressure on the
effective area is uniform and that the plate acts as a
simple cantilever around the perimeter of the

h = depth of column

(i) Effective area with overlap

b = width of column

(iii) Revised effective area

Calculated effective area for a rolled section

section. The effective area is a constant width ¢
either side of each flange and web, as illustrated in
Figure 7.3 with respect to a rolled I section.

The projection width ¢, shown in Figure 7.3(i) is the
minimum that is needed to ensure that the base
pressure does not exceed the design bearing
strength.

In some circumstances, it can be found that the
projection ¢ becomes so large that the strips overlap
between the column flanges, as shown in
Figure 7.3(ii), i.e.

¢ > (h-2t)/2

The overlapping area cannot be double counted, so
the effective area must be recalculated on the basis
shown in Figure 7.3(iii).

For hollow section columns, the design procedure is
similar and is illustrated for RHS and CHS columns
in Figure 7.4. If the internal projection overlaps in
the centre of the section, a readjusted effective area
must be recalculated in a similar manner to that for
the open section.
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Column bases — Design procedures

overlap

|20+t 2c+t
2c+t
square
or circular
#« base plate
*>. l<— —>
c 2c+t /
outstand, ¢

t = wall thickness

Figure 7.4

Although the shaded area represents the size of the
base plate theoretically required, the overall size of
the plate can be made larger, to utilise rounded
dimensions and to accommodate the holding down
bolts.

Worked examples

Four design examples are provided to illustrate the
design checks for the effective area method.

Check 1 — Required area
Check 2 — Effective area
Check 3 — Plate thickness
Check 4 — Welds

t = wall thickness

t = wall thickness

Calculated effective area for RHS and CHS sections

Base plate resistance tables

Four sets of resistance tables for S275 base plates
are provided in the yellow pages (Tables G.32 to
G.35). These cover UKC columns, CHS columns,
SHS and RHS columns

7.5 DESIGN PROCEDURES

The design models shown in Figure 7.3 are
appropriate for 1Isections, and Figure7.4 are
appropriate for RHS and CHS sections, Detail
design checks are as follows:
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CHECK 1 Required area
bP bf
hP
hf
Basic requirement: where:
Ap > Areq fid =4 afu
2
] may be taken as — (see note 1
Ap is the area of base plate A y 3 ( )
= hpby for rectangular plates a is a coefficient which accounts for diffusion of the
xd.2 concentrated force within the foundation. a depends on
= P for circular plates the foundation depth and the distance between the
plate and the edge(s) of the foundation.
Areq is the required area of base plate ) ) )
Where the foundation’s dimensions are unknown, but
= Neg will be orthodox (i.e. not narrow or shallow) it is
fia reasonable to assume « = 1.5, and hence
f,
fa = foa = 0.85-2 (see note 2)
Ve
f
fed = o ok
Ve
Occ = 0.85(National Annex to BS EN 1992-1-1)
¥ is the material factor for concrete (% = 1.5 as given
in the UK NA)
Concrete class C20/25 C25/30 C30/37 C35/45
Cylinder strength, fox (N/mm?) 20 25 30 35
Cube strength, fek,cuve, (N/mm?2) 25 30 37 45
Notes:

(1) In accordance with clause 6.2.5(7) of BS EN 1993-1-8, the use of 4 = 2/3 requires that:

a. The grout has a compressive strength at least equal to 0.2 .4, and:
i. the groutis less than 50 mm thickness
ii. the thickness of grout is less than 0.2 h, and 0.2 by
b. The grout has a compressive strength at least equal to feq if over 50 mm thick

(2) If a=1.5is assumed, the foundation depth should be at least 50% of the larger base plate dimension, and
all edge distances between the plate and the edge of the foundation should be at least 25% of the larger

base plate dimension. If precision is required, « = A% as given in BS EN 1992-1-1 clause 6.7
c0
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CHECK 2

Effective area

bp
L s
% k ‘ ‘ Aett
Projection,c 2c+t
t; = flange thickness
tw = web thickness
#*ﬁ
2c+t
2c+t
] b,
As
Aeff
—> < —> l<—
A 7
Projection, ¢ 2c+t of Square or

circular plate

t = wall thickness

Basic requirement:

Areq < Aerf

Provided there is no overlap, ¢ may be calculated from the
following equations:

For UKB, UKC Actt = 4% + Peol € + Acal

For SHS or RHS column Aerr = Peol (t + 20C)

For CHS column Aer =m(d—1) (t+ 2c)

If there is an overlap, ¢ may be calculated from the following
equations:

For UKB, UKC, when ¢ > %:
Aei=4c2+ 2(h + b)c+ hb

For SHS and RHS column, when ¢ > b-2t

Asii=4c? + 2(h+b)c+ h b

For CHS column, when ¢ > d-2t

Acit= 0.25 1 (d + 2¢)?

where:
Areq

Acol

h
b
d

Pcol

Pcol

t = wall thickness

is the required area of base plate
(from Check 1)

is the cross sectional area of the
column

is the depth of the column
is the width of the column
is the diameter of the CHS column

For a universal beam or column section:

is the column perimeter

For a square or rectangular hollow section:

is the perimeter of the centre line of
the section wall of the hollow section
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CHECK 3

Plate thickness

~
°

> <

20+tI

ﬂll x
| ‘\ Aeff
> < A _> At
2C+ ff 2c+t

Basic requirement: where:
b 2 tomin fyp is the yield strength of the base plate

T fia is from Check 1
fomin = C Zlia?vo c is from Check 2

fYP
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CHECK 4

Welds

VEd

Basic requirement:

For shear:
VEd < FwRd lweff
Fwra is the resistance of fillet weld per unit
length
= fvw,da
f — fU /'\/5
vw,d -
Bw¥m2

where:

M2

4 w,eff

fu

is the weld throat
=0.7s

is the weld leg length
= 0.85 for S275 steel
= 0.9 for S355 steel

is the partial factor for resistance of welds
(m2 = 1.25 as given in the National Annex)

is the total effective length of the welds in
direction of shear

is the ultimate strength of the weaker part
joined

=410 N/mm?
= 470 N/mm?

for S275 steel
for S355 steel
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7.6 WORKED EXAMPLES

The four worked examples for column bases
illustrate the design checks required for the most
commonly used details.

Example 1

The design of a UKC Column base, using the
effective area method, where the column is in
direct bearing but welds must transfer the shear
force at the base. In this design the effective area
does not cause overlap.

Example 2

A connection similar to Example 1 but with a
higher axial force, where the effective area
calculation produces overlap and a recalculation
of the outstand ¢ has to be made.
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Example 3

The design of an RHS column base, using the
effective area method, where the column is in
direct bearing but welds must resist the shear
force at the base.

Example 4

The design of a CHS column base, using the
effective area method, where the column is in
direct bearing but welds must transfer the shear
force at the base.



Column bases — Worked examples — Example 1

%G //\ /—‘ 4 Job Joints in Steel Construction — Simple Joints Sheet 1 of 3
SCl Title Example 1 — Column Base — I-section column — No overlap
Steel Knowledge
CALCULATION SHEET Client Connections Group
BCSA Calcs by ENM Checked by CZT Date  Sept 2011
DESIGN EXAMPLE 1
Check the column base for the design forces shown.
305 x 305 x 137 UKC \_J/_\
Grade S355\ ~ T
|
Nigq = 4300kN
600 x 600 x 50 Base plate
Grade S275 ‘ ‘
\ i 50
VEd = 100 KN ——— \ T
. e
8 mm fillet welds ‘ ‘
‘\; |
M24 8.8
holding down bolts ‘ 600
\,
R
f 4= 30ON/mnt 100
Contact faces of the column
and the base plate are in 600
direct bearing
BASE DESIGN USING RESISTANCE TABLES
For a 600 x 600 x 50 base plate with C30/37 concrete, Table G.32
Resistance given in the tables is 4461 kN > 4300 kN
Therefore the base is adequate
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Column bases — Worked examples — Example 1

Title Example 1 — Column Base — I-section column — No overlap Sheet 2 of 3
CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 1: Required area
Basic requirement: Ap > Areq
Area of base plate: Ap = hp x bp =600 x 600 = 360000 mm?
Design compressive strength of the concrete:
fu = a1 = 0852 = 17 N/mm?
Ve 15
fia = aPifcd
Assuming ¢=1.5, f= 2/3
fa=1.5x 2/3 x 17 = 17 N/mm?
3
Area required: Areq = e = 4300107 _ 553000 mm?
fia 17
Ap = 360000 mm? > 253000 mm? -~ 0.K.
Check 2: Effective area
ti+2c
|
\
\
t;

|

t+2c - b |b+2c|bp

: h+2¢c 5 eff

Basic requirement: Aett = Areq
To calculate the effective area, assume first that there is no overlap.
At =46% + ¢ Peol + Acol
Column perimeter Pcor = 1820 mm
Area of column  Aci = 17400 mm?
Aet  =4c2+ 1820c + 17400 = 253000 = Areq
.. ¢=105 mm

To check that there is no overlap ¢ has to be less than half the depth between flanges:

h-2t; _ 320.5-2x217
2 2

Therefore the assumption that there is no overlap is correct.

=1386mm > 105 mm

To check that the effective area fits on the base plate:
h+2c=320.5+2x 105 =530.5mm <600 mm
b+2c=309.2+2x105=519.2mm <600 mm
Therefore the calculated value of c is valid.
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Column bases — Worked examples — Example 1

Title Example 1 — Column Base — I-section column — No overlap

Sheet 3 of 3

Check 3: Plate thickness

3fjd 7m0
fyp
Yield strength of the 50 mm plate, fy, = 255 N/mm?

fomn = 105|230 47
255

St =50 mm > 47 mm

tp,min =

Check 4: Welds

Basic requirement: VEd < FwRd weff
f, /3 5 410/43

Bw¥m2 0.85x1.25
luweft =2(0—28) =2x(100—2x8) =168 mm
Fwrd x bwert = 1248 x 168 x 10 =210 kN

Veas =100 kN < 210kN

x0.7x8 =1248 N/mm

Fw,Rd = fvw,d a-=

- 0.K.

- 0.K.
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Column bases — Worked examples — Example 2

£ 4 /—‘ 4 Job Joints in Steel Construction — Simple Joints Sheet 1 of 3
£ sci Title Example 2 — Column base — I-section column — With overlap
Steel Knowledge
CALCULATION SHEET Client Connections Group
Bcsn Calcs by ENM Checked by DGB Date  Sept 2011
DESIGN EXAMPLE 2
Check the column base for the design forces shown.
305 x 305 x 283 UKC
(Grade S355) \\\-J/—\T
|
|
Neqa= 9000kN
800 x 800 x 90 Base plate
(Grade S275) ‘ ' ‘ N
\
VEd=115kN—>|:* ‘ *] Tgo
8 mm fillet welds
I
M36 8.8
holding down bolts - 800
150
foe= 30N/mn
Contact faces of the o
column and the base L J
plate are in direct bearing < 800 >
BASE DESIGN USING RESISTANCE TABLES
For a 800 x 800 x 90 baseplate with C30/37 concrete, Table G.32
Resistance given in the tables is 8164 kN, < 9000 kN, unsatisfactory.
Although the resistance tables indicate that the base is inadequate, the table values are
calculated using the smallest section in any serial size and are therefore conservative for
heavier columns in the range. A higher resistance may be obtained for a heavier column if
the design is completed manually, as demonstrated in the following calculations.
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Column bases — Worked examples — Example 2

Title Example 2 — Column base — I-section column — With overlap

Sheet 2 of 3

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 1: Required area

Basic requirement: Ap > Areg
Area of base plate: A =hyxbp =800x800 =640000 mm?
f
Design compressive strength of the concrete:fed = o ok = 0.85 x% =17 N/mm?
¥ Mo .
fia = aPifcd
Assuming ¢= 1.5, = 2/3
fu=1.5x 2/3 x 17 =17 N/mm?
Neg  _ 9000x10°

Area required: Areq = = 529000 mm?

io 17
A, =640000mm? > 529000 mm?

Check 2: Effective area

Basic requirement: Aett = Areq
To calculate the effective area, assume first that there is no overlap.
At = 402 + CPcol + Acol

Column perimeter Pcol =1940 mm

Area of column  Acal = 36000 mm?
Aet  =4c¢% + 1940¢ + 36000 = 529000 mm? = Areq
.. =184 mm

To ensure that there is no overlap ¢ has to be less than half the depth between flanges:

h-2t; _ 365.3-2x44.1
2 2

Therefore assumption of no overlap is incorrect.

Recalculate ¢ on the basis of a revised effective area as shown in Figure 7.3(iii)

At =(h+2c)(b+2c) =4c¢®+2(h+ b)c+ hb

Equating the effective area, Aer to the required area Areq (from Check 1) gives:

4c? +2x(365.3+322.2)c +365.3x322.2 = 529000

¢ =192 mm

Also check that effective area fits on the base plate

h+2c=365.3+ (2 x192) =7493mm < h, =800mm

b+2c=3223+ (2 x192) =706.3mm < b, =800mm

Hence the new calculated value of c is valid

=138.6 mMm <184 mm

¢ =192 mm

Check 3: Plate thickness

3fjd7|v|o

tomin = C
p,min P

yp

Yield strength of the 90 mm plate, f;,, =235 N/mm?

bomn = 19221710 g9 mm
235

St =90 mm > 89 mm

- 0.K.

- 0O.K.
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Column bases — Worked examples — Example 2

Title Example 2 — Column base — I-section column — With overlap Sheet 3 of 3

Check 4: Welds

Basic requirement: VEd < FuwRd fweff
41
Ma = M x 0.7 x8 =1248 N/mm
Bw w2 0.85x1.25

=2(¢-2s) =2x(150-2x8) =268 mm
Fura buett = 1248 x 268 x 10° = 334 kN
- Vea = 115 kN

< 334kN - 0.K.
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Column bases — Worked examples — Example 3

Y = Job

Joints in Steel Construction — Simple Joints

Sheet 1 of 3

A7 sci Title

Steel Knowledge Example 3 — Column Base — RHS

CALCULATION SHEET Client Connections Group

BCSA

Calcs by ENM Checked by DGB Date

Sept 2011

DESIGN EXAMPLE 3

Check the RHS column base for the design forces shown.

200 x 100 x 10mm RHS
(Grade S355) - Ney= 900kN

400 x 300 x 20 Base plate
(Grade S275) \

Vea = 100 kN —= 20

M20 8.8
holding down bolts

fac=3NmMm? | @ |||\ -

Contact faces of the column — 6 mm fillet welds
and the base plate are in
direct bearing

300

400

BASE DESIGN USING RESISTANCE TABLES

For a 400 x 300 x 20 baseplate with C30/37 concrete,
Resistance given in the tables is 1269 > 900 kN
Therefore the base is adequate

Table G.35
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Column bases — Worked examples — Example 3

Title Example 3 — Column Base — RHS Sheet 2 of 3

CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 1: Required area

Vv

Basic requirement: Ap > Areg
Area of base plate: A =hoxbp =400x300 =120000 mm?

Design strength of the concrete: fea = a( Fox = 0.85°0 =17 N/mm?

7 Mo 1.5

fia = afffcd
Assuming = 1.5, = 2/3
fa=1.5x 2/3 x 17 =17 N/mm?

Nes  _ 900x10°
17

= 52900 mm?

Area required: Areq =

fjd
Ap =120000 mm? > 52900 mm? - O.K.
Check 2: Effective area

hp = 400

D —

to=20

\—‘ ﬁ bp= 300
——h
> < \» < A

Qutstand, ¢ 2ct+t
t=10

Basic requirement: Aert = Areq

To calculate the effective area, assume first that there is no overlap.

Aeft = Peol (t + 2C)

Mean wall perimeter:

Pol  =2(h+b-2t) =2x (200 +100-2x 10) =560 mm

Aet =560 x (10 + 2c) =52900 = Areq

5600 + 1120c = 52900

s.c =42mm

To ensure that there is no overlap ¢ has to be less than half the width between flanges:

b-2t; _ 100-2x10
2 2

Therefore assumption of no overlap is incorrect hp =400

Recalculate ¢ on the basis of a revised effective

area c
Aeti = (h+2c)(b+2c) =4c%+ 2(h + b)c+ hb

Equating the effective area, Aer to the required b= 300
area Areq (from Check 1) gives: N

4c? +2x(200+100)c+200x100 = 52900

¢ =43mm 4 ¢ P; Aett

Also check that effective area fits on the base
plate:

hie+2c =200+ (2x43) =286 mm < hp =400mm
be+2c =100+ (2x43) =186 mm < bp =300mm

eff

=40 mm < 42 mm
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Column bases — Worked examples — Example 3

Title Example 3 — Column Base — RHS Sheet 3 of 3
Hence the new calculated value of c is valid
s ¢ =43 mm
Check 3: Plate thickness

_ 3fjd 7 ™Mo
tp,min -

fyp
Yield strength of the 20 mm plate, fy, = 265 N/mm?
fomin = 43x M =19 mm
V 265
St =20mm > 19 mm . OK.
Check 4: Welds
Basic requirement: Ved < FwRd fweff
Furs =fmoa = RINS L L 4108 6 - 036 Nimm
ﬁw 7M2 085>< 1 25

luweft =2(0—28) =2x(100—2x6) =176 mm
FuRrd Cweff =936 x 176 x 10° =165 kN
Ve« =100 kN < 165kN - O.K.
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Column bases — Worked examples — Example 4

% i/ /—‘ 4 Job Joints in Steel Construction — Simple Joints Sheet 1 of 3
£V sci Title Example 4 — Column Base — CHS
Steel Knowledge
CALCULATION SHEET Client Connections Group

Bcsn Calcs by ENM Checked by DGB Date  Sept 2011
DESIGN EXAMPLE 4
Check the CHS column base for the design forces shown.

N g4= 1400kN
273 x 10 mm CHS

400 x 400 x 20 Base plate

(Grade S275) \

VEq= 100kN —»
M20 grade 8.8
holding down bolts
f = 30N/mnf 400

Contact faces of the column|~ - .
and the base plate are in 400 — 6 mm fillet welds
direct bearing
BASE DESIGN USING RESISTANCE TABLES
For a 400 x 400 x 20 baseplate with C30 concrete, Table G.33
Resistance given in the tables is 1376 kN > 1400 kN
Therefore the base is adequate .. OK
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Column bases — Worked examples — Example 4

Title Example 4 — Column Base — CHS Sheet 2 of 3
CONNECTION DESIGN FOLLOWING THE DESIGN PROCEDURES
Check 1: Required area
Basic requirement: Ap = Areg
Area of base plate: A =hoxbp =400x400 =160000 mm?
Design compressive strength of the concrete:fca = a Toc = 0.85x% =17 N/mm?
Ve :
fia = afffcd
Assuming ¢= 1.5, = 2/3
fa=1.5x 2/3 x 17 =17 N/mm?
3
Area required: Areq = Neq —_ 1400x107 82400 mm?
fia 17
Ap =160000 mm? > 82400 mm? - O.K.
Check 2: Effective area
_ h = 400 N
~ ~1
AN
2c+t
=400
O <—t,=20
AL Aeff
t =10
Basic requirement: Aett = Areq

To calculate the effective area, assume first that there is no overlap.

Aett = m(d—{)(t+ 2c)

Aet  =m(273 —10)(10 + 2¢c) = 82400 = Areq

526mnc = 82400 — 26307

s =45mm

To ensure that there is no overlap ¢ has to be less than half the internal diameter:

d-2t _ 273-2x10
2

Therefore the assumption that there is no overlap is correct.

To check that the effective area fits on the baseplate:

d+2c=273+2x45 =363 mm < 400 mm

Therefore the calculated value of c is valid.

=126.5mm > 45mm

Check 3: Plate thickness

3fjd 7 Mo
f

tp,min =
yp
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Column bases — Worked Example 4

Title Example 4 — Column Base — CHS

Sheet 3 of 3

Yield strength of the 20 mm plate, fy,, = 265 N/mm?

tp,min =45 M =20 mm
V 265

St =20 mm > 20 mm

Check 4: Welds

Basic requirement: Ved < FwRd fweff

fu/V3 410/43

X
ﬂW}/MQ 085><125

Conservatively assume 25% of the circumference is effective:
nx 273

Fw,Rd = fvw,da = 0.7x6 =936 N/mm

=429 mm

fw,eff = Zﬂ =2
4

Furd bweft = 936 x 429 x 103 =402 kN
Ves =100 kN < 402 kN

- OK.

- 0.K.
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8 BRACING CONNECTIONS

8.1 INTRODUCTION

This Section gives general guidance on bracing
connections and, where appropriate, refers to other
publications for comprehensive detailed design.

Bracing members include flats, angles, channels,
I sections, and hollow  sections. Bracing
arrangements may involve the bracing members
working in tension alone, or in both tension and
compression. In most cases, the bracing member is
attached by bolting to a gusset plate, which is itself
welded to the beam, to the column, or more
commonly welded to the beam and its end
connection as shown in Figure 8.1.

Figure 8.1  Typical bracing connection to gusset

plate

Bracing systems are usually analysed assuming that
all forces intersect on member centrelines. However,
realising this assumption in the connection details
may result in a connection with a very large gusset
plate, especially if the bracing is shallow or steep. It
is often more convenient to arrange the member
intersections to make a more compact joint and
check locally for the effects of eccentricities which
are introduced.

Simple bracing connections usually involve a bolted
lap joint with the gusset plate, as shown in
Figure 8.2. The buckling resistance of the
connection should be verified, as described in
Section 8.5.

Figure 8.2 Lap joint between bracing and gusset

More significant eccentricities can arise with some
details, as shown in Figure 8.3. In this case, the
connecting elements must be checked for the
moment introduced, or stiffened appropriately.

v ]

eccentricity

Figure 8.3  Eccentricity in connection to CHS

Bracing connections are generally made with non-
preloaded bolts in clearance holes. In theory at
least, this allows some movement in the connection,
but in practice this is ignored in orthodox
construction. In some cases it may be that
movement on reversal is unacceptable — preloaded
connections should be used in these circumstances.

The general design process is:
e identify the load path through the connection

e arrange the connection to ensure that the design
intent of the members is realised (e.g. the beam
connections remain nominally pinned)

e check the components in the connection and
buckling of the lap and gusset plate.

Further comments on detailed design issues are
given in the following Sections, firstly covering the
bracing member and its connection, and then the

considerations for the gusset and the main
members.
8.2 ANGLES, CHANNELS AND FLATS

The design process is straightforward, as the axial
force in the bracing member is transferred directly
via the bolts. Members in tension should be checked
in accordance with BS EN 1993-1-1 clause 6.2.3(2),
carrying out a check of the gross section and of the
net section. The net area of angles connected
through one leg with one longitudinal line of bolts is
covered by BS EN 1993-1-8 clause 3.10.3.

Channels may be used for larger tension forces, but
the connection designer should recognise that the
web of the member is relatively thin, and the bearing
resistance may be the critical design check. If
required, the web can be reinforced by welding a
supplementary plate to the channel. A simple
assumption is to assume that the entire load is
transferred by the reinforcing plate, neglecting any
contribution from the channel web, and specifying
sufficient weld to ensure that the full force can be
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transferred between the channel and the reinforcing
plate. The plate itself needs to be of sufficient size to
distribute the load into the complete channel section.

8.3 HOLLOW SECTIONS

Hollow sections are often used as bracing members,
being efficient in compression as well as tension.
Typical connection details are shown in Figure 8.4.
The “T” may be cut from a structural Tee section, or
fabricated from plate.

sealing plate
N
PYS o000
el ) (N W)
iy — () -
Figure 8.4 Connections to hollow sections

For lightly loaded members, the “T” shaped end
connection is almost universally used. For larger
forces, it is not uncommon to notch the connecting
plate into the member, although this involves
significant fabrication.

For the “T” shaped detail, in addition to determining
the bolt resistance in shear and bearing, a check on
the gross and net cross section will be required for
members in tension, in accordance with BS EN
1993-1-1 clause 6.2.3(2).

The design of the end plate to circular hollow
sections is covered in Reference 42, where the
thickness of the end plate is based on the
assumption of a dispersion of load at 2.5 to 1, as
shown in Figure 8.5. Alternatively, the “effective
breadth” can be calculated based on this dispersion,
and only weld within this zone considered to be
effective. The calculated weld size should be
continued around the hollow section. The hollow
section should also be checked to ensure that the
design force can be accommodated, based on the
area of the member within the effective breadth.

Connections to other types of hollow sections can be
designed following these principles.

Bracing connections — Hollow sections

weld and section outside
effective breadth is ignored

4 effective

1 breadth f

Figure 8.5 End plate for CHS

8.4 GUSSET PLATES

Preferably, gusset plates in compression should be
supported on two edges and be reasonably
compact. This may involve moving the point of
intersection and checking for the eccentricity that
this introduces. Plate thickness should be generous,
as there is little economic benefit in minimising the
plate thickness. Simple models are generally
adequate for the design of the welds to the gusset
plate; it is usually adequate to assume that the
horizontal component of force is carried by the
horizontal weld, and the vertical component to be
carried by the vertical weld, as shown in Figure 8.6.
The larger weld size should be used all round the
gusset plate.

Ngqcos o

Nggsiné

"

e

Figure 8.6  Simple gusset plate weld design

If more precision is justified, the size of the gusset
plate can be chosen such that the centroid of the
connection to both beam and end plate lie on the
centroidal axis of the bracing member, as shown in
Figure 8.7. This arrangement means that there are
no bending moments on the connection between the
gusset, beam and end plate. The welds to the
gusset plate may be designed for the forces shown.
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Bracing connections — Gusset plates

< ./
N
i

NEdjV
H
\

- — — — — hb
o o
\
L
Hp = Ngg o He = Ngg he
r 2r
HLWL, Hyp + Ho=H
Ve H
b A .
v Vp = Ned ho Ve =NedB
b NedMp Nedb
2r r
Vp + Vo=V

Figure 8.7  Force distribution to gusset plate

welds

If the setting out point for the bracing intersection is
adjusted to the intersection of the beam and column
flanges, as shown in Figure 8.8, the forces in the
welds are as described in the simple approach.
Adopting this setting out means that the column
must be designed for an additional moment M. equal
to the vertical component of the bracing force, V,
multiplied by the eccentricity, ec (ec = hc/2), as shown
in Figure 8.8. The column moment produced by this
eccentricity is in addition to any nominal moments
considered from the beam vertical reaction. The
beam must also be designed for an additional
moment M, which is the horizontal component of
the bracing force, H, multiplied by the eccentricity e»
(eo = ho/2). The moment in the beam produces
additional shear forces in the beam equal to Mv/Los,
where Ly is the length of the beam.

h
2 ‘C 3
T T NE/d( Neg
e _ v
H
ot T
€
JE — — hb

A\

|l beam length L}

Figure 8.8  Force distribution for alternative

setting out point at beam flange

If the setting out point is adjusted as shown in
Figure 8.9, there is no additional moment in the
beam to consider. The column should be designed
for the additional moment M., as before. Clearly, the
vertical component of the bracing force is now in
addition to the shear force in the beam itself, and
must be carried through the connection to the
column. Care should be taken to check the shear
resistance of the beam itself in this connection
configuration. Where the gusset plate is supported
on one edge only, the detail is only recommended
for light loads. For heavier loads, an extended and
plate and a gusset plate supported on two edges is
recommended.

he NEd
|
——

I

Figure 8.9  Force distribution for alternative setting

out point on beam centre line
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8.5 BUCKLING RESISTANCE

The following guidance has been developed
following an extensive Finite Element study of
members with lapped plate connections, which was
calibrated against tests*?. The study, and therefore
the scope of the following rules, applies to:

. Connections with lapped plates,

. Tab plates with end plates, or tees, or tab
plates notched into the bracing member (see
Figure 8.10),

. Maximum 20 mm thick plates,

. Bolts in square or rectangular groups (not
staggered patterns),

. Intersection angle O (see Figure 8.11) greater
than 20° and less than 160°

e  Connections of normal proportion in realtion to
the member, so that the member and the
connections may be designed in isolation.

fabricated from fabricated from

plate tee
Tab plate
Figure 8.10 Bracing end connections

It is good practice to detail compact connections with
the bolt group close to the support (close to the
supporting member(s) and the bracing member).
Elongated connections were not assessed as part of
the FE study.

The buckling resistance of a gusset plate connection
may be determined by assuming a yield line forms in
both the tab plate and the gusset plate. The design
model assumes that the support for the gusset plate
and tab plate is ‘fixed’ (so that yield lines form in the
gusset and tab plates) and this method is only
appropriate for details that realise that assumption.

Connection resistance is verified by completing a
combined axial load and moment interaction check
on both the gusset plate and the tab plate. The
moment resistance is based on a modulus part-way
between elastic and plastic, which was found to give
good correspondence with the FE study results. This
partial plasticity is represented by the value of 5
which appears in the denominators of the
expressions in Step 5.

Bracing connections — Buckling resistance

The applied moment, which results from the axial
force multiplied by the eccentricity between the
plates, is distributed in inverse proportion to the
plate stiffness. The initial eccentricity is increased to
allow for second-order effects.

The design process (to calculate connection
resistance) is first to determine the distribution of
applied moment to each plate. The maximum axial
force is then determined by rearranging the
interaction check.

Step 1: Determine the length of each yield line

Tab plate

A yield line forms in the tab plate, adjacent to the
end of the member. The maximum length is limited
to 20tab.

Gusset supported on one edge

A yield line forms, parallel to the yield line in the tab
plate. If the gusset plate is supported perpendicular
to the bracing member as shown in Figure 8.11(a),
the yield line forms at the support. If the gusset plate
is supported at an angle, the yield line is still parallel
to the yield line in the tab plate, but from the nearest
support point, as shown in Figure 8.11(b). For
gusset plates supported on one edge only, the yield
line is limited to 20tguss.

Yield line in P
tab plate

Yield line in length = wiyp,

tab plate

e Yield line in
Length = Wiy, feemmmmmmm] usset plate\
o O Eength = Wguss

Yield line in © ©

Eusset plate
ength = wgss

support point
(a) Perpendicular

(b) Angled
support

support

Figure 8.11 Yield lines — gusset plate supported on
one edge only

Gusset supported on two edges

For gusset plates supported on two edges, the
length of the yield line in the gusset plate is shown
in Figure 8.12. If the ‘point of nearest support’ on
both edges is ‘in front’ of the line of the last bolts, the
yield line forms as shown in case (a). If only one
‘point of nearest support’ is ‘in front of’ the line of the
last bolts, the yield line forms as case (b). If both
‘points of nearest support’ are ‘behind’ the line of the
last bolts, the yield line forms parallel to that in the
tab, from the ‘point of nearest support’, as case (c).
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Bracing connections — Buckling resistance

Yield line
in tab plate

Point of support
in front of t?opit Iin’e\‘

Yield line in gusset

Point of support
in front of bolt line

a) Both points of support
i(n )front o?last bolt Iin%p

Yield line

Point of support
behind bolt line

Yield line in gusset

Point of support
in front of bolt line
b) One point of support

i(n )front opf last bolt I[ljnpe

Yield line
in tab plate

Point of support
behind bolt ne. ™

Yield line in gusset

- Nearest point of support
behind bolt line

c) Both points of support
g)e)hind Iapst bolt line PP

Figure 8.12 Yield lines in gusset plate supported on
two edges

For gusset plates supported on two edges, the length
of yield line is limited to 50{guss.
Step 2: Allow for second-order effects

The initial eccentricity, between centrelines of the
plates is increased by kamp to allow for second-order
effects.

The initial eccentricity = 0.5(ftab + fguss).

kamp = 1.05 for gusset plates supported on two
edges, case (a) only.

kamp = 1.2 in all other cases.

Step 3: Calculate the inertia of each plate, and
the lapped portion of the connection

The inertias of the plates and lapped portion of the
connection are calculated, based on the length of
yield line previously calculated. The inertia of the
lapped portion is based on the combined thickness

and the average length of the yield Ilines.
Nomenclature is shown in Figure 8.13 for cases (a)
and (b) and in Figure 8.14 for case (c).

length of yield line
in tab plate =w ¢y,

tab plate thickness =t 4,

total length of yield line
in gusset plate =w gyss

gusset plate thickness =t gyss

Figure 8.13 Nomenclature for gusset plate
calculations — cases (a) and (b)

length of E/ield line
in tab plate =w ,,,

tab plate thickness =t 4,

length of yield line
in gusset plate =w gyss

gusset plate thickness =f gygs

Figure 8.14 Nomenclature for gusset plate
calculations — case (c)

The inertia of each component is given by:
3
_ Wiab Xtiap

| =
tab 12
| = 0.5x (Wtab + Wguss)>< (ttab + tguss)3
2P 12
3
/ _ Wguss X tguss
guss 12

Step 4: Determine moment distribution factors
Notional moments:

1 1

-, and MQUSS :ﬁ
guss + lap

El 2El,,

guss

Mtab = LI
ap

2El,

Ltab
Eltab

Note that in cases (a) and (b) Lquss = 0.
The distribution factors are:

Mguss
M, + M

guss

Mtab

and =
Mtab + M lugUSS

guss

Hiab =

Mtab + Liguss = 1.0
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For plates supported on two edges, and for cases
(a) or (b) (see Figure 8.12), it may conservatively be
assumed that uquss = 1.0 and g = 0.1 for
preliminary design.

Step 5: Calculate connection resistance

The axial resistance of the connection is given by
the minimum of the resistance of the tab and the
gusset plate. The resistance of the tab and gusset is
given by:

W o tian
NRd,tab _ tab’y,tab“tab and
(5 x kamp X O'S(ttab + tguss)x Hiap +tiap )VMO

2
Wguss fy,gusstguss

Nrq =
9uss (5 x kamp x O'S(ttab + tguss)x :uguss + tguss )7MO

mo may be taken as 1.0, based on a reliability
analysis verified with full size physical tests.

Connections with two bolts only

If connections are detailed with two bolts only, the
design rules are modified as follows.

If both ‘points of nearest support’ are ‘behind’ the
line of the bolts, as shown in Figure 8.15, the
expressions given above may still be used; Liap is
taken as zero.

Yield line
Point of support ~ in tab plate

behind bolt line

Yield line in gusset

- Nearest point of support
behind bolt line

Both points of support
behing bolt line PP

Figure 8.15 Two bolt connection — both points of
support ‘behind’ the bolt line.

In the common case where at least one point of
support is ‘in front’ of the bolt line, as shown in
Figure 8.16, the distribution in Step 4 cannot be used;
it may be assumed that zguss = 1.0 and z#an = 0.1.

Bracing connections — Buckling resistance

Yield line
in tab plate

Yield line in
gusset plate

"\-Nearest point of support
in front of bolt line

A point of support in
front of the bolt line

Figure 8.16 Two bolt connection — at least one point
of support ‘in front’ of the bolt line.

Welds

The welds between the tab plate and the end plate
must be full strength, to ensure that the tab plate
yields, not the weld. For gusset plates supported on
one edge only, the welds should be full strength.

For gusset plates supported on two edges, the
welds to the gusset plate must ensure that the
gusset plate yields before the weld. This may be
achieved by providing full strength welds. The FE
studies revealed that the stresses in the plate
diminish rapidly towards the point where the two
weld lines meet, and in this zone a weld size based
on the guidance in Section 8.4 would be appropriate.
Based on inspection of the FE results, it is
recommended that the full strength welding should
extend to a point at least 5fguss past a line from the
“futherst point of support”, perpendicular to the axis
of the bracing member as shown in Figure 8.17.

of support

12
Full strength weld

k3

Furthest point /

Full strength weld

Figure 8.17 Extent of full strength welding — gusset
plates supported on two edges.

Bolts

The resistance of the bolt group should be checked,
in shear and bearing.

263




Bracing connections — Large bracing forces

8.6 LARGE BRACING FORCES

Although the principles described in Section 8.5 can
be applied to connections subject to large forces,
alternative details may be considered. Stiffening
either the gusset plate of the tab plate will increase
the connection resistance considerably.

Reducing the initial eccentricity by detailing a
‘concentric’ connection with symmetric cover plates
(Figure 8.18) is possible, but the ‘sway’ mechanism
is not prevented in the detail shown in Figure 8.18.

The initial eccentricity cannot be entirely eliminated,
as imperfect fit-up must be considered and the initial
imperfection of the bracing member will introduce
eccentricity into the connection as load is applied.

Cover
plates

Figure 8.18 ‘concentric’ connection with cover

plates.

8.7 EFFECTS OF BRACING CONNECTIONS
ON JOINT PERFORMANCE
The general principle for the beam to column

connections described in this publication is that
connections assumed to be pinned in the analysis
should realise that assumption in practice.

In general therefore, end plates are relatively thin, to
try to ensure ductile behaviour. However, if
substantial horizontal forces must be transferred
from the bracing into the column, the end plates will
inevitably be thicker and may need to be extended
above or below the beams. The resulting connection
will then be stiffer than assumed.

In orthodox construction the effect of bracing
connections is often neglected but there will be
instances where the structure should be reanalysed
as a continuous frame.
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9 SPECIAL CONNECTIONS

9.1 INTRODUCTION

Steelwork connections for simple construction,
illustrated in Sections 1 to 8 of this publication, will
generally produce the most economic steel frame. A
departure from these connections will inevitably
result in an increase in overall cost. The increase in
detail drawing, fabrication and erection costs can be
more than 100% if non-standard connections form
the majority of the connections used.

It is therefore good economic practice to ensure that
steelwork can be placed with centrelines on
established grids. The top flanges of beams should,
where possible, be at a constant level, but this is
less critical to cost than eccentric connections.

The need for special connections can often be
avoided by the judicious selection of member sizes.
A minimum weight structure is unlikely to be the
most cost effective.

When designing special connections, it may be
possible to use a modified version of one of the
standardised connections, subject to additional
design checks. Such connections should
incorporate, as far as possible, the components
sizes given in Section 2 and the design principles
adopted in this publication.

Some typical examples of situations where special
connections are required are presented on the
following pages, together with possible
configurations and any special considerations
affecting the design or detailing.

Table 9.1 deals with cases where connecting beams
are at different levels. Table 9.2 considers beams
which connect members not intersecting at 90°.

Table 9.3 and Table 9.4 show connections to hollow
section columns where welding and conventional
bolting are adopted and which provide an alternative
to the use of Flowdrill and Hollo-Bolt connectors.

Table 9.5 takes account of eccentric connections
necessary for off-grid beams.

A case where different size columns are spliced
such that the outer faces are aligned is shown in
Table 9.6. The special requirements for a column
base in a braced bay are covered in Table 9.7.

The design of non-standard connections may require specialist advice. SCI offer a design service that may be

consulted for such connections
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Special connections — Beams at different levels

Table 9.1 Beams at different levels

Requirement

Possible Solution

Special Considerations

(1) Beam to beam (i) If level difference is small ® Reduced local shear and
Difference bending resistance of supported
¥Y__inlevels beam
e Unrestrained top flange
® Reduced number of bolts
Supported
beam .
— partial depth
. nd plat
Supporting end plate
beam
(ii) If level difference is large e Torsion on the supporting beam
e may be a consideration in one-
le>] sided connections.
[ e Expensive to fabricate
—
—m
Fitted plates or [f —
structural tees —m
(2) Beam to beam (i) Increase depth of supporting e Consider ease of connection at
Supporting  Supported member conceptual design stage
beam beam
(ii) Notched supported beam ® Reduced shear and bending
—/ —— resistance of supported beam
e [Lateral torsional buckling of
supported beam if not laterally
restrained
A Difference SE
in levels
(iii) Extended fin plate e Stability of fin plate
— e Torsional and positional restraint

to supported beam
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Special connections — Beams at different levels

Table 9.1 (continued)

Requirement Possible solution Special considerations
(3) Beam to column web (i) Fin plates

Difference €

in levels k Column web

5 |

Supported
| beam {

Supported

beam (ii) Extended end plates Ease of erection

May need to vary pitch to ensure
adequate clearance

® Bearing on column web from
central, heavily loaded bolts

e May need to vary pitch to ensure
™ adequate clearance
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Special connections — Skewed connections

Table 9.2 Skewed connections

Requirement

Possible Solution

Special Considerations

(1) Beam to beam

Supporting beam
hv

4 Supported beam

- r—

(i)

Supported beam depth less
than supporting beam depth

Fin plate

)

Reduced local shear and bending
resistance of supported beam
due to long top notch

Non-standard fin plate may be
required to provide adequate bolt
clearance

(ii) Supported beam depth

greater than supporting beam
depth

End p%

Reduced local shear and bending
resistance of supported beam
due to long top and bottom notch

Non-standard end plate may be
required to provide adequate bolt
clearance

268



Table 9.2 (continued)

Special connections — Skewed connections

Requirement

Possible Solution

Special Considerations

(iii) Beams of same depth

Expensive to fabricate
Clearance for bolts

Torsion of the supporting beam
may be a consideration

(2) Beam to column

Column

Beam

(i)

Bolt group and end plate
designed to resist moment due to
eccentricity

Structural integrity — large bolt
tensions developed

Structural integrity — thick end
plate required

Structural integrity — check
column flange for bending

(ii) Plate across UKC toes

Structural integrity — large
tensions developed in weld

Structural integrity — thick plates
may be required
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Special connections — I-Beam to hollow section column

Table 9.3 I-Beam to hollow section column

Requirement Possible solution

Special considerations

Hollow section (i) Channel Bracket
Column

V7 \\

N———2 Supported

Provides alternative to direct
bolting by Flowdrill or Hollo-Bolt

Bracket transmits load direct to
column side wall welds

Bracket and welds to resist
moment due to eccentricity

beam

:

Tee stiffens column wall and can
be used where a fin plate is
insufficient

Table 9.4 Parallel beams to hollow section column

Requirement Possible solution

Special considerations

T ] (i

Side plates

ﬂ

Bolts and welds to resist shear
and any moment due to out of
balance loading

(ii) Bracket

Bracket transmits loads direct to
column side wall welds

Bracket and welds to resist
moment due to eccentricity
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Special connections — Off-grid connections

Table 9.5 Off-grid connections

Requirement Possible solution Special considerations
(1) Beam to beam (i) Fin plates e Ensure beam connects to correct
— side of fin plate
Supporting
beam
—— ! \
i ( ¥ e
u L. [
1 [
Il
I
| L ——
i —
i
ﬁ}; (ii) End plates e Non-standard bolt spacings and
; i (or non-standard cleats) fittings required
|
il Supported —
Supported I beam li
beam I 1
H‘ 7-" |
| ( )
i i <
1) e — |
1 i
I~ > i "
| “v“
I
/_\‘\_/
(2) Beam to column small offsets (i) End plate e Bolt group and end plate
‘ designed to resist moment due to
| eccentricity
¢ 77777777 e Non standard bolt centres and
- == end plate
Offset
¢ Beam
(ii) Fin plate e Bolt clearances and ease of

installation on site
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Special connections — Off-grid connections

Table 9.5 (continued)

Requirement

Possible Solution

Special Considerations

(3) Beam to column large offsets

Offset

|:J:|
Column

Beam

()

Plate across UKC toes

A -y

e Non-standard fittings

|
——— T —

Column

cks to column flange

Reduced bolt shear capacity due
to packs

See BS EN 1993-1-8 clause
3.6.1(12)

e Design bolt group and end plate

for moment due to eccentricity

f

*

Design bolts to column flanges
and bottom cleat for moment due
to eccentricity

Design bottom cleat to carry the
full vertical load

Check the resistance of the
supported beam web
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Table 9.6 Column splices

Special connections — Column splices

Requirement

Possible solution

Special considerations

There may be occasions when
architectural or other requirements
dictate that one of the column faces
align, making the upper and lower
columns eccentric.

Common

— ¢

(i) Cap and base splice

Cap and base splices are
especially suitable if there is a
large change in sections size
making cover plates
impracticable

Thick plates may be required to
transmit bearing

The splice should provide
continuity of stiffness about both
axes and resist any tension
where bending is present or
where there are any structural
integrity requirements

(ii) Site welded splice

Flush
face

\\/—\\

Site
welds

e
Division
plate

.
~7

//\/

Shop
welds

Site welding can be expensive

Table 9.7 Column bases in braced bays

Requirement

Possible solution

Special considerations

Base in a braced bay

Shear
stub

Grout i
space

Welds to column designed to
resist uplift and horizontal shear

Design base plate for bending

May need to provide shear stub
to resist large horizontal shear
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APPENDIX A STRUCTURAL INTEGRITY

A.1  GENERAL

BS EN 1991-1-71  covers accidental actions,
including the requirements for structural integrity and
the avoidance of disproportionate collapse.

Although this publication only relates to design of
the steelwork, the structural integrity requirements
are intended to ensure robustness of the complete
structure. Other structural elements may also be
used to satisfy the tying force requirements. For
example, with composite floor systems, it is possible
to design and detail the reinforcement, the concrete
slab and the shear connectors to comply with the
requirements of BS EN 1991-1-7.  Integrated
solutions of this type will usually give greater
economy than carrying the tying force through the
steelwork alone.

The structural integrity requirements need to be
satisfied for beam to column connections and for
column splices. Methods to calculate the tying
resistance of connections are given in Sections 4 to
6. It has been assumed that one-sided beam to
beam connections are rarely designed for a tying
force and thus no design methods are presented.
Designers may adapt the beam to column design
methodology for one-sided beam to beam
connections.

The check for tying resistance is entirely separate to
the check for vertical shear resistance — the two
design forces do not occur in the same design
situation and therefore should not be considered at
the same time. It should also be recognised that
when calculating the tying resistance, substantial
permanent deformations are anticipated. The design
checks are therefore generally based on ultimate
strengths and use an appropriate material factor.

In general, the material factor ymu is used when
calculating resistances. Although not given in the
Eurocode, the use of ymu = 1.1 is recommended.

In the present publication, the methodology given in
the Eurocode for the tension resistance of T-stubs
has been adopted for the calculation of the tying
resistance of end plates. This approach generally
results in a higher resistance than that calculated by
the previous modell"®],

The tying resistance of fin plates can be determined
by simple structural analysis; the structural model is
not complex.

The tying resistance of splices with cover plates is
also straightforward.

A.2 PRYING AND TYING FORCES

When calculating tying resistance it is accepted that
the members and their connections will experience
substantial permanent deformations. Several
unusual features follow from taking account of the
large displacements and strains:

a) The gross deformations can reduce the local
eccentricities within the connection.

b) The local strains are so high that account can
be taken of strain hardening, so that the design
strength is based on fu the minimum ultimate
tensile strength, with a suitable material factor
Mu.

c) Bolt resistances are calculated using u, not
2.
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APPENDIX B TYING RESISTANCE OF PARTIAL DEPTH
AND FULL DEPTH END PLATES

B.1 PARTIAL DEPTH END PLATES

The tying resistance of partial depth end plates is
based on a very simple model that assumes the end
plates are in double curvature bending, with yield
lines along the bolt lines and adjacent to the weld.

Three modes of failure are considered:

e Mode 1, where the critical component is the
bending of the end plate (prying is considered)

e Mode 2, where the critical components are the
bolts and the end plate in bending (prying is
considered)

e Mode 3, where the critical components are the
bolts in tension (no prying)

The resistance of each mode is verified generally in
accordance with BS EN 1993-1-8 Table 6.2, but with
fu and ywmy instead of f; and ym2, as noted in
Appendix A.

B.2 FULL DEPTH END PLATES

When the end plate is welded to the flanges, the
simple model used for partial depth end plates
should not be used because of the enhancement
offered by the connection to the flanges. The
welding to the flange produces a complex series of
yield lines in the area adjacent to the flange. To
determine the tying resistance of a full depth end
plate, this publication uses the methods given in

BS EN 1993-1-8 Clause 6.2.4 and Table 6.2 to
calculate the tension resistance of an equivalent T-
stub. An equivalent T-stub has a resistance which
can be readily calculated, and is equal to the
resistance of the real connection component. This
method was originally intended to calculate the
resistance in the tension zone of moment-resisting
connections under normal loading conditions. The
method considers the 3 modes of failure referred to
in Annex B1.

Whilst it is accepted that the method can be
extended to cover the case of structural integrity,
caution is recommended when applying this
calculation outside the scope of this publication.
Initial testing was carried out in 2010 on standard full
depth end plate details, which demonstrated that the
resistance was substantially higher than that
calculated. As more testing is completed, it may be
that an improved model can be developed, including
revised welding requirements.

It is important that the weld to the flange is sufficient
to ensure that yield lines develop in the end plate. At
the time of writing (2011), the distribution of force to
the flange and web welds cannot be determined with
precision and for this reason full strength welds are
specified. Based on tests, it may be possible to
reduce the weld size, or indeed consider an
alternative load path. The current model assumes
that half the tying force is transferred through each
of the flange to end plate welds.
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APPENDIX C WELDS FOR END PLATE AND FIN
PLATE CONNECTIONS

The design checks for end plates and fin plates
provide simple equations to design the welds. The
checks ensure that the welds are not the weakest
part of the connection, so that brittle failure is
avoided. The following sections describe how the
simple equations are obtained and the reasoning
behind the rules.

C.1 BASIC RULES

Symmetric fillet welds are provided on both sides of
the beam web for end plates and on both sides of fin
plates. Equation 4.1 from BS EN 1993-1-8 gives the
directional method for the design of fillet welds as:

I:O'Lz +3(TL2 +T||2 )]0'5 < ﬂwf:/Mz

Welds subject to transverse force

TF

—<

Figure C.1

Fillet weld subject to transverse force

For a weld such as that shown in Figure C.1 each of
the terms in the equation can be expressed as:

Fy2
o, =

4a

Fy2
T, =

4a
T” =0

So that the expression above becomes:

Fﬁ(“_s)os < fu

{———,0r
4a Buw¥m2

Fi2 . f,

2a Bwrm2

And therefore the minimum throat thickness required
can be expressed as:

. FV2 Burwe
2 1

For a fillet weld to be full strength, it must be
capable of carrying the maximum force that the
beam web can carry, and therefore:

F :twfy,b

This leads to the expression of the minimum weld
throat required:

azfy_vbﬂwﬂ/mz t,

J2  f,

When considering tying, the design may be based
on a material factor s, which is taken as 1.1.

C.2 END PLATE WELDS SUBJECT TO SHEAR

The fillet weld is subject to shear. It is also subject to
an (uncalculated) bending moment as the beam
deflects.

A full strength weld will obviously be adequate, but
the weld size will be significantly larger than
previous UK practice, when the weld was designed
only for for the applied vertical shear. ECCS
Technical Committee TC10 Structural Connections
considered that full strength is not always necessary
- the minimum requirement for the weld is that the
end plate should yield before the weld fractures. The
Committee proposed in its draft guide that a factor of
0.8 could be applied when calculating the required
weld size. Although this proposal was not included in
the published guide,?¥it is recommended in the UK.

The rules described above result in the following
weld sizes, which specify the minimum throat as a
proportion of the web thickness.

$275
0.40

S§355
0.48

Normal design

In almost all cases, the tying force will be no more
than the shear force and the weld size for normal
design may be adopted. If the tying force were
larger than the shear force, the weld should be
designed in accordance with the Standard.
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C.3 FIN PLATE WELDS

Full strength welds to a fin plate are required as the
connection experiences shear and possibly
significant bending (uncalculated) in the normal
design condition. Previous UK practice was to make
the welds larger than full strength to allow for the
bending moment — this rule has been relaxed and
full strength welds are specified. The 0.8 factor used
in welds for end plates (Section C.2) is not used for
fin plates as the bending moments are likely to be
more significant.

When considering tying, full strength welds are
provided but the design is based on a material factor
mu, Which is taken as 1.1.

The rules described above result in the following
weld sizes, which specify the minimum throat as a
proportion of the web thickness.

S§275 S$355
Normal design 0.50 0.60
Tying resistance 0.44 0.53
For simplicity, the design rules and standard

connection details in this publication adopt the more
onerous requirement.

C.4 ALTERNATIVE WELD DESIGN

In some cases, where the loads are not significant,
these simple equations might be too conservative. In
such cases, it is possible to design the welds
according to BS EN 1993-1-8, accounting for the
vertical shear and the inevitable coexisting moment
in the connection.
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Thermal drilling of hollow sections — Introduction

APPENDIX D THERMAL DRILLING OF HOLLOW

SECTIONS

D.1 INTRODUCTION

Flowdrilling or Formdrilling is basically a thermal
process which makes a hole through the wall of a
structural hollow section without the removal of
metal normally associated with a drilling process.
The formed hole is then threaded by the use of a roll
thread forming tool, leaving a threaded hole that will
accept a standard fully threaded bolt.

D.2 DRILLING TOOL AND PROCESS

The initial hole is made by the thermal drilling tool
which consists of a tungsten carbide bit held in a
taper collet adaptor (Figure D.1). The tool can be
used in a conventional drilling machine or CNC
machine, as found in a steelwork contractor’s works,
provided that it has adequate power and spindle
speed.

Tool holder
Collet
Flowdrill bit

Figure D.1 Thermal drilling tool

The process is shown in Figure D.2. During the first
stage the tungsten carbide bit is brought into contact
with the hollow section wall where it generates
sufficient heat to soften the steel. The bit is then
advanced through the wall and, in so doing, the
metal is redistributed (or flows) to form an internal
bush. As well as drilling the initial hole, the tool is
fitted with the means of removing any surplus
material which may arise on the outside of the
hollow section.

<

’l
1st stage 2nd stage

Figure D.2 Thermal drilling process

The second and final stage is to tap the formed
bush. This is done by roll threading the bush with a
coldform tap.

D.3 APPLICATION & LIMITATIONS

Flowdrill or Formdrill connections to hollow section
columns can be made using either double angle
cleats (not covered in this publication) or end plates,
as shown in Figure D.3.

e

s

\

-

Figure D.3

End plate connection using Flowdrill

When using Flowdrill or Formdrill connections it
must be noted that:

a) if used at locations exposed to the weather they
should not be considered as watertight unless
special protective measures are taken

b) they are not suitable for use with pre-galvanised
materials.
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D.4 FURTHER INFORMATION

Further information on thermal drilling, including
drilling machine parameters and tool sizes, can be
obtained from the companies given below:

Flowdrill (UK) Limited

Unit 7, Hopewell Business Centre
105 Hopewell Drive

Chatham

Kent ME5 7DX

Tel: 01634 309422
www.flowdrill.com

Formdrill

Robert Speck Ltd
Little Ridge
Whittlebury Road
Silverstone
Northants. NN12 8UD
Tel: 01327 857307
www.robertspeck.com

For detailing requirements and tension resistance of
bolts see Tables G.58, G.59 and G.68 of the yellow
pages.
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Hollo-bolt connections to hollow sections — introduction

APPENDIX E HOLLO-BOLT CONNECTIONS TO HOLLOW

SECTIONS

E.1 INTRODUCTION

The Lindapter Hollo-Bolt is a patented method of
fixing to hollow sections or to steelwork where
access is only available from one side. The
Hollo-Bolt is a pre-assembled three or five part fitting
depending on the size of the Hollo-Bolt as indicated
in Table E.1.

Table E.1 Hollo-Bolt Type
Bolt Size Hollo-bolt type
M8 3 Part
M10 3 Part
M12 3 Part
M16 5 Part
M20 5 Part

The pre-assembled Hollo-Bolt unit is inserted
through normal tolerance holes in both the fixture
and the hollow section. As the bolt is tightened, the
cone is drawn into the body, spreading the legs and
forming a secure fixing. Once installed, only the
Hollo-Bolt head and collar are visible. Figure E.2
and Figure E.3 show the Hollo-Bolt in the installed
condition.

Figure E-1  Pre-assembled Hollo-Bolt unit
The M16 and M20 Hollo-Bolts have a rubber
collapse mechanism under the collar which

maximises the clamping force of the fastener.

Hollo-Bolt connections between universal beams
and hollow section columns can be made using
either double angle cleats (not covered in this
publication) or flexible end plates, as shown in
Figure E.4.

Tt
L

Figure E.2 Installed 3-part Hollo-Bolt (M8, M10

& M12)

Tt
A

Installed 5-part Hollo-Bolt (M16 & M20)

Figure E.3
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Figure E.4 Hollo-Bolts used with end plate
connection

E.2 INSTALLATION

Hollo-Bolt uses a plain drilled hole which can be
made on site or in the fabrication shop using normal
drilling equipment.
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The only tools required to fit Hollo-Bolt are two
spanners — an open ended spanner to hold the
collar and a torque wrench to tighten the central bolt.
Alternatively, a power operated electric hand tool
can be used. The required tightening torques are
given in Table E.2.

Should the steelwork need to be adjusted, the fixing
can simply be removed and the hole reused with
another Hollo-Bolt.

Table E.2  Required tightening torque
Bolt Size Tightef(\'i‘lnrg)torque
M8 21
M10 40
M12 78
M16 190
M20 300

E.3 MATERIAL OPTIONS

The standard product is manufactured from mild
steel and is electro-zinc plated with the addition of
JS500 1000 hour saltspray corrosion protection. The
central fastener is a grade 8.8 bolt.

For special applications, the Hollo-Bolt is available
manufactured from austenitic stainless steel, with a
grade A4-80 central bolt. This will not be a stocked
item and would be manufactured to order.

E.4 SEALING OPTIONS

In certain applications, it may be necessary to seal
the Hollo-Bolt to prevent ingress of water or other
corrosive agents. For details of sealing options
available, please contact Lindapter.

Special Options (manufactured to order)

a) Stainless steel

b) Button head setscrew

c) Countersunk setscrew/body
d) Socket head capscrew

e) Special body length

E.5 FURTHER INFORMATION
Further information on Hollo-Bolt is available from:

Lindapter International
Lindsay House
Brackenbeck Road
Bradford

West Yorkshire
England

BD7 2NF

Telephone: 01274 521 4444
www.lindapter.com

For detailing requirements and resistance tables for
the Hollo-Bolt, see Tables G.60, G.61 and G.69 of the
yellow pages.

Figure E.5 Installation of Hollo-Bolt
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Blind bolt connections to hollow sections — Introduction

APPENDIX F BLIND BOLT CONNECTIONS TO HOLLOW

SECTIONS

F.1 INTRODUCTION

Blind bolts are a patented connection for fixing to
hollow sections or when access is only available
from one side. As illustrated in Figure F.1, the blind
bolt has a weighted toggle which sits within the shaft
of the bolt and which bears against the inside of the
member. The bolt is inserted though the hole in the
items to be connected, and then rotated, which
allows the weighted toggle to drop into position.

Figure F.1  Blind bolt

F.2 INSTALLATION

The installed bolt is shown in Figure F.2, after the
bolt has been rotated to allow the toggle to drop into
position. There is an indicator on the end of the bolt
shank to indicate the orientation of the bolt. The nut
is then tightened whilst holding the bolt shank in the
same orientation.

Shear plane

| Slot |
\ \

Pivot
RN
LLLIRARLRTAN
AR
IATELATIALY
i

A T \\:\\ \\\\\\\\\\\\\\\\\\\\\

Bearing of toggle
on bolt shankg

Pivot bar
|> End plate or cleat

{

Hollow section wall

Installation of a blind bolt in a hollow
section

Figure F.2

The bolts have grooves machined along the length
of the shaft, so that a U-shaped gauge can be
inserted to verify that the toggle is correctly
positioned. Blind bolts can be removed and the
components demounted.

F.3 MATERIAL

Blind bolts are manufactured in property class 10.9
material (yield strength of 900 N/mm?2, ultimate
tensile strength of 1000 N/mm?) and are available in
sizes from M8 to M24. The bolts are available with a
zinc or yellow finish, or in stainless steel.

F.4 BOLT RESISTANCES

The shear and tensile resistances of blind bolts are
affected by the presence of the slot, so normal
resistances cannot be assumed. A series of tests
was undertaken, and design resistances determined
by the Steel Construiction Institute.*¥ covering
shear, tension and combined resistance values.

F.5 FURTHER INFORMATION

Further information on blind bolts can be obtained
from:

Blind Bolt Company Ltd

The Woodhouse

Hopton Wafers

Kidderminster

Worcs

DY14 OEE

Telephone +44 (07766) 003 165

www.blindbolt.co.uk

For resistance tables for
Tables G.62, and G.63.

the Blind Bolt, see
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Partial depth end plates

Table G.1

Explanatory notes — PARTIAL DEPTH END PLATES
Use of Resistance Tables

The check numbers refer to those listed in Table G.3 and described in Section 4.5 Design procedures.

The resistance tables are based on the standard details given in Table G.2.

1 SHEAR RESISTANCE OF THE BEAM

A,f,

\/§7M0 .

A + symbol adjacent to the beam designation indicates that the serial size is additional to those specified in BS 4-1.

2 SHEAR RESISTANCE OF THE CONNECTION

This is the critical value of the design checks for the ‘supported beam side’ of the connection, i.e. the minimum
resistance from Checks 2, 4, 5 (if applicable) 8 and 9.

The value given in { } below each beam designation is the shear resistance of the beam, given by

For connections with Ordinary or Flowdrill bolts, connection shear resistances are given for un-notched, single
notched and double notched beams.

For connections with Hollo-Bolts, connection shear resistances are tabulated for un-notched beams only, as
Hollo-Bolts are generally only used with un-notched beams.

3 CRITICAL DESIGN CHECK

The check which gives the critical value of shear resistance. See Table G.3 for the description of the checks.

4 NOTCH LIMIT

These are maximum lengths of notches for single and double notched beams that can be accommodated if the
beam is to carry the tabulated corresponding shear resistance of the connection. The notch length is
measured from the end of the beam. The calculated resistances allow for the thickness of the end plate.

It is assumed that the beam is fully restrained against lateral torsional buckling, and the limiting notch lengths
are derived from Check 5.

To provide a simple check for double notched beams, it has been assumed that the remaining web depth is
the same as the end plate length.

5 MINIMUM SUPPORT THICKNESS

This is the minimum thickness of supporting column or beam element that is needed to carry the given shear
resistance (un-notched or single notched) of the connection. It is derived from Check 10 and e; has
conservatively been taken as 90 mm.

For a symmetrical two sided connection, the minimum support thickness would be twice the tabulated value.

If the applied shear force is less than the quoted resistance, the minimum support thickness reduces
proportionally.

6 TYING RESISTANCE

This is the critical value of the design checks for the ‘supported beam’ side of the connection, i.e. the minimum
resistance from Checks 11, 12, and 13. The calculations assume that no washer is present and d,, is taken as
the width across points of the bolt head.

Separate checks will have to be carried out on the supporting members (see Checks 14 and 15).




Partial depth end plates

Table G.2

PARTIAL DEPTH END PLATES
Standard details used in Resistance Tables

Partial depth end plates
bp .

v

I

\ Top of beam to
\—$ first row of bolts
=90 mm

4‘7 e

nqrows of

ey bolts at
\% < vertical

—‘* pItCh P1

s mm fillet weld

T r1:
3

S

= &= =S &= =

~ /
M20 8.8 bolts (—)‘”
or

M20 Flowdrill
or
M20 Hollo-Bolt

N

=

p, = 70 mm
Ordinaryand | p; =90 mm for beams <457 x 191 UB
Flowdrill bolts 1 p, = 140 mm for beams > 457 x 191 UB
e, =40 mm;e, =30 mm

p, = 80 mm

P; =90 mm for beams <457 x 191 UB
P; =110 mm for beams > 457 x 191 UB
e, =45mm;e, =45mm

Hollo-Bolts




Partial depth end plates

Table G.3
PARTIAL DEPTH END PLATES
Design Check List
Check Description
Number P
2 Welds
s o 4 Web in shear
23
=0
o
w g &
2 a8
,‘E 5 Resistance at a notch
2
(7]
w
14
n<: 8 Bolt
m olt group
I
7]
o3 9 End plate
=
t o
oo
2 .9
55
» g 10 Shear and bearing
11 Plate and bolts
w
[S)
=z
s
(2
m 12 Supported beam web
14
O
=
>
-
13 Welds
Note: This table only lists the critical checks.

For a full list of design checks and further information, see Section 4.5.




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.4 BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness

Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height]| Gauge| Leg | S275 | S355 | Resist| Crit

{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrgu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN

1016x305x487+ | 11 | 1660 8 1660 | 993 | 1660 | 563 | 200 12 780 140 18 5.7 49 | 1260 11

{4930 kN} 10 | 1510 8 1510 | 1090 | 1510 | 621 | 200 12 710 140 18 5.7 49 | 1150 11

9 1350 8 1350 | 1220 | 1350 | 691 | 200 12 640 140 18 5.7 4.9 | 1040 11

8 1200 8 1200 | 1370 | 1200 | 779 | 200 12 570 140 18 5.7 4.9 922 11

1016x305x437+ | 11 | 1660 8 1660 | 887 | 1660 | 503 | 200 12 780 140 18 5.7 49 | 1160 11

{4420 kN} 10 | 1510 8 1510 | 976 | 1510 | 558 | 200 12 710 140 18 5.7 49 | 1060 11

9 1350 8 1350 | 1090 | 1350 | 621 | 200 12 640 140 18 5.7 4.9 952 11

8 1200 8 1200 | 1220 | 1200 | 700 | 200 12 570 140 18 5.7 4.9 848 11

1016x305x393+ | 11 | 1660 8 1660 | 798 | 1660 | 444 | 200 12 780 140 15 5.7 49 | 1080 11

{3990 kN} 10 | 1510 8 1510 | 879 | 1510 | 504 | 200 12 710 140 15 5.7 4.9 984 11

9 1350 8 1350 | 977 | 1350 | 565 | 200 12 640 140 15 5.7 4.9 887 11

8 1200 8 1200 | 1100 | 1200 | 637 | 200 12 570 140 15 5.7 4.9 790 11

1016x305x349+ | 11 | 1660 8 1660 | 718 | 1660 | 371 | 200 12 780 140 12 5.7 49 | 1000 11

{3610 kN} 10 | 1510 8 1510 | 792 | 1510 | 437 | 200 12 710 140 12 5.7 4.9 913 11

9 1350 8 1350 | 881 | 1350 | 504 | 200 12 640 140 12 5.7 4.9 823 11

8 1200 8 1200 | 993 | 1200 | 571 | 200 12 570 140 12 5.7 4.9 733 11

1016x305x314+ | 11 | 1660 8 1660 | 632 | 1660 | 294 | 200 12 780 140 12 5.7 4.9 981 11

{3260 kN} 10 | 1510 8 1510 | 709 | 1510 | 367 | 200 12 710 140 12 5.7 4.9 893 11

9 1350 8 1350 | 791 | 1350 | 441 | 200 12 640 140 12 5.7 4.9 805 11

8 1200 8 1200 | 891 | 1200 | 514 | 200 12 570 140 12 5.7 4.9 77 11

1016x305x272+ | 11 | 1660 8 1660 | 492 | 1660 | 162 | 200 12 780 140 10 5.7 4.9 923 11

{2830 kN} 10 | 1510 8 1510 | 581 | 1510 | 247 | 200 12 710 140 10 5.7 4.9 840 11

9 1350 8 1350 | 670 | 1350 | 332 | 200 12 640 140 10 5.7 4.9 757 11

8 1200 8 1200 | 761 | 1200 | 417 | 200 12 570 140 10 5.7 49 675 11

1016x305x249+ | 11 | 1660 8 1660 | 471 | 1660 | 167 | 200 12 780 140 10 5.7 4.9 923 11

{2770 kN} 10 | 1510 8 1510 | 560 | 1510 | 252 | 200 12 710 140 10 5.7 4.9 840 11

9 1350 8 1350 | 648 | 1350 | 337 | 200 12 640 140 10 5.7 49 757 11

8 1200 8 1200 | 737 | 1200 | 422 | 200 12 570 140 10 5.7 4.9 675 11

1016x305x222+ | 11 | 1660 8 1660 | 418 | 1660 | 135 | 200 12 780 140 10 5.7 4.9 918 11

{2640 kN} 10 | 1510 8 1510 | 508 | 1510 | 223 | 200 12 710 140 10 5.7 49 836 11

9 1350 8 1350 | 598 | 1350 | 311 | 200 12 640 140 10 5.7 4.9 754 11

8 1200 8 1200 | 687 | 1200 | 398 | 200 12 570 140 10 5.7 49 671 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.4 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height]| Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrgu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN
914x419x388 11 | 1660 8 1660 | 631 | 1660 | 290 | 200 12 780 140 15 5.7 4.9 | 1040 11
{3240 kN} 10 | 1510 8 1510 | 708 | 1510 | 355 | 200 12 710 140 15 5.7 4.9 950 11
9 1350 8 1350 | 788 | 1350 | 421 | 200 12 640 140 15 5.7 4.9 856 11
8 1200 8 1200 | 888 | 1200 | 486 | 200 12 570 140 15 5.7 4.9 763 11
914x419x343 11 | 1660 8 1660 | 537 | 1660 | 214 | 200 12 780 140 12 5.7 4.9 984 11
{2920 kN} 10 | 1510 8 1510 | 620 | 1510 | 286 | 200 12 710 140 12 5.7 4.9 896 11
9 1350 8 1350 | 704 | 1350 | 358 | 200 12 640 140 12 5.7 4.9 808 11
8 1200 8 1200 | 794 | 1200 | 431 | 200 12 570 140 12 5.7 4.9 719 11
914x305x289 11 | 1660 8 1660 | 542 | 1660 | 252 | 200 12 780 140 12 5.7 4.9 985 11
{2900 kN} 10 | 1510 8 1510 | 623 | 1510 | 324 | 200 12 710 140 12 5.7 4.9 897 11
9 1350 8 1350 | 705 | 1350 | 396 | 200 12 640 140 12 5.7 4.9 809 11
8 1200 8 1200 | 795 | 1200 | 468 | 200 12 570 140 12 5.7 4.9 720 11
914x305x253 11 | 1660 8 1660 | 420 | 1660 | 146 | 200 12 780 140 10 5.7 4.9 931 11
{2570 kN} 10 | 1510 8 1510 | 511 | 1510 | 227 | 200 12 710 140 10 5.7 49 847 11
9 1350 8 1350 | 603 | 1350 | 308 | 200 12 640 140 10 5.7 4.9 764 11
8 1200 8 1200 | 694 | 1200 | 389 | 200 12 570 140 10 5.7 49 680 11
914x305x224 11 | 1660 8 1660 | 317 | 1580 | 100 | 200 12 780 140 10 5.7 49 917 11
{2350 kN} 10 | 1510 8 1510 | 415 | 1510 | 146 | 200 12 710 140 10 5.7 4.9 835 11
9 1350 8 1350 | 514 | 1350 | 234 | 200 12 640 140 10 5.7 49 753 11
8 1200 8 1200 | 612 | 1200 | 322 | 200 12 570 140 10 5.7 4.9 670 11
914x305x201 11 | 1620 4 1620 | 266 | 1490 | 100 | 200 12 780 140 10 5.5 4.8 910 11
{2210 kN} 10 | 1480 4 1480 | 365 | 1480 | 107 | 200 12 710 140 10 5.6 48 828 11
9 1330 4 1330 | 464 | 1330 | 197 | 200 12 640 140 10 5.6 4.9 747 11
8 1190 4 1190 | 563 | 1190 | 287 | 200 12 570 140 10 5.6 49 665 11
838x292x226 10 | 1510 8 1510 | 336 | 1470 | 100 | 200 12 710 140 10 5.7 4.9 837 11
{2220 kN} 9 1350 8 1350 | 435 | 1350 | 167 | 200 12 640 140 10 5.7 4.9 754 11
8 1200 8 1200 | 534 | 1200 | 254 | 200 12 570 140 10 5.7 49 672 11
838x292x194 10 | 1440 4 1440 | 270 | 1320 | 100 | 200 12 710 140 10 5.4 47 825 11
{2000 kN} 9 1300 4 1300 | 371 | 1300 | 117 | 200 12 640 140 10 5.4 4.7 744 11
8 1150 4 1150 | 472 | 1150 | 207 | 200 12 570 140 10 5.4 47 662 11
838x292x176 10 | 1370 4 1370 | 257 | 1250 | 100 | 200 12 710 140 8 5.1 45 794 11
{1890 kN} 9 1230 4 1230 | 357 | 1230 | 110 | 200 12 640 140 8 5.2 45 716 11
8 1100 4 1100 | 456 | 1100 | 200 | 200 12 570 140 8 5.2 45 637 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.4 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height]| Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I by t, hg P3 S Nrgu
kN kN mm kN mm | mm [ mm mm mm | mm | mm mm kN
762x267x197 9 1350 8 1350 | 270 | 1250 | 100 | 200 12 640 140 10 5.7 4.9 751 11
{1950 kN} 8 1200 8 1200 | 372 | 1200 | 128 | 200 12 570 140 10 5.7 4.9 668 11
7 1050 8 1050 | 474 | 1050 | 218 | 200 12 500 140 10 5.7 4.9 586 11
762x267x173 9 1260 4 1260 | 242 | 1130 | 100 | 200 12 640 140 10 53 4.6 741 11
{1760 kN} 8 1120 4 1120 | 343 | 1120 | 106 | 200 12 570 140 10 5.3 4.6 660 11
7 985 4 985 | 444 | 985 | 196 | 200 12 500 140 10 5.3 4.6 579 11
762x267x147 9 1130 4 1130 | 227 | 999 | 100 | 200 12 640 140 8 47 4.1 708 11
{1560 kN} 8 1000 4 1000 | 327 | 999 | 100 | 200 12 570 140 8 4.7 41 630 11
7 881 4 881 426 | 881 186 | 200 12 500 140 8 47 41 553 11
762x267x134 9 1100 4 1100 | 219 | 965 | 100 | 200 12 640 140 8 46 4.0 702 11
{1520 kN} 8 977 4 977 | 318 | 965 | 100 | 200 12 570 140 8 4.6 4.0 625 11
7 857 4 857 | 417 | 857 | 180 | 200 12 500 140 8 4.6 4.0 549 11
686x254x170 8 1140 4 1140 | 233 | 1010 | 100 | 200 12 570 140 10 5.4 47 661 11
{1630 kN} 7 998 4 998 | 335 | 998 | 107 | 200 12 500 140 10 54 4.7 580 11
859 4 859 | 438 | 859 | 197 | 200 12 430 140 10 5.4 47 499 11
686x254x152 8 1040 4 1040 | 225 | 910 | 100 | 200 12 570 140 8 4.9 4.2 633 11
{1470 kN} 7 909 4 909 | 327 | 909 | 100 | 200 12 500 140 8 4.9 43 555 11
782 4 782 | 430 | 782 | 190 | 200 12 430 140 8 4.9 43 477 11
686x254x140 8 973 4 973 | 218 | 848 | 100 | 200 12 570 140 8 4.6 4.0 628 11
{1370 kN} 7 854 4 854 | 320 | 848 | 100 | 200 12 500 140 8 4.6 4.0 551 11
734 4 734 | 422 | 734 | 185 | 200 12 430 140 8 4.6 4.0 474 11
686x254x125 8 918 4 918 | 206 | 791 100 | 200 12 570 140 8 4.3 3.8 624 11
{1280 kN} 7 806 4 806 | 307 | 791 100 | 200 12 500 140 8 4.3 3.8 547 11
693 4 693 | 407 | 693 | 178 | 200 12 430 140 8 4.3 3.8 470 11
610x305x238 7 1050 8 1050 | 377 | 1050 | 142 | 200 12 500 140 12 5.7 49 624 11
{1890 kN} 6 903 8 903 | 467 | 903 | 218 | 200 12 430 140 12 5.7 4.9 537 11
610x305x179 7 971 4 971 229 | 841 100 | 200 12 500 140 8 52 4.6 560 11
{1440 kN} 6 835 4 835 | 335 | 835 | 104 | 200 12 430 140 8 5.2 46 481 11
610x305x149 7 812 4 812 | 221 691 100 | 200 12 500 140 8 4.4 3.8 548 11
{1200 kN} 6 699 4 699 | 325 | 691 100 | 200 12 430 140 8 4.4 3.8 471 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.4 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet| Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height]| Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I by t, hg P3 S Nrgu
kN kN mm kN mm | mm [ mm mm mm | mm | mm mm kN
610x229x140 7 902 4 902 | 208 | 776 | 100 | 200 12 500 140 8 4.8 4.2 554 11
{1300 kN} 6 776 4 776 | 312 | 776 | 100 | 200 12 430 140 8 4.9 4.2 477 11
610x229x125 7 819 4 819 | 201 697 | 100 | 200 12 500 140 8 4.4 3.8 548 11
{1170 kN} 6 705 4 705 | 305 | 697 | 100 | 200 12 430 140 8 4.4 3.9 471 11
610x229x113 7 764 4 764 | 193 | 643 | 100 | 200 12 500 140 8 4.1 3.6 544 11
{1090 kN} 6 657 4 657 | 296 | 643 | 100 | 200 12 430 140 8 4.1 3.6 468 11
610x229x101 7 750 4 750 | 182 | 624 | 100 | 200 12 500 140 6 4.0 3.5 525 11
{1060 kN} 6 645 4 645 | 284 | 624 | 100 | 200 12 430 140 6 4.0 35 452 11
610x178x100+ 7 778 4 778 | 183 | 654 | 100 | 200 12 500 140 8 4.2 3.6 545 11
{1110 kN} 6 669 4 669 | 281 654 | 100 | 200 12 430 140 8 4.2 3.7 469 11
610x178x92+ 7 779 4 779 | 173 | 648 | 100 | 200 12 500 140 8 4.2 3.7 543 11
{1090 kN} 6 670 4 670 | 270 | 648 | 100 | 200 12 430 140 8 4.2 3.7 467 11
610x178x82+ 7 714 4 714 | 165 | N/A | 100 | 200 12 500 140 6 3.8 3.3 523 11
{1000 kN} 6 614 4 614 | 261 588 [ 100 | 200 12 430 140 6 3.9 34 450 11
533x312x272+ 6 903 8 903 | 438 | 903 | 202 | 200 12 430 140 12 5.7 4.9 553 11
{1910 kN} 5 753 8 753 | 529 | 753 | 268 | 200 12 360 140 12 5.7 4.9 463 11
533x312x219+ 6 903 8 903 | 334 | 903 | 119 | 200 12 430 140 12 5.7 49 536 11
{1630 kN} 5 753 8 753 | 428 | 753 | 196 | 200 12 360 140 12 57 4.9 449 11
533x312x182+ 6 900 4 900 | 209 | 762 | 100 | 200 12 430 140 10 5.6 4.9 502 11
{1340 kN} 5 753 8 753 | 320 | 753 | 106 | 200 12 360 140 10 5.7 4.9 420 11
533x312x150+ 6 752 4 752 | 199 | 623 | 100 | 200 12 430 140 8 4.7 4.1 475 11
{1120 kN} 5 630 4 630 | 309 | 623 | 100 | 200 12 360 140 8 4.7 4.1 398 11

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.4 Continued

Partial depth end plates

BEAM: S275
END PLATES: S275
BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height]| Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrgu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN
533x210x138+ 6 870 4 870 | 194 | 733 | 100 | 200 12 430 140 10 5.5 4.8 500 11
{1290 kN} 5 729 4 729 | 298 | 729 | 102 | 200 12 360 140 10 5.5 4.8 418 11
533x210x122 6 752 4 752 | 191 625 | 100 | 200 12 430 140 8 4.7 4.1 475 11
{1110 kN} 5 630 4 630 | 295 | 625 | 100 | 200 12 360 140 8 4.7 41 398 11
533x210x109 6 687 4 687 | 184 | 563 | 100 | 200 12 430 140 8 4.3 3.8 470 11
{1020 kN} 5 575 4 575 | 287 | 563 | 100 | 200 12 360 140 8 4.3 3.8 394 11
533x210x101 6 639 4 639 | 180 | 520 | 100 | 200 12 430 140 8 4.0 35 466 11
{952 kN} 5 535 4 535 | 283 | 520 | 100 | 200 12 360 140 8 4.0 3.5 391 11
533x210x92 6 621 4 621 174 | 500 | 100 | 200 12 430 140 6 3.9 34 450 11
{909 kN} 5 520 4 520 | 276 | 500 | 100 | 200 12 360 140 6 3.9 34 377 11
533x210x82 6 590 4 590 | 163 | N/A | 100 | 200 12 430 140 6 3.7 3.2 448 11
{865 kN} 5 494 4 494 | 264 | 468 | 100 | 200 12 360 140 6 3.7 3.2 375 11
533x165x85+ 6 610 4 610 | 171 | 494 | 100 | 150 10 430 90 6 3.8 3.3 572 11
{902 kN} 5 511 4 511 270 | 494 | 100 | 150 10 360 90 6 3.8 34 479 11
533x165x74+ 6 596 4 596 | 160 | N/A | 100 | 150 10 430 90 6 3.7 3.3 566 11
{871 kN} 5 499 4 499 | 258 | 477 | 100 | 150 10 360 90 6 3.8 3.3 474 11
533x165x66+ 6 547 4 547 | 152 | N/A | 100 | 150 10 430 90 6 34 3.0 559 11
{793 kN} 5 458 4 458 | 248 | 432 | 100 | 150 10 360 90 6 34 3.0 468 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.4 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height]| Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrgu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN
457x191x161+ 5 753 8 753 | 285 | 753 | 103 | 150 10 360 90 12 5.7 4.9 670 11
{1390 kN} 4 602 8 602 | 378 | 602 | 181 | 150 10 290 90 12 5.7 4.9 540 11
457x191x133+ 5 753 8 753 | 187 | 622 | 100 | 150 10 360 90 10 5.7 4.9 590 11
{1160 kN} 4 602 8 602 | 295 | 602 | 112 | 150 10 290 90 10 5.7 4.9 475 11
457x191x106+ 5 625 4 625 | 166 | 492 | 100 | 150 10 360 90 8 4.7 41 526 11
{947 kN} 4 503 4 503 | 272 | 492 | 100 | 150 10 290 90 8 4.7 41 424 11
457x191x98 5 565 4 565 | 166 | 442 | 100 | 150 10 360 90 8 4.3 3.7 515 11
{852 kN} 4 455 4 455 | 272 | 442 | 100 | 150 10 290 90 8 4.3 3.7 415 11
457x191x89 5 520 4 520 | 161 402 | 100 | 150 10 360 90 6 3.9 3.4 480 11
{789 kN} 4 419 4 419 | 266 | 402 | 100 | 150 10 290 90 6 3.9 3.4 387 11
457x191x82 5 509 4 509 | 155 | 388 | 100 | 150 10 360 90 6 3.8 3.3 476 11
{756 kN} 4 410 4 410 | 260 | 388 | 100 | 150 10 290 90 6 3.9 34 383 11
457x191x74 5 463 4 463 | 151 N/A | 100 | 150 10 360 90 6 3.5 3.0 469 11
{693 kN} 4 373 4 373 | 256 | 349 | 100 | 150 10 290 90 6 3.5 3.1 377 11
457x191x67 5 437 4 437 | 144 | N/A | 100 | 150 10 360 90 6 3.3 2.9 465 11
{650 kN} 4 352 4 352 | 248 | 326 | 100 | 150 10 290 90 6 3.3 2.9 374 11
457x152x82 5 520 4 520 | 161 405 | 100 | 150 10 360 90 6 3.9 3.4 480 11
{798 kN} 4 419 4 419 | 263 | 405 | 100 | 150 10 290 90 6 3.9 34 387 11
457x152x74 5 476 4 476 | 156 | 366 | 100 | 150 10 360 90 6 3.6 3.1 473 11
{721 kN} 4 383 4 383 | 258 | 366 | 100 | 150 10 290 90 6 3.6 3.1 381 11
457x152x67 5 463 4 463 | 148 | N/A | 100 | 150 10 360 90 6 3.5 3.0 469 11
{697 kN} 4 373 4 373 | 250 | 351 100 | 150 10 290 90 6 3.5 3.1 377 11
457x152x60 5 417 4 417 | 144 | N/A | 100 | 150 10 360 90 6 3.1 2.7 462 11
{624 kN} 4 336 4 336 | 245 | 312 | 100 | 150 10 290 90 6 3.2 2.8 372 11
457x152x52 5 391 4 391 134 | N/A | 100 | 150 10 360 90 6 29 2.6 458 11
{578 kN} 4 315 4 315 | 233 | 287 | 100 | 150 10 290 90 6 3.0 2.6 369 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.4 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height]| Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I by t, hg P3 S Nrgu
kN kN mm kN mm | mm [ mm mm mm mm | mm mm kN

406x178x85+ 4 435 4 435 187 | 348 100 | 150 10 290 90 8 4.1 3.6 411 11
{742 kN}

406x178x74 4 394 4 394 182 | 309 100 | 150 10 290 90 6 3.7 3.2 381 11
{664 kN}

406x178x67 4 365 4 365 177 | 282 100 | 150 10 290 90 6 3.4 3.0 376 11
{612 kN}

406x178x60 4 327 4 327 173 | 250 100 | 150 10 290 90 6 3.1 2.7 371 11
{549 kN}

406x178x54 4 319 4 319 163 | 239 100 | 150 10 290 90 6 3.0 2.6 370 11
{529 kN}

406x140x53+ 4 327 4 327 168 | 278 100 | 150 10 290 90 6 3.1 2.7 371 11
{529 kN}

406x140x46 4 282 4 282 164 | 236 100 | 150 10 290 90 6 2.6 2.3 365 11
{473 kN}

406x140x39 4 265 4 265 151 217 100 | 150 10 290 90 6 2.5 2.2 362 11
{438 kN}

356x171x67 3 286 4 286 | 206 | 264 100 | 150 10 220 90 6 3.6 3.1 287 11
{568 kN}

356x171x57 3 255 4 255 196 | 229 100 | 150 10 220 90 6 3.2 2.8 282 11
{501 kN}

356x171x51 3 233 4 233 191 206 100 | 150 10 220 90 6 29 2.5 279 11
{455 kN}

356x171x45 3 220 4 220 183 191 100 | 150 10 220 90 6 2.8 2.4 277 11
{425 kN}

356x127x39 3 207 4 207 182 182 100 | 150 10 220 90 6 2.6 2.3 276 11
{408 kN}

356x127x33 3 189 4 189 172 162 100 | 150 10 220 90 6 2.4 2.1 273 11
{366 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.4 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height]| Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrgu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN

305x165x54 3 248 4 248 | 116 | 169 | 100 | 150 10 220 90 6 3.1 2.7 281 11
{422 kN}

305x165x46 3 211 4 211 113 | 140 | 100 | 150 10 220 90 6 2.6 2.3 276 11
{357 kN}

305x165x40 3 189 4 189 | 108 | 123 | 100 | 150 10 220 90 6 24 21 273 11
{319 kN}

305x127x48 3 283 4 283 | 109 | 194 | 100 | 150 10 220 90 6 3.5 3.1 286 11
{474 kN}

305x127x42 3 251 4 251 103 | 168 | 100 | 150 10 220 90 6 3.2 2.8 282 11
{420 kN}

305x127x37 3 223 4 223 | 100 | 146 | 100 | 150 10 220 90 6 2.8 2.4 278 11
{372 kN}

305x102x33 3 207 4 207 | 110 | 144 | 100 | 150 10 220 90 6 2.6 2.3 276 11
{350 kN}

305x102x28 3 189 4 189 | 102 | 127 | 100 | 150 10 220 90 6 24 21 273 11
{315 kN}

305x102x25 3 182 4 179 | 100 | 120 | 100 | 150 10 220 90 6 23 2.0 272 11
{299 kN}

254x146x43 2 154 4 154 | 134 | 102 | 100 | 150 10 150 90 6 29 2.5 190 11
{321 kN}

254x146x37 2 135 4 135 | 129 86 100 | 150 10 150 90 6 2.5 2.2 187 11
{280 kN}

254x146x31 2 129 4 129 | 119 78 100 | 150 10 150 90 6 24 21 186 11
{260 kN}

254x102x28 2 135 4 135 | 127 90 100 | 150 10 150 90 6 2.5 2.2 187 11
{283 kN}

254x102x25 2 129 4 129 | 121 83 100 | 150 10 150 90 6 24 21 186 11
{265 kN}

254x102x22 2 122 4 122 | 113 76 100 | 150 10 150 90 6 23 2.0 185 11
{248 kN}

For guidance on the use of tables see Explanatory notes in Table G.1
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Partial depth end plates

BEAM: S355
END PLATES: S275
Table G.5 BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height] Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrdu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN
1016x305x487+ | 11 | 1660 8 1660 | 1310 | 1660 | 744 | 200 12 780 140 22 5.7 49 | 1390 11
{6480 kN} 10 | 1510 8 1510 | 1440 | 1510 | 819 | 200 12 710 140 22 5.7 49 | 1260 11
9 1350 8 1350 | 1600 | 1350 | 912 | 200 12 640 140 22 5.7 49 | 1140 11
8 1200 8 1200 | 1800 | 1200 | 1030 | 200 12 570 140 22 5.7 49 | 1010 11
1016x305x437+ | 11 | 1660 8 1660 | 1170 | 1660 | 668 | 200 12 780 140 20 5.7 49 | 1260 11
{5810 kN} 10 | 1510 8 1510 | 1290 | 1510 | 736 | 200 12 710 140 20 5.7 49 | 1150 11
9 1350 8 1350 | 1430 | 1350 | 820 | 200 12 640 140 20 5.7 49 | 1040 11
8 1200 8 1200 | 1610 | 1200 | 924 | 200 12 570 140 20 5.7 4.9 924 11
1016x305x393+ | 11 | 1660 8 1660 | 1050 | 1660 | 608 | 200 12 780 140 18 5.7 49 | 1170 11
{5240 kN} 10 | 1510 8 1510 | 1160 | 1510 | 670 | 200 12 710 140 18 5.7 49 | 1070 11
9 1350 8 1350 | 1290 | 1350 | 745 | 200 12 640 140 18 5.7 4.9 960 11
8 1200 8 1200 | 1450 | 1200 | 840 | 200 12 570 140 18 5.7 4.9 855 11
1016x305x349+ | 11 | 1660 8 1660 | 939 | 1660 | 540 | 200 12 780 140 15 5.7 49 | 1080 11
{4700 kN} 10 | 1510 8 1510 | 1030 | 1510 | 595 | 200 12 710 140 15 5.7 4.9 983 11
9 1350 8 1350 | 1150 | 1350 | 663 | 200 12 640 140 15 5.7 4.9 886 11
8 1200 8 1200 | 1300 | 1200 | 747 | 200 12 570 140 15 5.7 4.9 789 11
1016x305x314+ | 11 | 1660 8 1660 | 843 | 1660 | 481 | 200 12 780 140 15 5.7 49 | 1020 11
{4240 kN} 10 | 1510 8 1510 | 929 | 1510 | 537 | 200 12 710 140 15 5.7 4.9 925 11
9 1350 8 1350 | 1030 | 1350 | 599 | 200 12 640 140 15 5.7 4.9 834 11
8 1200 8 1200 | 1160 | 1200 | 675 | 200 12 570 140 15 5.7 4.9 743 11
1016x305x272+ | 11 | 1660 8 1660 | 720 | 1660 | 378 | 200 12 780 140 12 5.7 4.9 954 11
{3680 kN} 10 | 1510 8 1510 | 793 | 1510 | 444 | 200 12 710 140 12 5.7 4.9 869 11
9 1350 8 1350 | 883 | 1350 | 509 | 200 12 640 140 12 5.7 4.9 783 11
8 1200 8 1200 | 994 | 1200 | 576 | 200 12 570 140 12 5.7 49 697 11
1016x305x249+ | 11 | 1660 8 1660 | 697 | 1660 | 384 | 200 12 780 140 12 5.7 4.9 954 11
{3600 kN} 10 | 1510 8 1510 | 768 | 1510 | 449 | 200 12 710 140 12 5.7 4.9 869 11
9 1350 8 1350 | 855 | 1350 | 514 | 200 12 640 140 12 5.7 49 783 11
8 1200 8 1200 | 964 | 1200 | 582 | 200 12 570 140 12 5.7 4.9 697 11
1016x305x222+ | 11 | 1660 8 1660 | 647 | 1660 | 359 | 200 12 780 140 12 5.7 4.9 949 11
{3430 kN} 10 | 1510 8 1510 | 716 | 1510 | 426 | 200 12 710 140 12 5.7 49 864 11
9 1350 8 1350 | 797 | 1350 | 493 | 200 12 640 140 12 5.7 4.9 779 11
8 1200 8 1200 | 899 | 1200 | 561 | 200 12 570 140 12 5.7 49 694 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

Table G.5

BEAM: S355
END PLATES: S275
Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height] Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrdu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN
914x419x388 11 | 1660 8 1660 | 840 | 1660 | 457 | 200 12 780 140 15 5.7 49 | 1080 11
{4220 kN} 10 | 1510 8 1510 | 926 | 1510 | 507 | 200 12 710 140 15 5.7 4.9 986 11
9 1350 8 1350 | 1030 | 1350 | 565 | 200 12 640 140 15 5.7 4.9 889 11
8 1200 8 1200 | 1160 | 1200 | 637 | 200 12 570 140 15 5.7 4.9 792 11
914x419x343 11 | 1660 8 1660 | 751 | 1660 | 398 | 200 12 780 140 15 5.7 49 | 1020 11
{3800 kN} 10 | 1510 8 1510 | 827 | 1510 | 454 | 200 12 710 140 15 5.7 4.9 928 11
9 1350 8 1350 | 921 | 1350 | 509 | 200 12 640 140 15 5.7 4.9 837 11
8 1200 8 1200 | 1040 | 1200 | 575 | 200 12 570 140 15 5.7 4.9 745 11
914x305x289 11 | 1660 8 1660 | 752 | 1660 | 436 | 200 12 780 140 15 5.7 49 | 1020 11
{3780 kN} 10 | 1510 8 1510 | 828 | 1510 | 491 | 200 12 710 140 15 5.7 4.9 929 11
9 1350 8 1350 | 921 | 1350 | 548 | 200 12 640 140 15 5.7 4.9 838 11
8 1200 8 1200 | 1040 | 1200 | 618 | 200 12 570 140 15 5.7 4.9 746 11
914x305x253 11 | 1660 8 1660 | 653 | 1660 | 353 | 200 12 780 140 12 5.7 4.9 962 11
{3350 kN} 10 | 1510 8 1510 | 724 | 1510 | 415 | 200 12 710 140 12 5.7 49 876 11
9 1350 8 1350 | 805 | 1350 | 478 | 200 12 640 140 12 5.7 4.9 790 11
8 1200 8 1200 | 908 | 1200 | 541 | 200 12 570 140 12 5.7 49 703 11
914x305x224 11 | 1660 8 1660 | 568 | 1660 | 282 | 200 12 780 140 12 5.7 49 948 11
{3060 kN} 10 | 1510 8 1510 | 644 | 1510 | 350 | 200 12 710 140 12 5.7 4.9 863 11
9 1350 8 1350 | 720 | 1350 | 418 | 200 12 640 140 12 5.7 49 778 11
8 1200 8 1200 | 812 | 1200 | 486 | 200 12 570 140 12 5.7 4.9 693 11
914x305x201 11 | 1660 8 1660 | 504 | 1660 | 233 | 200 12 780 140 12 5.7 4.9 940 11
{2870 kN} 10 | 1510 8 1510 | 582 | 1510 | 305 | 200 12 710 140 12 5.7 4.9 856 11
9 1350 8 1350 | 661 | 1350 | 376 | 200 12 640 140 12 5.7 4.9 772 11
8 1200 8 1200 | 746 | 1200 | 447 | 200 12 570 140 12 5.7 49 687 11
838x292x226 10 | 1510 8 1510 | 566 | 1510 | 282 | 200 12 710 140 12 5.7 4.9 865 11
{2900 kN} 9 1350 8 1350 | 642 | 1350 | 349 | 200 12 640 140 12 5.7 4.9 780 11
8 1200 8 1200 | 724 | 1200 | 416 | 200 12 570 140 12 5.7 49 694 11
838x292x194 10 | 1510 8 1510 | 470 | 1510 | 205 | 200 12 710 140 10 5.7 4.9 825 11
{2610 kN} 9 1350 8 1350 | 552 | 1350 | 279 | 200 12 640 140 10 5.7 4.9 744 11
8 1200 8 1200 | 634 | 1200 | 352 | 200 12 570 140 10 5.7 49 662 11
838x292x176 10 | 1510 8 1510 | 414 | 1510 | 161 | 200 12 710 140 10 5.7 49 819 11
{2460 kN} 9 1350 8 1350 | 499 | 1350 | 238 | 200 12 640 140 10 5.7 4.9 739 11
8 1200 8 1200 | 585 | 1200 | 315 | 200 12 570 140 10 5.7 4.9 658 11

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.5 Continued

Partial depth end plates

BEAM: S355
END PLATES: S275
BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height] Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I by t, hg P3 S NRrgu
kN kN mm kN mm | mm [ mm mm mm | mm | mm mm kN
762x267x197 9 1350 8 1350 | 483 | 1350 | 226 | 200 12 640 140 12 5.7 4.9 776 11
{2530 kN} 8 1200 8 1200 | 561 | 1200 | 295 | 200 12 570 140 12 5.7 4.9 691 11
7 1050 8 1050 | 644 | 1050 | 364 | 200 12 500 140 12 5.7 4.9 606 11
762x267x173 9 1350 8 1350 | 403 | 1350 | 160 | 200 12 640 140 10 5.7 4.9 741 11
{2290 kN} 8 1200 8 1200 | 488 | 1200 | 235 | 200 12 570 140 10 5.7 4.9 660 11
7 1050 8 1050 | 573 | 1050 | 310 | 200 12 500 140 10 5.7 4.9 579 11
762x267x147 9 1350 8 1350 | 298 | 1300 | 100 | 200 12 640 140 10 5.7 4.9 730 11
{2040 kN} 8 1200 8 1200 | 391 | 1200 | 154 | 200 12 570 140 10 5.7 4.9 650 11
7 1050 8 1050 | 485 | 1050 | 238 | 200 12 500 140 10 5.7 4.9 570 11
762x267x134 9 1350 8 1350 | 259 | 1250 | 100 | 200 12 640 140 10 5.7 4.9 724 11
{1970 kN} 8 1200 8 1200 | 355 | 1200 | 124 | 200 12 570 140 10 5.7 4.9 645 11
7 1050 8 1050 | 451 | 1050 | 211 | 200 12 500 140 10 5.7 4.9 566 11
686x254x170 8 1200 8 1200 | 389 | 1200 | 154 | 200 12 570 140 10 5.7 4.9 661 11
{2120 kN} 7 1050 8 1050 | 475 | 1050 | 229 | 200 12 500 140 10 5.7 4.9 580 11
6 903 8 903 | 562 | 903 | 303 | 200 12 430 140 10 5.7 4.9 499 11
686x254x152 8 1200 8 1200 | 314 | 1180 | 100 | 200 12 570 140 10 5.7 4.9 653 11
{1920 kN} 7 1050 8 1050 | 407 | 1050 | 170 | 200 12 500 140 10 5.7 4.9 572 11
6 903 8 903 | 500 | 903 | 252 | 200 12 430 140 10 5.7 4.9 492 11
686x254x140 8 1200 8 1200 | 259 | 1100 | 100 | 200 12 570 140 10 5.7 4.9 647 11
{1790 kN} 7 1050 8 1050 | 358 | 1050 | 128 | 200 12 500 140 10 5.7 4.9 568 11
6 903 8 903 | 456 | 903 | 215 | 200 12 430 140 10 5.7 4.9 488 11
686x254x125 8 1200 4 1200 | 206 | 1030 | 100 | 200 12 570 140 8 5.6 4.9 624 11
{1670 kN} 7 1050 4 1050 | 307 | 1030 | 100 | 200 12 500 140 8 5.6 4.9 547 11
6 902 4 902 | 407 | 902 | 178 | 200 12 430 140 8 5.7 4.9 470 11
610x305x238 7 1050 8 1050 | 525 | 1050 | 266 | 200 12 500 140 15 5.7 4.9 647 11
{2460 kN} 6 903 8 903 | 614 | 903 | 324 | 200 12 430 140 15 5.7 4.9 556 11
610x305x179 7 1050 8 1050 | 354 | 1050 | 121 | 200 12 500 140 10 5.7 4.9 578 11
{1880 kN} 6 903 8 903 | 444 | 903 | 197 | 200 12 430 140 10 5.7 4.9 497 11
610x305x149 7 1050 8 1050 | 223 | 900 | 100 | 200 12 500 140 10 5.7 4.9 565 11
{1570 kN} 6 903 8 903 | 330 | 900 | 100 | 200 12 430 140 10 5.7 4.9 486 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S355
END PLATES: S275
Table G.5 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height] Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
Vga VRd I VRd I b, t, hy P3 S NRrdu
kN kN mm kN mm | mm [ mm mm mm | mm | mm mm kN
610x229x140 7 1050 8 1050 | 284 | 1010 | 100 | 200 12 500 140 10 5.7 4.9 572 11
{1690 kN} 6 903 8 903 | 380 | 903 | 158 | 200 12 430 140 10 5.7 4.9 492 11
610x229x125 7 1050 8 1050 | 210 | 907 | 100 | 200 12 500 140 10 5.7 4.9 565 11
{1520 kN} 6 903 8 903 | 314 | 903 | 102 | 200 12 430 140 10 5.7 4.9 486 11
610x229x113 7 995 4 995 | 193 | 837 | 100 | 200 12 500 140 8 5.3 4.7 544 11
{1420 kN} 6 856 4 856 | 296 | 837 | 100 | 200 12 430 140 8 54 4.7 468 11
610x229x101 7 968 4 968 | 182 | 805 | 100 | 200 12 500 140 8 5.2 4.5 541 11
{1370 kN} 6 833 4 833 | 284 | 805 | 100 | 200 12 430 140 8 5.2 4.6 465 11
610x178x100+ 7 1010 4 1010 | 183 | 852 | 100 | 200 12 500 140 8 5.4 4.7 545 11
{1450 kN} 6 871 4 871 281 852 | 100 | 200 12 430 140 8 5.5 4.8 469 11
610x178x92+ 7 1010 4 1010 | 173 | 836 | 100 | 200 12 500 140 8 54 4.7 543 11
{1410 kN} 6 865 4 865 | 270 | 836 | 100 | 200 12 430 140 8 5.4 4.7 467 11
610x178x82+ 7 922 4 922 | 165 | N/A | 100 | 200 12 500 140 8 5.0 4.3 538 11
{1290 kN} 6 793 4 793 | 261 759 | 100 | 200 12 430 140 8 5.0 4.3 463 11
533x312x272+ 6 903 8 903 | 575 | 903 | 294 | 200 12 430 140 15 5.7 4.9 595 11
{2480 kN} 5 753 8 753 | 693 | 753 | 356 | 200 12 360 140 15 5.7 49 498 11
533x312x219+ 6 903 8 903 | 466 | 903 | 226 | 200 12 430 140 15 5.7 4.9 555 11
{2120 kN} 5 753 8 753 | 562 | 753 | 285 | 200 12 360 140 15 5.7 4.9 465 11
533x312x182+ 6 903 8 903 | 364 | 903 | 142 | 200 12 430 140 12 5.7 4.9 519 11
{1740 kN} 5 753 8 753 | 451 753 | 213 | 200 12 360 140 12 5.7 4.9 434 11
533x312x150+ 6 903 8 903 | 251 810 | 100 | 200 12 430 140 10 5.7 4.9 490 11
{1460 kN} 5 753 8 753 | 354 | 753 | 132 | 200 12 360 140 10 5.7 4.9 410 11

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.5 Continued

Partial depth end plates

BEAM: S355
END PLATES: S275
BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height] Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I by t, hg P3 S NRrgu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN
533x210x138+ 6 903 8 903 | 324 | 903 | 124 | 200 12 430 140 10 5.7 4.9 500 11
{1680 kN} 5 753 8 753 | 408 | 753 | 198 | 200 12 360 140 10 5.7 4.9 418 11
533x210x122 6 903 8 903 | 240 | 814 | 100 | 200 12 430 140 10 5.7 4.9 490 11
{1450 kN} 5 753 8 753 | 338 | 753 | 134 | 200 12 360 140 10 5.7 4.9 410 11
533x210x109 6 894 4 894 | 184 | 733 | 100 | 200 12 430 140 8 5.6 4.9 470 11
{1330 kN} 5 749 4 749 | 287 | 733 | 100 | 200 12 360 140 8 5.6 4.9 394 11
533x210x101 6 833 4 833 | 180 | 677 | 100 | 200 12 430 140 8 5.2 4.6 466 11
{1240 kN} 5 697 4 697 | 283 | 677 | 100 | 200 12 360 140 8 5.2 4.6 391 11
533x210x92 6 801 4 801 174 | 645 | 100 | 200 12 430 140 8 5.0 4.4 463 11
{1170 kN} 5 671 4 671 276 | 645 | 100 | 200 12 360 140 8 5.0 4.4 388 11
533x210x82 6 761 4 761 163 | N/A | 100 | 200 12 430 140 8 4.8 4.2 461 11
{1120 kN} 5 638 4 638 | 264 | 604 | 100 | 200 12 360 140 8 4.8 4.2 386 11
533x165x85+ 6 794 4 794 | 171 644 | 100 | 150 10 430 90 8 5.0 4.3 604 11
{1170 kN} 5 665 4 665 | 270 | 644 | 100 | 150 10 360 90 8 5.0 4.4 505 11
533x165x74+ 6 769 4 769 | 160 | N/A | 100 | 150 10 430 90 8 4.8 4.2 597 11
{1120 kN} 5 644 4 644 | 258 | 615 | 100 | 150 10 360 90 8 4.8 4.2 500 11
533x165x66+ 6 706 4 706 | 152 | N/A | 100 | 150 10 430 90 8 4.4 3.9 589 11
{1020 kN} 5 591 4 591 248 | 557 | 100 | 150 10 360 90 8 4.4 3.9 493 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S355
END PLATES: S275
Table G.5 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height] Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrdu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN
457x191x161+ 5 753 8 753 | 394 | 753 | 194 | 150 10 360 90 15 5.7 4.9 724 11
{1810 kN} 4 602 8 602 | 495 | 602 | 254 | 150 10 290 90 15 5.7 4.9 583 11
457x191x133+ 5 753 8 753 | 313 | 753 | 126 | 150 10 360 90 12 5.7 4.9 631 11
{1510 kN} 4 602 8 602 | 400 | 602 | 197 | 150 10 290 90 12 5.7 4.9 508 11
457x191x106+ 5 753 8 753 | 207 | 641 100 | 150 10 360 90 10 5.7 4.9 559 11
{1230 kN} 4 602 8 602 | 307 | 602 | 122 | 150 10 290 90 10 5.7 4.9 450 11
457x191x98 5 736 4 736 166 | 576 | 100 | 150 10 360 90 8 5.5 4.8 515 11
{1110 kN} 4 593 4 593 | 272 | 576 | 100 | 150 10 290 90 8 5.6 4.9 415 11
457x191x89 5 678 4 678 161 523 | 100 | 150 10 360 90 8 5.1 4.4 507 11
{1030 kN} 4 546 4 546 | 266 | 523 | 100 | 150 10 290 90 8 5.1 4.5 409 11
457x191x82 5 657 4 657 155 | 501 100 | 150 10 360 90 8 49 4.3 502 11
{976 kN} 4 530 4 530 | 260 | 501 100 | 150 10 290 90 8 5.0 4.3 404 11
457x191x74 5 598 4 598 151 N/A | 100 | 150 10 360 90 8 4.5 3.9 494 11
{895 kN} 4 481 4 481 256 | 451 100 | 150 10 290 90 8 4.5 3.9 398 11
457x191x67 5 564 4 564 144 | N/A | 100 | 150 10 360 90 6 4.2 3.7 465 11
{839 kN} 4 455 4 455 | 248 | 420 | 100 | 150 10 290 90 6 4.3 3.7 374 11
457x152x82 5 678 4 678 161 528 | 100 | 150 10 360 90 8 5.1 4.4 507 11
{1040 kN} 4 546 4 546 | 263 | 528 | 100 | 150 10 290 90 8 5.1 4.5 409 11
457x152x74 5 620 4 620 156 | 476 | 100 | 150 10 360 90 8 4.7 41 499 11
{938 kN} 4 499 4 499 | 258 | 476 | 100 | 150 10 290 90 8 4.7 41 402 11
457x152x67 5 598 4 598 148 | N/A | 100 | 150 10 360 90 8 4.5 3.9 494 11
{899 kN} 4 481 4 481 250 | 453 | 100 | 150 10 290 90 8 4.5 3.9 398 11
457x152x60 5 538 4 538 144 | N/A | 100 | 150 10 360 90 6 4.0 3.5 462 11
{806 kN} 4 433 4 433 | 245 | 402 | 100 | 150 10 290 90 6 41 3.6 372 11
457x152x52 5 505 4 505 | 134 | N/A | 100 | 150 10 360 90 6 3.8 3.3 458 11
{747 kN} 4 407 4 407 | 233 | 371 100 | 150 10 290 90 6 3.8 3.3 369 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S355
END PLATES: S275
Table G.5 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height] Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I b, t, hy P3 S NRrdu
kN kN mm kN mm | mm | mm mm mm | mm | mm mm kN

406x178x85+ 4 567 4 567 | 187 | 453 | 100 | 150 10 290 90 8 53 4.6 411 11
{966 kN}

406x178x74 4 508 4 508 | 182 | 398 | 100 | 150 10 290 90 8 4.8 4.2 402 11
{858 kN}

406x178x67 4 471 4 471 177 | 364 | 100 | 150 10 290 90 6 4.4 3.9 376 11
{790 kN}

406x178x60 4 423 4 423 | 173 | 322 | 100 | 150 10 290 90 6 4.0 3.5 371 11
{709 kN}

406x178x54 4 412 4 412 | 163 | 309 | 100 | 150 10 290 90 6 3.9 3.4 370 11
{683 kN}

406x140x53+ 4 423 4 423 | 168 | 359 | 100 | 150 10 290 90 6 4.0 3.5 371 11
{683 kN}

406x140x46 4 364 4 364 | 164 | 305 | 100 | 150 10 290 90 6 3.4 3.0 365 11
{611 kN}

406x140x39 4 342 4 342 | 151 281 100 | 150 10 290 90 6 3.2 2.8 362 11
{566 kN}

356x171x67 3 369 4 369 | 206 | 341 100 | 150 10 220 90 8 4.6 4.0 303 11
{733 kN}

356x171x57 3 329 4 329 | 196 | 295 | 100 | 150 10 220 90 6 41 3.6 282 11
{646 kN}

356x171x51 3 300 4 300 | 191 266 | 100 | 150 10 220 90 6 3.8 3.3 279 11
{587 kN}

356x171x45 3 284 4 284 | 183 | 247 | 100 | 150 10 220 90 6 3.6 3.1 277 11
{549 kN}

356x127x39 3 268 4 268 | 182 | 235 | 100 | 150 10 220 90 6 3.4 2.9 276 11
{527 kN}

356x127x33 3 243 4 243 | 172 | 209 | 100 | 150 10 220 90 6 3.1 2.7 273 11
{472 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S355
END PLATES: S275
Table G.5 Continued BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt | Un-notched Single Double Fitting (End Plate) Fillet | Min support Tying
rows notch notch weld thickness
Beam size Shear| Crit | Shear| Max | Shear| Max |Width| Thck |Height] Gauge| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n, |Resist| chck |Resist|length|Resist|length check
VRd VRd I VRd I by t, hg P3 S NRrgu
kN kN mm kN mm | mm [ mm mm mm mm | mm mm kN

305x165x54 3 321 4 321 116 | 219 100 | 150 10 220 90 6 4.0 3.5 281 11
{545 kN}

305x165x46 3 272 4 272 113 181 100 | 150 10 220 90 6 3.4 3.0 276 11
{461 kN}

305x165x40 3 243 4 243 108 158 100 | 150 10 220 90 6 3.1 2.7 273 11
{411 kN}

305x127x48 3 365 4 365 109 | 250 100 | 150 10 220 90 8 4.6 4.0 302 11
{612 kN}

305x127x42 3 325 4 325 | 103 | 217 100 | 150 10 220 90 6 4.1 3.6 282 11
{542 kN}

305x127x37 3 288 4 288 100 189 100 | 150 10 220 90 6 3.6 3.2 278 11
{481 kN}

305x102x33 3 268 4 268 110 186 100 | 150 10 220 90 6 3.4 2.9 276 11
{452 kN}

305x102x28 3 243 4 243 102 164 100 | 150 10 220 90 6 3.1 2.7 273 11
{407 kN}

305x102x25 3 235 4 231 100 155 100 | 150 10 220 90 6 3.0 2.6 272 11
{386 kN}

254x146x43 2 199 4 199 134 132 100 | 150 10 150 90 6 3.7 3.3 190 11
{415 kN}

254x146x37 2 174 4 174 129 111 100 | 150 10 150 90 6 3.3 2.9 187 11
{361 kN}

254x146x31 2 166 4 166 119 101 100 | 150 10 150 90 6 3.1 2.7 186 11
{336 kN}

254x102x28 2 174 4 174 127 116 100 | 150 10 150 90 6 3.3 2.9 187 11
{365 kN}

254x102x25 2 166 4 166 121 107 100 | 150 10 150 90 6 3.1 2.7 186 11
{341 kN}

254x102x22 2 158 4 158 113 99 100 | 150 10 150 90 6 3.0 2.6 185 11
{320 kN}

For guidance on the use of tables see Explanatory notes in Table G.1
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Partial depth end plates

BEAM: S275
END PLATES: S275

Table G.6 HOLLO-BOLTS: M20, 8.8
PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{V rd,peam} n; Resistance | Check Check
VRd b, t, hy P3 S NRrgu
kN mm mm mm mm mm mm mm kN
1016x305x487+ 10 1280 8 200 12 810 110 18 4.1 35 1630 11
{4930 kN} 9 1150 8 200 12 730 110 18 4.1 35 1470 11
8 1030 8 200 12 650 110 18 4.1 35 1310 11
1016x305x437+ 10 1280 8 200 12 810 110 18 4.1 35 1590 11
{4420 kN} 9 1150 8 200 12 730 110 18 4.1 35 1430 11
8 1030 8 200 12 650 110 18 4.1 35 1270 11
1016x305x393+ 10 1280 8 200 12 810 110 15 4.1 35 1560 11
{3990 kN} 9 1150 8 200 12 730 110 15 4.1 35 1410 11
8 1030 8 200 12 650 110 15 4.1 35 1250 11
1016x305x349+ 10 1280 8 200 12 810 110 12 4.1 35 1530 11
{3610 kN} 9 1150 8 200 12 730 110 12 4.1 35 1380 11
8 1030 8 200 12 650 110 12 4.1 35 1230 11
1016x305x314+ 10 1280 8 200 12 810 110 12 4.1 35 1530 11
{3260 kN} 9 1150 8 200 12 730 110 12 4.1 35 1370 11
8 1030 8 200 12 650 110 12 4.1 35 1220 11
1016x305x272+ 10 1280 8 200 12 810 110 10 4.1 35 1450 11
{2830 kN} 9 1150 8 200 12 730 110 10 4.1 35 1310 11
8 1030 8 200 12 650 110 10 4.1 35 1160 11
1016x305x249+ 10 1280 8 200 12 810 110 10 4.1 35 1450 11
{2770 kN} 9 1150 8 200 12 730 110 10 4.1 35 1310 11
8 1030 8 200 12 650 110 10 4.1 35 1160 11
1016x305x222+ 10 1280 8 200 12 810 110 10 4.1 35 1440 11
{2640 kN} 9 1150 8 200 12 730 110 10 4.1 35 1300 11
8 1030 8 200 12 650 110 10 4.1 35 1160 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275

END PLATES: S275

Table G.6 Continued HOLLO-BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN

914x419x388 9 1150 8 200 12 730 110 15 4.1 35 1390 11
{3240 kN} 8 1030 8 200 12 650 110 15 4.1 35 1240 11
914x419x343 9 1150 8 200 12 730 110 12 4.1 35 1370 11
{2920 kN} 8 1030 8 200 12 650 110 12 4.1 35 1220 11
914x305x289 10 1280 8 200 12 810 110 12 4.1 35 1530 11
{2900 kN} 9 1150 8 200 12 730 110 12 4.1 35 1370 11
8 1030 8 200 12 650 110 12 4.1 35 1220 11
914x305x253 10 1280 8 200 12 810 110 10 4.1 35 1470 11
{2570 kN} 9 1150 8 200 12 730 110 10 4.1 35 1320 11
8 1030 8 200 12 650 110 10 4.1 35 1180 11
914x305x224 10 1280 8 200 12 810 110 10 4.1 35 1440 11
{2350 kN} 9 1150 8 200 12 730 110 10 4.1 35 1300 11
8 1030 8 200 12 650 110 10 4.1 35 1150 11
914x305x201 10 1280 8 200 12 810 110 10 4.1 35 1420 11
{2210 kN} 9 1150 8 200 12 730 110 10 4.1 35 1280 11
8 1030 8 200 12 650 110 10 4.1 35 1140 11
838x292x226 9 1150 8 200 12 730 110 10 4.1 35 1300 11
{2220 kN} 8 1030 8 200 12 650 110 10 4.1 35 1160 11
838x292x194 9 1150 8 200 12 730 110 10 4.1 35 1270 11
{2000 kN} 8 1030 8 200 12 650 110 10 4.1 35 1130 11
838x292x176 9 1150 8 200 12 730 110 8 4.1 35 1200 11
{1890 kN} 8 1030 8 200 12 650 110 8 4.1 35 1070 11

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.6 Continued

Partial depth end plates

BEAM: S275

END PLATES: S275
HOLLO-BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, HOLLO-BOLTS

200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
762x267x197 8 1030 8 200 12 650 110 10 4.1 35 1150 11
{1950 kN} 7 897 8 200 12 570 110 10 4.1 35 1010 11
762x267x173 8 1030 8 200 12 650 110 10 4.1 3.5 1130 11
{1760 kN} 7 897 8 200 12 570 110 10 4.1 35 987 11
762x267x147 8 1030 8 200 12 650 110 8 4.1 35 1050 11
{1560 kN} 7 897 8 200 12 570 110 8 4.1 3.5 922 11
762x267x134 8 1030 8 200 12 650 110 8 4.1 3.5 1040 11
{1520 kN} 7 897 8 200 12 570 110 8 4.1 35 912 11
686x254x170 7 897 8 200 12 570 110 10 4.1 35 990 11
{1630 kN} 6 769 8 200 12 490 110 10 4.1 3.5 851 11
686x254x152 7 897 8 200 12 570 110 8 4.1 3.5 927 11
{1470 kN} 6 769 8 200 12 490 110 8 4.1 35 797 11
686x254x140 7 897 8 200 12 570 110 8 4.1 35 917 11
{1370 kN} 6 769 8 200 12 490 110 8 4.1 35 788 11
686x254x125 7 897 8 200 12 570 110 8 4.1 3.5 908 11
{1280 kN} 6 769 8 200 12 490 110 8 4.1 35 781 11
610x305x238 6 769 8 200 12 490 110 12 4.1 35 913 11
{1890 kN}
610x305x179 6 769 8 200 12 490 110 8 4.1 3.5 807 11
{1440 kN}
610x305x149 6 769 8 200 12 490 110 8 4.1 35 782 11
{1205 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.6 Continued HOLLO-BOLTS: M20, 8.8
PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
610x229x140 6 769 8 200 12 490 110 8 4.1 35 796 11
{1300 kN}
610x229x125 6 769 8 200 12 490 110 8 4.1 35 783 11
{1170 kN}
610x229x113 6 749 4 200 12 490 110 8 4.0 35 774 11
{1090 kN}
610x229x101 6 735 4 200 12 490 110 6 3.9 34 736 11
{1060 kN}
610x178x100+ 6 762 4 200 12 490 110 8 4.0 35 776 11
{1110 kN}
610x178x92+ 6 763 4 200 12 490 110 8 4.0 35 772 11
{1090 kN}
610x178x82+ 6 700 4 200 12 490 110 6 3.7 3.2 731 11
{1000 kN}
533x312x272+ 5 641 8 200 12 410 110 12 4.1 35 768 11
{1910 kN}
533x312x219+ 5 641 8 200 12 410 110 12 4.1 35 761 11
{1630 kN}
533x312x182+ 5 641 8 200 12 410 110 10 4.1 35 720 11
{1340 kN}
533x312x150+ 5 641 8 200 12 410 110 8 4.1 35 662 11
{1120 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.6 Continued

Partial depth end plates

BEAM: S275
END PLATES: S275
HOLLO-BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, HOLLO-BOLTS

200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{V rd,peam} n; Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
533x210x138+ 5 641 8 200 12 410 110 10 4.1 35 714 11
{1290 kN}
533x210x122 5 641 8 200 12 410 110 8 4.1 35 662 11
{1110 kN}
533x210x109 5 641 8 200 12 410 110 8 4.1 35 652 11
{1020 kN}
533x210x101 5 610 4 200 12 410 110 8 3.9 34 645 11
{952 kN}
533x210x92 5 592 4 200 12 410 110 6 3.8 3.3 613 11
{909 kN}
533x210x82 5 562 4 200 12 410 110 6 3.6 3.1 609 11
{865 kN}
533x165x85+ 5 581 4 200 12 410 110 6 3.7 3.2 614 11
{902 kN}
533x165x74+ 5 568 4 200 12 410 110 6 3.6 3.1 609 11
{871 kN}
533x165x66+ 5 521 4 200 12 410 110 6 3.3 29 603 11
{793 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.6 Continued HOLLO-BOLTS: M20, 8.8
PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
457x191x161+ 4 427 8 180 10 330 90 12 34 3.0 606 11
{1390 kN}
457x191x133+ 4 427 8 180 10 330 90 10 34 3.0 595 11
{1160 kN}
457x191x106+ 4 427 8 180 10 330 90 8 34 3.0 520 11
{947 kN}
457x191x98 4 427 8 180 10 330 90 8 34 3.0 507 11
{852 kN}
457x191x89 4 427 8 180 10 330 90 6 34 3.0 467 11
{789 kN}
457x191x82 4 427 8 180 10 330 90 6 34 3.0 462 11
{756 kN}
457x191x74 4 424 4 180 10 330 90 6 34 2.9 454 11
{693 kN}
457x191x67 4 401 4 180 10 330 90 6 3.2 2.8 450 11
{650 kN}
457x152x82 4 427 8 180 10 330 90 6 34 3.0 467 11
{798 kN}
457x152x74 4 427 8 180 10 330 90 6 34 3.0 459 11
{721 kN}
457x152x67 4 424 4 180 10 330 90 6 34 2.9 454 11
{697 kN}
457x152x60 4 382 4 180 10 330 90 6 3.0 2.6 447 11
{624 kN}
457x152x52 4 358 4 180 10 330 90 6 2.8 25 443 11
{578 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.6 Continued

Partial depth end plates

BEAM: S275
END PLATES: S275
HOLLO-BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, HOLLO-BOLTS

200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{V rd,peam} n; Resistance | Check Check
VRd b, t, hy P3 S NRrgu
kN mm mm mm mm mm mm mm kN

406x178x85+ 4 427 8 180 10 330 90 8 34 3.0 502 11
{742 kN}

406x178x74 4 427 8 180 10 330 90 6 34 3.0 458 11
{664 kN}

406x178x67 4 415 4 180 10 330 90 6 3.3 2.9 452 11
{612 kN}

406x178x60 4 373 4 180 10 330 90 6 3.0 2.6 445 11
{549 kN}

406x178x54 4 363 4 180 10 330 90 6 2.9 25 444 11
{529 kN}

406x140x53+ 4 373 4 180 10 330 90 6 3.0 2.6 445 11
{549 kN}

406x140x46 4 321 4 180 10 330 90 6 25 22 437 11
{473 kN}

406x140x39 4 302 4 180 10 330 90 6 24 2.1 434 11
{438 kN}

356x171x67 3 321 8 180 10 250 90 6 34 3.0 345 11
{568 kN}

356x171x57 3 289 4 180 10 250 90 6 31 27 338 11
{501 kN}

356x171x51 3 264 4 180 10 250 90 6 2.8 24 334 11
{455 kN}

356x171x45 3 250 4 180 10 250 90 6 2.6 2.3 332 11
{425 kN}

356x127x39 3 236 4 180 10 250 90 6 25 22 330 11
{408 kN}

356x127x33 3 214 4 180 10 250 90 6 2.3 2.0 327 11
{366 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S275
END PLATES: S275
Table G.6 Continued HOLLO-BOLTS: M20, 8.8
PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
305x165x54 2 192 4 180 10 170 90 6 3.0 27 229 11
{422 kN}
305x165x46 2 163 4 180 10 170 90 6 2.6 22 225 11
{357 kN}
305x165x40 2 146 4 180 10 170 90 6 23 2.0 222 11
{319 kN}
305x127x48 2 214 8 180 10 170 90 6 34 3.0 234 11
{474 kN}
305x127x42 2 194 4 180 10 170 90 6 341 27 230 11
{420 kN}
305x127x37 2 172 4 180 10 170 90 6 27 24 226 11
{372 kN}
305x102x33 3 236 4 180 10 250 90 6 25 22 330 11
{350 kN}
305x102x28 3 214 4 180 10 250 90 6 23 2.0 327 11
{315 kN}
305x102x25 3 207 4 180 10 250 90 6 22 1.9 326 11
{299 kN}
254x146x43 2 175 4 180 10 170 90 6 2.8 24 227 11
{321 kN}
254x146x37 2 153 4 180 10 170 90 6 24 2.1 223 11
{280 kN}
254x146x31 2 146 4 180 10 170 90 6 2.3 2.0 222 11
{260 kN}
254x102x28 2 153 4 180 10 170 90 6 24 2.1 223 11
{283 kN}
254x102x25 2 146 4 180 10 170 90 6 2.3 2.0 222 11
{265 kN}
254x102x22 2 138 4 180 10 170 90 6 22 1.9 221 11
{248 kN}

For guidance on the use of tables see Explanatory notes in Table G.1
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Partial depth end plates

BEAM: S355
END PLATES: S275

Table G.7 HOLLO-BOLTS: M20, 8.8
PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{V rd,peam} n; Resistance | Check Check
VRd b, t, hy P3 S NRrgu
kN mm mm mm mm mm mm mm kN
1016x305x487+ 10 1280 8 200 12 810 110 22 4.1 35 1690 11
{6480 kN} 9 1150 8 200 12 730 110 22 4.1 35 1520 11
8 1030 8 200 12 650 110 22 4.1 35 1350 11
1016x305x437+ 10 1280 8 200 12 810 110 20 4.1 35 1630 11
{5810 kN} 9 1150 8 200 12 730 110 20 4.1 35 1470 11
8 1030 8 200 12 650 110 20 4.1 35 1310 11
1016x305x393+ 10 1280 8 200 12 810 110 18 4.1 35 1600 11
{5240 kN} 9 1150 8 200 12 730 110 18 4.1 35 1440 11
8 1030 8 200 12 650 110 18 4.1 35 1280 11
1016x305x349+ 10 1280 8 200 12 810 110 15 4.1 35 1560 11
{4700 kN} 9 1150 8 200 12 730 110 15 4.1 35 1410 11
8 1030 8 200 12 650 110 15 4.1 35 1250 11
1016x305x314+ 10 1280 8 200 12 810 110 15 4.1 35 1540 11
{4240 kN} 9 1150 8 200 12 730 110 15 4.1 35 1380 11
8 1030 8 200 12 650 110 15 4.1 35 1230 11
1016x305x272+ 10 1280 8 200 12 810 110 12 4.1 35 1500 11
{3680 kN} 9 1150 8 200 12 730 110 12 4.1 35 1350 11
8 1030 8 200 12 650 110 12 4.1 35 1200 11
1016x305x249+ 10 1280 8 200 12 810 110 12 4.1 35 1500 11
{3600 kN} 9 1150 8 200 12 730 110 12 4.1 35 1350 11
8 1030 8 200 12 650 110 12 4.1 35 1200 11
1016x305x222+ 10 1280 8 200 12 810 110 12 4.1 35 1500 11
{3430 kN} 9 1150 8 200 12 730 110 12 4.1 35 1350 11
8 1030 8 200 12 650 110 12 4.1 35 1200 11

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S355

END PLATES: S275

Table G.7 Continued HOLLO-BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN

914x419x388 9 1150 8 200 12 730 110 15 4.1 35 1410 11
{4220 kN} 8 1030 8 200 12 650 110 15 4.1 35 1250 11
914x419x343 9 1150 8 200 12 730 110 15 4.1 35 1390 11
{3800 kN} 8 1030 8 200 12 650 110 15 4.1 35 1230 11
914x305x289 10 1280 8 200 12 810 110 15 4.1 35 1540 11
{3780 kN} 9 1150 8 200 12 730 110 15 4.1 35 1390 11
8 1030 8 200 12 650 110 15 4.1 35 1230 11
914x305x253 10 1280 8 200 12 810 110 12 4.1 35 1510 11
{3350 kN} 9 1150 8 200 12 730 110 12 4.1 35 1360 11
8 1030 8 200 12 650 110 12 4.1 35 1210 11
914x305x224 10 1280 8 200 12 810 110 12 4.1 35 1500 11
{3060 kN} 9 1150 8 200 12 730 110 12 4.1 35 1350 11
8 1030 8 200 12 650 110 12 4.1 35 1200 11
914x305x201 10 1280 8 200 12 810 110 12 4.1 35 1490 11
{2870 kN} 9 1150 8 200 12 730 110 12 4.1 35 1340 11
8 1030 8 200 12 650 110 12 4.1 35 1190 11
838x292x226 9 1150 8 200 12 730 110 12 4.1 35 1350 11
{2900 kN} 8 1030 8 200 12 650 110 12 4.1 35 1200 11
838x292x194 9 1150 8 200 12 730 110 10 4.1 35 1270 11
{2610 kN} 8 1030 8 200 12 650 110 10 4.1 35 1130 11
838x292x176 9 1150 8 200 12 730 110 10 4.1 35 1260 11
{2460 kN} 8 1030 8 200 12 650 110 10 4.1 35 1120 11

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.7 Continued

Partial depth end plates

BEAM: S355
END PLATES: S275
HOLLO-BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, HOLLO-BOLTS

200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
762x267x197 8 1030 8 200 12 650 110 12 4.1 35 1200 11
{2530 kN} 7 897 8 200 12 570 110 12 4.1 35 1050 11
762x267x173 8 1030 8 200 12 650 110 10 4.1 3.5 1130 11
{2290 kN} 7 897 8 200 12 570 110 10 4.1 35 987 11
762x267x147 8 1030 8 200 12 650 110 10 4.1 35 1100 11
{2040 kN} 7 897 8 200 12 570 110 10 4.1 35 965 11
762x267x134 8 1030 8 200 12 650 110 10 4.1 3.5 1090 11
{1970 kN} 7 897 8 200 12 570 110 10 4.1 35 954 11
686x254x170 7 897 8 200 12 570 110 10 4.1 35 990 11
{2120 kN} 6 769 8 200 12 490 110 10 4.1 3.5 851 11
686x254x152 7 897 8 200 12 570 110 10 4.1 3.5 971 11
{1920 kN} 6 769 8 200 12 490 110 10 4.1 35 835 11
686x254x140 7 897 8 200 12 570 110 10 4.1 35 960 11
{1790 kN} 6 769 8 200 12 490 110 10 4.1 35 825 11
686x254x125 7 897 8 200 12 570 110 8 4.1 3.5 908 11
{1670 kN} 6 769 8 200 12 490 110 8 4.1 35 781 11
610x305x238 6 769 8 200 12 490 110 15 4.1 35 922 11
{2460 kN}
610x305x179 6 769 8 200 12 490 110 10 4.1 3.5 846 11
{1880 kN}
610x305x149 6 769 8 200 12 490 110 10 4.1 35 818 11
{1570 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S355
END PLATES: S275
Table G.7 Continued HOLLO-BOLTS: M20, 8.8
PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd bp tp hp P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
610x229x140 6 769 8 200 12 490 110 10 4.1 35 834 11
{1690 kN}
610x229x125 6 769 8 200 12 490 110 10 4.1 35 819 11
{1520 kN}
610x229x113 6 769 8 200 12 490 110 8 4.1 35 774 11
{1420 kN}
610x229x101 6 769 8 200 12 490 110 8 4.1 35 768 11
{1370 kN}
610x178x100+ 6 769 8 200 12 490 110 8 4.1 35 776 11
{1450 kN}
610x178x92+ 6 769 8 200 12 490 110 8 4.1 35 772 11
{1410 kN}
610x178x82+ 6 769 8 200 12 490 110 8 4.1 35 763 11
{1290 kN}
533x312x272+ 5 641 8 200 12 410 110 15 4.1 35 782 11
{2480 kN}
533x312x219+ 5 641 8 200 12 410 110 15 4.1 35 769 11
{2120 kN}
533x312x182+ 5 641 8 200 12 410 110 12 4.1 35 747 11
{1740 kN}
533x312x150+ 5 641 8 200 12 410 110 10 4.1 35 693 11
{1460 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.7 Continued

Partial depth end plates

BEAM: S355
END PLATES: S275
HOLLO-BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, HOLLO-BOLTS

200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b, t, hy P3 S NRrgu
kN mm mm mm mm mm mm mm kN
533x210x138+ 5 641 8 200 12 410 110 10 4.1 35 714 11
{1680 kN}
533x210x122 5 641 8 200 12 410 110 10 4.1 35 693 11
{1450 kN}
533x210x109 5 641 8 200 12 410 110 8 4.1 35 652 11
{1330 kN}
533x210x101 5 641 8 200 12 410 110 8 4.1 35 645 11
{1240 kN}
533x210x92 5 641 8 200 12 410 110 8 4.1 35 639 11
{1170 kN}
533x210x82 5 641 8 200 12 410 110 8 4.1 35 635 11
{1120 kN}
533x165x85+ 5 641 8 200 12 410 110 8 4.1 3.5 641 11
{1170 kN}
533x165x74+ 5 641 8 200 12 410 110 8 4.1 35 636 11
{1120 kN}
533x165x66+ 5 641 8 200 12 410 110 8 4.1 3.5 629 11
{1020 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S355
END PLATES: S275
Table G.7 Continued HOLLO-BOLTS: M20, 8.8
PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
457x191x161+ 4 427 8 180 10 330 90 15 34 3.0 612 11
{1810 kN}
457x191x133+ 4 427 8 180 10 330 90 12 34 3.0 601 11
{1510 kN}
457x191x106+ 4 427 8 180 10 330 90 10 34 3.0 559 11
{1230 kN}
457x191x98 4 427 8 180 10 330 90 8 34 3.0 507 11
{1110 kN}
457x191x89 4 427 8 180 10 330 90 8 34 3.0 498 11
{1030 kN}
457x191x82 4 427 8 180 10 330 90 8 34 3.0 492 11
{976 kN}
457x191x74 4 427 8 180 10 330 90 8 34 3.0 483 11
{895 kN}
457x191x67 4 427 8 180 10 330 90 6 34 3.0 450 11
{839 kN}
457x152x82 4 427 8 180 10 330 90 8 34 3.0 498 11
{1040 kN}
457x152x74 4 427 8 180 10 330 90 8 34 3.0 489 11
{938 kN}
457x152x67 4 427 8 180 10 330 90 8 34 3.0 483 11
{899 kN}
457x152x60 4 427 8 180 10 330 90 6 34 3.0 447 11
{806 kN}
457x152x52 4 427 8 180 10 330 90 6 34 3.0 443 11
{747 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Table G.7 Continued

Partial depth end plates

BEAM: S355
END PLATES: S275
HOLLO-BOLTS: M20, 8.8

PARTIAL DEPTH END PLATES, HOLLO-BOLTS

200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{V rd,peam} n; Resistance | Check Check
VRd b, t, hy P3 S NRrgu
kN mm mm mm mm mm mm mm kN

406x178x85+ 4 427 8 180 10 330 90 8 34 3.0 502 11
{966 kN}

406x178x74 4 427 8 180 10 330 90 8 34 3.0 488 11
{858 kN}

406x178x67 4 427 8 180 10 330 90 6 34 3.0 452 11
{790 kN}

406x178x60 4 427 8 180 10 330 90 6 34 3.0 445 11
{709 kN}

406x178x54 4 427 8 180 10 330 90 6 34 3.0 444 11
{683 kN}

406x140x53+ 4 427 8 180 10 330 90 6 34 3.0 445 11
{709 kN}

406x140x46 4 414 4 180 10 330 90 6 3.3 2.9 437 11
{611 kN}

406x140x39 4 390 4 180 10 330 90 6 31 27 434 11
{566 kN}

356x171x67 3 321 8 180 10 250 90 8 34 3.0 367 11
{733 kN}

356x171x57 3 321 8 180 10 250 90 6 34 3.0 338 11
{646 kN}

356x171x51 3 321 8 180 10 250 90 6 34 3.0 334 11
{587 kN}

356x171x45 3 321 8 180 10 250 90 6 34 3.0 332 11
{549 kN}

356x127x39 3 304 4 180 10 250 90 6 3.2 2.8 330 11
{527 kN}

356x127x33 3 277 4 180 10 250 90 6 2.9 25 327 11
{472 kN}

For guidance on the use of tables see Explanatory notes in Table G.1




Partial depth end plates

BEAM: S355
END PLATES: S275
Table G.7 Continued HOLLO-BOLTS: M20, 8.8
PARTIAL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical | Width | Thck | Height | Gauge | Leg S275 S355 | Resistance | Critical
{VRd,beam} ny Resistance | Check Check
VRd b p tp h p P3 S NRd,LI
kN mm mm mm mm mm mm mm kN
305x165x54 2 214 8 180 10 170 90 6 34 3.0 229 11
{545 kN}
305x165x46 2 210 4 180 10 170 90 6 3.3 2.9 225 11
{461 kN}
305x165x40 2 188 4 180 10 170 90 6 3.0 2.6 222 11
{411 kN}
305x127x48 2 214 8 180 10 170 90 8 34 3.0 249 11
{612 kN}
305x127x42 2 214 8 180 10 170 90 6 34 3.0 230 11
{542 kN}
305x127x37 2 214 8 180 10 170 90 6 34 3.0 226 11
{481 kN}
305x102x33 3 304 4 180 10 250 90 6 3.2 2.8 330 11
{452 kN}
305x102x28 3 277 4 180 10 250 90 6 2.9 25 327 11
{407 kN}
305x102x25 3 267 4 180 10 250 90 6 2.8 25 326 11
{386 kN}
254x146x43 2 214 8 180 10 170 90 6 34 3.0 227 11
{415 kN}
254x146x37 2 198 4 180 10 170 90 6 341 27 223 11
{361 kN}
254x146x31 2 188 4 180 10 170 90 6 3.0 2.6 222 11
{336 kN}
254x102x28 2 198 4 180 10 170 90 6 341 27 223 11
{365 kN}
254x102x25 2 188 4 180 10 170 90 6 3.0 2.6 222 11
{341 kN}
254x102x22 2 179 4 180 10 170 90 6 2.8 25 221 11
{320 kN}

For guidance on the use of tables see Explanatory notes in Table G.1
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Full depth end plates

Table G.8

Explanatory notes — FULL DEPTH END PLATES
Use of Resistance Tables

The check numbers noted below refer to those listed in Table G.10 and described in Section 4.7 Design procedures.
The resistance tables are based on the standard details given in Table G.9.

1 SHEAR RESISTANCE OF THE BEAM

A,f,

\/§7M0 .

A + symbol adjacent to the beam designation indicates that the serial size is additional to those specified in BS 4-1.

2 SHEAR RESISTANCE OF THE CONNECTION

This is the critical value of the design checks for the ‘supported beam side’ of the connection, i.e. the minimum
resistance from Checks 2, 4 and 8.

3 CRITICAL DESIGN CHECK

The check which gives the critical value of shear resistance. See Table G.10 for the description of the checks.

4 MINIMUM SUPPORT THICKNESS

This is the minimum thickness of supporting column or beam element that is needed to carry the given shear
resistance of the connection. It is derived from Check 10 and e; has been taken as 90 mm.

The value given in { } below each beam designation is the shear resistance of the beam, given by

For a symmetrical two sided connection, the minimum support thickness would be twice the tabulated value.
If the applied shear force is less than the quoted resistance, the minimum support thickness reduces proportionally.

5 TYING RESISTANCE

This is the critical value of the design checks for the ‘supported beam’ side of the connection, i.e. the minimum
resistance from Checks 11, 12 and 13. The calculations assume that no washer is present and d,, is taken as
the width across points of the bolt head.

Separate checks will have to be carried out on the supporting members (see Checks 14 and 15).




Full depth end plates

Table G.9

FULL DEPTH END PLATES
Standard details used in Resistance Tables

bp
A % Top of beam to
—if first row of bolts
‘ ‘ =90 mm
o1 ¢ nqrows of
! *A eez bolts at
h vertical
o]le pitch p- s mm fillet weld
|
. %
P3
M20 8.8 bolts
p; =70 mm or
Ordinaryand | p; =90 mm for beams <457 x 191 UB M20 Flowdrill
Flowdrill bolts § p, =140 mm for beams > 457 x 191 UB or
3
e, =30 mm M20 Hollo-Bolt
p; =80 mm

P; =90 mm for beams <457 x 191 UB
P3 =110 mm for beams > 457 x 191 UB

Hollo-Bolts {
€, =45 mm




Full depth end plates

Table G.10
FULL DEPTH END PLATES
Design Check List
Check Description
Number P
2 Welds
T o
33
c -
8 £ 4 Web in shear
S8
u @ 8
=z
g
g 8 Bolt group
w
14
14
<
L
I
@ o
09 10 Shear and bearing
S E
(]
» g
11 Plate and bolts
w
(&S]
=z
s
(2]
m 12 Supported beam web
14
[©)
=z
>
[
13 Welds
Note: This table only lists the critical checks.

For a full list of design checks and further information, see Section 4.5.




Full Depth End Plates

BEAM: S275
END PLATES: S275
Table G.11 BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thcek Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
Vrd by to P3 s NRrdu
kN mm mm mm mm mm mm kN

1016x305x487+ 11 1660 8 200 12 140 18 5.7 4.9 1550 11

{4930 kN} 10 1510 8 200 12 140 18 5.7 4.9 1430 11

9 1350 8 200 12 140 18 5.7 4.9 1320 11

8 1200 8 200 12 140 18 5.7 4.9 1210 11

1016x305x437+ 11 1660 8 200 12 140 18 5.7 4.9 1480 11

{4420 kN} 10 1510 8 200 12 140 18 5.7 4.9 1370 11

9 1350 8 200 12 140 18 5.7 4.9 1260 11

8 1200 8 200 12 140 18 5.7 4.9 1160 11

1016x305x393+ 11 1660 8 200 12 140 15 5.7 4.9 1350 11

{3990 kN} 10 1510 8 200 12 140 15 5.7 4.9 1250 11

9 1350 8 200 12 140 15 5.7 4.9 1150 11

8 1200 8 200 12 140 15 5.7 4.9 1050 11

1016x305x349+ 11 1660 8 200 12 140 12 5.7 4.9 1230 11

{3610 kN} 10 1510 8 200 12 140 12 5.7 4.9 1140 11

9 1350 8 200 12 140 12 5.7 4.9 1050 11

8 1200 8 200 12 140 12 5.7 4.9 965 11

1016x305x314+ 11 1660 8 200 12 140 12 5.7 4.9 1210 11

{3260 kN} 10 1510 8 200 12 140 12 5.7 4.9 1120 11

9 1350 8 200 12 140 12 5.7 4.9 1030 11

1200 8 200 12 140 12 5.7 4.9 944 11

1016x305x272+ 11 1660 8 200 12 140 10 5.7 4.9 1150 11

{2830 kN} 10 1510 8 200 12 140 10 5.7 4.9 1060 11

9 1350 8 200 12 140 10 5.7 4.9 980 11

8 1200 8 200 12 140 10 5.7 4.9 897 11

1016x305x249+ 11 1660 8 200 12 140 10 5.7 4.9 1140 11

{2770 kN} 10 1510 8 200 12 140 10 5.7 4.9 1060 11

9 1350 8 200 12 140 10 5.7 4.9 976 11

8 1200 8 200 12 140 10 5.7 4.9 893 11

1016x305x222+ 11 1660 8 200 12 140 10 5.7 4.9 1130 11

{2640 kN} 10 1510 8 200 12 140 10 5.7 4.9 1050 11

9 1350 8 200 12 140 10 5.7 4.9 969 11

8 1200 8 200 12 140 10 5.7 4.9 887 11

For guidance on the use of tables see Explanatory notes in Table G.8
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Full Depth End Plates

BEAM: S275
END PLATES: S275

Table G.11 Continued BOLTS: M20, 8.8
FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thcek Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
Vrd by to P3 s NRrdu
kN mm mm mm mm mm mm kN
914x419x388 11 1660 8 200 12 140 15 5.7 4.9 1300 11
{3240 kN} 10 1510 8 200 12 140 15 5.7 4.9 1200 11
9 1350 8 200 12 140 15 5.7 4.9 1100 11
8 1200 8 200 12 140 15 5.7 4.9 1010 11
914x419x343 11 1660 8 200 12 140 12 5.7 4.9 1210 11
{2920 kN} 10 1510 8 200 12 140 12 5.7 4.9 1120 11
9 1350 8 200 12 140 12 5.7 4.9 1030 11
8 1200 8 200 12 140 12 5.7 4.9 943 11
914x305x289 11 1660 8 200 12 140 12 5.7 4.9 1210 11
{2900 kN} 10 1510 8 200 12 140 12 5.7 4.9 1120 11
1350 8 200 12 140 12 5.7 4.9 1030 11
1200 8 200 12 140 12 5.7 4.9 943 11
914x305x253 11 1660 8 200 12 140 10 5.7 4.9 1150 11
{2570 kN} 10 1510 8 200 12 140 10 5.7 4.9 1070 11
9 1350 8 200 12 140 10 5.7 4.9 983 11
8 1200 8 200 12 140 10 5.7 4.9 900 11
914x305x224 11 1660 8 200 12 140 10 5.7 4.9 1140 11
{2350 kN} 10 1510 8 200 12 140 10 5.7 4.9 1050 11
9 1350 8 200 12 140 10 5.7 4.9 970 11
8 1200 8 200 12 140 10 5.7 4.9 888 11
914x305x201 11 1660 8 200 12 140 10 5.7 4.9 1130 11
{2210 kN} 10 1510 8 200 12 140 10 5.7 4.9 1040 11
9 1350 8 200 12 140 10 5.7 4.9 962 11
8 1200 8 200 12 140 10 5.7 4.9 880 11
838x292x226 10 1510 8 200 12 140 10 5.7 4.9 1060 11
{2220 kN} 9 1350 8 200 12 140 10 5.7 4.9 973 11
8 1200 8 200 12 140 10 5.7 4.9 891 11
838x292x194 10 1510 8 200 12 140 10 5.7 4.9 1040 11
{2000 kN} 9 1350 8 200 12 140 10 5.7 4.9 960 11
8 1200 8 200 12 140 10 5.7 4.9 879 11
838x292x176 10 1510 8 200 12 140 8 5.7 4.9 1010 11
{1890 kN} 9 1350 8 200 12 140 8 5.7 4.9 930 11
8 1200 8 200 12 140 8 5.7 4.9 852 11

For guidance on the use of tables see Explanatory notes in Table G.8
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Full Depth End Plates

BEAM: S275
END PLATES: S275
Table G.11 Continued BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thcek Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
Vrd by, ty Ps3 S NRrdu
kN mm mm mm mm mm mm kN
762x267x197 9 1350 8 200 12 140 10 5.7 4.9 971 11
{1950 kN} 8 1200 8 200 12 140 10 5.7 4.9 887 11
7 1050 8 200 12 140 10 5.7 4.9 805 11
762x267x173 9 1350 8 200 12 140 10 5.7 4.9 960 11
{1760 kN} 8 1200 8 200 12 140 10 5.7 4.9 876 11
7 1050 8 200 12 140 10 5.7 4.9 795 11
762x267x147 9 1350 8 200 12 140 8 5.7 4.9 926 11
{1560 kN} 8 1200 8 200 12 140 8 5.7 4.9 845 11
7 1050 8 200 12 140 8 5.7 4.9 767 11
762x267x134 9 1350 8 200 12 140 8 5.7 4.9 920 11
{1520 kN} 8 1200 8 200 12 140 8 5.7 4.9 839 11
7 1050 8 200 12 140 8 5.7 4.9 762 11
686x254x170 8 1200 8 200 12 140 10 5.7 4.9 882 11
{1630 kN} 7 1050 8 200 12 140 10 5.7 4.9 797 11
903 8 200 12 140 10 5.7 4.9 716 11
686x254x152 8 1200 8 200 12 140 8 5.7 4.9 852 11
{1470 kN} 7 1050 8 200 12 140 8 5.7 4.9 771 11
6 903 8 200 12 140 8 5.7 4.9 693 11
686x254x140 8 1200 8 200 12 140 8 5.7 4.9 847 11
{1370 kN} 7 1050 8 200 12 140 8 5.7 4.9 766 11
903 8 200 12 140 8 5.7 4.9 689 11
686x254x125 8 1200 8 200 12 140 8 5.7 4.9 843 11
{1280 kN} 7 1050 8 200 12 140 8 5.7 4.9 761 11
6 903 8 200 12 140 8 5.7 4.9 685 11
610x305x238 7 1050 8 200 12 140 12 5.7 4.9 850 11
{1890 kN} 6 903 8 200 12 140 12 5.7 4.9 760 11
610x305x179 7 1050 8 200 12 140 8 5.7 4.9 781 11
{1440 kN} 6 903 8 200 12 140 8 5.7 4.9 699 11
610x305x149 7 1050 8 200 12 140 8 5.7 4.9 768 11
{1200 kN} 6 903 8 200 12 140 8 5.7 4.9 687 11

For guidance on the use of tables see Explanatory notes in Table G.8
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Full depth end plates

BEAM: S275
END PLATES: S275

Table G.11 Continued BOLTS: M20, 8.8
FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
Vkrd b, ty P3 S NRrdu
kN mm mm mm mm mm mm kN
610x229x140 7 1050 8 200 12 140 8 5.7 4.9 775 11
{1300 kN} 6 903 8 200 12 140 8 5.7 4.9 693 11
610x229x125 7 1050 8 200 12 140 8 5.7 4.9 769 11
{1170 kN} 6 903 8 200 12 140 8 5.7 4.9 687 11
610x229x113 7 1050 8 200 12 140 8 5.7 4.9 764 11
{1090 kN} 6 903 8 200 12 140 8 5.7 4.9 683 11
610x229x101 7 1050 8 200 12 140 6 5.7 4.9 745 11
{1060 kN} 6 903 8 200 12 140 6 5.7 4.9 666 11
610x178x100+ 7 1050 8 200 12 140 8 5.7 4.9 765 11
{1110 kN} 6 903 8 200 12 140 8 5.7 4.9 683 11
610x178x92+ 7 1050 8 200 12 140 8 5.7 4.9 763 11
{1090 kN} 6 903 8 200 12 140 8 5.7 4.9 681 11
610x178x82+ 7 1000 4 200 12 140 6 5.4 4.7 743 11
{1000 kN} 6 903 8 200 12 140 6 5.7 4.9 663 11
533x312x272+ 6 903 8 200 12 140 12 5.7 4.9 783 11
{1910 kN} 5 753 8 200 12 140 12 5.7 4.9 692 11
533x312x219+ 6 903 8 200 12 140 12 5.7 4.9 761 11
{1630 kN} 5 753 8 200 12 140 12 5.7 4.9 670 11
533x312x182+ 6 903 8 200 12 140 10 5.7 4.9 724 11
{1340 kN} 5 753 8 200 12 140 10 5.7 4.9 638 11
533x312x150+ 6 903 8 200 12 140 8 5.7 4.9 696 11
{1120 kN} 5 753 8 200 12 140 8 5.7 4.9 613 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.11 Continued BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V Rd,peam} n; | Resistance check check
Vkrd b, ty P3 S NRrdu
kN mm mm mm mm mm mm kN
533x210x138+ 6 903 8 200 12 140 10 5.7 4.9 722 11
{1290 kN} 5 753 8 200 12 140 10 5.7 4.9 636 11
533x210x122 6 903 8 200 12 140 8 5.7 4.9 696 11
{1110 kN} 5 753 8 200 12 140 8 5.7 4.9 614 11
533x210x109 6 903 8 200 12 140 8 5.7 4.9 691 11
{1020 kN} 5 753 8 200 12 140 8 5.7 4.9 609 11
533x210x101 6 903 8 200 12 140 8 5.7 4.9 687 11
{952 kN} 5 753 8 200 12 140 8 5.7 4.9 606 11
533x210x92 6 903 8 200 12 140 6 5.7 4.9 670 11
{909 kN} 5 753 8 200 12 140 6 5.7 4.9 591 11
533x210x82 6 865 4 200 12 140 6 54 47 668 11
{865 kN} 5 753 8 200 12 140 6 5.7 4.9 589 11
533x165x85+ 6 902 4 150 10 90 6 5.7 4.9 710 11
{902 kN} 5 753 8 150 10 90 6 5.7 4.9 613 11
533x165x74+ 6 871 4 150 10 90 6 5.5 438 705 11
{871 kN} 5 753 8 150 10 90 6 5.7 4.9 608 11
533x165x66+ 6 793 4 150 10 90 6 5.0 43 698 11
{793 kN} 5 753 8 150 10 90 6 5.7 4.9 602 11

For guidance on the use of tables see Explanatory notes in Table G.8




Table G.11 Continued

Full depth end plates

BEAM: S275
END PLATES: S275
BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
74 Rd b p tp P3 S N Rd,u
kN mm mm mm mm mm mm kN
457x191x161+ 5 753 8 150 10 90 12 5.7 4.9 801 11
{1390 kN} 4 602 8 150 10 90 12 5.7 4.9 710 11
457x191x133+ 5 753 8 150 10 90 10 5.7 4.9 724 11
{1160 kN} 4 602 8 150 10 90 10 5.7 4.9 606 11
457x191x106+ 5 753 8 150 10 90 8 5.7 4.9 664 11
{947 kN} 4 602 8 150 10 90 8 5.7 4.9 557 11
457x191x98 5 753 8 150 10 90 8 5.7 4.9 653 11
{852 kN} 4 602 8 150 10 90 8 5.7 4.9 548 11
457x191x89 5 753 8 150 10 90 6 5.7 4.9 619 11
{789 kN} 4 602 8 150 10 90 6 5.7 4.9 522 11
457x191x82 5 753 8 150 10 90 6 5.7 4.9 615 11
{756 kN} 4 602 8 150 10 90 6 5.7 4.9 518 11
457x191x74 5 693 4 150 10 90 6 5.2 4.5 608 11
{693 kN} 4 602 8 150 10 90 6 5.7 4.9 512 11
457x191x67 5 650 4 150 10 90 6 4.9 43 605 11
{650 kN} 4 602 8 150 10 90 6 5.7 4.9 509 11
457x152x82 5 753 8 150 10 90 6 5.7 4.9 619 11
{798 kN} 4 602 8 150 10 90 6 5.7 4.9 522 11
457x152x74 5 721 4 150 10 90 6 5.4 4.7 612 11
{721 kN} 4 602 8 150 10 90 6 5.7 4.9 516 11
457x152x67 5 697 4 150 10 90 6 5.2 4.6 608 11
{697 kN} 4 602 8 150 10 90 6 5.7 4.9 512 11
457x152x60 5 624 4 150 10 90 6 4.7 4.1 602 11
{624 kN} 4 602 8 150 10 90 6 5.7 4.9 507 11
457x152x52 5 578 4 150 10 90 6 4.4 3.8 599 11
{578 kN} 4 578 4 150 10 90 6 5.4 4.7 504 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.11 Continued BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
74 Rd b p tp P3 S N Rd,u
kN mm mm mm mm mm mm kN

406x178x85+ 4 602 8 150 10 90 8 5.7 4.9 545 11
{742 kN}

406x178x74 4 602 8 150 10 90 6 5.7 4.9 515 11
{664 kN}

406x178x67 4 602 8 150 10 90 6 5.7 4.9 511 11
{612 kN}

406x178x60 4 549 4 150 10 90 6 5.2 4.5 506 11
{549 kN}

406x178x54 4 529 4 150 10 90 6 5.0 43 505 11
{529 kN}

406x140x53+ 4 549 4 150 10 90 6 5.2 4.5 506 11
{549 kN}

406x140x46 4 473 4 150 10 90 6 4.4 3.9 501 11
{473 kN}

406x140x39 4 438 4 150 10 90 6 4.1 3.6 499 11
{438 kN}

356x171x67 3 452 8 150 10 90 6 5.7 4.9 422 11
{568 kN}

356x171x57 3 452 8 150 10 90 6 5.7 4.9 417 11
{501 kN}

356x171x51 3 452 8 150 10 90 6 5.7 4.9 414 11
{455 kN}

356x171x45 3 425 4 150 10 90 6 5.3 4.6 412 11
{425 kN}

356x127x39 3 408 4 150 10 90 6 5.1 4.5 411 11
{408 kN}

356x127x33 3 366 4 150 10 90 6 4.6 4.0 408 11
{366 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275

Table G.11 Continued BOLTS: M20, 8.8
FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
Vrg b p t, Ps S Nrau
kN mm mm mm mm mm mm kN
305x165x54 3 422 4 150 10 90 6 5.3 4.6 423 11
{422 kN}
305x165x46 3 357 4 150 10 90 6 4.5 3.9 418 11
{357 kN}
305x165x40 3 319 4 150 10 90 6 4.0 3.5 416 11
{319 kN}
305x127x48 3 452 8 150 10 90 6 5.7 4.9 427 11
{474 kN}
305x127x42 3 420 4 150 10 90 6 5.3 4.6 423 11
{420 kN}
305x127x37 3 372 4 150 10 90 6 4.7 4.1 420 11
{372 kN}
305x102x33 3 350 4 150 10 90 6 4.4 3.8 416 11
{350 kN}
305x102x28 3 315 4 150 10 90 6 4.0 34 414 11
{315 kN}
305x102x25 3 299 4 150 10 90 6 3.8 3.3 413 11
{299 kN}
254x146x43 2 301 8 150 10 90 6 5.7 4.9 327 11
{321 kN}
254x146x37 2 280 4 150 10 90 6 5.3 4.6 325 11
{280 kN}
254x146x31 2 260 4 150 10 90 6 4.9 43 324 11
{260 kN}
254x102x28 2 283 4 150 10 90 6 5.3 4.6 324 11
{283 kN}
254x102x25 2 265 4 150 10 90 6 5.0 43 323 11
{265 kN}
254x102x22 2 248 4 150 10 90 6 4.7 4.1 322 11
{248 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full Depth End Plates

BEAM: S355
END PLATES: S275
Table G.12 BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V rd,peam} n; | Resistance check check
Vrd by tp Ps s N rd,u
kN mm mm mm mm mm mm kN

1016x305x487+ 11 1660 8 200 12 140 22 5.7 4.9 1660 11

{6480 kN} 10 1510 8 200 12 140 22 5.7 4.9 1540 11

9 1350 8 200 12 140 22 5.7 4.9 1410 11

8 1200 8 200 12 140 22 5.7 4.9 1290 11

1016x305x437+ 11 1660 8 200 12 140 20 5.7 4.9 1540 11

{5810 kN} 10 1510 8 200 12 140 20 5.7 4.9 1430 11

1350 8 200 12 140 20 5.7 4.9 1320 11

1200 8 200 12 140 20 5.7 4.9 1200 11

1016x305x393+ 11 1660 8 200 12 140 18 5.7 4.9 1420 11

{5240 kN} 10 1510 8 200 12 140 18 5.7 4.9 1320 11

9 1350 8 200 12 140 18 5.7 4.9 1210 11

8 1200 8 200 12 140 18 5.7 4.9 1110 11

1016x305x349+ 11 1660 8 200 12 140 15 5.7 4.9 1300 11

{4700 kN} 10 1510 8 200 12 140 15 5.7 4.9 1200 11

9 1350 8 200 12 140 15 5.7 4.9 1110 11

8 1200 8 200 12 140 15 5.7 4.9 1010 11

1016x305x314+ 11 1660 8 200 12 140 15 5.7 4.9 1260 11

{4240 kN} 10 1510 8 200 12 140 15 5.7 4.9 1170 11

9 1350 8 200 12 140 15 5.7 4.9 1080 11

8 1200 8 200 12 140 15 5.7 4.9 986 11

1016x305x272+ 11 1660 8 200 12 140 12 5.7 4.9 1180 11

{3680 kN} 10 1510 8 200 12 140 12 5.7 4.9 1090 11

9 1350 8 200 12 140 12 5.7 4.9 1010 11

8 1200 8 200 12 140 12 5.7 4.9 921 11

1016x305x249+ 11 1660 8 200 12 140 12 5.7 49 1170 11

{3600 kN} 10 1510 8 200 12 140 12 5.7 4.9 1090 11

9 1350 8 200 12 140 12 5.7 4.9 1000 11

1200 8 200 12 140 12 5.7 4.9 916 11

1016x305x222+ 11 1660 8 200 12 140 12 5.7 4.9 1170 11

{3430 kN} 10 1510 8 200 12 140 12 5.7 4.9 1080 11

9 1350 8 200 12 140 12 5.7 4.9 995 11

8 1200 8 200 12 140 12 5.7 4.9 909 11

For guidance on the use of tables see Explanatory notes in Table G.8
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Full Depth End Plates

BEAM: S355
END PLATES: S275

Table G.12 Continued BOLTS: M20, 8.8
FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V rdpeam} n; | Resistance check check
Vrd by tp Ps s N rd,u
kN mm mm mm mm mm mm kN
914x419x388 11 1660 8 200 12 140 15 5.7 4.9 1300 11
{4220 kN} 10 1510 8 200 12 140 15 5.7 4.9 1200 11
9 1350 8 200 12 140 15 5.7 4.9 1100 11
8 1200 8 200 12 140 15 5.7 4.9 1010 11
914x419x343 11 1660 8 200 12 140 15 5.7 4.9 1270 11
{3800 kN} 10 1510 8 200 12 140 15 5.7 4.9 1170 11
9 1350 8 200 12 140 15 5.7 4.9 1080 11
8 1200 8 200 12 140 15 5.7 4.9 984 11
914x305x289 11 1660 8 200 12 140 15 5.7 4.9 1270 11
{3780 kN} 10 1510 8 200 12 140 15 5.7 4.9 1170 11
9 1350 8 200 12 140 15 5.7 4.9 1080 11
8 1200 8 200 12 140 15 5.7 4.9 985 11
914x305x253 11 1660 8 200 12 140 12 5.7 4.9 1180 11
{3350 kN} 10 1510 8 200 12 140 12 5.7 4.9 1100 11
9 1350 8 200 12 140 12 5.7 4.9 1010 11
8 1200 8 200 12 140 12 5.7 4.9 924 11
914x305x224 11 1660 8 200 12 140 12 5.7 4.9 1170 11
{3060 kN} 10 1510 8 200 12 140 12 5.7 4.9 1080 11
1350 8 200 12 140 12 5.7 4.9 996 11
1200 8 200 12 140 12 5.7 4.9 911 11
914x305x201 11 1660 8 200 12 140 12 5.7 4.9 1160 11
{2870 kN} 10 1510 8 200 12 140 12 5.7 4.9 1070 11
9 1350 8 200 12 140 12 5.7 4.9 987 11
8 1200 8 200 12 140 12 5.7 4.9 903 11
838x292x226 10 1510 8 200 12 140 12 5.7 4.9 1090 11
{2900 kN} 9 1350 8 200 12 140 12 5.7 4.9 999 11
8 1200 8 200 12 140 12 5.7 4.9 914 11
838x292x194 10 1510 8 200 12 140 10 5.7 4.9 1040 11
{2610 kN} 9 1350 8 200 12 140 10 5.7 4.9 960 11
8 1200 8 200 12 140 10 5.7 4.9 879 11
838x292x176 10 1510 8 200 12 140 10 5.7 4.9 1040 11
{2460 kN} 9 1350 8 200 12 140 10 5.7 4.9 953 11
8 1200 8 200 12 140 10 5.7 4.9 873 11

For guidance on the use of tables see Explanatory notes in Table G.8
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Full Depth End Plates

BEAM: S355
END PLATES: S275
Table G.12 Continued BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V rdpeam} n, | Resistance check check
Vra b, th P3 s N rd,u
kN mm mm mm mm mm mm kN
762x267x197 9 1350 8 200 12 140 12 5.7 4.9 997 11
{2530 kN} 8 1200 8 200 12 140 12 5.7 4.9 910 11
7 1050 8 200 12 140 12 5.7 4.9 825 11
762x267x173 9 1350 8 200 12 140 10 5.7 4.9 960 11
{2290 kN} 8 1200 8 200 12 140 10 5.7 4.9 876 11
7 1050 8 200 12 140 10 5.7 4.9 795 11
762x267x147 9 1350 8 200 12 140 10 5.7 4.9 949 11
{2040 kN} 8 1200 8 200 12 140 10 5.7 4.9 865 11
1050 8 200 12 140 10 5.7 4.9 785 11
762x267x134 9 1350 8 200 12 140 10 5.7 4.9 943 11
{1970 kN} 8 1200 8 200 12 140 10 5.7 4.9 859 11
7 1050 8 200 12 140 10 5.7 4.9 780 11
686x254x170 8 1200 8 200 12 140 10 5.7 4.9 882 11
{2120 kN} 7 1050 8 200 12 140 10 5.7 4.9 797 11
6 903 8 200 12 140 10 5.7 4.9 716 11
686x254x152 8 1200 8 200 12 140 10 5.7 4.9 873 11
{1920 kN} 7 1050 8 200 12 140 10 5.7 4.9 789 11
903 8 200 12 140 10 5.7 4.9 709 11
686x254x140 8 1200 8 200 12 140 10 5.7 4.9 868 11
{1790 kN} 7 1050 8 200 12 140 10 5.7 4.9 783 11
6 903 8 200 12 140 10 5.7 4.9 704 11
686x254x125 8 1200 8 200 12 140 8 5.7 4.9 843 11
{1670 kN} 7 1050 8 200 12 140 8 5.7 4.9 761 11
903 8 200 12 140 8 5.7 4.9 685 11
610x305x238 7 1050 8 200 12 140 15 5.7 4.9 886 11
{2460 kN} 6 903 8 200 12 140 15 5.7 4.9 791 11
610x305x179 7 1050 8 200 12 140 10 5.7 4.9 799 11
{1880 kN} 6 903 8 200 12 140 10 5.7 4.9 714 11
610x305x149 7 1050 8 200 12 140 10 5.7 4.9 786 11
{1570 kN} 6 903 8 200 12 140 10 5.7 4.9 702 11

For guidance on the use of tables see Explanatory notes in Table G.8
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Full depth end plates

BEAM: S355
END PLATES: S275

Table G.12 Continued BOLTS: M20, 8.8
FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{VRd,peam} n; | Resistance check check
VRd bp tp P3 S NRd,u
kN mm mm mm mm mm mm kN
610x229x140 7 1050 8 200 12 140 10 5.7 4.9 794 11
{1690 kN} 6 903 8 200 12 140 10 5.7 4.9 709 11
610x229x125 7 1050 8 200 12 140 10 5.7 4.9 787 11
{1520 kN} 6 903 8 200 12 140 10 5.7 4.9 702 11
610x229x113 7 1050 8 200 12 140 8 5.7 4.9 764 11
{1420 kN} 6 903 8 200 12 140 8 5.7 4.9 683 11
610x229x101 7 1050 8 200 12 140 8 5.7 4.9 761 11
{1370 kN} 6 903 8 200 12 140 8 5.7 4.9 679 11
610x178x100+ 7 1050 8 200 12 140 8 5.7 4.9 765 11
{1450 kN} 6 903 8 200 12 140 8 5.7 4.9 683 11
610x178x92+ 7 1050 8 200 12 140 8 5.7 4.9 763 11
{1410 kN} 6 903 8 200 12 140 8 5.7 4.9 681 11
610x178x82+ 7 1050 8 200 12 140 8 5.7 4.9 759 11
{1290 kN} 6 903 8 200 12 140 8 5.7 4.9 676 11
533x312x272+ 6 903 8 200 12 140 15 5.7 4.9 818 11
{2480 kN} 5 753 8 200 12 140 15 5.7 4.9 720 11
533x312x219+ 6 903 8 200 12 140 15 5.7 4.9 792 11
{2120 kN} 5 753 8 200 12 140 15 5.7 4.9 696 11
533x312x182+ 6 903 8 200 12 140 12 5.7 4.9 742 11
{1740 kN} 5 753 8 200 12 140 12 5.7 4.9 653 11
533x312x150+ 6 903 8 200 12 140 10 5.7 4.9 711 11
{1460 kN} 5 753 8 200 12 140 10 5.7 4.9 626 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.12 Continued BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
Vkrd b, ty P3 S NRrdu
kN mm mm mm mm mm mm kN
533x210x138+ 6 903 8 200 12 140 10 5.7 4.9 722 11
{1680 kN} 5 753 8 200 12 140 10 5.7 4.9 636 11
533x210x122 6 903 8 200 12 140 10 5.7 4.9 712 11
{1450 kN} 5 753 8 200 12 140 10 5.7 4.9 627 11
533x210x109 6 903 8 200 12 140 8 5.7 4.9 691 11
{1330 kN} 5 753 8 200 12 140 8 5.7 4.9 609 11
533x210x101 6 903 8 200 12 140 8 5.7 4.9 687 11
{1240 kN} 5 753 8 200 12 140 8 5.7 4.9 606 11
533x210x92 6 903 8 200 12 140 8 5.7 4.9 684 11
{1170 kN} 5 753 8 200 12 140 8 5.7 4.9 602 11
533x210x82 6 903 8 200 12 140 8 5.7 4.9 682 11
{1120 kN} 5 753 8 200 12 140 8 5.7 4.9 600 11
533x165x85+ 6 903 8 150 10 90 8 5.7 4.9 741 11
{1170 kN} 5 753 8 150 10 90 8 5.7 4.9 639 11
533x165x74+ 6 903 8 150 10 90 8 5.7 4.9 735 11
{1120 kN} 5 753 8 150 10 90 8 5.7 4.9 633 11
533x165x66+ 6 903 8 150 10 90 8 5.7 4.9 727 11
{1020 kN} 5 753 8 150 10 90 8 5.7 4.9 626 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275

Table G.12 Continued BOLTS: M20, 8.8
FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
Vkrd b, ty P3 S NRrdu
kN mm mm mm mm mm mm kN
457x191x161+ 5 753 8 150 10 90 15 5.7 4.9 880 11
{1810 kN} 4 602 8 150 10 90 15 5.7 4.9 766 11
457x191x133+ 5 753 8 150 10 90 12 5.7 4.9 764 11
{1510 kN} 4 602 8 150 10 90 12 5.7 4.9 637 11
457x191x106+ 5 753 8 150 10 90 10 5.7 4.9 695 11
{1230 kN} 4 602 8 150 10 90 10 5.7 4.9 582 11
457x191x98 5 753 8 150 10 90 8 5.7 4.9 653 11
{1110 kN} 4 602 8 150 10 90 8 5.7 4.9 548 11
457x191x89 5 753 8 150 10 90 8 5.7 4.9 645 11
{1030 kN} 4 602 8 150 10 90 8 5.7 4.9 542 11
457x191x82 5 753 8 150 10 90 8 5.7 4.9 640 11
{976 kN} 4 602 8 150 10 90 8 5.7 4.9 538 11
457x191x74 5 753 8 150 10 90 8 5.7 4.9 633 11
{895 kN} 4 602 8 150 10 90 8 5.7 4.9 532 11
457x191x67 5 753 8 150 10 90 6 5.7 4.9 605 11
{839 kN} 4 602 8 150 10 90 6 5.7 4.9 509 11
457x152x82 5 753 8 150 10 90 8 57 4.9 645 11
{1040 kN} 4 602 8 150 10 90 8 5.7 4.9 542 11
457x152x74 5 753 8 150 10 90 8 5.7 4.9 638 11
{938 kN} 4 602 8 150 10 90 8 5.7 4.9 536 11
457x152x67 5 753 8 150 10 90 8 57 4.9 633 11
{899 kN} 4 602 8 150 10 90 8 5.7 4.9 532 11
457x152x60 5 753 8 150 10 90 6 5.7 4.9 602 11
{806 kN} 4 602 8 150 10 90 6 5.7 4.9 507 11
457x152x52 5 747 4 150 10 90 6 5.6 4.9 599 11
{747 kN} 4 602 8 150 10 90 6 5.7 4.9 504 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.12 Continued BOLTS: M20, 8.8

FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{V Rapeam} ny Resistance check check
Vkrd b, ty P3 S NRrdu
kN mm mm mm mm mm mm kN

406x178x85+ 4 602 8 150 10 90 8 5.7 4.9 545 11
{966 kN}

406x178x74 4 602 8 150 10 90 8 5.7 4.9 535 11
{858 kN}

406x178x67 4 602 8 150 10 90 6 5.7 4.9 511 11
{790 kN}

406x178x60 4 602 8 150 10 90 6 5.7 4.9 506 11
{709 kN}

406x178x54 4 602 8 150 10 90 6 5.7 4.9 505 11
{683 kN}

406x140x53+ 4 602 8 150 10 90 6 5.7 4.9 506 11
{709 kN}

406x140x46 4 602 8 150 10 90 6 5.7 4.9 501 11
{611 kN}

406x140x39 4 566 4 150 10 90 6 5.3 4.6 499 11
{566 kN}

356x171x67 3 452 8 150 10 90 8 5.7 4.9 436 11
{733 kN}

356x171x57 3 452 8 150 10 90 6 5.7 4.9 417 11
{646 kN}

356x171x51 3 452 8 150 10 90 6 5.7 4.9 414 11
{587 kN}

356x171x45 3 452 8 150 10 90 6 5.7 4.9 412 11
{549 kN}

356x127x39 3 452 8 150 10 90 6 5.7 4.9 411 11
{527 kN}

356x127x33 3 452 8 150 10 90 6 5.7 4.9 408 11
{472 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275

Table G.12 Continued BOLTS: M20, 8.8
FULL DEPTH END PLATES, ORDINARY or FLOWDRILL BOLTS
200 x 12 or 150 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance Critical
{VRd,peam} n; | Resistance check check
VRd b p tp P3 S NRd,u
kN mm mm mm mm mm mm kN
305x165x54 3 452 8 150 10 90 6 5.7 4.9 423 11
{545 kN}
305x165x46 3 452 8 150 10 90 6 5.7 4.9 418 11
{461 kN}
305x165x40 3 411 4 150 10 90 6 5.2 4.5 416 11
{411 kN}
305x127x48 3 452 8 150 10 90 8 5.7 4.9 442 11
{612 kN}
305x127x42 3 452 8 150 10 90 6 5.7 4.9 423 11
{542 kN}
0
305x127x37 3 452 8 150 10 90 6 5.7 4.9 420 11
{481 kN}
305x102x33 3 452 8 150 10 90 6 5.7 4.9 416 11
{452 kN}
305x102x28 3 407 4 150 10 90 6 5.1 44 414 11
{407 kN}
305x102x25 3 386 4 150 10 90 6 4.8 4.2 413 11
{386 kN}
254x146x43 2 301 8 150 10 90 6 5.7 4.9 327 11
{415 kN}
254x146x37 2 301 8 150 10 90 6 5.7 4.9 325 11
{361 kN}
254x146x31 2 301 8 150 10 90 6 5.7 4.9 324 11
{336 kN}
254x102x28 2 301 8 150 10 90 6 5.7 4.9 324 11
{365 kN}
254x102x25 2 301 8 150 10 90 6 5.7 4.9 323 11
{341 kN}
254x102x22 2 301 8 150 10 90 6 5.7 4.9 322 11
{320 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.13 HOLLO-BOLTS: M20, 8.8

FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} ny Resistance | check check
Vrd by, tp P3 S Nrau
kN mm mm mm mm mm mm kN

1016x305x487+ 11 1680 8 200 12 110 18 4.9 4.2 1850 11

{4930 kN} 10 1530 8 200 12 110 18 4.9 4.2 1690 11

9 1380 8 200 12 110 18 4.9 4.2 1520 11

8 1230 8 200 12 110 18 4.9 4.2 1360 11

1016x305x437+ 11 1680 8 200 12 110 18 4.9 4.2 1810 11

{4420 kN} 10 1530 8 200 12 110 18 4.9 4.2 1650 11

9 1380 8 200 12 110 18 4.9 4.2 1490 11

8 1230 8 200 12 110 18 4.9 4.2 1330 11

1016x305x393+ 11 1680 8 200 12 110 15 4.9 4.2 1780 11

{3990 kN} 10 1530 8 200 12 110 15 4.9 4.2 1620 11

9 1380 8 200 12 110 15 4.9 4.2 1470 11

8 1230 8 200 12 110 15 4.9 4.2 1310 11

1016x305x349+ 11 1680 8 200 12 110 12 4.9 4.2 1750 11

{3610 kN} 10 1530 8 200 12 110 12 4.9 4.2 1600 11

9 1380 8 200 12 110 12 4.9 4.2 1450 11

8 1230 8 200 12 110 12 4.9 4.2 1290 11

1016x305x314+ 11 1680 8 200 12 110 12 4.9 4.2 1750 11

{3260 kN} 10 1530 8 200 12 110 12 4.9 4.2 1590 11

9 1380 8 200 12 110 12 4.9 4.2 1440 11

8 1230 8 200 12 110 12 4.9 4.2 1290 11

1016x305x272+ 11 1680 8 200 12 110 10 4.9 4.2 1690 11

{2830 kN} 10 1530 8 200 12 110 10 4.9 4.2 1540 11

9 1380 8 200 12 110 10 4.9 4.2 1400 11

8 1230 8 200 12 110 10 4.9 4.2 1250 11

1016x305x249+ 11 1680 8 200 12 110 10 4.9 4.2 1690 11

{2770 kN} 10 1530 8 200 12 110 10 4.9 4.2 1540 11

9 1380 8 200 12 110 10 4.9 4.2 1400 11

8 1230 8 200 12 110 10 4.9 4.2 1250 11

1016x305x222+ 11 1680 8 200 12 110 10 4.9 4.2 1690 11

{2640 kN} 10 1530 8 200 12 110 10 4.9 4.2 1530 11

9 1380 8 200 12 110 10 4.9 4.2 1390 11

8 1230 8 200 12 110 10 4.9 4.2 1250 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275

Table G.13 Continued HOLLO-BOLTS: M20, 8.8
FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} ny Resistance | check check
Vrd by, tp P3 S Nrau
kN mm mm mm mm mm mm kN
914x419x388 10 1530 8 200 12 110 15 4.9 4.2 1610 11
{3240 kN} 1380 8 200 12 110 15 4.9 4.2 1450 11
1230 8 200 12 110 15 4.9 4.2 1300 11
914x419x343 10 1530 8 200 12 110 12 4.9 4.2 1590 11
{2920 kN} 1380 8 200 12 110 12 4.9 4.2 1430 11
1230 8 200 12 110 12 4.9 4.2 1290 11
914x305x289 10 1530 8 200 12 110 12 4.9 4.2 1590 11
{2900 kN} 1380 8 200 12 110 12 4.9 42 1430 11
1230 8 200 12 110 12 4.9 4.2 1290 11
914x305x253 10 1530 8 200 12 110 10 4.9 42 1550 11
{2570 kN} 1380 8 200 12 110 10 4.9 4.2 1390 11
1230 8 200 12 110 10 4.9 4.2 1260 11
914x305x224 10 1530 8 200 12 110 10 4.9 42 1530 11
{2350 kN} 1380 8 200 12 110 10 4.9 42 1380 11
1230 8 200 12 110 10 4.9 42 1250 11
914x305x201 10 1530 8 200 12 110 10 4.9 42 1530 11
{2210 kN} 1380 8 200 12 110 10 4.9 42 1380 11
1230 8 200 12 110 10 4.9 42 1240 11
838x292x226 1380 8 200 12 110 10 4.9 42 1390 11
{2220 kN} 1230 8 200 12 110 10 4.9 42 1240 11
838x292x194 1380 8 200 12 110 10 4.9 42 1380 11
{2000 kN} 1230 8 200 12 110 10 4.9 42 1230 11
838x292x176 1380 8 200 12 110 4.9 42 1350 11
{1890 kN} 1230 8 200 12 110 4.9 42 1200 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.13 Continued HOLLO-BOLTS: M20, 8.8

FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V Rd.peam} ny Resistance check check
Vrd by tp Ps s Nra
kN mm mm mm mm mm mm kN
762x267x197 8 1230 8 200 12 110 10 4.9 4.2 1230 11
{1950 kN} 7 1070 8 200 12 110 10 4.9 4.2 1080 11
762x267x173 8 1230 8 200 12 110 10 4.9 4.2 1230 11
{1760 kN} 7 1070 8 200 12 110 10 4.9 4.2 1080 11
762x267x147 8 1230 8 200 12 110 8 4.9 4.2 1200 11
{1560 kN} 7 1070 8 200 12 110 8 4.9 4.2 1050 11
762x267x134 8 1230 8 200 12 110 8 4.9 4.2 1190 11
{1520 kN} 7 1070 8 200 12 110 8 4.9 4.2 1050 11
686x254x170 7 1070 8 200 12 110 10 4.9 4.2 1080 11
{1630 kN} 6 919 8 200 12 110 10 4.9 4.2 931 11
686x254x152 7 1070 8 200 12 110 8 4.9 4.2 1050 11
{1470 kN} 6 919 8 200 12 110 8 4.9 4.2 910 11
686x254x140 7 1070 8 200 12 110 8 4.9 4.2 1050 11
{1370 kN} 6 919 8 200 12 110 8 4.9 4.2 906 11
686x254x125 7 1070 8 200 12 110 8 4.9 4.2 1050 11
{1280 kN} 6 919 8 200 12 110 8 4.9 4.2 902 11
610x305x238 6 919 8 200 12 110 12 4.9 4.2 968 11
{1890 kN}
610x305x179 6 919 8 200 12 110 8 4.9 4.2 915 11
{1440 kN}
610x305x149 6 919 8 200 12 110 8 4.9 4.2 905 11
{1200 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.13 Continued HOLLO-BOLTS: M20, 8.8
FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} ny Resistance | check check
VRd b, to Ps S N Ry
kN mm mm mm mm mm mm kN
610x229x140 6 919 8 200 12 110 8 4.9 4.2 911 11
{1300 kN}
610x229x125 6 919 8 200 12 110 8 4.9 4.2 905 11
{1170 kN}
610x229x113 6 919 8 200 12 110 8 4.9 4.2 901 11
{1090 kN}
610x229x101 6 919 8 200 12 110 6 4.9 4.2 885 11
{1060 kN}
610x178x100+ 6 919 8 200 12 110 8 4.9 4.2 902 11
{1110 kN}
610x178x92+ 6 919 8 200 12 110 8 4.9 4.2 900 11
{1090 kN}
610x178x82+ 6 919 8 200 12 110 6 4.9 42 882 11
{1000 kN}
533x312x272+ 919 8 200 12 110 12 4.9 4.2 979 11
{1910 kN} 766 8 200 12 110 12 4.9 42 820 11
533x312x219+ 5 766 8 200 12 110 12 4.9 4.2 813 11
{1630 kN}
533x312x182+ 5 766 8 200 12 110 10 4.9 4.2 787 11
{1340 kN}
533x312x150+ 5 766 8 200 12 110 8 4.9 4.2 765 11
{1120 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.13 Continued HOLLO-BOLTS: M20, 8.8

FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} ny Resistance | check check
Vrd by, tp P3 S Nrau
kN mm mm mm mm mm mm kN

533x210x138+ 5 766 8 200 12 110 10 4.9 4.2 785 11
{1290 kN}

533x210x122 5 766 8 200 12 110 8 4.9 4.2 765 11
{1110 kN}

533x210x109 5 766 8 200 12 110 8 4.9 4.2 761 11
{1020 kN}

533x210x101 5 766 8 200 12 110 8 4.9 4.2 758 11
{952 kN}

533x210x92 5 766 8 200 12 110 6 4.9 4.2 744 11
{909 kN}

533x210x82 5 766 8 200 12 110 6 4.9 4.2 742 11
{865 kN}

533x165x85+ 5 766 8 200 12 110 6 4.9 4.2 745 11
{902 kN}

533x165x74+ 5 766 8 200 12 110 6 4.9 4.2 743 11
{871 kN}

533x165x66+ 5 766 8 200 12 110 6 4.9 4.2 740 11
{793 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.13 Continued HOLLO-BOLTS: M20, 8.8
FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V Rd.peam} ny Resistance check check
VRd b, to Ps S N Ry
kN mm mm mm mm mm mm kN
457x191x161+ 5 638 8 180 10 90 12 4.0 35 792 11
{1390 kN} 4 510 8 180 10 90 12 4.0 35 638 11
457x191x133+ 4 510 8 180 10 90 10 4.0 35 629 11
{1160 kN}
457x191x106+ 4 510 8 180 10 90 8 4.0 35 622 11
{947 kN}
457x191x98 4 510 8 180 10 90 8 4.0 35 620 11
{852 kN}
457x191x89 4 510 8 180 10 90 6 4.0 35 589 11
{789 kN}
457x191x82 4 510 8 180 10 90 6 4.0 35 584 11
{756 kN}
457x191x74 4 510 8 180 10 90 6 4.0 35 577 11
{693 kN}
457x191x67 4 510 8 180 10 90 6 4.0 35 574 11
{650 kN}
457x152x82 4 510 8 180 10 90 6 4.0 35 589 11
{798 kN}
457x152x74 4 510 8 180 10 90 6 4.0 35 582 11
{721 kN}
457x152x67 4 510 8 180 10 90 6 4.0 35 577 11
{697 kN}
457x152x60 4 510 8 180 10 90 6 4.0 35 571 11
{624 kN}
457x152x52 4 510 8 180 10 90 6 4.0 35 568 11
{578 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.13 Continued HOLLO-BOLTS: M20, 8.8

FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} ny Resistance | check check
Vrd by, tp P3 S Nrau
kN mm mm mm mm mm mm kN

406x178x85+ 4 510 8 180 10 90 8 4.0 3.5 621 11
{742 kN}

406x178x74 4 510 8 180 10 90 6 4.0 3.5 587 11
{664 kN}

406x178x67 4 510 8 180 10 90 6 4.0 3.5 583 11
{612 kN}

406x178x60 4 510 8 180 10 90 6 4.0 3.5 577 11
{549 kN}

406x178x54 4 510 8 180 10 90 6 4.0 3.5 577 11
{529 kN}

406x140x53+ 4 510 8 180 10 90 6 4.0 3.5 577 11
{549 kN}

406x140x46 4 473 4 180 10 90 6 3.7 3.3 571 11
{473 kN}

406x140x39 4 438 4 180 10 90 6 3.5 3.0 570 11
{438 kN}

356x171x67 3 383 8 180 10 90 6 4.0 3.5 469 11
{568 kN}

356x171x57 3 383 8 180 10 90 6 4.0 3.5 468 11
{501 kN}

356x171x51 3 383 8 180 10 90 6 4.0 3.5 466 11
{455 kN}

356x171x45 3 383 8 180 10 90 6 4.0 3.5 465 11
{425 kN}

356x127x39 3 383 8 180 10 90 6 4.0 3.5 464 11
{408 kN}

356x127x33 3 366 4 180 10 90 6 3.9 34 461 11
{366 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S275
END PLATES: S275
Table G.13 Continued HOLLO-BOLTS: M20, 8.8
FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V Rd.peam} ny Resistance check check
VRd b, to Ps S N Ry
kN mm mm mm mm mm mm kN
305x165x54 3 383 8 180 10 90 6 4.0 35 470 11
{422 kN}
305x165x46 3 357 4 180 10 90 6 3.8 3.3 468 11
{357 kN}
305x165x40 3 319 4 180 10 90 6 34 2.9 466 11
{319 kN}
305x127x48 3 383 8 180 10 90 6 4.0 35 472 11
{474 kN}
305x127x42 3 383 8 180 10 90 6 4.0 35 471 11
{420 kN}
305x127x37 3 372 4 180 10 90 6 3.9 34 469 11
{372 kN}
305x102x33 3 350 4 180 10 90 6 3.7 3.2 467 11
{350 kN}
305x102x28 3 315 4 180 10 90 6 3.3 2.9 466 11
{315 kN}
305x102x25 3 299 4 180 10 90 6 3.2 2.8 465 11
{299 kN}
254x146x43 2 255 8 180 10 90 6 4.0 35 321 11
{321 kN}
254x146x37 2 255 8 180 10 90 6 4.0 3.5 320 11
{280 kN}
254x146x31 2 255 8 180 10 90 6 4.0 35 319 11
{260 kN}
254x102x28 2 255 8 180 10 90 6 4.0 35 319 11
{283 kN}
254x102x25 2 255 8 180 10 90 6 4.0 35 319 11
{265 kN}
254x102x22 2 248 4 180 10 90 6 3.9 34 319 11
{248 kN}

For guidance on the use of tables see Explanatory notes in Table G.8

T-65




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.14 HOLLO-BOLTS: M20, 8.8

FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} n; | Resistance | check check
Vrg b, tp P3 S Nrau
kN mm mm mm mm mm mm kN

1016x305x487+ 11 1680 8 200 12 110 22 4.9 4.2 1910 11

{6480 kN} 10 1530 8 200 12 110 22 4.9 4.2 1740 11

9 1380 8 200 12 110 22 4.9 4.2 1570 11

8 1230 8 200 12 110 22 4.9 4.2 1400 11

1016x305x437+ 11 1680 8 200 12 110 20 4.9 4.2 1850 11

{5810 kN} 10 1530 8 200 12 110 20 4.9 4.2 1690 11

9 1380 8 200 12 110 20 4.9 4.2 1520 11

8 1230 8 200 12 110 20 4.9 4.2 1360 11

1016x305x393+ 11 1680 8 200 12 110 18 4.9 4.2 1820 11

{5240 kN} 10 1530 8 200 12 110 18 4.9 4.2 1660 11

9 1380 8 200 12 110 18 4.9 4.2 1500 11

8 1230 8 200 12 110 18 4.9 4.2 1340 11

1016x305x349+ 11 1680 8 200 12 110 15 4.9 4.2 1780 11

{4700 kN} 10 1530 8 200 12 110 15 4.9 4.2 1620 11

9 1380 8 200 12 110 15 4.9 4.2 1470 11

8 1230 8 200 12 110 15 4.9 4.2 1310 11

1016x305x314+ 11 1680 8 200 12 110 15 4.9 4.2 1760 11

{4240 kN} 10 1530 8 200 12 110 15 4.9 4.2 1600 11

9 1380 8 200 12 110 15 4.9 4.2 1450 11

8 1230 8 200 12 110 15 4.9 4.2 1300 11

1016x305x272+ 11 1680 8 200 12 110 12 4.9 4.2 1720 11

{3680 kN} 10 1530 8 200 12 110 12 4.9 4.2 1570 11

9 1380 8 200 12 110 12 4.9 4.2 1420 11

8 1230 8 200 12 110 12 4.9 4.2 1270 11

1016x305x249+ 11 1680 8 200 12 110 12 4.9 4.2 1720 11

{3600 kN} 10 1530 8 200 12 110 12 4.9 4.2 1570 11

9 1380 8 200 12 110 12 4.9 4.2 1420 11

8 1230 8 200 12 110 12 4.9 4.2 1270 11

1016x305x222+ 11 1680 8 200 12 110 12 4.9 4.2 1720 11

{3430 kN} 10 1530 8 200 12 110 12 4.9 4.2 1560 11

9 1380 8 200 12 110 12 4.9 4.2 1420 11

8 1230 8 200 12 110 12 4.9 4.2 1270 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275

Table G.14 Continued HOLLO-BOLTS: M20, 8.8
FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} n; | Resistance | check check
Vrg b, tp P3 S Nrau
kN mm mm mm mm mm mm kN
914x419x388 10 1530 8 200 12 110 15 4.9 4.2 1620 11
{4220 kN} 1380 8 200 12 110 15 4.9 4.2 1460 11
1230 8 200 12 110 15 4.9 4.2 1310 11
914x419x343 10 1530 8 200 12 110 15 4.9 4.2 1600 11
{3800 kN} 1380 8 200 12 110 15 4.9 4.2 1440 11
1230 8 200 12 110 15 4.9 4.2 1300 11
914x305x289 10 1530 8 200 12 110 15 4.9 4.2 1600 11
{3780 kN} 1380 8 200 12 110 15 4.9 4.2 1450 11
1230 8 200 12 110 15 4.9 4.2 1300 11
914x305x253 10 1530 8 200 12 110 12 4.9 42 1570 11
{3350 kN} 1380 8 200 12 110 12 4.9 4.2 1420 11
1230 8 200 12 110 12 4.9 4.2 1280 11
914x305x224 10 1530 8 200 12 110 12 4.9 42 1560 11
{3060 kN} 1380 8 200 12 110 12 4.9 42 1410 11
1230 8 200 12 110 12 4.9 42 1270 11
914x305x201 10 1530 8 200 12 110 12 4.9 42 1550 11
{2870 kN} 1380 8 200 12 110 12 4.9 42 1400 11
1230 8 200 12 110 12 4.9 4.2 1260 11
838x292x226 1380 8 200 12 110 12 4.9 42 1410 11
{2900 kN} 1230 8 200 12 110 12 4.9 42 1260 11
838x292x194 1380 8 200 12 110 10 4.9 42 1380 11
{2610 kN} 1230 8 200 12 110 10 4.9 42 1230 11
838x292x176 1380 8 200 12 110 10 4.9 42 1370 11
{2460 kN} 1230 8 200 12 110 10 4.9 42 1220 11

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.14 Continued HOLLO-BOLTS: M20, 8.8

FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V Rd.peam} ny Resistance check check
Vrg by tp Ps s Nra
kN mm mm mm mm mm mm kN
762x267x197 8 1230 8 200 12 110 12 4.9 4.2 1260 11
{2530 kN} 7 1070 8 200 12 110 12 4.9 4.2 1100 11
762x267x173 8 1230 8 200 12 110 10 4.9 4.2 1230 11
{2290 kN} 7 1070 8 200 12 110 10 4.9 4.2 1080 11
762x267x147 8 1230 8 200 12 110 10 4.9 4.2 1220 11
{2040 kN} 7 1070 8 200 12 110 10 4.9 4.2 1070 11
762x267x134 8 1230 8 200 12 110 10 4.9 4.2 1210 11
{1970 kN} 7 1070 8 200 12 110 10 4.9 4.2 1060 11
686x254x170 7 1070 8 200 12 110 10 4.9 4.2 1080 11
{2120 kN} 6 919 8 200 12 110 10 4.9 4.2 931 11
686x254x152 7 1070 8 200 12 110 10 4.9 4.2 1070 11
{1920 kN} 6 919 8 200 12 110 10 4.9 4.2 924 11
686x254x140 7 1070 8 200 12 110 10 4.9 4.2 1070 11
{1790 kN} 6 919 8 200 12 110 10 4.9 4.2 920 11
686x254x125 7 1070 8 200 12 110 8 4.9 4.2 1050 11
{1670 kN} 6 919 8 200 12 110 8 4.9 4.2 902 11
610x305x238 6 919 8 200 12 110 15 4.9 4.2 979 11
{2460 kN}
610x305x179 6 919 8 200 12 110 10 4.9 4.2 930 11
{1880 kN}
610x305x149 6 919 8 200 12 110 10 4.9 4.2 919 11
{1570 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.14 Continued HOLLO-BOLTS: M20, 8.8
FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} n; | Resistance | check check
Vrg by tp Ps s Nra
kN mm mm mm mm mm mm kN
610x229x140 6 919 8 200 12 110 10 4.9 4.2 925 11
{1690 kN}
610x229x125 6 919 8 200 12 110 10 4.9 4.2 919 11
{1520 kN}
610x229x113 6 919 8 200 12 110 8 4.9 42 901 11
{1420 kN}
610x229x101 6 919 8 200 12 110 8 4.9 4.2 899 11
{1370 kN}
610x178x100+ 6 919 8 200 12 110 8 4.9 4.2 902 11
{1450 kN}
610x178x92+ 6 919 8 200 12 110 8 4.9 4.2 900 11
{1410 kN}
610x178x82+ 6 919 8 200 12 110 8 4.9 4.2 896 11
{1290 kN}
533x312x272+ 919 8 200 12 110 15 4.9 4.2 990 11
{2480 kN} 766 8 200 12 110 15 4.9 4.2 829 11
533x312x219+ 5 766 8 200 12 110 15 4.9 4.2 822 11
{2120 kN}
533x312x182+ 5 766 8 200 12 110 12 4.9 4.2 800 11
{1740 kN}
533x312x150+ 5 766 8 200 12 110 10 4.9 4.2 77 11
{1460 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.14 Continued HOLLO-BOLTS: M20, 8.8

FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} n; | Resistance | check check
Vrg b, tp P3 S Nrau
kN mm mm mm mm mm mm kN

533x210x138+ 5 766 8 200 12 110 10 4.9 4.2 785 11
{1680 kN}

533x210x122 5 766 8 200 12 110 10 4.9 4.2 77 11
{1450 kN}

533x210x109 5 766 8 200 12 110 8 4.9 4.2 761 11
{1330 kN}

533x210x101 5 766 8 200 12 110 8 4.9 4.2 758 11
{1240 kN}

533x210x92 5 766 8 200 12 110 8 4.9 4.2 755 11
{1170 kN}

533x210x82 5 766 8 200 12 110 8 4.9 4.2 753 11
{1120 kN}

533x165x85+ 5 766 8 200 12 110 8 4.9 4.2 756 11
{1170 kN}

533x165x74+ 5 766 8 200 12 110 8 4.9 4.2 754 11
{1120 kN}

533x165x66+ 5 766 8 200 12 110 8 4.9 4.2 751 11
{1020 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.14 Continued HOLLO-BOLTS: M20, 8.8
FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} n; | Resistance | check check
VR4 b, to Ps S N Ry
kN mm mm mm mm mm mm kN
457x191x161+ 5 638 8 180 10 90 15 4.0 35 802 11
{1810 kN} 4 510 8 180 10 90 15 4.0 35 646 11
457x191x133+ 4 510 8 180 10 90 12 4.0 35 633 11
{1510 kN}
457x191x106+ 4 510 8 180 10 90 10 4.0 35 625 11
{1230 kN}
457x191x98 4 510 8 180 10 90 8 4.0 35 620 11
{1110 kN}
457x191x89 4 510 8 180 10 90 8 4.0 35 614 11
{1030 kN}
457x191x82 4 510 8 180 10 90 8 4.0 35 609 11
{976 kN}
457x191x74 4 510 8 180 10 90 8 4.0 35 601 11
{895 kN}
457x191x67 4 510 8 180 10 90 6 4.0 35 574 11
{839 kN}
457x152x82 4 510 8 180 10 90 8 4.0 35 614 11
{1040 kN}
457x152x74 4 510 8 180 10 90 8 4.0 35 606 11
{938 kN}
457x152x67 4 510 8 180 10 90 8 4.0 35 601 11
{899 kN}
457x152x60 4 510 8 180 10 90 6 4.0 35 571 11
{806 kN}
457x152x52 4 510 8 180 10 90 6 4.0 35 568 11
{747 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.14 Continued HOLLO-BOLTS: M20, 8.8

FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate

Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} n; | Resistance | check check
VRra by tp Ps S Nrgu
kN mm mm mm mm mm mm kN

406x178x85+ 4 510 8 180 10 90 8 4.0 3.5 621 11
{966 kN}

406x178x74 4 510 8 180 10 90 8 4.0 3.5 611 11
{858 kN}

406x178x67 4 510 8 180 10 90 6 4.0 3.5 583 11
{790 kN}

406x178x60 4 510 8 180 10 90 6 4.0 3.5 577 11
{709 kN}

406x178x54 4 510 8 180 10 90 6 4.0 3.5 577 11
{683 kN}

406x140x53+ 4 510 8 180 10 90 6 4.0 3.5 577 11
{709 kN}

406x140x46 4 510 8 180 10 90 6 4.0 3.5 571 11
{611 kN}

406x140x39 4 510 8 180 10 90 6 4.0 3.5 570 11
{566 kN}

356x171x67 3 383 8 180 10 90 8 4.0 3.5 471 11
{733 kN}

356x171x57 3 383 8 180 10 90 6 4.0 3.5 468 11
{646 kN}

356x171x51 3 383 8 180 10 90 6 4.0 3.5 466 11
{587 kN}

356x171x45 3 383 8 180 10 90 6 4.0 3.5 465 11
{549 kN}

356x127x39 3 383 8 180 10 90 6 4.0 3.5 464 11
{527 kN}

356x127x33 3 383 8 180 10 90 6 4.0 3.5 461 11
{472 kN}

For guidance on the use of tables see Explanatory notes in Table G.8




Full depth end plates

BEAM: S355
END PLATES: S275
Table G.14 Continued HOLLO-BOLTS: M20, 8.8
FULL DEPTH END PLATES, HOLLO-BOLTS
200 x 12 or 180 x 10 mm End Plate
Bolt Un-notched Fitting (End Plate) Web Min support Tying
rows weld thickness
Beam size Shear Critical Width Thck Gauge Leg S275 | S355 | Resistance | Critical
{V rdbeam} n; | Resistance | check check
Vrg by tp Ps s Nra
kN mm mm mm mm mm mm kN
305x165x54 3 383 8 180 10 90 6 4.0 35 470 11
{545 kN}
305x165x46 3 383 8 180 10 90 6 4.0 35 468 11
{461 kN}
305x165x40 3 383 8 180 10 90 6 4.0 35 466 11
{411 kN}
305x127x48 3 383 8 180 10 90 8 4.0 35 474 11
{612 kN}
305x127x42 3 383 8 180 10 90 6 4.0 35 471 11
{542 kN}
305x127x37 3 383 8 180 10 90 6 4.0 35 469 11
{481 kN}
305x102x33 3 383 8 180 10 90 6 4.0 35 467 11
{452 kN}
305x102x28 3 383 8 180 10 90 6 4.0 3.5 466 11
{407 kN}
305x102x25 3 383 8 180 10 90 6 4.0 3.5 465 11
{386 kN}
254x146x43 2 255 8 180 10 90 6 4.0 35 321 11
{415 kN}
254x146x37 2 255 8 180 10 90 6 4.0 3.5 320 11
{361 kN}
254x146x31 2 255 8 180 10 90 6 4.0 35 319 11
{336 kN}
254x102x28 2 255 8 180 10 90 6 4.0 35 319 11
{365 kN}
254x102x25 2 255 8 180 10 90 6 4.0 35 319 11
{341 kN}
254x102x22 2 255 8 180 10 90 6 4.0 35 319 11
{320 kN}

For guidance on the use of tables see Explanatory notes in Table G.8
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Fin Plates

Table G.15

Explanatory notes — FIN PLATES
Use of Resistance Tables

The check numbers noted below refer to those listed in Table G.17 and described in Section 5.5 Design procedures.

The resistance tables are based on the standard details given in Table G.16.

f
The value given in { } below each beam designation is the shear resistance of the beam, given by M4

37mo
A + symbol adjacent to the beam designation indicates that the serial size is additional to those specified in BS 4-1.

SHADED PORTION OF TABLES:
Connections for beams in the shaded portion of the tables may only be used when:

o the supported beam span/depth ratio < 20
o the gap between the supported beam end and the supporting element = 20 mm

e the maximum number of bolt rows = 8 (i.e. (n1 — 1)p1 = 490 mm, which does not exceed the limit of
530 mm).

1 SHEAR RESISTANCE OF THE CONNECTION

This is the critical value of the design checks for the ‘supported beam side’ of the connection, i.e. the minimum
resistance from Checks 2, 3, 4, and 8.

2 CRITICAL DESIGN CHECK

The check which gives the critical value of shear resistance. See Table G.17 for the description of the checks.

3 MINIMUM SUPPORT THICKNESS

This is the minimum thickness of supporting column or beam element that is needed to carry the given shear
resistance (un-notched or single notched) of the connection. It is derived from Check 10.

For a symmetrical two sided connection, the minimum support thickness would be twice the tabulated value.
If the applied shear force is less than the quoted resistance, the minimum support thickness reduces proportionally.

4 NOTCH LIMIT

These are maximum lengths of notches for single and double notched beams that can be accommodated if the
beam is to carry the tabulated corresponding shear resistance of the connection. The notch is measured from
the end of the beam. The calculated resistances allow for the size of the gap between the beam and the
support.

It is assumed that the beam is fully restrained against lateral torsional buckling, and the limiting notch lengths
are derived from Checks 5 and 6.

To provide a simple check for double notched beams, it has been assumed that the remaining web depth is
the same as the length of the fin plate.

5 TYING RESISTANCE

This is the critical value of the design checks for the ‘supported beam’ side of the connection, i.e. the minimum
resistance from Checks 11 and 12.

Separate checks will have to be carried out on the supporting member (see Checks 14, 15 and 16).




Fin Plates

Table G.16

FIN PLATES
Standard details used in Resistance Tables

—> <= 50o0r 60 (see Table 5.1)
—> < 500r60 (see Table 5.1)

—> < 500r60 (see Table 5.1)
Top of beam to
50—¢7 |: \ —f first row of bolts
40 @ =90 mm
[l
nyrows of &
bolts at |
h
p| 70 mm A N vari
p— varies
.
|
o | %
ﬁ A\
| N M20 8.8 bolts
gl > <
9h o

gh= 10 mm for supported beams <610 UKB
gnh= 20 mm for supported beams > 610 UKB

In
<~ 50 or 60 (see Table 5.1)

50 or 60 (see Table 5.1) 50 or 60 (see Table 5.1)

| 9 |
Top of beam to
first row of bolts
@ =90 mm
| [l |
|
|
nyrows of i ‘#“
hp bolts at N ) !
70 mm [ varies i ‘#“
|
|
>
[l \N
AY
M20 8.8 bolts M20 8.8 bolts




Fin Plates

Table G.17
FIN PLATES
Design Check List
Check i
Number Description
© 2 Bolt group
3
()
£
(1]
()
2 3 Shear resistance of fin plate
w T
3) 2
Z 1
< 2
2 S
7]
0 4 Web in shear
14
14
<
w
I
)
2.
€3 o
QED 8 Welds
oy [T
5 E
n
11 Plate and bolts
w
S
O
z 2
>n
o
&
12 Supported beam web
Note: This table only lists the critical checks.

For a full list of design checks and further information, see Section 5.5.




Table G.18

Fin plates

BEAM: S275
FIN PLATES: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS
Single line of bolts
120x10 or 100x10 mm Fin Plate

Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck | Length| Leg S275 | S355 | Resist| Crit
{V Rd.beam} ny, | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I'n VRd I'n bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

1016x305x487+ 8 653 2 653 2470 653 1340 120 10 570 8 4.0 3.1 855 11
{4930 kN}

1016x305x437+ 8 653 2 653 2220 653 1230 120 10 570 8 4.0 3.1 855 11
{4420 kN}

1016x305x393+ 8 653 2 653 1980 653 1090 120 10 570 8 4.0 3.1 855 11
{3990 kN}

1016x305x349+| 8 653 2 653 1800 653 1010 120 10 570 8 4.0 3.1 855 11
{3610 kN}

1016x305x314+| 8 653 2 653 1610 653 891 120 10 570 8 4.0 3.1 855 11
{3260 kN}

1016x305x272+| 8 653 2 653 1370 653 748 120 10 570 8 4.0 3.1 855 11
{2830 kN}

1016x305x249+ 8 653 2 653 1330 653 767 120 10 570 8 4.0 3.1 855 11
{2770 kN}

1016x305x222+| 8 653 2 653 1230 653 726 120 10 570 8 4.0 3.1 855 11
{2640 kN}

914x419x388 8 653 2 653 1580 653 818 120 10 570 8 4.0 3.1 855 11
{3240 kN}

914x419x343 8 653 2 653 1440 653 761 120 10 570 8 4.0 3.1 855 11
{2920 kN}

914x305x289 8 653 2 653 1420 653 795 120 10 570 8 4.0 3.1 855 11
{2900 kN}

914x305x253 8 653 2 653 1290 653 763 120 10 570 8 4.0 3.1 855 11
{2570 kN}

914x305x224 8 653 2 653 1160 653 686 120 10 570 8 4.0 3.1 855 11
{2350 kN}

914x305x201 8 653 2 653 1060 653 638 120 10 570 8 4.0 3.1 855 11
{2210 kN}

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S275
FIN PLATES: S275
Table G.18 Continued BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS
Single line of bolts
120x10 or 100x10 mm Fin Plate

Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck | Length| Leg S275 | S355 | Resist| Crit
{V Rd.beam} ny, | Resist| chck | Resist| limit | Resist| limit chck
VR4 Vrd I, Vrd I, b, ty hp s Nrau
kN kN mm kN mm mm mm mm mm mm mm kN

838x292x226 | 8 | 653 2 653 | 1030 | 653 | 594 | 120 | 10 [ 570 8 40 | 31 | 855 | 11
{2220 kN}

838x292x194 | 8 | 653 2 653 | 905 | 653 | 525 | 120 | 10 | 570 8 40 | 31 | 855 [ 11
{2000 kN}

838x292x176 | 8 | 653 | 2 | 653 | 839 | 653 | 491 | 120 | 10 | 570 8 40 | 31 | 855 | 11
{1890 kN}

762x267x197 8 653 2 653 803 653 453 120 10 570 8 4.0 3.1 855 11
{1950 kN} 7 554 2 554 949 554 538 120 10 500 8 3.9 3.0 748 11

762x267x173 8 653 2 653 715 653 404 120 10 570 8 4.0 3.1 855 11
{1760 kN} 7 554 2 554 845 554 480 120 10 500 8 3.9 3.0 748 11

762x267x147 8 653 2 653 617 653 342 120 10 570 8 4.0 3.1 855 11
{1560 kN} 7 554 2 554 729 554 416 120 10 500 8 3.9 3.0 748 11

762x267x134 8 653 2 653 589 653 316 120 10 570 8 4.0 3.1 855 11
{1520 kN} 7 554 2 554 696 554 399 120 10 500 8 3.9 3.0 748 11

686x254x170 8 653 2 653 599 653 314 120 10 570 8 4.0 3.1 855 11
{1630 kN} 7 554 2 554 708 554 386 120 10 500 8 3.9 3.0 748 11
6 455 2 455 865 455 475 120 10 430 8 3.7 29 641 11

686x254x152 8 653 2 653 535 653 259 120 10 570 8 4.0 3.1 855 11
{1470 kN} 7 554 2 554 633 554 343 120 10 500 8 3.9 3.0 748 11
6 455 2 455 773 455 422 120 10 430 8 3.7 2.9 641 11

686x254x140 8 653 2 653 493 653 219 120 10 570 8 4.0 3.1 855 11
{1370 kN} 7 554 2 554 585 554 312 120 10 500 8 3.9 3.0 748 11
6 455 2 455 714 455 390 120 10 430 8 3.7 2.9 641 11

686x254x125 8 653 2 653 444 653 176 120 10 570 8 4.0 3.1 855 11
{1280 kN} 7 554 2 554 535 554 279 120 10 500 8 3.9 3.0 748 11
6 455 2 455 653 455 359 120 10 430 8 3.7 29 641 11

For guidance on the use of tables see Explanatory notes in Table G.15




Table G.18 Continued

Fin plates

BEAM: S275
FIN PLATES: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS
Single line of bolts
120x10 or 100x10 mm Fin Plate

Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd.beam} ny, | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I'n VRd I'n bp tp hp S Nrau
kN kN mm kN mm mm mm mm mm mm mm kN
610x305x238 7 576 3 576 744 576 395 100 10 500 8 4.0 3.1 748 11
{1890 kN} 481 2 481 892 481 475 100 10 430 8 3.9 3.0 641 11
610x305x179 7 576 576 543 576 270 100 10 500 4.0 3.1 748 11
{1440 kN} 481 481 652 481 340 100 10 430 3.9 3.0 641 11
610x305x149 7 576 3 576 440 576 174 100 10 500 8 4.0 3.1 748 11
{1200 kN} 481 2 481 532 481 267 100 10 430 8 3.9 3.0 641 11
610x229x140 7 576 576 479 576 233 100 10 500 4.0 3.1 748 11
{1300 kN} 481 481 575 481 311 100 10 430 3.9 3.0 641 11
610x229x125 7 576 3 576 423 576 178 100 10 500 8 4.0 3.1 748 11
{1170 kN} 481 2 481 512 481 270 100 10 430 8 3.9 3.0 641 11
610x229x113 7 576 576 376 576 132 100 10 500 4.0 3.1 748 11
{1090 kN} 481 481 467 481 237 100 10 430 3.9 3.0 641 11
610x229x101 7 576 3 576 351 563 110 100 10 500 8 4.0 3.1 748 11
{1060 kN} 481 2 481 445 481 215 100 10 430 8 3.9 3.0 641 11
610x178x100+| 7 576 576 368 576 142 100 10 500 4.0 3.1 748 11
{1110 kN} 481 481 454 481 244 100 10 430 3.9 3.0 641 11
610x178x92+ 7 576 3 576 355 576 118 100 10 500 8 4.0 3.1 748 11
{1090 kN} 481 2 481 441 481 232 100 10 430 8 3.9 3.0 641 11
610x178x82+ 7 557 4 557 315 N/A 110 100 10 500 3.9 3.0 748 11
{1000 kN} 481 4 481 392 481 187 100 10 430 3.9 3.0 641 11
533x312x272+| 6 481 2 481 775 481 361 100 10 430 8 3.9 3.0 641 11
{1910 kN} 5 383 2 383 978 383 456 100 10 360 8 3.7 29 535 11
533x312x219+ 481 481 679 481 346 100 10 430 8 3.9 3.0 641 11
{1630 kN} 5 383 2 383 856 383 438 100 10 360 8 3.7 2.9 535 11
533x312x182+| 6 481 2 481 546 481 272 100 10 430 8 3.9 3.0 641 11
{1340 kN} 5 383 2 383 690 383 347 100 10 360 8 3.7 29 535 11
533x312x150+ 481 481 443 481 195 100 10 430 8 3.9 3.0 641 11
{1120 kN} 5 383 2 383 560 383 278 100 10 360 8 3.7 2.9 535 11

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S275
FIN PLATES: S275
Table G.18 Continued BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS
Single line of bolts
120x10 or 100x10 mm Fin Plate

Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd.beam} ny, | Resist| chck | Resist| limit | Resist| limit chck
VR4 VR4 I, VR4 Iy b, ty hp s NRayu
kN kN mm kN mm mm mm mm mm mm mm kN

533x210x138+| 6 481 2 481 494 481 258 100 10 430 8 3.9 3.0 641 1"
{1290 kN} 5 383 2 383 624 383 332 100 10 360 8 3.7 2.9 535 1"

533x210x122 6 481 2 481 423 481 197 100 10 430 8 3.9 3.0 641 1"
{1110 kN} 5 383 2 383 534 383 280 100 10 360 8 3.7 2.9 535 1"

533x210x109 6 481 2 481 375 481 151 100 10 430 8 3.9 3.0 641 1"
{1020 kN} 5 383 2 383 477 383 246 100 10 360 8 3.7 2.9 535 1"

533x210x101 6 481 2 481 338 481 114 100 10 430 8 3.9 3.0 641 1"
{952 kN} 5 383 2 383 439 383 220 100 10 360 8 3.7 2.9 535 1"

533x210x92 6 481 2 481 317 452 110 100 10 430 8 3.9 3.0 641 11
{909 kN} 5 383 2 383 418 383 202 100 10 360 8 3.7 2.9 535 1"

533x210x82 6 462 4 462 299 N/A 110 100 10 430 8 3.8 2.9 641 1"
{865 kN} 5 383 2 383 383 383 176 100 10 360 8 3.7 2.9 535 1"

533x165x85+ 6 480 4 480 301 480 110 100 10 430 8 3.9 3.0 641 1"
{902 kN} 5 383 2 383 398 383 201 100 10 360 8 3.7 2.9 535 1"

533x165x74+ 6 467 4 467 289 N/A 110 100 10 430 8 3.8 2.9 641 1"
{871 kN} 5 383 2 383 374 383 181 100 10 360 8 3.7 2.9 535 1"

533x165x66+ 6 428 4 428 279 N/A 110 100 10 430 8 3.5 2.7 603 12
{793 kN} 5 360 2 360 354 360 165 100 10 360 8 3.5 27 503 12

For guidance on the use of tables see Explanatory notes in Table G.15




Table G.18 Continued

Fin plates

BEAM: S275
FIN PLATES: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS
Single line of bolts
120x10 or 100x10 mm Fin Plate

Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd.beam} ny, | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I'n VRd I'n bp tp hp S Nrau
kN kN mm kN mm mm mm mm mm mm mm kN
457x191x161+| 5 383 2 383 600 383 309 100 10 360 8 3.7 2.9 535 11
{1390 kN} 4 286 2 286 807 286 418 100 10 290 8 3.4 2.7 428 11
457x191x133+| 5 383 2 383 485 383 246 100 10 360 3.7 2.9 535 11
{1160 kN} 4 286 2 286 654 286 333 100 10 290 3.4 2.7 428 11
457x191x106+| 5 383 2 383 379 383 174 100 10 360 8 3.7 2.9 535 11
{947 kN} 4 286 2 286 511 286 255 100 10 290 8 3.4 2.7 428 11
457x191x98 5 383 383 342 383 137 100 10 360 3.7 2.9 535 11
{852 kN} 4 286 2 286 461 286 228 100 10 290 3.4 2.7 428 11
457x191x89 5 383 2 383 304 382 110 100 10 360 8 3.7 2.9 535 11
{789 kN} 4 286 2 286 417 286 203 100 10 290 8 3.4 2.7 428 11
457x191x82 5 383 383 289 350 110 100 10 360 3.7 2.9 535 11
{756 kN} 4 286 2 286 400 286 192 100 10 290 3.4 2.7 428 11
457x191x74 5 364 2 364 267 N/A 110 100 10 360 8 3.5 2.7 508 12
{693 kN} 4 272 2 272 377 272 176 100 10 290 8 3.3 25 407 12
457x191x67 5 344 344 258 N/A 110 100 10 360 3.3 2.6 480
{650 kN} 4 257 2 257 368 257 170 100 10 290 3.1 2.4 384 12
457x152x82 5 383 2 383 300 396 104 100 10 360 8 3.7 2.9 535 11
{798 kN} 4 286 2 286 410 286 206 100 10 290 8 3.4 2.7 428 11
457x152x74 5 376 376 265 339 110 100 10 360 3.7 2.8 535 11
{721 kN} 4 286 2 286 368 286 177 100 10 290 3.4 2.7 428 11
457x152x67 5 364 2 364 260 N/A 110 100 10 360 8 3.5 2.7 508 12
{697 kN} 4 272 2 272 368 272 177 100 10 290 8 3.3 2.5 407 12
457x152x60 5 328 328 255 N/A 110 100 10 360 8 3.2 2.5 457 12
{624 kN} 4 245 2 245 362 245 172 100 10 290 8 3.0 2.3 366 12
457x152x52 5 307 2 307 242 N/A 110 100 10 360 8 3.0 2.3 429 12
{578 kN} 4 229 2 229 347 229 165 100 10 290 8 2.8 2.1 343 12

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S275
FIN PLATES: S275
Table G.18 Continued BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS
Single line of bolts
120x10 or 100x10 mm Fin Plate

Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd.beam} ny, | Resist| chck | Resist| limit | Resist| limit chck
VR4 VR4 I, VR4 Iy b, ty hp s NRrau
kN kN mm kN mm mm mm mm mm mm mm kN

406x178x85+ | 4 | 286 2 286 | 340 | 286 | 150 | 100 [ 10 [ 290 8 34 | 27 | 428 | 1
{742 kN}

406x178x74 | 4 | 286 2 286 | 301 | 311 | 110 | 100 | 10 [ 290 8 34 | 27 | 428 | 11
{664 kN}

406x178x67 | 4 | 266 2 266 | 204 | 272 | 103 | 100 | 10 | 290 8 32 | 25 | 398 | 12
{612 kN}

406x178x60 | 4 | 238 2 238 | 290 | 234 | 110 | 100 | 10 | 290 8 29 | 22 | 357 | 12
{549 kN}

406x178x54 | 4 | 232 2 232 | 279 | 220 | 110 | 100 | 10 | 290 8 28 | 22 | 348 | 12
{529 kN}

406x140x53+ 4 238 2 238 280 234 110 100 10 290 8 2.9 22 357 12
{549 kN}

406x140x46 | 4 | 205 2 205 | 276 | 195 | 110 | 100 | 10 | 290 8 25 | 19 | 307 | 12
{473 kN}

406x140x39 | 4 | 193 2 193 | 261 | 177 | 110 | 100 | 10 | 290 8 23 | 18 | 289 | 12
{438 kN}

356x171x67 | 3 | 185 2 185 | 338 | 185 [ 145 | 100 | 10 | 220 8 29 | 23 | 308 | 12
{568 kN}

356x171x57 | 3 | 165 2 165 | 326 | 165 | 137 | 100 | 10 | 220 8 26 | 20 | 274 | 12
{501 kN}

356x171x51 3 | 151 2 151 | 319 | 151 | 133 | 100 | 10 | 220 8 24 | 19 | 251 12
{455 kN}

356x171x45 | 3 | 142 2 142 | 308 | 142 | 128 | 100 | 10 | 220 8 23 | 18 | 237 | 12
{425 kN}

356x127x39 | 3 | 134 2 134 | 303 | 134 [ 131 | 100 | 10 | 220 8 21 | 17 | 224 | 12
{408 kN}

356x127x33 | 3 | 122 2 122 | 290 | 122 | 124 | 100 | 10 | 220 8 19 | 15 | 203 | 12
{366 kN}

For guidance on the use of tables see Explanatory notes in Table G.15




Table G.18 Continued

Fin plates

BEAM: S275
FIN PLATES: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS
Single line of bolts
120x10 or 100x10 mm Fin Plate

Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd.beam} ny, | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I'n VRd I'n bp tp hp S Nrau
kN kN mm kN mm mm mm mm mm mm mm kN

305x165x54 3 161 2 161 235 N/A 110 100 10 220 8 2.6 2.0 268 12
{422 kN}

305x165x46 3 136 2 136 230 N/A 110 100 10 220 8 2.2 1.7 227 12
{357 kN}

305x165x40 3 122 2 122 224 N/A 110 100 10 220 8 1.9 1.5 203 12
{319 kN}

305x127x48 3 183 2 183 222 N/A 110 100 10 220 8 2.9 2.3 305 12
{474 kN}

305x127x42 3 163 2 163 216 N/A 110 100 10 220 8 2.6 2.0 271 12
{420 kN}

305x127x37 3 144 2 144 212 N/A 110 100 10 220 8 2.3 1.8 241 12
{372 kN}

305x102x33 3 134 2 134 222 N/A 110 100 10 220 8 2.1 1.7 224 12
{350 kN}

305x102x28 3 122 2 122 212 N/A 110 100 10 220 8 1.9 1.5 203 12
{315 kN}

305x102x25 3 118 2 118 201 N/A 110 100 10 220 8 1.9 1.5 197 12
{299 kN}

254x146x43 2 82 2 82 275 76 110 100 10 150 8 1.9 1.5 163 12
{321 kN}

254x146x37 2 72 2 72 267 63 110 100 10 150 8 1.7 1.3 142 12
{280 kN}

254x146x31 2 68 2 68 251 56 110 100 10 150 8 1.6 1.2 136 12
{260 kN}

254x102x28 2 72 2 72 262 67 110 100 10 150 8 1.7 1.3 142 12
{283 kN}

254x102x25 2 68 2 68 250 61 110 100 10 150 8 1.6 1.2 136 12
{265 kN}

254x102x22 2 65 2 65 238 56 110 100 10 150 8 1.5 1.2 129 12
{248 kN}

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

BEAM: S275
FIN PLATES: S275
Table G.19 BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS ii
ii Double line of bolts ii
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd,peam} n4 | Resist| chck | Resist| limit | Resist| limit chck
Vrd Vrd In Vrd In bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

1016x305x487+| 8 | 713 3 713 | 2260 | 713 [ 1230 | 180 | 10 | 570 8 44 | 34 | 1320 [ 11
{4930 kN}

1016x305x437+| 8 | 713 | 3 | 713 | 2040 | 713 [ 1130 | 180 | 10 | 570 | 8 44 | 34 | 1320 [ 11
{4420 kN}

1016x305x393+| 8 | 713 3 713 | 1810 | 713 | 997 | 180 | 10 | 570 8 44 | 34 | 1320 [ 11
{3990 kN}

1016x305x349+| 8 | 713 | 3 | 713 | 1650 | 713 | 921 | 180 | 10 | 570 [ 8 44 | 34 | 1320 [ 11
{3610 kN}

1016x305x314+| 8 | 713 | 3 | 713 | 1470 | 713 | 815 | 180 | 10 | 570 [ 8 44 | 34 [ 1320 11
{3260 kN}

1016x305x272+| 8 | 713 | 3 | 713 | 1250 | 713 | 685 | 180 | 10 | 570 | 8 44 | 34 | 1320 [ 11
{2830 kN}

1016x305x249+| 8 | 713 3 713 | 1220 | 713 | 702 | 180 [ 10 | 570 8 44 | 34 | 1320 11
{2770 kN}

1016x305x222+| 8 713 3 713 | 1130 | 713 664 180 10 570 8 4.4 34 1320 11
{2640 kN}

914x419x388 | 8 | 713 3 713 | 1450 | 713 | 748 | 180 [ 10 | 570 8 44 | 34 | 1320 11
{3240 kN}

914x419x343 | 8 | 713 | 3 | 713 [ 1320| 713 | 696 | 180 [ 10 | 570 | 8 44 | 34 | 1320 | 11
{2920 kN}

914x305x289 | 8 | 713 | 3 | 713 [ 1300 | 713 | 728 | 180 | 10 | 570 | 8 44 | 34 [ 1320 11
{2900 kN}

914x305x253 | 8 | 713 | 3 | 713 [ 1180 | 713 | 698 | 180 | 10 | 570 | 8 44 | 34 | 1320 | 11
{2570 kN}

914x305x224 | 8 | 713 | 3 | 713 [ 1060 | 713 | 627 | 180 | 10 | 570 | 8 44 | 34 [ 1320 11
{2350 kN}

914x305x201 | 8 | 713 | 3 | 713 | 973 | 713 | 583 | 180 [ 10 | 570 | 8 44 | 34 [ 1320 11
{2210 kN}

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

BEAM: S275
FIN PLATES: S275
Table G.19 Continued BOLTS: M20, 8.8
11 FIN PLATES, ORDINARY BOLTS ii
ii Double line of bolts ii
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd,peam} n4 | Resist| chck | Resist| limit | Resist| limit chck
Vrd Vrd In Vrd In bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

838x292x226 | 8 | 713 3 713 | 945 | 713 | 543 | 180 [ 10 | 570 8 44 | 34 | 1320 11
{2220 kN}

838x292x194 | 8 | 713 | 3 | 713 | 829 | 713 | 480 | 180 | 10 | 570 | 8 44 | 34 [ 1320 11
{2000 kN}

838x292x176 | 8 | 713 | 3 | 713 | 768 | 713 | 449 | 180 | 10 | 570 | 8 44 | 34 | 1320 11
{1890 kN}

762x267x197 8 713 3 713 735 713 414 180 10 570 8 4.4 34 1320 11
{1950 kN} 7 625 3 625 840 625 475 180 10 500 8 44 34 1160 11

762x267x173 8 713 3 713 654 713 365 180 10 570 8 4.4 34 1320 11
{1760 kN} 7 625 3 625 747 625 423 180 10 500 8 4.4 3.4 1160 11

762x267x147 8 713 3 713 565 713 297 180 10 570 8 4.4 3.4 1320 11
{1560 kN} 7 625 3 625 645 625 364 180 10 500 8 44 34 1160 11

762x267x134 8 713 3 713 539 713 266 180 10 570 8 4.4 34 1320 11
{1520 kN} 7 625 3 625 616 625 346 180 10 500 8 4.4 3.4 1160 11

686x254x170 8 713 3 713 548 713 272 180 10 570 8 4.4 34 1320 11
{1630 kN} 7 625 3 625 627 625 339 180 10 500 8 44 34 1160 11
6 538 3 538 730 538 399 180 10 430 8 4.4 3.4 1000 11

686x254x152 8 713 3 713 487 713 212 180 10 570 8 4.4 3.4 1320 11
{1470 kN} 7 625 3 625 560 625 292 180 10 500 8 44 34 1160 11
6 538 3 538 652 538 354 180 10 430 8 4.4 3.4 1000 11

686x254x140 8 713 3 713 442 713 168 180 10 570 8 4.4 3.4 1320 11
{1370 kN} 7 625 3 625 517 625 258 180 10 500 8 44 34 1160 11
6 538 3 538 603 538 325 180 10 430 8 4.4 3.4 1000 11

686x254x125 8 713 3 713 392 713 121 180 10 570 8 4.4 3.4 1320 11
{1280 kN} 7 625 3 625 470 625 221 180 10 500 8 44 34 1160 11
6 538 3 538 551 538 293 180 10 430 8 4.4 3.4 1000 11

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S275
FIN PLATES: S275
Table G.19 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS ii
ii Double line of bolts ii
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

610x305x238 7 625 3 625 685 625 363 160 10 500 8 44 34 1160 11
{1890 kN} 6 538 3 538 798 538 424 160 10 430 8 4.4 3.4 1000 11

610x305x179 7 625 3 625 500 625 233 160 10 500 8 4.4 34 1160 11
{1440 kN} 6 538 3 538 583 538 302 160 10 430 8 44 34 1000 11

610x305x149 7 625 3 625 395 625 129 160 10 500 8 44 34 1160 11
{1200 kN} 6 538 3 538 475 538 223 160 10 430 8 4.4 3.4 1000 11

610x229x140 7 625 3 625 438 625 193 160 10 500 8 4.4 34 1160 11
{1300 kN} 6 538 3 538 514 538 271 160 10 430 8 44 34 1000 11

610x229x125 7 625 3 625 378 625 134 160 10 500 8 44 34 1160 11
{1170 kN} 6 538 3 538 458 538 226 160 10 430 8 4.4 3.4 1000 11

610x229x113 7 625 3 625 329 599 110 160 10 500 8 4.4 34 1160 11
{1090 kN} 6 538 3 538 413 538 190 160 10 430 8 44 34 1000 11

610x229x101 7 625 3 625 302 562 110 160 10 500 8 4.4 34 1160 11
{1060 kN} 6 538 3 538 390 538 163 160 10 430 8 4.4 34 1000 11

610x178x100+ | 7 625 3 625 323 610 110 160 10 500 8 4.4 34 1160 11
{1110 kN} 6 538 3 538 403 538 198 160 10 430 8 44 34 1000 11

610x178x92+ 7 625 3 625 310 584 110 160 10 500 8 4.4 34 1160 11
{1090 kN} 6 538 3 538 391 538 182 160 10 430 8 4.4 3.4 1000 11

610x178x82+ 7 625 3 625 248 N/A 110 160 10 500 8 4.4 34 1160 12
{1000 kN} 6 538 3 538 338 538 131 160 10 430 8 4.4 34 1000 12

533x312x272+ | 6 538 3 538 693 538 322 160 10 430 8 4.4 34 1000 11
{1910 kN} 5 450 3 450 830 450 387 160 10 360 8 4.4 34 839 11

533x312x219+ | 6 538 3 538 607 538 309 160 10 430 8 4.4 34 1000 11
{1630 kN} 5 450 3 450 727 450 371 160 10 360 8 4.4 34 839 11

533x312x182+ | 6 538 3 538 488 538 234 160 10 430 8 44 34 1000 11
{1340 kN} 5 450 3 450 585 450 294 160 10 360 8 4.4 34 839 11

533x312x150+ | 6 538 3 538 393 538 149 160 10 430 8 4.4 34 1000 11
{1120 kN} 5 450 3 450 475 450 228 160 10 360 8 4.4 34 839 11

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

BEAM: S275
FIN PLATES: S275
Table G.19 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS ii
ii Double line of bolts ii
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

533x210x138+ [ 6 [ 538 3 538 | 442 | 538 | 219 | 160 | 10 [ 430 8 44 | 34 | 1000 [ 11
{1290 kN} 5 | 450 3 450 | 530 | 450 | 281 | 160 [ 10 | 360 8 44 | 34 | 839 [ 11

533x210x122 6 538 3 538 375 538 151 160 10 430 8 4.4 34 1000 11
{1110 kN} 5 450 3 450 453 450 230 160 10 360 8 4.4 34 839 11

533x210x109 6 538 3 538 323 538 100 160 10 430 8 44 34 1000 11
{1020 kN} 5 450 3 450 404 450 192 160 10 360 8 4.4 3.4 839 11

533x210x101 6 538 3 538 283 486 110 160 10 430 8 4.4 34 1000 11
{952 kN} 5 450 3 450 369 450 162 160 10 360 8 4.4 34 839 11

533x210x92 6 538 3 538 260 452 110 160 10 430 8 4.4 34 1000 11
{909 kN} 5 450 3 450 349 450 138 160 10 360 8 4.4 34 839 11

533x210x82 6 530 4 530 227 N/A 110 160 10 430 8 4.3 3.3 960 12
{865 kN} 5 450 3 450 312 485 109 160 10 360 8 4.4 34 805 12

533x165x85+ 6 538 3 538 243 538 110 160 10 430 8 4.4 34 1000 11
{902 kN} 5 450 3 450 330 450 140 160 10 360 8 4.4 34 839 11

533x165x74+ 6 535 4 535 220 N/A 110 160 10 430 8 4.4 34 970 12
{871 kN} 5 450 3 450 307 450 115 160 10 360 8 4.4 34 813 12

533x165x66+ 6 491 4 491 210 N/A 110 160 10 430 8 4.0 31 890 12
{793 kN} 5 423 4 423 285 411 110 160 10 360 8 4.1 3.2 746 12

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S275
FIN PLATES: S275
Table G.19 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS ii
ii Double line of bolts ii
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

457x191x161+| 5 450 3 450 509 450 261 160 10 360 8 44 34 839 11
{1390 kN} 4 363 3 363 634 363 327 160 10 290 8 4.4 3.4 678 11

457x191x133+ | 6 450 3 450 411 450 201 160 10 360 8 4.4 34 839 11
{1160 kN} 4 363 3 363 513 363 260 160 10 290 8 44 34 678 11

457x191x106+ | 5 450 3 450 318 450 118 160 10 360 8 44 34 839 11
{947 kN} 4 363 3 363 401 363 196 160 10 290 8 4.4 34 678 11

457x191x98 5 450 3 450 277 412 110 160 10 360 8 4.4 34 839 11
{852 kN} 4 363 3 363 361 363 165 160 10 290 8 44 34 678 11

457x191x89 5 450 3 450 234 373 110 160 10 360 8 4.4 34 839 11
{789 kN} 4 363 3 363 325 363 135 160 10 290 8 4.4 34 678 11

457x191x82 5 450 3 450 218 350 110 160 10 360 8 4.4 34 830 12
{756 kN} 4 363 3 363 310 363 120 160 10 290 8 44 34 671 12

457x191x74 5 428 4 428 192 N/A 110 160 10 360 8 4.2 3.2 755 12
{693 kN} 4 360 4 360 272 336 110 160 10 290 8 4.3 34 610 12

457x191x67 5 404 4 404 184 N/A 110 160 10 360 8 3.9 3.0 713
{650 kN} 4 340 4 340 264 313 110 160 10 290 8 4.1 3.2 576 12

457x152x82 5 450 3 450 232 377 110 160 10 360 8 4.4 34 839 11
{798 kN} 4 363 3 363 320 363 138 160 10 290 8 4.4 34 678 11

457x152x74 5 444 4 444 190 339 110 160 10 360 8 4.3 3.3 805 12
{721 kN} 4 363 3 363 281 371 103 160 10 290 8 4.4 34 651 12

457x152x67 5 428 4 428 188 N/A 110 160 10 360 8 4.2 3.2 755 12
{697 kN} 4 360 4 360 265 337 110 160 10 290 8 4.3 34 610 12

457x152x60 5 385 4 385 183 N/A 110 160 10 360 8 3.7 2.9 679 12
{624 kN} 4 324 4 324 260 299 110 160 10 290 8 3.9 3.0 549 12

457x152x52 5 362 4 362 171 N/A 110 160 10 360 8 35 27 637 12
{578 kN} 4 304 4 304 248 274 110 160 10 290 8 3.7 2.8 515 12

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S275
FIN PLATES: S275
Table G.19 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS ii
ii Double line of bolts ii
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

406x178x85+ 4 363 3 363 260 331 110 160 10 290 8 44 34 678 11
{742 kN}

406x178x74 | 4 | 363 | 3 | 363 | 217 | 286 | 110 | 160 | 10 | 200 | 8 44 | 34 | 644 | 12
{664 kN}

406x178x67 4 | 352 4 352 | 192 | 260 | 110 | 160 [ 10 | 290 8 42 | 33 | 5% | 12
{612 kN}

406x178x60 | 4 | 316 | 4 | 316 | 189 | 230 | 110 | 160 | 10 | 200 | 8 38 | 30 | 535 | 12
{549 kN}

406x178x54 4 | 308 4 308 | 179 0 110 | 160 [ 10 | 290 8 37 | 29 | 522 | 12
{529 kN}

406x140x53+ | 4 | 316 | 4 | 316 [ 182 | 230 | 110 | 160 [ 10 | 200 | 8 38 | 30 | 535 | 12
{549 kN}

406x140x46 4 | 272 4 272 | 179 0 110 | 160 | 10 | 290 8 33 | 25 | 461 | 12
{473 kN}

406x140x39 | 4 | 256 | 4 | 256 | 165 | o 110 | 160 | 10 | 200 | 8 31 | 24 | 434 | 12
{438 kN}

356x171x67 3 | 236 2 236 | 262 | 219 | 110 | 160 [ 10 | 220 8 38 | 29 | 470 | 12
{568 kN}

356x171x57 | 3 | 210 | 2 | 210 | 253 | 189 | 110 | 160 | 10 | 220 | 8 33 | 26 | 418 | 12
{501 kN}

356x171x51 3 | 192 2 192 | 248 | 169 | 110 | 160 | 10 | 220 8 31 | 24 | 382 | 12
{455 kN}

356x171x45 | 3 | 182 | 2 182 | 239 | 156 | 110 | 160 | 10 | 220 | 8 29 | 22 | 382 | 12
{425 kN}

356x127x39 3 | 172 2 172 | 235 | 149 | 110 | 160 | 10 | 220 8 27 | 21 | 341 | 12
{408 kN}

356x127x33 | 3 | 156 | 2 156 | 224 | 131 | 110 | 160 | 10 | 220 | 8 25 | 19 | 310 | 12
{366 kN}

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

BEAM: S275
FIN PLATES: S275
Table G.19 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS ii
ii Double line of bolts ii
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rd,beam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

305x165x54 3 | 205 2 205 [ 174 | NA | 110 | 160 [ 10 [ 220 8 33 | 25 [ 408 | 12
{422 kN}

305x165x46 3 | 174 2 174 | 170 | NA | 110 | 160 | 10 | 220 8 28 | 21 | 346 | 12
{357 kN}

305x165x40 3 | 156 2 156 | 165 | N/A | 110 | 160 | 10 | 220 8 25 | 19 | 310 | 12
{319 kN}

305x127x48 3 | 234 2 234 [ 164 | NA | 110 | 160 [ 10 [ 220 8 37 | 29 [ 465 | 12
{474 kN}

305x127x42 3 | 208 2 208 | 158 | N/A | 110 | 160 [ 10 | 220 8 33 | 26 | 413 | 12
{420 kN}

305x127x37 3 | 185 2 185 | 155 | NNA | 110 | 160 | 10 | 220 8 29 | 23 | 367 | 12
{372 kN}

305x102x33 3 | 172 2 172 | 164 | NNA | 110 | 160 | 10 | 220 8 27 | 24 | 341 [ 12
{350 kN}

305x102x28 3 156 2 156 156 N/A 110 160 10 220 8 25 1.9 310 12
{315 kN}

305x102x25 3 | 151 2 151 | 146 | NNA | 110 | 160 | 10 | 220 8 24 | 19 | 300 | 12
{299 kN}

254x146x43 2 | 101 2 101 [ 222 | 70 [ 110 [ 160 | 10 [ 150 8 24 | 18 | 256 | 12
{321 kN}

254x146x37 2 88 2 88 | 215 | 58 | 110 [ 160 [ 10 | 150 8 21 | 16 | 224 | 12
{280 kN}
254x146x31 2 84 2 84 | 203 | 52 | 110 | 160 [ 10 | 150 8 20 | 15 | 213 | 12
{260 kN}
254x102x28 2 88 2 88 | 211 | 62 | 110 [ 160 [ 10 [ 150 8 21 | 16 | 224 | 12
{283 kN}
254x102x25 2 84 2 84 | 202 | 57 | 110 | 160 [ 10 | 150 8 20 | 15 | 213 | 12
{265 kN}
254x102x22 2 80 2 80 | 192 | 51 | 110 [ 160 [ 10 | 150 8 19 | 14 | 203 | 12
{248 kN}

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

Beam: S355
FIN PLATES: S275

Table G.20 BOLTS: M20, 8.8
FIN PLATES, ORDINARY BOLTS
i Single line of bolts
120x10 or 100x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
Vrd Vrd In Vrd In bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

1016x305x487H 8 653 2 653 3240 | 653 1770 120 10 570 8 4.0 3.1 855 11
{6480 kN}

1016x305x437H 8 653 2 653 2920 | 653 1630 120 10 570 8 4.0 3.1 855 11
{5810 kN}

1016x305x393H 8 653 2 653 2600 | 653 1440 120 10 570 8 4.0 3.1 855 11
{5240 kN}

1016x305x349H 8 653 2 653 2350 | 653 1320 120 10 570 8 4.0 3.1 855 11
{4700 kN}

1016x305x314H 8 653 2 653 2100 | 653 1170 120 10 570 8 4.0 3.1 855 11
{4240 kN}

1016x305x272H 8 653 2 653 1780 | 653 980 120 10 570 8 4.0 3.1 855 11
{3680 kN}

1016x305x249+H 8 653 2 653 1740 | 653 1000 120 10 570 8 4.0 3.1 855 11
{3600 kN}

1016x305x222H 8 653 2 653 1610 | 653 951 120 10 570 8 4.0 3.1 855 11
{3430 kN}

914x419x388 8 653 2 653 2060 | 653 1070 120 10 570 8 4.0 3.1 855 11
{4220 kN}

914x419x343 8 653 2 653 1870 | 653 997 120 10 570 8 4.0 3.1 855 11
{3800 kN}

914x305x289 8 653 2 653 1850 | 653 1040 120 10 570 8 4.0 3.1 855 11
{3780 kN}

914x305x253 8 653 2 653 1680 | 653 1000 120 10 570 8 4.0 3.1 855 11
{3350 kN}

914x305x224 8 653 2 653 1510 | 653 899 120 10 570 8 4.0 3.1 855 11
{3060 kN}

914x305x201 8 653 2 653 1390 | 653 837 120 10 570 8 4.0 3.1 855 11
{2870 kN}

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S355
FIN PLATES: S275
Table G.20 Continued BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

H Single line of bolts
120x10 or 100x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
Vrd Vrd In Vrd In bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

838x292x226 | 8 | 653 | 2 | 653 | 1350 [ 653 | 779 | 120 | 10 | 570 [ 8 40 | 31 | 855 | 11
{2900 kN}

838x292x194 | 8 | 653 | 2 | 653 | 1180 | 653 | 690 | 120 | 10 | 570 [ 8 40 | 31 | 855 | 11
{2610 kN}

838x292x176 | 8 | 653 2 653 | 1090 | 653 | 645 | 120 | 10 | 570 8 40 | 31 | 855 | 11
{2460 kN}

762x267x197 8 653 2 653 | 1050 | 653 596 120 10 570 8 4.0 3.1 855 11
{2530 kN} 7 554 2 554 | 1240 | 554 706 120 10 500 8 St9 3.0 748 11

762x267x173 8 653 2 653 933 653 532 120 10 570 8 4.0 3.1 855 11
{2290 kN} 7 554 2 554 | 1100 | 554 631 120 10 500 8 3.9 3.0 748 11

762x267x147 8 653 2 653 806 653 462 120 10 570 8 4.0 3.1 855 11
{2040 kN} 7 554 2 554 953 554 548 120 10 500 8 St9 3.0 748 11

762x267x134 8 653 2 653 763 653 436 120 10 570 8 4.0 3.1 855 11
{1970 kN} 7 554 2 554 902 554 522 120 10 500 8 3.9 3.0 748 11

686x254x170 8 653 2 653 783 653 428 120 10 570 8 4.0 3.1 855 11
{2120 kN} 7 554 2 554 925 554 509 120 10 500 8 St9 3.0 748 11
6 455 2 455 | 1130 | 455 624 120 10 430 8 3.7 2.9 641 11

686x254x152 8 653 2 653 699 653 373 120 10 570 8 4.0 3.1 855 11
{1920 kN} 7 554 2 554 827 554 453 120 10 500 8 3St9 3.0 748 11
6 455 2 455 | 1010 | 455 556 120 10 430 8 3.7 2.9 641 11

686x254x140 8 653 2 653 646 653 333 120 10 570 8 4.0 3.1 855 11
{1790 kN} 7 554 2 554 764 554 418 120 10 500 8 319 3.0 748 11
6 455 2 455 933 455 514 120 10 430 8 3.7 29 641 11

686x254x125 8 653 2 653 591 653 290 120 10 570 8 4.0 3.1 855 11
{1670 kN} 7 554 2 554 699 554 385 120 10 500 8 39 3.0 748 11
6 455 2 455 853 455 474 120 10 430 8 3.7 29 641 11

For guidance on the use of tables see Explanatory notes in Table G.15




Table G.20 Continued

Fin plates

BEAM: S355
FIN PLATES: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

H Single line of bolts
120x10 or 100x10 mm Fin Plate
Bolt | Un-notched Single Double Fitting Fillet Min support
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

610x305x238 7 576 3 576 972 576 517 100 10 500 8 4.0 3.1 748 11

{2460 kN} 6 481 2 481 1160 | 481 621 100 10 430 8 3.9 3.0 641 11
610x305x179 7 576 3 576 710 576 370 100 10 500 8 4.0 3.1 748 11

{1880 kN} 6 481 2 481 851 481 446 100 10 430 8 3.9 3.0 641 11
610x305x149 7 576 3 576 580 576 274 100 10 500 8 4.0 3.1 748 11

{1570 kN} 6 481 2 481 696 481 360 100 10 430 8 3.9 3.0 641 11
610x229x140 7 576 3 576 627 576 333 100 10 500 8 4.0 3.1 748 11

{1690 kN} 6 481 2 481 752 481 409 100 10 430 8 3.9 3.0 641 11
610x229x125 7 576 3 576 558 576 278 100 10 500 8 4.0 3.1 748 11

{1520 kN} 6 481 2 481 670 481 363 100 10 430 8 3.9 3.0 641 11
610x229x113 7 576 3 576 509 576 232 100 10 500 8 4.0 3.1 748 11

{1420 kN} 6 481 2 481 611 481 329 100 10 430 8 3.9 3.0 641 11
610x229x101 7 576 3 576 478 576 197 100 10 500 8 4.0 3.1 748 11

{1370 kN} 6 481 2 481 577 481 308 100 10 430 8 3.9 3.0 641 11
610x178x100+| 7 576 3 576 495 576 242 100 10 500 8 4.0 3.1 748 11

{1450 kN} 6 481 2 481 594 481 336 100 10 430 8 3.9 3.0 641 11
610x178x92+ 7 576 3 576 476 576 220 100 10 500 8 4.0 3.1 748 11

{1410 kN} 6 481 2 481 573 481 324 100 10 430 8 3.9 3.0 641 11
610x178x82+ 7 576 3 576 418 N/A 158 100 10 500 8 4.0 3.1 748 11

{1290 kN} 6 481 2 481 511 481 279 100 10 430 8 3.9 3.0 641 11
533x312x272+| 6 481 2 481 1010 | 481 473 100 10 430 8 3.9 3.0 641 11

{2480 kN} 5 383 2 383 1280 | 383 597 100 10 360 8 3.7 2.9 535 11
533x312x219+| 6 481 2 481 887 481 454 100 10 430 8 3.9 3.0 641 11

{2120 kN} 5 383 2 383 1120 | 383 574 100 10 360 8 3.7 2.9 535 11
533x312x182+| 6 481 2 481 714 481 360 100 10 430 8 3.9 3.0 641 11

{1740 kN} 5 383 2 383 901 383 455 100 10 360 8 3.7 2.9 535 11
533x312x150+| 6 481 2 481 580 481 281 100 10 430 8 3.9 3.0 641 11

{1460 kN} 5 383 2 383 732 383 364 100 10 360 8 3.7 2.9 535 11

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S355
FIN PLATES: S275
Table G.20 Continued BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

H Single line of bolts
120x10 or 100x10 mm Fin Plate
Bolt | Un-notched Single Double Fitting Fillet Min support
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

533x210x138+| 6 481 2 481 647 481 344 100 10 430 8 3.9 3.0 641 11
{1680 kN} 5 383 2 383 816 383 435 100 10 360 8 3.7 29 535 11

533x210x122 6 481 2 481 553 481 283 100 10 430 8 3.9 3.0 641 11
{1450 kN} 5 383 2 383 698 383 367 100 10 360 8 3.7 2.9 535 11

533x210x109 6 481 2 481 494 481 237 100 10 430 8 3.9 3.0 641 11
{1330 kN} 5 383 2 383 624 383 327 100 10 360 8 3.7 29 535 11

533x210x101 6 481 2 481 455 481 200 100 10 430 8 3.9 3.0 641 1"
{1240 kN} 5 383 2 383 574 383 299 100 10 360 8 3.7 2.9 535 11

533x210x92 6 481 2 481 428 481 165 100 10 430 8 3.9 3.0 641 11
{1170 kN} 5 383 2 383 542 383 280 100 10 360 8 3.7 29 535 11

533x210x82 6 481 2 481 388 N/A 127 100 10 430 8 3.9 3.0 641 11
{1120 kN} 5 383 2 383 498 383 254 100 10 360 8 3.7 2.9 535 11

S33x165x85+ | 6 | 481 | 2 | a81 | 412 | 481 | 172 | 100 | 10 | 430 | & | 39 | 30 | 641 | 11

{1170 kN} 5 383 2 383 521 383 280 100 10 360 8 3.7 2.9 535 11

533x165x74+ 481 | 2 | 481 | 380 | NA | 135 | 100 | 10 | 430 | 8 | 39 | 30 | 641 | 11

{1120 kN} 5 383 2 383 486 383 259 100 10 360 8 3.7 29 535 11

533x165x66* | 6 | 481 | 2 | a81 [ 325 | nA | 110 | 100 | 10 | 430 | & | 39 | 30 | 641 | 11

{1020 kN} 5 383 2 383 432 383 219 100 10 360 8 3.7 29 535 11

For guidance on the use of tables see Explanatory notes in Table G.15




Table G.20 Continued

Fin plates

BEAM: S355
FIN PLATES: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

H Single line of bolts
120x10 or 100x10 mm Fin Plate
Bolt | Un-notched Single Double Fitting Fillet Min support
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp t, hp S NRrdu
kN kN mm kN mm mm mm mm mm mm mm kN

457x191x161+| 5 383 2 383 784 383 405 100 10 360 8 3.7 2.9 535 11

{1810 kN} 4 286 2 286 1050 | 286 547 100 10 290 8 3.4 2.7 428 11
457x191x133+| 5 383 2 383 635 383 323 100 10 360 8 3.7 2.9 535 11

{1510 kN} 4 286 2 286 854 286 436 100 10 290 8 3.4 2.7 428 11
457x191x106+| 5 383 2 383 496 383 245 100 10 360 8 3.7 2.9 535 11

{1230 kN} 4 286 2 286 668 286 336 100 10 290 8 3.4 2.7 428 11
457x191x98 5 383 2 383 448 383 208 100 10 360 8 3.7 2.9 535 11

{1110 kN} 4 286 2 286 604 286 299 100 10 290 8 3.4 2.7 428 11
457x191x89 5 383 2 383 405 383 171 100 10 360 8 3.7 2.9 535 11

{1030 kN} 4 286 2 286 546 286 269 100 10 290 8 3.4 2.7 428 11
457x191x82 5 383 2 383 385 383 145 100 10 360 8 3.7 2.9 535 11

{976 kN} 4 286 2 286 519 286 256 100 10 290 8 3.4 2.7 428 11
457x191x74 5 383 2 383 341 N/A 110 100 10 360 8 3.7 2.9 535 11

{895 kN} 4 286 2 286 466 286 225 100 10 290 8 3.4 2.7 428 11
457x191x67 5 383 2 383 306 N/A 110 100 10 360 8 3.7 29 535

{839 kN} 4 286 2 286 428 286 202 100 10 290 8 3.4 2.7 428 11
457x152x82 5 383 2 383 399 383 175 100 10 360 8 3.7 2.9 535 11

{1040 kN} 4 286 2 286 537 286 273 100 10 290 8 3.4 2.7 428 11
457x152x74 5 383 2 383 357 383 132 100 10 360 8 3.7 2.9 535 11

{938 kN} 4 286 2 286 482 286 243 100 10 290 8 3.4 2.7 428 11
457x152x67 5 383 2 383 332 N/A 110 100 10 360 8 3.7 2.9 535 11

{899 kN} 4 286 2 286 454 286 227 100 10 290 8 3.4 2.7 428 11
457x152x60 5 376 2 376 289 N/A 110 100 10 360 8 3.6 2.8 524 12

{806 kN} 4 280 2 280 409 280 195 100 10 290 8 3.4 2.6 420 12
457x152x52 5 352 2 352 274 N/A 110 100 10 360 8 3.4 2.7 492 12

{747 kN} 4 263 2 263 392 263 187 100 10 290 8 3.2 25 394 12

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S355
FIN PLATES: S275

Table G.20 Continued BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

H Single line of bolts
120x10 or 100x10 mm Fin Plate
Bolt | Un-notched Single Double Fitting Fillet Min support
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

406x178x85+ 4 286 2 286 446 286 209 100 10 290 8 3.4 2.7 428 11
{966 kN}

406x178x74 4 286 2 286 392 286 169 100 10 290 8 3.4 2.7 428 11
{858 kN}

406x178x67 4 286 2 286 355 286 139 100 10 290 8 3.4 2.7 428 11
{790 kN}

406x178x60 4 273 2 273 328 273 111 100 10 290 8 3.3 2.6 409 12
{709 kN}

406x178x54 4 266 2 266 316 276 104 100 10 290 8 3.2 2.5 399 12
{683 kN}

406x140x53+ 4 273 2 273 317 273 112 100 10 290 8 3.3 2.6 409 12
{709 kN}

406x140x46 4 235 2 235 313 246 105 100 10 290 8 2.8 2.2 352 12
{611 kN}

406x140x39 4 221 2 221 295 213 110 100 10 290 8 2.7 2.1 331 12
{566 kN}

356x171x67 3 193 2 193 422 193 184 100 10 220 8 3.1 2.4 321 11
{733 kN}

356x171x57 3 189 2 189 368 189 156 100 10 220 8 3.0 2.3 315 12
{646 kN}

356x171x51 3 173 2 173 361 173 151 100 10 220 8 2.7 2.1 287 12
{587 kN}

356x171x45 3 163 2 163 348 163 145 100 10 220 8 2.6 2.0 272 12
{549 kN}

356x127x39 3 154 2 154 343 154 148 100 10 220 8 2.4 1.9 256 12
{527 kN}

356x127x33 3 140 2 140 328 140 141 100 10 220 8 2.2 1.7 233 12
{472 kN}

For guidance on the use of tables see Explanatory notes in Table G.15




Table G.20 Continued

Fin plates

BEAM: S355
FIN PLATES: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

H Single line of bolts
120x10 or 100x10 mm Fin Plate
Bolt | Un-notched Single Double Fitting Fillet Min support
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

305x165x54 3 184 2 184 266 N/A 110 100 10 220 8 2.9 2.3 307 12
{545 kN}

305x165x46 3 156 2 156 260 N/A 110 100 10 220 8 25 1.9 260 12
{461 kN}

305x165x40 3 140 2 140 254 N/A 110 100 10 220 8 2.2 1.7 233 12
{411 kN}

305x127x48 3 193 2 193 275 N/A 110 100 10 220 8 3.1 2.4 321 11
{612 kN}

305x127x42 3 187 2 187 244 N/A 110 100 10 220 8 3.0 2.3 311 12
{542 kN}

305x127x37 3 166 2 166 240 N/A 110 100 10 220 8 2.6 2.0 276 12
{481 kN}

305x102x33 3 154 2 154 251 N/A 110 100 10 220 8 2.4 1.9 256 12
{452 kN}

305x102x28 3 140 2 140 241 N/A 110 100 10 220 8 2.2 1.7 233 12
{407 kN}

305x102x25 3 135 2 135 228 N/A 110 100 10 220 8 2.2 1.7 225 12
{386 kN}

254x146x43 2 94 2 94 311 98 105 100 10 150 8 2.2 1.7 186 12
{415 kN}

254x146x37 2 82 2 82 302 82 110 100 10 150 8 1.9 1.5 163 12
{361 kN}

254x146x31 2 78 2 78 284 72 110 100 10 150 8 1.8 14 155 12
{336 kN}

254x102x28 2 82 2 82 296 87 106 100 10 150 8 1.9 1.5 163 12
{365 kN}

254x102x25 2 78 2 78 283 79 101 100 10 150 8 1.8 14 155 12
{341 kN}

254x102x22 2 74 2 74 269 72 110 100 10 150 8 1.7 1.3 148 12
{320 kN}

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

BEAM: S355
FIN PLATES: S275
Table G.21 BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS 11
ii Double line of bolts 11
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
Vrd Vrd In Vrd In bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

1016x305x487+ 8 | 713 | 3 | 713 [ 20970 | 713 | 1620 | 180 [ 10 | 570 | 8 44 | 34 [ 1320 11
{6480 kN}

1016x305x437+f 8 | 713 | 3 | 713 | 2680 | 713 | 1490 | 180 [ 10 | 570 | 8 44 | 34 | 1320 [ 11
{5810 kN}

1016x305x393+ 8 | 713 3 713 | 2380 | 713 | 1320 | 180 [ 10 | 570 8 44 | 34 | 1320 11
{5240 kN}

1016x305x349+ 8 | 713 | 3 | 713 [ 2160 | 713 | 1200 | 180 [ 10 | 570 | 8 44 | 34 | 1320 | 11
{4700 kN}

1016x305x314+ 8 | 713 3 713 | 1920 | 713 | 1070 | 180 [ 10 | 570 8 44 | 34 | 1320 11
{4240 kN}

1016x305x272+f 8 | 713 | 3 | 713 [ 1630 | 713 | 897 | 180 [ 10 | 570 | 8 44 | 34 | 1320 [ 11
{3680 kN}

1016x305x249+ 8 | 713 3 713 | 1500 | 713 | 920 | 180 | 10 | 570 8 44 | 34 | 1320 [ 11
{3600 kN}

1016x305x222+H{ 8 713 3 713 | 1470 | 713 870 180 10 570 8 4.4 34 1320 11
{3430 kN}

914x419x388 | 8 | 713 3 713 | 1890 | 713 | 980 | 180 [ 10 | 570 8 44 | 34 | 1320 11
{4220 kN}

914x419x343 | 8 | 713 | 3 | 713 | 1720 | 713 | 912 | 180 | 10 | 570 | 8 44 | 34 | 1320 | 11
{3800 kN}

914x305x289 | 8 | 713 | 3 | 713 | 1700 | 713 | 954 | 180 | 10 | 570 [ 8 44 | 34 [ 1320 11
{3780 kN}

914x305x253 | 8 | 713 | 3 | 713 | 1540 | 713 | 915 | 180 | 10 | 570 [ 8 44 | 34 | 1320 | 11
{3350 kN}

914x305x224 | 8 | 713 3 713 | 1380 | 713 | 823 | 180 | 10 | 570 8 44 | 34 | 1320 [ 11
{3060 kN}

914x305x201 | 8 | 713 | 3 | 713 | 1270 | 713 | 766 | 180 | 10 | 570 [ 8 44 | 34 | 1320 [ 11
{2870 kN}

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S355
FIN PLATES: S275
Table G.21 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS 11
11 Double line of bolts 11
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I by, ty hy S NRdu
kN kN mm kN mm mm mm mm mm mm mm kN

838x292x226 | 8 | 713 | 3 | 713 [ 1230 713 | 713 | 180 | 10 | 570 [ 8 44 | 34 [ 1320 11
{2900 kN}

838x292x194 | 8 | 713 | 3 | 713 | 1080 | 713 | 631 | 180 | 10 | 570 [ 8 44 | 34 | 1320 [ 11
{2610 kN}

838x292x176 | 8 | 713 3 713 | 1000 | 713 | 590 | 180 [ 10 | 570 8 44 | 34 | 1320 11
{2460 kN}

762x267x197 8 713 3 713 961 713 545 180 10 570 8 4.4 3.4 1320 11
{2530 kN} 7 625 3 625 | 1100 | 625 624 180 10 500 8 44 34 1160 11

762x267x173 8 713 3 713 855 713 486 180 10 570 8 4.4 34 1320 11
{2290 kN} 7 625 3 625 976 625 557 180 10 500 8 4.4 34 1160 11

762x267x147 8 713 3 713 738 713 418 180 10 570 8 4.4 34 1320 11
{2040 kN} 7 625 3 625 843 625 484 180 10 500 8 44 34 1160 11

762x267x134 8 713 3 713 699 713 388 180 10 570 8 4.4 34 1320 11
{1970 kN} 7 625 3 625 798 625 460 180 10 500 8 4.4 3.4 1160 11

686x254x170 8 713 3 713 "7 713 386 180 10 570 8 4.4 34 1320 11
{2120 kN} 7 625 3 625 819 625 449 180 10 500 8 44 34 1160 11
6 538 3 538 954 538 525 180 10 430 8 4.4 3.4 1000 11

686x254x152 8 713 3 713 641 713 326 180 10 570 8 4.4 34 1320 11
{1920 kN} 7 625 3 625 732 625 399 180 10 500 8 4.4 34 1160 11
6 538 3 538 852 538 467 180 10 430 8 4.4 3.4 1000 11

686x254x140 8 713 3 713 592 713 283 180 10 570 8 4.4 3.4 1320 11
{1790 kN} 7 625 3 625 676 625 364 180 10 500 8 4.4 34 1160 11
6 538 3 538 788 538 432 180 10 430 8 4.4 3.4 1000 11

686x254x125 8 713 3 713 540 713 236 180 10 570 8 4.4 3.4 1320 11
{1670 kN} 7 625 3 625 618 625 327 180 10 500 8 44 34 1160 11
6 538 3 538 721 538 398 180 10 430 8 4.4 3.4 1000 11

For guidance on the use of tables see Explanatory notes in Table G.15




Fin plates

BEAM: S355
FIN PLATES: S275
Table G.21 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS 11
ii Double line of bolts 11
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

610x305x238 7 625 3 625 894 625 476 160 10 500 8 4.4 34 1160 11
{2460 kN} 6 538 3 538 | 1040 | 538 555 160 10 430 8 4.4 34 1000 11

610x305x179 7 625 3 625 653 625 334 160 10 500 8 4.4 34 1160 11
{1880 kN} 6 538 3 538 761 538 398 160 10 430 8 44 34 1000 11

610x305x149 7 625 3 625 534 625 230 160 10 500 8 4.4 34 1160 11
{1570 kN} 6 538 3 538 622 538 316 160 10 430 8 4.4 3.4 1000 11

610x229x140 7 625 3 625 577 625 293 160 10 500 8 4.4 34 1160 11
{1690 kN} 6 538 3 538 672 538 365 160 10 430 8 44 34 1000 11

610x229x125 7 625 3 625 514 625 234 160 10 500 8 4.4 34 1160 11
{1520 kN} 6 538 3 538 599 538 320 160 10 430 8 4.4 34 1000 11

610x229x113 7 625 3 625 465 625 185 160 10 500 8 4.4 34 1160 11
{1420 kN} 6 538 3 538 546 538 283 160 10 430 8 44 34 1000 11

610x229x101 7 625 3 625 430 625 145 160 10 500 8 4.4 34 1160 11
{1370 kN} 6 538 3 538 516 538 256 160 10 430 8 4.4 34 1000 11

610x178x100+| 7 625 3 625 453 625 195 160 10 500 8 4.4 34 1160 1"
{1450 kN} 6 538 3 538 531 538 290 160 10 430 8 44 34 1000 11

610x178x92+ | 7 625 3 625 432 625 170 160 10 500 8 4.4 34 1160 11
{1410 kN} 6 538 3 538 512 538 275 160 10 430 8 4.4 34 1000 11

610x178x82+ | 7 625 3 625 370 N/A 104 160 10 500 8 4.4 34 1160 11
{1290 kN} 6 538 3 538 457 538 225 160 10 430 8 4.4 34 1000 11

533x312x272+| 6 538 3 538 906 538 422 160 10 430 8 4.4 34 1000 11
{2480 kN} 5 450 3 450 | 1080 | 450 506 160 10 360 8 4.4 34 839 11

533x312x219+| 6 538 3 538 793 538 406 160 10 430 8 4.4 34 1000 11
{2120 kN} 5 450 3 450 949 450 486 160 10 360 8 4.4 34 839 11

533x312x182+| 6 538 3 538 639 538 320 160 10 430 8 4.4 34 1000 11
{1740 kN} 5 450 3 450 765 450 385 160 10 360 8 4.4 34 839 11

533x312x150+| 6 538 3 538 518 538 235 160 10 430 8 4.4 34 1000 11
{1460 kN} 5 450 3 450 621 450 308 160 10 360 8 4.4 34 839 11

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

BEAM: S355
FIN PLATES: S275
Table G.21 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS 11
ii Double line of bolts 11
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

533x210x138+| 6 538 3 538 578 538 305 160 10 430 8 44 34 1000 11
{1680 kN} 5 450 3 450 693 450 369 160 10 360 8 4.4 3.4 839 11

533x210x122 6 538 3 538 494 538 237 160 10 430 8 4.4 34 1000 11
{1450 kN} 5 450 3 450 592 450 311 160 10 360 8 44 34 839 11

533x210x109 6 538 3 538 441 538 186 160 10 430 8 44 34 1000 11
{1330 kN} 5 450 3 450 529 450 273 160 10 360 8 4.4 3.4 839 11

533x210x101 6 538 3 538 403 538 145 160 10 430 8 4.4 34 1000 1"
{1240 kN} 5 450 3 450 487 450 243 160 10 360 8 44 34 839 11

533x210x92 6 538 3 538 372 556 104 160 10 430 8 4.4 34 1000 11
{1170 kN} 5 450 3 450 460 450 218 160 10 360 8 4.4 3.4 839 11

533x210x82 6 538 3 538 330 N/A 110 160 10 430 8 4.4 34 1000 11
{1120 kN} 5 450 3 450 422 450 188 160 10 360 8 44 34 839 11

533x165x85+ | 6 538 3 538 360 538 114 160 10 430 8 4.4 34 1000 11
{1170 kN} 5 450 3 450 441 450 221 160 10 360 8 4.4 3.4 839 11

533x165x74+ | 6 538 3 538 325 N/A 110 160 10 430 8 4.4 34 1000 11
{1120 kN} 5 450 3 450 412 450 194 160 10 360 8 44 34 839 11

533x165x66+ | 6 538 3 538 265 N/A 110 160 10 430 8 4.4 34 1000 11
{1020 kN} 5 450 3 450 364 450 147 160 10 360 8 4.4 3.4 839 11

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

BEAM: S355
FIN PLATES: S275
Table G.21 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS 11
ii Double line of bolts 11
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} n4 | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

457x191x161+| 5 450 3 450 665 450 343 160 10 360 8 44 34 839 11
{1810 kN} 4 363 3 363 828 363 429 160 10 290 8 4.4 3.4 678 11

457x191x133+| 5 450 3 450 539 450 273 160 10 360 8 4.4 34 839 11
{1510 kN} 4 363 3 363 671 363 342 160 10 290 8 44 34 678 11

457x191x106+| 5 450 3 450 421 450 189 160 10 360 8 44 34 839 11
{1230 kN} 4 363 3 363 525 363 262 160 10 290 8 4.4 3.4 678 11

457x191x98 5 450 3 450 380 450 146 160 10 360 8 4.4 34 839 11
{1110 kN} 4 363 3 363 474 363 233 160 10 290 8 44 34 678 11

457x191x89 5 450 3 450 339 463 103 160 10 360 8 4.4 34 839 11
{1030 kN} 4 363 3 363 428 363 203 160 10 290 8 4.4 3.4 678 11

457x191x82 5 450 3 450 315 415 110 160 10 360 8 4.4 34 839 11
{976 kN} 4 363 3 363 407 363 185 160 10 290 8 44 34 678 11

457x191x74 5 450 3 450 264 N/A 110 160 10 360 8 44 34 839 11
{895 kN} 4 363 3 363 365 363 147 160 10 290 8 4.4 3.4 678 11

457x191x67 5 450 3 450 225 N/A 110 160 10 360 8 4.4 34 817
{839 kN} 4 363 3 363 335 363 119 160 10 290 8 44 34 660 12

457x152x82 5 450 3 450 335 483 108 160 10 360 8 4.4 34 839 11
{1040 kN} 4 363 3 363 421 363 207 160 10 290 8 4.4 3.4 678 11

457x152x74 5 450 3 450 290 403 110 160 10 360 8 4.4 34 839 11
{938 kN} 4 363 3 363 378 363 173 160 10 290 8 4.4 34 678 11

457x152x67 5 450 3 450 258 N/A 110 160 10 360 8 4.4 34 839 11
{899 kN} 4 363 3 363 355 363 149 160 10 290 8 4.4 3.4 678 11

457x152x60 5 450 3 450 198 N/A 110 160 10 360 8 4.4 34 779 12
{806 kN} 4 363 3 363 311 370 102 160 10 290 8 4.4 34 629 12

457x152x52 5 450 3 450 147 N/A 110 160 10 360 8 4.4 34 731 12
{747 kN} 4 349 2 349 287 327 110 160 10 290 8 4.2 3.3 590 12

For guidance on the use of tables see Explanatory notes in Table G.15
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Fin plates

BEAM: S355
FIN PLATES: S275

Table G.21 Continued BOLTS: M20, 8.8

ii FIN PLATES, ORDINARY BOLTS 11
ii Double line of bolts 11
180x10 or 160x10 mm Fin Plate

Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp t, hp S NRrdu
kN kN mm kN mm mm mm mm mm mm mm kN

406x178x85+ 4 363 3 363 349 363 141 160 10 290 8 4.4 3.4 678 11
{966 kN}

406x178x74 4 363 3 363 305 342 110 160 10 290 8 4.4 3.4 678 11
{858 kN}

406x178x67 4 363 3 363 269 311 110 160 10 290 8 4.4 3.4 678 11
{790 kN}

406x178x60 4 363 3 363 220 275 110 160 10 290 8 4.4 3.4 614 12
{709 kN}

406x178x54 4 354 2 354 208 0 110 160 10 290 8 4.3 3.3 598 12
{683 kN}

406x140x53+ 4 363 3 363 213 275 110 160 10 290 8 4.4 3.4 614 12
{709 kN}

406x140x46 4 312 2 312 209 0 110 160 10 290 8 3.8 2.9 528 12
{611 kN}

406x140x39 4 294 2 294 192 0 110 160 10 290 8 3.5 2.7 497 12
{566 kN}

356x171x67 3 267 2 267 301 288 109 160 10 220 8 4.2 3.3 517 11
{733 kN}

356x171x57 3 241 2 241 286 230 110 160 10 220 8 3.8 3.0 480 12
{646 kN}

356x171x51 3 220 2 220 280 205 110 160 10 220 8 3.5 2.7 438 12
{587 kN}

356x171x45 3 209 2 209 270 190 110 160 10 220 8 3.3 2.6 415 12
{549 kN}

356x127x39 3 197 2 197 266 181 110 160 10 220 8 3.1 2.4 391 12
{527 kN}

356x127x33 3 179 2 179 254 159 110 160 10 220 8 2.8 2.2 355 12
{472 kN}

For guidance on the use of tables see Explanatory notes in Table G.15

T-103




Fin plates

BEAM: S355
FIN PLATES: S275
Table G.21 Continued BOLTS: M20, 8.8
ii FIN PLATES, ORDINARY BOLTS 11
ii Double line of bolts 11
180x10 or 160x10 mm Fin Plate
Bolt Un-notched Single Double Fitting Fillet Min support Tying
rows Notch Notch Fin Plate weld thickness
Beam size Shear | Crit | Shear | Notch | Shear | Notch | Width | Thck |Length| Leg | S275 | S355 | Resist| Crit
{V Rapeam} nq | Resist| chck | Resist| limit | Resist| limit chck
VRd VRd I VRd I bp tp hp S NRd,u
kN kN mm kN mm mm mm mm mm mm mm kN

305x165x54 | 3 | 235 2 235 | 200 | N/A | 110 | 160 [ 10 | 220 8 37 | 29 | 468 | 12
{545 kN}

305x165x46 | 3 | 200 | 2 | 200 | 195 | nA | 110 | 160 | 10 | 220 [ 8 32 | 25 | 397 | 12
{461 kN}

305x165x40 | 3 | 179 2 179 | 189 | NNA | 110 | 160 | 10 | 220 8 28 | 22 | 355 | 12
{411 kN}

305x127x48 | 3 | 267 | 2 | 267 | 189 [ naA | 110 | 160 | 10 | 220 [ 8 42 | 33 | 517 | 11
{612 kN}

305x127x42 | 3 | 238 2 238 | 182 | NJA | 110 | 160 [ 10 | 220 8 38 | 29 | 4714 | 12
{542 kN}

305x127x37 | 3 | 212 2 212 | 178 | NA | 110 | 160 | 10 | 220 8 34 | 26 | 420 | 12
{481 kN}

305x102x33 | 3 | 197 2 197 | 189 | NA | 110 | 160 | 10 | 220 8 31 | 24 | 391 | 12
{452 kN}

305x102x28 | 3 | 179 2 179 | 179 | NiA | 110 | 160 | 10 | 220 8 28 | 22 | 355 [ 12
{407 kN}

305x102x25 | 3 | 173 2 173 | 167 | NA | 110 | 160 | 10 | 220 8 27 | 21 | 343 | 12
{386 kN}

254x146x43 | 2 | 116 2 116 | 251 | 91 | 110 | 160 | 10 | 150 8 27 | 21 | 203 | 12
{415 kN}

254x146x37 2 101 2 101 244 76 110 160 10 150 8 24 1.8 257 12
{361 kN}

254x146x31 | 2 | 96 2 96 | 229 | e8 | 110 | 160 | 10 | 150 8 22 | 1.7 | 245 | 12
{336 kN}

254x102x28 | 2 | 101 2 101 | 239 | 80 | 110 | 160 | 10 | 150 8 24 | 18 | 257 | 12
{365 kN}

254x102x25 | 2 96 2 9% | 229 | 74 | 110 | 160 [ 10 | 150 8 22 | 1.7 | 245 | 12
{341 kN}
254x102x22 | 2 92 2 92 | 217 | 67 | 110 | 160 [ 10 | 150 8 24 | 1.7 | 232 | 12
{320 kN}

For guidance on the use of tables see Explanatory notes in Table G.15
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Universal column splices

Table G.22

Explanatory notes — UNIVERSAL COLUMN SPLICES (Bearing Type)
Use of Resistance Tables

1

10

The following notes apply to Tables G.23 and G.24 which are for bearing type UKC splice connections. The
design check numbers noted below refer to those listed in Section 6.5 Design procedures.

The ends of the column shaft must be cut to the tolerances required for end bearing, as given in BS EN
1090-2P% or the National Structural Steelwork Specification!'?.

Design check 2 for bearing splices should be carried out to see whether the most onerous combination of
axial load and bending leads to net tension.

If net tension is present then it must not exceed the tensile resistances given in the tables, which are
given for the resistance of one flange alone.

The tensile resistances given are the minimum from checks 3 and 4. The bearing resistance of the cover
plate and the upper column flange have been checked when calculating the quoted resistance.

Clause 6.2.7.1(14) of BS EN 1993-1-8 requires that for bearing type splices, splice material must be
provided to transmit 25% of the maximum compression force in the column. The compression resistance
of the splice material (cover plates and bolts) is provided in the tables, so that this can be compared with
25% of the force in the column.

In buildings where it is necessary to comply with structural integrity requirements, the tying resistance of
the column splice may be taken as twice the tension value given in each table. This is conservative.
Generally (but not always), the tying resistance is twice that quoted for one flange (see Note 3) factored

by YM% . If the tying resistance is to be calculated precisely, all components should checked as the
M2
critical component may be different in the tensile and tying design cases.

The tables are based on the use of M20 or M24 property class 8.8 bolts in clearance holes.

Preloaded bolts are required when significant net tension exists (i.e. when the net tensile stress in the
upper member exceeds 10% f, of the upper column) or if joint slip is unacceptable. Bolt spacings and
plate thicknesses shown may not be adequate for preloaded bolts and separate checks must be carried
out.

When tension is present due only to tying requirements, non-preloaded 8.8 bolts may be used.

The horizontal gauge for the bolts in the column flanges (p2) has been selected so that the bolts are
positioned centrally down an internal flange plate if these are used.

Flange and web cover plates are in S275 steel.

Where tensile resistance values are marked # the thickness of the flange pack exceeds the commonly
accepted limit 4d/3 (where ‘d’ is the bolt diameter). Although this limit is not in BS EN 1993-1-8, it is
anticipated that it will be introduced. If the packs exceed the limit, the pack must be welded to either the
column or the cover plate so that the shear resistance of the bolts is not reduced.
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Universal Column - bearing type splices

Table G.23

UKC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M20, 8.8

Standard Geometry and Tensile Resistances
Upper and Lower Columns 152 UKC Series

)

40 aﬂ 60|<
R v e <l
’ %
* % nig hdllnd
320 | 80 ] i
Xl > - j .
v - mle LIRS Lt
N \L é@ L
40 ‘ 40 30> <30 Packs (shown hatched) may 30 P 30
> 80 (<~ > 150 =< be required for different web 90
and flange thicknesses
Upper Column External Cover | Internal Cover Web Cover

Plates (mm) Plates (mm) Plates (mm)
All 152 x 152 UKC | 150 x 10 x 320 60 x 10 x 320 80 x6 x 320

Tensile resistance (one flange)

Upper Column (kg/m)
23 30 37 44 51
< 23 244
2 30 244 337
Co | 37 244 337 337
% = | 44 244 337 337 337
2 51 244 337 337 337 337

Resistance for one external cover plate (kN)
Two internal cover plates provide 256 kN (244 kN with 152 UKC 23 sections).

Tying resistance
The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

Compression resistance
The compression resistance of the splice is twice the tensile resistance
of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22
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Universal Column - bearing type splices

Table G.23 Continued

Standard Geometry and Tensile Resistances
Upper and Lower Columns 203 UKC Series

UKC COLUMN: S275 or S355
COVER PLATES: S275

BOLTS: M20, 8.8

M~  — M~ ~—1]
40 80
v <>
. % - | -e
v 140
. e % oo - | -e
150 801 80
.o .| o] - |l
A 140
35
.. R
N
> [ < Jg/ Yo~ 40> 1< 40
35> <35 40> <40 w
50 120 be eqed for cifieront web < >
120 200 and flange thicknesses 120
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)
All 203 x 203 UKC | 200 x 10 x 440 80 x 10 x 440 120 x 8 x 150
Tensile resistance (one flange)
Upper Column (kg/m)
46 52 60 71 86 100 113 127
_ 46 376
£ | 52| 376 | a6
= 60 376 376 376
g 71 376 376 376 376
g 86 359 368 376 376 376
5 100 342 350 359 376 376 376
§ 113 326 333 342 359 376 376 376
127 312 318 326 341 359 376 376 376

Resistance for one external cover plate (kN)

Two internal cover plates provide 376 kN.

Tying resistance

The tying resistance of the splice may be taken conservatively as

twice the tensile resistance of one flange (see Note 6).

Compression resistance

The compression resistance of the splice is twice the tensile resistance

of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22
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Universal Column - bearing type splices

Table G.23 Continued

UKC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M20, 8.8

Standard Geometry and Tensile Resistances
Upper and Lower Columns 254 UKC Series

T —~— — — T —~— —— —
40 100
- 77 / LR
V) / 160
150 801 % £ i 80 %/i # +
. - . | - . o *|l]e
A 160
35
. .|l
Ly
40
= e s - —~— L LT
35> <35 50> <50 50 >—t— <50
150 Packs (shown hatched) may }T
150 250 be required for different web 150
and flange thicknesses
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)
254 x 254 x 167 UKC 250 x 15 x 480 100 x 15 x 480 150 x 8 x 150
254 x 254 x 132 UKC to
73 UKC 250 x 12 x 480 100 x 12 x 480 150 x 8 x 150
Tensile resistance (one flange)
Upper Column (kg/m)
73 89 107 132 167
g 73 376
g A 89 376 376
9% |107| 376 376 376
% = 132 350 368 376 376
— 167 319 333 350 376 376

Resistance for one external cover plate (kN)
Two internal cover plates provide 376 kN.

Tying resistance
The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

Compression resistance
The compression resistance of the splice is twice the tensile resistance
of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22
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Table G.23 Continued

Universal Column - bearing type splices

Standard Geometry and Tensile Resistances
Upper and Lower Columns 305 UKC Series

UKC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M24, 8.8

150

120

- L e _
27 > - ||| *
35 100
v - - || e
7Y / 100
801 * ° - - 100 E%f g * hd
x . o * ||| *
35 +> - 100 olle
-
<+ <+ 100
35> G <35 60| 180 60 'y e
300 60 60
150 Packs (shown hatched) may 180
be required for different web
and flange thicknesses
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)

305 x 305 UKC = 240kg/m

300 x 20 x 600

120 x 20 x 600

150 x 10 x 150

305 x 305 UKC < 240kg/m

300 x 15 x 600

120 x 15 x 600

150 x 10 x 150

Tensile resistance (one flange)

Upper Column (kg/m)

97 118 137 158 198 240 283
€ 97 813
2 | 118| 813 | 813
= 137 | 813 813 813
E 158 | 796 813 813 813
o 198 | 732 763 795 813 813
2 240 | 679 706 732 763 813 813
3 283 | 632 655 678 705 763 813 813

Resistance for one external cover plate (kN)

Two internal cover plates provide 813 kN.

Tying resistance

The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

Compression resistance

The compression resistance of the splice is twice the tensile resistance

of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22
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Universal Column - bearing type splices

Table G.23 Continued

Standard Geometry and Tensile Resistances
Upper and Lower Columns 356 x 368 UKC Series

UKC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M24, 8.8

200

150
M B —
) A IS
i} il 150
30 - " + -
227 // e e
1001 100 /%%/ * *
* - - - P . .
Eﬁ) i} i} n " 150
- " - -
150
- -
11 ) ] ro L ile
50> <50 75> M <75 A ——
100 200
50 75 75
200 350
200
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)

356 x 368 x 202 UKC

350 x 15 x 800

150 x 15 x 800

200 x 10 x 200

356 x 368 UKC < 202kg/m

350 x 12 x 800

150 x 12 x 800

200 x 10 x 200

Tensile resistance (one flange)

Upper Column (kg/m)

129 153 177 202
c 129 | 813
SEE | 153 | 813 813
= O
88< | 177 | 813 813 813
202 | 797 813 813 813

Resistance for one external cover plate (kN)

Two internal cover plates provide 813 kN.

Tying resistance

The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

Compression resistance

The compression resistance of the splice is twice the tensile resistance

of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22
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Table G.23 Continued

Universal Column - bearing type splices

Standard Geometry and Tensile Resistances

Upper and Lower Columns 356 x 406 UKC Series

UKC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M20, 8.8

50 150
7 Tl
) < i
i} 150
7 - - - -
v // - s
200|100 - -
5 - -+ -+ 100 M
* > * -
5¢) - - - 150
- - * -+
150
- -
by S s S S e
50> <o <50 75> 500 <75 ;f .
200 350 & &
200
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)
*356 x 406 x 634 UKC 350 x40 x800 | 150x40x800 | 200 x 15 x 200
*356 x 406 x 551 UKC 350x35x800 | 150x35x800 | 200 x 15 x 200
*356 x 406 x 467 UKC 350x30x800 | 150x30x800 | 200 x 12 x 200
*356 x 406 x 393 UKC 350x25x800 | 150x25x800 | 200 x 12 x 200

*356 x 406 x 340, 287 UKC

350 x 20 x 800

150 x 20 x 800

200 x 10 x 200

356 x 406 x 235 UKC

350 x 15 x 800

150 x 15 x 800

200 x 10 x 200

Tensile resistance (one flange)

Upper Column (kg/m)

235 287 340 393 467 551 634
T 235 | 813
2 287 | 813 | 813
< 340 | 763 813 813
3 393 | 706 763 813 813
o 467 | 638 685 740 804 813
g 551 | 578 616 661 712 797 813
S 634 | 529 560 597 638 706 797 813

Resistance for one external cover plate (kN)

Two internal cover plates provide 813 kN.

Tying resistance

The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

Compression resistance

The compression resistance of the splice is twice the tensile resistance

of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22
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Universal Column - bearing type splices

Table G.24

Standard Geometry and Tensile Resistances

Upper Column 152 UKC, Lower Column 203 UKC

UKC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M20, 8.8

152 x 152

: Packs required
series for different web
40 S thicknesses 40
Flange
¢ L ¥  packs
80 -+ | o
55 |+ 55
375 25 25 plate55
o |2 t
aRs
A A |
40 40 ‘
L | | 4 No. 200 x 90 x 30 — T\
—_— PFC cutti
203x203 | 307 G330 iernative: weld 40> 1< 40
series division plate to 0
- 150 lower column
Upper Column Flange Cover
Plates (mm)
All 152 x 152 UKC | 150 x 10 x 375
Tensile resistance (one flange)
Upper Column 152 x 152 UKC (kg/m)
23 30 37 44 51
§ 46 287 297 305 314
x 52 281% 291 299 307 317
§ € 60 276% 285 292 301 309
c2 | 71| 266" | 274" | 281 289 297
20 86 256" 2647 270* 277* 285
O> | 100 | 247* | 254* | 260* | 267F | 274*
g 113 | 239* 245" 251* 257+ 263"
3 127 | 231% 237* 242% 248* 254%

Tying resistance

Compression resistance

of one flange (see Note 5).

Resistance for one external cover plate (kN), * See Note 10

The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

The compression resistance of the splice is twice the tensile resistance

For guidance on the use of tables see Explanatory notes in Table G.22
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Table G.24 Continued

Universal Column - bearing type splices

Standard Geometry and Tensile Resistances
Upper Column 203 UKC, Lower Column 254 UKC

UKC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M20, 8.8

203 x 203
series
40 Packs required
e for different web / Flange
¢ thicknesses packs
|
140 I
Yy
50 - | - v b7
485 %g 25 plate%jz
-+ | - o
140
- | -
ﬁ 4 No.90x90x8
40 | | 1 || angles. Bolts at
50 back mark
254x254 | 407> S8 <40 Alternative: Weld 35
series division plate to
200 lower column 120
Upper Column Flange Cover
Plates (mm)
All 203 x 203 UKC | 200 x 10 x 485
Tensile resistance (one flange)
Upper Column 203 x 203 UKC (kg/m)
46 52 60 71 86 100 113 127
g g 73 287 292 299 312
23 | 89 | 276" | 281 287 299 312
Ok 107 [ 265 270* 276" 287 299
$ X< | 132 251! 255 260* 270% 281% 293 305 319
S8 167 | 235* 238t 243* 251* 260F | 270 281* 293

Resistance for one external cover plate (kN), ¥ See Note 10

Tying resistance

The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

Compression resistance

The compression resistance of the splice is twice the tensile resistance

of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22
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Universal Column - bearing type splices

Table G.24 Continued

Upper Column 254 UKC, Lower Column 305 UKC

. . UKC COLUMN: S275 or S355
Standard Geometry and Tensile Resistances COVER PLATES: S275

BOLTS: M20, 8.8

254 x 254

series
40 Packs required
T for different web /

¢ thicknesses
N aallite o 40

160 o V

A
50 R I,
525 | 25 25 plate%jz
50
160 A 7\
+ || 40 m
ﬁ 4 No.90x90x 8
40 | | I | angles. Bolts at Il
- 50 back mark
305x305 | 20> <5371 <%0 Atternative: Weld 35 > =% < 35
series division plate to
—_— 250 lower column 150
Upper Column Flange Cover
Plates (mm)

254 x 254 UKC 167kg/m 250 x 15 x 525
254 x 254 UKC < 167kg/m | 250 x 12 x 525

Tensile resistance (one flange)

Flange
packs

Upper Column 254 x 254 UKC (kg/m)
73 89 107 132 167

97 281* 293

118 | 270* 281* 292

137 | 261* 271% 281% 299

158 | 251* 260* 270% 287

198 | 235% 242* 251% 265* 287
240 | 220* 227+ 235* 247* 266+

283 | 207* 213% 220% 231% 2474

Lower Column
305 x 305 UKC
(kg/m)

Resistance for one external cover plate (kN), * See Note 10

Tying resistance
The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

Compression resistance
The compression resistance of the splice is twice the tensile resistance
of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22

T-114




Universal Column - bearing type splices

Table G.24 Continued

Upper Column 305 UKC, Lower Column 356 UKC

. . UKC COLUMN: S275 or S355
Standard Geometry and Tensile Resistances COVER PLATES: S275

BOLTS: M24, 8.8

305 x 305
series —
Y

Flange
Packs required packs
50 - - for different web
100 thicknesses
. | -
100 55
X I XS
635| 25 25 plat
55 A 6 v N
* + 55 hd
100
. | .
100
50 * * 4 No. 90 x90 x 8
A angles. Bolts at
Ly | | ] 50 back mark
— Alternative: Weld
356 x 356 80> 180 < 60 division plate to 35 > 80 35
series 300 lower column 150
Upper Column Flange Cover
Plates (mm)
305 x 305 UKC = 240kg/m 300 x 20 x 635
305 x 305 UKC < 240kg/m 300 x 15 x 635
Tensile resistance (one flange)
Upper Column 305 x 305 UKC (kg/m)
97 118 137 158 198 240 283
EoE | 129 | 667 693
382
O = 153 643 667 691
S0 | 177 | 622 645 667 693
3 o X :
4 > 202 602 623 643 667 720

Resistance for one external cover plate (kN), * See Note 10

Tying resistance
The tying resistance of the splice may be taken conservatively as
twice the tensile resistance of one flange (see Note 6).

Compression resistance
The compression resistance of the splice is twice the tensile resistance

of one flange (see Note 5).

For guidance on the use of tables see Explanatory notes in Table G.22
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Hollow section splices

Table G.25

Explanatory notes — HOLLOW SECTION TENSION SPLICES
Use of resistance tables

The following notes apply to Tables G.27 to G.29 for hollow section tension splices. The check numbers refer to
those listed in Section 6.7 and 6.8.

The connection details are suitable for members in tension.

1 DETAILING

All detailing requirements of Check 1 from Sections 6.7 and 6.8 are adhered to.

The resistance tables are based on the standard connection details that are given in Table G.26 for circular,
square and rectangular hollow sections.

Dimension e has been set > 51 mm to allow sufficient tightening access when using a torque wrench. (See
Table G.61 where clearance ¢ = 51 mm for M24 bolts).

2 TENSION RESISTANCE OF THE CONNECTION

The tables are based on M24 property class 8.8 bolts and S275 plates.
Tabulated tension resistances are valid for both S275 and S355 members.

The tension resistances are conservatively based on the dimensions of the heaviest section available for the
given external dimensions. Lighter sections will have higher connection resistances than those tabulated.

The tension resistances are based on the minimum of Checks 2, 3 and 4 from Section 6.7 for square and
rectangular hollow sections and from Section 6.8 for circular hollow sections.

3 CRITICAL DESIGN CHECK

The critical design check indicates whether it is Check 2 (complete end plate yielding) or Check 3 (bolt failure
with end plate yielding) which controls the connection resistance.
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Hollow section splices

Table G.26

HOLLOW SECTION TENSION SPLICES
Standard Details used in Resistance Tables

m e,=50

e1= 50

n = total number of bolts
Bolts: M24 8.8
Plate: S275

CIRCULAR HOLLOW SECTION SPLICE DETAILS

12 bolts at
€3=50 90 mm spacing €3=50

n = total number of bolts
Bolts: M24 8.8

Plate: S275 fp

SQUARE AND RECTANGULAR HOLLOW SECTION SPLICE DETAILS
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Hollow section tension splices

CHS: S275 or S355
PLATES: S275

Table G.27 BOLTS: M24, 8.8
TENSION SPLICES
CIRCULAR HOLLOW SECTIONS
Section Number Bolt Plate dimensions End Edge Tension Critical
Diameter of spacing Diameter Thickness distance distance resistance design
bolts p D, ty e e, NRrg check
mm mm mm mm mm mm kN
114.3 4 173 320 12 53 50 203 2
114.3 4 173 320 15 53 50 318 2
114.3 4 173 320 20 53 50 538 3
139.7 4 196 350 15 55 50 344 2
139.7 4 196 350 20 55 50 522 3
139.7 6 131 350 20 55 50 590 2
139.7 6 131 350 25 55 50 782 3
168.3 6 141 370 15 51 50 409 2
168.3 6 141 370 20 51 50 700 2
168.3 6 141 370 25 51 50 803 3
168.3 8 106 370 25 51 50 1070 3
193.7 6 157 400 15 53 50 426 2
193.7 6 157 400 20 53 50 730 2
193.7 8 118 400 25 53 50 1040 3
2191 6 173 430 15 55 50 455 2
2191 6 173 430 20 55 50 764 3
2191 8 130 430 25 55 50 1020 3
2191 10 104 430 25 55 50 1220 2
2445 6 183 450 15 53 50 510 2
2445 8 137 450 20 53 50 873 2
2445 10 110 450 25 53 50 1290 3
2445 12 92 450 25 53 50 1360 2
273 6 199 480 15 54 50 550 2
273 8 149 480 20 54 50 943 2
273 10 119 480 25 54 50 1290 3
273 12 99 480 25 54 50 1470 2
323.9 8 169 530 20 53 50 1030 3
323.9 10 135 530 25 53 50 1290 3
323.9 12 113 530 25 53 50 1540 3
323.9 14 96 530 25 53 50 1700 2
355.6 8 181 560 20 52 50 1030 3
355.6 10 145 560 25 52 50 1290 3
355.6 12 120 560 25 52 50 1550 3
355.6 14 103 560 25 52 50 1810 3
406.4 8 200 610 20 52 50 1030 3
406.4 10 160 610 25 52 50 1290 3
406.4 14 114 610 25 52 50 1810 3
406.4 16 100 610 25 52 50 2070 3
457 10 176 660 20 52 50 1290 3
457 14 126 660 25 52 50 1810 3
457 16 110 660 25 52 50 2070 3
457 20 88 660 25 52 50 2320 2
508 12 160 710 20 51 50 1550 3
508 16 120 710 25 51 50 2070 3
508 18 106 710 25 51 50 2330 3
508 20 96 710 25 51 50 2560 2

For further information on standard details see Table G.26

For guidance on the use of tables see Explanatory notes in Table G.25
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Hollow section tension splices

SHS: S275 or S355
PLATES: S275

Table G.28 BOLTS: M24, 8.8
TENSION SPLICES
SQUARE HOLLOW SECTIONS

Section Number Plate dimensions End Edge Tension Critical

size of Size Thickness distance distance resistance design

hxb bolts hy by ty e e, NiRrg check

mm mm mm mm mm kN

100 x 100 4 190 310 15 55 50 476 3
100 x 100 4 190 310 20 55 50 510 3
100 x 100 4 190 310 25 55 50 555 3
120 x 120 4 190 330 15 55 50 476 3
120 x 120 4 190 330 20 55 50 510 3
120 x 120 4 190 330 25 55 50 555 3
140 x 140 4 190 350 15 55 50 476 3
140 x 140 4 190 350 20 55 50 510 3
140 x 140 4 190 350 25 55 50 555 3
150 x 150 4 190 360 15 55 50 462 3
150 x 150 4 190 360 20 55 50 495 3
150 x 150 4 190 360 25 55 50 539 3
160 x 160 6 280 370 15 55 50 693 3
160 x 160 6 280 370 20 55 50 742 3
160 x 160 6 280 370 25 55 50 809 3
180 x 180 6 280 390 15 55 50 693 3
180 x 180 6 280 390 20 55 50 742 3
180 x 180 6 280 390 25 55 50 809 3
200 x 200 6 280 410 15 55 50 693 3
200 x 200 6 280 410 20 55 50 742 3
200 x 200 6 280 410 25 55 50 809 3
250 x 250 6 280 460 15 55 50 693 3
250 x 250 6 280 460 20 55 50 742 3
250 x 250 6 280 460 25 55 50 809 3
260 x 260 6 280 470 15 55 50 693 3
260 x 260 6 280 470 20 55 50 742 3
260 x 260 6 280 470 25 55 50 809 3
300 x 300 8 370 510 15 55 50 924 3
300 x 300 8 370 510 20 55 50 990 3
300 x 300 8 370 510 25 55 50 1080 3
350 x 350 8 370 560 15 55 50 924 3
350 x 350 8 370 560 20 55 50 990 3
350 x 350 8 370 560 25 55 50 1080 3
400 x 400 8 370 610 15 55 50 895 3
400 x 400 8 370 610 20 55 50 958 3
400 x 400 8 370 610 25 55 50 1040 3

For further information on standard details see Table G.26

For guidance on the use of tables see Explanatory notes in Table G.25
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Hollow section tension splices

RHS: S275 or S355
PLATES: S275

Table G.29 BOLTS: M24, 8.8
TENSION SPLICES
RECTANGULAR HOLLOW SECTIONS

Section Number Plate dimensions End Edge Tension Critical

size of Size Thickness distance distance resistance design

hxb bolts hg by t, e, e, NiRrd check

mm mm mm mm mm kN

200 x 100 6 280 310 15 55 50 693 3
200 x 100 6 280 310 20 55 50 742 3
200 x 100 6 280 310 25 55 50 809 3
200 x 120 6 280 330 15 55 50 693 3
200 x 120 6 280 330 20 55 50 742 3
200 x 120 6 280 330 25 55 50 809 3
200 x 150 6 280 360 15 55 50 693 3
200 x 150 6 280 360 20 55 50 742 3
200 x 150 6 280 360 25 55 50 809 3
220 x 120 6 280 330 15 55 50 693 3
220x 120 6 280 330 20 55 50 742 3
220 x 120 6 280 330 25 55 50 809 3
250 x 100 6 280 310 15 55 50 693 3
250 x 100 6 280 310 20 55 50 742 3
250 x 100 6 280 310 25 55 50 809 3
250 x 150 6 280 360 15 55 50 693 3
250 x 150 6 280 360 20 55 50 742 3
250 x 150 6 280 360 25 55 50 809 3
260 x 140 6 280 350 15 55 50 693 3
260 x 140 6 280 350 20 55 50 742 3
260 x 140 6 280 350 25 55 50 809 3
300 x 100 8 370 310 15 55 50 924 3
300 x 100 8 370 310 20 55 50 990 3
300 x 100 8 370 310 25 55 50 1080 3
300 x 150 8 370 360 15 55 50 924 3
300 x 150 8 370 360 20 55 50 990 3
300 x 150 8 370 360 25 55 50 1080 3
300 x 200 8 370 410 15 55 50 924 3
300 x 200 8 370 410 20 55 50 990 3
300 x 200 8 370 410 25 55 50 1080 3
300 x 250 8 370 460 15 55 50 924 3
300 x 250 8 370 460 20 55 50 990 3
300 x 250 8 370 460 25 55 50 1080 3
340 x 100 8 370 310 15 55 50 972 3
340 x 100 8 370 310 20 55 50 1040 3
340 x 100 8 370 310 25 55 50 1130 3

For further information on standard details see Table G.26
For guidance on the use of tables see Explanatory notes in Table G.25
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Hollow section tension splices

RHS: S275 or S355
PLATES: S275

Table G.29 Continued BOLTS: M24, 8.8
TENSION SPLICES
RECTANGULAR HOLLOW SECTIONS

Section Number Plate dimensions End Edge Tension Critical

size of Size Thickness distance distance resistance design

hxb bolts hg by t, e, e, NiRrd check

mm mm mm mm mm kN

350 x 150 8 370 360 15 55 50 924 3
350 x 150 8 370 360 20 55 50 990 3
350 x 150 8 370 360 25 55 50 1080 3
350 x 250 8 370 460 15 55 50 924 3
350 x 250 8 370 460 20 55 50 990 3
350 x 250 8 370 460 25 55 50 1080 3
400 x 150 10 460 360 15 55 50 1160 3
400 x 150 10 460 360 20 55 50 1240 3
400 x 150 10 460 360 25 55 50 1350 3
400 x 200 10 460 410 15 55 50 1160 3
400 x 200 10 460 410 20 55 50 1240 3
400 x 200 10 460 410 25 55 50 1350 3
400 x 300 10 460 510 15 55 50 1160 3
400 x 300 10 460 510 20 55 50 1240 3
400 x 300 10 460 510 25 55 50 1350 3
450 x 250 12 550 460 15 55 50 1390 3
450 x 250 12 550 460 20 55 50 1480 3
450 x 250 12 550 460 25 55 50 1620 3
500 x 200 12 550 410 15 55 50 1390 3
500 x 200 12 550 410 20 55 50 1480 3
500 x 200 12 550 410 25 55 50 1620 3
500 x 300 12 550 510 15 55 50 1340 3
500 x 300 12 550 510 20 55 50 1440 3
500 x 300 12 550 510 25 55 50 1570 3

For further information on standard details see Table G.26
For guidance on the use of tables see Explanatory notes in Table G.25
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Column bases

Table G.30

Explanatory notes — COLUMN BASES
Use of resistance tables

The following notes apply to Tables G.32 to G.35. The check numbers refer to those listed in Section 7.5.

1 BASE PLATE SIZE
See Table G.31 for standard base plate details.

2 AXIAL RESISTANCE OF BASE PLATE
The tabulated resistances are axial compression resistances based on the minimum resistance from Checks 1
and 2 in Section 8.5 (effective area method).

The resistances are conservatively based on the dimensions of the lightest section available for the outside
dimensions of the section. Heavier sections will have higher base plate resistances than those tabulated.

Resistances are tabulated for a range of cube strengths of bedding material/foundation concrete. The
resistance based on the cube strength of the weaker material should be used.

The calculated resistances are for S275 base plates.
Tabulated base plate resistances are valid for both S275 and S355 columns.
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Table G.31

Column bases

COLUMN BASES
Standard Details used in Resistance Tables

s
+:'l
to
K

<

- -
b

. .

UNIVERSAL COLUMN BASE PLATE DETAILS

HOLLOW SECTION COLUMN BASE PLATE DETAILS
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Column bases

COLUMN: S275 or S355

Table G.32 PLATES: S275
COLUMN BASES
UNIVERSAL COLUMNS
Axial resistance (kN)
Concrete grade
C16/20 | C20/25 | C25/30 C30/37 C35/45
Column size Base plate size Base Plate Cylinder strengths g (N/mmz)
hxb hoxb,xt, Mass
mm mm kg 16 20 25 30 35

152x152 300 x 300 x 15 11 493 545 604 659 709
20 14 671 737 812 880 943

25 18 816 966 1050 1130 1210

30 21 816 1020 1280 1400 1490

350 x 350 x 20 19 671 737 812 880 943

25 24 862 966 1050 1130 1210

30 29 1050 1160 1290 1400 1490

35 34 1110 1370 1520 1650 1790

203x203 400 x 400 x 20 25 868 961 1070 1160 1250
25 31 1120 1230 1360 1470 1580

30 38 1380 1510 1660 1800 1930

35 44 1450 1800 1990 2150 2290

40 50 1450 1810 2270 2530 2670

450 x 450 x 25 40 1120 1230 1360 1470 1580

30 48 1380 1510 1660 1800 1930

35 56 1610 1800 1990 2150 2290

40 64 1840 2060 2300 2530 2670

45 72 1840 2290 2550 2780 3010

500 x 500 x 25 49 1120 1230 1360 1470 1580

30 59 1380 1510 1660 1800 1930

40 79 1860 2060 2300 2530 2670

50 98 2270 2580 2850 3100 3340

60 118 2270 2830 3500 3780 4050

254x254 450 x 450 x 25 40 1360 1500 1670 1820 1960
30 48 1670 1840 2030 2210 2370

35 56 1820 2210 2410 2610 2800

40 64 1840 2290 2780 3030 3240

45 72 1840 2300 2850 3340 3630

50 79 1840 2300 2870 3430 3930

500 x 500 x 25 49 1360 1500 1670 1820 1960

30 59 1670 1840 2030 2210 2370

40 79 2270 2560 2810 3030 3240

50 98 2270 2830 3530 3840 4090

60 118 2270 2830 3540 4250 4960

600 x 600 x 30 85 1670 1840 2030 2210 2370

40 113 2300 2560 2810 3030 3240

50 141 2850 3160 3530 3840 4090

60 170 3260 3850 4260 4640 5010

70 198 3260 4080 4940 5350 5750

700 x 700 x 40 154 2300 2560 2810 3030 3240

50 192 2850 3160 3530 3840 4090

60 231 3510 3850 4260 4640 5010

70 269 4130 4500 4940 5350 5750

80 308 4440 5300 5780 6220 6650

For further information on standard details see Table G.31

For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355

Table G.32 Continued PLATES: S275

COLUMN BASES

UNIVERSAL COLUMNS
Axial resistance (kN)
Concrete grade
C16/20 | C20/25 | C25/30 C30/37 C35/45
Column size Base plate size Base Plate Cylinder strengths fq (N/mmz)
hxb hoxb,xt, Mass
mm mm kg 16 20 25 30 35

305 x 305 500 x 500 x 25 49 1600 1780 1980 2160 2340
30 59 1950 2160 2390 2610 2810

40 79 2210 2670 3220 3550 3810

50 98 2270 2830 3430 4010 4560

60 118 2270 2830 3540 4220 4820

600 x 600 x 30 85 1950 2160 2390 2610 2810

40 113 2700 2970 3270 3550 3810

50 141 3260 3770 4130 4460 4770

60 170 3260 4080 5090 5520 5880

70 198 3260 4080 5100 6120 6920

700 x 700 x 40 154 2700 2970 3270 3550 3810

50 192 3400 3770 4130 4460 4770

60 231 4120 4570 5110 5520 5880

70 269 4440 5280 5850 6400 6920

80 308 4440 5550 6760 7340 7900

800 x 800 x 40 201 2700 2970 3270 3550 3810

50 251 3400 3770 4130 4460 4770

60 301 4120 4570 5110 5520 5880

70 352 4790 5280 5850 6400 6920

80 402 5610 6140 6760 7340 7900

90 452 5800 6890 7550 8160 8750

356 x 368 600 x 600 x 30 85 2280 2540 2820 3080 3330
40 113 3050 3460 3830 4160 4470

50 141 3230 3910 4730 5200 5570

60 170 3260 4080 4990 5830 6650

70 198 3260 4080 5100 6050 6920

700 x 700 x 40 154 3140 3460 3830 4160 4470

50 192 3970 4360 4800 5200 5570

60 231 4440 5410 5910 6380 6820

70 269 4440 5550 6860 7460 7950

800 x 800 x 40 201 3140 3460 3830 4160 4470

50 251 3970 4360 4800 5200 5570

60 301 4820 5410 5910 6380 6820

70 352 5550 6170 6910 7460 7950

80 402 5800 7100 7890 8640 9350

90 452 5800 7250 8740 9520 10300

For further information on standard details see Table G.31

For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355

Table G.32 Continued PLATES: S275
COLUMN BASES
UNIVERSAL COLUMNS
Axial resistance (kN)
Concrete grade
C16/20 | C20/25 | C25/30 C30/37 C35/45
Column size Base plate size Base Plate Cylinder strengths g (N/mmz)
hxb hoxb,xt, Mass
mm mm kg 16 20 25 30 35
356 x 406 800 x 800 x 40 201 3420 3790 4220 4610 4980
(2393 kg/m) 50 251 4290 4730 5230 5690 6120
60 301 5170 5820 6390 6930 7430
70 352 5800 6610 7430 8060 8620
80 402 5800 7250 8440 9270 10100
90 452 5800 7250 9070 10200 11000
900 x 900 x 50 318 4290 4730 5230 5690 6120
60 382 5170 5820 6390 6930 7430
70 445 5920 6610 7430 8060 8620
80 509 6830 7570 8440 9270 10100
90 572 7340 8400 9320 10200 11000
100 636 7340 9180 10400 11400 12200
1000 x 1000 x 50 393 4290 4730 5230 5690 6120
60 471 5170 5820 6390 6930 7430
70 550 5920 6610 7430 8060 8620
80 628 6830 7570 8440 9270 10100
90 707 7620 8400 9320 10200 11000
100 785 8630 9460 10400 11400 12200
110 864 9070 10300 11300 12300 13200
120 942 9070 11300 12500 13500 14500
356 x 406 900 x 900 x 50 318 4750 5280 5890 6460 7000
(>393 kg/m) 60 382 5680 6420 7110 7760 8370
70 445 6470 7260 8190 8920 9600
80 509 7280 8260 9260 10200 11100
90 572 7340 9030 10200 11200 12100
100 636 7340 9180 11300 12400 13400
1000 x 1000 x 50 393 4750 5280 5890 6460 7000
60 471 5680 6420 7110 7760 8370
70 550 6470 7260 8190 8920 9600
80 628 7420 8260 9260 10200 11100
90 707 8240 9130 10200 11200 12100
100 785 9070 10200 11300 12400 13400
110 864 9070 11100 12300 13400 14400
120 942 9070 11300 13500 14700 15700
1100 x 1100 x 70 665 6470 7260 8190 8920 9600
80 760 7420 8260 9260 10200 11100
90 855 8240 9130 10200 11200 12100
100 950 9290 10200 11300 12400 13400
110 1045 10100 11100 12300 13400 14400
120 1140 11000 12300 13500 14700 15700
1250 x 1250 x 80 981 7420 8260 9260 10200 11100
90 1104 8240 9130 10200 11200 12100
100 1227 9290 10200 11300 12400 13400
120 1472 11300 12300 13500 14700 15700
140 1717 13700 14800 16200 17400 18600
150 1840 14200 16200 17600 18900 20100

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.33 PLATES: S275

COLUMN BASES
CIRCULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate cie0 | c2o25 | c2sm0 | c3os7 | cssus
d hyxb,xt, Mass Cylinder strength (N/mm?)

mm mm kg 16 20 25 30 35
139.7 200 x 200 x 15 4.7 330 391 458 518 571
20 6.3 359 437 526 606 680

250 x 250 x 15 7.4 383 430 483 531 575

20 9.8 482 557 626 688 745

25 12.3 534 638 754 850 924

300 x 300 x 20 14.1 498 558 626 688 745

25 17.7 623 694 778 854 924
30 212 718 832 932 1020 1100

350 x 350 x 20 19.2 498 558 626 688 745

25 24.0 623 694 778 854 924
30 28.8 761 840 932 1020 1100

168.3 250 x 250 x 15 7.4 453 523 591 651 707
20 9.8 523 620 728 823 907
25 12.3 558 680 817 940 1050

300 x 300 x 15 10.6 467 525 591 651 707

20 14.1 604 678 762 838 909
25 17.7 712 832 943 1040 1120
30 212 769 921 1090 1230 1340

350 x 350 x 20 19.2 604 678 762 838 909
25 24.0 749 840 943 1040 1120
30 28.8 896 1000 1120 1240 1340
35 337 991 1160 1310 1430 1550

400 x 400 x 20 25.1 604 678 762 838 909
25 314 749 840 943 1040 1120
30 377 900 1000 1120 1240 1340
35 44.0 1060 1180 1310 1430 1550
40 50.2 1220 1360 1510 1640 1770

193.7 300 x 300 x 15 10.6 539 607 683 752 817
20 14.1 673 779 880 969 1050
25 17.7 755 897 1050 1190 1300
30 212 798 969 1160 1330 1490
350 x 350 x 20 19.2 698 783 880 969 1050
25 24.0 865 971 1090 1200 1300
30 28.8 976 1140 1300 1430 1550
35 337 1040 1250 1470 1650 1790
400 x 400 x 20 25.1 698 783 880 969 1050
25 314 865 971 1090 1200 1300
30 377 1030 1160 1300 1430 1550
35 44.0 1190 1350 1510 1660 1790
40 50.2 1300 1520 1720 1890 2040
450 x 450 x 25 39.7 865 971 1090 1200 1300
30 477 1030 1160 1300 1430 1550
35 55.6 1210 1350 1510 1660 1790
40 63.6 1400 1550 1720 1890 2040
45 715 1540 1720 1910 2080 2250

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.33 Continued PLATES: S275

COLUMN BASES
CIRCULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate cie0 | c2o25 | c2sm0 | c3os7 | cssus
d hyxb,xt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

219.1 350 x 350 x 20 19.2 790 887 996 1100 1190
25 24.0 940 1090 1230 1360 1470

30 28.8 1030 1220 1430 1610 1750

35 337 1080 1310 1560 1780 1990

400 x 400 x 20 25.1 790 887 996 1100 1190

25 31.4 981 1100 1230 1360 1470

30 37.7 1170 1310 1470 1620 1750

35 44.0 1280 1500 1710 1880 2030

40 50.2 1360 1620 1910 2140 2320

450 x 450 x 25 39.7 981 1100 1230 1360 1470

30 477 1170 1310 1470 1620 1750

35 55.6 1360 1530 1710 1880 2030

40 63.6 1530 1740 1950 2140 2320

45 715 1630 1900 2150 2360 2550

500 x 500 x 25 49.1 981 1100 1230 1360 1470

30 58.9 1170 1310 1470 1620 1750

40 785 1560 1740 1950 2140 2320

50 98.1 1910 2160 2390 2620 2830

60 118 2120 2510 2900 3170 3400

244.5 400 x 400 x 20 25.1 885 994 1120 1230 1330
25 314 1100 1230 1380 1520 1650

30 377 1250 1450 1650 1810 1960

35 44.0 1340 1600 1870 2100 2280

40 50.2 1400 1690 2020 2300 2560

450 x 450 x 25 39.7 1100 1230 1380 1520 1650

30 477 1310 1470 1650 1810 1960

35 55.6 1510 1710 1920 2100 2280

40 63.6 1630 1910 2180 2400 2590

45 715 1700 2020 2370 2640 2850

500 x 500 x 25 491 1100 1230 1380 1520 1650

30 58.9 1310 1470 1650 1810 1960

40 785 1740 1950 2180 2400 2590

50 98.1 2020 2350 2660 2920 3160

60 118 2180 2610 3080 3480 3780

600 x 600 x 30 84.8 1310 1470 1650 1810 1960

40 113 1740 1950 2180 2400 2590

50 141 2160 2390 2660 2920 3160

60 170 2650 2920 3220 3510 3780

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.33 Continued PLATES: S275

COLUMN BASES
CIRCULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate cie0 | c2o25 | c2sm0 | c3os7 | cssus
d hyxb,xt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35
273 400 x 400 x 20 25.1 991 1110 1250 1380 1490
25 314 1170 1360 1550 1700 1840
30 377 1300 1530 1790 2010 2200
35 44.0 1380 1660 1960 2230 2480
40 50.2 1430 1740 2090 2400 2690
450 x 450 x 25 39.7 1230 1380 1550 1700 1840
30 477 1460 1650 1850 2030 2200
35 55.6 1610 1880 2140 2350 2550
40 63.6 1710 2030 2380 2670 2900
45 715 1760 2120 2520 2870 3170
500 x 500 x 25 49.1 1230 1380 1550 1700 1840
30 58.9 1470 1650 1850 2030 2200
40 785 1900 2180 2440 2680 2900
50 98.1 2100 2500 2930 3270 3540
60 118 2220 2700 3230 3710 4150
600 x 600 x 30 84.8 1470 1650 1850 2030 2200
40 113 1940 2180 2440 2680 2900
50 141 2390 2660 2980 3270 3540
60 170 2810 3220 3570 3910 4230
70 198 3020 3560 4110 4490 4830
700 x 700 x 40 154 1940 2180 2440 2680 2900
50 192 2390 2660 2980 3270 3540
60 231 2920 3220 3570 3910 4230
70 269 3420 3750 4130 4490 4830
323.9 450 x 450 x 25 39.7 1400 1620 1840 2030 2190
30 477 1560 1830 2130 2390 2610
35 55.6 1680 2000 2350 2670 2950
40 63.6 1770 2120 2530 2890 3220
45 715 1810 2200 2640 3040 3410
500 x 500 x 25 49.1 1460 1640 1840 2030 2190
30 58.9 1730 1960 2200 2410 2610
40 785 2060 2430 2830 3180 3450
50 98.1 2210 2670 3190 3650 4060
60 118 2260 2800 3420 3980 4490
600 x 600 x 30 84.8 1750 1960 2200 2410 2610
40 113 2310 2590 2900 3190 3450
50 141 2750 3160 3550 3890 4210
60 170 3020 3580 4190 4650 5030
70 1908 3160 3810 4530 5170 5720
700 x 700 x 40 154 2310 2590 2900 3190 3450
50 192 2830 3160 3550 3890 4210
60 231 3400 3790 4240 4650 5030
70 269 3810 4360 4840 5310 5740
80 308 4100 4820 5560 6070 6550

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.33 Continued PLATES: S275

COLUMN BASES
CIRCULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate cie0 | c2o25 | c2sm0 | c3os7 | cssus
d hyxb,xt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

355.6 500 x 500 x 25 49.1 1600 1810 2040 2240 2430
30 58.9 1810 2110 2420 2670 2890

40 785 2100 2500 2950 3350 3710

50 98.1 2240 2720 3260 3750 4210

60 118 2270 2820 3460 4050 4590

600 x 600 x 30 84.8 1930 2160 2430 2670 2890

40 113 2540 2850 3200 3520 3810

50 141 2900 3400 3900 4290 4640

60 170 3110 3740 4430 5030 5530

70 198 3210 3910 4720 5440 6080

700 x 700 x 40 154 2550 2850 3200 3520 3810

50 192 3110 3480 3900 4290 4640

60 231 3670 4160 4670 5120 5540

70 269 3970 4660 5320 5840 6320

80 308 4210 5020 5910 6640 7200

800 x 800 x 40 201 2550 2850 3200 3520 3810

50 251 3110 3480 3900 4290 4640

60 301 3720 4160 4670 5120 5540

70 352 4280 4760 5320 5840 6320

80 402 4870 5480 6090 6660 7200

406.4 500 x 500 x 25 49.1 1650 1920 2230 2500 2750
30 58.9 1840 2160 2520 2850 3150

40 785 2090 2500 2970 3390 3790

50 98.1 2210 2690 3250 3760 4230

60 118 2260 2800 3430 4020 4570

600 x 600 x 30 84.8 2200 2470 2780 3060 3310

40 113 2730 3180 3660 4030 4360

50 141 3030 3600 4220 4780 5270

60 170 3200 3890 4650 5340 5960

70 108 3260 4020 4890 5680 6410

700 x 700 x 40 154 2920 3270 3670 4030 4360

50 192 3540 3990 4470 4910 5320

60 231 3960 4650 5340 5870 6350

70 269 4180 5000 5890 6650 7240

80 308 4340 5260 6310 7250 8070

800 x 800 x 40 201 2920 3270 3670 4030 4360

50 251 3560 3990 4470 4910 5320

60 301 4260 4770 5340 5870 6350

70 352 4800 5440 6090 6690 7240

80 402 5190 6080 6950 7620 8250

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.33 Continued PLATES: S275

COLUMN BASES
CIRCULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate cie0 | c2o25 | c2sm0 | c3os7 | cssus
d hyxb,xt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35
457 600 x 600 x 30 84.8 2360 2720 3120 3440 3730
40 113 2800 3290 3840 4340 4790
50 141 3060 3650 4320 4940 5500
60 170 3210 3910 4700 5430 6100
70 198 3260 4030 4920 5740 6490
700 x 700 x 40 154 3280 3680 4130 4540 4920
50 192 3780 4400 5040 5530 5990
60 231 4130 4910 5760 6500 7140
70 269 4310 5210 6200 7090 7880
80 308 4410 5420 6560 7590 8530
800 x 800 x 40 201 3280 3680 4130 4540 4920
50 251 4010 4490 5040 5530 5990
60 301 4740 5370 6020 6610 7150
70 352 5130 6010 6870 7530 8150
80 402 5430 6490 7630 8570 9290
900 x 900 x 50 318 4010 4490 5040 5530 5990
60 382 4800 5370 6020 6610 7150
70 445 5470 6130 6870 7530 8150
80 509 6130 6990 7830 8590 9290
90 572 6500 7590 8610 9450 10200
508 700 x 700 x 40 154 3450 4000 4580 5050 5470
50 192 3880 4570 5330 6000 6610
60 231 4200 5020 5940 6770 7530
70 269 4360 5290 6330 7280 8160
80 308 4440 5480 6660 7740 8730
800 x 800 x 40 201 3660 4100 4600 5050 5470
50 251 4440 5000 5610 6160 6670
60 301 5010 5840 6700 7350 7960
70 352 5350 6340 7420 8330 9070
80 402 5600 6750 8020 9140 10100
900 x 900 x 50 318 4460 5000 5610 6160 6670
60 382 5340 5980 6700 7350 7960
70 445 6010 6820 7640 8390 9070
80 509 6510 7630 8710 9560 10300
90 572 6790 8080 9440 10500 11400
100 636 7040 8470 10100 11400 12600

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.34 PLATES: S275

COLUMN BASES
SQUARE HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column sive Base platesize || cie0 | cooes | c2sm0 | caosr | casms
hxb hoxbpxt, kg Cylinder strength (N/mm?)
mm mm 16 20 25 30 35

150 x 150 300 x 300 x 15 10.6 528 594 668 736 799
20 14.1 683 767 862 948 1030

25 17.7 816 950 1070 1170 1270

30 212 816 1020 1270 1400 1510

350 x 350 x 20 19.2 683 767 862 948 1030

25 24.0 849 950 1070 1170 1270

30 28.8 1030 1140 1270 1400 1510

35 337 1110 1350 1490 1630 1760

400 x 400 x 20 25.1 683 767 862 948 1030

25 314 849 950 1070 1170 1270

30 377 1030 1140 1270 1400 1510

35 44.0 1230 1350 1490 1630 1760

40 50.2 1450 1580 1730 1880 2020

450 x 450 x 25 39.7 849 950 1070 1170 1270

30 477 1030 1140 1270 1400 1510

35 55.6 1230 1350 1490 1630 1760

40 63.6 1450 1580 1730 1880 2020

41 65.2 1460 1590 1740 1890 2030

160 x 160 300x 300 x 15 10.6 564 635 714 787 855
20 14.1 730 820 921 1010 1100

25 17.7 816 1020 1140 1250 1360

30 212 816 1020 1270 1490 1620

350 x 350 x 20 19.2 730 820 921 1010 1100

25 24.0 906 1020 1140 1250 1360

30 28.8 1090 1220 1360 1490 1620

35 337 1110 1390 1590 1740 1880

400 x 400 x 20 25.1 730 820 921 1010 1100

25 314 906 1020 1140 1250 1360

30 377 1090 1220 1360 1490 1620

35 440 1300 1430 1590 1740 1880

40 50.2 1450 1670 1830 1990 2140

450 x 450 x 25 39.7 906 1020 1140 1250 1360

30 477 1090 1220 1360 1490 1620

35 55.6 1300 1430 1590 1740 1880

40 63.6 1520 1670 1830 1990 2140

45 715 1720 1870 2050 2220 2380

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.34 Continued PLATES: S275

COLUMN BASES
SQUARE HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column sive Baseplatesize || cie0 | cooes | c2sm0 | caosr | casms
hxb hoxbpxt, kg Cylinder strength (N/mm?)
mm mm 16 20 25 30 35

180 x 180 350 x 350 x 20 19.2 824 926 1040 1140 1240
25 24.0 1020 1150 1290 1420 1530

30 28.8 1110 1370 1540 1690 1830

35 337 1110 1390 1740 1960 2120

400 x 400 x 20 25.1 824 926 1040 1140 1240

25 314 1020 1150 1290 1420 1530

30 377 1220 1370 1540 1690 1830

35 44.0 1440 1600 1780 1960 2120

40 50.2 1450 1810 2040 2230 2410

450 x 450 x 25 39.7 1020 1150 1290 1420 1530

30 477 1220 1370 1540 1690 1830

35 55.6 1440 1600 1780 1960 2120

40 63.6 1670 1840 2040 2230 2410

45 715 1840 2060 2270 2470 2660

500 x 500 x 25 49.1 1020 1150 1290 1420 1530

30 58.9 1220 1370 1540 1690 1830

40 785 1670 1840 2040 2230 2410

50 98.1 2140 2330 2560 2770 2970

60 118 2270 2830 3180 3420 3640

200 x 200 400 x 400 x 20 251 918 1030 1160 1280 1380
25 314 1140 1280 1430 1580 1710

30 377 1360 1520 1710 1880 2040

35 44.0 1450 1770 1990 2180 2360

40 50.2 1450 1810 2260 2480 2690

450 x 450 x 25 39.7 1140 1280 1430 1580 1710

30 477 1360 1520 1710 1880 2040

35 55.6 1590 1770 1990 2180 2360

40 63.6 1830 2030 2260 2480 2690

45 715 1840 2260 2500 2740 2960

500 x 500 x 25 491 1140 1280 1430 1580 1710

30 58.9 1360 1520 1710 1880 2040

40 785 1830 2030 2260 2480 2690

50 98.1 2270 2540 2800 3050 3290

60 118 2270 2830 3460 3730 3990

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.34 Continued PLATES: S275

COLUMN BASES
SQUARE HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column sive Baseplatesize || cie0 | cooes | c2sm0 | caosr | casms
hxb hoxbpxt, kg Cylinder strength (N/mm?)
mm mm 16 20 25 30 35

250 x 250 450 x 450 x 25 39.7 1430 1610 1800 1980 2150
30 477 1710 1920 2150 2360 2560

35 55.6 1830 2230 2500 2740 2970

40 63.6 1840 2290 2840 3120 3380

45 715 1840 2300 2860 3420 3720

500 x 500 x 25 49.1 1430 1610 1800 1980 2150

30 58.9 1710 1920 2150 2360 2560

40 785 2260 2540 2840 3120 3380

50 98.1 2270 2830 3470 3810 4120

60 118 2270 2830 3540 4250 4930

600 x 600 x 30 84.8 1710 1920 2150 2360 2560

40 113 2260 2540 2840 3120 3380

50 141 2800 3110 3470 3810 4120

60 170 3260 3790 4190 4570 4930

70 108 3260 4080 4870 5270 5660

260 x 260 450 x 450 x40 113 3200 3590 4030 4430 4800
50 141 3260 4040 4900 5390 5830

60 170 3260 4080 5080 6050 6960

40 154 3200 3590 4030 4430 4800

50 192 3900 4370 4900 5390 5830

500 x 500 x 60 231 4440 5220 5850 6430 6960

70 269 4440 5550 6670 7320 7920

80 308 4440 5550 6940 8330 9030

30 84.8 2780 3120 3510 3860 4190

40 113 3100 3790 4620 5070 5500

600 x 600 x 50 141 3210 3940 4830 5680 6520

60 170 3260 4050 4990 5890 6780

70 108 3260 4080 5070 6020 6940

40 154 3660 4110 4620 5070 5500

50 192 4390 5010 5620 6170 6690

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.34 Continued PLATES: S275

COLUMN BASES
SQUARE HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column sive Baseplatesize || cie0 | cooes | c2sm0 | caosr | casms
hxb hoxbpxt kg Cylinder strength (N/mm?)
mm mm 16 20 25 30 35
300 x 300 500 x 500 x 25 49.1 1730 1940 2180 2400 2610
30 58.9 2060 2310 2600 2860 3100
40 785 2250 2790 3430 3770 4080
50 98.1 2270 2830 3520 4180 4830
60 118 2270 2830 3540 4240 4930
600 x 600 x 30 84.8 2060 2310 2600 2860 3100
40 113 2730 3060 3430 3770 4080
50 141 3260 3730 4180 4590 4970
60 170 3260 4080 5000 5480 5940
700 x 700 x 40 154 2730 3060 3430 3770 4080
50 192 3330 3730 4180 4590 4970
60 231 4040 4480 5000 5480 5940
70 269 4440 5180 5730 6260 6770
80 308 4440 5550 6630 7200 7740
350 x 350 500 x 500 x 25 49.1 1980 2290 2570 2840 3080
30 58.9 2070 2520 3060 3370 3650
40 785 2200 2690 3290 3860 4420
50 98.1 2260 2790 3430 4040 4640
60 118 2270 2830 3520 4180 4810
600 x 600 x 30 84.8 2420 2720 3060 3370 3650
40 113 3200 3590 4030 4430 4800
50 141 3260 4040 4900 5390 5830
60 170 3260 4080 5080 6050 6960
700 x 700 x 40 154 3200 3590 4030 4430 4800
50 192 3900 4370 4900 5390 5830
60 231 4440 5220 5850 6430 6960
70 269 4440 5550 6670 7320 7920
80 308 4440 5550 6940 8330 9030
400 x 400 600 x 600 x 30 84.8 2780 3120 3510 3860 4190
40 113 3100 3790 4620 5070 5500
50 141 3210 3940 4830 5680 6520
60 170 3260 4050 4990 5890 6780
70 108 3260 4080 5070 6020 6940
700 x 700 x 40 154 3660 4110 4620 5070 5500
50 192 4390 5010 5620 6170 6690
60 231 4440 5520 6710 7370 7970
70 269 4440 5550 6910 8230 9080
80 308 4440 5550 6940 8310 9650
800 x 800 x 40 201 3660 4110 4620 5070 5500
50 251 4470 5010 5620 6170 6690
60 301 5340 5980 6710 7370 7970
70 352 5800 6820 7640 8390 9080
80 402 5800 7250 8710 9560 10300
90 452 5800 7250 9070 10500 11400

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355

Table G.35 PLATES: S275
COLUMN BASES
RECTANGULAR HOLLOW SECTIONS
Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate C16/20 | C20/25 | C25/30 | C30/37 | C35/45
h xb hpxbpxt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

200 x 100 400 x 300 x 20 19 662 748 849 945 1024
25 24 827 922 1035 1142 1245
30 28 1009 1114 1238 1356 1468
35 33 1088 1324 1459 1587 1708
40 38 1088 1360 1698 1835 1967
450 x 350 x 25 31 827 922 1035 1142 1245
30 37 1009 1114 1238 1356 1468
35 43 1208 1324 1459 1587 1708
40 49 1426 1551 1698 1835 1967
45 56 1428 1753 1909 2055 2194
200 x 120 400 x 300 x 20 19 721 818 921 1014 1100
25 24 891 999 1127 1249 1359
30 28 1053 1197 1337 1470 1598
35 33 1088 1344 1565 1709 1846
40 38 1088 1360 1699 1950 2113
450 x 350 x 25 31 891 999 1127 1249 1359
30 37 1079 1197 1337 1470 1598
35 43 1284 1414 1565 1709 1846
40 49 1427 1647 1811 1965 2113
45 56 1428 1771 2028 2191 2347
200 x 150 400 x 300 x 20 19 801 899 1010 1112 1206
25 24 968 1114 1251 1375 1491
30 28 1053 1250 1486 1639 1775
35 33 1088 1344 1593 1834 2053
40 38 1088 1360 1699 1950 2195
450 x 350 x 35 43 1328 1548 1725 1892 2053
40 49 1427 1679 1981 2160 2332
45 56 1428 1771 2085 2387 2577
220 x 120 400 x 300 x 20 19 766 871 981 1079 1170
25 24 941 1058 1196 1328 1447
30 28 1088 1263 1414 1557 1695
35 33 1088 1360 1649 1804 1953
40 38 1088 1360 1700 2040 2227
450 x 350 x 25 31 941 1058 1196 1328 1447
30 37 1135 1263 1414 1557 1695
35 43 1346 1485 1649 1804 1953
40 49 1428 1725 1902 2068 2227
45 56 1428 1785 2124 2301 2469
500 x 400 x 25 39 941 1058 1196 1328 1447
30 47 1135 1263 1414 1557 1695
35 55 1346 1485 1649 1804 1953
40 63 1574 1725 1902 2068 2227
45 71 1777 1937 2124 2301 2469

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.35 Continued PLATES: S275

COLUMN BASES
RECTANGULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate C16/20 | C20/25 | C25/30 | C30/37 | C35/45
h xb hpxbpxt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

250 x 100 450 x 300 x 25 26 943 1058 1194 1324 1449
30 32 1139 1266 1415 1557 1693

35 37 1224 1491 1654 1807 1954

40 42 1224 1530 1910 2075 2233

45 48 1224 1530 1913 2295 2478

500 x 350 x 25 34 943 1058 1194 1324 1449

30 41 1139 1266 1415 1557 1693

40 55 1584 1735 1910 2075 2233

50 69 1587 1983 2419 2605 2783

60 82 1587 1983 2479 2975 3444

250 x 150 450 x 350 x 25 31 1127 1278 1435 1578 1710
30 37 1337 1502 1698 1880 2036

35 43 1428 1744 1955 2155 2349

40 49 1428 1785 2229 2443 2648

45 56 1428 1785 2231 2678 2910

500 x 400 x 25 39 1127 1278 1435 1578 1710

30 47 1337 1502 1698 1880 2036

40 63 1811 2003 2229 2443 2648

50 79 1813 2267 2769 3008 3236

60 94 1813 2267 2833 3400 3939

600 x 500 x 30 71 1337 1502 1698 1880 2036

40 94 1811 2003 2229 2443 2648

50 118 2300 2517 2769 3008 3236

60 141 2720 3139 3421 3686 3939

260 x 140 450 x 300 x 25 26 1117 1266 1435 1578 1710
30 32 1217 1454 1683 1867 2036

35 37 1224 1530 1848 2137 2327

40 42 1224 1530 1913 2256 2552

45 48 1224 1530 1913 2295 2656

500 x 350 x 25 34 1117 1266 1435 1578 1710

30 41 1327 1490 1683 1867 2036

35 48 1518 1731 1939 2137 2327

40 55 1587 1917 2213 2424 2627

45 62 1587 1983 2382 2676 2889

600 x 400 x 30 57 1327 1490 1683 1867 2036

40 75 1801 1990 2213 2424 2627

50 94 2053 2420 2754 2989 3214

60 113 2176 2668 3139 3593 3917

70 132 2176 2720 3378 3855 4316

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.35 Continued PLATES: S275

COLUMN BASES
RECTANGULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate C16/20 | C20/25 | C25/30 | C30/37 | C35/45
h xb hpxbpxt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

300 x 100 500 x 300 x 25 29 1059 1194 1353 1506 1653
30 35 1269 1417 1592 1758 1918

40 47 1360 1700 2122 2315 2500

50 59 1360 1700 2125 2550 2975

60 71 1360 1700 2125 2550 2975

600 x 400 x 30 57 1269 1417 1592 1758 1918

40 75 1743 1918 2122 2315 2500

50 94 2176 2432 2663 2881 3087

60 113 2176 2720 3315 3559 3790

70 132 2176 2720 3400 4080 4449

300 x 150 500 x 300 x 25 29 1240 1443 1634 1800 1954
30 35 1325 1590 1911 2129 2318

40 47 1360 1700 2124 2460 2790

50 59 1360 1700 2125 2550 2975

60 71 1360 1700 2125 2550 2975

500 x 350 x 25 34 1266 1443 1634 1800 1954

30 41 1490 1682 1911 2129 2318

35 48 1587 1940 2185 2419 2644

40 55 1587 1983 2476 2725 2965

45 62 1587 1983 2479 2975 3244

600 x 400 x 30 57 1490 1682 1911 2129 2318

40 75 1992 2214 2476 2725 2965

50 94 2176 2602 3049 3326 3590

60 113 2176 2720 3366 3865 4334

70 132 2176 2720 3400 4080 4634

700 x 500 x 30 82 1490 1682 1911 2129 2318

40 110 1992 2214 2476 2725 2965

50 137 2507 2757 3049 3326 3590

60 165 3026 3410 3735 4042 4334

70 192 3173 3830 4381 4713 5029

300 x 200 500 x 400 x 25 39 1431 1606 1803 1982 2148
30 47 1708 1916 2149 2362 2558

40 63 1813 2267 2830 3121 3379

50 79 1813 2267 2833 3400 3967

60 94 1813 2267 2833 3400 3967

600 x 500 x 30 71 1708 1916 2149 2362 2558

40 94 2241 2511 2830 3121 3379

50 118 2720 3082 3435 3771 4093

60 141 2720 3400 4156 4525 4878

70 165 2720 3400 4250 5100 5608

700 x 600 x 40 132 2241 2511 2830 3121 3379

50 165 2782 3082 3435 3771 4093

60 198 3434 3766 4156 4525 4878

70 231 3808 4410 4832 5229 5608

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.35 Continued PLATES: S275

COLUMN BASES
RECTANGULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate C16/20 | C20/25 | C25/30 | C30/37 | C35/45
h xb hpxbp,xt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

300 x 250 500 x 450 x 25 44 1577 1770 1987 2184 2367
30 53 1883 2111 2369 2603 2819

35 62 2026 2453 2751 3021 3271

40 71 2040 2537 3133 3440 3723

45 79 2040 2550 3168 3767 4098

600 x 500 x 30 71 1883 2111 2369 2603 2819

40 94 2491 2795 3133 3440 3723

50 118 2720 3252 3821 4197 4541

60 141 2720 3400 4207 4831 5421

70 165 2720 3400 4250 5100 5792

700 x 600 x 30 99 1883 2111 2369 2603 2819

40 132 2491 2795 3133 3440 3723

50 165 3057 3407 3821 4197 4541

60 198 3631 4122 4577 5008 5421

70 231 3808 4596 5282 5745 6187

340 x 100 500 x 300 x 25 29 1152 1302 1481 1651 1816
30 35 1302 1516 1734 1919 2097

40 47 1360 1700 2123 2400 2666

50 59 1360 1700 2125 2550 2975

60 71 1360 1700 2125 2550 2975

550 x 300 x 25 32 1152 1302 1481 1651 1816

30 39 1373 1539 1734 1919 2097

35 45 1496 1793 2004 2204 2396

40 52 1496 1870 2292 2507 2713

45 58 1496 1870 2338 2760 2989

600 x 400 x 30 57 1373 1539 1734 1919 2097

40 75 1870 2064 2292 2507 2713

50 94 2176 2542 2859 3101 3331

60 113 2176 2720 3348 3757 4066

70 132 2176 2720 3400 4080 4571

700 x 500 x 30 82 1373 1539 1734 1919 2097

40 110 1870 2064 2292 2507 2713

50 137 2380 2601 2859 3101 3331

60 165 2967 3248 3538 3809 4066

70 192 3173 3775 4178 4474 4754

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.35 Continued PLATES: S275

COLUMN BASES
RECTANGULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate C16/20 | C20/25 | C25/30 | C30/37 | C35/45
h xb hpxbpxt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

350 x 150 550 x 350 x 25 38 1404 1606 1803 1982 2148
30 45 1643 1862 2123 2362 2558

35 53 1745 2135 2415 2682 2939

40 60 1745 2182 2724 3008 3281

45 68 1745 2182 2727 3273 3577

600 x 400 x 30 57 1643 1862 2123 2362 2558

40 75 2173 2426 2724 3008 3281

50 94 2176 2720 3329 3643 3944

60 113 2176 2720 3400 4080 4729

70 132 2176 2720 3400 4080 4760

700 x 500 x 30 82 1643 1862 2123 2362 2558

40 110 2173 2426 2724 3008 3281

50 137 2714 2997 3329 3643 3944

60 165 3173 3681 4050 4397 4729

70 192 3173 3967 4725 5101 5459

350 x 250 500 x 300 x 25 29 1226 1445 1679 1897 2104
30 35 1292 1565 1892 2139 2373

40 47 1360 1682 2052 2405 2746

50 59 1360 1700 2125 2523 2896

60 71 1360 1700 2125 2550 2975

550 x 450 x 25 49 1729 1942 2183 2402 2605

30 58 2062 2314 2598 2857 3097

35 68 2224 2686 3014 3313 3589

40 78 2244 2787 3430 3768 4081

45 87 2244 2805 3478 4124 4488

600 x 500 x 30 71 2062 2314 2598 2857 3097

40 94 2717 3058 3430 3768 4081

50 118 2720 3400 4172 4592 4970

60 141 2720 3400 4250 5100 5916

70 165 2720 3400 4250 5100 5950

700 x 600 x 30 99 2062 2314 2598 2857 3097

40 132 2717 3058 3430 3768 4081

50 165 3309 3704 4172 4592 4970

60 198 3808 4450 4962 5448 5916

70 231 3808 4760 5697 6218 6717

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.35 Continued PLATES: S275

COLUMN BASES
RECTANGULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate C16/20 | C20/25 | C25/30 | C30/37 | C35/45
h xb hpxbpxt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

400 x 150 600 x 350 x 25 41 1543 1771 1997 2198 2384
30 49 1796 2042 2335 2614 2834

40 66 1904 2380 2972 3290 3597

50 82 1904 2380 2975 3570 4165

60 99 1904 2380 2975 3570 4165

700 x 500 x 30 82 1796 2042 2335 2614 2834

40 110 2355 2638 2972 3290 3597

50 137 2895 3237 3609 3961 4298

60 165 3173 3797 4364 4753 5124

70 192 3173 3967 4821 5437 5890

400 x 200 600 x 400 x 30 57 2062 2314 2598 2857 3097
40 75 2176 2720 3397 3768 4081

50 94 2176 2720 3400 4080 4760

60 113 2176 2720 3400 4080 4760

70 132 2176 2720 3400 4080 4760

700 x 500 x 40 110 2649 2991 3397 3768 4081

50 137 3173 3619 4065 4491 4900

60 165 3173 3967 4856 5321 5767

70 192 3173 3967 4958 5950 6568

80 220 3173 3967 4958 5950 6942

800 x 600 x 40 151 2649 2991 3397 3768 4081

50 188 3241 3619 4065 4491 4900

60 226 3948 4365 4856 5321 5767

70 264 4352 5063 5591 6091 6568

80 301 4352 5440 6489 7028 7541

400 x 300 600 x 500 x 25 59 2035 2288 2575 2837 3080
30 71 2422 2721 3059 3367 3653

40 94 2678 3290 4026 4427 4798

50 118 2720 3387 4173 4935 5680

60 141 2720 3400 4250 5069 5854

700 x 600 x 30 99 2422 2721 3059 3367 3653

40 132 3196 3587 4026 4427 4798

50 165 3808 4370 4902 5386 5834

60 198 3808 4760 5839 6426 6957

70 231 3808 4760 5950 7140 7925

800 x 700 x 30 132 2422 2721 3059 3367 3653

40 176 3196 3587 4026 4427 4798

50 220 3881 4370 4902 5386 5834

60 264 4644 5191 5839 6426 6957

70 308 5077 5942 6634 7292 7925

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.35 Continued PLATES: S275

COLUMN BASES
RECTANGULAR HOLLOW SECTIONS

Axial resistance (kN)
Concrete grade
Column size Base plate size Base Plate C16/20 | C20/25 | C25/30 | C30/37 | C35/45
h xb hpxbpxt, Mass Cylinder strength (N/mm?)
mm mm kg 16 20 25 30 35

450 x 250 650 x 450 x 30 69 2422 2721 3059 3367 3653
40 92 2652 3290 4026 4427 4798

50 115 2652 3315 4144 4935 5680

60 138 2652 3315 4144 4973 5801

70 161 2652 3315 4144 4973 5801

700 x 500 x 30 82 2422 2721 3059 3367 3653

40 110 3170 3587 4026 4427 4798

50 137 3173 3967 4873 5386 5834

60 165 3173 3967 4958 5950 6904

70 192 3173 3967 4958 5950 6942

800 x 600 x 30 113 2422 2721 3059 3367 3653

40 151 3170 3587 4026 4427 4798

50 188 3813 4298 4873 5386 5834

60 226 4352 5106 5733 6330 6904

70 264 4352 5440 6528 7165 7776

500 x 200 700 x 400 x 30 66 2413 2721 3059 3367 3653
40 88 2539 3173 3963 4427 4798

50 110 2539 3173 3967 4760 5553

60 132 2539 3173 3967 4760 5553

70 154 2539 3173 3967 4760 5553

800 x 500 x 40 126 3057 3471 3963 4427 4798

50 157 3627 4156 4696 5211 5707

60 188 3627 4533 5556 6117 6656

70 220 3627 4533 5667 6800 7528

80 251 3627 4533 5667 6800 7933

900 x 600 x 40 170 3057 3471 3963 4427 4798

50 212 3700 4156 4696 5211 5707

60 254 4463 4964 5556 6117 6656

70 297 4896 5715 6351 6952 7528

80 339 4896 6120 7317 7964 8582

For further information on standard details see Table G.31
For guidance on the use of tables see Explanatory notes in Table G.30
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Column bases

COLUMN: S275 or S355
Table G.35 Continued PLATES: S27