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Corrigendum 1, October 2002

Tying Capacity of Fin Plate Connections with Single Line of Bolts.

The values of tying capacity given in Table H.27 (pages 410 to 414) and Table H.29 (pages
420 to 424) should be amended to values that are the lesser of the tabulated values and the
shear capacity of the bolt groups. The shear capacity of the bolt group = n.P; where n is the
number of bolts and Py is the shear capacity per bolt (= 91.9 kN for M20, grade 8.8 bolt from
Table H.49).

The reason for this change is that, as stated in Table H.24, the tabulated tying capacities for fin plate connections
were based on the minimum values from Checks 11 (i), 11 (ii), 12(i) and 12(ii). None of these checks relate to the

shear capacity of the bolt group. Where there is a single line of bolts, the shear capacity of the bolt group may be
less than the tabulated tying capacity.

Also, when carrying out the full design procedure (in accordance with Section 6.5) an
additional check for "structural integrity" should be made for the shear capacity of the bolt
group. This additional check, which may be referred to as Check 13, is:

Tie force < n.P,.

In practice these changes will only be of significance in the unusual case when the tie force is greater than the
shear force on the beam.

©2002 The Steel Construction Institute
SCI P212 (Corrigendum 1, Oct 2002)
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FOREWORD

This publication is one of a series of "Green Books" that cover a range of steelwork connections. It provides design
guidance for structural steelwork connections for use in buildings designed by the "Simple Method" i.e. braced frames
where connections carry mainly shear and axial loads only.

Other books in the series are:

Joints in steel construction: Moment connections (P207/95), which provides design guidance for connections which in
addition to shear and axial loads, are required to resist bending moments.

Joints in steel construction: Composite connections (P213/98), which provides design guidance for moment resisting
composite end plate connections.

Design guidance for a range of simple connections was originally published in two separate volumes entitled
Joints in simple construction: Volume 1: Design Methods (P205) and Volume 2: Practical Applications (P206/92). Availability
of further research has enabled this publication to include design guidance for a wider range of simple joints and, at
the same time, the opportunity has been taken to combine the two volumes.

The major additions to the previous publications (Volumes 1 and 2) are:

« Inclusion of design guidance for bolted connections to hot finished structural hollow sections using Flowdrill
or Hollo-Bolts.

e Use of fin plates for deep beams.

« Inclusion of design procedures for double lines of bolts in double angle web cleats and fin plates.
« Improved structural integrity guidance.

e  Use of fully threaded bolts.

* Inclusion of bracing connections.

* Inclusion of slotted and kidney shaped holes.

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

1.1 ABOUT THIS DESIGN GUIDE

This guide provides procedures for designing connections
in steel-framed structures in accordance with the
recommendations of BS 5950-1:2000[]. It uses the Simple
design method described in clause 2.1.2.2. of the Code.
Connections between universal beams and universal
columns are included and between universal beams and
hot finished structural hollow section columns using the
Flowdrill and Hollo-Bolt systems. Designs are provided
for:

(a) Beam-to-beamand beam-to-columnconnections

e Double angle web cleats (DAC)
< Flexible end plates (FEP)
« Fin plates (FP)

(b) Column splices

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

(¢) Column bases
Slab bases welded to the column shaft.

(d) Bracing connections

Angles and hollow sections connected to other main
members via a gusset plate. Types of suitable
connections to facilitate site bolted assembly are
provided with design considerations.

(e) Special connections

Special connections for cases when members do
not align on a common centreline, at different levels
or at a skew angle. Some guidance is given on these
special connections.

Steel grades

Steel grades are designated by European classifications
currently used by the steel construction industry in
BS EN Specifications relating to steel and now adopted in
BS5950-1:2000[], Referenceis only made to the strength
requirements to which, for completeness, should be
added the impact (or sub grade) designation. Table 1.1
shows the basic material grade now used and the
designation previously employed.

Table 1.1 Steel grades

BS 5950-1:2000 Previous editions of BS 5950

S275 Design Grade 43

S355 Design Grade 50

Design procedures

Individual design procedures are included to check all
relevant elements, welds and bolts within the connection.
The procedures start with the detailing requirements
(joint geometry) then presents the checks for each stage
of the load transition through the complete connection
including welds, plates, bolts and the section webs or
flanges as appropriate. The capacity checks on sections,
welds and bolts are all based on BS 5950-1:2000[11,

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

Capacity tables

Without access to suitable software, designing simple
connections can be a long and tedious process. To help
overcome this problem, capacity tables for standard
connections are provided in the yellow pages of this
guide.

The capacity tables have been arranged so that the
designer can simply select a connection and, with the
minimum of calculation, check whether it has sufficient
capacity. Tables can also aid designers with initial member
selection. The tables use rolled sections to BS 4[2],
BS EN 1021031 and BS EN 10219[4] but other profiles
may be used, referring to the design procedures where
necessary.

Akey aim in producing capacity tables is the standardisation
of bolts and fittings, a concept that is widely recognised as
improving the efficiency of the steelwork industry.

Design examples

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

1.2 CONNECTION CONSIDERATIONS
Classification

In keeping with the design methodology of the overall
structure, simple connections are those which comply
with the following five conditions:

(i) areassumed to transfer the design shear reaction only
between members

(ii) are incapable of transmitting significant moments
which mightadversely affect members of the structure

(iii) are capable of accepting the resulting rotation
(iv) provide the directional restraint to members which
has been assumed in the member design

(v) have sufficient robustness to satisfy the structural
integrity requirements.



Introduction - Exchange of Information

Structural integrity

It is a recommendation of BS 5950-1:2000[1], clause
2.4.5.2 thatall building frames be effectively held together
at each principal floor and roof level. Tests carried out at
the Building Research Establishment[®] and described in
Appendix A show that connections designed and detailed
in accordance with this guide, will generally be capable of
carrying the basic 75 kN tying force requirement.

Clause 2.4.5.3 recommends that where Building
Regulations require that certain buildings should be
specially designed to avoid disproportionate collapse, the
tying force should be increased above the minimum
75kN. The increased tying force is normally equal to the
end reaction, but can sometimes be less depending on
how the floor beams are arranged.

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

Stability during erection

The Steelwork Contractor is usually responsible for stability
of the structure during erection.

In simple construction, stability against lateral loading is
generally provided by the floor and roof acting as stiff
diaphragms to transmit loads horizontally to points of
sway resistance such as vertical bracings, shear walls or lift
cores. However, during erection there will invariably be
stages when the floors or shear walls are incomplete and
it is vital that stability is maintained at all times.

In assessing these temporary cases, consideration must be
given to many factors such as:

« the wind loads on the unclad structurel®l

« the stiffness of the vertical frames arising from any
connection and base fixity

e the ability of partially finished floors to provide
diaphragm action.

As most of the connections in this guide have limited
rotational stiffness, it may be necessary to arrange the
construction so that the floors are decked out in sequence
and temporary bracing provided. This will provide both
stability to the framework and allow any concrete
placement to keep up with the steelwork erection, thus
preventing delays to the construction programme. Ideally,
any temporary bracing will be in the form of wires with
turnbuckles or other tensioning systems rather than steel
angles or flats. Tensioned wires have the added benefit of
helping to plumb the frame as well as being easier to
remove on completion.

Connections 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 1.2.

2

Bearing connections

When designing column splices and bases it should be
noted that the bearing connections are suitable in most
situations. They are less expensive to fabricate and quicker
to erectthan the non-bearing types. A Steelwork Contractor
with reasonable quality sawing equipment can achieve
the necessary level of accuracy for a bearing connection.

Composite floors

Itis recognised that interaction with a composite floor will
affect the behaviour of a simple 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 connectionsl?], enables reinforcement continuity
to be allowed for in providing relatively simple flush end-
plate connections with substantial moment capacity.

1.3 EXCHANGE OF INFORMATION

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

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

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

(iiiy The frame and its principle connections are designed
by the Consulting Engineer.

Where method (i) is in operation, 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
Constructionl®l gives guidance on the transfer of information
and there will be great benefits if this is observed. The
following items should be considered a minimum:

- a statement describing the design concept

- drawings, or equivalent electronic data, showing the
size, grade and position of all members

< the design standards to be used
« theforcesrequiredto be transmitted by each connection
< whether the loads 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.
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Table 1.2 Relative merits of beam end connection types

Double angle Flexible end Fin plate
web cleats (DAC) plate (FEP) (FP)
Design
Shear capacity - percentage | Up to 50% Up to 75% Up to 50%
of beam capacity Up to 75% with two vertical | 100% with full depth plates Up to 75% with two vertical
lines of bolts lines of bolts
Tying capacity Good Fair, but non-standard plates | Good
may be required
Special
considerations
Skewed Joints Unsuitable Fair Good
Beams eccentric to columns | Poor Fair Good
Connection to column webs| Fair Good Fair
Standard cleats unsuitable To facilitate erection, flange
for 152 or 203 UC’s stripping may be required.
Sfiffening may be required
for long fin plates (Figure 6.7)
Fabrication and
treatment
Fabrication Good Good Good
No welding required Stiffening may be required
for long fin plates (Figure 6.8)
Surface treatment Fair Good Good
Components treated separately
before assembly
Erection
Ease of erection Fair Fair Good
Difficult for two-sided Difficult for two-sided
connections connections
Site adjustment Good Fair Fair
Temporary stability Fair Fair Fair

1.4 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 Steelwork
Contractor's workmanship rates can vary considerably
and are dependant upon the level of investment in plant
and machinery. However, the designer’s and detailer’s
main objective must be to reduce the work content. The
material cost for fittings and bolts are 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.

The real costs come from the time taken to design the
connection, detail it, make the fittings, mark out the
geometry, drill the holes and complete the welding and
testing. These costs can be minimised by adopting
standard connections, as discussed in Section 2, and by
early consultation with the appointed Steelwork
Contractor. For further information see Design for
Manufacture Guidelines [°]



Introduction - Major Symbols

1.5 MAJOR SYMBOLS

The major symbols used in this Guide are listed below for reference purposes. Other are described where used.

A Shear area of bolt

a Effective throat of weld

B Width of section (Subscript ¢ or b refers to column or beam)
D Depth of section (Subscript ¢ or b refers to column or beam)

D,  Hole diameter

d Depth of web between fillets or diameter of a bolt

e End distance

Fs Shear Force in bolt

F, Vertical reaction

g Gauge (Transverse distance between bolt centrelines)

P Capacity (Subscripts ¢ - compression, b - bearing, s - shear)

p Bolt spacing (‘pitch’)

Py Design strength of steel

r Root radius of section
S Fillet weld leg length
T Thickness of flange

t Thickness of web

t, Thickness of plate

U Ultimate tensile strength

S

4 Elastic modulus (Subscript b refers to bolt group modulus)

Lengths and thicknesses stated without units are in millimetres.



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 yet
probably 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.

A problem facing the connection designer today is the
bewildering range of options he has in selecting:

= the type of connection

« grades and sizes of fittings

« bolt grades, sizes and lengths
« weld types and sizes

* the geometry to adopt.

In preparing this Guide, one of the main objectives has
been to carry out a rationalisation and to recommend
standards in each of the above areas. This procedure leads
to a standard connection where the fittings, bolts, welds
and geometry are fully defined.

The benefits of this approach are as follows:
« Areduction 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.

« The use of a few standard flats or angles for fittings
which:

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

* The use of one grade and diameter of bolt in a limited
range of lengths which:
— saves time changing drills or punches in the shop
— leads to faster erection and fewer errors on site.
. The use of small, single pass fillet welds which:
— avoids the need for any edge preparation
— reduces the amount of non-destructive 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 Guide is shown in Table 2.1.

Table 2.1 Recommended components
Component Preferred Option Notes
Fittings Material of grade S275
Limited range of standard flats and angles | - (see Table 2.2)
Bolts M20 grade 8.8 Bolts — Some heavily loaded connections
may need larger diameter bolts
— Foundation bolts M24 grade 4.6
Holes 22mm diameter punched or drilled, or — 26mm dia for M24 bolts
22mm x 26mm slottted holes made by: — 6mm oversize for Foundation
— punching in one operation bolts
— formed by drilling two holes and
completed by cutting
— machine operated flame cutting
Welds Fillet welds with E35 electrodes — larger welds may be needed for
6mm or 8mm leg length some column bases




Standardised Connections - Components

2.2 COMPONENTS

Fittings

With the exception of column bases and some components
for heavy column splices that have to be cut from plate,

fittings for simple connections are normally manufactured
from standard flats or angles.

Table 2.2 lists the recommended range of fitting sizes
which have been adopted throughout this Guide.

There can be problems obtaining flats and angles in higher
grade steel (S355) and for this reason it is recommended
that all fittings material should be of grade S275. The
adoption of one grade of steel for fittings also assists the
Steelwork Contractor with the control of his stock.

Table 2.2 Recommended sizes of flats and angles
FITTINGS LOCATION
Type Size Thickness | Web End Fin
mm mm Cleat | Plate | Plate
Flat 100 10 hd
150 8 e
150 10 b
200 10 b
Angle | 90 x 90 10 b
150 x 90 10 e
Bolts

Structural bolting practice for both rolled section members
and hollow section members is based predominantly on
non-preloaded bolts of strength grades 4.6 and 8.8 used
in 2mm clearance holes. Such bolts are termed ordinary
bolts and are specified in BS 4190[10] and other standards
(see Table 2 in BS 5950-2: 2001[1]),

Grade 8.8 bolts to BS 4190 are commonly available and
are recommended for all main structural connections,
with the standard bolt being 20mm diameter. Grade 4.6
bolts are generally used only for fixing lighter components
such as purlins or sheeting rails, when 12mm or 16mm bolts
may be adopted. For holding down bolts, see Section 8.2.

There may be situations, for example a column splice
subjected to large load reversalsin a braced bay, where the
engineer feels that joint slip is unacceptable. In these cases
the general grade high strength friction grip bolt to
BS 4395111 should be used.

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

In order to avoid the question on site of acceptability of
threads in the shear plane.The determination of bolt shear
capacity should assume that the threads are in the shear
plane. All the capacity tables and examples in this Guide
follow this assumption.

Fully threaded bolts

Common practice in the past has been to use bolts with a
short thread length, i.e. 1.5d, and to specify them in 5mm
length increments. This can resultin an enormous number
of different bolts, which is both costly to administer and
can prevent rapid erection.

It is recommended that fully threaded bolts (technically
known as screws) be used as the industry standard. They
can be provided longer than necessary for a particular
connection and can therefore dramatically reduce the
range of bolt lengths specified. For example, the M20 x
60mm long grade 8.8 fully threaded bolt has been shown
to be suitable for 90% of the connections in a typical multi-
storey frame. Table 2.3 shows a rationalised range of sizes.

Table 2.3 Recommended sizes - fully threaded bolts

Grade Diameter Length (mm)
*4.6 M12 25 - -
*4.6 M16 30 - -
8.8 M16 30 45 -
8.8 M20 45 60 -
8.8 M24 70 85 100

* Recommended only for use in fixing cold rolled purlins
and rails.

Fully threaded fasteners (4.6 and 8.8 Screws) should be
specified to BS 4190: 2001

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. In
the specific instances where this additional deformation
might be of concern, it is normal and recommended
practice to use preloaded (HSFG) bolts. These can be used
for example in tension and compression splices where the
bolts are in shear/bearing or in column splices where the
column ends are not in bearing. A paper by Owens!12]
gives the background to the use of fully threaded bolts in
both tension and shear conditions.



Bolting to Rectangular Hollow Sections

Bolted connections to rectangular hollow sections (RHS)
using the Flowdrill or Hollo-Bolt systems may also be
standardised using M20 8.8 bolts but the bolt length
must be chosen to suit the fastener system.

For further information on Flowdrill system, see Appendix F
and Tables H.55a, H.55b and H.60.

For further information on Hollo-Bolt system, see Appendix G
and Tables H.56 and H.61.

Holes
Normal practice is for holes to be drilled in main sections
and either punched or drilled in fittings. Hole sizes should
be as follows:
Ordinary or HSFG Bolts < 24mm dia: bolt dia + 2mm
Ordinary or HSFG Bolts > 24mm dia: bolt dia + 3mm
Holding down bolts: bolt dia + 6mm
With slab bases thicker than 60mm, the normal clearance
of 6mm is often insufficient to allow the necessary
adjustment and this may need to be increased.

Holes of 22mm or 26mm can be safely punched through
grade S275 material up to 12mm thick, which covers all
the standard fittings for beam end connections in this
Guide. Further guidance on hole punching can be found
in the National Structural Steelwork Specification!8l.

Aswill be seenin Section 4, which deals with double angle
web cleats, short slotted holes 22mm dia x 26mm long
may be used in certain instances. This hole can be
punched full size in a single operation.

Welds

All the welds used for connections in this Guide are simple
fillet welds carried out by a metal arc processin accordance
with BS EN 1011-1[13].

The standard leg length is 6mm or 8mm, which can easily
be laid in asingle run. Fillet welds of this size are generally
recognised as being extremely reliable and will normally
need little testing beyond the usual visual inspection.

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 (see Figure 2.1).
Clearance general%lOmm

i Standard top
notch depth

50mm

Single notched beam
Double notched beam

Supported beam—"

Supporting beam ~—Supported beam

Figure 2.1 Beam notches

Standardised Connections - Geometry

The notch length should provide a nominal clearance of
10mm 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.

A standard top notch depth of 50mm is recommended
and this will be adequate for all but the largest UB and UC
sections. Apart from encouraging the use of templates for
marking out, the main benefit of a standard notch depth
is that it allows the top row of bolts to be positioned a
consistent 90mm below the top of the beam - the normal
reference point. Specific notch dimensions for a particular
rolled section can be found in the dimension tables in the
yellow pages.

If a hole is to be drilled at the root to form a radius, then
this should be the standard 22mm diameter to avoid
changing drills. If the notch is to be cut square, then great
care must be taken to avoid overcutting at the corner.
Coping machines can usually cut the notch square or with
any specified radius.

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 is obviously costly but can often be
avoided by the careful selection of beam and column
sizes.

L
2

Column Beam
Column Flange Trim (mm)
a b
356 UC 240 190
305 UC 195 160
254 UC 150 135
203 UC 110 110
152 UC 70 85

Figure 2.2 Flange Trims



Standardised Connections - Geometry

Flange chamfers

Occasionally, 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 20mm bolts at 90mm or
greater cross centres.

Vertical bolt layout

The recommended vertical bolt layout using M20 bolts
that has been adopted throughout this Guide for all the
beam end connections is shown in Figure 2.4.

The tops of all fittings should be placed 50mm below the
top of the beam, which for beams with a standard notch,
positions them flush with the notch top. This leads to the
first bolt row being set down a constant 90mm from the
top of the beam, which is generally the setting out point.

For the fittings, a top and bottom edge distance to the
bolts of 40mm has been used. This complies with the 2d
minimum specified for fin plates in design procedure
Check 1(Section 6) and will prevent premature bearing
failure with M20 bolts.

Traditionally, the vertical bolt pitch ‘p’ has varied depending
on the type of connection, the section sizes, the material
grades and the whim of the detailer! The standard pitch
of 70mm which is recommended here 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.

Bottom flange
chamfer

~

20mm

Section XX

Figure 2.3 Flange chamfers

Bolt gauge

For universal beams and columns the bolt gauge or cross
centres has been set at 90mm or 140mm for end plates
and 100mm plus the beam web thickness (t,,) for web
cleats. These dimensions are designed to provide
reasonable clearance for bolt access as well as giving
sufficient width for flexibility in end plate or web cleat
connections.

The bolt gauge may have to depart from these standard
dimensions when connecting to the face of RHS sections
because the gauge should be = 0.3 x the RHS face width.

SN N R N N N S S N N
y & & & & & v°/’\ S n§° '\‘?v
90
*—
* 2
* 3
\ G 4 4
Vertical ¢ 5
pitch ¢ 6
70mm - 7
* 8
* 9
* 10
i —11 Note: Double notching may reduce the
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 is a laborious process and
so a full set of capacity tables has been included in the
yellow pages at the back of the guide.

Checking the strength of a simple connection involves
three stages:

(1) Ensuring that the connection is detailed so that it
develops only nominal moments which do not
adversely affect the members or the connection itself.

(2) Identifying the load path through the connectioni.e.
from the beam to the supporting member.

(3) Checking the strength of each component, ensuring
each is capable of transferring the load from one part

For normal design there are ten design procedures required
to check all the parts of a beam-to-beam or beam-to-
column connection for vertical shear. A further six checks
are required where structural integrity of the joint must be
considered, (see Table 3.1).

The final six checks are associated with the structural
integrity requirements of BS 5950-1:2000[1], whereby
beam/column connections must be able to resist lateral
tying forces unless these forces are resisted by other
means within the construction framework e.g. the floor
slabs.

Table 3.1 summarises the design procedure checks required
for Double Angle Cleats (DAC), Flexible End Plates (FEP)
and Fin Plates (FP). The design procedures are described
in Sections 4.5, 5.5 and 6.5.

to the next.
Table 3.1 Design procedure for beam connections - summary table
Design procedure checks DAC FEP EP
Design model ad O ad
1 Recommended detailing practice ad O ad
2 Supported beam — Bolt group/Welds ad O ad
3 Supported beam — Connecting elements ad N/A ad
4 Supported beam — Capacity at the connection ad O ad
5 Supported beam — Capacity at a notch ad O ad
6 Supported beam — Local stability of notched beam ad O ad
7 Unrestrained Supported beam - Overall stability of notched beam ad O ad
8 Supporting beam/column - Bolt group/Welds ad O ad
9 Supporting beam/column - Connecting elements ad O N/A
10 Supporting beam/column - Local capacity ad O ad
11 Structural Integrity - Connecting elements ad O ad
12 Structural integrity - Supported beam ad O ad
13 Structural integrity - Tension bolt group/Welds ad O N/A
14 Structural Integrity - Supporting column web (UC or UB) ad O ad
15 Structural integrity - Supporting column wall (RHS) ad O O
16 Structural integrity - Supporting column wall (CHS) N/A N/A
Notes: (i) The detail check is necessary where there is a tick ([7) in the column and is not appropriate where
indicated as N/A.
(i) Checks on the bending, shear, local and lateral buckling capacity 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.




Flowdrill or

4. DOUBLE ANGLE WEB CLEATS

4.1 INTRODUCTION

The double angle web cleat connection consists of a pair
of angle cleats that are usually bolted to the supported
beam web in the shop and the beam assembly is then
bolted to the supporting member (Beam, | column or
RHS column) on site. Flowdrill or Hollo-Bolts are used for
connections to RHS columns, (see Figure 4.1).

The connection requires no welding and permits minor
site adjustment when using untorqued bolts in clearance
holes. However, it lacks flexibility in accommodating
beam skews and there is difficulty in connecting into
shallow depth columns. It is also not as strong as an
equivalent end plate connection.

Hollo-Bolt

+-
T
Untorqued bolts
in clearance holes

Untorqued bolts
in clearance holes

o

Figure 4.1 Double angle cleat. Beam-to-column
and beam-to-beam connections
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The rotational capacity of the connection is governed
principally by the deformation capacity of the angles and,
to a lesser extent, by the slip between the connected
parts, (see Figure 4.2).

To minimise rotational resistance, the thickness of the
angle cleats should be kept to a minimum and the bolt
cross-centres (or gauge) should be relatively large.

The connection moment is indeterminate but small and
can be neglected.

Rotation

Figure 4.2 Deformation of angle cleats



4.2 PRACTICAL CONSIDERATIONS

Angle cleats are normally made by punching and cropping,
with the holes in the beam and supporting members
usually being drilled.

One problem of detailing arises when beams with different
web thicknesses frame into opposite sides of a supporting
beam or column web. For minor variations in the web
thickness the normal bolt clearance holes will allow the
bolt gauge to be set as normal. However, once the
difference is more than 3mm the gauge will usually be set
at 100mm +t, based on the larger beam, and then cleats
with an increased back-mark made for the smaller beam.
This obviously hasits drawbacks and can lead to difficulties
with identification, especially if the back-mark in one leg
only varies by, say, 2 or 3mm from the standard. A solution
to this problem is to use a short slotted hole, as described
below.

The slotted hole connection

A short slotted hole 22mm x 26mm long can be used in
the outstanding leg of the cleat as shown in Figure 4.3.

The bolt gauge in the support is set constant at 120mm
and, by using cleats with a 55mm back-mark to the centre
of the slot hole, beams with web thickness from 6mm to
14mm can be accommodated. This caters for all the main
UBs with the exception of some sections at the top end of
the range.

Although the bearing capacity of the cleat around the
slotted hole is reduced (see BS 5950-1[1], clause 6.3.3.3)
this check will rarely be critical.

When the connection is bolted up on site, washers should
be used over the slotted holes and the bolts firmly
tightened. However, care must be taken not to use slotted
holes in situations where vibration or dynamic loads are
present which might lead to the possibility of joint slip.

Erection

The double angle web cleat is a good connection in terms
of its facility for site adjustment. The two sets of bolts are
both placed in clearance holes allowing slight adjustment
intwo directions before the bolts are tightened. In addition
to this, packs can be placed between the cleats and the
supported member if required.

With two sided connections that share a common set of
bolts, the shop bolts should be placed with heads in
opposite directions in the connecting pair of beams and
the site bolts placed as shown in Figure 4.4. In some cases,
it may be necessary to place the nut over the hole and turn
the bolt into the nut.

Double Angle Web Cleats - Recommended Geometry

120 cross centres
of 22 dia holes

in support
Enhanced
D D clearance
D11
\
an Fan) \
V \
‘ 22 dia hole in
J the supporting web
26 slot
——

55 backmark

Figure 4.3 Short slotted holes in
Double Angle Cleats

To facilitate the erection of a pair of larger beams it may
be necessary to provide some form of support during
erection. (See Figure 5.3 in Section 5)

4.3 RECOMMENDED GEOMETRY

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

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

(i) the cleats are positioned close to the top flange in
order to provide positional restraint;

(i) the cleats are at least 0.6 x the supported beam
depth in order to provide the beam with adequate
torsional restraint;

(iii) the cleats are relatively thin (8mm or 10mm);

(iv) the boltsin the supporting member are at reasonable
cross centres (100mm + beam web thickness).

The first two requirements ensure that in those cases
where the beamis laterally unrestrained, it can be designed
with an effective length of 1.0L. (BS 5950-1[11: Table 13)

The last two requirements ensure adequate ductility to
classify as "simple connections".

These requirements, together with the standard geometry
presented in Section 2, have been used to create the
‘standard connection’ shown in Figure 4.4.

11



Double Angle Web Cleats - Recommended Geometry

Supporting
column
~ Supporting
beam
50 ! ﬁ
40 |
+ T 2 Rana
Supported
# Supported + ¢ beam
* beam Holes @ Supported # rare
* 70 pitch beam +
. a0 1— + 4\
T Flange chamfered
£ to clear bolts
—/_\
10 Projection
7 ~— 50 50 50
Cross-centres Bolt
(100+ t,, )mm heads
ty is the greater web thickness Note position
of the two beams connecting of bolt heads
to the column web
50
Backmark r
‘& Bolt
heads
Beam-to-column Beam-to-beam
Recommended cleat size Vertical bolt lines
90 x 90x 10 Angle 1
150 x 90 x 10 Angle 2
Bolts: M20 grade 8.8 in 22mm diameter holes

Cleats: Steel grade S 275, minimum length 0.6D
where D is depth of supported beam

Note: Forthe smaller UBs, up to 457mm deep, a 90 x 90 x 8mm angle
cleat is sometimes used, and a case can also be made for using
90 x 90 x 12mm angles for the heavier beams when shear in the
cleat leg becomes critical. The use of 10mm thick cleats is
recommended for standard connections.

Figure 4.4 Standard double angle web cleat connections
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4.4 DESIGN

The full design procedure is presented in Section 4.5.

With a single vertical line of bolts in the beam web, the
best that can be achieved from a web cleat connection is
a connection shear capacity of around 50% of that of the
beam in shear. Two vertical lines of bolts will increase this
value up to a maximum of 75%, although it will be found
that due to the increased eccentricity of the design load,
the benefit is disproportionate to the additional bolts
used.

For a configuration such as that shown in Figure 4.4, it will
be found that shear capacity in a connection with one
vertical line of bolts is generally governed by bolt bearing
on the web of the supported beam (Check 4). Block shear
failure of the beam web may also be critical (Check 4).

Check 3, dealing with the shear capacity of the angle cleat
leg, generally becomes the critical mode for larger size
beams when a connection has to be made with two
vertical rows of bolts. If extra capacity is needed in these
cases, then 150 x 90 x 12mm thick cleats may be the
solution. This will increase the rotational stiffness of the
connection, but it will not be detrimental.

Structural integrity

All floor beam-to-column connections must be designed
to resist a tying force of at least 75kN - a force which can
be carried by the simplest of cleats. (See Appendix A).
For certain tall, multi-storey buildings it will be necessary
to check the connection for large tying forces to satisfy the
structural integrity requirements of BS 5950-1[11.

Generally it will be found that the tying capacity of a web
cleat connection is adequate — mainly because of its ability
to accept large deformations before failure. Checks 11 to
15 give quick and reasonable results, although reference
should be made to Appendix B if amore rigorous approach
is necessary.

If a standard connection is unable to carry large tying
forces, then extra capacity can be achieved by increasing
the cleat thickness and/or reducing the bolt gauge in the
support. However, in these cases consideration should be
given to the increase in the rotational stiffness of the
connection.

The tying force should be considered in isolation and not
coexistent with other loads.

Double Angle Web Cleats - Design

Worked examples

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

CONNECTION CAPACITY TABLES

Capacity tables for double angle web cleat connections
using ordinary or Flowdrill bolts are given in Tables H.9 to
H.12andin TablesH.13to H.16 for Hollo-Bolt connections
in the yellow pages. The tables include connections with
one or two lines of bolts, using both S275 or S355 beams
and are detailed in accordance with the standard geometry
presented in Figure 4.4 and Table H.7.

Values of the connection shear and tying capacities are
tabulated, together with simple aids to check the
supporting member and the beam notch (if applicable).
The tying capacities are based on the rigorous method
outlined in Appendix B.

13



Double Angle Web Cleats - Design Procedures

4.5 DESIGN PROCEDURES

Recommended design model

Any simple equilibrium analysis is suitable for design. The
one used in this guide is in accordance with traditional UK
design practice and does not imply any out of plane
bending of the cleat legs.

The design model assumes that the angles will deform as
the beam ends rotates and the eccentricity moment is
resisted by the bolt group on the supported beam. The
design procedure applies to beams connected to the
flange or web of a column, the wall of aRHS column or the

web of a supporting beam.

‘\_/_\‘
]
Supported beam
Supported beam IS Single vertical line
n rows Single vertical line n rows | o of bolts
of bolts of bolts of bolts
. | ®
Supporting column
(I or RHS)
Supporting beam
Assumed line of ] Assumed line of __—7]
shear transfer shear transfer

(face of column) (face of web)

Fy Fv
~\_/—\~
. Supported beam
Supported beam Double vertical line
N rows Double vertical line n rows of bolts
of bolts of bolts of bolts
. | ®
Supporting column
(I or RHS)
Supporting beam
\\_/—\-A —
Assumed line of / \ Assumed line of
shear transfer shear transfer
(face of column) FV FV (face of web)

Check 1 Recommended detailing practice

Check 2 Supported beam —  Bolt group

Check 3 Supported beam —  Connecting elements

Check 4 Supported beam —  Capacity at the connection
Check 5 Supported beam —  Capacity 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 —  Bolt group

Check 9 Supporting beam/column —  Connecting elements

Check 10 Supporting beam/column —  Local capacity

Check 11 Structural integrity —  Connecting elements

Check 12 Structural integrity —  Supported beam

Check 13 Structural integrity —  Tension bolt group

Check 14 Structural integrity —  Supporting column web (UC or UB)
Check 15 Structural integrity —  Supporting column wall (RHS)
Check 16 Not applicable

14



Double Angle Web Cleats - Design Procedures

CHECK 1 Recommended detailing practice

End projection, t, approximately 10mm

Length of cleat, ™ [* .
| >0.6D W Min. 2.5d

Y \ | A\ [ A\

' 1 1

Double line of bolts

Face of beam or
column (I or RHS)

Bolt diameter, d

Hole diameter, Dy,

Dp =d +2mm ford < 24mm
Dp =d+3mmford > 24mm
(for Hollo-Bolts see Table H.61)

Gauge, g
- 90mm < g < 140mm
Cleat thickness, t; (see note 2)
t. = 8mm or 10mm
50mm but
10mm clearance 2 (T + r)supporting and 2 (T + l')suppor'ted
ﬂ F beam beam
f ﬁ
D .~—50mm) but
Supported beam ( supporting ) bu 5 ed b
(g ntgre) <o ek naoned
= ( - r)suppor‘cing
beam
_ N

\ /

Supporting beam
Notes

(1) The angle cleats are generally positioned close to the top flange of the beam to provide adequate
d to give “nominal torsional restraint”

positional restraint. Cleat length of at least 0.6D is usually adopte
(BS 5950-1[11 Table 13 and clause 4.2.2).

(2) In addition, for connections to RHS columns, g should be at least 0.3 x face width.

(3) Detail requirements for Flowdrill and Hollo-Bolt connections to RHS columns should also comply with

Tables H.60 and H.61 of the yellow pages.

(4) Bolt spacing and edge distances should comply with the recommendations of BS 5950-1: 2000.

In beam-to-l section column flange connections, where it is required to comply with structural integrity
requirements for a tie force of 75kN, the connection must have at least 2 no. M20, 8.8 bolts in tension
with | = 140mm, t, = 8mmand g < 140mm.

For greater tie forces and other connections (e.g. to column webs and RHS), checks 11 to 15, as
appropriate, should be carried out.
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Double Angle Web Cleats - Design Procedures

CHECK 2 Supported beam - Bolt group

Check these bolts in shear under eccentric load

A Y e centre of
P | P { n rows .| ~bolt group
p v Py of bolts e
A A & y
Py Py S el ¥
) W
Fs | X |
> | orRHS . .
— —
A A
-y . —»| A e _ (a+x)
Assumed line of Assumed line of Assumed line of "
shear transfer F shear transfer = shear transfer > =
\ v V
Single Line of bolts Double Line of bolts

Shear capacity of bolt group connecting cleats to web of supported beam
(taking account of eccentricity ‘a’ for single line of bolts and (a + x) for double line of bolts.)

Basic requirement:

F, < 2P
F, = resultant force on outermost bolt due to direct shear and moment
For single line of bolts
1/2
- 2 2

Fs - (Fsv + Fsm ) where:
F - vertical force on the bolt - & p = bolt pitch

sv due to direct shear n
. _ force on the outermost B F,a s = distance from centre of

sm 7 polt due to moment - Zpg bolt group to each bolt

. . n(n+1 — ;
z,, = elastic section modulus _ n(+lp Smax = = distance from centre of
9 of bolt group 6 bolt group to furthest bolt
For double line of bolts 2P, = shear capacity of a single
bolt in double shear
1/2
Fs = ((Fsv + Fsmv)2 + Fsmh2 )
= 2 pS AS

E — vertical force on the bolt - R

sV H

due to direct shear 2n P, = shear strength of a bolt

E — vertical force on the outermost - '\ﬂ‘ A = shear area of a bolt

smv bolt due to moment lng

I bg = inertia of bolt group

= — horizontal force on the outermost — My

smh bolt due to moment lng
M = F,(@a+x)
g = Z 52
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Double Angle Web Cleats - Design Procedures

CHECK 3 Supported beam - Connecting elements
Critical section in shear oL
- \M
\ L Block shear — check failure by 9y &
- t
; | ~ tearing out of shaded portion =~ +
‘eq e,
A o A
n rows
of bolts Ly, ) L
‘ \ Check the bearing v
e strength of cleat
~ i % under eccentric load J
€1 y \/ > 1
a |e Fs
2 - (@a+x) Fs
F 2
Vv Fyv
2 2

Single Line of bolts

Double Line of bolts

Shear and bearing capacity of cleat connected to supported beam

(i) For shear:
Basic requirement:

F/2 = Pymin

Py min= Shear capacity of the leg of the angle cleat
= smaller of Plain shear capacity P,
and Block shear capacity P,
Plain shear
P, = min(0.6pyA, 0.7 pK; A, per)
A, = 09(2e;,+(n-1)p)t,
Av.net = Av —-n Dh tc
Block shear
P, = 0.6p,t(L, + KL —kDy))
L, = e+(-1p
k = 05 and L, = e, (for single line of bolts)
k = 25 and L, = e, +g, (fordouble line of bolts)

(ii) For bearing:
Basic requirement:

FS/Z < P

Py

bearing capacity of the leg of the angle cleat
per bolt

S

= dt, p, but Py < 05e t. Pps

where:

Ke =

1.2 for S275 steel

1.1 for S355 steel
bolt pitch

diameter of bolt
diameter of hole
thickness of cleat
bearing strength of cleat
end distance, and may

conservatively be taken
as smaller of e; and e,

is defined in CHECK 2

17



Double Angle Web Cleats - Design Procedures

CHECK 4

Supported beam - Capacity at the connection

Critical section in plain shear\

/

Block shear failure

\
Bt 4% e
e ‘ | A\ e ﬁm —\ ¢ ‘w ——\
e S ! -9 e \
[+—Shear tr Shear
h rows irs & failure L, \ failure
of bolts ! - Ive !
e s e
) In A A_Tension A Tension
e, I ey || | failure eb' l ‘¢f|f1ilure
1N e i t
\ T [
F F F
Block shear failure v v v
tearing out of shaded portion
Critical section in plain shear \ \ \
»t‘l €30y, t;e; 0, : tieg gb‘
N o NN
\ \ \
€t | etL L %
F # T f €t r‘ La— Shear
n rows | Lo = | Ly : failure
of bolts |-e ye ‘
e r
1 ) _—
| €p LLTension
ey, ‘ | ey °y /! failure
\
Y y Lt
b }
Fv Fy Fv

tearing out of shaded portion

(i) For shear:

Basic requirement:

Fv S IDv.min

Py min = shear capacity of the beam
at the connection

= smaller of:
Plain shear capacity P, and
Block shear capacity P,
Plain shear
P, = min (0.6 p, A, 0.7pK, A, net)

" (e,+(n-1)p+ey)t,
(for un-notched & Single notched beam)

A, = 0.9(e;+(N-1)p+ey)t,
(for double notched beam)
Av.net = Av —-n Dh ty

Shear, bending and bearing capacity of the supported beam:

Block shear (applicable to notched beams only)

P, = 0.6p,t,(L, + KL —kDy))
L, = e+(n-1)p
k = 05and L; = e (for single line of bolts)
k = 25and L; = ez+g, (for double line of bolts)
where:
Ke = 1.2 for S275 steel
= 1.1 for S355 steel
p = bolt pitch
Dy, = diameter of hole
t, = thickness of supported beam web
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Double Angle Web Cleats - Design Procedures

CH ECK 4 Supported beam - Capacity at the connection
continued

Note: If the notch length c is greater than (e + g,,), then shear and bending interaction should be checked
at the 2"9 line of bolts. The beam at the end of the notch may also be critical - see Check 5.

Critical section for shear and bending interaction

T T

tie39, tie3 9,
—— -

cl,. T cl .
i i
n rows r o r -
of bolts -0 > o
\ f+ ¢
e, | ®b |
| ? ‘ |
Fy Fv

(i) Shear and Bending interaction at the 2nd line of bolts, if the notch length ¢ > (e; + g,):

Basic requirement:

F, (t, + €5+ gp) < M.c where:
For single notched beam: M = moment capacity of the notched
For low shear (i.e. F, < 0.75P, i) beam at the connection in the
presence of shear.
M, = Py Z
For high shear (i.e. F, > 0.75P, min) 4 = elastic section modulus of the
' gross tee section at the bolt line.
1/2
O F, \2 0O
Me = 15pz m-(—-) O
C
¢ Y u v.min G
For double notched beam:
For low shear (i.e. F, < 0.75P, ..)
pytw
M = - (e, + (n-1)p + ¢,)?
For high shear (i.e. F, > 0.75P, ..)
/2
Pyty 20 Fu \2 d
M = — (g+(n-1)p+e,) O- O
cC ) (e + (n-1)p +ey) 0 (Pv.min) G
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Double Angle Web Cleats - Design Procedures

CHECK 4 Supported beam - Capacity at the connection
continued

Check bolt group
in bearing under
eccentric load

ﬂe%
/———3
o1 %)
pq"ﬁ Fo | & @
|ojvﬁ \> +
v
e < #
| SIE—
|
(a+x)
T
I:V
(iii) For bearing:
Basic requirement:
Fe < Py
Fs = resultant force as defined in CHECK 2.
Pos = bearing capacity of the beam web per bolt
= dt,py, butP, < 05et, py
Pps = bearing strength of beam web
e = end distance, and may conservatively be taken as e5
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Double Angle Web Cleats - Design Procedures

CHECK 5

Supported beam - Capacity at a notch

Critical sections

€t
n rows
of bolts
N
eb ‘
\
FV

Shear and bending interaction at the notch:

Basic requirement:

(a) Forsingle boltline or for double boltlines, if x, = 2d:

F,(ty +¢c) < Mcn

M,y for Single notched beam:

For low shear (i.e. F,<0.75P,,)
I\/IcN = pyZN

For high shear (i.e. F,>0.75P )

0 F,o\p 2
— \
Moy = 15p,Zy O1-(-L)° O
0 Py’ O

M,y for Double notched beam:

For low shear (i.e. F, < 0.75P,)
pytw

My = e (et+ (n-1)p + eb)2

For high shear (i.e. F,>0.75P )

pytw
I\/IcN =

4

]
e+ -p+ep) B-(

I:)VN

(b) For double bolt lines, if x\, < 2d:

max ( Fy(t;+c), Fv(t1+e3+gb)) < My

M.y = M. from CHECK 4

F, 2

)

to notch or
beam flange

where:
M.y = moment capacity of the beam at the
notch in the presence of shear
P,y = shear capacity at the notch
= 0.6 Py AN
AvN = (et +(n-1)p + eb)tw
(for single notched beam)
= 0.9(et +(n-1)p + eb)tw
(for double notch beam)
ty = end projection
ty = thickness of supported beam web
c = length of notch
Zy = elastic section modulus of the gross tee
1:1[/2 section at the notch
] X = +ve
a N
€3, g, as per CHECK 4
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Double Angle Web Cleats - Design Procedures

notch stability provided the following conditions are met:
For one flange notched [141.[5]

Basic requirement:

deq < D/2 and:

c < D for D/t, <
160000D

c < —_— for D/t, >
(D/t,)3

c < D for D/t, <

c - 110000D for D/t >

- (D/t,)3 fw
For both flanges notched [15]
Basic requirement:
Max (d.q » deo) < D/5 and:

c < D for D/t, <
160000D

c < —_— for D/t, >
(D/t,)3

c < D for D/t, <
110000D

c < —_— for D/t, >
(D/t,)3

where:
t, = thickness of supported beam web

should be checked to references 14, 15 and 16.

54.3

543

48.0

48.0

543

543

48.0

48.0

CHECK 6 Supported beam - Local stability of notched beam
C C
deg Y d.
F '
D D
\ J deo Li _ v
"l

When the beam is restrained against lateral torsional buckling, no account need be taken of

(S275 steel)

(S275 steel)

(S355 steel)

(S355 steel)

(S275 steel)

(S275 steel)

(S355 steel)

(S355 steel)

Where the notch length c exceeds these limits, either suitable stiffening should be provided or the notch
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Double Angle Web Cleats - Design Procedures

Unrestrained supported beam
CHECK 7 Overall stability of notched beam
Cc ‘CV
L] |
cl — dcl
- A
Lp N

When a notched beam is unrestrained against lateral torsional buckling, the overall
stability of the beam should be checked.
Notes:
(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 ¢ and/or notch depth d, are different at each end, then the larger values for
¢ and d;; should be used.

33) Beams should be checked for lateral torsional buckling to BS 5950-1[11, clause 4.3 with a
modified effective length (Lg) which takes account of notches.

4) The solution below gives the modified effective length (L;) based on references 18, 19 and 20.
Itis only valid for C/Lb <0.15and dcllD < 0.2 (beams with notches outside these limits should
be checked as tee sections, or stiffened).

/2

0 2c
L = L, O1+ —(K2+2K) O
O Ly ]
K = Ko/Ap
uvli
N =
r
y
where: X, U, vand ryare for the un-notched | beam section and are defined in BS 5950-1

Conservatively, u = 0.9and v = 1.0

for A, < 30 Ko = 11g,x but < 1.1 Kpax
for A, = 30 Ko = gy X but < Kmax
g, and K., are tabulated below:
Cc Kmax
L Y% uB uc
section section
<.025 5.56 260 70

.050 5.88 280 80

.075 6.19 290 90

.100 6.50 300 95

.125 6.81 305 95

.150 7.13 315 100
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Double Angle Web Cleats - Design Procedures

CHECK 8 Supporting beam/column - Bolt group
Check these bolts in shear Check these bolts in shear
under concentric load under concentric load

¢ Je
$1

Supporting
beam

! Supporting column
\ | orRHS

—

Shear capacity of bolt group connecting cleats to supporting beam or column

Basic requirement: where:
F, < 2P
v S P = shear strength of a bolt
P, = shear capacity of single bolt A, _ shear area of a bolt
— *
= Pshs t, = thickness of cleat
but for the top pair of bolts, P, is the smaller of: Pos _ bearing strength of cleat
P A or  0.5Kps € t; Py
e, = end distance
Kps = 1.0 for standard clearance holes,

Flowdrill and Hollo-Bolts
= 0.7 for short slotted holes

* For Hollo-Bolts ps A; should be taken as the shear capacity given in Table H.56 of the yellow pages
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Double Angle Web Cleats - Design Procedures

CHECK 9

Supporting beam/column- Connecting elements

(Legs of cleats adjacent to supporting beam or column)

Critical section in
shear and bearing

Block shear — check failure by
tearing out of shaded portion

/

n rows
of bolts

4‘

e
ALY

2 2

Shear and bearing capacity of cleats connected to supporting beam or column

(i) For shear:

Basic requirement:

Fo/2 = Pymin

Py min= shear capacity of the leg of the angle cleat
= smaller of Plain shear capacity P,,
and Block shear capacity P,
Plain shear
P, = min(0.6p A,, 0.7 pK; A, net)
A, = 09(2e,+(n-1)p)t,
Av.net = Av —-n Dh tc
Block shear
P, = 06p,t(L, + KL -kDp))
L, = e +(n-1)p

(i) For bearing:
Basic requirement:

Fu/2 < 2 Ps
2z Pys= bearing capacity of the leg of the single
angle cleat (ie. for 'n' bolts)
Pps = bearing capacity of the leg of the angle cleat per bolt

= I(bsd tc pbs
but for the top bolt, P, is the smaller of:

Kpsd e Pps O 0.5k €1t Ppg

\ \
e o

Y ?
.

=L

t
Fv ¢ ‘5/
2 2
where:
p =  bolt pitch
d =  diameter of bolt *
Dy, =  diameter of hole *
[ = thickness of cleat
Pos =  bearing strength of cleat
e, = end distance
K = 05 and L =¢
(for single line of bolts in
the outstanding leg)
Ke = 1.2 for S275 steel
= 1.1 for S355 steel
Kps = 1.0 forstandard clearence holes,

Flowdrill and Hollo-Bolts
= 0.7 for short slotted holes

* For Hollo-Bolts d is the nominal bolt
diameter but Dy, is the hole diameter in the
cleat as given in Table H.61 of the yellow

pages.
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Double Angle Web Cleats - Design Procedures

CHECK 10 Supporting beam/column - Local capacity
(with one supported beam)

Supporting Column

Supporting Beam | column RHS Column
Critical sections

Critical sections Top of column web
or RHS wall
‘ L 7 14
——\ - I Cu
n rows
of bolts

n rows
of bolts

2 L

1 wall
g web thickness t,, thickness tw g
web thickness t,, . r
vy v
F F
Y LAV Y LAVARAY LAV
2 2 2 2 2 2

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

. where:
(i) For shear:
) ) € - smaller of e;; and 5d
Basic requirement:
e, - smallest of e,; g/2 and 5d
F/2 < P S
% v (for supporting beam)
Py = local shear capacity of supporting beam web _ smaller of g/2 and 5d
or | column web or RHS column wall (for supporting column)
P, = min(0.6p,A,,0.7pKyA, ) p =  boltpitch
( ) d = diameter of bolt *
A = (e,+(n-1)p+ey)t
v ! bl W D, = diameter of hole *
Avnet = Ay~ NDpty t, = thickness of supporting
(ii) For bearing: beam web or column web
. . or RHS wall
Basic requirement:
- Kps = 1.0 for standard clearence holes,
v . Py Flowdrill and Hollo-Bolts
2 - S
: K, =  12forS275 steel
P,s = bearing capacity of supporting beam 1.1 for S355 steel
or column per bolt * For Hollo-Bolts d is the nominal bolt
= Kpd ty, Pps diameter but D, is the hole diameter in the
. ) cleat as given in Table H.61 of the yellow pages.
Pps = bearing strength of supporting beam or column
For Flowdrill the diameter of the hole is the
bolt diameter.

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

If the beam is connected to a rolled column flange, and the thickness of the column flange is less than
the thickness of the cleat then the bearing capacity of the flange should also be checked.
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Double Angle Web Cleats - Design Procedures

CHECK 10 Supporting beam/column - Local capacity
(continued) (with two supported beams)
Supporting Beam supporting | Column
Supporting beam Critical sections Top of column web Critical sections

Ny rows
f bolts

Notched to Notched to g
clear bolts clear bolts
tW
: RntRe RatReo
2 2
Fv2' Fv1 Fv2' Fui
Local shear and bearing capacity of supporting beam web or column web for two supported beams

(i) For shear:

Basic requirement: where:
e - smallerofe, and 5d
Fle Fv2
- +— < P, e, - smallestofey, g/2,pand 5d
(for supporting beam)
F = R,
V1A - Vin, _  smallest of g/2, pand 5d
(for supporting column)
Py = local shear capacity of supporting
beam web or column web p = boltpitch
P, = min (0.6 pyA,, 0.7 pKq A, ner) d = diameter of bolt
D, = diameter of hole
A = (et+(n2—1)p+eb)tw
t, =  thickness of supporting
A net = Am MDDty beam web or column web
(i) For bearing: Ke = 12 for S275 steel
Basic requirement: = 1.1 for S355 steel
Pay he o p
2n, 2n, ¥
Pos = bearing capacity of supporting beam
or column per bolt
= d ty Pps
Pps = bearing strength of supporting beam
or column
Note: The above check (i) is for local shear only; the effects of any global shear forces must also be considered.

{
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Double Angle Web Cleats - Design Procedures

Basic requirement:

Tie force < Tying capacity of double angle web cleats

Tying capacity of double angle web cleats

06Lct;py, for S 275 steel (see Appendix B)
05L.t, Py for S 355 steel (see Appendix B)

Limitations:
g < 140mm
t > 8mm

approach given here.

CHECK 11 Structural integrity - connecting elements
€2 9
—
|
i Y
|
n rows ‘ [} D
of bolts Y
\ )
p
— i Y
€1
4

Critical sections

I

Tie force

Note: This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — tension capacity of double angle web cleats

where:
Le = effective net length
= 2e,+(n-1)p,-nDy
€e = e but < e
Pe = p but < 2e,
p =  bolt pitch
Dy, =  diameter of hole *
t =  thickness of cleat

* For Hollo-Bolts Dy, is the hole diameter in the
cleat as given in Table H.61 of the yellow pages.

Note: Appendix B, gives a rigorous approach for calculating the tension capacity of double angle cleats.
The capacity tables on the yellow pages are based on the rigorous approach and not the simplified
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CHECK 12

Structural integrity - supported beam

Y — \
€t I il |
1 h
p }' I | |
n rows ) I [
of bolts P }r | |
\ | | Tie force
p I I
y I
!
4»e3r7
p A | I |
v [
n rows p A I '
of bolts y | | ,
P I | Tie force
p I
Al I
| | K

Note: This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — tension and bearing capacity of beam web

(i) For tension
Basic requirement:

Tie force < Net tension capacity of beam web

Net tension capacity of beam web
= Lt Py

(ii) For bearing

Basic requirement:
Tie force < Bearing capacity of beam web

Bearing capacity of beam web

15ndt,, p, but

< 0.5nest, Py
for single line of bolts
= 3ndt, p, but
< n(l.5d tywPps+05e; twpbs)

for double line of bolts

where:

Le

Ppos

es 9p
|

Tie force

es 9

Tie force

effective net length
2e, + (n - 1)p, - nDy,
e, but < e, for single line of bolts

€3 +9g,- Dy but < e for double line of bolts
p but < 2e; for single line of bolts

p but< 2(ez + g, - D;,) for double line of bolts
beam web thickness

bolt pitch

diameter of hole

diameter of bolt

bearing strength of beam web
(BS 5950-1, Table 32)
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CHECK 13 Structural integrity —

Tension bolt group
Tension :L
bolt j

—» Tie force

group ‘
"

Note: This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — tension capacity of bolts in presence of extreme prying

Basic requirement:
where:

. Tension capacity of
Tie force < ) pacity n = number of rows of bolts
tension bolt group

A; = tensile stress area of a bolt

Tension capacity of on A *
tension bolt group t P p,, = reduced tension strength of a
bolt in presence of extreme prying

= 300N/mm?2 for grade 8.8 bolts
(see Appendix D)

* See Note (3) for Flowdrill or Hollo-Bolts

Notes:

(1) The reduced tension strength, (p,,) is only used when double angle web cleat design for structural
integrity is based on Appendix B or CHECK 11.

(2) Where a beam is attached to one side of a column web without a beam on the opposite side, or to
RHS column, the bolt tensions have to be resisted by local bending of the web or RHS wall. UC webs
can resist 75kN but need to be checked if the tying force is higher. UB webs need to be checked for 75kN
and higher tying forces. CHECK 14 proposes a design model which could be used for this purpose.
CHECK 15 proposes a design model for checking the wall of RHS column.

(3) For Flowdrill or Hollo-Bolt connections the value A, p, is replaced by the Structural integrity Tensile
Capacity (Pg;) taken from Tables H.55b and H.56 respectively, in the yellow pages.
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Structural integrity -
CHECK 14 Supporting column web (UC or UB)

bolt holes
deducted
\ * tw Angle cleats
(n-1)p \ connecting to
P column web
J A
g
de
yield lines
Tie Force

Note: This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — Tying capacity of rolled column web, in the presence of axial compression in
the column

Basic requirement:
. : ) where:
Tie force < Tying capacity of column web
n
— (n-1) p- 5 D,
;=
d
Tying capacity 8 My 05 05) * ¢
ofcolumnweb = T (nl +15(1-B))°° (1-,) ) B, = 9
B1 1 d,
M, = moment capacity of column Y - D_h
. =
web per unit length d;
2
S Y ty d. = depthof column between fillets
4
t, = thickness of column web
p, = design tensile strength of the column 9 = gauge (cross centres)
= U /1.25 (see inset box) D, = diameter of hole
Factor 1.5 in the equation includes an allowance for
the axial compression in the column. Design tensile strength
p,=Us/1.25
$275 |328 N/mm?
$355  |392 N/mm?
Values of U, taken from
BS EN 10025: 19931
Note: The check is required for either single-sided connections to the rolled column web

or unequally loaded double-sided connections to the rolled column web.

31



Double Angle Web Cleats - Design Procedures

CHECK 15 Structural integrity - D

Supporting column wall (RHS)

column

Tie

Y

bolt holes
T~ —T deducted
N = 7*|//
v LPAET
p T T'I (n-1)p
|T T
yield lines

Tie Force

Basic requirement:

force < Tying capacity of RHS column wall

Tying capacity  _ u (rll + 1.5(1 B 31)0'5 (1 _yl)o_s) *
RHS column wall 1-B
1
M — moment capacity of RHS column

u
wall per unit length

Py tw
4

p, = design tensile strength of the RHS column

= U /1.25 (see inset box)

Factor 1.5 in the equation includes an allowance for
the axial compression in the column.

Design tensile strength

py=U,/1.25

$275 328 N/mm?2

S355 392 N/mm?

Values of U taken from
BS EN 10210 - 1:1994[3]

where:

Angle cleats
connecting to
RHS column

Note: This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — Tying capacity of RHS wall, in the presence of axial compression in the

(n-1) p- % Dy,
B-3t,)

9
(B-3t,)
Dy
(B-3t,)

overall width of RHS column wall
to which the connection is made

thickness of RHS column

diameter of hole in RHS

bolt diameter
for Flowdrill

hole diameter (in RHS) given
in Table H.61 of yellow pages
for Hollo-Bolt

gauge (cross centres)

number of rows of bolts

bolt pitch
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4.6 WORKED EXAMPLES

The worked examples show design calculations for typical
standard connections. Each example demonstrates first
the use of the capacity tables (yellow pages) and then full
checks according to the proceduresin 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. In the case of Example 1, CHECK 3 and CHECK 9
Block Shear calculation are not made since they are never
a critical factor for well proportioned angle cleats with
bolts spaced at reasonable centres in the cleat length.
However, if a connection design were made using a
long cleat with bolts concentrated at one end of the
cleat, it is possible that Block Shear failure could occur
before Plain Shear failure and then the Block shear
checks should be made.

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 all deal with structural integrity in the
presence of an axial tie force required to be developed in
some members to ensure the steel frame is sufficiently
robust, or in the case of some multi-storey buildings, to
localise accidental damage. When tying capacity is not
required these checks may be omitted.

Example 1

Example 1 covers design checks for a two sided beam-to-
beam connection.

Example 2

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

Example 3

Example 3 is a beam connection to an RHS column using
normal grade 8.8 bolts in Flowdrill threaded holes to
connect double angle web cleats to the column wall. The
beam sizes, vertical reactions and tie forces are the same
as in Examples 1 and 2, so only checks which are different
to the those shown previously are illustrated.

Double Angle Web Cleats - Worked Examples

It should be noted that tie forces are ignored in checks for
vertical reactions and vertical reactions are ignored in
checks for tie forces.

Example 4

Example 4 covers the same beam connections to an RHS
column as in Example 3 but uses Hollo-Bolts to connect
double angle web cleats to the column wall.

Example 5

Example 5 demonstrates the stability CHECK 7 for a
laterally unrestrained beam with a single notch at each
end. Although this example is presented here, it is equally
applicable to flexible end plates and fin plates.
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Double Angle Web Cleats - Worked Example 1

Job No Sheet
oints in Steel Construction - Simple Connections
4 Joints in Steel Construction - Simple Connect 1of1ls
Title
Example 1 - Double Angle Cleats - Beam to Beam
CALCULATION Client
SHEET SCI/BCSA Connections Group
B C S A Calcs by Checked by Date
RS AM May 2002
REF.
DESIGN EXAMPLE 1
Check the following beam to beam connection for the design forces shown.
Yellow pages used for initial selection of Angle cleats.
N=120
50
——
50 50
R 50 Notch
1 T |
T T T 40
406 x 178 x 74 UB 0
Grade S275 70
70 533 x 210 x 92 UB
Grade S275
40 4 o
L T T 70
Flange chamfere(y/ 40
to clear bolts A
‘ 610 x 229 x 140 UB _
10 Projection ||l Grade S275 See Figure 4.4
——
|
|
300kN r465kN
50
2-150x90x 10 2-90x90x 10
angle cleats (Type CB4) angle cleats (Type CA6 Yellow pages
Grade S275 Grade S275 Table H.2
Design Information:
Bolts: M20 8.8
Material: All S275
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Double Angle Web Cleats - Worked Example 1

Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 5 of 18

CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES

‘ JI \
406 x 178 x 74 UB
Grade S275 533 x210x92 UB
Grade S275

610 x 229 x 140 UB

i Grade S275
|
300kN ﬂ r465kN
406 x 178 x 74 UB Grade S275 533 x 210 x 92 UB Grade S275
Cleat type CB4 Grade S275 Cleat type CA6 Grade S275
Bolts M20 8.8 Bolts M20 8.8
From capacity table H.10 From capacity table H.9 Yellow pages
in Yellow pages in Yellow pages Tables
H.10 & H.9
Connection shear capacity Connection shear capacity
= 404kN > 300kN = 475kN > 465kN [Jox.
Maximum notch length Maximum notch length
(c+t;) =221mm > 120mm (c+t;) = 346mm > 120mm [J ox.
Web thickness of supporting beam = 13.1mm Table H.64
Minimum support thickness = 55+4.3 = 9.8mm < 13.1mm [J ox.

Connection is adequate
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Title

Example 1 - Double Angle Cleats - Beam to Beam

Sheet 30f 18

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 1

Note: Values given are overall capacities unless otherwise noted.

406UB (S275)

533UB (S275)

610UB (S275)

Ssgit CHECK Applied Applied Applied
C i C i C i
apacity Load apacity Load apacity Load
4 CHECK 1 All recommendations adopted
- Recommended detailing practice ecommendations adopte
4 | CHECK2 (Capacity 184 649 | 184 91 | Not Applicable
Supported beam per bolt, kN)
- Bolt group shear capacity
5to7 CHECK 3 Shear (kN) 400 150 589 233
- i i Not Applicable
Supported beam - Connecting Bear.lng 92 325 92 455
elements (Strength of cleat) (Capacity per
bolt, kN)
8to11 | CHECK 4 458 300 708 465
Supported Beam Shear (kN) (block shear) (block shear)
- Capacity at connection Shear & Bending
(notched beam) Interaction 89.1 30 N/A N/A Not Applicable
(kNm)
Bearing 87.4 64.9 92.9 91
(Capacity CRITICAL CHECK IN THIS EXAMPLE
per bolt, kN)
12& | CHECK5 Bending )
13 Supported beam capacity 89.1 36 164 55.8 Not Applicable
- Capacity at the notch (kNm)
CHECK 6 Notch length | 412.8 110 153.1 110 Not Applicable
14 Supported beam mm S
- Local stablity of notched beam Notch length (c) < Specified limits
(Beam restrained)
14 CHECK 7
LTB of Supported beam - Not Applicable Not Applicable
(Beam restrained)
15 CHECK 8 (Capacity of )
Supporting beam bolt group , kN) 735 300 1103 465 Not Applicable
- Bolt group shear capacity
16& | CHECK 9 Shear (kN) 400 150 589 233
17 | Supporting beam - Connecting Bearing 368 150 552 233 Not Applicable
elements (Strength of cleat) (Capacity per
bolt line, kN)
CHECK 10 Shear (kN) 740 305
18 | Supporting beam - Capacity Bearing Not Applicable 121 76
(Local capacity of beam web) (Capacity
per bolt , kN)
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Title Example 1 - Double Angle Cleats - Beam to Beam

Sheet 4ot 18

CHECK 1: Recommended detailing practice

Cleats: 10mm thick
Length, | =
= 430mm

CHECK 2 : Supported beam - Bolt group

S

290mm (>0.6D

for 406 UB)

(>0.6D for 533 UB)

Basic requirement: F, < 2P,
For 406 x 178 x 74 UB
Resultant shear per bolt, F, = ((Fg, + Foy) 2+ Frr? )1/2
. Fy 300
Direct shear per bolt, Foy = = —_— = 37.5kN
2n 8
Eccentric bending moment, M = F(@a+x) = 300x0.075 = 22.5kNm
X Second moment of area of bolt group
— -] r— 5
Iy = s
. SN F, = 4(252 + 1052) + 4(252 + 352)
1 B = 54000mm?#
os| | /|
35 MYy 2255105 x 103
Feh =, — = —————— = 43.8kN
I by 54000
300kN
_ MX _ 225x25x10% ‘
(a+x) Fsmy = —bg =~ %1000 10.4kN
25 75 12
F, = ((37.5+10.4)2+43.82)"° = 64.9kN
Double shear capacity of an M20 8.8 bolt,
2P, = 184kN
F, = 64.9kN < 184kN
For 533 x 210 x 92 UB
_ F, B 465 _
R, = - = — = 77.5kN
n(n+I 6 (6+1)70
Zb = g = g = 490mm3
9 6 6
M = F,a = 465 x 0.05 = 23.3kNm
M 23.3x108
Fon = — = = = 47.6kN
Z, 490
o= (R 2+F, 2 )Y%= (77.52+47.62)"? = 9IKN
2P, = 184kN
F. = 91kN < 184kN

Fastener
capacities
yellow pages
Table H.49

[] ok.

Fastener
capacities
yellow pages
Table H.49

[] ok.
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Double Angle Web Cleats - Worked Example 1

NOTE:

Block shear checks have been shown here, but they are never critical for well proportioned cleats.
However, if the bolt spacing is concentrated at one part of a cleat then these checks may be critical.

Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 5o0f 18
CHECK 3 : Supported Beam - Connecting Elements
. . . FV
(i) Basic requirement for shear:  Applied Shear > < Py min
For 406 x 178 x 74 UB
Shear capacity of cleat leg, P, ., is the smaller of Plain shear capacity P,
and Block shear capacity P,
Plain shear P, = min (0.6 py A, or 0.7 pK, Av.net)
Shear area, A, = 0.9(29l +(n-Dp ) t,
= 0.9(80 +210) «10
ex =50 9, =50
= 2610mm?
ie 1=40  Netarea, A, = A, - NDyt,
oo '
j(n— 1)p = 2610 - (4 x22x10) = 1730mmZ
=210
_ 0.6x275x2610 _
0.6p, A, = = 431kN
e1= 40
Fy 0.7 x275x 1.2 1730
> 0.7p KA et = =  400kN
103
e, = 400kN
Block shear P, = 0.6p,t, (L, +K (L,-kD,))
L, = e+(n-1)p = 40+210 = 250mm
L = e, +g = 50+50 = 100mm
k = 2.5 (for double line of bolts)
K, = 1.2 (for S275)
7o _ 0.6x275x10 (250 + 1.2(100 - 2.5 x 22))
' ) 103
= 502kN
Py.min = min(,,P,)
= 400kN
Fuy = 150kN < 400kN [Jox.
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Double Angle Web Cleats - Worked Example 1

Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 6 of 18
For 533 x 210 x 92 UB
Plain shear
A, = 0.9(80+350)x10 = 3870mm?
e, = 40
*‘ 1 e, = 40 A, et = 3870 - (6x22x10) = 2550mm?
0.6 x 275 x 3870
(M-1p  06p,A, = LT = 639kN
=350 10
0.7 KA 0.7 x 275 x 1.2 x 2550 589KN
. p = =
J T 91= 40 y e’ 'v.net 103
Fy [j », = 589N
2
Block shear P, = 06p,t, (L, +K, (L-kDy))
L, = e+(n-1)p = 40+350 = 390mm
L = e = 40mm
k = 0.5 (for single line of bolts)
Ke = 1.2 (for S275)
e _0.6x275x10 (390 + 1.2(40 - 0.5x 22))
' 103
= 701kN
I:Jv.min = min (Pv ' Pr)
= 589kN
Furpy = 233kN < 589kN []ox.
NOTE:
Block shear checks have been shown here, but they are never critical for well proportioned cleats.
However, if the bolt spacing is concentrated at one part of a cleat then these checks may be critical.
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Double Angle Web Cleats - Worked Example 1

Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 7 of 18
(if) Basic requirement for bearing: > < Py
Bearing capacity, Py = dt py < 0.5 e t. py
For 406 x 178 x 74 UB
e2 50 e = lesserofe; or e, (conservatively)
*—‘ | = 40mm
_ 20x10x460 _
. d t, py = — = 92N
% P, from
e =40
1 0.5e t _ 05x40x10x460 _ 92kN BS 5950-1
J f D€L Py = - 108 Table 32
Fs
5 D
2 Pos = 92kN
F 64.9
= = — = 32.5kN Sheet 4
2 2
FS
> = 32.5kN < 92kN [Jox.
For 533 x 210 x92 UB
bs = O92kN asabove
e
| /\ F 91
= = — = 45.5kN Sheet 4
e,= 40 Fs 2 2
— F
% 2 > = 455kN < 92kN ok
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Double Angle Web Cleats - Worked Example 1

Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 8 of 18

CHECK 4: Supported Beam - Capacity at the connection

(i) Basic requirement for shear: F, < P

v.min

where P is the smaller of the plain shear capacity, P, or the block shear capacity, P, of the supported beam

For 406 x 178 x 74 UB Grade S275

Plain shear capacity P, = min (0.6 p, A, 0.7 p K, A, per)
Bolt diameter, '
Shear area,
d=20mm +
et:40 A, = (et+(n—1)p+eb)tw
Hole diameter 1[ (for Single notched beam)
(n-1L)p
D}, = 22mm =210 = (40+210+113)x95 =3449mm?
_ 1
, /! | e 0 113 Net shear area,
% Av.net = Av -n Dh tW
Shear plane = 3449 (4 x 22 x 9.5) =2613mm?
t =95
w _ 0.6x275x3449 3
ﬂ’* 0.6 Py A, = 3 = 569kN
0.7x275x1.2x2613
0.7P, KA ynet = = 604kN
103
o op, = 569kN
Block shear capacity )
Block Shear Failure
P = 0.6 L, + K (L, — kD
Bolt diameter $ ~ r Py twlLy * Ke(L—kDy)
e =40
d = 20mm I t
(n-1)p L, = e+ (n-1)p
Hole diameter
! =210 =
D, = 22mm | 40 + 210
= 250mm
— ] 90 |==— double line of bolts
L
! [k = 2.5
tw=9.5 KD, = 25x22 = 55mm

0.6x275x9.5 (250 + 1.2( 90 - 55))
108

e

r

458kN

Shear capacity of supported beam, P,

v.min
Py min min (P, , P,)
P, win = P = 458kN
Applied shear,  F, = 300kN < 458kN O ok.
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Double Angle Web Cleats - Worked Example 1

Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 9 of 18
(i) Shear and bending interaction at the second bolt line is required if c > e5 + g,
For 406 x 178 x 74UB Grade S275
c = 110mm > 90mm
L] interaction check required.
For low shear condition: F, < 0.75P, in
t,+g+g, =100
€ =110 jut—m + e
| 50
‘ .
*-¢ )
ﬁ 347 258
" !
!
4 A 105 i y
L I 1 16 ——
90| = % r 1705 | 116 1
. 300kN
Critical
Section gross section
0.75P, in = 0.75x458 = 344kN Py min
300kN < 344kN [J low shear condition applies from sheet 8
Basic requirement:
F, (tg +e3+gp) s Mcc
N 300 x 100 _ ‘
F,(t; +e3+gp) = ST = 30kNm
For gross tee section:
Taking moments of area about bottom flange:
(179.5x 16 x8) + (347 x 9.5 x (16 +347/2))
= ((179.5.16) + (347x9.5)) « Yy
22,976 + 624,687 = 6,169 x Yy
y = 105mm
Second moment of area about neutral axis:
| _ 1 (1795x163 ) )
o« = e\~ *(179.5x16x972)
1 (9.5x3473 )
+ — == + (347x95 x 84.52)
104 12
= 8370cm*
| 8370
z = XX = — =  324cm3
Ymax 25.8
Moment capacity 275x324
MCC = pyZ = T = 891kNm
F(t+es+g,) = 30kNm < 89.1kNm O ok
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Title Example 1 - Double Angle Cleats - Beam to Beam

Sheet 14 4 15

For 533 x 210 x 92 UB Grade S275

Plain shear capacity

P, = min (0.6 Py A, 07 pyKe A, net)
* Shear area, A, = (et +(n-1)p+ eb) t,
Bolt diameter e =40 (for Single notched beam)
d = 20mm Y d
s
Hole diameter, + (—n3_5é)p = (40x(6-1)70+93)x 10.1
D, = 22mm > -
+ = 4878mm 2
o1
e, =93
J / Net shear area, A, o1 = A, - nD,t,
Shear plane = 4878 - (6x22x10.1)
t,=101 = 3545mm ?
_ 0.6x275x4878 _
0.6 p, A, = — 1 805kN
_ 0.7x275x12x3545 _
0.7py KA ypet = 03 = 819kN
b e, = 805kN
Block shear capacity
P, = 0.6 py t,,(L, + Ke(Ly— kD))
—i e.= 40
1 L, = eg+(n-1)p
Bolt diameter = 40 + 350 =390mm
d = 20mm (n-1)p
=350 single line of bolts
Hole diameter, " ] K - 0.5 and
Dy, = 22mm
’ Block Shear kDy, = 05x 22 = 11mm
Failure
N [JP, = 06x275x10.1 (390 +1.2(40-11))
t” "3
=40 103
= 708kN
Shear capacity of supported beam, P, i
I:Jv.min min ( Pv , Pr)
P, min = P = 708kN
Applied shear, F, = 465kN < 708kN

[ ox.
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Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 11 of 18
(iii) Bearing
Basic requirement: F < Pos
For 406 x 178 x 74 UB Grade S275
Pbs = dtypps < 0.5 €3 1y, Py
_ 20x9.5x460 _
dtypps = —g3 = 87.4kN
Pps from
BS 5950-1
0.5x40x9.5x460
05e3t, pps = 103 = 87.4kN Table 32
O Py = 87.4kN
Fs = 64.9kN Sheet 4
F, = 64.9kN < 87.4kN [Jox.
. T 87.4 x 300
Note, the connection capacity is thus: 40 = 404kN
Pps from
BS 5950-1
For 533 x 210 x 92 UB Grade S275 Table 32
Pbs = d tw Pps < 0.5 €3 tw Phs
_ 20 x 10.1 x 460 _
d t, Py = —I = 92.9kN
0.5x40x10.1x460
0.5 ez t, Py 103 = 92.9kN
L Py = 92.9kN
F = 91kN Sheet 4
Fo = 91kN < 92.9kN [Jox.
. o 92.9 x 465
Note, the connection capacity is thus: 91 = 475kN
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Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 15 of 18
CHECK 5: Supported Beam - Capacity at a notch
Shear and Bending Interaction at the notch
c=110 For 406 x 178 x 74 UB Grade S275
g,=50 |e5=40 Double bolt line. Find whether:
.
X, =20 X < 2d or x,y = 2d
N t,=10 N N
™ 2d = 2«20 = 40mm
e{=40
Critical lf *+ Xy = 20mm
Section |- o (n-1)p
=210 since x, <  2d, requirement (b) applies
y
A i i :
6 =113 Basic requirement:
| 1 Y (b) max (F,(t;+c), F(t;+e3+gy)) < My
My = M = 89.1kNm from Check 4
FV = 300kN (sheet 9)
_ 300x(10+110) _
Rltt) = ——— 5 = 36.0kNm
300 x (10+40+50)
Ftj+eg+g) = —————— = 30.0kNm
103
Eccentric moment F, (t; +c¢) = 36kNm < 89.1kNm [Jox.
For 533 x 210 x 92 Grade S275
Single bolt line
(a) Basic requirement: F, (t; +c)< Mgy
For low shear condition:
Fy < 0.75P,
c=110 PN = 0.6 p, A
A = e+ (N-1)p + e, )t —
»40 WN (t ( )P b)w A=A,
= 4878mm?2 From sheet 10
t,=10
t - _
50 1 \ Pun = 0.6 p, A
e,=40 Critical
i Section _ 06x 2754878
108
\
(n-Dp # | B
483 | =350 4 } = 805kN
+ 0.75P, =  075x 805 = 604kN
| * !
e,=93 \
v | \ F, = 465kN < 604kN
L[] 1ow shear criteria for bending applies
R=
465kN [] My = Py 2y
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Title

Example 1 - Double Angle Cleats - Beam to Beam

Sheet

13 of 18

Taking moments of area about bottom flange:

(209.3x 15.6x 7.8) + (467.4 x 10.1x 249.3)

y

XX

t, =10.1

T

332

<|

151
| 1

|
209.3 | [15.6

gross section

Moment capacity, Mgy = py.Zy

Eccentric moment,F, (t; +c¢)

((209.3x15.6) + (467.4x10.1)) x Y

= 151mm

Second moment of area about neutral axis:
1 209.3x15.63
104 12

1 ,10.1x467.43
104 12

19858cm#

ymax

19858
33.2

275 x 598
103

598cm3

164kNm

465« (10 + 110)

103

55.8kNm

< 164kNm

+ (209.3x 15.6 x 143.22))

+(467.4x 10.1 x 98.32))

[Joxk.
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Title

Example 1 - Double Angle Cleats - Beam to Beam

Sheet

14 of 18

CHECK 6: Supported Beam - Local Stablity of notched beam

When the beam is restrained against lateral torsional buckling no account

need be taken of notch stability provided the following conditions are met:

For one flange notched beam in S275 steel

Basic requirements:

Notch depth d,; =<

IA

and ¢

For 406 x 178 x 74 UB Grade S275 (c = 110mm)

Notch depth d; = 50mm
D 4128
t, 95
c = 110mm

For 533 x 210 x 92 UB(c =110 mm)

Notch depth d,; = 50mm
D _ 533.1 _
t, 101
c = 110mm

CHECK 7: Not applicable

(because the supported beam is being considered as restrained against lateral torsional buckling)

D
2
D
D for — < 54.3
tW
160000D D
_— for — > 54.3
(DI, )3 ty
412.8
< e = 206.4mm
2
435 < 54.3
< 412.8mm
533.1
< = 266.6mm
2
528 < 54.3
< 533.1mm

¢ from
Sheet 12

O ox.

O ox.

¢ from
Sheet 12

[Jox.

[Joxk.
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Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 15 of 18
CHECK 8: Supporting Beam - Bolt Group
Basic requirement: F, s 2P
For 406 x 178 x 74 UB
406 x 178 x 74 UB
\ }
[] 7/
|
% e,= 40
610 x 229 x 140 UB
300N Grade S275
L
p, from
. . _ BS 5950-1
Shear capacity of single bolt, P, = Ps A Table 30.
_ 375245 See
For M20 grade 8.8 bolts, P = BETER Bolt capacities
yellow pages
= 91.9kN Table H.49
But for top pair of bolts P, is the lesser of p;A; or 0.5 Ky eq t, Py
1.0 x 40 x 10 x 460 Pps from
0.5kp € te Pps = X 103 BS 5950-1
Table 32.
= 92kN [] use 91.9kN
2 P = 8 x91.9 = 735kN
F, = 300kN < 735kN [Jox.
For533x210x92UB  933x210x92UB \
610 x 229 x 140 UB
Grade S275
|
L 1 ]
V 465kN
0.5 Ky €5 t; Pps = 92kN [J use 91.9kN
2P, = 12x91.9 = 1103kN
Fy = 465kN < 1103kN [Jox.
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Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 16 of 18

CHECK 9: Supporting Beam - Connecting elements

Shear and bearing of cleats connected to supporting beam

. . . F
(i) Basic requiremenf for shear: 2—" < Py min

For 406 x 178 x 74 UB

Shear capacity of one angle cleat, P, ..., is the smaller of plain shear capacity P,, and block shear capacity P,
Plain shear P, = min (0.6 py A, , 0.7pyKs Ayt )
Shear area, A, = 09 (2, +(n-1)p)t,
i €1 =40 =  09(80+210)x10 =  2610mm?
(h-1)p Net area, A, ot = A,-nDyt,
=210 = 2610 - (4x22x10) = 1730mm?
e =40 060 A : 0.6 x275x 2610 B 431KN
F"J R AT 103 -
2 \r2 _ 0.7x275x1.2x1730 _ y
F, = 300kN 0.7 py Kg Ay et = 103 = 400kN
e, = 400kN

Block shear P, 0.6p, t, (L, +K, (L-kD,))

L, = e +(n-1)p =40+210= 250mm
L = e, = 40mm
k = 0.5 (for single line of bolts)
K, = 1.2 (for S275)
0.6 x275 x 10 (250 + 1.2(40 - 0.5 x 22))
[T = -
10
= 470kN
[Jp, 0w =  mn(P,,P)
= 400kN
Fly =  150kN < 400kN [Jox.
For 533 x 210 x 92 UB
Plain shear P,
A, = 0.9(80 +350)x10 = 3870mm?2
J A et = 3870 - (6x22xI0) = 2550mm?
e; =40
o |[[+]—1* _ 0.6x275x3870
ol e 06p, A, = s - 639kN
+ |||+ |o-Dp
* | * =350 0.7 x 275 x 1.2 x 2550
o ||| & 07p Ke Ayper = e = 589kN
‘ # el =40
Fy JL& T Py = 589kN
2 b2
Block shear P,
Fv = 465kN 0.6 x 275 x 10 (390 + 1.2( 40 - 0.5« 22) )
P - 103
= 701kN
I:)v.min = min ( |:)v ' IDr )
= 589kN
Fy =  233kN<  589kN [Jox.

NOTE: Block shear checks have been shown here, but they are never critical for well proportioned cleats.
However, if the bolt spacing is concentrated at one part of a cleat then these checks may be critical.
|
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Title Example 1 - Double Angle Cleats - Beam to Beam Sheet 17 of 18
(ii) Basic requirement for bearing: > < ZPbs
For 406 x 178 x 74 UB
Bearing capacity, Py Kpsd t. Pps
but for top bolt Py min (kped t; Pps, 0-5Kpg €1t Ppg ) Pps from
BS 5950-1
1.0x20x 10x460 Table 32
Kpsd te Py 03 = 92kN
1.0x20x 10x 460
0.5K,e1 t. Pps 103 = 92kN
2 Py 3x92+92 = 368kN
F 300
5 — = 150kN < 368kN [] ok
For 533 x 210 x 92 UB
Bearing capacity as above
2Py 5 x92 + 92 = 552kN
F 465
> — = 233KN < 552N [J ok
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Title

Example 1 - Double Angle Cleats - Beam to Beam

Sheet 15718

CHECK 10 : Supporting Beam - Local Capacity

Local Shear & Bearing Capacity of beam web supporting two beams

F F
(i) Basic requirement for shear: Ay 2 < P,
2
L r'y AY 4‘7
ey = 90 ¥ \ e; =90
| p=70
| P
P
] [P
ey, = 317.2 P
g=110
. . Fuia
For double sided portion, — + — < Py
)
Fria = Fri = = 465 x —
Ny

Shear capacity, P, = min (0.6 p,
Gross shear area, A,

€

Net shear area, A,

Note: The above check is for _local
(ii) Basic requirement for bearing:

Bearing capacity of beam web, Py

Fv2 /2
n,

FV1/2 +
n

A, 0.7 pyKe Ay et )

= (g+(-1)p+ey) g,

= min (e, , 5d)

= min(e,, , 9, , 5d)

= (90+(4-1)70+55)x13.1

0.6 x 265 x 4651

103

= A, - n, Dyt

W

= 4651 - (4x22x13.1)
0.7 x 265x 1.2 x 3498

103
L p, = 740kN
310 300
= — 4+ —
2 2
305kN <  740kN

90mm

55mm

4651mm?

740kN

3498mm?2

779kN

305kN

Py from
BS 5950-1
Table 9

[ ox

shear only; the effects of any global shear forces must also be considered.

Fv2/2 <
n,

Fvl/z
ny
= d tw pbs
20 x13.1 x 460
103
465/2 300/2
6 4
76kN < 121kN

Pbs

121kN

76kN

Pps from
BS 5950-1
Table 32

[Jox
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Double Angle Web Cleats - Worked Example 2

Job No Sheet
\—i Joints in Steel Construction - Simple Connections 1of 8
i Title Example 2 - Double Angle Cleats — Beam to UC Column — Structural Integrity
CALCULATION Client
SHEET SCI/BCSA Connections Group
B C S A Calcs by Checked by Date

RS AM May 2002

DESIGN EXAMPLE 2

Check the following beam to column connections for the tie force shown.

<—
240kN
Tie force

B
370kN

!

Tie force

T

406 x 178 x 74 UB

Grade S275

2-150x90x 10
angle cleats (Type CB4)
Grade S275

N

533 x 210 x 92 UB

305 x 305 x 137 UC Grade 5275
Grade S275
V40
_ 7530 55
) 55 For cleat details
see Figure 4.4
2-90x90x 10 and yellow pages
angle cleats (Type CA6)
J Grade S275 Table H.2
Tso 40
55 | 55

Design Information:
Bolts: M20 8.8

Material: All S275 steel

52



Double Angle Web Cleats - Worked Example 2

Title Example 2 - Double Angle Cleats — Beam to UC Column — Structural Integrity Sheet 20f 8
CONNECTION DESIGN USING CAPACITY TABLES FROM THE YELLOW PAGES
S
- #
240kN + 3_>7 OkN
Tie force i Tie force
1
406 x 178 x 74 UB
Grade S275
533 x 210 x 92 UB
305 x 305 x 137 UC Grade 5275
Grade S275
406 x 178 x 74 UB Grade S275 533 x 210 x 92 UB Grade S275
Cleat type CB4 Grade S275 Cleat type CA6 Grade S275
Bolts M20 8.8 Bolts M20 8.8 Yellow pages
) ) ) ) Tables
From capacity table H.10 in yellow pages From capacity table H.9 in yellow pages H.10 & H.9
Connection tying capacity Connection tying capacity
= 448kN > 240kN = 558kN > 370kN [] oK.

The beam side of the connection

is adequate

Note:

The beam side of the connection
is adequate

() The tying capacity of the connection given in the tables in the yellow pages is the least value
obtained from CHECKS 11, 12 and 13. The values for CHECK 11 are based upon the large

&)

displacement analysis given in Appendix B.

Beams connecting into a column web must also be checked for web bending as shown in

CHECK 14 on sheet 7.

In the case of the 406UB illustrated, CHECK 14 gives the critical tie capacity unless the web

is stiffened.
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Title

Example 2 - Double Angle Cleats — Beam to UC Column — Structural Integrity

Sheet 30f 8

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 2

Appendix B. It is an iterative procedure more suited to computation by computer.

Notes: (i) * () A greater capacity for angle cleats can be obtained using the large displacement analysis described in

(ii) The tie force values in the capacity tables are based on the large displacement analysis.

406UB (S275) 533UB (S275) 305UC (5275)
Sheet
CHECK
Nos . Applied . Applied .. | Applied
C C C
apacity Load apacity Load apacity Load
4 CHECK 11 333 240 492 370
Structural Integrity (448)* (662)*
- Connecting Elements - Tension capacity of
double angle cleats (kN) CRITICAL CHECK
BEAM SIDE
5&6 | CHECK 12 Tension (kN) 674 240 828 370
Structural integrity Bearing (kN) | 874 240 558 370 | Not Applicable
- Supported Beam _ Tension and
bearing capacity of beam web
6 CHECK 13
Structural integrity 588 240 882 370
- Tension capacity of bolts (kN)
7&8 | CHECK 14
Structural integrity Not Applicable 392 240
- Tying capacity of supporting column web (kN) CRITICAL CHECK
COLUMN SIDE
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Title Example 2 - Double Angle Cleats — Beam to UC Column — Structural Integrity Sheet 40f 8
CHECK 11 Structural Integrity - Connecting Elements
Tension capacity of pair of web angle cleats
Basic requirement: Tie force < Tying capacity of double angle web cleats
For 406 x 178 x 74 UB
e, =40 - .
2 Tying capacity of double angle web cleats
—— |—
% = 06L,t, Py (For S275 steel)
€,=40 Effective net length of cleats is L,
A
=70 —
P L, = 2e,+ (n-1)p, - nD,
70
€q = e; but < e, = 40mm
70
Y Pe = p but < 2e, = 70mm
e,=40
* Le = (2x40) + (3x70) - (4x22) = 202mm
Critical sections Tying capacity = 06~ 20120; 10.275 = 333kN
Tie Force = 240kN < 333kN [] oK.
For 533 x 210 x 92 UB
e, =40
— ’——
e =40 %
p=70 A
I Tying capacity of double angle web cleats
70
= 06L,t For S275Steel
70 A e “C py ( )
20 Lo = 2e, + (n-1)p, - nDy
20 € = e; but < e, = 40mm
e, =40 Pe = p but = 2e, = 70mm
f L = (2 x40) + (5x70) - (6x22) = 298mm
iti i 0.6 x 298 x 10 x 275
Critical sections Tying capacity - X 10; X - 492kN
Tie Force = 370kN < 492kN [] oK.
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is assumed (i.e. e, =40mm).

Note: This value may not be the same as that given in capacity tables, where a double notched beam

Title Example 2 - Double Angle Cleats — Beam to UC Column — Structural Integrity Sheet 50f 8
CHECK 12: Structural Integrity - Supported Beam
Tension & Bearing Capacity of Beam Web
(i) For Tension:
Basic requirement:  Tie force < Net tension capacity of beam web
For 406 x 178 x 74 UB S275 (double line of bolts)
Net tension capacity of beam web = Le ty Py
&5+ gy= 90 Effective net length, L, = 2e,+(n-1)p,-nDy,
. ) € = (e3+9,-Dy) but = g
e=90 ‘ = e8mm < 90
T——| %9 nrows
70 | ¢ ¢ Ofbolts Pe = p but < 2(e3+9,-Dyp)
70 »
70 1 # # Tie force = 70mm - < 2(90-22)
! 4% 240kN L, = (2 x 68) + (3 x70) — (4 x22)
\ = 258mm
. . _ 258x9.5x275 See note
Net tension capacity = — 1 - 674kN below
Tie Force = 240kN < 674kN [] oK.
For 533 x 210 x 92 UB Grade S275 (single line of bolts)
Net tension capacity of beam web = Le tyy Py
e; =40
Effective net length, L, = 2e, + (n-1)p, - nDy
e, =90 ] ] € = e; but < g
— n rows _
70 ) of bolts = 40mm < 90
70 b )
= <
20 4 2 Pe p but £ 2e
o T Tie force = 70mm < 2x40
+ 370kN
0| L = (2 x 40) + (5 x70) — (6 x22)
1 = 298mm
See note
298 x 10.1 x 275
Net tension capacity = Xfogx = 828kN below
Tie Force = 370kN < 828kN [] oK.

56




Double Angle Web Cleats - Worked Example 2

Title Example 2 - Double Angle Cleats — Beam to UC Column — Structural Integrity Sheet 6 of 8
(if) For bearing:
Basic requirement: Tie force < Bearing capacity of beam web
For 406 x 178 x 74 UB Grade S275 (double line of bolts)
Bearing capacity of beam web = 3ndt, Py
but =< n(1.5d t, pys + 0.5 e5 L, Py Dy, from
3x4x20x9.5x460 B55950-1
3ndty, py = 03 = 1049kN Table 32
4(1.5x20x9.5x460 +0.5 x 40 x 9.5 x 460)
n(1.5d t, pps + 0.5 e5 1, Ppe) = 08
= 874kN
[ Bearing capacity of beam web = 874kN
Tie Force = 240kN < 874kN [] oK.
For 533 x 210 x 92 UB Grade S275 (single line of bolts)
Bearing capacity of beam web = 15ndt,p,, but < 0.5ne;t,p,)
6 x20 x 10.1 x 460 Py o
1.5 10.1x4
15ndt, pp = St = 836kN BS5950-1
10 Table 32
05x6x40x10.1x460
0.5n e; t,, Py 3 = 558kN
10
0 Bearing capacity of beam web = 558kN
Tie Force = 370kN < 558kN [J oK.
CHECK 13 : Structural Integrity - Tension Capacity of Bolts
Basic requirement : Tie Force < Tension capacity of
tension bolt group
Tension capacity = 2nA; py
> Py = reduced tension strength of bolt in
‘ ] Tie Force presence of extreme prying force
Tension — = 300N/mm? for grade 8.8 bolts Appendix D
bolt group :
. A = tensile stress area of bolt Bolt capacity
> = 245mm?2 tables
Yellow pages
Table H.49
For 406 x 178 x 74 UB
. , 2 x4 x 245 x 300
Tension capacity = _ = 588kN
103
Tie Force = 240kN < 588kN [] oK.
For 533 x 210 x 92 UB
. . 2 x 6 x245 x 300
Tension capacity = _ = 882kN
103
Tie Force = 370kN < 882 kN L] oK.
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Double Angle Web Cleats - Worked Example 2

Title

Sheet

Example 2 - Double Angle Cleats — Beam to UC Column — Structural Integrity 7of 8
CHECK 14: Structural Integrity — Capacity of Supporting Column Web
Basic requirement: Tie Force < Tying capacity of column web
do=246.7
T —— ]
_ L g=110
N 1
NRaindl
I I
1] & | 305x305x 137 UC t =138
BEalimadt Grade S275 W
S —
b —— l
Tie Force
Tying capacity _ 8 M, 05 05
of column web - 1-B, [ M, +1.5(1-4,)%% (1-%) ]
M, = moment capacity of column web per unit length
ot
- 4
328 x 13.82
= _ = 15.6kNm/mm
45103
n
n-1 -5, D
n, _ ( ) P—5 Dy
dC
4
4-1)x70-5x22
. e 2 = 0673
246.7
g
B, = -
dC
110
= — = 0.446
246.7
Dy,
o= 4
c
22
= —_— = 0.089
246.7
- ; 8x15.6
Tying capacity - _ [ 0.673 + 1.5(1 - 0.446)05 . (1 - 0.089)°5 ]
of column web 1- 0.446
= 2253[0673+(1.116x0.954) | =  392kN
Tie Force = 240kN < 392kN [ oK.

58




Double Angle Web Cleats - Worked Example 2

Title Example 2 - Double Angle Cleats — Beam to UC Column — Structural Integrity Sheet 8of 8

If column web fails to satisfy the criteria shown on sheet 7 then sfiffeners fillet welded on one

side to the web and flanges would be required thus:
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Double Angle Web Cleats - Worked Example 3

job Sheet
'\‘ Joints in Steel Construction - Simple Connections lof 9
& Title Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill
CALCULATION Client
SHEET SCI/BCSA Connections Group
BC S A Calcs by Checked by Date
RS ASM May 2002
DESIGN EXAMPLE 3 REF.
Check the following beam to RHS column connection for the design forces shown using 8.8 bolts
in Flowdrill threaded holes in the column.
In this example it is assumed that the tying force is equal to the end reaction. However, depending
on how the floor beams are arranged, the tying force given by the formula in BS 5950-1 clause
2.4.5.3 can sometimes be less.
Note: The connections should be checked independently for (i ) shear forces and (i) Tie forces
and NOT for both the forces acting at the same time.
The yellow pages should be used for initial selection of angle cleats.
250 x 250 x 12.5 RHS Grade S355
T
50 50 50
g 4 f——
Y | |
300kN 40 ! ! —0
tie T 8
i tie
<— 70
|70 force
70 70 3
406 x 178 x 74 UB 40 | ’70
Grade 5275 | ' -~ 533x210x 92 UB
L | 70
| I ta0 Grade S275
\
| | \
T
10 Projection " 10 Projection
300kN 1 r465kN
50
For cleat details
see Figure 4.4
2-90x90x 10
2-150x90x 10
& Yellow pages
angle cleats (Type CB4) angle cleats (Type CAG) Wpag
Grade S275 Grade S275 Table H.2
Ordinary bolts Flowdrill
Design Information:
Flowdrill: M20 8.8
Ordinary bolts: M20 8.8
Column: S355
Beams: S275
Angle cleats: S275




Double Angle Web Cleats - Worked Example 3

Title Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill Sheet 20f 9
CONNECTION DESIGN USING CAPACITY TABLES FROM THE YELLOW PAGES
250 x 250 x 12.5 RHS Grade S355
I
I I
I I
300kN ! !
tie
force 465kN
- tie
force
406 x 178 x 74 UB >
I
Grade 275 | ' 533 x 210 x 92 UB
| : Grade S275
| | \\
I I
300kN 1 r465kN
406 x 178 x 74 UB Grade S275 533 x 210 x 92 UB Grade S275
Cleat type CBD Grade S275 Cleat type CAS Grade S275
Column Bolts Flowdrill M20 8.8 Column Bolts Flowdrill M20 8.8
Yellow pages
Beam Bolts M20 8.8 Beam Bolts M20 8.8
Tables
From capacity table H.10 in yellow pages From capacity table H.9 in yellow pages H.10 & H.9
Connection vertical shear capacity Connection vertical shear capacity
= 404kN > 300kN = 475kN > 465kN [J ok
Minimum support thickness Minimum support thickness
= 46mm < 12.5mm = 3.6mm < 12.5mm [J oK.
Connection tying capacity Connection tying capacity
= 448kN > 300kN = 558kN > 465kN [] oK.
The beam side of the connection The beam side of the connection
is adequate is adequate
Note:
() The tying capacity of the connection given in the tables in the yellow pages is the least value
obtained from CHECKS 11, 12 and 13. The values for CHECK 11 are based upon the large
displacement analysis given in Appendix B.
(2) Beams connecting into a column web or RHS wall must also be checked for web bending as
shown in CHECK 15 on sheets 8 and 9.
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Double Angle Web Cleats - Worked Example 3

Title

Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill

Sheet

30f 9

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 3

the calculated capacities are summarised below.
(ii) CHECK 4, Shear capacities are higher than those shown for example 1, because there are no notched beams

in Example 3.

(iif) CHECKS 11 and 12 are as shown in Example 2 and are not repeated in this example.
(iv) In accordance with BS 5950-1; tie forces are ignored when checking the capacity to resist vertical reactions
and vertical reactions are ignored when calculating the capacity to resist tie forces.

Notes: (i) CHECKS 1 to 9, where applicable, are all as shown in Example 1 and are not repeated in this example but

406UB 533UB RHS Column (S355)
(S275) (S275) i i
Sheet CHECK 406UB Side 533UB Side
Nos .. | Applied .. | Applied .. | Applied .. | Applied
C C C C
apacity Load apacity Load apacity Load apacity Load
CHECK 1 .
- Recommended detailing practice All recommendations adopted
CHECK 2 Supported Beam Shear | 1e4 | a9 | 184 | 91 Not Applicable
- Bolt Group Shear Capacity |(Per bolt ,kN)
CHECK 3 Supported Beam Shear (kN) | 400 150 589 233
- Connecting Elements Bearing N licabl
@ 92 | 325 | 92 |455 ot Applicable
‘;‘ (Strength of cleat) (per bolt ,kN),
<
£ |CHECK4 Supported Beam  |gpoar (kN) | 647 | 300 | 888 | 465
2 - Capacity at connection (plain (plain
2 See (ii) above shear) shear) Not Applicable
@ Bearing | 87.4 | 64.9 |929 91
g— (per bolt,kN) CRITICAL CHECK
g FOR VERTICAL SHEAR
w
e CHECKS 5,6 & 7 Not Applicable Not Applicable
[%2]
CHECK 8 Supporting Column | Shear (bolt .
Not Applicable
- Bolt Group shear capacity group,kN) 735 300 1103 | 465 PP
CHECK 9 Supporting Column Sréear (kN) | 400 | 150 | 589 | 233 _
- Connecting Element (Cg?)ggl%y 368 150 552 233 Not Appllcable
(Strength of cleat) per bolt
line, kN)
CHECK 10 Supporting Column | Shear (kN) 972 150 |1316 233
4 &5 |- Capacity Bearing (per Not Applicable 138 375 138 38.8
Local capacity of column web)| bolt, kN)
CHECK 11 Structural Integrity
6 |-Connecting Elements Tension 333 | 300 492 465 Not Applicable
Tension capacity of of double (kN) CRITICAL CHECK FOR TIE EORCE
angle cleats
CHECK 12 Structural integrity | Tension (kN) 674 | 300 828 465
6 |- Supported Beam _ .
Tension and bearing capacity | Bearing (kN)| 874 | 300 | 558 | 465 Not Applicable
of beam web
CHECK 13 Structural Integrity 584 300 876 465
7 . .
- Tension bolt group Tension (kN) Not Applicable
7 |CHECK 14 Not Applicable Not Applicable
CHECK 15 Structural Integrity . .
8 & 9 |- Supporting column wall Tension (KN) Not Applicable 455 300 597 465
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Double Angle Web Cleats - Worked Example 3

Title Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill Sheet 4 of g
CHECK 10 : Supporting Column - Local Capacity
Shear & Bearing Capacity of column wall
. . . FV
(i) Basic requirement for shear: > < P,
For 406 x 178 x 74 UB side RHS Column Grade S355
Critical sections
| |
| |
—"
wall thickness ty, = 12.5mm g=110
R
5 = 150kN
Shear capacity, P, = min (0.6 Py A,, 0.7 Py Ke Ay net )
Gross shear area, A, = (et +(n-1)p+e, ) t,
€y = smallerof g/2 and 5d = 55mm
e = smallerof e; and 5d
since the connection is not near the top of column e,, is not applicable
e = bd = 5x20 = 100mm
A, = (100 +(4-1)70+55)x12.5 = 4563mm?2
_ 0.6x355x4563 _ K
0.6 p, A, = T = 972kN
Net shear area, A, . = A, - nDyt,
for FLOWDRILL connections D,, = bolt diameter = 20mm
A, net = 4563 — (4x20x12.5) = 3563mm?
0.7 x 355x1.1x3563 ~
0.7 Py Ke Ay pet = 03 = 974kN
b, = 972kN
FV
— = 150kN < 972kN [ ok.
2
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Double Angle Web Cleats - Worked Example 3

.. . . . F
(ii) Basic requirement for bearing: 2—‘;] < Py

Bearing capacity of column wall per bolt Py .= ky,. d t,, pp

1.0x20 x12.5 x 550

= = 138kN
103
For 406 x 178 x 74 UB side
Fv 300
— = = 37.5kN < 138kN
2n 24 4

For 533 x 210 x 92 UB side

— = = 38.8kN < 138kN

Title Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill Sheet 50f 9
For 533 x 210 x 92 UB side
RHS Column Grade S355
Critical sections
wall thickness t,, =12.5mm g=110
Fv Fv _
oS 5 =233N
ep = smaller of g/2 and 5d = 55mm
€ = bd = 5x20 = 100mm
A, = (100+(6-1)70+55)x12.5 = 6313mm?
_ 0.6x355x6313 ~
0.6 py A, = 08 = 1345kN
A, net = 6313 - (6x20x12.5) = 4813mm?
0.7 x 355x1.2x4813
0.7 py Ke Ay pet = 108 = 1316kN
[ p, = 1316kN
I:V
— = 233kN < 1316kN [ ok.
2

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

Pps from
BS 5950-1
Table 32

[ oxk.

[ oxk.
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Double Angle Web Cleats - Worked Example 3

Title

Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill

Sheet 6of 9

CHECK 11 Structural Inteqgrity - Connecting Elements

Tension capacity of pair of web angle cleats

This check is identical to CHECK 11 in Example 2

Basic requirement:

For 406 x 178 x 74UB Side

Tying capacity of double angle cleats

Tie Force = 300kN

For 533 x 210 x 92UB Side

Tying capacity of double angle cleats

Tie Force =

465kN

N

Tie force < tying capacity of double angle web cleats

333kN

333kN

492kN

492kN

CHECK 12 Structural Integrity - Supported Beam

Tension and Bearing Capacity of the Beam Web

This check is identical to CHECK 12 in Example 2

(i) For Tension.
Basic requirement:

For 406 x 178 x 74UB
Net tension capacity of beam web

Tie Force = 300kN

For 533 x 210 x 92UB
Net tension capacity of beam web

Tie Force = 465kN

(ii) For Bearing.
Basic requirement:
For 406 x 178 x 74UB
Bearing capacity of beam web

Tie Force = 300kN

For 533 x 210 x 92UB
Bearing capacity of beam web

Tie Force = 465kN

Tie force <

Tie force <

net tension capacity of beam webs

674kN
674kN

828kN
828kN

bearing capacity of beam webs

874kN
874kN

558kN
558kN

Example 2 DAC
sheet 4 of 8

0 oK.

Example 2 DAC
sheet 4 of 8

J oK.

Example 2 DAC
sheet 5 of 8

0 oK.
Example 2 DAC

sheet 5 of 8

[J oK.

Example 2 DAC
sheet 6 of 8

[J ok
Example 2 DAC

sheet 6 of 8

0 oK.
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Double Angle Web Cleats - Worked Example 3

Title Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill Sheet 7 of 9

CHECK 13 Structural Integrity - Tension Capacity of Bolts

Basic requirement: Tie Force < Tension capacity of
bolt group
Tension capacity = 2n Py
p _ Flowdrill S li . Flowdrill
i = ow.lrlc truc.tura integrity Pull-out
Tensile Capacit ;
Tension Tie Force pacty Capacity
bolt group >
= 73kN for a grade 8.8 bolt in a yellow pages
12.5mm RHS column wall Table H.55b
For 406 x 178 x 74 UB Side
Tension capacity = 2x4x73 = 584kN
Tie Force = 300kN < 584kN [ oK.
For 533 x 210 x 92 UB Side
Tension capacity = 2x6x73 = 876kN
Tie Force = 465kN < 876kN [ ok.

CHECK 14: not applicable
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Double Angle Web Cleats - Worked Example 3

Title Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill Sheet 80f 9
CHECK 15: Structural Integrity — Capacity of Supporting Column Wall (RHS)
Basic requirement: Tie Force < Tying capacity of RHS column wall
B =250
o 250 x 250 X 12.5 RHS
L Grade S355
N Y
AN
¢ ! } f ' A tyw=125
p : T [ ! (n-1)p
HT | | y
2N
v — N
\/\ J
Tie Force
For 406 x 178 x 74 UB Side
Tying capacity _ 8 M,
of column wall = 1-8 [ 7,+15(1-p)05 (1-%)05]
1
M, = moment capacity of RHS column wall per unit length
Py t5,
- 4
392« 12.52
= —_— = 15.3kNm/mm
4x103
Dy, = 20mm (Bolt diameter for Flowdrill)
n
n ~ (n-1) p-, D,
! B-3t,,
4
4-1) 70- 5x20
) 2’ = 080
250-3x12.5
_ g
Ao = B -3,
110
= o = 0.518
2125
Dp
Vl =
B-3t,
20
= - = 0.094
2125
; i 8x15.3
Tyingeapacity  _ 77777 [ g8+ 1.5(1-0.518)05  (1-0.094)05 ]
of column wall 1- 0.518
=  2539[08+1.041:0952] =  455kN
Tie Force = 300kN < 455kN [ ok.
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Title Example 3 - Double Angle Cleats - Beam to RHS column using Flowdrill Sheet 90f9
For 533 x 210 x 92 UB Side
n
n _ (n - 1) pP-5 Dy
! B-3t,
6
6-1) 70- 5x20
) 2” 1.36
250-3x12.5
Tying capacity _ 8 M,
of column wall = 1B [ Ny +1.5(1-p,)0% (1-%)0° ]
1
8x15.3
= —— [1.36+15(1-0.518)%5, (1-0.094)°5 |
1- 0.518
= 2539[136+1.041.0952] 597kN
Tie Force = 465kN < 597kN [Joxk.
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Double Angle Web Cleats - Worked Example 4

job Sheet

’ i Joints in Steel Construction - Simple Connections lofl1l
i\ Title

CALCULATION Client

Example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt

SHEET SCI/BCSA Connections Group
BCS A Calcs by Checked by Date
RS ASM May 2002
REF.
DESIGN EXAMPLE 4
Check the following beam to RHS column connection for the design forces shown using Hollo-Bolt
connectors to the column.
In this example it is assumed that the tying force is equal to the end reaction. However, depending
on how the floor beams are arranged, the tying force given by the formula in BS 5950-1 clause
2.4.5.3 can sometimes be less.
The yellow pages should be used for initial selection of angle cleats.
250 x 250 x 12.5 RHS Grade S355
I
50 50 50
Y I I
[ i | | —T \
3OQkN 40 40
tie T -1
force 70 170 465kN
- 70 70 tie
L force
70 | 70 R =
406 x178x74UB 40 I ’70
Grade S275
/ I ’70 533 x 210 x 92 UB
[ 140 Grade S275
| | \
— .'k
- . o
10 Projection 1}, 1/ 10 Projection
300kN 1 465kN
Hollo-Bolts
Ordinary bolts Ordinary bolts For cleat details
f see Figure 4.4
50 _ & Yellow pages
- Table H.2
2-150x 90 x 10 2-90x90x 10
angle cleats (Type CD4) angle cleats (Type CC6)
grade S275 i grade S275
Design Information:
Hollo-bolts: M20
Ordinary bolts: M20 8.8
Column: S355
Beams: S275
Angle cleats: S275
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Title

Example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt

Sheet

20of 11

300kN
tie
force

B

406 x 178 x 74 UB
Grade 5275

300kN

406 x 178 x 74 UB

Cleat type CD4 Grade S275
Column bolts Hollo-bolts M20
Beam bolts M20 8.8

From capacity table H.14 in yellow pages

Connection vertical shear capacity
= 404kN > 300kN

Minimum support thickness
= 46mm < 12.5mm

Connection tying capacity
= 393kN > 300kN

The beam side of the connection
is adequate

Note:

CONNECTION DESIGN USING CAPACITY TABLES FROM THE YELLOW PAGES

250 x 250 x 12.5 RHS Grade S355

465kN
tie
force

—>

533 x 210 x 92 UB
Grade S275
\

A

A

465kN

533 x 210 x 92 UB

Cleat type CC6 Grade S275
Column bolts Hollo-bolts M20
Beam bolts M20 8.8

From capacity table H.13 in yellow pages

Connection vertical shear capacity
= 475kN > 465kN

Minimum support thickness
= 3.6mm < 12.5mm

Connection tying capacity
= 558kN > 465kN

The beam side of the connection
is adequate

() The tying capacity of the connection given in the tables in the yellow pages is the least value
obtained from CHECKS 11, 12 and 13. The values for CHECK 11 are based upon the large
displacement analysis given in Appendix B.

(2) Beams connecting into a column web or RHS wall must also be checked for web bending as
shown in CHECK 15 on sheets 10 and 11.

Yellow pages
Tables
H.14 & H.13

[J oK.

[J OK.

[J oK.
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Double Angle Web Cleats - Worked Example 4

Example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt Sheet 30f 11

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 4

Notes (i) CHECKS 1 to 7, where applicable, are all as shown in Example 1 and are not repeated in this example but
the calculated capacities are summarised below.
(i) CHECK 4 shear capacities are higher than those for examplel because there are no notched beams in Example 4.
(iii) CHECK 12 is as shown in Example 2 and is not repeated in this example.
(iv)  In accordance with BS 5950-1; tie forces are ignored when checking the capacity to resist vertical reactions
and vertical reactions are ignored when calculating the capacity to resist tie forces.
(v)  ( )* Values from Yellow pages,Table H.14, using rigorous approach of Appendix B

406UB 533UB RHS Column (S355)
(5275) (5275) i ;
Sheet CHECK 406UB Side 533UB Side
Nos .. | Applied .. | Applied .. |Applied .. | Applied
C C C
Capacity Load apacity Load apacity Load apacity Load
CHECK 1 .
f - Recommended detailing practice All recommendations adopted
S, |CHECK 2 Supported Beam Shear | 164 | 649 |184 | 01 Not Applicable
S |- Bolt Group Shear Capacity (per bolt kN)
Z CHECK 3 Supported Beam | Shear (kN) | 400 | 150 | 589 | 233
® |- Connecting Elements Bearing Not Applicabl
92 325 92 455 pplicable
& |(Strength of cleat) (per bolt kN)
—
<@
g' CHECK 4 Supported Beam Shear (kN) | 647 300 888 465
) - Capacity at connection (plain (plain
. See note (ii) above shear) shear) Not Applicable
3 Bearing | 87.4 | 649 [929 91
(per bolt, kN) CRITICAL CHECK
FOR VERTICAL SHEAR
CHECKS 5,6 & 7 Not Applicable Not Applicable
4 |CHECK 8 Supporting Column | Shear (bolt .
Not Applicable
- Bolt Group shear capacity | 9roup, kN) 784 300 |1184 | 465 PP
5  |CHECK 9 Supporting Column Sgeezrri%kN) 280 | 150 | 409 | 233 _
- Connecting Element ( Capaci%y 368 | 150 | 552 | 233 Not Applicable
(Strength of cleat) per bolt
line, kKN)
CHECK 10 Supporting Column | Shear (kN) 769 150 |1008 233
7 & 8 |- Capacity Bearing (per Not Applicable 138 | 375 | 138 8.8
Local capacity of column web)| bolt, kN)
CHECK :!.1 Structural Integrity | Tension 248 300 363 465
9 -Con.nectlng Elgments (kN) (393)* (580)* Not Applicable
Tension capacity of of double CRITICAL CHECK FOR TIE FORCE
angle cleats
N 3 CHECK' 12 Structural integrity |Tension (kN) 674 | 300 828 465
% o |- Supported Beam ) Not Applicable
& £ |Tension and bearing capacity Bearing (kN)| 874 | 300 558 | 465 PP
@ | of beam web
CHECK 13 Structural Integrity 584 300 876 465
10 ; i
- Tension bolt group Tension (kN) Not Applicable
10 |CHECK 14 Not Applicable Not Applicable
10 |CHECK 15 Structural Integrity . .
& 11 |- Supporting column wall Tension (kN) Not Applicable 409 300 534 465
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Double Angle Web Cleats - Worked Example 4

Title Example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt Sheet 40f11
CHECK 8: Supporting Column - Bolt Group
406 x 178 x 74 UB Basic requirement: F, < ZPS
Shear capacity of single bolt, Po = pg A
For M20 Hollo-bolts shear capacity P, = 100kN Yellow pages
. . Table H.56
But for top pair of bolts, P, = min (p, A, 0.5kys€; t. Pys)
(where ks = 1.0)
For 406 x 178 x 74 UB
0.5x1.0x40x 10 x 460
0.5kps 1t Pps = = 92kN
103
2P, = 2x92+6x100 = 784kN
250 x 250 x 12.5 RHS
F, = 300kN < 784kN [J ok.
300kN ¢
533 x 210 x 92 UB
For 533 x 210 x 92 UB
2P, = 2x92+10x100 = 1184kN
F = 465kN < 1184kN []OK.

Vv

250 x 250 x 12.5 RHS

465kN ¢
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Title  example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt Sheet 5 of 11
CHECK 9: Supporting Beam - Connecting elements
Shear and bearing of cleats connected to supporting column
. . . F
(i) Basic requiremenf for shear: 2—" < Pymin
For 406 x 178 x 74 UB
Shear capacity of one angle cleat, P, .., is the smaller of plain shear capacity P, and
block shear capacity P,
Plainshear, P, = min (0.6 p, A, or 0.7p Ky Ay e )
Sheararea, A, = 09 (2e;+(N-1)p)t,
e = 09(80+210)x10 = 2610mm?
i 1=40 fi
Netarea, A, o = A,—NDyt, Dy, from
: Yellow pages
(n-1)p for Hollo-Bolt connections D,, = 35mm Table H.2
=210 A, et = 2610-(4x35x10) = 1210mm?
e, = 0.6 x 275 x 2610
F, JL F, T 1 =40 0.6p, A, = % = 431kN
2 qb2
0.7 x275x 1.2 x1210
F, = 300kN 0.7 Py Ke Aynet = 103 = 280kN
e, = 280kN
Block shear, P, = 0.6p,t, (L, +K, (L;~kDy)
L, = (h-1p+e = 210+40 = 250mm
L = & = 40mm
Ke = 1.2 (for S275)
K = 0.5 (for single line of bolts)
Dy, = 35mm (hole diameter for Hollo-bolt)
e _ 0.6x275x10 (250 + 1.2(40 - 0.5 x 35))
' 108
= 457kN
Py min = min(P, , P,) = 280kN
F
3" = 150kN < 280kN [7 oK.
For 533 x 210 x 92 UB
Plain shear,
A, = 0.9(80 + 350)x 10 = 3870mm?2
el - 10 A, net = 3870 - (6x35x10) = 1770mm?
* *|— 0.6 x 275 x 3870
+ |[] & 0.6p, A, = - 7 =  639kN
+ (|| *] [0-Dp 10°
*N| | |=850 _ 0.7x275x12x1770
+ |||+ 07pKe Ayper = 03 = 409kN
+ ||| * e
1
F L& 7 0 e, = 409kN
2 2 0.6 x 275 x 10 (390 + 1.2(40 - 0.5 x 35))
Block shear, P, =
F, = 465kN 103
= 688kN
Py.min = min(P,, P,) = 409kN
F
EV = 233kN < 409kN [7 oK.
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Double Angle Web Cleats - Worked Example 4

Title Example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt Sheet 6 of 11
i ; ; . Fy
(ii) Basic requirement for bearing: > S 2Py
For 406 x 178 x 74 UB

Bearing capacity, Pos = Kpsdt. Py

but for top bolt, Pos = min (kysdt pys 0.5ky eq t pp)

for Hollo-Bolt connections d = "nominal” bolt diameter = 20mm Yellow pages

Table H.61
1.0x20x 10x 460
Kps d tc Pps = 108 = 92kN
0.5 x 1.0 x 40 x 10 x 460 Pos from
05Ky € toPps = ——— T = 92kN BS 5950-1
103
Table 32
2 Py = 3x92+92 = 368kN
F
2—V = 150kN < 368kN L[] oK.
For 533 x 210 x 92 UB
Bearing capacities are as above

2Py = 5x92+92 = 552kN
F
2—V = 233kN < 552kN L[] oK.
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Double Angle Web Cleats - Worked Example 4

Title  example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt Sheet 7 tq1
CHECK 10 : Supporting Column - Local Capacity
Shear & Bearing Capacity of column wall
. . . FV
(i) Basic requirement for shear: — < P,
For 406 x 178 x 74 UB side
RHS Column Grade S355
Critical sections
wall thickness t,, =12.5mm g=110
R Fo_
> —~ =150kN
Shear capacity, P, = min (0.6 p, A,, 0.7p Ky Ay er)
Gross shear area, A, = (+(n-1)p+ey) t,
€y = smallerof g/2 and 5d = 55mm
e = smallerof e, and 5d
since the connection is not near the top of column e, is not applicable
e = 5bd = 5x20 = 100mm
A, = (100+(4-1)70+55)x125 = 4563mm?
I _ 0.6x355x4563 N
0.6 p, A, = 103 =  972kN
Net shear area, A, o = A, - nDyt, D, from
Yellow pages
for Hollo-Bolt connections D,, = hole diameter = 35mm Table H.61
Ayt = 4563 - (4x35x12.5) = 2813mm?
I 0.7 x 355x1.1x2813
0.7pyKe Ayper = e = 769kN
b p, = 769kN
I:V
> = 150kN < 769kN L] oK.
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Double Angle Web Cleats - Worked Example 4

Title

Example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt

Sheet g o 11

For 533 x 210 x 92 UB side

0.6, A,

v.net

0.7 p, K, A

Note: The above check is for local

Critical sections

wall thickness

v.net

RHS Column Grade S355

ty =12.5mm

i

> 5 = 233kN

= smaller of g/2 and 5d = 55mm
= b&d = 5x 20 = 100mm
= (100 + (6-1) 70 +55)x12.5 = 6313mm?
0.6 x 355 x 6313
= = 1345kN
103
= 6313 - (6x35x12.5) = 3688mm?
0.7 x 355x1.1x3688
= 1008kN
103
= 1008kN
= 233kN < 1008kN [J ok.

shear only; the effects of any global shear forces must also be considered.

F

(if) Basic requirement for bearing: 2—" < Py
n
Bearing capacity of column wall per bolt Py, = Kps d ty Pps Py, from
1.0x20x12.5 x 550 BS 5950-1
= 102 = 138kN Table 32
For 406 x 178 x 74 UB side
F 300
- = = 37.5kN < 138kN [T OK.
2n 2x4
For 533 x 210 x 92 UB side
F 465
v = = 38.8kN < 138kN [] oK.
2n 2x6
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Double Angle Web Cleats - Worked Example 4

Title  example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt Sheet g ¢ 11

CHECK 11 Structural Integrity - Connecting Elements
Tension capacity of pair of web angle cleats

Basic requirement: Tie force < Tying capacity of double angle web cleats

For 406 x 178 x 74 UB

e,= 40 Tying capacity of double angle web cleats
% ﬂ ’* = 06L,t,p, (For S275 steel)
e1=40 Effective net length of cleats is L,
p=70 : L = 2e, + (n-1)p, - nD;,
70 €q = e; but < e, = 40mm
0 Y Pe = p but < 2e, = 70mm
e = 40

% M Le = (2x40)+(3x70)-(4x35) =  150mm
0.6 x 150 x 10 x 275
T = = 248kN

Critical sections ying capacity = =

103
Tie Force = 300kN ¥ 248N | [J Fails
Yellow pages
However, using the rigorous approach of Appendix B, the tying capacity is 393kN. Table H.14
(For this standard connection, the value is given in the yellow pages)
Tie Force = 300kN < 393kN []oK.
For 533 x 210 x 92 UB
Tying capacity of double angle web cleats
e,=40
% - '¢ = 0.6L.t;py,  (For S275Steel)
g =40
- L = 2e, + (n-1)p, - nD
p - 70 A (5] e e h
€ = e, but < e = 40mm
70 [\ e 1 2
20 1 Pe = p but = 2e, = 70mm
70 Le = (2x40) +(5x70)-(6x35) = 220mm
70
e =40
Tvi it 0.6 x220x 10 x 275 363KN
ing capacity = =
% M ying capacity 103
Critical sections Tie force = 465kN ¥ 363kN O Fails
However, using the rigorous approach of Appendix B, the tying capacity is 580kN. Yellow pages
Table H.14
Tie Force = 465kN < 580kN | [JOK.

Note: The tying capacity obtained by CHECK 11 is the same, for similar cleats, with a "single line
of bolts" or a "double line of bolts". The standard connection values, obtained from Table H.14 of
the yellow pages,are CHECK 11 critical values (whereas the values tabulated in Table H.13 are
CHECK 12(ii) values for these particular standard connections).
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Double Angle Web Cleats - Worked Example 4

Title Example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt Sheet 10 of 11
CHECK 12: Structural Integrity - Supported Beam
This check is identical to CHECK 12 in Example 2
CHECK 13 : Structural Integrity - Tension Capacity of Bolts
Basic requirement: Tie Force < Tension capacity of
tension bolt group
Tension capacity = 2n Py
Tie Force P = Hollo-Bolt Structural integrity
Tension — Tensile Capacity Yellow pages
bolt group Table H.56
= 73kN for Hollo-Bolt
For 406 x 178 x 74 UB Side Tension capacity = 2x4x73 = 584kN
Tie Force = 300kN < 584kN []JOK.
For 533 x 210 x 92 UB Side
Tension capacity = 2x6x73 = 876KN
Tie Force = 465kN < 876kN []JOK.

CHECK 14: not applicable

CHECK 15: Structural Integrity — Capacity of Supporting Column Wall (RHS)

B =250
,/_\/_
NT 7
_J 1
¢ ! \ ( ' A tw=12.5
p T T ! (n-1)p ~
H2EA
L _— N
~ l
Tie Force
Basic requirement: Tie Force < Tying capacity of RHS column wall
For 406 x 178 x 74 UB Side
Tying capacity _ 8 My 05 05
of column wall - 1-B8, [ M, +15(1-4,)%% (1-1) ]
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Double Angle Web Cleats - Worked Example 4

Title Example 4 — Double Angle Cleats - Beam to RHS column using Hollo-bolt Sheet ., 11
M, = moment capacity of RHS column wall per unit length
Py t5, 392« 12.52
= = _ = 15.3kNm/mm
4 4x103
Dy, = 35mm (Hole diameter for Hollo-Bolt)

(n-1) p—2ﬂ Dy,

! B-3t,,
4
(4-1)x70- 5x35
2
= = 0659
250 -3,125
_ g
Ao = B -3,
110

= —— = 0518

212.5

vy, = Dp
! B - 3t,
35

=  — = 0165

2125

i i 8x15.3
yingeapacty - _ 77777 [ 0,659 + 1.5(1 - 0.518)05 x (1 - 0.165)05 |
of column wall 1-0.518
= 2539[0659+(1.041x0914)] =  409kN
Tie Force = 300kN < 409kN [ ox.

For 533 x 210 x 92 UB Side

(n-1) p—zn Dp

n =
! B-3t,
6
6-1) 70- >x35
) 2 = 1152
250 -3x125
Tying capacity _ 8 M, 0.5 05
of column wall B 1-B8, [ T, +15(1-5)°% (1-1) ]
8x15.3
=  —— [1152+1.5(1-0518)°5, (1-0.165)°5 ]
1-0.518
= 2539[1152+(1.041x0914) ]=  534kN
Tie Force = 465kN < 534kN 0 ok.
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Double Angle Web Cleats - Worked Example 5

)

CALCULATION
SHEET

Joints in Steel Construction - Simple Connections

Job Sheet

1of 2

Title

Example 5 - Double Angle Cleats - Stability of an unrestrained notched beam

Client
SCI/BCSA Connections Group

BCSA

Calcs by Checked by Date

RS ASM May 2002

CHECK 7:  Unrestrained Supported Beam - Overall Stability of Notched Beam

Modified effective length, L;

A, > 30 LK, = gox but < K

(Unrestrained against lateral torsional buckling)

Basic requirement: Beams should be checked for lateral torsional buckling to BS 5950-1
clause 4.3.6 with a modified effective length (L;) which takes account of notches.

The following approach is only valid for ¢c/L,, < 0.15and d ; /D < 0. 2 (beams with notches
outside these limits should be checked as tee sections, or stiffened)
c=110 c=110

||
533x210 x 92 UB 1 dey =50
S355 steel

Lp = 7000

Check the beam shown, which was designed as unrestrained over the span with an effective length of
1.0L,, when it has a single notch at each end, and a design moment of 200kNm due to UDL.

Beam 533 x 210 x 92 UB grade S355 M, = 200kNm
S, = 2360cm3 O
ry = 4.51cm a properties obtained from published
X = 36.4 H tables or derived from BS 5950-1
= 0.873 0
v - 1 @ conservative
110
¢ = — = 0.016 < 0.15 [] ok
b 7000
50
de/p = = 0094 < 02 [J ok
533.1

2
L, [1+ L_C (K2 + 2K)]
b

K = Ko 72
uvl
Ay = .
b ry
0.873 x 1 x 7000
Ap = - = 1355
45.1

max

SCI - P202
'‘Blue Book'
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Double Angle Web Cleats - Worked Example 5

Title Example 5 - Double Angle Cleats - Stability of an unrestrained notched beam Sheet 20f 2
Note: For values of C/|_b < 0.025 use: g, = 556 and K., = 260
Ko = 5.56 x 36.4 = 202.4 < Koy
202.4
oK = —_— = 1.49
135.5
(2 x 110) %
and L = 7000| 1 +——2 «((1.492 + (2 x 1.49))
7000
4.3.6.7
At = uvavg,
By = 1 for class 1 cross-section
7550
A= Lg/r, = — = 167
45.1
AT = 0.873x1x 167 = 146
Py = 355N/mm?
BS 5950-1
Py = 74N/mm?2 p, - Table 16
_ M, - 4.3.6.4
My, = Py Sy (for class 1 cross-section)
74 x 2360
= —_— = 175kNm
103
M BS 5950-1
Basic requirement: M, < P and M, S M, 4.3.6.2
My
M, - 838kNm SCI - P202
Page D-59
m; = 0.925 for UDL BS 5950-1
Table 18
M, 175
 — = —_— = 189kNm
m; 0.925
M, = 200kNm €  189kNm [J Fails
SOLUTIONS: (1) Increase beam size
or (2) Provide plan bracing to the beam to reduce unrestrained span.
or (3) Provide restraints between the top flange and the supporting beam flange as shown below:
or (4) Eliminate the need for notches as shown below:
/— 4-bolt plate
[ P 7
I 7
— —
(3) (4)
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5. FLEXIBLE END PLATES

5.1 INTRODUCTION

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

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

Untorqued bolts
in clearence holes

Flowdrill or
Hollo-Bolt
Connectors

Figure 5.1 Flexible end plate. Beam-to-column
and beam-to-beam connections
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5.2 PRACTICAL CONSIDERATIONS
Partial depth flexible end plates

Normal practice is for partial depth end plate to be welded
to the beam web only, usually with 6mm fillet welds,
although these may need to be increased to 8mm or even
10mm, particularly with deeper beams and high grade
steels. The weld should not be continued across the top
and bottom of the plate. Care must be taken during
welding to avoid undercutting the beam web as shown in
Figure 5.2.

Supported
beam web

~

Bowing of .
Avoid undercut

end plate

Figure 5.2 Undercutting and weld distortion

It is also quite common, particularly with the thinner
plates, to experience bowing of the plate due to weld
distortion. 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.

Two sizes of end plate have been recommended for use in
this Guide. A 150 x 8mm flat with bolts at 90mm cross
centres will generally be adequate for beamsup to 457mm
deep. For deeper beams a 200 x 10mm flat can be used
with a 140mm 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 UC or 203 UC
column web will have to be fitted with a narrower end
plate.



Full depth flexible end plates

End plates which extend the full depth of the beam, and
welded to the beam flanges, may also be used as shown
in Figure 5.3.

For shallower beam and column sections when used as
beams a full depth plate with an inside profile weld to the
web and flanges can potentially have a capacity equal to
the full shear capacity of the beam. Provided that thin
plates are used, then this practice should not invalidate
the design model.

Fillet weld to inside profile
of beam

Figure 5.3 Full depth flexible end plate

If the recommended detailing practice given in Check 1 is
followed then a full depth end plate has sufficient flexibility
to be considered a simple connection. If a stiffer
arrangement is provided the connection begins to move
into the semi-rigid classification when consideration should
be given to both the additional moment that may be
transferred into the columns and to the required rotation
capacity within the connection.

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[22l and at The
University of Sheffield[23]. This second study highlights
the situations where these moments may safely be ignored.

Using the design rules given in Section 5.5, the connection
moment (which is indeterminate but small) can be
neglected.

Connections with thicker end plates are discussed in
another publication in this series, Moment Connections.[24]

Erection

Unlike double angle web cleats, this connection has 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 5th beam of a
continuous run. The number of packs should be kept to a
minimum (less than 4) and allowance made for the loss in
shear capacity of the bolts.

Flexible End Plates - Recommended Geometry

Difficulties can also be encountered on site with two sided
connections where a pair of beams either side of acolumn
web share acommon set of bolts. For larger beams it may
be advisable to provide some form of support during
erection as shown in Figure 5.4.

Top bolt/bolts used for
erection purposes

/\ —
N

Erection landing cleat
(larger beams)

Figure 5.4 Erection aids

5.3 RECOMMENDED GEOMETRY

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

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

(i) theend plate is positioned close to the top flange in
order to provide positional restraint;

(i) the end plate depth is least 0.6 x the supported
beam depth in order to provide the beam with
adequate torsional restraint;

(iii)  the end plate is relatively thin (8mm or 10mm);

(iv) the bolts are at reasonable cross centres (90mm or
140mm).

The first two requirements ensure that in those cases
where the beamiis laterally unrestrained, it can be designed
with an effective length of 1.0L. (BS 5950-1: Table 13)[1]
The last two requirements ensure adequate flexibility and
ductility to classify as "simple connections".

These requirements, together with the standard geometry
presented in Section 2, have been used to create the
‘standard connection’ shown in Figure 5.5.
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Flexible End Plates - Recommended Geometry

Supporting
column

Supported
beam

—_— .——

End plate thickness, tp

Beam-to-column

50
40

Holes @
70 pitch

40

xr

— L

Supporting
beam

Supported
beam

End Plate Width, Bp q

%

Flange chamfered

to clear bolts

A

Section AA

Beam-to-beam

I

Supported Recommended Bolt
Beam End Plate Size Gauge
Bp Xt g
up to 457 150x 8 90
533 and above 200 x 10 140

Bolts:
End Plate:

M20 8.8 in 22mm diameter holes

Steel grade S275, minimum length 0.6D

where D is depth of supported beam

Figure 5.5 Standard partial depth end plate connections
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Bolt gauge, g




5.4 DESIGN

The full design procedure is presented in Section 5.5.

The flexible end plate is the strongest of the three beam
connections dealt with in the guide, having a vertical
shear capacity of around 50% to 70% 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 5.5 and Table
H.18isadopted, it will be found that the connection shear
capacity is generally governed:

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

(b) 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 5.6 For partial depth end plates there are basically
two stages:

(i) the unhindered rotation of the connection until,
(ii) the lower beam flange bears against the support.

In a beam-to-beam connection where the supporting
beam is free to rotate, there will be adequate rotational
capacity in the connection even with a thick end plate.

Where the supporting beam is not free to rotate the
rotational capacity must be provided by the connection.
In this instance, the designer should be aware that thick,
full depth end plates may lead to large prying forces and
overstressing of the bolts and welds.

Beam end slope and end
plate deformations are
exaggerated for clarity

Elevation

Plan
Figure 5.6
Behavior of flexible end plate connections

Flexible End Plates - Design

Structural integrity

All floor beam-to-column connections must be designed
to.resist a tying force of at least 75 kN, a force which can
be carried by the simplest of end plates (see Appendix A).
For certain multi-storey buildings it will be necessary to
check the connection for large tying forces to satisfy the
structural integrity requirements of BS 5950-1.[11

The tying capacity of end plate connections is generally
lower than that of web cleats or fin plates. As can be seen
from the capacity tables in the yellow pages, the tying
capacity of the standard plate can be as low as 35% of the
connection's shear capacity, although for smaller beams
this rises to a value of around 85%.

For connections to I-Column flanges the critical mode of
failure will be found to be design check 11, the tension
capacity of the end plate. To achieve a better tying
capacity, the solution will generally involve either
increasing the plate thickness to 10 or 12mm or
alternatively reducing the bolt gauge (cross centres).
Another method of accommodating tying forces is by
means of steel reinforcement in the concrete floors carrying
all or part of the tie force back to the steel frame.

Worked examples

Four worked examples are provided in Section 5.6 to
illustrate the full set of design checks of Section 5.5.

Connection capacity tables

Capacity tables for flexible end plate connections using
ordinary or Flowdrill bolts are given in Tables H.20 and
H.21 and using Hollo-Bolts in Tables H.22 and H.23 in the
yellow pages. The tables cover both S275 and S355
beams and are detailed in accordance with the standard
geometry presented in Figure 5.5 and Table H.18.

Values of the connection shear and tying capacities are
tabulated together with simple aids to check the support
and the beam notch (if applicable).
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Flexible End Plates - Design Procedures

5.5 DESIGN PROCEDURES

Recommended design model

Any simple equilibrium analysis is suitable for design.
The one used in this publication is in accordance with
traditional UK design practice and is based on the simply
supported beam end reaction.

The design procedure applies to beams connected to the
column flange, the column web, the supporting beam
web or to RHS columns. Although the figures show partial
depth end plates the design procedures apply equally to
full depth end plates.

(face of web)

\\/\.
Supported beam Supported beam
n rows n rows
of bolts of bolts
. L ®
Supporting column
(I or RHS)
Supporting beam
\\_/—\.A
Assumed line of / Assumed line of
shear transfer shear transfer
Fv

Welds

Capacity at the connection
Capacity at a notch

Local stability of notched beam
Overall stability of notched beam
Bolt group

(face of column) F

Check 1 Recommended detailing practice
Check 2 Supported beam -
Check 3 Not applicable

Check 4 Supported beam -
Check 5 Supported beam -
Check 6 Supported beam -
Check 7 Unrestrained supported beam -
Check 8 Supporting beam/column -
Check 9 Supporting beam/column -

Check 10 Supporting beam/column
Check 11 Structural integrity
Check 12 Structural integrity
Check 13 Structural integrity
Check 14 Structural integrity
Check 15 Structural integrity

Check 16 Not applicable
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Connecting elements

Local capacity

Connecting elements

Supported beam

Tension bolt group/welds
Supporting column web (UC or UB)
Supporting column wall (RHS)



Flexible End Plates - Design Procedures

CHECK 1

Recommended detailing practice

Length of end plate,
| = 0.6D\

S

/

]

Bolt diameter, d

Hole diameter, Dy,
Dy =d +2mmford < 24mm
Dp =d +3mm ford > 24mm
(for Hollo-Bolts see Table H.61)

°
ﬁ%ﬁ##%
°

Face of beamor _—"
column (I or RHS) A

Plate thickness, t p
tp = 8mm or 10mm
(See note 2)

10mm clearance

e

Supported beam
(Single notched)

50mm but
supporting and > (T + r)supported
beam beam
]7
(D supporting = 50mm) - but s
beam X Supported beam
<(D-T- r)suppomng ~  (Double notched;
beam ;

T

Notes

(1) The end plate is generally positioned close to the top flange of the beam to provide adequate
positional restraint. Plate length of at least 0.6D is usually adopted to give "nominal torsional restraint”
(BS 5950-1, Table 13 and clause 4.2.2).

(2) Although it may be possible to satisfy the design requirements with t,
recommended in practice because of the likelihood of weld distortion during fabrication and damage
If structural integrity checks are critical the end plate thickness may be

during transportation.
increased to 10mm or 12mm

(3) The plate thickness and gauge limitations apply equally to partial depth and to full depth end plates.
(4) Inaddition, for connections to RHS columns, g should be at least 0.3 x face width.

(5) Detail requirements for Flowdrill and Hollo-Bolt connections to RHS columns should also comply with
Tables H.60 and H.61 of the yellow pages.

>(T+r)

Supporting beam

Gauge, g
90mm < g < 140mm
(see note 4)

)

< 8mm, it is not

In beam-to-I

For greater tie forces and other connections (e.g. to column webs and RHS), checks 11 to 15, as

appropriate, should be carried out.

section column flange connections, where it is required to comply with structural integrity
requirements for a tie force of 75kN, the connection must have at least 2 no. M20, 8.8 bolts in tension
with | = 140mm, t, = 8mmand g < 140mm.
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Flexible End Plates - Design Procedures

CHECK 2

Supported beam - Welds

-

b

Basic requirement:

Fv s PWeld
Pweld capacity of the fillet weld
= Pulpea
Pw = design strength of the weld

(BS 5950-1, Table 37)

Critical weld

Single notched beam

Capacity of fillet welds connecting end plate to beam web

Critical weld

Double notched beam

where:
I, = totaleffective length of the weld to beam web
(BS 5950-1, cl. 6.8.2)
= 2(-2s)
a = effective throat size of the weld
= 0.7s (normally)
s = leg length of the fillet weld

CHECK 3

Not applicable (see Table 3.1)
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Flexible End Plates - Design Procedures

CHECK 4 Supported beam - Capacity at connection

Critical length of web for shear

TIVTTTTTT7{TTT I T

TIVTTTNTTTINTTT /YT

\

Shear capacity of the beam web at the end plate

Basic requirement: where:
Fbo < Py A, = 09lt,
. BS 5950-1, cl. 4.2.3
Py = shear capacity of the beam ( )
connected to the end plate ]
t, =  thickness of beam web

O
1

0.6 Py A,
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Flexible End Plates - Design Procedures

CHECK 5 Supported beam - Capacity at a notch
ty C ty C

g

cl

r

4—7

D
. \ B dczu —
b b
Fy  Critical section Fv Critical section
Shear and bending interaction at the notch:
Basic requirement: where:
M.y = moment capacity of the beam at the
Fy (tp *+0) s Mgy notch in the presence of shear.
M,y for Single notched beam: P,y = shear capacity at the notch
For low shear (i.e. F,<0.75P ) = 06 Py A
Men = pyZN AN = (O - dcl) tw

(for single notched beam)

For high shear (i.e. F, > 0.75P,,,) _

Y N An = 09 (D —dgy - dcz) L

] F /2 (for double notched beam)
— v )2

Moy = 15p,Zy O1- ) 0

PvN .
t, = thickness of end plate
M,y for Double notched beam:

For low shear (i.e. F, < 0.75P,) t, = thickness of beam web

Pyty
Mcn = T (D —deg - dc2)2 c = length of notch

. . Zy = elastic section modulus of the

For high shear (i.e. F,> 0.75P ) tee section at the notch

Pty 2 0 F, \20"
McN: yT (D_dcl_dcz) EL_(P\:\‘) E

Vi
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Flexible End Plates - Design Procedures

CHECK 6 Supported beam - Local stability of notched beam

_ b
il

de1 \ deq

—

When the beam is restrained against lateral torsional buckling, no account need be taken of
notch stability provided the following conditions are met:

For one flange notched [141.[5]

Basic requirement:

d.q < D/2 and:
c < D for D/t,, < 54.3 (S275 steel)
< 160000D f D/t, > 54.3 (5275 steel)
c < —_— or . stee
(D/t,)3 fw
c < D for D/t,, < 48.0 (S355 steel)
< 110000D f D/t,, > 48.0 (S355 steel)
c < —_— or . stee
(D1t,)3 tw
For both flanges notched [1°]
Basic requirement:
Max (dgq » deo) < D/5 and:
c < D for D/t,, < 54.3 (S275 steel)
c < 1600000 for D/ > 54.3 (S275 steel)
- (Dft,)3 tw '
c < D for D/t,, < 48.0 (S355 steel)
< 110000D f D/t, > 48.0 (S355 steel)
c < —_— or . stee
(Dft,)3 tw
where:
ty = thickness of supported beam web

Where the notch length c exceeds these limits, either suitable stiffening should be provided or the notch
should be checked to references 14, 15 and 16.
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Unrestrained supported beam
CHECK 7 Overall stability of notched beam
c ‘CV
il |
cl — dcl
f AL
Lb -

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

Notes:

(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 ¢ and/or notch depth d; are different at each end, then the larger values for
¢ and d;; should be used.

3) Beams should be checked for lateral torsional buckling to BS 5950-1[11, clause 4.3 with a
modified effective length (Lg) which takes account of notches.

4 The solution below gives the modified effective length (L¢) based on references 18, 19 and 20.
It is only valid for ¢/L, < 0.15 and d,/D < 0.2 (beams with notches outside these limits should
be checked as tee sections, or stiffened).

/2
| 2c
Lk = L, 01+ —(K?>+2K) O
O Ly ]
K = Ko/Ap
uvlL
- b
Ap = .
y
where: X, u, vand ryare for the un-notched | beam section and are defined in BS 5950-1
Conservatively, u = 0.9and v = 1.0
for A, < 30 Ko = 1.1g,x but < 1.1 Kiax
for A, = 30 Ko = g X but < Kmax

g, and K, are tabulated below:

KmaX
Ly 9% UB uc
section section

<.025 5.56 260 70
.050 5.88 280 80
.075 6.19 290 90
.100 6.50 300 95
125 6.81 305 95
.150 7.13 315 100
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Flexible End Plates - Design Procedures

CHECK 8 Supporting beam/column - Bolt group
Check these bolts in shear Check these bolts in shear
under concentric load under concentric load

(T

‘ Py 77*91
!

Supporting column

[
| / M | orRHS

h—

Supporting
beam

Shear capacity of bolt group connecting end plate to supporting beam or column

Basic requirement: where:
F, <  ZP
[ = shear strength of a bolt
Ps = shear capacity of single bolt
A, = shear area of a bolt
= PAS
. . t = thickness of end plate
but for the top pair of bolts, P, is the smaller of: P
Pq As* or 0.5Kkye; to Phs Pps = bearing strength of end plate
e; = enddistance
Kes = 1.0 for standard clearance holes,

Flowdrill and Hollo-Bolts

* For Hollo-Bolts p, A should be taken as the shear capacity as given in Table H.56 of the yellow pages
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CHECK 9 Supporting beam/column- Connecting elements

(End plate adjacent to supporting beam or column)

Critical section in
shear and bearing

N

? 1

n rows
of bolts

Je
jl

(i) For shear:
Basic requirement:

F/2 = Pymin

P = shear capacity of the end plate

v.min
= smaller of Plain shear capacity P,
and Block shear capacity P,
Plain shear
Py = min (0.6 Py A,, 0.7 pyKe A, net)
A, = 09(2e,+(n-1)p) t,
Av.net = Av -n Dh 1:p
Block shear
P, = 06p,ty(L, + KL —kDy))
L, = e +(n-1)p
k = 05

(ii) For bearing:
Basic requirement:
Ful2 < 2Py
2 Pps = bearing capacity of end plate
(ie. for 'n’ bolts)
s
= kyd tp Pos

but for the top bolt, P, is the smaller of:
Kpsd tp Pps Or 0.5k €1 tp Pps

Pob = bearing capacity of end plate per bolt

Block shear — check failure by
tearing out of shaded portion

e

2

AR
2 2

—

Shear and bearing capacity of end plate connected to supporting beam or column

where:
p = Dboltpitch
d = diameter of bolt *
Dy, = diameter of hole *
t, = thickness of plate

Pps = bearing strength of end plate
e; = end distance

K, = 1.2 for S275 steel
= 1.1 for S355 steel

kes = 1.0 forstandard clearance holes,
Flowdrill and Hollo-Bolts

* For Hollo-Bolts d is the nominal bolt
diameter and Dy, is the hole diameter in the
plate as given in Table H.61 of the yellow

pages.
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CHECK 10 Supporting beam/column - Local capacity
(with one supported beam)

Supporting Column

Supporting Beam | column RHS Column
Critical sections

Critical sections Top of ‘F:{(I)-:gmnl\lNeb
or wal
|4 |4
€
n rows 1 n rows
of bolts J of bolts
L / ; wall
] . g._ web thickness t,, | g g | thickness tu
web thickness t, 7 r
Fy Yy v Fy
2 2 2 2 2 2

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

(i) For shear: where:
. . e, - smallerofey and 5d
Basic requirement:
e, - smallestofe,; g/2and 5d
F/2 =< P, (for supporting beam)
Py = local shear capacity of supporting beam web _ smaller of g/2 and 5d
or | column web or RHS column wall (for supporting column)
( ) = bolt pitch
P = min (0.6 p, A,, 0.7 p,K, A
Y o yre vnet = diameter of bolt *
A, = (e+(n-1)p+ey)t, D, = diameter of hole *
Aot = A,— NnDpt, t, = thickness of supporting
' beam web or column web
(ii) For bearing: or RHS wall
Basic requirement: Ke = 1.2 for S275 steel
E = 1.1 for S355 steel
\
2n < Prs kps = 1.0 forstandard clearence holes,
Flowdrill and Hollo-Bolts
P = bearing capacity of supporting beam
bs 9 capactty pPOriing * For Hollo-Bolts d is the nominal bolt
or column per bolt . . . .
diameter and Dy, is the hole diameter in the
= Kped ty, Pps RHS as given in Table H.61 of the yellow pages.
Pps = bearing strength of supporting beam or column For Flowdrill the diameter of the hole is

the bolt diameter.

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

If the beam is connected to a rolled column flange, and the thickness of the column flange is less than
the thickness of the cleat then the bearing capacity of the flange should also be checked.
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CHECK 10

(continued)

Supporting beam/column - Local capacity
(with two supported beams)

Supporting Beam Supporting | Column

Supporting beam Critical sections Top of column web Critical sections

Notched to
clear bolts

i
JLE2

N, rows
of bolts

Notched to
clear bolts

2

(i) For shear:

g tw

y v
Fvo R Fatfp Ra*k Fvo Fu1 FatF, FatFo

V2
2 2 2

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

Basic requirement: where:
e - smallerofe, and 5d
Fvl'\ + i < P
> > v e, - smallestof €y, g/2, pand 5d
n (for supporting beam)
2
F = F <
viA vi ny _ smallest of g/2, p and 5d
Py = local shear capacity of supporting beam web (for supporting column)
or column web .
p = bolt pitch
P = min (0.6 p, A, , 0.7 p,K, A .
v (-8 py A PyKe Av.net d = diameter of bolt
A, = (e, + (N, -1)p+ey)t, D, = diameter of hole
Ay net = A,— Ny Dyt t, = thickness of supporting
beam web or column web
(ii) For bearing:
Basic requirement: Ke = 1.2 for S275 steel
= 1.1 for S355 steel
FV_l + E < Pb
2n; 2n, s
Pos = bearing capacity of supporting beam
or column per bolt
= d tw Pps
Pps = bearing strength of supporting beam
or column

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

Structural integrity - connecting elements

n rows
of bolts

Note: This check is only needed if it is necessary to comply with structural integrity requirements

il
|
-1 {
[EE— ‘ ‘ — el
A p
Y
A
y P
[}
P
— Y
€1

Structural integrity — tension capacity of end plate

Basic requirement:

Tie force <

Tying capacity
of end plate

MUA

Mg =

Py =

Tying capacity of end plate
2(Mya + Mgg)

1 (see Appendix C)

moment capacity of end plate at section AA

2
pu I‘eA tg
4

moment capacity of end plate at section BB

2
Pu Les &
4

design tensile strength

U, /1.25 (see inset box)

Design tensile strength

p,=U/1.25
S275 328 N/mm?
S355 392 N/mm?

BS EN

Values of U, taken from

10025; 1993[21]

where:

* For Hollo-Bolts Dy, is the hole diameter in
the plate as given in Table H.61 of the yellow

pages.

Tie force

Lea = effective length of plastic hinge
at section AA
= 2e,p + (N = 1) pep
€p = € but < e,
Pepa= P but < 2e,
Leg = effective length of plastic
hinge at section BB
= 2e,g + (N=1) peg
€p = € but < ¢, + Dy/2
Peg= P but < 2c, + Dy
¢, = 05(g-t,- 25)
L = distance between plastic hinges
= ¢;-Dy/2
t, = thickness of end plate
D, =  diameter of hole *
t, =  thickness of beam web

leg length of the fillet weld
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CHECK 12 Structural Integrity - Supported beam
g
Cl
4{91 ! A\
L
3 Effective length )
or; Efévlﬁ — p of web, L Tie force
__ b
€1
}
] A

Note: This check is only needed if it is necessary to comply with structural integrity requirements

(i) Structural integrity — tension capacity of beam web

Basic requirement: where:

. . . Le = effective length
Tie force < Tension capacity of beam web

= 2e,+(n-1)p,

Tension capacity = Le tw Py e = e but < ¢ +D,/2
of beam web !

Pe = p but < 2c1 + Dy,
c1 = 05(g-t,—2s)
t, = thickness of beam web

D, = diameter of hole
p =  bolt pitch
S = leg length of the fillet weld
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CHECK 13

Structural integrity - Tension bolt group/welds

? Tie force

n rows
of bolts

\/

Tension bolt group

Critical weld
Note: These checks are only needed if it is necessary to comply with structural integrity requirements

Basic requirement:

(i) Structural integrity — tension capacity of bolts in
presence of extreme prying

Tie force < Tension capacity of bolt group

Tension capacity of

2n A
bolt group tPu

reduced tension strength of a bolt
in presence of extreme prying

= 300N/mm?2 for 8.8 bolts
(see Appendix D)

* See note 3 for Flowdrill or Hollo-Bolts

(ii) Structural integrity — weld tension capacity

Tension capacity of beam

Tie force web/end plate weld

IN

Tension capacity of beam

2(1.2 Le— 2
web/end plate weld (1.25p,a (Le- 29)

Notes:

Dn

tensile stress area of a bolt
number of rows of bolts
2e, + (n—-1) p,
e; but < c +Dp/2
p but < 2c1 + Dy,
0.5 (g - t,, - 2s)

thickness of beam web

effective throat size of weld
0.7s (normally)

leg length of the fillet weld
bolt pitch

design strength of the weld
(BS 5950-1, Table 37)

diameter of hole

1) The reduced tension strength (p,,) is only used when end plate design for structural integrity is based

on Appendix C or CHECK 11.

(2)  Where a beam is attached to one side of a column web without a beam on the opposite side, or to
RHS column, the bolt tensions have to be resisted by local bending of the web or RHS wall. UC webs
can resist 75kN but need to be checked if the tying force is higher. UB webs need to be checked for
75kN and higher tying forces. CHECK 14 proposes a design model which could be used for this
purpose. CHECK 15 proposes a design model for checking the wall of RHS column.

3) For Flowdrill or Hollo-Bolt connections the value Ap,, is replaced by the Structural integrity Tensile
capacity (P;) taken from Tables H.55b and H.56 respectively in the yellow pages.
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CHECK 14

Structural integrity -
Supporting column web (UC or UB)

H

—’\_/’
bolt holes
r “““ ': deducted
-1
\ : ! lA‘I( *
(n-1)p 1R8 I
W +1 p
B M
 ake = NI
< — A

yield lines

the column
Basic requirement:

Tie force < Tying capacity of column web

Tying capacity 8 M, 05 05) *
of columnweb = TT_g 1(r|1 +1.5(1-B,)%% (1-Y)) )
M, = moment capacity of column
web per unit length
2
= pLI tW
4
p, = design tensile strength of the column
= U /1.25 (see inset box)
*

Factor 1.5 in the equation includes an allowance for
the axial compression in the column.

Note:

-

Tie Force

where:

End plate
connecting to
column web

Note: This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — Tying capacity of rolled column web in the presence of axial compression in

(n1) p- 5 D,
d

C
9
dC
Dy,
dC
depth of column between fillets

thickness of column web

gauge (cross centres)

diameter of hole

Design tensile strength

p,=U,/1.25
S275 328 N/mm?2
$355 [392 N/mm?

Values of U, taken from
BS EN 10025: 19931

The check is required for either single-sided connections to the rolled column web
or unequally loaded double-sided connections to the rolled column web.
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CHECK 15

Structural integrity —
Supporting column wall (RHS)

O

bolt holes
deducted

L~

/X’

(n-1)p

Note: This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — Tying capacity of RHS wall in the presence of axial compression in the

I —t
|
I
|

g bt
I e
i

N

/a

yield lines

column
; ; . where:
Basic requirement:
n
Tie force < Tying capacity of RHS column wall n _ (n-1) p- 2 Dn
1 (B-3t,)
Tying capacity 8 M, * By = — 9
= (nl +1.5(1-6,)%5 (1- y1)0.5) (B-3t,)
RHS column wall _
1 v _ Dy,
| = _—nh
M, = moment capacity of RHS column (B-3t,)
wall per unit length B =  overall width of RHS column wall
t 2 to which the connection is made
= pu W
4 t, = thickness of RHS column
p, = design tensile strength of the RHS column D, = diameter of hole in RHS
= U,/1.25 (see inset box) = bolt diameter
for Flowdrill
= hole diameter (in RHS) given in
*  Factor 1.5 in the equation includes an allowance Table H.61 of yellow pages for
for the axial compression in the column. Hollo-Bolt
g = gauge (cross centres)
Design tensile strength n = number of rows of bolts
p,=Us/1.25 p =  bolt pitch
S275 328 N/mm2
$355 (392 N/mm?2
Values of U taken from
BS EN 10210-1: 1994[3]

'

Tie Force

End plate
connecting to
RHS column
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5.6 WORKED EXAMPLES

The worked examples show design calculations for typical
standard connections. Each example demonstrates first
the use of the capacity tables (yellow pages) and then full
checksaccording to the proceduresin 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.

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. In the case of Example 1, Check 3 and Check 9
Block Shear calculation are not made since they are never
acritical factor for end plates with bolts spaced at reasonable
centres in the plate length. However, if a connection
design was made using along plate with bolts concentrated
atoneend, itis possible that Block Shear failure could occur
before Plain Shear failure and then the Block shear checks
should be made.

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 structural integrity in the
presence of an axial tie force required to be developed in
some members to ensure the steel frame is sufficiently
robust, or in the case of some multi-storey buildings, to
localise accidental damage. When tying capacity is not
required these checks may be omitted.
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Example 1

Example 1 covers design checks for a two sided beam-to-
beam connection. A 200 x 10 end plate is used for both
beams 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 an RHS column using
normal grade 8.8 bolts in Flowdrill threaded holes to
connect aflexible end plate to the column wall. The beam
sizes and vertical reactions as in Example 1, so only
checks which are different to those in the first example are
shown. A 150 x 8 end plate is used for the smaller beam
and a 200 x 10 for the larger beam since the connecting
bolts to the column are not common to both beams.

The connection design also considers tie forces in the
beams but it should be noted that the tie forces are
ignored in checks for vertical reactions and vertical reactions
are ignored in checks for tie forces.

Example 4

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



Flexible End Plates - Worked Example 1

Job No Sheet

Example 1 - Flexible End Plates - Beam to Beam

\I Joints in Steel Construction - Simple Connections lof 12
i Title

CALCULATION Client
SHEET SCI/BCSA Connections Group

BC S A Calcs by s Checked byAM Da'\t/leay 2002

DESIGN EXAMPLE 1

Check the following beam to beam connection for the design forces shown.
Yellow pages used for initial selection of End plates.

N =120
50 Notch
I \
A
40
—
70
406 x 178 x 74 UB H770
Grade $275 H}o 533 x 210 x 92 UB
+ Grade S275
40 H}o
* Hf See Figure 5.5
70 and Note below
/ - Y

.

/ 40
Flange chamfered )

to clear bolts

610 x 229 x 140 UB
1 Grade S275
400 kN 550 kN
6
[y
o | | s— 140 Note: Bolt gauge set See Figure 5.5
v to accommodate and
the larger beam Yellow pages
Table H.3
Flexible End Plates: 200x 10 200x 10
(Type EB4) (Type EB6)
Design Information:
Bolts: M20 8.8
Welds: 6mm fillet
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 8 as recommended in Figure 5.5
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Flexible End Plates- Worked Example 1

Connection is adequate

Title Example 1 - Flexible End Plates - Beam to Beam Sheet 20f 12
CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES
\
406 x 178 x 74 UB
Grade 5278 533 x 210 x 92 UB
+ Grade S275
40
L 174
Flange chamfered / )
to clear bolts
\ 610 x 229 x 140 UB
1 r Grade S275
400 kN 550 kN
406 x 178 x 74 UB Grade S275 533 x 210 x 92 UB Grade S275
End plate type EB4(200 x 10) End plate type EB6 (200 x 10)
Note: End plate size is determined by the size
of the opposing beam.
Welds 6mm fillet Welds 6mm fillet
Bolts M20 8.8 Bolts M20 8.8
Bolts at 140 cross centres Bolts at 140 cross centres
4 rows of bolts 6 rows of bolts
Yellow Pages
From Capacity tables in yellow pages From Capacity table H.20 in yellow pages Table H.20
The values obtained from the capacity Table
H.20 are for a 150 x 8 end plate (type EA4)
Connection shear capacity Connection shear capacity
= 409kN > 400kN = 645kN > 550kN 0 oxk.
Maximum notch length Maximum notch length
= 218mm > 120mm = 229mm > 120mm [ ok.
Web thickness of supporting beam = 13.1mm Table H.64
Minimum support thickness = (5.6 +5.8) = 11.4mm < 13.1mm [ oK.
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Title

Example 1 - Flexible End Plates - Beam to Beam

Sheet

3of 12

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 1

Note: Values given are overall capacities unless otherwise noted.

Sheet

406UB (S275)

533UB (S275)

610UB (S275)

Nos CHECK Applied Applied Applied
C i C i C i
apacity Load apacity Load apacity Load
CHECK 1 .
4 - Recommended detailing practice All recommendations adopted
CHECK 2 Capacity of )
; 514 400 772 550 Not Applicable
4 Supported Beam Fillet Welds ppll
(kN)
4 CHECK 3 Not applicable Not Applicable
CHECK 4 Shear
5 Supported Beam capacity 409 400 645 550 Not Applicable
- Capacity at the connection of (kN)
the beam web to the end plate CRITICAL CHECK IN THIS EXAMPLE
6&7 CHECK 5 (Bending
Supported Beam capacity, 89 48 164 66 Not Applicable
- Capacity at the notch kNm)
CHECK 6 Notch length
8 Supported Beam mm 412.8 110 533.1 110 Not Applicable
- Local stablity at a notch Notch length (c) < Specified limits
(Beam restrained)
8 CHECK 7 - Not applicable Not Applicable
LTB of Supported beam
(Beam restrained)
9 CHECK 8
Supporting Beam (Capacity of 735 400 1103 550 Not Applicable
- Bolt Group shear capacity | bolt group, kN)
10 & 11 | CHECK 9
Supporting Beam Shear (kN) 400 200 589 275
- Connecting Elements Bearing 368 200 552 275 Not Applicable
(Strength of plate) (Capacity per
bolt line, kN)
12 CHECK 10 Shear kN 771 384
Supportl_ng Beam Bearing Not Applicable 191 06
- Capacity (Capacity
(Local capacity of beam web) | per bolt, kN)
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Title Example 1 - Flexible End Plates - Beam to Beam

Sheet

4 0f 12

CHECK 1: Recommended detailing practice

End Plates: 200 x 10mm thick
Length, | = 290mm (>0.6D for 406 UB)
= 430mm (>0.6D for 533 UB)

Bolts: 20mm dia at 140mm cross centres

CHECK 2: Supported Beam - Welds

Capacity of Fillet Welds to connecting end plate to beam web

Basic requirement: F, < Puweld

For 406 x 178 x 74 UB Grade S275

Capacity of fillet weld, P,qq a

Pw lwe

Total effective length of weld, I, = 2(1-2s)
= 2 (290 - (21 6))

For 6mm fillet welds, classification 35, S275 steel

Py = 220N/mm?

Throat size, a 0.7s = 0.7x6 =

220x556x 4.2

LT Py = T
= 514kN
F, = 400kN < 514kN
For 533 x 210 x 92 UB Grade S275
Capacity of fillet weld, P, ¢4 = Py e 2
Total effective length of weld, I,,, = 2 (1-2s)

= 2 ((430-(2x6))

For 6mm fiillet welds, classification 35, S275 steel

Py = 220N/mm 2
Throat size, a = 0.7s = 07x6 =
220 x 836 x 4.2
e = -
= 772kN
F = 550kN < 772kN

CHECK 3: Not applicable

556mm

4.2mm

836mm

4.2mm

p,, from
BS 5950-1
Table 37

0 ok.

p,, from
BS 5950-1
Table 37

[ oxk.
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Title

Example 1 - Flexible End Plates - Beam to Beam

Sheet

50f12

CHECK 4: Supported Beam - Capacity at connection

Shear capacity of beam web at the end plate

Basic requirement: F,

Shear capacity of beam web, P,

For 406 x 178 x 74 UB Grade S275

400 kN 1

For 533 x 210 x 92 UB Grade S275

<

P

\

0.6 Py A

Shear area of beam web,

[

| = 290

Shear area of beam web,

| =430

Shear capacity of beam web,

550 kN

400kN

A, =

P, =

>
1

\"

Shear capacity of beam web,

0.9x290x9.5

2480mm?

0.6 x 275 x 2480
103

409kN

409kN

0.9x430x10.1

3909mm 2

0.6 x 275 x 3909
103

645kN

645kN

[ oxk.

[ oxk.
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Title Example 1 - Flexible End Plates - Beam to Beam Sheet 6 of 12
CHECK 5: Supported Beam - Capacity at the notch
Shear and bending interaction at the notch
Basic requirement for bending: F, (t,+¢c) < M
For 406 x 178 x 74 UB Grade S275
tp+tc= N
120 i 9.5
50 I
|
S
Critical | 258
section |
| ‘ 363
| :
| - - —
! 105 -
I ; J y
|
1 = 179.5 16
400 kN
For low shear conditions:
F, < 0.75P,y and Mgy = Py
PvN = 06 py AVN
A, = 363x95 = 3449mm?
0.6 x 275 x 3449
P = - = 569kN
10
0.75p,, = 0.75x 569 = 427kN
Fy = A400kN < 427kN [J Low shear criteria for bending applies
and My = pyZy
Taking moments of area about bottom flange:
(179.5x 16 x8) + (347 x 9.5 x 189) = ((1795416) + (347495)) « ¥
y = 105mm
Second moment of area about neutral axis: 1 179.5 1 163
- = DX 2 )
IXX = 104 712 + (179.5 x 16 x 97 )
1 9.5 x 3473
+ — | =——— + (347x9.5 x 84.52)
104 12
= 8370cm4
| 8370
zZy = XX = — =  324cm3
Ymax 25.8
Moment capacity of the beam at the notch in the presence of shear
Men = Py Iy
275x 324
= — = 89.1 kNm
103
Eccentric moment _ 400x120 _
48kNm < 89.1kNm [ ok.
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Title

Example 1 - Flexible End Plates - Beam to Beam

Sheet 7 of 12

For 533 x 210 x 92 UB Grade S275

tp +c=N
ﬂr10.1 + '120'
i 50
I
|-
332 \ |«——Ciritical
section
483 ‘ |
‘ I
151 A, i v ' !
2093 | '15.6 F, = 1 !
550 kN
For low shear conditions:
F, < 0.75P, and Mg, = pyZy
P = 0.6 P, Ay
AvN = (D - dcl ) tw
= 483x10.1 = 4878mm?2
0.6 x275x 4878
Or,, = 0 T = 805kN
103
0.75P = 0.75x 805 = 604kN
Fy = 550kN < 604kN [ Low shear criteria for bending applies

Taking moments of area about bottom flange:
(209.3x15.6 x 7.8) + (467.4x 10.1x 249.3) =

y

Second moment of area about neutral axis:

XX

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

MCN

Eccentric moment
Pty +¢)

66kNm

and My = Py Zy

((209.3x 15.6) + (467.4x10.1)) x y
= 151mm

1 ,209.3x15.63
104 ( 12

1 ,10.1x467.43
— (=T (467.4 41001 « 98.32))
104 12

= 19858cm*

+ (209.3x15.6 x143.22))

19858
33.2

IXX

= 598cm3

ymax

= py ZN
275 x 598

103
550 x 120

= 1703 = 66kNm

164 KNm

< 164kNm [ oxk.
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Flexible End Plates- Worked Example 1

CHECK 7: Not applicable

(because the supported beam is being considered as restrained against lateral torsional buckling)

Title Example 1 - Flexible End Plates - Beam to Beam Sheet 8of11
CHECK 6: Supported Beam - Local Stablity 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 steel
Basic requirements:

Notch depth d,; < >

D
and ¢ < D for — < 54.3
ty
160000D D
c —  for — > 54.3
(Dft,, )3 ty,
For 406 x 178 x 74 UB Grade S275 (c =110mm)
412.8

Notchdepth d; = 50mm < —— = 206.4mm [Jox.

D 412.8

—_ = — = 435 < 54.3

t, 9.5

c = 110mm < 412.8mm D O.K.

For 533 x210x 92 UB (¢ =110 mm)
533.1

Notch depth d, = 50mm < > = 266.6mm [ ox.

D 533.1

— = — = 528 < 54.3

t, 10.1

c = 110mm < 533.1mm D O.K.
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Flexible End Plates - Worked Example 1

Title Example 1 - Flexible End Plates - Beam to Beam

Sheet gof12

CHECK 8: Supporting Beam - Bolt Group

Basic requirement: R 2P

For 406 x 178 x 74 UB

406 x 178 x 74 UB

o ,
1
_¢_ _¢_ j e = 40
610 x 229 x 140 UB
400kN Grade $275
/
4 7
Shear capacity of single bolt, P = Ps-Ag
375 x 245
For M20 8.8 bolts, P, = - -
103
= 91.9kN

But for top pair of bolts P is the lesser of py A or 0.5k, e, t, Py
('where ki, = 1.0 for standard clearance holes)

0.5x1.0x40 x 10 x 460

0.5 kpseq t, Pps =

108
= 92kN [J use 91.9kN
2P, = 8 x91.9 = 735kN
F,oo = 400kN < 735kN
For 533 x 210 x 92 UB
533 x 210 x 92 UB
\ ‘
] 7/
|
% e=40
610 x 229 x 140 UB
| Grade 5275
| /
L 1 )
V 550kN
2P, = 12 x91.9 = 1103kN
o= 550kN < 1103kN

p, from
BS 5950-1
Table 30
See also
Bolt capacities
Yellow pages
Table H.49

Py from
BS 5950-1
Table 32

0 ok.

0 ok.
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Flexible End Plates- Worked Example 1

Title Example 1 - Flexible End Plates - Beam to Beam Sheet 10 of 12
CHECK 9: Supporting Beam - Connecting elements
Shear and bearing of end plate connected to supporting beam
. . . F
(i) Basic requiremenf for shear: X < Py.min
For 406 x 178 x 74 UB
Shear capacity of end plate, P, ..., is the smaller of plain shear capacity P, and block shear capacity P,
Plain shear, P, = min (0. 6 Py A, , 07 Py Ke Aynet)
e, =
> erO Shear area, A, = 09 (2e;+(n-1)p) ty
| B o _ = 0.9 (80 +210)x 10 = 2610mm?
E ' Netarea, A, = A,~N Dyt
{ (n-1) p = 2610 (4x22xI0) = 1730mm?
' = 210
| _ 0.6 x275x 2610 _
J x L jel - 40 0.6 py A, = — = 431kN
F F
2—“ 2—“ 0.7x275x1.2x1730
0.7 py Ke Ay et 100 = 400kN
F, = 400kN
be, = 400kN
Block shear P, = 0.6p, t, (L, +K (L-kD,))
L = +(n-1)p =40+210 = 250 see Note
v B A - mm below
L = e, = 30mm
k = 0.5
Ke = 1.2 (for S275)
[Jp . 06x275:10 (250 +1.2(30- 0.5x 22))
' 103
= 450kN
Pv.min = min (Pv ' Pr)
= 400kN
F', =  200kN < 400kN [] ok
For 533 x 210 x 92 UB
Plain shear, P,
€,=30 A, = 0.9(80 + 350) x 10 = 3870mm?
— |-
| ‘ K A, net 3870 - (6x22xI0) = 2550mm?
! & =40 0642753870 B
‘ 0.6 py A, = — = 639kN
(n-1)p 10
! —_—
| =350 0.7x275x1.2x2550
| B 0.7 py Kg Ay et 100 = 589kN
s . e, =40
) []p, = 589N
R F
2—V 5 0.6x275x10 (390 + 1.2(30- 0.5« 22) ) See Note
Block shear P, = 3 below
F, = 550kN 10
= 681kN
Pv.min = min(Pv ' Pr )
= 589kN
Fuy =  275kN<  589kN [Jox.

NOTE: Block shear checks have been shown here, but they are never critical for well proportioned end plates.
However, if the bolt spacing is concentrated at one part of a plate then these checks may be critical.
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Flexible End Plates - Worked Example 1

Title Example 1 - Flexible End Plates

- Beam to Beam

Sheety; 412

(if) Basic requirement for bearing:
For 406 x 178 x 74 UB
Bearing capacity, Py =

but for top bolt Py =

I(bsd tp Pps =

0.5Kpse1 o Pps =

2Py =

Fy —
2

For 533 x 210 x 92 UB
Bearing capacity as above
2Py =
FV —
2

F
\4
> S 2Py

kbsd tp Pos

min (Kpsd t, Pps, 0-5kpg €1 T, Pyg )

1.0x20x 10x 460
103

1.0x20x 10 x 460
103

3x92+92

5x92+92
550

2

92kN

92kN

368kN

200kN < 368kN

552kN

275kN < 552kN

Pps from
BS 5950-1
Table 32

[Jox.

[Joxk.
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Flexible End Plates- Worked Example 1

Note: The above check is for local

(if) Basic requirement for bearing:

Bearing capacity of supporting
beam per bolt, P

Fifp o Fep
ny n;

Title Example 1 - Flexible End Plates - Beam to Beam Sheet 12 of 12
CHECK 10 : Supporting Beam - Capacity
Local Shear & Bearing Capacity of beam web supporting two beams
. . . F
(i) Basic requirement for shear: VA 4 LZZ < P,
g =140 |« 4
\ e, =90
r 1
| p 70
L P
L P
L P
L P
610 x 229 x 140 UB
Grade S275
F,,=400kN F, =550kN
Fle Fv2
For double sided portion, —  + — < P,
2
n, 4
Fuia = Fii — = 550 x — = 367kN
ny 6
Shear capacity, P, = min (0.6p, A, ,0.7p Ky A, et )
Gross shear area, A, = (e+ (-1 p+ey) t,
e = min(e, , 5d) 90mm
€ = min(ey,, 95 p, 5d) 70mm
A, = (90+(4-1)70+70)x13.1 4847mm?2
ai _ 0.6x265x4847
0.6 p, A, = 108 771kN
Net shear area, A, et = A, - n, D,t,
= 4847 - (4x22x13.1) 3694mm?2
ai 0.7 x 265x1.2 x3694
0.7py Ko Ayper = 103 822kN
[y p 771kN
F F 367 400
VA 42 - Ty 384kN
2 2 2 2
384kN <  771kN [ ox

shear only; the effects of any global shear forces must also be considered.

F F
vifo v2fo
< Pbs
ny n,
= d tw pbs
20 x13.1 x 460
= 103
_ 550/2 400/2
6 4
96kN < 121kN

121kN

96kN

Pps from
BS 5950-1
Table 32

[Jok
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Flexible End Plates - Worked Example 2

Job No Sheet

4 4 Joints in Steel Construction - Simple Connections lof 8
""j \ Title

Example 2 - Flexible end plate - Beam to UC column web - Structural Integrity

CALCULATION Client
SHEET SCI/BCSA Connections Group

BCS A Calcs by s Checked byAM Dal\t/leay 7002

DESIGN EXAMPLE 2

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

, '
1 50
‘ 40
y 70
- } 70
175 kN L
Tie force y 70
40
Y
Supported beam
406 x 178 x 74 UB
Grade S275

Supporting column
305 x 305 x 137 UC
Grade S275

S

AN
) ~

\
' 90 cross centres

Design Information:

Bolts: M20 8.8 @ 90 c/c See figure 5.5
End Plates: 150 x 8 (Type EA4) and
Welds: 6mm fillet Yellow pages
Material: All S275 steel Table H.3
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Flexible End Plates - Worked Example 2

Note :

@

@

The beam side of the connection is adequate

The tying capacity of the connection given in the tables in the yellow pages is the least

of the values obtained from CHECKS 11, 12 & 13.

Beams connecting into a column web must also be checked for web bending as shown

in CHECK 14 (Sheet 7).

i . . Sheet
Title Example 2 - Flexible end plate - Beam to UC Web - Structural Integrity 20f 8
CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES
\
I
e — |
175 kN :
Tie force |
I
/- |
Supported beam
406 x 178 x 74 UB
Grade S275
Supporting column
305 x 305 x 137 UC
Grade S275
End plate 150 x 8 Type EA4
Bolts M20 8.8
Bolts at 90 cross centres
4 rows of bolts
6mm fillet weld
From Capacity table H.20 in yellow pages Yellow pages
Table H.2
Connection tying capacity = 239kN able 0
Tie force = 175kN < 239kN 0 ok.
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Flexible End Plates - Worked Example 2

Title Example 2 - Flexible end plate - Beam to UC Web - Structural Integrity Sheet 3of 8
SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 2
406UB 305UC
S275 S275
Slil]gzt CHECK Applied Applied
Capacity Load Capacity Load
4 CHECK 11
Structural Integrity
- Connecting Elements 239 175 Not Applicable
Tension capacity of end plate (kN) CRITICAL CHECK
BEAM SIDE
5 CHECK 12
Structural Integrity
- Supported Beam 758 175 Not Applicable
Tension capacity of beam web (kN)
6 CHECK 13
Structural Integrity
Bolts - Tension capacity of bolt group (kN) 588 175 Not Applicable
Structural Integrity
Welds - Weld tension capacity (kN) 642 175 Not Applicable
7&8 CHECK 14

Structural Integrity
- Tying capacity of column web (kN)

Not Applicable

356 175

CRITICAL CHECK
COLUMN SIDE
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Flexible End Plates - Worked Example 2

L
2
Moment capacity of end plate Mgy = Pu lea t@
at section AA 4
[ = design tensile strength = 328N/mm?2
t, = plate thickness = 8mm
Lea = eff. length of plastic hinge at section AA
= 2,0 + (N = 1)pep
€p = e1 but < e, = 30mm
Pea = p but =< 2e, = 60mm
L Ly = (2x30) + (4-1)60 = 240mm
328 x 240 x 82
b wmy, = ——— = 1260kNmm
4103
Moment capacity of end plate Mg - Py Les tg2
at section BB 4
lg = eff. length of plastic hinge at section BB
= 285 + (N-1)Pgg
g = e; but = ¢, +D/2 = 40mm
Peg = p but < 2¢+D, = 70mm
O Lg = (2x40) + (4-1)70 = 290mm
328 x 290 x 82
Mgp = — = 1522kNmm
4410
L = distance between plastic hinges = ¢, — (Dy/2)
= 34.3 - (22/2) = 23.3mm
2M,, + M 2(1260 + 1522
My + Mig) 21260 + 1522) = 239kN
L 23.3
Tie force = 175kN < 239kN

(for S275)

i . ) h
Title Example 2 - Flexible end plate - Beam to UC Web - Structural Integrity Sheet 4 of 8
CHECK 11 : Structural Integrity - Connecting Elements
Tension Capacity of End Plate
Basic requirement:  Tie Force < Tying capacity of end plate
175kN S = fillet size
= 6 mm
e, =40 AB _
ty = web thickness
p=70 = 9.5mm
= 1 t, -2
N rows €1 - E(g_W_ s)
_ 1
e =40 = 3(90—95—2x6)

[ oxk.
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Flexible End Plates - Worked Example 2

Title Example 2 - Flexible end plate - Beam to UC Web - Structural Integrity Sheet 54t g
CHECK 12: Structural Integrity - Supported Beam
(i) Tension Capacity of Beam Web
Basic requirement: Tie force < Tension capacity of beam web
: | ¢ e,= 40
i
. p=70
Critical y
length r
of web,
e }P n rows
\ B _
. T e= 40
1
Cq = > (9-t,—29)
S = fillet size (leg length) = 6mm
t, = web thickness = 9.5mm
Tension capacity of beam web = L. t, Py
Effective length, L, = 2e, + (n-1)p,
€e = ey but < ¢, + Dy /2
= 40mm
Pe = p but < 2¢; + Dy,
= 70mm
L, = (2x40) + (4-1)70
= 290mm
7 B 290x9.5x 275 :
Le ty Py = — = 758kN
Tie force = 175kN < 758kN [Joxk.
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Flexible End Plates - Worked Example 2

i . . Sheet
Title Example 2 - Flexible end plate - Beam to UC Web - Structural Integrity 6 of 8
CHECK 13: Structural Integrity - Bolt Group/Welds
(i) Tension Capacity of Bolts In Presence of Extreme Prying
—
-
Tension bolt
group < b —
Tie force
-
—
Basic requirement:  Tie force < Tension capacity of bolt group
Tension capacity of
= 2nA
bolt group N5 P
Py = reduced tension strength of bolts in presence of extreme prying Appendix D
= 300N/mmZ for grade 8.8 bolts bolt capacity
A, = tensile stress area of bolt = 245mm? tables
2 x 4 x 245 x 300 yellow pages
2nAp, = e = 588kN Table H.49
103
Tie force = 175kN < 588kN 0 ok.
(if) Weld Tension Capacity
Basic requirement:  Tie force < Tension capacity of beam web/end plate weld
T i 175 kN S = leg length of weld
&= 40 = 6mm
I t, = web thickness
Hf p=70 ) = 9.5mm
B 1
—¥ nrows =34. C1 = E(g—tW—ZS)
1
J*e:4o = —(90-9.5-2x86)
1 2
e e— T _ 34.3mm
Tension capacity of beam = 2(1_25;;)W a(l, - 23))
web/end plate weld
For ordinary bolt connection D,, = 22mm
Le = 2e, + (n-1)p,
€e = e, but < ¢;+Dy/2 = 40mm
Pe = p but < 2c¢; +D, = 70mm p,, from
L, = (2 x40) + (4 -1)70 = 290mm BS 5950-1
Table 36
Design strength of weld, p,, = 220N/mm 2
Weld throat thickness, a = 0.7s = 0.7x6 = 4.2mm
2(1.25x 220 x 4.2 x (290 - 2 «6))
2(1.25p, a(L, - 25)) = e = 642kN
Tie force = 175kN < 642kN 0 ok.
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Title Example 2 - Flexible end plate - Beam to UC Web - Structural Integrity Sheet 7 of 8
CHECK 14: Structural Integrity — Capacity of Supporting Column Web
Basic requirement: Tie Force < Tying capacity of column web
d,=246.7
— g=90
_ l_ —
v |Fr 305 x 305 x 137 UC
' ! Grade $275
=210 |- || 4| ty=13.8
| /J_ L& ]! H
L _— N
f’\/’
Tie Force
Tying capacity _ 8 M, 0.5 05
of column web - 1-B8, [ M +15(1-4)% (1-1) ]
M, = moment capacity of column web per unit length
Pt
- 4
328 x 13.82
= _ = 15.6kNm/mm
44103
n
, _ (n-1) p—, Dy,
dC
4
4-1)x70 -5 x22
= (4-1) 2 = 0673
246.7
_ g
By = qa
90
= _— = 0.365
246.7
Dp
Vl = a5
22
= —_— = 0.089
246.7
Tying capacity  _ _8x150 [ 0.673+1.5(1 - 0.365)05 x (1-0.089)°5 ]
of column web 1-0.365
= 196.5[ 0.673+1.195 0.954 | = 356kN
Tie force = 175kN < 356kN [ ok.
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Flexible End Plates - Worked Example 2

i . . h
Title Example 2 - Flexible end plate - Beam to UC Web - Structural Integrity Sheet 8of 8

If column web fails to satisfy the criteria shown on sheet 7 then sfiffeners fillet welded on one

side to the web and flanges would be required thus:
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Flexible End Plates- Worked Example 3

Job Sheet

™ \" Joints in Steel Construction - Simple Connections lof12

Title
Example 3 - Flexible End Plates - Beam to RHS using Flowdrill

CALCULATION Client

SHEET SCI/BCSA Connections Group
BCS A Calcs by Checked by Date
RS AW / AM May 2002
DESIGN EXAMPLE 3 REF.

Check the following beam to RHS column connection for the design forces shown using Grade 8.8
bolts in Flowdrill threaded holes in the column.

In this example the tie force is less than the shear force. The tie force has been derived on the basis
that the floor beams are supplemented as ties by the use of reinforcement bars located in the slab.
It is important that the reinforcement is adequately anchored to the steelwork for it to be
effective in resisting tie forces.

Note: The connections should be checked independently for (i) Shear forces and (ii) Tie forces
and NOT for both forces acting at the same time

Yellow pages used for initial selection of end plates.

250 x 250 x 12.5 RHS

Grade S355
L ‘ \
200kN a0t+— 4§ ! 0
tie 1 —71
force 0 | 170 275kN
-« 70 70 ftle
§ . orce
70 70 —>
406 x 178 x 74 UB 40 | 770
Grade 5275 1 ' _
L l |70 533x210x92UB
I | 40 Graiie S275
I I A
3
10
400kN 1 rSSOkN
i
See Figure 5.5
. and
150 x 8 flexible end plate 200 x 10 flexible end plate vellow Pages
(Type EA4) _ (Type EB6) g
Grade S275 Flowdrill Grade 5275 Table H.3

Design Information:
Bolts: M20 8.8, Flowdrill

Welds: emm fillet
Column: S355
Beams: S275

End plates: S275
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Flexible End Plates - Worked Example 3

Title

Example 3 - Flexible End Plates - Beam to RHS using Flowdrill

Sheet 2 of 12

CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES

250 x 250 x 12.5 RHS
Grade S355

I~

200kN [
tie
force

-«

406 x 178 x 74 UB
Grade S275
i

V2. ANNIA VNANA VTN YA

400kN 1

406 x 178 x 74 UB Grade S275

End plate type EA4

Welds 6mm fillet

Bolts M20 8.8

Bolts at 90 cross centres

4 rows of bolts

From Capacity Table H.20 in yellow pages
Connection shear capacity

= 409kN > 400kN
Minimum support thickness

= 4.6mm < 12.5mm
Connection tying capacity

= 230kN >  200kN L[] OK.

The beam side of the connection is adequate

Note:

275kN
tie
force

—>

533 x 210 x 92 UB
Grade S275
\

A}

rSSOkN

533 x 210 x 92 UB Grade S275

End plate type EB6

Welds 6mm fillet

Bolts M20 8.8

Bolts at 140 cross centres

6 rows of bolts

From Capacity Table H.20 in yellow pages
Connection shear capacity

= 645kN > 550kN
Minimum support thickness

= 4.9mm < 12.5mm
Connection tying capacity

= 270kN %  275kN

The beam side of the connection fails due
to insufficient tying capacity. End plate
thickness may be increased to 12mm.

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

obtained from CHECKS 11, 12 and 13.

(2) Beams connecting to RHS wall must also be checked for RHS wall bending as shown in

CHECK 15 (Sheet 11 & 12).

Yellow Pages
Table H.20

[ oxk.

0 ok.

[J FAILS
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Title

Example 3 - Flexible End Plates - Beam to RHS using Flowdrill

Sheet

30f12

Notes (i) CHECKS 1to 9, where applicable, are generally as shown in Example 1 and are not repeated in this example,

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 3

but the calculated capacities are summarised below.

(ii) In accordance with BS 5950-1; tie forces are ignored when checking the capacity to resist vertical reactions

and vertical reactions are ignored when calculating the capacity to resist tie forces.

(iii) Values shown * are different to Example 1. Example 1 uses 10mm plate whereas Example 3 uses 8mm plate.

406UB 533UB RHS Column S355
S275 S275 i i
Sheet CHECK 406UB Side 533UB Side
Nos . . . .
.. |Applied .. |Applied .. |Applied .. |Applied
Capaci Capaci Capaci Capaci
pacty Load pacity Load pacity Load pacty Load
CHECK 1 .
Recommended detailing practice All recommendations adopted
CHECK 2
Supported Beam- Weld Capacity (kN) 514 400 772 550 Not Applicable
- CHECK 3 Not Applicable
S | cHeck4
2 Supported Beam Shear 409 400 645 550 Not Applicable
3 - Capacity at connection (kN) CRITICAL CHECK FOR VERTICAL SHEAR
<
: CHECKS 5, 6, 7 Not Applicable Not Applicable
(5]
Tel CHECK 8
© Supporting Column Shear - bolt | 735 400 |1103 | 550 Not Applicable
L: - Bolt Group shear capacity | group (kN)
[
w
CHECK 9 Shear (kN) | 320* 200 589 275
Supporting Column Bearing | 294+ | 200 | 552 | 275 Not Applicable
- Connecting Element (Cg‘rpgg'ﬁy
(Strength of plate) IE)ne, kN)
4&5 CHECK.lO . Shear (kN) . 940 200 | 1367 275
Supporting Beam - Capacity Bearing (per Not Applicable
(Local capacity of beam web) aip 138 50.0 138 45.8
bolt, kN)
CHECK 11 )
6 &7 | Structural Integrity Tension | 239 | 200 | 270 | 275 Not Applicable
- Connecting Elements (kN) FAILS
Tension capacity of end plate (TIE FORCE)
CHECK 12
8 & 9 | Structural Integrity Tension 758 200 |1194 | 275 Not Applicable
- Supported Beam. (kN)
Tension capacity of beam web
10 CHECK 13
Structural Integrity Tension
- Tension bolt group (kN) Not Applicable 584 200 876 275
- Welds 650 200 974 275
10 CHECK 14 Not Applicable Not Applicable
CHECK 15
11&12| Structural Integrity - Tension Not Applicable 400 200 787 275
Supporting column wall (kN)
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Title Example 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 4 of 12
CHECK 10 : Supporting Column - Local Capacity
Shear & Bearing Capacity of column wall
. . . I:V
(i) Basic requirement for shear: > < P,
For 406 x 178 x 74 UB side RHS Column
Critical sections
wall thickness t,, =12.5m /t.,k
—L = 200kN
Shear capacity, P, = min (0.6 py A, 0.7 p K A, pet)
Gross shear area A, = (et +(h-1)p+e, ) ty
€y = smallerof g/2 and 5d = 45mm
e = smallerof e, and 5d
smce the connection is not near the top of column e, is not applicable
e = b&d = 5x20 = 100mm
A, = (100 + (4-1)70+45)x 125 =  4438mm?
i _ 0.6x355x4438 ~
0.6 Py A, = 103 = 945kN
Net shear area, A, = A, - nDyt,
for Flowdrill connections D,, =  bolt diameter = 20mm
Ajnet = 4438 - (4x20x125) = 3438mm?
o _ 0.7 x 355x1.1x3438 _
0.7py KAy net = 03 = 940kN
P, = 940kN
F, 400
— = —_— = 200kN
2 2
FV
> = 200kN < 940kN [ ok.
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Title Example 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 50f 12
For 533 x 210 x 92 UB side
RHS Column
Critical sections
wall thickness t,, = 12.5mm 140
g
B B2 o7skn
2 2
e, = smaller of g/2 and 5d = 70mm
€ = 5d = 5x20 = 100mm
A, = (100 + (6-1) 70+ 70)x 12.5 = 6500mm?
0 o060 A _ 0.6x355x6500 _ 1385k
6py A, = 103 = 5
A, net = 6500 - (6x20x12.5) = 5000mm?
0.7 x 355x1.1 x 5000
[ 07p K Apper = 03 = 1367kN
P, = 1367kN
I:V
5 = 275kN < 1367kN [Jox.

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

.. . . . F
(ii) Basic requirement for bearing: 2—"
n

Bearing capacity of column wall per bolt, P, =

For 406 x 178 x 74 UB side
F

\ —

2n

For 533 x 210 x 92 UB side

FV —
2n

< Pps
kbs d tw Pps
1.0x20 x12.5 x 550
103
400
= 50.0kN
2 x4
550
= 45.8kN
2x6

138kN

138kN

138kN

Pps from
BS 5950-1
Table 32

ok

ok
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Title Example 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 6 of 12
CHECK 11: Structural Integrity - Connecting Elements
Tension Capacity of End Plate
Basic requirement:  Tie Force < Tying capacity of end plate
For 406 x 178 x 74 UB side
AB
[
200 kN S = leg length of weld
| i e, =40 = 6mm
I\ ty = web thickness
% g B 9.5mm
y
i 3 1
Cq = — (g-t,-2s)
2
| —
. o = L (90-95-2.6
| e.=40 = E ( —39.0—-<2x )
||
i — T g =90 = 34.3mm
L=23.3 —= e
2 M+ M
Tying capacity of end plate = w
2
Moment capacity of end plate M, = Pu Lea tr_)
at section AA 4
Py = design tensile strength = 328N/mm? (U7 1.25)
ty = plate thickness = 8mm
Lea = eff. length of plastic hinge at section AA
= 2eeA +(n- l)peA
en = & but < e, = 30mm
Pea = p but =< 2e, = 60mm
L L =  (2x30)+(4-1)60 = 240mm
328 x 240 x 82
L My, = = 1260kNmm
4108
Moment capacity of end plate Py Leg t 2
at section BB uB = %p_
Leg - eff. length of plastic hinge at section BB Yellow pages
= 26p *+ (N-Dpgg Table H.60
For Flowdrill connections Dy, = hole diameter in plate = 22mm
e = e but = ¢ +D/2 = 40mm
c,+D/2 = 3435+22/2 = 45.3mm
Pes = p but < 2¢+D, = 70mm
2c, + D, =  2x343+22 = 90.6mm
U Lg = (2x40)+ (4-1)70 = 290mm
328 x 290 x 82
0 Mg = = 1522kNmm
4108
L = distance between plastic hinges = ¢, — (Dy/2)
= 34.3-(22/2) = 23.3mm
2(M, + M 2 x (1260 + 1522
2Myp * Myg) - 2x(1260 + 1522) = 230kN
L 23.3
Tie force = 200kN < 239kN 0oxk.
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Title Example 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 7 of 12
For 533 x 210 x 92 UB side
s = leg length of weld
= 6mm
t, = web thickness
= 10.1mm
1
¢, = 2—(g—tW—25)
1
= > (140-10.1-2x6)
A = 59.0mm
. €,=40
? 2 (M, ,+M
Tying capacity of end plate = M
2
AB Moment capacity of end plate M, = Py Lep
at section AA 4
Py = design tensile strength = 328N/mm?2 (Ug/ 1.25)
t = plate thickness = 10mm
Lea = eff. length of plastic hinge at section AA
= 2,0 + (N = 1)peap
€en = e; but < e, = 30mm
Pea = p but < 2e = 60mm
[ L = (2 x30) + (6 - 1)60 = 360mm
328 x 360 x 102
[ M = _— = 2952kNmm
4x108
Moment capacity of e_nd plate Mg _ Py Les tg2
at section BB - 4
Leg - eff. length of plastic hinge at section BB
= 2e, + (n-1
For Flowdril fions D, = hole d ( t )'peBl t = 2 Yellow pages
or Flowdrill connections D,, = hole diameter in plate = mm Table H.60
€ = e, but = ¢ +D/2 = 40mm
¢, +D/2 = 59.0 + 22/2 = 70.0mm
Peg = p but < 2c,+D, = 70mm
2c, +D, = 2x59.0 + 22 = 140mm
[ Lg = (2x40) + (6-1)70 = 430mm
328 x 430 x 102
[ Mg = _— = 3526kNmm
4x108
L = distance between plastic hinges = ¢, —(Dy/2)
= 59.0 - 22/2 = 48.0mm End plate
2(Mya + M) - 2 x (2952 + 3526) - 270kN FAILS

L
Tie force

48

275kN 270kN

T

thickness may
be increased
to 12mm
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Title Example 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 8 of 12
CHECK 12: Structural Integrity - Supported Beam
Tension Capacity of Beam Web
(i) Basic requirement: Tie force < Tension capacity of beam web
For 406 x 178 x 74 UB Grade S275
200 kN
I ¢ €= 40
A
I Y
Effecti p=70
ective }
length %
of web, Y nrows
Le 3
v
Yy 7\ e, =40
C1 = 0.5(g - t,, — 2s)
S = leg length of weld = 6mm
t, = web thickness = 9.5mm
Tension capacity of beam web = L. t, Py
Effective length, L, = 2e, + (N-1)p,
For Flowdrill connections Dy, = hole diameter in plate = 22mm
€e = e, but =< ¢ +D,/2
¢, +Dy/2 = 34.3 +22/2 = 45.3mm
€ = 40mm
Pe = p but < 2c;+Dy
2c,+D, = 2x34.3+22 = 90.6mm
Pe = 70mm
Lo = (2x40) + (4-1)70
= 290mm
i ~ 290 x 9.5 275 ~
Ltypy =  —o— = 758kN
Tie force = 200kN < 758kN 0 ok.
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Title Example 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 9of 12
For 533 x 210 x 92 UB Grade S275
¢ 275 kN
e, =40
/
|
Effective '
length
of web, p=70
L - 6 rows
e
A g =140
_e,=40
o = 0.5(g-t,~-29)
S = leg length of weld = 6mm
t, = web thickness = 10.1mm
Tension capacity of beam web = L t, Py
Effective length, L, = 2e, + (n-1)p,
For Flowdrill connections D, = hole diameter in plate = 22mm
€e = e; but < ¢ +D,/2
¢, +Dy/2 = 59.0 + 22/2 = 70.0mm
€e = 40mm
Pe = p but < 2¢c; +Dy
2c; + Dy = 2x59.0 + 22 = 140mm
Pe = 70mm
Le = (2x40) + (6-1) 70
= 430mm
I _ 430x10.1x 275 _
Letypy = —r = 1194kN
Tie force = 275kN < 1194kN [ o.
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CHECK 14: not applicable

Title Example 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 10 of 12
CHECK 13 : Structural Integrity - Tension Capacity of Bolts and Welds
9
Tie force
} 4
€1
] p
n rows H{ p
f bolt }r
of bolts [p
I
€1
\/ .
Tension bolt group
Critical weld
(i) Tension capacity of bolts
Basic requirement: Tie Force < Tension capacity of bolt group Flowdrill
Tension capacity = 2n Py Pull-out
of bolt group Capacity
Psi = Flowdrill Structural integrity  Tensile Capacity taken from the Yellow pages | yeliow pages
= 73kN for a grade 8.8 bolt in a 12.5mm RHS column wall Table H.55b
For 406 x 178 x 74 UB Side
gfegi;ﬁ”gfgggc'ty = 244x73 =  584kN
Tie Force = 200kN < 584kN 0 o.
For 533 x 210 x 92 UB Side
gfegi;ﬁ”gfgggc'ty = 246x73 =  876kN
Tie force = 275kN < 876kN 0 o.
(ii) Weld Tension Capacity
Basic requirement: Tie force < Tie capacity of weld
Tension capacity of weld = 2(125p,a(L,-2s)) L, from
For 406 x 178 x 74 UB Side Check 12
L, =  290mm Sheet 8
p,, from
Py = 220N/mm2 BS 5950-1
a = 0.7s = 0.7x6 = 4.2mm Table 37
2x(1.25x220x4.2x(290-2x6
[] Tension capacity of weld = X( ‘ le3 x( +6))
= 642kN
Tie force = 200kN < 642kN 0 o.
For 533 x 210 x 92 UB Side L, from
Le — 430mm Check 12
_ _ 2x(1.25x220x4.2x(430-2x6)) Sheet 9
[] Tension capacity of weld =
103
= 966kN
Tie force = 275kN < 966kN 0ok
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Title Example 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 11 of 12
CHECK 15: Structural Integrity — Capacity of Supporting Column Wall (RHS)
Basic requirement: Tie Force < Tying capacity of RHS column wall
B =250
(s 250 x 250 x 12.5 RHS
N = =17 Grade S355
_J 1
# ! \ T/ ; A tyw=12.5
1 T 1 e
P il II (n-1)p — g = 90 for 406 x 178 UB
L[ | 140 for 533 x 210 UB
[ At
L — N
\/\
Tie Force
For 406 x 178 x 74 UB Side
Tying capacity _ 8 M, 0.5 05
of column wall = 1-8, [ M +1.5(1-B)05 (1-%)° ]
M, = moment capacity of RHS column wall per unit length
Py t5,
- 4
392« 12.52
= —_ = 15.3kNm/mm
4x103
Dy, = 20mm (Bolt diameter for Flowdrill)
n
n _ (n-1) p—, Dy
! B - 3t,,
4
4-1) 70- 5x20
_ (a-1)70-5 - s
250-3x12.5
_ g
Ao = B-3t,
90
= —_— = 0.424
2125
Dy,
" - B -3t
—Yw
20
= —_— = 0.094
212.5
; ; 8x15.3
Tyingeapacity _ 77777 T 0.8+ 1.5(1 - 0.424)05 « (1 - 0.004)05 ]
of column wall 1-0.424
=  2125[08+1540.759,0952] =  400kN
Tie force = 200N < 400kN [Joxk.
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Title  Eyample 3 - Flexible End Plates - Beam to RHS using Flowdrill Sheet 15 ot 12
For 533 x 210 x 92 UB Side
n
n _ (h-1) p—, Dy
! B - 3t,
6
6-1) 70— 5% 20
. e 2 = 136
250-3:125
_ g
Ao = B-3t,
140
= — = 0.659
2125
Tying capacity - SMu o rp 0 05 (3 yyos]
of column wall - 1-B, 1 . - B -
e [136+ 150065905, (1-0.004)5
=  —— [136+15(1-0659)°5 (1-0.094)°
1-0.659
= 3589[1.36+154 05840952 ]
= 787kN
Tie force = 275kN < 787kN [Joxk.
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Flexible End Plates - Worked Example 4

Job Sheet
’ i Joints in Steel Construction - Simple Connections 1of15
i\ Title )
Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt
CALCULATION Client

SHEET SCI/BCSA Connections Group

BCS A Calcs by Checked by Date
RS AW / AM May 2002

DESIGN EXAMPLE 4

REF.

Check the following beam to RHS column connection 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 tie force has been derived on the basis
that the floor beams are supplemented as ties by the use of reinforcement bars located in the slab.
It is important that the reinforcement is adequately anchored to the steelwork for it to be
effective in resisting tie forces.

Note: The connections should be checked independently for (i) Shear forces and (ii) Tie forces
and NOT for both forces acting at the same time

Yellow pages used for initial selection of end plates.

250 x 250 x 12.5 RHS Grade S355

200kN
tie
force 275kN
- tie
force
406 x 178 x 74 UB ’
Grade 527/5
€ 533 x210x 92 UB
Grade S275
\\
See figure 5.5
and
Yellow pages
Table H.
90 }[ | 120 able H.3

180 x 8 flexible end plate

(Type EC4)
Grade S275

Hollo-Bolts

Design Information:

200 x 10 flexible end plate
(Type ED6)
Grade S275

Bolts: M20 8.8, Hollo-Bolts
Welds: 6mm fillet
Column: S355
Beams: S275
End plates: S275
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Title

Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet

20f15

200kN

B

406 x 178 x 74 UB

CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES

250 x 250 x 12.5 RHS Grade S355

tie
force

Grade 82175

400KN 1

406 x 178 x 74 UB Grade S275
End plate type EC4

Welds 6mm fillet

Bolts M20 8.8

Bolts at 90 cross centres
4 rows of bolts
From Capacity Table H.22 in yellow pages
Connection shear capacity

= 409kN > 400kN
Minimum support thickness

= 48mm < 12.5mm
Connection tying capacity

= 363kN > 200kN

The beam side of the connection is adequate

Note:
(1) The tying capacity of the connection given in the tables in the yellow pages is the least value

obtained from CHECKS 11, 12 and 13.

(2) Beams connecting to RHS wall must also be checked for RHS wall bending as shown in CHECK 15.

275kN
tie
force

—>

533 x 210 x 92 UB
Gra\de S275

\

rSSOKN

533 x 210 x 92 UB Grade S355
End plate type ED6

Welds 6mm fillet

Bolts M20 8.8

Bolts at 120 cross centres
4 rows of bolts
From Capacity Table H.22 in yellow pages

Connection shear capacity
= 645kN > 550kN

Minimum support thickness
= 49mm < 12.5mm

Connection tying capacity
= 448kN > 275kN

The beam side of the connection is adequate

Yellow Pages
Table H.22

0 ok.

[Joxk.

0 ok.
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Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet 5 ¢ 15
SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 4
Notes (i) Checks 1to 4, where applicable are all as shown in Example 1 and are not repeated in this example but
the calculated capacities are summarised below.
(i) In accordance with BS 5950-1; tie forces are ignored when checking the capacity to resist vertical
reactions and vertical reactions are ignored when calculating the capacity to resist tie forces.
406UB 533UB RHS Column (S355)
(S275) (S275) i i
Sheet CHECK 406UB Side 533UB Side
Nos  |Applied ~ |Applied | Applied _ |Applied
Capacity| | g5 (Capacity | | n5q [Capacity] | o5q |Capacity| | gaq
CHECK 1 )
- Recommended detailing practice All recommendations adopted
-
o ‘0 | CHECK 2 514 | 400 | 772 | 550 Not Applicable
g— ; Supported Beam - Weld Capacity (kN)
..% 2 | CHECK 3 Not Applicable Not Applicable
o O
3 & | CHECK 4
Supported Beam Shear 409 400 645 550 Not Applicable
- Capacity at connection (kN) CRITICAL CHECK, VERTICAL SHEAR
CHECK 5, 6, 7 Not Applicable Not Applicable
CHECK 8 .
4 | Supporting Column Shear - bolt| 747 400 | 1184 | 550 Not Applicable
- Bolt Group shear capacity | 9OUP kN)
CHECK 9 Shear (kN) 224 200 409 275 Not Applicable
5 & 6 | Supporting Column Bearing 294 200 552 275
- Connecting Element (Capacity
Strength of plate per bolt
( g plate) line, kN)
7&8 | CHECK 10 Shear (kN) 735 200 | 1025 275
Supporting Beam - Capacity Bearing Not Applicable
. h 138 50.0 138 45.8
(Local capacity of beam web) | (Capacity
per bolt,kN)
9& 10| CHECK 11
Structural Integrity Tension 362 200 448 275 Not Applicable
- Connecting Elements (kN) CRITICAL CHECK, TIE FORCE
Tension capacity of end plate
11& | CHECK 12
12 | Structural Integrity Tension 758 200 | 1194 | 275 Not Applicable
-Supported Beam (kN)
Tension capacity of beam web
13 CHECK 13
Structural Integrity Tension 584 | 200 | 876 | 275
- Tension bolt group (kN) Not Applicable
- Welds 650 200 974 275
13 CHECK 14 Not Applicable Not Applicable
14& | CHECK 15
15 | Structural Integrity Tension Not Applicable 361 200 578 275
- Supporting column wall (kN)
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\

Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet , ..
CHECK 8: Supporting Column - Bolt Group
Basic requirement: R s 2P
For 406 x 178 x 74 UB side
406 x 178 x 74 UB \./_J\/r
|
I\ ‘ I
I ‘ I
| —
| : e, =40
| |
: : Shear capacity of single bolt, P, = p, A
| |
| | For M20 Hollo-Bolts
I I p, from
| | Shear Capacity P, = 100kN Yellow pages
| , | Table H.56
250x250x 12.5 RHS  |i | !
: ‘ : But for top pair of bolts
i Py = min (pgAg, 0.5 kys ey t, P )
(where k,, =1.0)
400kN *
0.5x1.0 x40 x 8 x 460
0.5 Kys €y ty Pps = — = 73.6kN Pps from
10 BS 5950-1
2P, = 6x100+2x736 = 747kN Table 32
F, = 400kN < 747kN 0ok
For 533 x 210 x 92 UB side
533 x 210 x 92 UB \A—/r
|
7|\\ ‘ I
I ‘ I
| t
| . e = 40
| |
| |
| |
| |
| |
| |
| |
| |
| |
250x250 x 12.5 RHS || |
| |
550kN *
~ 0.5x1.0x40x10x 460 Pps from
0.5Kys €y t, Pps = 00 = 92 kN BS 5950-1
Table 32
2P, = 10 x 100 +2x 92 = 1184kN
F = 550kN < 1184kN O ox.
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Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet o .5
CHECK 9: Supporting Column - Connecting elements
Shear and bearing of end plates connected to supporting column
. . . F
(i) Basic requirement for shear: 2—" < Py.min
For 406 x 178 x 74 UB
Shear capacity of end plate P, ... is the smaller of plain shear capacity P, and block shear capacity P,
Plain Shear capacity P, = min(0.6 Py Ay 0.7p KAy et )
Sheararea, A, = 0.9(2e;+(n-1)p) ty
= 0.9(80+210)x8 = 2088mm?2
6y =45 Net area, A, ot A,-nDyt, 5 tom
- for Hollo-Bolt connections D,, = 35mm h
‘ *j €1=40 h ) Yellow pages
- A\ net = 2088 - (4x35x8) = 968mm Table H.3
- 4 n-1)p
[ ] = 210 _ 0.6x275%2088 _
- ) 0.6 py A, = 1 = 344kN
. c1=40
;—VJ |’2—V f 0Tp K AL = OTxZ5:12:968
F, = 400kN ©oTy e vnet 103
Plain shear capacity P, = 224kN
Block Shear capacity P, = 06p,t, (L, +K, (L-kD,))
L, = e +(n-1)p =40+210 = 250mm See Note
L = e = 45mm below
k = 05
Ke = 1.2 (for S275)
7o _ 0.6x275x8x (250 + 1.2(45 - 0.5 x 35))
' 103
= 374kN
I:Jv.min = min (Pv ' Pr)
= 224kN
Fuly = 200kN < 224kN [] ok
For 533 x 210 x 92 UB side
A, = 0.9(80 +350)x 10 = 3870mm?2
— - 2
ey =40 A, et = 3870 - (6x35x10) = 1770mm
€1 =40 0.6 x 275 x 3870
™y 0.6p, A, - 2ox2PxWF = 639kN
| g 103
| (n-1p _ 0.7x275x1.2x1770
i =350 0.7py Ko Aypet = e = 409N
i, []p = 409kN
‘ | ‘ 791:40 ' See Note
FeORy . _ 06x275,10x(390 +1.2(40-05135)) below
2 2 ' 103
Fv = 550kN = 688kN
I:Jv.min = min ( va Pr)
= 409kN
Fury = 275kN < 409kN [] ok

Note:

Block shear checks have been shown here, but they are never critical for well proportioned end plates.

However, if the bolt spacing is concentrated at one part of a plate then these checks may be critical.
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Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet o < 1c
. . . . Fy
(if) Basic requirement for bearing: > < 2Py
For 406 x 178 x 74 UB side
Bearing capacity, Py Ky d t, Pos
but for the top bolt, P,; = min (kyd to Pps - 0.5k, €4 t Pps )
for Hollo-bolt connectionsd = nominal bolt diameter = 20mm
1.0x 20 x 8x460
Kps d tp Pps = = 73.6kN
103
Pps from
0.5x1.0x 40x 8 x 460 BS 5950-1
05kps €1ty Pps = = 73.6kN Table 32
103
2P, = 3x736+736 = 294kN
I:V
i 200kN < 294kN [ ok.
For 533 x 210 x 92 UB side
Bearing capacity, Py, Kps d t; Pps
but for the top bolt, P,; = min (kys d t; ppg . 0.5k,seq t; )
1.0x 20x 10x460
Kps d tp Phs = = 92kN
103
0.5x1.0x 40x 10x460
0.5 Kps €1 tp Pps = = 92kN
103
2P = 5x92+92 = 552kN
FV
> 7 275kN < 552kN [Joxk.
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Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet - 15
CHECK 10 : Supporting Column - Local Capacity
Shear & Bearing Capacity of column wall
. . - FV
(i) Basic requirement for shear: > < P,
For 406 x 178 x 74 UB side
RHS Column Grade S355
Critical sections
g =
wall thickness t,, = 12.5mm 90
R
2 5 = 200kN
Shear capacity, P, = min (0.6 Py A,, 0.7 Py Ke A
Gross shear area, A, = (+(n-1)p+ey) t,
for Hollo-Bolt connection d = bolt diameter = 20mm
€y = smallerof g/2 and 5d = 45mm
e = smallerof ey and 5d
since the connection is not near the top of column e,, is not applicable
[N = 5&d = 5x20 = 100mm
A, = (100+(4-1)70+45)x125 = 4438mm?
0 _ 0.6x355x4438 _
0.6 p, A, = 103 = 945kN
Net shear area, = - nbD
AV.net A h tw D, from
for Hollo-Bolt connections D, = hole diameter = 35mm Yellow pages
2 Table H.61
Ajnet = 4438 — (4x35x12.5) = 2688mm
Iai 0.7 x 355x1.1x2688
0.7p Ko Ayper = 03 = 735kN
[J p, = 735kN
F
X = 200kN < 735kN [ ox.

N
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Title Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt

Sheet g o 15

For 533 x 210 x 92 UB side RHS Column Grade S355

Critical sections
g =
120
F F

wall thickness ty =12.5mm

7‘/ l =
5 5 275kN
€p = smaller of g/2 and 5d =
€ = &d = 5x20 =
A, = (100 +(6-1)70+60)x 125 =
I _ 0.6x275x6375 _
0-6py A, - 103 -
A, et = 6375- (6x35x12.5) =
I 0.7 x 355x1.1x3750
0.7 py Ke Av.net - 103 -
e, = 1025kN
FV
> = 275kN < 1025kN

F
" . . . v
(if) Basic requirement for bearing: — < Py
2n
Bearing capacity of column wall per bolt P, = Kk, d t, pps

(where k= 1.0)
1.0x20x12.5 x 550

= 103
For 406 x 178 x 74 UB side
v 400
= = B50kN <
2n 2x4
For 533 x 210 x 92 UB side
v 550
= = 458kN <
2n 2x6

60mm
100mm

6375mm?2

1052kN

3750mm?2

1025kN

[ oxk.

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

P from
BS 5950-1
Table 32
138kN
138kN [ oxk.
138kN 0 ok.
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Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet 90of 15
CHECK 11: Structural Integrity - Connecting Elements
Tension Capacity of End Plate
Basic requirement:  Tie Force < Tying capacity of end plate
For 406 x 178 x 74 UB side
AB e =45 S = leg length of weld
| = 2 e = 6 mm
|| ¢ e,= 40 A B t, = web thickness
! = 9.5mm
p=70 _ 1
\ n rows €1 - E(g—t\N—Zs)
| ] Y 1
| [} = —(90-9.5-2x6)
| Y ~ 2
! &= 40 = 34.3mm
[l T
‘ L = (P Dh/2
=168 ' _ _
— — = 34.3-35/2 =16.8mm
AB
2 (M ,+M
Tying capacity of end plate = M
2
Moment capacity of end plate Mgy = Pu_len tp
at section AA 4
Py = design tensile strength = 328N/mm? (U / 1.25) Steel strengths
t = plate thickness = 8mm Yellow pages
P o _ Table H.45
Lea = eff. length of plastic hinge at section AA
= 28,0 + (N = 1)pgp
€ep = N but < e, = 40mm
Pea = p but =< 2e, = 70mm
O L, = (2x40) + (4 -1)70 = 290mm
328 x 290 x 82
o my, = _ = 1522kNmm
4x108
Moment capgcity of end plate Mg - Py Les tg2
at section BB - 4
Leg - eff. length of plastic hinge at section BB
= 28,5 + (N—1)pgg
€ep = e, but < ¢, +Dy/2 = 40mm D, from
Dy, = 35mm (Hole diameter for Hollo-Bolt) Yellow Pages
Table H.61
Peg = p but < 2¢,+Dy, = 70mm
O Lg = (2x40) + (4-1)70 = 290mm
328 x 290 x 82
0o my = —_ = 1522kNmm
4103
L = distance between plastic hinges = ¢, - (Dy/2)
= 34.3 - (35/2) = 16.8mm
2(M , + M 2(1522 + 1522
2Mup * Mg) = 201522 + 1522) = 362kN
L 16.8
Tie force = 200N < 362kN [Jox.
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Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet ., o 15
For 533 x 210 x 92 UB side
AB e, =40 S = leg length of weld
Lo -— = 6 mm
% ¢ e = 40 A B t, = web thickness
= 10.1mm
1
o = 5 (9-t,-2)
Y 1
=70 = E(120—10.1—2x6)
1 6 rows
= 49mm
A g=120
T e = 40
2 (M ,+M
Tying capacity of end plate = w
2
Moment capacity of end plate My = Pu_len tg
at section AA 4
Py = design tensile strength = 328N/mm?2 (Us/ 1.25)
t = plate thickness = 10mm
Lea = eff. length of plastic hinge at section AA
= 28,0+ (N = 1)pep
€ep = N but < e, = 40mm
Pea = p but < 2e, = 70mm
O Ly = (2x40) + (6 - 1)70 = 430mm
328 x 430 x 102
o My = — = 3526kNmm
4108
Moment capacity of end plate Mg - Py Les tg2
at section BB B 4
Leg - eff. length of plastic hinge at section BB
= 2e,5 + (N—-1)pgg
g = g, but < ¢ +Dy/2 = 40mm D, from
Dy, = 35mm (Hole diameter for Hollo-Bolt ) Yellow Pages
P = p but s 2,+D, = 70mm Table H.61
O Ly = (2x40) + (6-1)70 = 430mm
328 x 430 x 102
O my = —_— = 3526kNmm
4108
L = distance between plastic hinges = ¢, — (Dy/2)
= 49 — (35/2) = 31.5mm
2M, + M 2(3526 + 3526
2Myn * Myg) = 2(3526 + 3526) = 448kN
L 315
Tie force = 275kN < 448kN 0 ok.

144




Flexible End Plates - Worked Example 4

Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet 11 15
CHECK 12 : Structural Integrity - Supported Beam
(i) Tension capacity of Beam web
Basic requirement: Tie force < Tension capacity of beam web
For 406 x 178 x 74 Grade S275
S = leg length of weld = 6mm
200 kN
¢ t, = web thickness = 9.5mm
I e= 40
I D, = 35mm
e 70
Effective Y P= 1
length [} ¢, = > (9 -t,-29)
of web, Y nrows
L [} 1
e = Z(90- 95- 2« 6)
9\ 2
N A €= 40
? = 34.3mm
e =90
Tension capacity of beam web = L t, Py
Effective length, L, = 2e, + (n-1)p,
€e = ey but < ¢;+D,/2
= 40mm (e,)
¢, + Dy/2 = 34.3 +35/2 = 51.8mm
Pe = p but < 2c¢; +D,
= 70mm
2¢c; + Dy = 2x343+35 = 103.5mm
L, = (2x40) + (4-1) 70
= 290mm
I _ 290x9.5x275 _
Le Gy Py = = 758kN
Tie force = 200kN < 758kN [ ok.
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Flexible End Plates - Worked Example 4

Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet ., < 15
For 533 x 210 x 92 UB Grade S275
s = leg length of weld
275 kN = 6mm
I ¢ e =40 t, = web thickness
] , i = 10.1mm
/
N A l
| \ ¢ = 50 t,-29
Effective N /
length § i 1
of web N r = —(120- 10.1- 2x6)
Le f 1 6 rows 2
3 g=120 = 49mm
T e = 40
Tension capacity of beam web = L t, Py
Effective length, L, = 2e, + (n=-1)p,
€e = e1 but =< ¢, +D,/2
= 40mm
¢, + D, /2 = 49 + 35/2 = 66.5mm
Pe = p but < 2¢; +D,
= 70mm
2c; + Dy = 2x49+35 = 133mm
Le = (2x40) + (6-1) 70
= 430mm
8 _ 430x10.1x275
Le ty Py = — 0 = 1194kN
Tie force = 275kN < 1194kN 0 ok.
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Flexible End Plates - Worked Example 4

Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet 14 ¢ 15
CHECK 13: Structural Integrity - Tension Capacity of Bolts and Welds
(i) Tension Capacity of Bolts
Basic requirement: Tie Force < Tension capacity of
tension bolt group
Tension capacity = 2n Py Yellow Pages
. . Table H.56
Tie Force Py = HoIIo.-BoIt Struc.tural integrity
Tension L - Tensile Capacity
bolt group ' - 73kN
For 406 x 178 x 74 UB Side
Tension capacity = 2x4x73 = 584kN
Tie force = 200kN < 584kN [Jox.
For 533 x 210 x 92 UB Side
Tension capacity = 2x6x73 = 876kN
Tie force = 275kN < 876kN [Joxk.
(if) Weld Tension Capacity
Basic requirement: Tie force < Tie capacity of weld
Tension capacity of weld = 2(125p,a(Ly-2s))
L, from
For 406 x 178 x 74 UB Side Check 12
L, = 290mm Sheet 11
Pw = 220N/mm?2 p,, from
BS 5950-1
a = 0.7s = 0.7x6 = 4.2mm Table 37
2x(1.25x220x4.2x(290-2x6
[J Tension capacity of weld = « X . x( +6))
108
= 642kN
Tie force = 200kN < 642kN [Jox.
For 533 x 210 x 92 UB Side L from
Le - 430mm Check 12
_ _ 2x(1.25x220x4.2x(430-2x6)) Sheet 11
[] Tension capacity of weld =
108
= 966kN
Tie force = 275kN < 966kN [Jox.

CHECK 14: not applicable
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Flexible End Plates - Worked Example 4

Title Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet ., . 15
CHECK 15: Structural Integrity — Capacity of Supporting Column Wall (RHS)
Basic requirement: Tie Force < Tying capacity of RHS column wall
B =250
250 x 250 x 12.5 RHS
/__\_"' / Grade S355
N 1
. |
‘ ! \ 1/ ; A ty=12.5
p T (n-1)p -
HT -] \9:90f0r406x178UB
L, | 120 for 533 x 210 UB
I, At
L — N
\—/_\
For 406 x 178 x 74 UB Side Tie Force
Tying capacity _ 8 M, 0.5 05
of column wall = 18, [ M +1.5(1-B)05 (1-%)° ]
M, = moment capacity of RHS column wall per unit length
Py t5,
- 4
392« 12.52
= —_—_ = 15.3kNm/mm
45108
Dy, = 35mm (Hole diameter for Hollo-Bolt)
n
n _ (h-1) p—, Dy
! B - 3t,
4
4-1) 70- 5x35
) 2 = 0.659
250-3x12.5
_ g
Ao = B-3t,
90
= —_— = 0.424
2125
y, = Pn
B-3t,
35
= - = 0.165
212.5
i i 8x15.3
Tying capacity  _ 22 [ 0659+ 1.5(1-0.424)05 « (1-0.165)05 |
of column wall 1-0.424
= 2125[ 0659+ 1.5x0.759x0.914 |
= 361kN
Tie force = 200kN < 361kN [Jox.
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Flexible End Plates - Worked Example 4

Title  Example 4 - Flexible End Plates - Beam to RHS column using Hollo-Bolt Sheet 15 ¢ 15

For 533 x 210 x 92 UB Side

(n-1) p—2ﬂ Dy,

n =
! B-3t,
(6-1) 70- gx 35
= = 1.15
250-3x125
B = 120 = 0.565
o 212.5 - '
Tying capacity _ 8 M, 0.5 05
of column wall B 1-B8, [ o+ 1'5(1_'81) (1- yl) ]
8x15.3
= ———— [115+1.5(1-0.565)%5, (1-0.165)°5 ]
1-0.565
=  2814[115+15x0660.0914] = 578N
Tie force = 275kN < 578kN [Joxk.
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6. FIN PLATES

6.1 INTRODUCTION Rotation

The fin plate connection consists of a length of plate  Fin plate connections derive their rotational capacity
welded in the workshop to the supporting member (Beam,  from:

I Column, RHS Column or CHS Column) and then bolted (i)  hole distortions in the fin plate and/or the

to the supported beam web on site (See Figure 6.1). beam web:

out of plane bending of the fin plate;

It is popular as it can be one of the quickest connections (ii)
to fix and overcomes the problem of shared bolts in  (iii) shear deformation of the bolts.
two-sided connections.

A

Untorqued bolts in clearence holes
used in all fin plate connections

Figure 6.1 Fin plate. Beam-to-column and beam-to-beam connections
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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 rotation capacity, a series of tests [161[25]
was undertaken to verify the proposed design model, and
thus to establish the design procedure. However, for
beams deeper than 610mm, caution must be exercised. In
these cases further tests25] have shown that additional
geometrical precautions are needed, as described later in
this Section.

The detailing rules which follow will ensure that
unsatisfactory failure modes will not occur and that rotation
capacity is achieved.

6.2 PRACTICAL CONSIDERATIONS

The fin plate is usually made by cropping and punching.
Using standard flats - 100 x 10mm or 150 x 10mm flats
should prove adequate for all short fin plates. With 10mm
thick plates in S275 steel, 8mm fillet welds to the support
will guard against any possibility of weld failure. Care
should be taken to avoid undercut during welding.

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 centreline of the supporting
member and the fin plate offset as shown in Figure 6.2.
On the site it is not always evident to which side of the fin
plate the beam is to be bolted and so a consistent system
for setting out should be established during detailing.
Alternatively, the contact face of the fin plate should be
marked.

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

Supporting column and
supported peam web

Fin plate

ket

tw
3

Figure 6.2 Setting out for fin plate

Fin Plates - Practical Considerations

Short and long fin plates
Fin plates may be classified as short or long as follows:

Tg > 0.15

&
Long, 3 <

Short, 3

Where 'a'is the distance between the first line of boltsand
the face of the support. (See Figure 6.2)

One of the drawbacks with the short fin plate is access,
particularly with beams framing into narrow column
webs. Once a pair of adjacent columns have been pulled
together with the firstinterconnecting beam, subsequent
beams must have at least one bottom flange trimmed to
allow them to be lowered into position as shown in Figure
6.3. Access for the podger spanner can also be difficult.

To overcome this problem, the plate can be increased in
length to clear the supporting column or beams. This has
the benefit of avoiding the need for notching or trimming
the supported beam. In these cases further design checks
must be carried out to avoid lateral torsional buckling
i.e. out-of-plane buckling of the fin plate.

With laterally unrestrained beams, long fin plates can
behave in an extremely complex way. Without
experimental evidence to justify their design, they
should not be used.

Erection

The greatest benefit from this connection undoubtedly
comes on site. The beam can be quickly swung into
position and pulled into line with a podger spanner. The
insertion of approximately one third of the total number
of bolts in the connection at each end is usually sufficient
to allow the crane hook to be released to make the next
lift.

Supporting
column

Supported
beam

Bottom flange
stripped to
clear fin plate

Figure 6.3 Detail to facilitate erection
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Fin Plates - Recommended Geometry

Supporting
column

—

Supported

¥

beam

e
end projection
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Section XX

Beam-to-column

82 gb a
Supporting
beam
A
- _
|
I A
Supported | \ Supported
beam \ } beam
i Y | } Y 1
L 1 ‘
\ L
}

end projection

e

en

B By

Section YY

d projection

oy

Beam-to-beam

] Recommended Horizontal
Supported Vertical fin plate size | bolt spacing End
geam It_>ol'[ (B, xt) (a’e,) projection
e ines
P (a/g,/e,)
mm mm mm mm
<610 1 100 x 10 50/50 10
>610 * 1 120 x 10 60/60 20
<610 2 150 x 10 50/50/50 10
>610 * 2 180 x 10 60/60/60 20
Bolts: M20 8.8 in 22mm diameter holes
Plate: $275 steel, minimum length 0.6D
where D is depth of supported beam
Weld: Two 8mm fillets for 10mm thick plates
* For beams over 610mm deep the span to depth ratio of beam should not exceed
20 and the vertical distance between extreme bolts should not exceed 530mm.

Figure 6.4

Standard fin plate connection

50

| 40

Holes @
70 pitch

40



6.3 RECOMMENDED GEOMETRY

The design procedures which follow set down a number
of recommended details which are intended to achieve
the required flexibility for a simple connection.

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

(i) thefin plate is positioned close to the top flange in
order to provide positional restraint;

(ii)  thefin plate depthisatleast 0.6 times the supported
beam depth in order to provide the beam with
adequate torsional restraint;

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

< 0.50d (for S275 steel)
(d = nominal bolt diameter);

(iv) 8.8 bolts are used, un-torqued and in clearance
holes;

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

(vi) the fillet weld leg length is at least 0.8 times the fin
plate thickness.

The first two requirements ensure that in those cases
where the beam is laterally unrestrained, it can be designed
with an effective length of 1.0L. (BS 5950: Table 13)

The last four requirements ensure a bearing mode of
failure in either the fin plate or beam web. This provides
the necessary rotational flexibility in the connection.

These requirements, together with the standard geometry
presented in Section 2, have been used to create the
‘standard connection’ shown in Figure 6.4.

6.4 DESIGN

The full design procedure is presented in Section 6.5.

With a single vertical line of bolts, the connection shear
capacity will be in the range 25% to 50% of the beam
shear capacity - a value similar to that of the double angle
web cleat connection. Two vertical lines of bolts do help,
but as the eccentricity of the design load also increases,
the benefit does not double and the best that can be
achieved is around 75% of the beam shear capacity.

For connections using the standard geometry, the capacity
will generally be governed by bolt bearing (Check 2) or by
shear and bending of the fin plate (Check 3).

An alternative design procedure has been developed in
Australia and this is reported in references 26 and 27.

Fin Plates - Design

Flexible and rigid supports

For the design of the fin plate and bolts the model
presented in Section 6.5 assumes a line of action for the
load at the point where the fin plate is welded to the
support, i.e. the support is flexible and free to rotate.
(Figure 6.5 (a)). As most supports have some rigidity,
this will be found to be a slightly conservative approach.

Bolt group designed
to resist
moment of F, .a

Weld designed
to resist
moment of F, .a

1M, 1
Weld Bolt group
subject to subject to
vertical vertical
shear only shear only
Il L !
Line of NE ~a Line of
action Y action
Fo F.

(a) Flexible support (b) Rigid support

Figure 6.5 Flexible and rigid supports

If the fin plate support can be assumed to be rigid, for
example a heavy column flange, then there is no reason
why the designer should not modify the model so that the
line of action is through the bolts (Figure 6.5 (b)).

Clearly the design model must be consistent, and if the
above approach is adopted, the fin plate and weld should
be designed for combined shear and bending moment.
The column should be checked for axial load and bending
moment based on the longer of the nominal eccentricity
(100mm) or 'a".

Stiffening

It is possible to improve the performance of a long fin
plate by providing some stiffening. This may either stabilise
the plate against out of plane buckling or may improve
the support provided to the plate by the supporting beam
or column web. The same stiffening may achieve both
effects, see Figures 6.6 and 6.7.

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.
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Fin Plates - Design

|

=

W22774

(a) Stability against out of plane buckling

(b) Resistance to web distortion

Figure 6.6 Paossible stiffening arrangement for long fin plates to supporting beam

Stability

In-plane stiffness

Stability & stiffness

d
Substitute short fin plate

Figure 6.7 Stiffening arrangements for long fin plates to column webs

Structural integrity

In certain tall multi-storey buildings there is arequirement
for the connections to be designed to carry large tying
forces. This is intended to prevent disproportionate
collapse.

Fin plate connections detailed in accordance with Figure
6.4 will be found to have tying capacities which generally
exceed their shear capacity, and in this respect no further
checks will normally be required to the plate, weld or
beam. Local checks to the column, particularly if there are
any one-sided beam to column connections, must be
carried out. (See design procedure Checks 14 to 16.)

Worked examples

Four worked examples are provided in Section 6.6 to
illustrate the full set of design checks of Section 6.5.
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Connection capacity tables

Two sets of capacity tables for fin plate connections with
both one and two vertical rows of bolts, using steel grade
S275 and S355 beams, detailed in accordance with the
standard geometry presented in Figure 6.4, are included
in the yellow pages.

Values of the connection shear and tying capacities are
tabulated together with simple aids to check the capacity
of the supporting member and the beam notch (If
applicable).



6.5 DESIGN PROCEDURE
Recommended design model

The design procedure applies to beams connected either
to the column flange, the column web, the supporting
beam web, RHS columns or to CHS columns. Although the
figures show partial depth fin plates the design procedures

apply equally to full depth fin plates.

Fin Plates - Design Procedures

For connections to the column web the d/t ratio of the
column should be limited to 40€ for | and hot finished
RHS and 35€ for cold formed RHS. D/t should be limited
to 50€2 for CHS.

275 0.5
e= (—
)

~ T
Supported beam Single vertioal ine
n rows Single vertical line n rows o | of t?olts
of bolts of bolts of bolts |
. | ® |
Supporting column
(I' RHS or CHS)
Supporting beam
\\/—\.A
Assumed line of _— Assumed line of __—"
shear transfer shear transfer
(face of column) F, (face of web) E
\%
~\/—\~
Supported beam
Supported beam Double vertical line
N rows Double vertical line N rows of bolts
of bolts of bolts of bolts
) | ®
Supporting column
(I RHS or CHS)
Supporting beam
Assumed line of — D Assumed line of
shear transfer shear transfer

(face of column)

Check
Check
Check
Check
Check
Check
Check
Check
Check
Check 10
Check 11
Check 12
Check 13
Check 14
Check 15

Check 16

O©CoO~NOOOOP~WNEE

Recommended detailing practice
Supported beam -
Supported beam -
Supported beam -
Supported beam -
Supported beam -
Unrestrained supported beam -
Supporting beam/column -
Not applicable

Supporting beam/column -
Structural integrity -
Structural integrity -
Not applicable

Structural integrity -
Structural integrity -

Structural integrity -

(face of web)

Bolt group

Connecting elements

Capacity at the connection
Capacity at a notch

Local stability of notched beam
Overall stability of notched beam
Welds

Local capacity
Connecting elements
Supported beam

Supporting column web (UC or UB)

Supporting column wall (RHS)
Supporting column wall (CHS)
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Fin Plates - Design Procedures

CHECK 1 Recommended detailing practice

End projection, t; End projection, t;

7 All end and edge face of web—u]
distances = 2d
T\’]: Bolt diameter, d
Only 8.8 bolts
to be used,untorqued

in clearance holes

777777777777777777

Hole diameter, Dy,

Length of | / Dp =d +2mm ford £ 24mm
fin plate Dp =d + 3mm ford > 24mm a
| 206D | Min. 2.5 d
J—_\/l’ a =" e ) )
- ‘ long fin plate if

Supporting column

. . . t
| RH H Either fin plate thickness o & a>
& S or CHS) or beam web thickness 0.15
< 0.50d (S275 steel) ** _ .
< 042d (S355 steel) o o t; = fin plate thickness
(See Note (1)) - o

End projection, t,
i Double line of bolts

face
Length of fin plate i of 50mm . but
| >0.6D web | 2 (T+ Dsupporting @1d = (T + 1 pporteq
beam beam
4 4 R
Supported beam © supporting_Somm) but | Supported beam
(Single notched) 3 beam | (Double notched)
= (D -T- I’)suppor‘cing R
il ld beam El
R|
All end and edge | a
distances = 2d ~_ R
: Supporting beam :

Notes:

(1) For the design methods in this guide to be satisfactory, it is essential to comply with the limitation on
fin plate or beam web maximum thicknesses to ensure adequate deformation capacity.

(2) Thefin plate is generally positioned close to the top flange of the beam to provide adequate positional restraint.
Itslength should be at least 0.6D to give adequate “nominal torsional restraint” (BS 5950-1 Table 13and cl. 4.2.2).

(3) Forsupported beams exceeding adepth of 610mm [25], the design method given here may only be used
when the following three conditions are all met:
. Supported beam Span/Depth < 20
. End projection t; = 20mm
. Vertical distance between extreme bolts (n-1)p < 530mm

(4) Bolt spacing and edge distances should comply with the recommendations of BS 5950-1:2000.

(5) Detailing is similar for long fin plates (i.e. the fin plate thickness t; is less than 0.15a) except the end
projection t; will be considerably greater.

In beam-to-column (flanges of | -section) connections where it is required to comply with structural
integrity requirements for a tie force of 75kN, the connection must have at least 2 no. M20, 8.8 bolts
and the fin plate thickness = 6mm.

For greater tie forces, checks 11 to 16, as appropriate, should be carried out.
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Fin Plates - Design Procedures

CHECK 2

Supported beam - Bolt group

Check these bolts in shear under eccentric load

n rows
of bolts

|4;
P | P Ra
P | P o
p p |1§
K ‘ | .
|, RHS
= S or CHS —_ |
A A
| A e | 8 -
Assumed line_of Assumed line of
shear transfer R shear transfer Fy

Capacity of bolt group connecting fin plates to web of supported beam
(taking account of eccentricity ‘a’ for single line of bolts and (a + X) for double line of bolts.)

Basic requirement (bearing of bolts on fin plate and beam web)*:

F

IN

S

F

S

Single line of bolts

IDbs

resultant force on outermost bolt due to direct shear and moment

For single line of bolts

F, =

F =

SV

sm

Zpy =

(FSV2 + FSmZ )1/2

vertical force on the bolt
due to direct shear

force on the outermost
bolt due to moment

elastic section modulus
of bolt group

For Double line of bolts

Fs

FSV

1/2
((Fsv + Fsmv)2 + Fsmh2 )

vertical force on the bolt
due to direct shear

— Vertical force on the outermost

bolt due to moment

horizontal force on the outermost —

bolt due to moment

F, (@+x)

> s?

Zpg

n(n+1)p
6

2n
M x

lng
My

lbg

Assumed line of
shear transfer "IE

where:

p

S

max

S

Pps.f

Posb =

/\_/

= \

-o-|-6-| centre of

|-o-|-o bolt group
> i

| T y

¢ -o|—1V
\\Fs

L X e

(a+Xx)

|

Double line of bolts

bolt pitch

distance from centre of
bolt group to each bolt

distance from centre of
bolt group to furthest bolt

bearing capacity per bolt
min (d & Py ¢, d &y Ppsp)
bearing strength of fin plate

bearing strength of supported
beam web

thickness of fin plate
thickness of supported beam web
diameter of bolt

inertia of bolt group

*  Providing that the limitations on fin plate thickness, beam web thickness and end distance in CHECK 1 are met, bolt
capacity will be governed by normal bearing on the fin plate or beam web and not bolt shear or end bearing.
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Fin Plates - Design Procedures

CHECK 3 Supported Beam - Connecting elements

Critical section in shear and bending

/ Block shear — check failure by \A‘

| tearing out of shaded portion | +
\ e N €
Dl ‘f
n rows N
of bolts N
‘ N Ly Ly
N\
N\
~ el T oy
N el el
A * 1
a e, A 9% <
-
=L, a| Lt
F
\ FV
Single Line of bolts Double Line of bolts
Shear and bending capacity of fin plate connected to supported beam
(i) For shear: (i) Shear and bending interaction
Basic Requirement: Basic Requirement:
Fv S IDv.min FV a = MC
Pymin = shear capacity of fin plate

For low shear (i.e. F, < 0.75P, ;i)

smaller of plain shear capacity P,
and block shear capacity P,

. p, t 2
Plain shear | M, = 26 f (2e1+(n _ 1)p)
P, = min (0.6 PyA,  0.7PK, A, net)
A, = 09(2e,+(n-1)p)t For high shear (i.e. F, > 0.75P, ...))
2
A = A,-nD,t O Foy2d
v.net v h ' M, = p¥4t’(2e1+(n—1)p)2 H]‘_ (P v ) EII
Block shear v-min
o = 0.6p, (L, + Kyl — kD)) where:
L, = e+ (n-1)p p = Dboltpitch
D, = hole diameter
k = 0.5 and L; = e, (forsingle line of bolts) h I
k = 25 andL;=e,+gy(for double line of bolts) t =  finplate thickness
K., = 1.2forS 275 steel

= 1.1 for S 355 steel
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Fin Plates - Design Procedures

CHE_CK 3 Supported beam - Connecting elements
continued
s
| P lle
I I [
i | R
Y ‘ || &
F A |
v | a FV ﬁ
‘ a
Plan Plan Plan
i ateral torsional buckling resistance of long fin plates (i.e. where a >
Lateral t | buckling t f long fin plat h 01‘15
Basic Requirement: where:
Fpbas Mymyp and F a < p Z, | = depth of fin plate
My = lateral torsional buckling resistance t. = thickness of fin plate
moment of the fin plate
= P, Zx L = 1.0a
Z, = elastic modulus of fin plate about major axis mLT = 06 (BS5950-1, Table 18)
ooyl
"6
p. = bending strength of fin plate obtained from

BS 5950-1, Table 17 and based on
ALt as follows:

Ar = 280

oLl g
u|
Up5¢20

(BS5950-1, cl.B.2.7)

Notes: X
(1) This check is required for long fin plates (i.e. a > O_f15) when the supported beam is laterally restrained at
its connection to the fin plate '

(2) Long fin plates should not be used with unrestrained beams without experimental evidence to justify
the design.
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Fin Plates - Design Procedures

CHECK 4 Supported Beam - Capacity at the connection

Critical section in plain shear\ \ \

t, es' t ez
1 3
. LL \ o + \
trl ‘d'* 3 et r‘
n rows |-o L, \ failure
of bolts e \
‘ |
/
S—
A I [__Tension e A Tension
failure b failure
€p N €p ! 1 J- ‘¢
- L L
y [ | T t T t
t \

Block shear failure
tearing out of shaded portion

Critical section in plain shear \

failure

T\LTension

failure

n rows
of bolts

Block shear failure
tearing out of shaded portion

Shear and bending capacity of the supported beam:
(i) For shear:

Block shear (applicable to notch beams only)
Basic requirement: P = 0.6p,t,(L,+ KL~ kDp))
I:v < Pv.min Y
Pymin= shear capacity of the beam L, = e+(m-1p
at the connection k = 05and L, = e; (forsingle line of bolts)
= smaller of: )
Plain shear capacity P, and k = 25andL,=-e5+g, (for double line of bolts)
Block shear capacity P, where:
Plain shear: Ko = 1.2forS 275 steel
P, = min(0.6py A, 0.7 pKeA, e 1.1 for S 355 steel
A, = (eg+(n-1)p + et p = boltpitch
(for un-notched and single notch beam) D, = diameter of hole
= 0.9(e; + (n-1)p + ept,, t, = thickness of supported beam web
(for double notched beam)
Av.net = Av -n Dh ty
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Fin Plates - Design Procedures

CHECK 4

continued

Supported beam - Capacity at the connection

Note: If the notch length c is greater than (e5 + gy,), then shear and bending interaction should be checked
at the 2M9 line of bolts. The beam at the end of the notch may also be critical - see CHECK 5.

Critical section for shear and bending interaction

n rows
of bolts

(if) Shear and Bending interaction at the 2nd line of bolts, if the notch length ¢ > (e; + g)

Basic requirement:
Fo(tpres+gy) < M

For single notched beam:

For low shear (i.e. F, < 0.75P, i)
McC = pyZ
For high shear (i.e. F, > 0.75P, .)
1/2
0 F, (20
Me = 15pz - (—~) O
¢ Y 1} v.min G
For double notched beam:
For low shear (i.e. F, < 0.75P, ;)
Pyty
M = - (e, + (n-1)p +e,)?
For high shear (i.e. F, > 0.75P, )
pytw 20 Fv
M~=2Z(e,+(n-1)p+e,) O-
C 7 (ec+ (-1)p +ey) ] Pv_min) =

) EVZ
O

1]

where:
McC =

moment capacity of the notched
beam at the connection in the
presence of shear.

elastic section modulus of the
gross tee section at the bolt line.
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CHECK 4 Supported beam - Capacity at the connection
continued

€3 gy

1

Shear and bending interaction of the beam web:

For short fin plates (i.e. a < (%5) background studies have demonstrated that the resistance of the web does
not need to be checked.

t

For long fin plates (i.e. a >OT5 ) it is necessary to ensure that the section labelled as ABCD above can resist a

moment F, a for single line c;f bolts or F (a + g,,) for double line of bolts. (AB and CD are in shear and BC is in bending.)

(iii) Shear and bending interaction of the beam web section - Long fin plates only (i.e. a> %)
Basic requirement: where: .
F,a < Mg + Pyag(n-1)p M = ~moment capacity of the beam web BC
for single line of bolts Puag = shear capacity of the beam web AB
D
Fu@+gp) < Mgge + Pypg(n—-1)p = min (0.6 Py €3ty 0.7pK, (e; - 2—“) t, )

for double line of bolts for single line of bolts

For low shear (i.e. F gc < 0.75P,c) 3D
= min (0.6 py( e3t0y) ty . 0.7pK, (e3+0y- 2—h ) tw)

M for double line of bolts

pyt
cBC = GW ((n_l) p)2
Pgc = shear capacity of the beam web BC

For high shear (i.e. F,gc > 0.75P zc) = min (0.6 py(n-1)pt,, 0-7pyKe((” 1)(p- Dh))tw)

/2 F = shear force on the beam web BC
0 F 2 VBC
Mge = Pew ((epyp)?mn- (2€) " g _
4 O Pic’ O = F, - (P,=Pyc) but=0
t, = thickness of beam web
t = thickness of fin plate
D, = diameter of hole
K = 1.2 for S275 steel

= 1.1 for S355 steel
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CHECK 5

Supported beam - Capacity at a notch

Critical sections

n rows |
of bolts
T |
e b ‘ ‘
\ v
FV to notch or
beam flange

Shear and bending interaction at the notch:

Basic requirement:

(@) Forsingle bolt line or for double boltlines, if x = 2d:

F,(ty +¢) < Mcn

M,y for Single notched beam:
For low shear (i.e. F,<0.75P )

Men = Pydn

For high shear (i.e. F,>0.75P )

/2
2 E‘r
M. = 1.5p,Z Dl (_)
cN VEN

P 1

M.y for Double notched beam:

For low shear (i.e. F, < 0.75P,)

Pyty
My = e (et+(n 1)p+eb)

For high shear (i.e. F,>0.75P )

_ IOytw

lj/ 2

(et +(n-1)p + e,

(b) For Double bolt lines, if xy, < 2d:
max ( F,(t;+c), Fv(t1+e3+gb)) < My

My = M. from Check 4

where:
Mcn =

PvN -

AvN -

€3, 0,as per CHECK 4

moment capacity of the beam at the
notch in the presence of shear

shear capacity at the notch
0.6 py Ay

(et -1)p + &),
(for single notched beam)

09(e,+ (n-1)p + e t,
(for double notch beam)

end projection
thickness of supported beam web
length of notch

elastic section modulus of the gross tee
section at the notch
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CHECK 6

Supported beam - Local stability of notched beam

C

-

dcl

—

When the beam is restrained against lateral torsional buckling, no account need be taken of
notch stability provided the following conditions are met:

For one flange notched [141.[5]

Basic requirement:

dcl

c

<

<

IN

IN

IN

For both flanges notched [15]

Basic requirement:

Max (dq » dgp)

C

where:

Ly

Where the notch length c¢

IN

IN

IN

IN

IN

D/2 and:

D for D/t,, < 54.3 (S275 steel)

160000D

—_— or . stee

DIt f D/t,, > 543 (S275 steel)
W

D for D/t, < 48.0 (S355 steel)

110000D

—_— or . stee

(D/tw)3 f D/t,, > 48.0 (S355 steel)

D/5 and:

D for D/t,, < 54.3 (S275 steel)

160000D

W for D/t,, > 54.3 (S275 steel)

D for D/t,, < 48.0 (S355 steel)

110000D

—_— or . stee

CIWE f D/t,, > 48.0 (S355 steel)
W

thickness of supported beam web

exceeds these limits, either suitable stiffening should be provided or the notch
should be checked to references 14, 15 and 16.
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Unrestrained Supported Beam

CHECK 7 Overall stability of notched beam
FCW ¢
dCl‘ — ¢dcl
R
Lb =

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

Notes:

(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 ¢ and/or notch depth d; are different at each end, then the larger values for
¢ and d;; should be used.

3) Beams should be checked for lateral torsional buckling to BS 5950-1[11, clause 4.3 with a
modified effective length (Lg) which takes account of notches.

4) The solution below gives the modified effective length (L;) based on references 18, 19 and 20.
Itis only valid for C/Lb <0.15and dcllD < 0.2 (beams with notches outside these limits should
be checked as tee sections, or stiffened).

/2

| 2c
L = L, O+ —(K?>+2K) O

O Ly ]
K = Ko/Ap

uvlik
- b
A = .
y

where: X, u, v.and ryare for the un-notched | beam section and are defined in BS 5950-1

Conservatively, u = 0.9and v = 1.0

for A, < 30 Ko = 11g,x but < 1.1 Khax
for A, = 30 Ko = g, X but < Kmax
g, and K., are tabulated below:
c Kmax
L % UB uc
section 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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CHECK 8 Supporting beam/Column - Welds

Critical weld Critical weld

! | web or flange
or RHS, CHS wall

e

|
Supporting beam Supporting column

Strength of weld connecting fin plate to supporting beam or column
under bending moment and shear

Basic requirement: where:

s > 0.8t s leg length of fillet weld

fin plate thickness

<t
1

Note: This check ensures that the weld is not the weakest part of the connection.

CHECK 9 Not applicable (see Table 3.1)
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CHECK 10 Supporting beam/column - Local capacity

(with one supported beam)

1

/ Supporting beam\

o o

®
T T T

(i) Local shear capacity:

Q)

t

Basic requirement: where:
F
?V < Py tyy = thickness of supporting beam web,
column web or column wall
Py = local shear capacity of supporting t = fin plate thickness
beam web or column web or column wall
= 06pyA, U, = Ultlmatg tensile strength of
y supporting member
Ay = 0911y py = design strength of fin plate
Punching shear capacity: f, = maximum bending stress in the fin
plate

Provided that either the conservative or rigorous
requirement given below is satified, yielding of the fin
plate occurs before punching shear failure of the
supporting member:

Basic requirement (either will suffice): Zgross = elastic modulus of gross section of
the fin plate
0ou, 2
_tWDUSCD OR th WDf ) tf|
Upy O pb O = -
(Conservative) (Rigorous)

\"

1a «—  web thickness t,, wall thickness t 7L"\_/;vall thicknesst %_"\_/\

Local shear and punching shear capacity of :

1a e | Column RHS Column CHS Column

T [? C&?

- beam web supporting one beam
- web of | column supporting one beam
- wall of RHS or CHS column supporting one beam

F,a
= but fb < pyf

gross
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CHECK 10 Supporting beam/column - Local capacity
continued (with two supported beams)
Supporting beam Supporting column web

-+ K - A )
|
e S |2 |
4»1 | o i !
- ‘ |

r | ol

1 va
I:Vl

[

_

(iii) Local shear capacity of supporting beam web or column web supporting two beams:

Basic Requirement: where:
I
— 2
I:V_lA + FLZ < P Fiun = Fu |_
2 2 v 1
P, = local shear capacity of supporting
beam web or column web
= 0.6 py, A
A, = 0911,
t, = thickness of supporting beam web
or column web
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CHECK 11

Structural integrity - connecting elements

n rows
of bolts ‘

\

Single line of bolts

Note: This check is only needed if it is necessary to comply with structural integrity requirements.

To resist a tie force of 75kN, the connection must have at least 2 no. M20, 8,8 bolts and a fin plate

thickness = 6mm.

Structural integrity — tension and bearing capacity of fin plate

(i) For tension:

Basic requirement:

Tie force Tie force
—_— —_—
e
e2<— ~gb7 2<—
€1 3
[y
p
Y
A
P l
A b
Y
* €1 /

Tie force < Tension capacity of fin plate

Tension capacity of fin plate

A = g

A

net A= r‘Dhtf

(ii) For bearing:

Basic requirement:

min (pyA » Ke Py Anet)

Tie force < Bearing capacity of fin plate

Bearing capacity of fin plate

= 15ndt; py but
< 05ne,tpy,
(for single line of bolts)
= 3ndt p, but
<

n (1.5d t py+ 0.5 €, t; pp, )

(for double lines of bolts)

where:

Double line of bolts

bolt pitch

diameter of bolt

diameter of hole

thickness of fin plate

bearing strength of the plate
( BS 5950-1, Table 32)

1.2 for S275 steel
1.1 for S355 steel
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CHECK 12

Structural Integrity - supported beam

-
Y \
e _——
ty :
Y
P 1
/ |
n rows b \ |
of bolts / I -
| . Tie force
p I \
|
eS
— ﬁ
e
p |
A |
n rows b ) \
of bolts Y I -
D k) . Tie force
Y |
|

ol

Tie force

Tie force

Note: This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — tension and bearing capacity of beam web

(i) For tension
Basic requirement:
Tie force < Net tension capacity of beam web
Net tension capacity of beam web

I'etwpy

(ii) For bearing
Basic requirement:

<

Tie force Bearing capacity of beam web.
Bearing capacity of beam web

but

15ndt,, py

IN

0.5nezt,, Py
for single line of bolts
3ndt,, p, but

n(l.5d tyPps+ 056, twpbs)
for double line of bolts

IN

where:
Le = effective net length
= 2e,+(n-1)p,-nD,
€ = €3 but < e, for single line of bolts
€. = €3 +0,-D, but < e, for double line of bolts
Pe = P but < 2e; for single line of bolts
Pe = p buts< 2(ez+g,-Dy)for double line of bolts
ty, = beam web thickness
p = bolt pitch
D, = diameter of hole
d = diameter of bolt
pps = bearing strength of beam web

(BS 5950-1, Table 32)

CHECK 13

Not applicable (see Table 3.1)
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CHECK 14

Structural integrity —
Supporting column web (UC or UB)

H

I

7
N

AN
/

X
I

This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — Tying capacity of rolled column web, in the presence of axial compression in

the column

Basic requirement:

Tie force < Tying capacity of column web

Tying capacity 8 M, 05) *
ofcolumnweb = g 1(nl +1.5(1-By) )
M, = moment capacity of column
web per unit length
2
= pu tW
4
p, = design tensile strength of the column
= U /1.25 (see inset box)
*

Factor 1.5 in the equation includes an
allowance for the axial compression
in the column

Note:

dc
ty + 2s
——
M

Tie Force

where:

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

Fin plate
connecting to
column web

= thickness of fin plate

= length of fin plate

= depthofcolumn between fillets
= thickness of column web

= leg length of weld

Design tensile strength

p,=U/1.25
S275 1328 N/mm?2
$355 [392 N/mm?2

Values of U, taken from
BS EN 10025: 19934
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CHECK 15 Structural integrity - D

supporting column wall (RHS)

Fin plate
connecting to
RHS column

Tie Force

This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — Tying capacity of RHS wall, in the presence of axial compression in the
column

. . where:
Basic requirement:
|
Tie force < Tying capacity of RHS column wall n = _—
(B -3t,)
(t; + 2s)
Tying capacit 8 M 0.5 =
ying capacity - _ ~ Tu (ﬂ+1.5(1—|3) )* P (B-3ty)
RHS column wall 1-B
= thickness of fin plate
M, = moment capacity of RHS column
wall per unit length | = length of fin plate
t 2
= Pulw B = overall width of RHS column wall
4 to which the connection is made
p, = design tensile strength of the RHS column
t, = thickness of RHS column wall
= U /1.25 (see inset box)
S = leg length of weld
Factor 1.5 in the equation includes an - -
) . Design tensile strength
allowance for the axial compression
in the column p,=U,/1.25

$275 |328 N/mm?

$355 392 N/mm?

Values of U, taken from
BS EN 10201 - 1:1994[3]
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CHECK 16

Structural integrity -
Supporting column wall (CHS)

This check is only needed if it is necessary to comply with structural integrity requirements

Structural integrity — Tying capacity of CHS wall, in the presence of axial compression in the

column

Basic requirement:

Tie force

Tying capacity
CHS column wall

Pu

LITIT7TT7777777777

¢

Tie Force

where:
< Tying capacity of CHS column wall n
= 5p,t,2 (1+0.250) x 0.67 * '
D
= design tensile strength of the CHS column
tW

Factor 0.67 in the equation includes an
allowance for the axial compression

U /1.25 (see inset box)

in the column

Design tensile strength

p,=U,/1.25
$275 328 N/mm?2
$355  [392 N/mm?

Values of U, taken from

BS EN 10210 - 1:1994[3]

Fin plate
connecting to
CHS column

— but< 14
D
length of fin plate

diameter of CHS column

thickness of CHS column wall

173



Fin Plates - Worked Examples

6.6 WORKED EXAMPLES

The worked examples show design calculations for typical
standard connections. Each example demonstrates first
the use of the capacity tables (yellow pages) and then full
checksaccording to the proceduresin Section 6.5. 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 structural integrity in the
presence of an axial tie force required to be developed in
some members to ensure the steel frame is sufficiently
robust, or in the case of some multi-storey buildings, to
localise accidental damage. When tying capacity is not
required these checks may be omitted.
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Example 1

This example covers the design checks for a two sided
beam-to-beam connection with fin plates welded to the
web only of the supporting beam. A fin plate with a single
line of vertical bolts is employed on one side and another
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 sustained
by the connection.

Example 3

Example 3 is a beam-to-RHS column connection using
fin plates welded to the column wall. The beam sizes and
vertical reactions as in Example 1, so only checks which
are different to the those in the first example are shown.

The connection design also considers tie forces in the
beams but it should be noted that the tie forces are
ignored in checks for vertical reactions and vertical reactions
are ignored in checks for tie forces.

Example 4

Example 4 shows the same beam connections as in
Example 3 but uses fin plates welded to a CHS column. Tie
forces are taken into account separately from the vertical
reactions.
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Job No Sheet
£ Joints in Steel Construction - Simple Connections 1of 12
Title
Example 1 — Fin Plates - Beam to Beam
CALCULATION Client
SHEET SCI/BCSA Connections Group
BCSA Calcs by Checked by Date
RS AM May 2002
DESIGN EXAMPLE 1
Check the following beam to beam connection for the design forces shown.
Yellow pages used for the initial selection of Fin Plates.
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 UB in order to demonstrate
the design checks required for this configuration.
N =120
r
\ : 50 Notch
40
Y
' 70
406 x 178 x 74 UB =
Grade S275 .
70
' v,
40 * ' 20
A
40
i 4
A See
533 x 210 x 92 UB Figure 6.4
Grade S275
End projection L\
10mm 610 x 229 x 140 UB
1 r Grade S275
200 kN 350 kN
8
:*j‘ 't+:+:
Fin Plates: 100« 10 150 x 10 See Z%re 6.4
Single line Type FA4 Double line Type FB5
(Sing yp ) ( yp ) Yellow pages
. . Table H.4
Design Information:
Bolts: M20 8.8
Welds: 8mm Fillet Weld
Material: All S275
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The connections are adequate.

Title . Sheet
Example 1 — Fin Plates - Beam to Beam 20f 12
CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES
‘ \
A
¥\
A
Grade $275 | } Crade S275
|
\ 610 x 229 x 140 UB
1 r Grade S275
200 kN 350 kN
Fin Plate type FA4 Grade S275 Fin Plate type FB5 Grade S275
Bolts M20 8.8 Bolts M20 8.8 Yellow pages
From capacity table H.27 in From capacity table H.28 in Table H.27
yellow pages: yellow pages: and H.28
Connection shear capacity Connection shear capacity
= 265kN > 200kN = 476kN > 350kN L] ok.
Maximum notch length (c + t;) Maximum notch length (c + t)
=336mm > 120mm = 345mm > 120mm [] ok.
Web thickness of supporting beam = 13.1mm Table H.64
Minimum support thickness based on the maximum shears of 265kN and 476kN
= (62+82) = 144mm {£ 13.1mm L[] Fails
but for shear forces of 200kN and 350 kN the minimum required thickness
200 350
= 6.2 x — + 82 x —
265 476
= 4.7mm + 6.0mm
= 10.7mm < 13.1mm [ ok
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Title

Example 1 — Fin Plates - Beam to Beam

Sheet

3o0f 12

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 1

Sheet

406UB (S275)

533UB (5275)*

610UB (S275)

Nos CHECK Applied Applied Applied
Capaci Capaci Capaci
pacity Load pacity Load paclty Load
4 CHECK 1 All recommendations adopted
- Recommended detailing practice ecommendations adopte
4 CHECK 2 Capacity 87.4 65.9 92 53.9 )
Supported beam - Bolt group | Per bolt (kN) CRITICAL CHECK Not Applicable
shear capacity FOR 406 UB
5&6 CHECK 3 Shear (kN) 400 200 494 350
CRITICAL CHECK
Supported.beam EOR 533 UB
- Connecting elements Bending
(Strength of fin plate) capacity 38.6 10 59.4 17.5 | Not Applicable
(kNm)
Lateral torsional buckling Plate thickness t; > 0.15a
resistance of long fin plate [J both fin plates are ‘short’
7t09 | CHECK4 446 200 603 350
Supported Beam Shear (kN) (block shear) (block shear)
- Capacity at connection Bending N/A N/A 164 35 Not Applicable
(notched beam) capacity
(KNm)
10 CHECK 5
Supported Beam Bending )
_ Capacity at a notch Capacity 89.1 24 164 42 Not Appllcable
(kNm)
CHECK 6
11 Supported Beam Notch length 412.8 110 533.1 110 Not Applicable
- Local stablity of notched beam (mm) Notch length ¢ < Specified limits
(Beam restrained)
11 CHECK 7
Supported Beam - Not Applicable Not Applicable
- Lateral torsional buckling
(Beam restrained)
12 CHECK 8
Supporting Beam s > 0.8t (0.8t;) (s) (0.8t;) (s) Not Applicable
- Fin plate weld (mm) 8 8 8 8
12 CHECK 9 - Not Applicable Not Applicable
12 CHECK 10
Supporting Beam Shear (kN) Not Applicable 564 241

- Local Capacity of beam web

* A fin plate with a single vertical line of bolts would be adequate in this example but a double vertical line was
used in order to demonstrate the design checks required for this configuration.
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Title . Sheet
Example 1 — Fin Plates - Beam to Beam 4 of 12
Check 1: Recommended detailing practice
Fin plate thickness:  t; = 10mm <0.5d (d=20mm dia)
Fin plate length: | = 290mm (>0.6D for 406 UB)
= 360mm (>0.6D for 533 UB)
Bolts: M20 8.8
Check 2: Supported beam - Bolt group
Basic requirement: Fs S Py
For 406 x 178 x 74 UB grade S275
Pps = min(dtpys, dtyPpsp)
20 x 10 x 460 20 x 9.5 x 460 Pps from
= 103 ) 103 BS5950-1
Table 32
= 87.4kN
For single line of bolts:
- 2 2)12
Resultant force per bolt, Fy = (FSV +Fom )
. y 200
Direct force per bolt, Fov = = a = 50kN
n
Eccentric bending moment, M = F, a = 200x0.05 = 10kNm
nn+1)p
Modulus of bolt group, Zpy = 5
4x5x70
= — = 233mm
6
Force on the outermost F,a 10 x 103 )
F = — = = 42.9kN
bolt due to moment, sm Zbg 233
Resultant force per bolt, FBoo= (502 + 42.92)1/2 = 65.9kN
F, = 65.9kN < 87.4kN O ox.
For 533 x 210 x 92 UB grade S275
b . ( 20 x 10 x 460 20x10.1 x 460 ) 92kN
= min , =
bs 103 103
For double line of bolts:
Resultant force per bolt, o= (R + Fmy) 2+ P2 )1/2
. F, 350
Direct force per bolt, F = — = — = 35kN
2n 10
Eccentric bending moment, M = F, (a+Xx) = 350x0.075 = 26.3kNm
T T Inertia of bolt group,
n7/l lbg = 2 52 = 4(252 + 1402) + 4(252 + 702) + 2 x 252
|:va
- 4
—1 = 104250mm
‘ Smh M 26.3 x 140 x 103
6—6— Pojwog o= WY o 2SXIAXDT = 35kN
y70 4 lng 104250
M X 26.3x25x 103
Fv = — = ———— = 6kN
‘ I lhg 104250
350kN T T o= (65+6)2+352)= 539N
a+X), b5
75 F, = 53.9kN < 92kN 0 ok.
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) _ Sheet
Title Example 1 — Fin Plates - Beam to Beam

50f 12

Check 3: Supported Beam - Connecting Elements

(i) For shear:
Basic requirement: F, < P

\"
For 406 x 178 x 74 UB Side
Shear capacity of fin plate P,

v.min

is the smaller of Plain shear capacity P,, and Block shear capacity P,
min (0.6 Py A,,0.7 Py Ko A, net)

0.9(2e, +(n-Hp) &

v.min

Plain shear capacity of fin plate, P,

Shear area, A,

2
- =y = 0.9(80 +210) x10
e, = 40
= 2610mm?2
(n-1)p Net area, A, ot = A, - nD,t
=210 =  2610-(4x22x10) = 1730mmZ
Y
_ 0.6 x 275 x 2610
©1=40  o6p, A, = Xlo3—x = 431kN
A
Yol 0.7x275x1.2x 1730
v 0.7pyKe Avnet = . = 400kN
10
Lie, = 400kN
Block shear capacity of fin plate, P, = 0.6 Py & (LV + Ko (L - th))

(wherek=0.5, L,=e, andL,=e; +(n-1)p)
0.6 x 275 x10(250 + 1.2(50 — 0.5 x 22))

Py = T = 490kN
b P'\.min = min (P, , P,) = 400kN
F = 200kN < 400kN

For 533 x 210 x 92 UB Side

A, = 09(80+280)10 = 3240mm?2
50 50 50
e A net = 3240-(5x22x10) = 2140mm?
mulipe ] |
e, =40 0.6 x 275 x 3240
[ 06 p, A, = g = 535kN
(n - 1) p _ 0.7 x275x 1.2 x2140 _
= 280 0.7 p Ky Ayper = e = 494kN
| Block shear capacity of fin plate, P, = 0.6 p, t; (L, + Ky(L;— kDy,))
e, =40 (where: k=25, L, =100, and L, = e, + (n — 1)p) see note below
A ot
Pt 0.6 x 275 x10(250 + 1.2(100 - 2.5 x 22))
v P, = 5 = 617kN
10
DPv.min = min (P, , P,) = 494kN
F = 350kN < 494kN

NOTE: Block shear checks have been shown here, but they are never critical for well proportioned fin plates.
However, if the bolt spacing is concentrated at one part of the plate then these checks may be critical.

See note below

0 ok.

ok
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(iif) Lateral Torsional Buckling Resistance of Long Fin Plates:
This check is only required where t; < 0.15a

For 406 x178 x 74 UB and 533 x 210 x 92 UB:

0.15a

0.15x50

7.5mm

&

Title . Sheet
Example 1 — Fin Plates - Beam to Beam 6 0f 12
(ii) Basic requirement for shear and bending interaction:
FLa S M,
For 406 x 178 x 74 UB Side
0.75P, min = 0.75x 400 = 300kN
a=>50
10 ] ’:_ Fy = 200kN < 300kN
ﬂ rﬁ L[] low shear criteria for bending applies
€= 40 A P 2
Owm, = -%f (2e,+(n - 1)p)
_ 290
275 x 10 (2x 40 + 210) ’
= ——(2x
6 x 106
! = 38.6kNm
Eccentric moment, F, a = 200 x 0.05 = 10kNm
F, = 200kN
F,a = 10kNm < 38.6kNm O ox.
For 533 x 210 x 92 UB Side
a=50 50 O75P, . =  075x494 =  371kN
ﬁloﬁ . o= 350kN < 371kN
L L] low shear criteria for bending applies
elz 40
275 x 10 2
O m = =" _"(2x40+280
¢ 6 x 108 ( )
— 360 = 59.4kNm
y
i
Fy = 350kN
Eccentric moment  F,a = 350x0.05 = 17.5kNm
F,a = 17.5kNm < 59.4kNm 0 ok.

10mm [J Lateral Torsional Buckling check not required

Note: For a double vertical line of bolts the eccentricity is taken from the support to the first vertical line of bolts.
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Title . Sheet
Example 1 — Fin Plates - Beam to Beam 7 of 12
Check 4: Supported Beam - Capacity at the connection
(i) Basic requirement for shear: F, < P, i,
where P, ... is the smaller of the plain shear capacity, P, or the block shear capacity, P,
of the supported beam
For 406 x 178 x 74 UB grade S275
Plain shear capacity, P, = min (0.6 p, A, ,0.7p, Ko A, per )
ty =95
A, = (e+(n-1)p+ey)t,
_>”<_ for single notched/plain beam
| €t = 40
f A, = (40+210+113)x9.5
I (n-1)p - 2
_L - 210 = 3449mm
| e, =113 Ay net = A, - nDyt,
Shear plane = 3449-(4x22x9.5)
Bolt diameter, = 2613mm?
d =20mm
_ 0.6x275x3449 _
Hole diameter, 06py A, = 103 = S569kN
D, =22mm
_ 0.7x275x1.2x2613
0.7 py Ko A et = e = 604kN
e, = 569kN
Block shear capacity, P, = 06p, t, (L, +K (L—kDy))
ty =9.5 L, = eg+(-1p
Block shear failure
ﬂr F = 40+210
'S et S 40 = 250mm
mE = 1.2 (for S275 steel )
- (n - 1)p €
e y =210 k = 0.5 (for single line of bolts )
bl )
e, =113 L = eg (forsingle line of bolts )
. | /
0.6 x275x9.5(250 + 1.2(40 - 11
R L 0 P, = ” ” ( ( ))
e5=40 108
= 446kN
Shear capacity of supported beam P, i, = min(P, ,P,) =  446kN
Applied shear F =  200kN < 446kN OJox.
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Title . Sheet
Example 1 — Fin Plates - Beam to Beam 8 of 12
For 533 x 210 x 92 UB grade S275
Plain shear capacity P, min (0.6 p, A, , 0.7 p Ko A, et )
A, (g + (n-1)p+ey)t,
for single notched beam
t, =10.1
W A, (40 + 280 + 163) x10.1
-4 L 4878mm?
T oeE0 | e ¢
e
A (-1p i 1 Av.net A, = nDy
=280
-+ - ¢ 4878 - (5x 22 x 10.1)
Y
T T
ep=163 2 3767mm?
—— . Y 1
: 0.6 x 275 x 4878
Bolt diameter, Shear plane 0.6 p, A, + =  805kN
d =20mm y 10
Hole diameter, 0.7 x275x 1.2 x3767
D;, = 22mm 0.7 Py Ke Avnet = 103 = 870kN
e, 805kN
Block shear capacity P, 0.6 Py ty (LV + K, (L —kD, ))
L, g;+(n-1)p
ty = 10.1 40 + 280
Block shear failure
ﬂf | 320mm
e;=40 S T # # Ke 1.2 (for S275 steel )
Rl g k 2.5 ( for double line of bolts )
(n-1)p - .
=280 .. L, &5 + g, ( for double line of bolts )
1 [Foe g 0.6 x 275x10.1(320 + 1.2(90 - 55))
e,=163 | Pr
: \ 103
»J - 603kN
e3=40 9,=50
Shear capacity of supported beam P, i, min (P, , P, )
L, 603kN
pplied shear < K.
Applied sh Fy 350kN 603kN 0ok
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; _ Sheet
Title Example 1 — Fin Plates - Beam to Beam 9of 12

(if) Shear and bending interaction at the 2nd line of bolts is required if ¢ >e; + g,

For 533 x 210 x 92 UB grade S275
c = 110mm > 90mm
[] Interaction check required
0.75 Py, min =  0.75x 603 = 452N
350kN < 452kN
L] low shear criteria for bending applies

Basic requirement for bending:
Fotp+eg+gy) = M

350 (10 + 40 + 50)

F,(t, +e, + = = 35kNm
¢ e g vty +eg+gy) 103
1 3 b M = Z
=10 =40 =50 « Py
3 W 1‘ For Gross tee Section:
.C = 11,0‘ Taking moments of area about bottom flange:
40 Y ‘ J:\ (209.3 x 15.6 x 7.8) + (467.4 x 10.1 x 249.3)
€= fJF . .
Critical section — Y
= 209.3x 15.6) + (467.4 x 10.1
(n-1)p & for shear I #15.6) * ( «101)]xy
=280 -¢--¢- and bending y = 151mm
‘ o interaction
Y + Second moment of area about neutral axis:
[ ee
e,=163 | ! 1 [209.3x156° ) ]
Y . b = 1l =+ (2093x156.14329)
|
1 1 + L 10.1x467.53 5 ]
F, = 350kN ol—Dm — + (467.4x10.1x98.3%)
= 19858cm#
[ _Jlo1 |
—>(f— 7 - Ixx
Y = 332 Ymax
4
Blon ] v 10858
B = 32 = 598 cm3
=151 :
I B
1561 | 093 275 x 598
e T
= 164kNm
Fo(ty+eg+gy) = 35kNm < 164kNm O ok.
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Example 1 — Fin Plates - Beam to Beam

Title Sheet

10 of 12

CHECK 5: Supported Beam — Capacity at a notch
Shear and Bending interaction at the notch

For 406 x 178 x 74 UB grade S275
(@) Single line of bolts

0 ok.

[ oxk.

c=110 t;=10 Basic requirement: F, (t; +c) < My
= AN = (e + (n-L)p +ey) t,
v =  (40+3x70+113)x95 = 3448mm?
| “e,=40
Critical | A Pin = 0.6 py AN
seetion I (n-Dp _ 0.6x275x3448 C ssonn
| | =210 = 103 =
| 0.75 P,y = 427kN
e,=113 o ) ]
[ A= 200kN < 427kNLJ low shear criteria for bending applies
| D MCN = py ZN
1 For gross tee section:
Fy = 200kN Taking moments of area about bottom flange:
9.5 (179.5 x 16 x 8) + (347 x 9.5 x 189.5)
Yoax = 258 = [(179.5x16) + (347 x9.5)] xy
A Oy = 105mm
iy =105
1 — Second moment of area about neutral axis:
179.5
1 [179.5x168 5 1 [ 95x3478 )
e = Tl ——5——* (179.5x16x979)] +— | ————— + (347x95x845%)
10 12 10 12
= 8370cm?*
I 8370
zy = X = — = 324 cm3
Ymax 25.8
_ ~ 275324 ~
Moment capacity, Py Zy = BETERE = 89.1 kNm
~ 200 (10 + 110) _
Rt +0) = — = 24kNm
F, (t; +¢©) = 24kNm < 89.1kNm
For 533 x 210 x 92 UB grade S275 (c =110mm)
Y e, g, Doubleline of bolts
=10=40 =50 Xy = 20mm < 2d (40mm)
=110 (b) Basic requirement: max (F, (t, +¢) , F, (t; + €3+ 9,) < My
#ﬂ Men = M from Check 4
- | Men = 164kNm
¢ | Critical section 350 (10 + 110)
4o | / F, (t, +¢) = — I = 42kNm
e L 350 (10+40+50) B
| \ Fo(t+tegtgy) = — 1 = 35kNm
I .
1 | Eccentricmoment = F,(t;+c) = 42kNm < 164kNm
Fv = SSOkN
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Title Example 1 — Fin Plates - Beam to Beam

Sheet 11412

CHECK 6: Supported Beam - Local Stablity 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 steel

Basic requirements:

Notch depth d,; <

2
D
and ¢ < D for — <
tW
160000D D
C —  for — >
(Dft,, )3 ty,

For 406 x 178 x 74 UB Grade S275 (c = 110mm d  =50mm t, =9.5mm D =412.8mm)

412.8
Notch depth d; = 50mm < — = 206.4mm
D 412.8
— = — = 435 < 54.3
t, 9.5
c = 110mm < 412.8mm

For 533 x 210 x 92 UB (c=110 mm d =50mm t, =10.1mm D =533.1mm)

533.1
Notch depth d,; = 50mm < > = 266.6mm
D 533.1
— = — = 528 < 54.3
t, 10.1
c = 110mm < 533.1mm

CHECK 7: Not applicable

(because the supported beam is being considered as restrained against lateral torsional buckling)

54.3

54.3

O ox.

[Joxk.

[ ox.

O ox.
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Title . Sheet
Example 1 — Fin Plates - Beam to Beam 12 of 12

CHECK 8: Supporting Beam - Welds

Basic requirement: s > 0.8¢

0.81 = 0.8x10 = 8mm
[J Use 8mm fillet welds
CHECK 9: Not applicable
CHECK 10: Supporting Beam - Local Capacity (two supported beams)
. . F F
(iii) Basic requirement: XA 4+ %2 < P,
Fuilo 350 x 290
L=T1 Fu Fuia ) = Fan = T —ggg T 282N
} ; 1 1
290 360
Fg = 350-282 = 68kN
Y L _
Fvis
iy { Web thickness of supporting member, t, = 13.1mm
F, = 200kN1 rol = 350kN
Shear capacity,P, = 06P A,
Shear area, A, = 09, t, = 0.9x290x13.1
= 3419mm?
_ _ 0.6x275x3419
= 564kN

Fuaa + P = E2+ 200 =  241kN

2 2 2 2

F

VA, 2 = 241kN < 564kN [ ok.
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Job No Sheet1 of 6

Example 2 - Fin Plates - Beam to UC column web - Structural Integrity

\i Joints in Steel Construction - Simple Connections
} Title

CALCULATION Client

SHEET SCI/BCSA Connections Group
BCS A Calcs by Checked by Date
RS AM May 2002
DESIGN EXAMPLE 2
Check the following beam to column connection for the tie force shown.
‘50‘ 50
/’—-\\\/

; ; 50
| 40

\
175kN | | y 70

i \
Tie force ‘ ‘ 70
‘ 70

| /
| 40

406 x 178 x 74 UB f

Grade 827’5 \
L
Column
305 x 305 x 137 UC
Grade S275
Design Information: See figure 6.5
and
Bolts: M20 8.8 Yellow pages
Material: All §275 Table H.4
Fin Plate: 100 x 10 thk
Welds: 8mm Fillet Weld
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Title  Example 2 - Fin Plates - Beam to UC column web — Structural Integrity

Sheet 20f 6

Note:

@

&)

CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES

-
1_75kN | ‘ 305 x 305x 137 UC
Tie force Grade S275

406 x 178 x 74 UB l/\
Grade S275 S~

Fin plate type FA4 Grade S275

Bolts M20 8.8

8mm fillet weld

From capacity table H.27 in yellow pages

Connection tying capacity = 350kN > 175kN

[J Beam side of connection is adequate.

The tying capacity of the connection given in the table in the yellow pages is the
lesser of the values obtained from CHECKS 11 & 12.

Beams connecting into a column web must also be checked for column web bending
as shown in CHECK 14 on sheet 6.

Yellow pages
Table H.4

Yellow pages
Table H.27

[ ox.
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Title  Example 2 - Fin Plates - Beam to UC column web — Structural Integrity Sheet 30f 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 Bolt capacity tables in the yellow pages.

406UB S275 305UC S275
Beam Column
Sheet CHECK
Nos . Applied . Applied
Capacity Load Capacity Load
4 CHECK 11
Structural Integrity - Connecting Elements Tension 667 175
Tension and bearing capacity (kN) Not Applicable
of fin plate Bearing 460 175
(kN)
5 CHECK 12
Structural integrity - Supported Beam Tension 528 175
Tension and bearing capacity (kN) Not Applicable
of beam web Bearing 350 175
(kN)
5 CHECK 13 - Not Applicable Not Applicable
6 CHECK 14
Structural integrity .
Not Applicable 362 175
- Tying capacity of column web (kN) PP
CRITICAL CHECK
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Tension capacity of fin plate

= It
net = A-n Dh &

_ 275x2900

py A - 103
_ 1.2x275x2020

Ke py Anet - 103

Tie Force = 175kN
(if) For bearing:
Basic requirement: Tie force <

Bearing capacity of fin plate

1.5nd t; pyg

0.5n e, t; Ppe

[J Bearing capacity of fin plate

Tie Force

Bearing capacity of fin plate

min (pyA, KePyAne)

= 290x10 = 2900mm?
= 2900-4x22x10 = 2020mm?2
=  798kN
= 667kN
< B67kN

= 15ndt; p, but < 0.5n e, t; ppe
1.5x4x20x10x 460
= = 552kN
103
0.5x4x50x10 x 460
= = 460kN
103
= 460kN
= 175kN < 460kN

Title  Example 2 - Fin Plates - Beam to UC column web — Structural Integrity Sheet 406
CHECK 11: Structural Integrity - Connecting Elements
e =50 | 50
2
— -
o
e =40
Y
Hole diameter D =22mm
Tie force |, 1 i blate thick h_ |
- p=70 Fin plate thickness, t¢ = I0mm
= 175kN 1
A
e =40
(i) For tension:
Basic requirement:  Tie force < Tension capacity of fin plate

[Jok.

Pps from
BS 5950-1
Table 32

0 oxk.
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Title  Example 2 - Fin Plates - Beam to UC column web — Structural Integrity Sheet ¢ ¢ 6
CHECK 12: Structural Integrity of supported beam
e;=40
— Ff
f e =90
Y
—~— p=70
Tie force Y
175kN
(i) For Tension:
Basic requirement: Tie force <  Net tension capacity of beam web
Net tension capacity of beam web = L t, Py
Effective net length, L = 2e,+ (n-1)p,—nDy,
&, = €3 (but < e) = 40mm
Pe = p (but = 2ey) = 70mm
Dy, = hole diameter = 22mm
Beam web thickness, t = 9.5mm
L = (2x40)+[@-1)70]-(4x22) = 202mm
) . 202 x9.5x 275
L] Net tension capacity of beam web = — 1 = 528kN
TieForce = 175kN <  528kN ox.
(if) For Bearing:
Basic requirement: Tieforce <  Bearing capacity of beam web
Bearing capacity of beamweb = 1.5ndt,p, but < 05negt, py Py, from
BS 5950-1
ty = web thickness = 9.5mm Table 32
Pps = 460N/mm?2
_ 15x4x20x9.5x460 _
1.5nd t,, pps = e = 524kN
_ 0.5x4x40x9.5x460 _
0.5n e t,, Ppe = 103 = 350kN
Bearing capacity of beam web = 350kN
Tie Force = 175kN <  350kN [Jox.
CHECK 13: Not applicable (see Table 3.1)
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Note: If column web fails to satisfy the above criteria then stiffeners fillet welded on one side
to the web and flanges would be required thus:

Title  Example 2 - Fin Plates - Beam to UC column web — Structural Integrity Sheet ¢ ¢ 6
CHECK 14: Structural Integrity - Supporting column web
Basic requirement: Tieforce < Tying capacity of column web
de=246.7
T N——
_ 25+ t;= 26
N~/ <
\
1 | |
1 =290 | |
| | 305 x 305 x 137 UC \
k | | Grade 5275 t,=138
RN
‘\_/_\' *
175kN
Tie Force
Tying capacity _ 8 M, 05
of column web = 1-8, (1 +15(1-p,)05)
M, = moment capacity of column web per unit length
Rt
- 4
328« 13.82
= _—_ = 15.6kNm/mm
45103
I 290
n, = — = —_— =1.176
d, 246.7
te+ 2s 10+ (2x8)
B, = = — =0.105
d, 246.7
Tying capacit _ 8x15.6 0.5
ofcomrweb = T-o108 (1.176 + 1.5(1 - 0.105)°5 )
= 1394 (1.176+1.419) = 362kN
Tie Force = 175kN <  362kN [ ok.
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Job Sheet
’ i Joints in Steel Construction - Simple Connections 10of9
i\ Title
Example 3 - Fin Plates - Beam to RHS column
CALCULATION Client
SHEET SCI/BCSA Connections Group
BCS A Calcs by Checked by Date
RS AW / AM May 2002

DESIGN EXAMPLE 3

Check the following beam to RHS column connection for the design forces shown.
In this example it is assumed that the tying force is equal to the end reaction. However, depending
on how the floor beams are arranged, the tying force given by the formula in BS 5950-1 clause

2.4.5.3 can sometimes be less.

Note: The connections should be checked independently for (i) shear forces and (ii) Tie forces
and NOT for both forces at the same time.

250x 250 x 12.5 RHS Grade S355

T
500 2
r | !
5 ] | ‘
200kN 40 ' | 40 350kN
tie 0] y! 1N tie
force 1 I g 0 force
N
S 70 | I 70 >
70 1 N 70
406 x 178X 74 UB 40 ; 70
Grade S275 ! | {
’ | ! —140 533x210x92 UB
| | Grade S275
| I !
10 Projection L, .| 10 Projection
200kN r350"'\'
8 8

2a

100x 10
Fin plate (Type FA4)

Design Information:

’/—%

150x 10
Fin plate (Type FB5)

Bolts: M20 8.8
Welds: 8mm fillet weld
Column: S355
Beams: S275
Fin plates: S275

See figure 6.4
and

Yellow pages

Table H.4
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Beam side of connection is adequate

Beam side of connection is adequate

i . h
Title Example 3 - Fin Plates - Beam to RHS column Sheet 20f9
CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES
250x 250 x 12.5 RHS Grade S355
T
I I
I I
200kN | | 350kN
tie ! ! ; tie
force | | f
orce
& I IH >
I I
406 x 178 x 74 UB | !
Grade $275 'K
' ! ! 533 x 210 x 92 UB
| I Grade S275
| | \
I I
J/X/I
200kN r350kN
Fin Plate type FA4 Grade S275 Fin Plate type FB5 Grade S275
Bolts M20 8.8 Bolts M20 8.8
Yellow pages
From capacity table H.27 in Yellow pages: From capacity table H.28 in Yellow pages: Tables
H.27 and H.28
Connection shear capacity Connection shear capacity
= 265kN > 200kN 476kN > 350kN [ oxk.
Max notch length Max notch length
(c +t,) = 336 > Zero (c+t,) =345 > Zero 0 ok.
Minimum support thickness Minimum support thickness
=4.8mm < 12.5mm =6.3mm < 12.5mm 0 ox.
Connection tying capacity Connection tying capacity
= 350kN > 200kN 694kN > 350kN 0 ok.
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Title

Example 3 - Fin Plates - Beam to RHS column

Sheet

30f9

Notes (i)

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 3

notched beams in Example 3.

(i)

CHECKS 1 to 9, where applicable, are all as shown in Example 1 and are not repeated in this example,
but the calculated capacities are summarised below. CHECK 4 capacities are higher because there are no

In accordance with BS 5950-1; tie forces are ignored when checking the capacity to resist vertical

reactions and vertical reactions are ignored when calculating the capacity to resist tie forces.

(iif) Values shown * are different from those given in the capacity tables (Tables H.27 and H.28)

because a single notch is assumed in the tables, i.e. e, = 40mm.
406UB 533UB RHS Column S355
Sheet CHECK 5275 S275 406UB Side | 533UB Side
Nos - - - -
.. |Applied .. |Applied ., | Applied .. |Applied
Capaci Capaci Capaci Capaci
pacity Load pacity Load pacity Load pacity Load
CHECK 1 _
- Recommended detailing practice All recommendations adopted
CHECK 2 Capacity _
N Supported Beam per bolt 87.4 | 65.9 92 53.9 Not Applicable
— - Bolt Group Shear Capacity (kN) CRITICAL CHECK
o)
)
< | CHECK3 Shear (kN)| 400 200 494 350
% Supported Beam CRITICAL CHECK _
& | - Connecting Elements Bending | 38.6 10 59.4 | 175 Not Applicable
o (Strength of fin plate) capacity
- kN
o (kNm )
£ | CHECK 4 . .
S | Supported Beam Shear 647 200 | 888 350 Not Applicable
ﬁ - Capacity at connection (kN)
(5]
» CHECKS 5,6 and 7 Not Applicable Not Applicable
CHECK.8 . §20.8 1t Not Applicable 0.8t)| (s) 0.8t;) | (s)
Supporting Column Fin plate weld| mm 8 8 8 8
CHECK 9 Not Applicable Not Applicable
CHECK 10 Shear (kN) 695 | 100 | 863 | 175
4 | Supporting Cplumn Punching Not Applicable ) ) )
- Local capacity of RHS wall Shear fin plate thickness is adequate
5 | CHECK 11
& 6 | Structural Integrity Tension 667 200 825 350
- Connecting Elements (kN) Not Applicable
Tension and bearing capacity | Bearing 460 200 | 1265 | 350
of fin plates (kN)
CHECK 12 Tension
7 | Structural Integrity (kN) 528 | 200 | 850 | 350
&8 | - Supported beam Bearing | 350 | 200 | 1160 | 350 Not Applicable
Tension and bearing capacity | (kN) CRITICAL TIE
of beam web FORCE CHECK
CHECKS 13 and 14 Not Applicable Not Applicable
CHECK 15
9 | Structural Integrity Tension 386 | 200 | 432 350
- SUppOftlng column wall (kN) Not Appllcable CRITICAL TIE
FORCE CHECK
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i . h
Title Example 3 - Fin Plates - Beam to RHS column Sheet 4ot g
CHECK 10: Supporting Column - Local capacity
250 x 250 x 12.5 RHS Column Grade S355
T T
50 50 50
I [| 406x178x74UB _ .5 |l - 533 x 210 x 92 UB
| | Grade S275 | | Grade S275
| | /[ i | | \
I I I I ‘AHCF A
[ ]
! | = 2090 J! '?
| | | I
| | | i | =360
I I I I
I I L I I /
| It | !
I I wall thickness | I \
I | t,=12.5mm | |
/\/I /\/\,
F, = 200kN F, = 350kN
Shear and punching shear capacity of column wall
(i) Local shear capacity
Basic requirement: F/2 < P,
For 406 x 178 x 74 UB side
F, /2 = 100kN
Shear capacity, P, = 0.6 Py A,
A, = 09lt,
= 0.9x 290« 125 = 3263mm?
0.6 x 355 x 3263
0oe, = = 695kN
108
F,/2 = 100kN <  695kN O ox.
For 533 x 210 x 92 UB side
F, /2 = 175kN
A, = 0.9x360x125 =4050mm?
0.6 x 355 x 4050
e, = = 863kN
103
F,/2 = 175kN <  863kN O ox.
(if) Punching shear
Basic requirement (using the conservative method for both beam sides): U, from
U Table H.45
t < (=) Yellow pages
Pyt
Uy = 490N/mm?  and Py = 275N/mm?
Uy 490
tW X = 12.5« = 22.3mm
Pyt 275
t = 10mm < 22.3mm O ox.
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Title i Sheet
Example 3 - Fin Plates - Beam to RHS column 50f9
CHECK 11: Structural Integrity - Connecting Elements
406 x 178 x 74 UB Side
e =50 | 50
2 —
€1 = 40
'y
Hole diameter D =22mm
Tie force |, 1 . ) ho
- ! p=70 Fin plate thickness, t; = I0mm
= 200kN —x
Y
€1 = 40
(i) For tension:
Basic requirement: Tie force < Tension capacity of fin plate
Tension capacity of fin plate = min (p,A, KopyAner)
= |t = 290x10 = 2900mm?
net = A-nD,t = 2900-4x22x10= 2020mm?
A _ 275x2900 - 708kN
AT T -
_ 12x275x2020 _
KePyAnet = ——o5—— = B67kN
Tie Force = 200kN <  B67kN [Jok.
(if) For bearing:
Basic requirement: Tie force < Bearing capacity of fin plate
Py from
Bearing capacity of fin plate = 15ndt py but < 0.5n e, t; py BS 5950-1
Table 32
1.5x4x20x10 x 460
1.5nd t; pyq = = 552kN
103
0.5x4 x50 x10 x 460
0.5n e, t; Ppg = = 460kN
103
[J Bearing capacity of fin plate = 460kN
Tie Force = 200kN < 460kN [Jok.
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: _ Sheet
Title Example 3 - Fin Plates - Beam to RHS column 6 0of 9
533 x 210 x 92 UB Side
€y F 50
l«
9, = 50
v
e; =40
1T
y
Hole diameter Dh =22mm %\
Fin plate thickness, t = 10mm A | | - Ti€ force
P E _ 1 = 350kN
p=70 '
—
i
e, =40
A
(i) For tension:
Basic requirement:  Tie force < Tension capacity of fin plate
Tension capacity of fin plate = min ( PyA, Kepy Anet )
A = 1t = 360x10 = 3600mm?
Anet = A-nDt = 3600-5x22x10= 2500mm?
A _ 275x3600 990N
py - 103 -
_ 12x275x2500
Ke Py Anet = —Qg — ° 85
Tie Force = 350kN < 825kN ok
(ii) For bearing:
Basic requirement: Tie force < Bearing capacity of fin plate
Bearing capacity of fin plate = 3ndt; py, but < n(1.5dtpy+0.5e, tipy) Py, from
3x5x20 x10 x 460 BS 5950-1
3ndt py = = 1380kN Table 32
103
(1.5><50><10x460 0.5x50x10x460)
n(1.5d t; py + 0.5 €5 Py ) 5 103 + 103
= 5(138+115) = 1265kN
[] Bearing capacity of fin plate = 1265kN
Tie Force = 350kN <  1265kN ok
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Fin Plates - Worked Example 3

Title i Sheet
Example 3 - Fin Plates - Beam to RHS column 7 of 9

CHECK 12 Structural Integrity - Supported beam

Tension and bearing capacity of the beam web

For 406 x 178 x 74 UB grade S275
This check is identical to CHECK 12 in Example 2

(i) For Tension

Basic requirement: Tie force =< Net tension capacity of beam web

200kN < 528kN 0 oK.

Tie force
(if) For Bearing
Basic requirement: Tie force < Bearing capacity of beam web

200kN < 350kN [ ok.

Tie force

For 533 x 210 x 92 UB grade S275
e, =40 g =50

L
\
e =90
t Y
jvh n row of bolts
=70y
—a —
Y Tie force = 350kN
Y
i
(i) For Tension 1
Basic requirement:  Tie force < Net tension capacity of beam web
Net tension capacity of beam web = Loty Py
Effective net length L, = 2e,+(n-1)p,—nDy,
€ = e;+9,-D, but < &
= 68mm
Pe = p but < 2(eg+ g,-Dy)
= 70mm
Le = 2x68+4x70-5x22
= 306mm
. . 306 x 10.1 x 275
Net tension capacity = 103 = 850kN See note.
Tie Force = 350kN < 850kN 0ok
Note: This value may not be the same as that given in the capacity tables, where a single

notched beam is assumed (i.e. e, = 40mm)
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Fin Plates - Worked Example 3

i . h
Title Example 3 - Fin Plates - Beam to RHS column Sheet 80of9
(if) For Bearing
Basic requirement: Tie Force < Bearing capacity of beam web
Bearing capacity of the beam web = 3ndt, pp
but < n(15dt, p, + 0.5e;5t, py)
~ 3x5x20x10.1x 460 ~
3ndt,pp = 103 = 1394kN
(1.5 x20x10.1x460 0.5x40x10.1x 46(5
n(15dt, p,+05e5t,p,) = 5 103 + 03
= 5 (139 + 93) = 1160kN
Bearing capacity of beam web = 1160kN
L[] Tie force = 350kN < 1160kN [ ok.
CHECK 13: Not applicable see Table 3.1
CHECK 14: Not applicable see Table 3.1
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Fin Plates - Worked Example 3

Title i Sheet
Example 3 - Fin Plates - Beam to RHS column 90of9
CHECK 15: Structural Integrity — Capacity of Supporting Column Wall (RHS)
|l ||
| =290 for 406 x 178 x 74 UB || |
| =360 for 533 x 210 x 92 UB | | |
! || | | 250 x 250 x 12.5 RHS
/ \ Grade S355
L _
R ty=12.5
B=250 | -f— —
200kN 350kN
, Tie Force Tie Force
2s +t =26
Basic requirement: Tie force <  Tying capacity of RHS column wall
Tying capacity 8 M, 05
of column web 1-8 ( T+15(1-p) )
M, = moment capacity of RHS column wall per unit length b, from
Py t% 392 x 12.52 procedures
= 7 = T 108 15.3kNm/mm CHECK 15
+2s 10+ (2x8
g = 4r® 10+(2x8) 0.122
B-3t, 250 - (3x12.5)
o=
B-3t,
For 406 x 178 x 74 UB side
290
n = [ = 1.364
250 - (3x12.5)
i 8x15.3
capacit _ _ 0.5
Jying capacity -~ o123 (1.364 + 1.5(1 - 0.122)05)
= 139.41 (1.364+ 1.406) = 386kN
Tie force = 200N < 386kN 0 ok
For 533 x 210 x 92 UB side
360
’7 = _—_— = 1694
250 — (3 x 12.5)
T in capamt _ 8x15.3 0.5
comrwall = T o1s (1.694 + 1.5(1 - 0.122)0:5)
= 139.41 (1.694 + 1.406) = 432kN
Tie force = 350kN < 432kN 0 ox.
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Fin Plates - Worked Example 4

Job Sheet

’ P Joints in Steel Construction - Simple Connections 1of6
i\ Title

Example 4 - Fin Plates - Beam to CHS column

CALCULATION Client
SHEET SCI/BCSA Connections Group

B C S A Calcs by s Checked byAW /A Da'\t/leay 7002

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. However, depending
on how the floor beams are arranged, the tying force given by the formula in BS 5950-1 clause
2.4.5.3 can sometimes be less.

Note: The connections should be checked independently for (i) Shear forces and (ii) Tie forces
and NOT for both forces acting at the same time.

244.5x12.5 CHS Grade S355

50 e 50 50
— -
Y | |
200kN 404+ 4l 6 140
tie 70 T | 1%
force | 13 70 35tQkN
<_ 70 | e
I IR 0 force
70 | 70
| —
406 x 178 x 74 UB 40 !
Grade 5275 | I ' 70
L il ' 7[40 533 x 210 x 92 UB
I | Grade S275
e ' \‘
. . —
10 Projection || :ar 10 Projection

200kN 1 r350kN
8 8 See figure 6.4
/ and

Yellow pages
Table H.4

100 x 10

. 150 x 10
Fin plate (Type FA4)

Fin plate (Type FB5)

Design Information:

Bolts: M20 8.8
Welds: 8mm Fillet weld
Column: S355
Beams: S275
Fin Plates: S275

202



Fin Plates - Worked Example 4

Title  Example 4 - Fin Plates - Beam to CHS column Sheet

20f6

CONNECTION DESIGN USING

CAPACITY TABLES FROM YELLOW PAGES

244.5x12.5 CHS Grade S355

T

200kN ! {
tie N |
force ] | 35tQ|<N
(_ | e

R ! force

| ’
406 x 178 x 74 UB g
Grade 82751 N

L 1

533 x210x 92 UB
Grat\je S275

A}

200kN 1

Fin Plate type FA4 Grade S275
Bolts M20 8.8

From capacity table H.27 in
yellow pages:

Connection shear capacity
= 265kN > 200kN

Max notch length
(c +t;) = 336mm > Zero

Minimum support thickness
=4.8mm < 12.5mm
Connection tying capacity
= 350kN > 200kN

Beam side of connection is adequate

<>

r350kN

Fin Plate type FA4 Grade S275
Bolts M20 8.8

From capacity table H.28 in
yellow pages:

Connection shear capacity
= 476kN > 350kN

Max notch length
(c +t;) = 345mm > Zero

Minimum support thickness
=6.3mm < 12.5mm
Connection tying capacity

= 694kN > 350kN

Beam side of connection is adequate

Yellow pages
Table H.27
and H.28

[Jok.

0 ok.

0 ok.

[Jok.
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Fin Plates - Worked Example 4

Title Example 4 - Fin Plates - Beam to CHS column Sheet . :&
I
SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 4
Notes (i) Checks 1 to 9, where applicable, are all as shown in Example 1 and are not repeated in this example,
but the calculated capacities are summarised below. Check 4 capacities are higher because there are no
notched beams in Example 4. Similarly, Checks 11 and 12 are as shown in Example 3.
(ii)  In accordance with BS 5950-1; tie forces are ignored when checking the capacity to resist vertical
reactions and vertical reactions are ignored when calculating the capacity to resist tie forces.
(iii) Values shown * are different from those given in the capacity tables (Tables H.27 and H.28)
because a single notch is assumed in the tables, i.e. e, = 40mm.
406UB 533UB CHS Column S355
Sheet CHECK S275 5275 406UB Side | 533UB Side
Nos - . - -
.. | Applied .. |Applied .. | Applied .. |Applied
Capaci Capaci Capaci Capaci
pacity Load pacity Load pacity Load pacity Load
CHECK 1 _
- Recommended detailing practice All recommendations adopted
o |CHECK2 Capacity | 87.4 | 659 | 92 | 53.9 Not Applicable
= Supported Beam per bolt | cRITICAL CHECK
< - Bolt Group Shear Capacity (kN)
% CHECK 3 Shear 400 200 494 350
2 |Supported Beam (kN) CRITICAL CHECK
wn .
— | - Connecting Elements Bending | 386 | 10 |594 | 175 Not Applicable
o) (Strength of fin plate) capacity
g— (kNm)
% |CHECK 4 . .
ﬁ Supported Beam Shear 647 200 888 350 Not Applicable
3 - Capacity at connection (kKN)
CHECKS 5,6 and 7 Not Applicable Not Applicable
CHECK 8 $s20.8¢t Not Applicable (0.8t)| () [(0.8t) | (s)
Supporting Column mm 8 8 8 8
- Fin plate weld
CHECK 9 Not Applicable Not Applicable
CHECK 10 Shear(kN) 695 | 100 | 863 | 175
4 | Supporting Cglumn . Not Applicable
- Local capacity Punching ] ) )
(of CHS wall) Shear Fin plate thickness is adequate
CHECK 11 Tension | 667 | 200 | 825 | 350
5 | Structural Integrity (kN)
-Connecting Elements Bearing | 460 | 200 |1265 | 350 Not Applicable
Tension and bearing capacity (kN)
of fin plates
CHECK 12 Tension | 528 | 200 | 850 | 350
5 | Structural Integrity (kN)
- Supported beam Bearing | 350 | 200 |1160 | 350 Not Applicable
Tension and bearing capacity (kN)
of beam web
5 |CHECK 13, 14 and 15 Not Applicable Not Applicable
CHECK16 _ 266 | 200 | 281 | 350
6 | Structural I_ntegrlty Tension Not Applicable CRITICAL TIE FAILS
- Supporting column wall (kN) FORCE CHECK
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Fin Plates - Worked Example 4

Title  Example 4 - Fin Plates - Beam to CHS column Sheet , <¢e
CHECK 10 : Supporting Column - Local capacity
24454125 CHS Grade S355 Column
> S
' | s06x178x74u8 o0 |l 50 50 533x210x92UB
| I Grade S275 | | Grade S275
I I f I i \
g
| I I fe—e A
I I I ik
If—4—o
| | | | ! I =360
| I / I | Y
| It I |
I | wall thickness | | \
| [ t,=12.5mm | |
< <>
F = 200kN F, = 350kN
Shear and punching shear capacity of column wall
(i) Local shear capacity
Basic requirement:  F, /2 P,
For 406 x 178 x 74 UB side
F, /2 100kN
Shear capacity, P, 0.6 Py A,
A, o9lt,
0.9x 290x 12.5 = 3263mm?
0.6 x 355 x 3263
LI, = 695kN
103
F, /2 100kN <  B95kN O ok.
For 533 x 210 x 92 UB side
F, /2 175kN
A, 0.9x 360x 12.5 = 4050mm?
0.6 x 355 x 4050
LI, = 863kN
103
F, /2 175kN < 863kN O ok.
(if) Punching shear
Basic requirement (using the conservative method for both beam sides):
USC
ki Ly (p_yf ) U, from
Yellow pages
2 - 2
Uge 490N/mm and Py = 275N/mm Table H.45
sc 490
t,, x 12,5« = 22.3mm
Pyf 275
t 10mm < 22.3mm O ox.
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Fin Plates - Worked Example 4

CHECK 13 Not applicable See Table 3.1

CHECK 14 Not applicable See Table 3.1

CHECK 15 Not applicable See Table 3.1

Title Example 4 - Fin Plates - Beam to CHS column Sheet . :¢
CHECK 11 Structural Integrity - Connecting Elements
(This check is identical to CHECK 11 in Example 3.)
406 x 178 x 74 UB side
(i) For Tension
Example 3
Basic requirement: Tie force < Tension capacity of fin plate Fin Plates
Sheet 5 of 9
200kN < 667kN [ ok.
(if) For Bearing Example 3
. . . . . . Fin Plates
Basic requirement: Tie force < Bearing capacity of fin plate Sheet 5 of 9
200kN < 460kN [J ok.
533 x 210 x 92 UB Grade S275
(i) For Tension Example 3
Fin Plates
Basic requirement: Tie force < Tension capacity of fin plate Sheet 6 of 9
350kN < 825kN [ ok.
(if) For Bearing Example 3
. . . . . . Fin Plates
Basic requirement: Tie force < Bearing capacity of fin plate Sheet 6 of 9
350kN < 1265kN [ ok.
CHECK 12 Structural Integrity - Supported beam
(This check is identical to CHECK 12 in Example 3.)
406 x 178 x 74 UB Grade S275
(i) For Tension Example 3
. . . . . Fin Plates
Basic requirement: Tie force < Net tension capacity of beam web Sheet 7 of 9
200kN < 528kN [ ok.
(ii) For Bearing Example 3
i i . i < i i Fin Plates
Basic requirement: Tie force < Bearing capacity of beam web Sheet 7 of 9
200kN < 350kN [ ok.
533 x 210 x 92 UB Grade S275
(i) For Tension Example 3
. . . . . Fin Plates
Basic requirement: Tie force < Net tension capacity of beam web Sheet 7 of 9
350kN < 850kN 0oxk.
(ii) For Bearing Example 3
i i - ; < ; ; Fin Plates
Basic requirement: Tie force < Bearing capacity of beam web Sheet 8 of 9
350kN < 1160kN [ ok.
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Fin Plates - Worked Example 4

Title  Example 4 - Fin Plates - Beam to CHS column Sheet . .o
CHECK 16: Structural Integrity — Capacity of Supporting Column Wall (CHS)
/\C>
N/
| =290 for 406 x 178 x 74 UB
| =360 for 533 x 210 x 92 UB
/7 N\
J\-/O 244.5 x 12.5 CHS Grade S355
A
tw=12.5
D=2445 -« >
200kN 350kN
Tie Force .
) Tie Force
Basic requirement: Tie force < Tying capacity of CHS column wall
Tying capacity _ 2
of CHS column wall ~ 5p,t,~(1+0.257)x0.67
p, from
Py = design tensile strength of column wall procedures
CHECK 16
US
= = 392 N/mm?
1.25
I
n = —_— but < 4
D
For 406 x 178 x 74 UB side
290
n = = 1.186
2445
Tying capacit _ 5x392x 12.52 (1 + (0.25x 1.186)) x 0.67
of column wall B 103
= 266kN
Tie force = 200kN < 266kN 0o
For 533 x 210 x 92 UB side
360
n = 1.472
244.5
Tying capacit _ 5x392x 12.52 (1 + (0.25x 1.472)) x 0.67
of column wall B 103
= 281kN
Tie force = 350kN ¥ 281kN [J FAILS
Use a deeper fin plate for 533 UB Side.
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7. COLUMN SPLICES

7.1 INTRODUCTION

Column splices in multi-storey construction are usually
provided every two or three storeys and are located just
above floor level. This results in convenient lengths for
fabrication, transportand 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 | -section
and hollow section members are shown in Figure 7.1.

Figure 7.1 Splice connections

Bolted cover plate splices for | -sections:
There are two categories for this type of connection:

e Bearing type (see Figure 7.3). 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 far fewer bolts than the non-bearing splice,
and is therefore the one most commonly used in
practice.

< Non-bearing type (see Figure 7.4). In this case
loads are transferred via the bolts and splice plates.
Any bearing between the members is ignored, the
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connection sometimes being detailed with a physical
gap between the two shafts.

For more heavily loaded splices the end result can be
expensive, involving a large amount of fabrication and
site bolting

Splices are generally provided just above floor levels
(typically 500mm above) hence moment due to strut
action is considered insignificant. The moments induced
in splices placed at other positions should be checked.

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.

Bolted 'cap and base' or 'end plate' splices
for tubular and rolled | -sections

This type of splice, consisting of ‘cap and base' or end
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 has also
gained in popularity in recent years for rolled | -section.

The most simple form of the connection is as shown in
figure 7.2 and is satisfactory as long as the ends of each
shaft are prepared in the same way as for a bearing type
splice and also due attention is paid to other considerations
such asload reversal making the splice atension connection,
stability during erection and structural integrity. This type
of connection can then be both simple and cost effective.

In a splice connection with end plates it is generally more
difficult to achieve the same stiffness as the member than
itis for the cover plate splices. An accurate elastic analysis
of the connection should be used to verify that it is at least
as stiff as the member. It is likely that relatively thick end
plates will be needed. Extended end plates may be
required if there is a significant moment. Even where a
splice connecion is entirely in compression, it is advisable
to maintain full continuity of stiffness through the
connection to safeguard the robustness of the structure.

/‘\/

‘Base plate’

7

'‘Cap plate'

\/—\
Figure 7.2 'Cap and base' or 'End plate’ splice



Column Splices - Practical Considerations

Packs Ends of Ends of Packs

members Packs members

prepared prepared

for bearing for bearing

: L x
Division
plate
(a) External cover plates (b) Internal cover plates (c) External cover plates
- same serial size - same serial size - different serial size

Figure 7.3 Bearing column splices for rolled | - sections

Packs Packs

(b) External and internal
cover plates
- same serial size

(a) External cover plates
- same serial size

Packs
Y
= % Gap
(c) Internal cover plates (d) External cover plates
- same serial size - different serial size

Figure 7.4 Non-bearing column splices for rolled | - sections

7.2 PRACTICAL CONSIDERATIONS

Rolled | -section column connections

The types of splices used for rolled column connections
are shown in Figures 7.3 and 7.4.

The normal preparation for a rolled | -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.

It must be emphasised that direct bearing does not
necessitate the machining or end milling of the columns
and that full contact over the whole column area is not
essential. Guidance on the allowable tolerances between
bearing surfaces can be found in BS 5950-2[1] and the
National Structural Steelwork Specification[®l.
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Column Splices - Recommended Geometry

CHS and RHS tubular connections

'‘Cap and base' or 'end plate' splice connections are
suitable for tubular members in both compression and
tension. For simple designs the recommendationsincluded
here are those in the Cidect Guides[281(29],

Implicit in the design procedures is an allowance for
prying forces; the 'exact method bolt tension capacity"
can therefore be used.

Preferred splice types

Practical considerations lead to bearing type splices being
recommended in most cases. 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 should be
detailed between the columns, and the splice components
should be designed accordingly.

In non-bearing splices joining members of different serial
size, multiple packs are necessary to take up the
dimensional variations. In order to limit the packing to
reasonable proportions no more than one jump in the
column serial size should be taken at each splice. Further
rules on the packing follow in the design checks. These
restrictions on packing do not apply when high strength
friction grip bolts are used.

Forarchitectural 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 7.3(b) and 7.4(c). By using both these
options, itis possible to detail a splice thatis no wider than
the column section itself.

Fasteners

Generally the capacities and design strengths of fasteners
and fittings should be based on the rules givenin BS 5950-
1, clause 6.3. The fastener spacing and edge distances
should comply with the requirements of clause 6.2 of that
code.

For the majority of cases 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.

Untorqued 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 reversals. In cases where
significant net tension may be present, either general grade
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HSFG bolts can be used, or alternatively the connection
could be detailed with ‘cap and base' plates as shown in
Figure 7.2. Asa guide, net tension is considered significant
when it exceeds 10% of the design strength (py) of the
upper column.

Holes

Holes in fittings may be punched full size, using semi-
automatic equipment, within the limits laid down In
BS 5950-2[1] and in accordance the National Structural
Steelwork Specificationl8]. Holes through thicker fittings
and column flange and web are usually drilled.

Splice fittings

Splice fittings are usually fabricated using S275 material
and standard flats. Appropriate sizes may not be available
for the heavier splices and in such cases the fittings will be
cut 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 sized approximately
5mm smaller than the lower column size to permit easy
fitting, and will normally be flat enough for tight bearing
without the need for machining or flattening.

Packing shims are usually detailed 5mm short of the
bearing surfaces to avoid the possibility of slip and cutting
tolerances resulting in the ends being trapped.

7.3 RECOMMENDED GEOMETRY

The main aims when detailing column splices are as
follows:

- to provide a connection that is capable of carrying
the design loads:

e toensure that members are held accurately in position
relative to each other;

< toprovide adegree of continuity of stiffness about both
axes:

- to provide sufficient rigidity to hold the upper shaft
safely in position during erection[30].

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.



7.4 DESIGN

The design check procedures for column coverplate splices
inrolled sections are described in detail for bearing splices
in Section 7.5 and for non-bearing splices in Section 7.6.

The design check procedures for RHS and CHS bolted 'cap
and base' splices, when subject to tensile forces, are
described in Sections 7.7 and 7.8 respectively.

Bearing splices

The procedures require bearing splices to be initially
checked to establish whether the design forces and
momentsinduce 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.

It is not necessary to achieve an absolutely perfect fit over
the entire bearing surface. Normally, ends of columns that
are sawn cut are adequately smooth and flat for bearing
without machining. The actual bearing of the ends of each
column is dependent upon the accuracy of erection; after
erection the ends bed down as successive dead loads are
applied to the structure.

It can be assumed that full contact in bearing has been
achieved, provided that the gap between the bearing
surfaces, after erection, complies with clause 9.5.5 of
the National Structural Steelwork Specification.[®]

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.

Shear force

The horizontal shear force arising from the moment
gradient is normally resisted by friction across the contact
bearing surfaces and/or by the web cover plates. Wind
forces on the external elevations of buildings are normally
taken directly into the floor slabs. If instead they are taken
into the steel columnsitis usual to position the connections
between the wall and the column such that the splice is
not subject to wind shear. It is rare for column splices in
simple construction be expected to transmit wind shears,
and thus no design methods are presented in this guide.

Column Splices - Design

Structural integrity

The Building Regulations require that certain tall multi-
storey buildings must be designed so that accidental
damage does not lead to disproportionate collapse. Clause
2.4.5 of BS 5950-1[11 Jays down a set of rules for steel
frames that are deemed to satisfy these requirements.

In such cases, the flange cover plates and associated bolt
groups should be checked for a total tensile force equal to
the largest factored vertical dead and imposed load reaction
applied to the column at a single floor level located
between that column splice and the next column splice
down.

Worked examples

Five worked examples are provided in Section 7.9; three
examples illustrate the design checks for rolled section
cover plate splices and two design checks for hollow
section splices in full tension.

Column splice tables

A fully detailed set of bearing-type coverplate splices for
common combinations of UC columns is included in the
yellow pages (Tables H.32 and H.33). Rationalised bolt
spacing and fittings sizes have been adopted and these
may be used for most splices. Tension capacities 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 HSFG bolts see Table H.31 note 6.

Non-bearing splices are infrequently used for rolled
columns so tables are not provided for this type of
connection. However, Tables H.36, H.37 and H.38 are
provided for bolted splices in CHS and RHS members in
tension.
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Column Splices (Bearing Type) - Rolled steel | sections - Design Procedures

7.5 DESIGN PROCEDURE

COVER PLATE SPLICES FOR | - COLUMNS - BEARING TYPE

Recommended design model

When the splice is being made 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 equating to the difference in the
depth dimension of the two sizes) or alternatively to the
inner flanges by using split cover plates.

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

M
 —

chd
F

Vv

horizontal division plate provided between the shafts to
ensure an adequate load path. Flange cover plates then
connect to the external faces of the column shafts.

In normal circumstances the horizontal shear force arising
from the moment gradient is resisted by friction across the
contact bearing surfaces and/or by the web cover plate,
but no specific checks are presented here. See further
advice in Section 7.4.

Design procedures are summarised below. CHECK 1
gives the size parameters for the splice, CHECKS 2to 4
are strength checks required when tension is present
and CHECK 5 is required for structural integrity design.

———
T —»F l T —»FV l
(M+@) (M_@) M, F (M_@)
D 2 D 2 D 2 D 2

where

M = nominal moment due to factored dead and imposed loads (ie. column
design moment) at the floor level immediately below the splice.

Fed = axial compressive force due to factored dead load only.

Fy = shear force.

D = 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).

CHECK 1 Recommended detailing practice

CHECK 2  Flange cover plates - Determine whether net tension is present
CHECK 3  Flange cover plates - Tensile capacity of cover plates

CHECK 4  Flange cover plates - Bolt group

CHECK 5  Structural integrity - Cover plates and bolt group
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Column Splices (Bearing Type) - Rolled steel | sections - Design Procedures

CHECK 1

Recommended detailing practice

Columns (UC or UB) - Bearing splice
External flange cover plates

H

Web cover plate
at least 4 no.
M20, 8.8 bolts
See notes (1)&(2)

Multiple packs
Thicknesspa

Flange cover plate
Projection Lg, 2 By and 225mm
Width Wiy2 By

Thickness > T,/2 and 10mm

Butting surfaces of sections in direct bearing

Web angle cleats
at least 2 no. M2
8.8 bolts each side

Multiple packs

Web cover plate width > 0.5D,

Bolts
’ /(normally untorqued

in clearance holes)
See notes (1)&(2)

Packs arranged

as necessary

Wide bolt spacing
for joint rigidity

cleat length = 0.5D,

245°

thicknesspa 1
Lip
Ltp
Flange cover plate| ¥F
asabove ____ Y
Notes:

() Bolt spacing and edge distances should comply with the recommendations of BS 5950-1:2000.

2) If there is significant net tension (see CHECK 3) then the notes from CHECK 1 for Non-bearing splices
should be adhered to.

Direct bearing onto a division plate

Division plate thickness
determined by the stiff
bearing provisions of
clause 4.5.1.3 of

BS 5950-1
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CHECK 1

(continued)

Recommended detailing practice

Columns (UC or UB) - Bearing splice
Internal flange cover plates

H

Web cover plate
at least 4 no.
M20, 8.8 bolts

Web cover plate width = 0.5D,

Flange cover plate

Projection Lo 2By and 225mm

Width Wip2 (By—t,-2r,)/0
Thickness > T1/2 and 10mm

Notes:

should be adhered to.

(r, = root radius)

as necessary

P

Internal flange cover plates

() Bolt spacing and edge distances should comply with the recommendations of BS 5950-1:2000.

—Packs arranged

Wide bolt spacing
for joint rigidity

/Bolts
’ (normally untorqued
in clearance holes)

2) If there is significant net tension (see CHECK 3) then the notes from CHECK 1 for Non-bearing splices
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Flange cover plates — Presence of net tension
CHECK 2 98 cover b _ H
due to axial load and bending moment

M, Fed M_ Fu
D 2 D 2
Basic requirement:
Fea D
If M <
2

Net tension does not occur and so the splice need only be detailed to transmit axial
compression by direct bearing (Check 1)

Feg D
2

If M >

Net tension does occur and the flange cover plates and their fasteners should be
checked for a tensile force, F, (Check 3 and 4)

Preloaded HSFG bolts should be used when net tension induces stress in the upper
column flange > 10% of the design strength of that column.

M F
- d

|:2 = — -

D 2
where: M = nominal moment due to factored dead and imposed loads (i.e. column

design moment) at the floor level immediately below the splice.

Feg = axial compressive force due to factored dead load only.

D = 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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CHECK 3 Flange cover plate

Tensile capacity of cover plate

Tension
Fa

Column fL
flange

e !
I‘I
LU

Tt
i I llqcriticalsection
]
+

Flange cover plate *
Fa

Basic requirement:

F, < min (py Atp KepyAfp.net)

where
Fs is as given by CHECK 2

Check for significant net tension:

Note:

If % > 0.1 then preloaded HSFG bolts should be used
yl
where:
Ty = Upper column flange thickness
B, = Upper column flange width
Py1 = Upper column design strength

Afp = gross area of flange cover plate(s) attached to one flange
Afp_net: net area of flange cover plate(s) attached to one flange
Ke = 1.2 for S275 steel , See BS 5950-1

= 1.1 for S355 steel clause 3.4.3

(1 Itis sufficiently accurate to base this calculation on the gross area of the flange.

(2) When the tension is due to structural integrity requirements it is not necessary to use preloaded HSFG bolts.
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CHECK 4 Flange cover plate -bolt group H

Tension

*Fz
5

Column flange

\

|

T3]

A

Flange cover plate
Bolts in shear Fa
Basic requirement:

F, < Reduction factor x 3 P

Ps = shear capacity of single bolt ps Aq

(But for the top pair of bolts, P is the smaller of p; A; or 0.5 e to Pos )

where:
. . 500 - Lj
Reduction factor = min 1)

8d + 3t,, 5000

Lj = joint length (in mm)

o = shear strength of the bolt

A = shear area of the bolt

t, = thickness of the flange cover plate

Pps = bearing strength of the flange cover plate

e = end distance

d = bolt diameter

tha = thickness of the packing

Bolts in bearing
Basic requirement:
F, < 2 Py,
Pps = bearing capacity of the flange cover plate

(But for the top pair of bolts, Py is the smaller of dtg, py,or 0.5 € tg, py,)

Note: If the thickness of the column flange is less than the thickness of the flange cover plate,
then bearing capacity of the column flange should also be checked.

For Preloaded HSFG bolts
F, < 2P

For connection designed to be non-slip under factored loads

PsL = slip resistance = 0.9 K, uP, (BS 5950-1, cl. 6.4.2)
K = 1.0 for fasteners in standard clearance holes

u =  slip factor

P, = minimum shank tension as specified in BS 4604[31]
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CHECK 5

Structural integrity of splice

H

be carried out with:

plates.

F, =

Tension

If it is necessary to comply with structural integrity requirements, then checks 3 and 4 should

Fiie /2

based on the conservative assumption that the tie force is resisted by the two flange cover

Fic is the tensile force obtained from BS 5950-1, clause 2.4.5.3(c).
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7.6 DESIGN PROCEDURE

COVER PLATE SPLICES FOR | - COLUMNS - NON-BEARING TYPE

Recommended design model

The transfer of all forces, including the axial force, is
made from the upper shaft to the lower shaft via the
bolted 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, but no specific checks are presented here. See
further advice in Section 7.4.

Design procedures are summarised below. CHECK 1
gives the size parameters for the splice, CHECKS 2to5are
strength checks and CHECK 6 is required for structural
integrity design.

nominal moment due to factored dead and imposed loads (ie. column

design moment) at the floor level immediately below the splice.

axial compressive force due to factored dead and imposed loads

conservatively, the overall depth of the smaller column (for external

flange cover plates) or the centreline to centreline distance between

Compression and tension capacity

Compression capacity

F F,

where

M =

Fe =

F, = shear force.

D =

the flange cover plates (for internal flange cover plates).

Fi = maximum compressive force per flange

Fsy = maximum tensile force per flange

Fs = compressive force in web
CHECK 1 Recommended detailing practice
CHECK 2  Flange cover plates -
CHECK 3  Flange cover plates - Bolt group
CHECK 4  Web cover plates -
CHECK 5 Web cover plates - Bolt group
CHECK 6  Structural integrity -

Cover plates and bolt group
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CHECK 1 Recommended detailing practice I

Columns (UC or UB) - Non-bearing Splice
External flange cover plates

Web cover plate
at least 4 no.
M20, 8.8 bolts

Web cover plate width = 0.5D,

See Notes (1) &%Q i
/ Y ‘ Bolts
Multiple packs @ : l‘l @ (normally untorqued

thickness tpa

Flange cover plate

Projection Lp 2By and 225mm

Width L, 2B,

Thickness =T, /> and 10mm

Notes:

‘ » in clearance holes)
\| Hip é} ll @ See Notes (1) & (2).
S
o,  |oko
®

Gap — ! —

(optional) {9 |
1 1l

L - |- Packs arranged
‘ fp @ ”l ﬁ as necessary

i | Il | Wide bolt spacing

to for joint rigidity
| e
9
L w,
B,

Axial compression developed in external flange cover plates

(1) Preloaded HSFG bolts are required if slip is unacceptable.

(2) Although the minimum width and length for cover plates are similar to those for bearing
splices the thickness and bolt design will usually result in larger cover plates.

(3) Bolt diameters must at least 75% of packing thickness tpa.[32]

(4) The number of plies in multiple packs should not exceed four.[32]

(5) There should not be more than one jump in serial size of column at the splice.

(6) If external and internal flange covers are to be provided the sizes should be similar to
those shown and the combined thickness of the external and internal cover plates must
be at least T,/2. All cover plates should be at least 10mm thick.

(7) Bolt spacing and edge distances should comply with the recommendations of BS 5950-1:2000
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CHECK 1 Recommended detailing practice

. Columns (UC or UB) — Non-bearing splice
(continued) Internal flange cover plates

Wi rpl idth = 0.5D
Web cover plate eb cover plate width = 0.5D,

at least 4 no. D, B,
M20, 8.8 bolts
See Note (1) opposited

Y

S I
A ‘ Bolts
@ I W*G} - hormally untorqued
| 'J in clearance holes
Ltp é s ]Jﬁd} See Note (1) opposite.
/ Gap Q} %\ @
| (optional) é ‘iu“\
i 7| ‘ |7 ——— Packs arranged
| Ltp é -!l’- d} as necessary
| I
o QP
{ L
||‘ Wide bolt spacing
| pEsERRy for joint rigidity

)
N
(@]
=3
V\

=
=

fp

v

Flange cover plate

Projection pr =B, and 225mm - -
Width Wy, 2 (B -t,-2r)/2

Thickness =T, /2 and 10mm

Axial compression developed in internal flange cover plates

Notes:

The notes (1) and (3) to (7) opposite apply.
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CHECK 2 Flange cover plates H

Capacity

Compression Tension

Column
flange

critical section

Flange cover plate —

For compression

Basic requirement:

Fi < Py At
where: M A
Fy = o Fe (Tf) (conservative)
Py = Design strength of cover plate
Afp = gross area of flange cover plate(s) attached to one flange
M = nominal moment due to factored dead and imposed loads (i.e. column design

moment) at the floor level immediately below the splice
F = axial compressive force due to factored dead and imposed loads

D = 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)

A = total area of the smaller column
A = area of one flange of the smaller column = B xTy
B, = width of flange of the smaller column
Ty = flange thickness of the smaller column
For tension
Basic requirement:
I:2 < min (py Afp , KepyAfp.net)
where:
Fy = % - Feg ( —if- ) (conservative)
Fed = axial compression force due to factored dead load only
Afp.net = net area of flange cover plate(s) attached to one flange
Ke = 1.2 for S275 steel { See BS 5950_1}
= 1.1 for S355 steel clause 3.4.3
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CHECK 3 Flange cover plates H

Bolt Group

Compression Tension

*F

=

‘

=T

Column
flange

*os
—
> e
.

Flange cover plate —

~
L T®

Bolts in shear
Basic requirement:
Max.(F4,F,) < Reduction factor x 2 P,
Ps = shear capacity of single bolt = p, A,
(But for the top pair of bolts, P is the smaller of p; Agand 0.5 e ty Pps )

where:
Reduction factor = mi %pa , (%) , 1)
Lj = joint length (in mm)
o = shear strength of the bolt
A = shear area of the bolt
t, = thickness of the flange cover plate
Pps = bearing strength of the flange cover plate
e = end distance
d = bolt diameter
tha = thickness of the packing
Bolts in bearing
Basic requirement:
Max.(Fy,F,) < 2 Py,

Pos = bearing capacity of the flange cover plate

(But for the top pair of bolts, Py is the smaller of dtg, p,sand 0.5 e tg, py,g)

Note: If the thickness of the column flange is less than the thickness of the flange cover plate,
then bearing capacity of the column flange should also be checked.

For Preloaded HSFG bolts
Max.(F;,F,) < 2Py

For connection designed to be non-slip under factored loads

PsL = slip resistance = 0.9 K, uP, (BS 5950-1, cl. 6.4.2)
K = 1.0 for fasteners in standard clearance holes

u = slip factor

P, = minimum shank tension as specified in BS 4604[31]

223



Column Splices (Non-Bearing Type) - Rolled steel / sections - Design Procedures

CHECK 4

Web cover plates
Capacity

&
2

conservatively F,

where: F

o

Basic requirement:

IN

Column

Web cover plates/

n
n

T

w
-
I\J‘w

Capacity of web cover plates

axial compressive force due to factored dead and imposed loads

total area of the smaller column
area of web of the smaller column = (A - 2A)
area of one flange of the smaller column

Design strength of web cover plates

gross area of one web cover plate
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Web cover plates I I
Bolt group

CHECK 5

F F

w

3

Column *
e
}

Web cover plates/ T
Fs
2

_n
w
-
l\)‘w

Bolts in shear

Basic requirement:

2—3 < 2 P,
where: Fs = As per Check 4
Py = shear capacity of single bolt = pg A
(But for the top pair of bolts, P is the smaller of p A, or 0.5 e twp Phs)
[ = shear strength of the bolt
A = shear area of the bolt
by = thickness of the web cover plate
Pps = bearing strength of the web cover plate
e = end distance

Bolts in bearing
Fs < 2 Pps

where > Pbs = bearing capacity of the web cover plate

Pbs = bearing capacity of the web cover plate per bolt = d t py,

(But for the top pair of bolts, Py is the smaller of d t py,g or 0.5 € t,,, P)

d = bolt diameter

Note: If the thickness of the column web is less than the combined thickness of the web cover
plates, then the bearing capacity of the column web should also be checked.
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CHECK 6

Structural integrity of splice

H

If it is necessary to comply with structural integrity requirements, then the Bearing type splice

Tension

checks 2 and 3 should be carried out with:

Fa

based on the conservative assumption that the tie force is resisted by the two flange cover plates.

Fiic is the tensile force obtained from BS 5950-1, clause 2.4.5.3(c).
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7.7 DESIGN PROCEDURE

Tension Splices - RHS sections - Design Procedures

RHS 'CAP AND BASE' OR 'END PLATE' SPLICE IN TENSION

Recommended design model

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 principal
force is tension.

The semi-empirical rules are based on the recommendations
given in the CIDECT Design Guidel?°] and take account
of prying forces; it is therefore permissible to use the
exact method bolt tension capacities of BS 5950-1.

—-— 1L
Ft Ft

CHECK 1 - Recommended detailing practice
CHECK 2 - Complete end plate yielding (not applicable)
CHECK 3 - Bolt failure with end plate yielding
CHECK 4 - Bolt failure
CHECK 5 - Weld capacity
CHECK 6 - Member capacity
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Recommended detailing practice
CHECK 1 RHS splice in tension D D

Bolted end plates

S U S
55 'ETf =

| || plate thickness, t,

12mms t, <26mm_IlL__J
See Note (2)

Hole diameter D,
Dy =d + 2mm for d < 24mm
! ! Dy, =d + 3mm for d > 24mm

Jusj

[p———\
H P
p D
__ P .
— e, Y Boltspacing p
J ﬁ J L p >25d
B & & B & &
Edge distance e, 2 1.4Dy,
Edge distance e, > 1.4D,
2D
Total number of bolts N < —p + 2 but > 4
Notes:

(1) Dimension e, to be kept to a minimum.

(2) Plate thickness t, should be limited to between 12mm and 26mm because this
is the range for which the design method has been validated experimentally.

CHECK 2 Complete end plate yielding D D

(Not applicable due to plate thickness limitations)
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CHECK 3

Bolt failure with end plate yielding D D

Basic requirement:

Fe

IN

where:

Ty =

pyplate

P, =

Coff =

o

e
E: ;; m # tw\

-l

t92(1+6a)N

4 (e, - (d/9) +t,,)103
pyplate p

K P,
t.2

[}

on
-1 00
olQ

end plate thickness (mm)

total number of bolts (both rows)

(kN)

e + (d/2) H
p O (g + €9 +t,)0

but = 0

bolt hole diameter (mm)

bolt pitch (mm)

bolt diameter (mm)
Tension capacity - 8.8 bolts

RHS wall thickness  (mm) . Exact tension capacity
Bolt size P

design strength of plate (N/mm?) !

Exact tension bolt capacity (kN) M20 137 kN

(see inset box) M24 198 kN

minimum of e, and 1.25e; (mm) M30 314 kN
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CHECK 4 Bolt failure D U

Basic requirement:

Fi < N P, (kN)
where:
Py = Exact tension bolt capacity (kN)
(see inset box)
N = total number of bolts (both rows)

Tension capacity - 8.8 bolts
Bolt size Exact tension capacity
Pt
M20 137 kN
M24 198 kN
M30 314 kN
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CHECK 5

Weld

0o

| continuous
weld
\ T End plate N
P 4 ;1 : .
\
- T I : B - B Ft
: Y -
1 )
+w i 8
j §
2 RHS wall
-t 5 > L —_
Weld tensile capacity
Basic requirement: For fillet weld:
Provide continuous full-strength weld a = weld throat thickness

(See Note (1)and (2)) or alternatively:

IN

Ft

where:

Notes: (1)

@)

©)

0.7s

2D a (1.25p,,) s = weld leg length < 12mm
RHS depth For partial penetration butt with additional fillet:
design strength of weld a = weld throat thickness according

see BS 5950-1 Table 37. to geometry shown in Figure above
(220N/mm? for S275 steel

250N/mm?Z for S355 steel.)

The weld should be capable of developing the full strength of the RHS. A fillet weld should
normally be used, but if the required leg length exceeds 12mm then a partial penetration butt
weld with additional fillets may be a more economical solution.

For a partial penetration butt weld with additional fillets, as shown in Figure

above, note that:

« the depth of preparation should be 3mm deeper than the required penetration.

= the minimum penetration of 2Vt specified in BS 5950-1 clause 6.9.2 does not apply to
the detail shown.

Depending on splice plate stiffness, the welded perimeter of RHS Sections will be loaded non-
uniformly. In the absence of more precise design guidance, the effective weld length should be
taken as the side lengths adjacent to the loaded bolts in tension.
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CHECK 6

Member capacity

0o

Member capacity

Basic requirement:

Fe

where:

IN

Ap

cross-sectional area of RHS

design strength of RHS
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7.8 DESIGN PROCEDURE
CHS END-PLATE SPLICE IN TENSION

Recommended design model

The design procedures for tension splices in circular
hollow sections consider tension bolts being evenly
placed radially around the section. There are no structural
integrity checks given, since the principal force is tension.

Tension Splices - CHS sections - Design Procedures

The semi-empirical rules are based on the recommendations
given in the CIDECT Design Guidel?8] and take account
of prying forces; it is therefore permissible to use the
exact method bolt tension capacities.

=

;
=
T

CHECK 1 - Recommended detailing practice
CHECK 2 - Complete end plate yeilding
CHECK 3 - Bolt failure with end plate yielding
CHECK 4 - Bolt failure

CHECK 5 - Weld capacity

CHECK 6 - Member capacity
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Recommended detailing practice

CHECK 1 CHS Splice in tension

Bolted end plates

W
Juif

]

Hole diameter Dy,
Dy, =d + 2mm for d < 24mm
| | Dy, = d + 3mm for d > 24mm

€1 €2 edge distance e, 21.4 D,

-m

p Bolt spacing p
p =225d
p <10d

Notes: (1) Bolts to be equally spaced around circumference.
(2) Atleast 4 bolts to be used.

(2) Dimension e; to be kept to a minimum.
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CHECK 2

Complete end plate yielding

O

Basic requirement:

Fe

IN

where:

tp =

pyplate

D

Ly

tp
tgz pyglate n f3
2
1 0.5
E(l( kg + (k2 =4 kp) ")
In (v /r5) [ In = natural logarithm ]
—+e
2 1
D-ty
2
Ky +2

end plate thickness
design strength of plate
CHS diameter

CHS wall thickness

235



Tension Splices - CHS sections - Design Procedures

CHECK 3 Bolt failure with end plate yielding
Basic requirement:
N P,
Fi <
O 1 1 O )
g1 - + | [ In = natural logarithm]
O fa f3In(ry/ry) O
where:
1 0.5
f3 = = (ka+(kg?-4k) )
2k,
k, = In(ry/r,) [ In = natural logarithm]
N = total number of bolts
Py = Exact tension bolt capacity (kN)
(see inset box)
_ D
£l = o e Cerr
D Tension capacity - 8.8 bolts
ry = > +e; Bolt size Exact tensg)n capacity
t
e = Min(e,, 1.25e,)
ef 2 ! M20 137 kN
D -
ry = 5 S M24 198 kN
M30 314 kN
Ks = ki +2
CHECK 4 Bolt Failure
Basic requirement:
Fe < NP, (kN)
where: N = total number of bolts
P; = Exact tension bolt capacity (kN)
(see inset box above)
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CHECK 5 Weld O

continuous
weld
w End plate N
» - *
tW
D P v
3
B
Y
Weld tensile capacity
Basic requirement: For fillet weld:
rovide continuous full-strength weld
P 9 . a = weld throat thickness
(See Note (1)and (2)) or alternatively
= 0.7s
Fp < nDap,,
s = eld leg length < 12mm
where: W gleng
D = CHS diameter For partial penetration butt with additional fillet:
Pw = design strength of weld a = weld throat thickness according
see BS 5950-1 Table 37. to geometry shown in Figure above
(220N/mm? for $275 steel
250N/mm? for S355 steel.)

Notes: (1) 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 12mm then a partial penetration butt
weld with additional fillets may be a more economical solution.

2) For a partial penetration butt weld with additional fillets, as shown in Figure
above, note that:
< the depth of preparation should be 3mm deeper than the required penetration.

= the minimum penetration of 2Vt specified in BS 5950-1 clause 6.9.2 does not apply to
the detail shown.
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CHECK 6 Member capacity

Member capacity

Basic requirement:

Fe

IN

Ap

where:

>
1

cross-sectional area of CHS

design strength of CHS

jel
<
1
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7.9 WORKED EXAMPLES

The five worked examples for 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 where net tension is
present (additional checks which have to
be made are shown).

Example 3:

Example 4:

Example 5:

Column Splices - Worked examples

Anon-bearing splice for UCs with all forces
developed in the bolted cover plates,
including a structural integrity check.

An RHS splice made with bolted end-plates
which is subject to axial tension.

A CHS splice made with bolted end-plates
which is subject to axial tension.
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Column Splices - Worked Example 1 and 2

Design information:

Flange cover plates:

Flange Packs:

Cleats: 4/90 x 90 x 8 Angles x 150 Long
Web Packs: 2/85x 2 x 150
Division plate: 265x 25x 310
Bolts: M20 Grade 8. 8

Fittings material:

2/250 x 12 x 525
2/250 x 30 x 240

S275 steel

Job No Sheet
\‘ Joints in Steel Construction - Simple Connections Lof 7
Title
i I Example 1 & 2 — Column Splices - UC bearing splice
CALCULATION Client
SHEET SCI/BCSA Connections Group
BCS A Calcs by Checked by Date
RS AM May 2002
BEARING COLUMN SPLICE FOR USE IN EXAMPLES 1 AND 2
254 x 254 x 73 UC
(S355 steel) ‘
ST T ™
¢ " |
il
P40 o - ﬂp > . NI
W |10 ‘
Lip 60 ‘ ‘I ‘ |
v ) ) B
5o ] sl Mt
525 25? T — - [ 25 plate
50y I ] t 50 - -6 See splice
1 [ | capacity
‘ 1
Lip 160 ‘ I' ‘ | Table H.33
‘ m | ‘ in the yellow
\ o pages
4 * e ‘ .-
ﬁ Il
L —L ‘
. | L
50 | 150 .50 |
N o 35 80 35
305 x 305x 118 UC - =
(S355 steel) < 290 150
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Column Splices - Worked Example 1 and 2

Title  Example 1 — Column Splices — UC bearing splice (No net tension)

Sheet
20of 7

DESIGN EXAMPLE 1 — SPLICE PREPARED FOR CONTACT IN BEARING

(note:- In this example no net tension is developed in the flange cover plates.)

Design Loading

Dead
Imposed
Moment

Shear

(Factored loads)

825kN
942kN

Check the column splice shown on sheet 1 for the following design forces.

} Axial compression

15kNm (About xx axis of column)

8kN

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 1 ON SHEET 3

No checks needed on shear, which can be resisted by friction across the bearing surfaces.

Sheet . Applied
Capacit Comments
Nos CHECK pactty Load
3 CHECK 1 All recommendations
Recommended detailing Not Not adopted, within reasonable
practice Applicable | Applicable practical limits
3 CHECK 2
Flange Cover
Plates Net Tension Check | 104.8kNm 15kNm No net tension developed
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Column Splices - Worked Example 1 and 2

Title  Example 1 — Column Splices — UC bearing splice (No net tension) Sheet 3of 7
CHECK 1: Recommended detailing practice
External flange cover plates
Projection, pr > B, and 225 = 254.6 and 225 Say 250mm Acceptable
Width, Wi, > B, = 254.6 Say 250mm Acceptable
Note: Maximum vertical bolt spacing p = 14t, i.e. minimum thickness is p/14 BS 5950-1
Cl6.2.1.2
Ty p
Thickness > — and 10 and —
2 14
14.2 160
= —— and 10 and —
2 14
= 71 and 10 and 114 Say 12mm [] ox.
D,-D; 314.5-254.1
Packs, t,, = - = s
P 2 2
= 30.2 Say 30mm Acceptable
Division Plate
Thickness > [(D,-21,)-(,-2T)] <05
= [(314.5 - (2x18.7)) - (254.1 - (2x 14.2))] x0.5
= 25.7 Say 25mm Acceptable
Web cleats
Use 90 x 90 x 8 Angles to accommodate M20 bolts in opposite positions on adjoining legs
Length > 05D; = 0.5x254.1 = 127 Say 150mm []ok.
t,-t 12.0-8.6
Packs tpa = 2 1 = -
2 2
= 1.7 Say 2mm [] ox.
(Alternatively omit packs and provide slotted holes in cleats)
CHECK 2: Flange cover plates
Net Tension Check
. . . Fea D
Basic requirement for no net tension: M <
2
Fg D 825 x 254.1
_ = ———— = 104.8kNm
2 2x103
M =  15kNm < 104.8kNm Dok
Tension does not occur and the details derived in CHECK 1
can be adopted without further investigation.
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Column Splices - Worked Example 1 and 2

Title  Example 2 — Column Splices — UC bearing splice (Net tension developed) Sheet 40of 7

DESIGN EXAMPLE 2 — SPLICE PREPARED FOR CONTACT IN BEARING

(Note:- In this example net tension is developed in the flange cover plates.)
Check the splice shown on sheet 1 for the following design forces

Design Loading (Factored loads)
Dead  760kN

}  Axial compression
Imposed  870kN

Moment ~ 110kNm (About xx axis of column)

Shear  60kN

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 2 ON SHEETS 5 TO 7

Sheet . Applied
Capacit Comments
Nos CHECK pacity Load
5 CHECK 1 All recommendations
Recommended detailing Not Not adopted, within
practice Applicable | Applicable | reasonable practical limits
5 CHECK 2

CRITICAL CHECK

Flange cover plate .
g P 96.6kNm | 110kNm Net tension developed

Net Tension Check

5 CHECK 3 o
Net tension is not
Tensile Capacity of flange 815.8kN 52.9kN significant and ordinary
cover plate bolts are adequate
6 CHECK 4
Flange bolt group
Shear Capacity 265kN | S2.0kN | 'O need tocheckcolumn

flange in this example
Bearing Capacity 441.6kN 52.9kN

7 CHECK 5
Structural integrety Not Not If necessary carry out
Applicable | Applicable CHECKS 2 and 3 with tie
force from
BS 5950-1cl.2.4.5.3(c)
7 Additional CHECK
Shear Capacity of 163kN 60kN

splice interface
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Column Splices - Worked Example 1 and 2

clearance holes is satisfactory.

There is no significant net tension in the column flange and the use of ordinary bolts in

Title Example 2 — Column Splices — UC bearing splice (Net tension developed) Sheet 50f 7
CHECK 1: Recommended detailing practice
As for design example 1
CHECK 2: Flange Cover Plates
Net Tension Check
: ; ; Fea D
Basic requirement for no net tension: M < >
Fq D 760 x 254.1
—_ = —_— = 96.6kNm
2 2x103
M =  110kNm ¢  96.6kNm [ Fails
L[] Net tension does occur and the flange cover plates and their fastenings must be checked
for a tensile force, F,
M Fed
F = — - =
2 D 2
_ 110x10% 760
- 254.1 2
= 52.9 kN
CHECK 3: Tensile Capacity of Flange Cover Plate
Basic requirement: Fy < Min(py Agy ., Ko Py Agp et )
Gross area, Ay = 250x12 = 3000mm?
Net area, Atp net = 3000 - (2x22x12) = 2472mm?
A 275 x 3000 895kN
p f = _— =
y “fp 103
K o A 1.2x275x 2472 815.8kN
Py Afp.net - . = :
e Py fp.ne 10°
Tension capacity = 815.8kN
F, =  529kN <  815.8kN Lok
Check the suitability of ordinary bolts.
10% of the design strength of the 254 x 254 x 73 UC (S355)
See 7.2
= 10% of 355N/mm2 = 35.5N/mm? Fasteners
Stress induced in the column flange by F,
(it is sufficiently accurate to base this calculation on the gross area of the flange.)
_ 52.9x 103
- 254.6 x 14.2
= 14.6N/mm2 < 355N/mm2 []ox.
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Column Splices - Worked Example 1 and 2

Title

Example 2 — Column Splices — UC bearing splice (Net tension developed)

Sheet

6 of 7

CHECK 4: Flange bolt group

Shear Capacity of Bolt Group
Basic requirement: Fy

Single shear capacity,M20 8.8 bolt P

For top pair of bolts P
Flange cover plate

‘ 05e
| + e=40 tfp pr
\
o |—

}T” f Lj=160 LT w

! ‘ ]

Reduction Factor

9
8d + 3t,,

Joint length, Lj

In

Reduction Factor x XP,

91.9kN

min (91.9, 0.5 e t; Py,g)

0.5x40 x 12 x 460
108

110.4kN

91.9kN

. ¢ 5500 - L od
min (

5000 | 8d+3ty,
9x20

(8x20) + (3x30)

0.72

160mm < 500mm

Therefore there is no long joint effect.

Total shear capacity

Fa
Bearing Capacity
Basic requirement: Fy
Bearing capacity for one bolt, Phs

For top pair of bolts, P,

Total bearing capacity,

Fa

Reduction Factor x P
0.72x4x 91.9
265kN

529 < 265kN

2Py
d tfp Pps
20x 12 x 460
103
110. 4kN
min (d tg, Py, 0.5€ te, P )
4x110.4
441. 6kN

529 < 441 .6kN

, 1)

The column flange is thicker and of a higher grade of steel than the flange cover plate and is

therefore adequate in bearing.
Note:

The capacity of the flange cover plate, 265kN (i.e. minimum of CHECKS 3 and 4) can be

obtained from Table H.33 in the yellow pages in lieu of applying CHECKS 3 and 4. When using
the tables it is still necessary to investigate the suitability of ordinary bolts (CHECKS 2 and 3)
and the adequacy of the column flange in bearing (CHECK 4).

Bolt capacities
from
Yellow pages
Table H.49

Pps from
BS 5950-1
Table 32

[ oxk.

Pps from
BS 5950-1
Table 32

[ oxk.
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Column Splices - Worked Example 1 and 2

Sheet

Title Example 2 — Column Splices — UC bearing splice (Net tension developed) 7 of 7

CHECK 5: Structural Inteqgrity of Splice

If it is necessary to comply with structural integrity requirements, then CHECKS 3 and 4 should be
carried out with:

Fy = Fiie /2

based on the conservative assumption that the tie force is resisted by the flange cover plates.

Fiic is the tensile force obtained from BS 5950-1, clause 2.4.5.3(c).

Additional CHECK : Horizontal shear Capacity of Splice Interface

For a bearing type splice, any horizontal shear F, is assumed to be resisted by friction across
the splice interface.

Basic requirement: F, < shear capacity of splice interface

The coefficient of friction ; for a steel to steel interface depends upon the surface condition of
the steel and on any coatings provided.

Conservatively, for steel with no surface treatment, and with complete mill scale, the coefficient ECCS Pub
of friction, i may be taken as 0.20. No. 370331
Shear capacity of splice interface = Vertical load x Coefficient of friction
Vertical load with coexistent shear = M + FLd
D 2
~ 110x 108 760
) 254 ’ 2
= 433 + 380
= 813kN
Shear capacity of splice interface = 813x0.20
= 163kN
F = 60kN <  163kN [T ox.

\

Therefore the splice detail is adequate.
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Column Splices - Worked Example 3

Job No Sheet ¢
.‘ Joints in Steel Construction - Simple Connections lof 7
Title . ) .
Example 3 — Column Splices - UC Non-bearing splice
CALCULATION Client JBCSA C ons G
SHEET SCI/B onnections Group
Calcs by Checked by Date
BCSA RS AM May 2002

DESIGN EXAMPLE 3 — NON BEARING COLUMN SPLICE

2541254 x 73 UC

(S355 steel)
< T
U]
50 I !
w [T T
Lfp 80 # L 40 ‘
} — }
80 80 T T
. e 1 .o
oA S I g g I L+
SRR
} — }
Il
80 Iyl 80 T T
] - fe ! - |-o
v ‘ 40
Lfp 80| o ¥ ‘
a0 # ) \‘\ * ‘
Il
vy 50 Iy ‘
| |- 1l
] !
50 | 150 50
h " 35 80 35
305x305x118 UC ™
(S355 steel) . 250 | | 150
Design Information:
Flange cover plates: 2/250 x12 x 690
Flange packs: 2/250 x 30 x 340

Web cover plates:
Web packs:
Bolts:

Fittings material:

2/150 x 8 x 350
2/150 x 2 x 170
M24 grade 8. 8
S275 steel
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Column Splices - Worked Example 3

Title

Example 3 — Column Splices — UC Non-bearing Splice Sheet

20of 7

Check the column splice shown on sheet 1 for the following design forces.

Design Loading (factored loads)
Dead

Imposed
Moment
Shear

Tie force (structural Integrity)

825kN
942kN
15kNm
8kN
400kN

} axial compression

(About xx axis of column)
(Resisted by web cover plates)

Load from floor below splice

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 3

Sheet Capacity Applied
mmen
Nos CHECK kN kN Comments
3 CHECK 1 All recommendations
Recommended detailing Not applicable | Not applicable | adopted within reasonable
practice practical limits.
3 CHECK 2
Flange cover plates No net tension
Axial Capacity 825 744
4 CHECK 3
Flange Bolt Group
Shear capacity 813 744
Bearing Capacity 1060 744
5 CHECK 4
Web cover plates
Axial Capacity 330 199
5,6 CHECK 5
Web Bolt Group
Shear capacity 411 199
Bearing Capacity (web cover plate) 324 199
Bearing capacity (column web) 454 398 CRITICAL CHECK
7 CHECK 6
Structural Integrity
Axial Capacity of Flange Cover Plate 784 200 CRITICAL CHECK
for Structural integrity
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Column Splices - Worked Example 3

Title  Example 3 — Column Splices — UC Non-bearing Splice Sheet

3o0f 7

CHECK 1: Recommended detailing practice

Bolt diameter > 3/4 thickness of packing either side
24mm > 0.75x30 = 22.5mm

If this is found to be impracticable then the packs may be fillet welded to the column flanges and this
check omitted.

All other requirements are satisfied as in design example 1.

CHECK 2: Flange Cover Plate

Axial Capacity of flange cover plates

Basic requirement for compression:

Fq < py Afp
M
Conservatively, Fy = 5t Fe TAf]
Afp = area of flange cover plate
A = area of one flange of smaller column
A = total area of smaller column
15 103 254 x14.2
F = + (825+942 _—
1 254 ( [ 93.1 x 102 ]
= 744kN compression
Compression capacity = Py Afp
275x250x12
= _— = 825kN
108
F,o o= 744kN < 825kN
M
Check for tension, Fy = o - Fy [—AAf]
15x 103 254 x 14.2
= - 825 [ —_— ]
254 93.1x10
= — 261kN

This indicates a net compression of 261kN
Therefore tension is not present.

Assuming that slip is acceptable, and since there is no net tension,
the use of ordinary bolts is satisfactory.

[ oxk.

[] ox.
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Title  Example 3 — Column Splices — UC Non-bearing Splice

Sheet 4of 7

CHECK 3: Flange Bolt Group

Shear Capacity of Bolt Group
Basic requirement: Fq

Single shear capacity
for an M24 8.8 bolt P

For top pair of bolts P

[]p

S

Reduction Factor

ad
8d + Stp

a

Joint length, Lj

Total shear capacity

Bearing Capacity

Basic requirement: Fy

[] P,

F1

Bearing capacity for one bolt Py

For top pair of bolts Py

Total bearing capacity, 2P,

Reduction Factor x 2P

132kN
min (132, 0.5 e tg, ppy)

0.5x50x 12 x 460

103
138kN > 132kN
132kN
5500 — L. ad
min (. I . 1)
5000 8d + 3t
pa
9424

(8 x 24) + (3 x 30)
0.77

3 x 80 = 240mm < 500mm

Therefore there is no long joint effect.

Reduction Factor x 5P,
0.77x8x 132

813kN > 744kN
744kN < 813kN
2Py,

d tfp Pos

24 x 12 x 460

108
132.5kN
min (d tg, pp, 0.5€ ty, Py )
132.5kN
8x132.5
1060kN

744kN < 1060kN

The column flange, being 14.2mm thick and of S355 steel is also adequate in bearing.

bolt capacities
from
Yellow pages
Table H.49

Py from
BS 5950-1
Table 32

[] ok.

Py from
BS 5950-1
Table 32

[] ok.
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Title  Example 3 - Column Splices — UC Non-bearing Splice Sheet . . -

CHECK 4: Web cover plate

Axial capacity
F Fa
F

3
. . 3
— <
¢ ¢ Basic requirement: > < Py AWp
Column
\
H FC AW
Conservatively, Fa =
A
Cover plate

-n—

J

2

3

M|

Fe = Axial load due to factored dead & imposed loads
A = Total area of upper column
A, = Area of web of upper column = A-2A;
A = Flange area of upper column
: (825 + 942)[(93.1 x 102) — (2 x 254 x 14.2)]
3 =
93.1x102
= 398kN
Compression capacity = Py AWp
_ 275x150x 8
- 103
= 330kN
F
Zi = 199kN < 330kN [T ox.
CHECK 5: Web cover plate bolt group
Shear capacity
. . F3
Basic requirement: - < 2P,
For an M24 8.8 bolt, P = 132kN as before CHECK 3

For top pair of bolts (end distance = 40mm),

P, = min (132, 0.5e t,,, Py )
0.5et, 0.5x40x8 x 460 .
Set, p = _ rom
p Mbs Pps
10° BS 5950-1
= 73.6kN Table 32
L] p, = 73.6kN
Total shear capacity = 2P,
= (2x1324) + (2x736) =  411kN
F3
5 = 199KN < 411kN [Jox.
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Title  Example 3 — Column Splices — UC Non-bearing Splice Sheet o -
Bearing Capacity
F3
Basic requirement: > < Z Py
Bolts generally:
Bearing capacity, P = dt Py Pps from
BS 5950-1
_ 24 x 8 x 460 Table 32
- 103
= 88.3kN
For top pair of bolts:
Pos = 73.6kN  as before
Total bearing capacity = 2 Pos
= (2x88.3) + (2x73.6) =  324kN
F3
= = 199N < 324kN [T ox.
Bearing on Column Web
The thickness of the column web (8.6mm) is less than the combined thickness of the web cover plates
(2 x 8 = 16mm) and must therefore be checked for bearing.
Basic requirement: F3 < ZPbs
End distance of bolts adjacent to end of column
= 50mm > 2d
. . Py from
Therefore bearing capacity per bolt on grade S355 web, BS 5950-1
Pos - d t Py Table 32
B 24 x 8.6 x 550
- 103
= 113.5kN
Total bearing capacity = 2Py
= 4x1135 =  454kN
F; =  398kN < 454kN ok
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Column Splices - Worked Example 3

Title  Example 3 — Column Splices — UC Non-bearing Splice Sheet 5 ¢ -
CHECK 6: Check for Structural Integrity
The maximum factored vertical load applied to the column from any floor down to the next splice
_ BS 5950-1
Frie = 400kN Cl 2.4.5.3(c)
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 )
F, = — =  200kN tension
2
Axial capacity of flange cover plate.
Tension capacity = min (p, Ag, , K Py Agg et )
Aty = 250x12
= 3000 mm?
Atp net = 3000-(2x26 x12)] = 2376mm?
_ 275 x 3000 _
Py Ap = EEETEEE = 825kN
1.2 x 275 x 2376
Ke py Afp.net = T = 784kN
Tension capacity = 784kN
[Jox.
F, = 200kN < 784kN
Shear capacity of bolt group connecting flange cover plate to column flange (CHECK 3).
Total shear capacity = 813kN (as before) Sheet 4
F, = 200kN < 813kN [ oxk.
Bearing capacity of flange cover plate connected to column flange (CHECK 3).
Total bearing capacity = 1060 kN (as before) Sheet 4
F, = 200kN < 1060kN L] oxk.
Therefore, the splice detail shown on Sheet 1 is adequate.
Structural Integrity Checks Using Capacity Tables BS 5950-1
Total tie force applied to the column splice = 400kN Cl12.45.3()
In this example the flange plates are 250 x 12 but are connected using 8 M24 bolts instead of 4 M20
bolts as in the bearing type splices shown in Example 1 and in the yellow pages Table H.33 standard
geometry for these members.
From the Yellow pages standard geometry Table H.33 the tensile capacity of one standard splice plate
is 264kN. Therefore the tensile capacity of the whole connection as stated in Table H.31 note (5) is:
264 x 2 = 528kN
400kN < 528kN Dok

Thus the stronger non-bearing splice in this example must also be adequate.
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RHS Tension Splices - Worked Example 4

CALCULATION Client

BCSA Calcs by "

Job No Sheet
A Joints in Steel Construction - Simple Connections lof 5
Title
Example 4 - Splices - RHS tension splice
SHEET SCI/BCSA Connections Group
Checked by Date
AW May 2002

DESIGN EXAMPLE 4 — RHS TENSION SPLICE

!

Check the following connection for the design forces shown:

800kN

Design Information:
End Plates:

Bolts:

Material:

Weld:

’—\/'
200 x 100 x 8.0 Grade S275 RHS I J 55,50 _
| F
Al ) 25
g - - —T 25
200 x 100 x 8.0 Grade S275 RHS : :
e
800kN
el e2 <
k J e3 = 50
\ A
p =90
D, =280 }{,
N\
p =90
\i
/ N < €3 =50
B =310
- "
Total number of bolts N = 6

280 x 310 x 25
M24 8.8

S275 steel
12mm fillet
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RHS Tension Splices - Worked Example 4

Title  Example 4 - Splices - RHS tension splice Sheeg of 5

SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 4

Sheet Capacity Applied
NoS CHECK kN kN Comments
3 CHECK 1
Recommended detailing Not Not All recommendations
practice Applicable Applicable adopted
3 CHECK 2
Complete end plate yielding - - Not applicable due to end plate
thickness limitations
3 CHECK 3
Bolt failure with end plate yielding 850 800 CRITICAL CHECK
4 CHECK 4
Bolt Group
- Tension capacity 1188 800
5 CHECK 5
Weld
- Tension capacity 924 800 Full strength welds
5 CHECK 6
Member
- Tension capacity 1232 800

CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES

Yellow pages
200 x 100 x 8.0 RHS Grade S275 Standard connection Table H.38
Total number of bolts = 6
End plate thickness = 25mm
Tying capacity = 817 kN See Table H.34
note (2)
Applied force = 800 kN
800KN < 817kN 0 OK.
Note: The capacity from Table H.38 is conservatively based on the thickest section
in the range.
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Title Example 4 - Splices - RHS tension splice Sheet 3of 5
CHECK 1: Recommended detailing practice
End Plates (=12mm < 26mm) t = 25mm
2D
Bolts (Ns— +2=6.4) N = 6 > 4
p
d = 24mm dia
Holes (d + 2mm) Dy, = 26mm
Spacing (p =2.5d = 60) p = 90mm
(e, >1.4D,= 36) e, = 50mm
(e3=1.4D,= 36) 3 = 50mm
CHECK 2: Complete end plate yielding - Not applicable
(due to plate thickness limitations)
CHECK 3: Bolt failure with end plate yielding
\
f 800N \==—=4[f ===\ 800kN
S _ 4_};, #}-’
— ¥ _ 4|k —
S r \
e, =55] ft 80
e,=50 | i v
A
—»‘ -
t, =25
p =90
Basic Requirement:
Ot2(1+da)N O
Fp = o2 ———~ 0O
O K [}
Dy, 26
5 = 1- =2 = 1- — = 0.711
p 90
8 =  Minimum of e, and 1.25e; = 50 mm
= 4 (e; - (dfp) +1t,) x108
py plate p
4 (55 - (24/5) + 8.0) x 103
= = 8.55
265 x 90 p, from
. - BXP_BHent @) g P = 108N Yellow pages
T tp2 OO0 (e + €, +t,) O  (Exact bolt capacity) Table H.49
08.55x 198 g g 50 + (24/7) O
= O0————-10 0 0 =1.319
a 252 O O 0.711(50+55+8.0) O
Ot2(1+da)N 0O 0252 (1 +(0.711x1.319))6 0O
g-—f-———- -0 = O o = 850N
[} K [} 0 8.55 0
Fe = 800kN < 850 kN 0 oK.
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RHS Tension Splices - Worked Example 4

Title  Example 4 - Splices - RHS tension splice Sheet 4 of 5
CHECK 4: Bolt failure
\
Basic Requirement for bolt tensile capacity:
Ft < N P, P, from
Yellow pages
Table H.49
N P, = 6 x 198
= 1188 kN
F, =  800KN < 1188kN [Jox
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Title Example 4 - Splices - RHS tension splice Sheet g o 5
CHECK 5: Welds
continuous
| weld
—%/
|
R 14— | B=100
{ Y
| s =12mm FW
" D=200
Basic Requirement for weld tensile capacity:
0] t, < a (continuous full strenghth weld )
or
(i) R < 2Dap,x1.25
] 5 p,, from
py =  design strength of weld = 220N/mm BS 5950 -1
Table 37
weld throat a = 0.7s = 0.7 x 12mm = 8.4mm
i t, = 80mm < 8.4mm Oox
2x200x8.4x220x1.25
2Dap,x125 = I T T ™ s 924kN
10
(i) F, = 80OKN < 924kN Lok
CHECK 6: Member Capacity
Basic Requirement:
Fp < Ap,
Yellow pages
A = 44.8 cm? Table H.72
_ 275 N/mm2 Py from
by = > N/mm BS 5950 -1
44.8 x102 x 275 Table 9
Ap, = ——ti” = 1232kN
y 10
F, =  80OKN < 1232kN Oox
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CHS Tension Splices - Worked Example 5

Job No Sheet ¢
..‘: Joints in Steel Construction - Simple Connections lof 5
: Title Example 5 - Splices - CHS tension splice
CALCULATION Client
SHEET SCI/BCSA Connections Group
BCS A Calcs by Checked by Date
RS AW May 2002
DESIGN EXAMPLE 5 — TENSION SPLICE
Check the following connection for the design forces shown:
750kN
273 x 6.3 CHS Grade S275
|53.550
—
I| €182
| | | o5
273 x 6.3 CHS Grade S275 g | I H‘ 25
I
I
750kN
Total number of bolts N =8
480 diameter
Design Information:
End Plates: 25mm thick
Bolts: M24 8.8
Material: S275 steel
Weld: 12mm fillet
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Title Example 5 - Splices - CHS tension splice Sheet2 of 5
SUMMARY OF FULL DESIGN CHECKS FOR EXAMPLE 5
Sheet CHECK Capacity Applied Comments
Nos kN kN
3 CHECK 1
Recommended detailing Not Not All recommendations
practice Applicable Applicable adopted
3 CHECK 2
Complete end plate yielding 1610 750
4 CHECK 3
Bolt failure with end plate yielding 1036 750 CRITICAL CHECK
4 CHECK 4
Bolt failure 1584 750
5 CHECK 5
Weld
- Tension Capacity 1585 750 Full strength welds
5 CHECK 6
Member
- Tension capacity 1452 750

CONNECTION DESIGN USING CAPACITY TABLES FROM YELLOW PAGES

Yellow pages

273 x 6.3 CHS Grade S275 Standard connection Table H.36

Total number of bolts N = 8

End plate thickness = 20mm See

Tying capacity = 946 kN Table H.34

note (2)
Applied force = 750 kN
750kN < 946kN [ ok.

Note: The capacity from Table H.36 is conservatively based on the thickest

section in the range.
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CHS Tension Splices - Worked Example 5

Title

Example 5 - Splices - CHS tension splice

Sheet
30f 5

CHECK 1: Recommended detailing practice

End Plates
Bolts
Holes

Spacing (=2.5d = 60)
(< 10d =240)

Edge distance (>1.4D,, =36) e,

CHECK 2: Complete end plate vielding

tp = 25mm
d = 24mm dia
Dy, = 26mm
p = 380 x 11/8
= 149mm
= 50mm

Basic requirement:

Fe <

fa =

[J Plate capacity =

2
tg py plate n f3

2

1 .
5‘1( ks + (kg? — 4 k1)0 5)

|y (ry 7r3) [I, = natural log,]
273
—+e :—2+53.5 = 190
D- 273-6.3
tw - £fe7he - 1334
2 2
190
oy =|1.42 = 0.354
133.4
ky+2 =0.354 +2 = 2354
5 0.5
—— (2.354 +(2.3542 - 4x0.354) )
2+ 0.354
6.19
252 265 x 1Tx 6.19
= 1610kN
2x 103
750kN < 1610kN []ox.
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CHS Tension Splices - Worked Example 5

Title Example 5 - Splices - CHS tension splice Sheet 4 of 5
CHECK 3: Bolt failure with end plate yielding
p= 139 —==—=
750kN 750kN
o (]
535 (WM 11,63
€1 = O — w = 6.
eZ =50 7nn»
A
Basic requirement:
NP,
Fi <
0 1 1 0
g1 - + g [l,=natural log,]
O fs fa |n(rl/r2) O
P, from
Yellow pages
P = Exact bolt capacity = 198kN Table H.49
fa = 6.19 CHECK 2
Eef = minimum of e, and 1.25e, = 50 mm
D 273
ry = > +et ey = +53.5+50= 240mm
D 273
r = > +e = +53.5 = 190mm
240
lo(rasr,) = L, oo~ - l, 1.263 = 0.234
[J Bolt group capacit = 8198 = 1036kN
group capacity = d 1 1 o
01 - + ]
0 6.19 6.19x0.234 O
FR, =  750kN < 1036 kN O ox.
CHECK 4: Bolt failure
Basic requirement for bolt tensile capacity:
F < NP
! t P, from
Yellow pages
NPy = 8x198 Table H.49
= 1584 kN
F, = 750kN < 1584kN [ ox
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CHS Tension Splices - Worked Example 5

Title  Example 5 - Splices - CHS tension splice Sheet . ¢ &

CHECK 5: Welds

continuous
weld
-
750kN 750kN
D =273mm 4_
—P
|
el =535
Basic requirement for weld tensile capacity:
0] t, < a (continuous full strenghth weld )
or
(i) F < nmD ap,
Pw = design strength of weld = 220N/mm?
weld throat a = 0.7s = 0.7 x 12mm = 8.4mm
@ t, = 63mm < 8.4mm
mx 273 x 8.4 x 220
D ap, = 103 = 1585kN
@ity F = 750kN < 1585kN
CHECK 6: Member Capacity
Basic requirement:
Fb = A Py
A = 52.8 cm?
Py = 275 N/mm?2
52.8 x 102 x 275
Ap, = 103 = 1452kN
Fpb = 750kN < 1452kN

p,, from
BS 5950 -1
Table 37

Lok

Lok

Yellow pages
Table H.70

Py from
BS 5950 -1
Table 9

[ox
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8. COLUMN BASES

8. 1 INTRODUCTION

Typical column bases as shown in Figure 8.1 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. Bedding material is inserted in the space below the
plate (see Figure 8.2).

Such column bases are usually assumed to be subject to
axial compression and shear only. However, uplift should
be considered 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 bedding material,
without exceeding the local bearing capacity of the
foundation.

Figure 8.1 Typical column bases
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Holding down systems are intended to meet the following
requirements:

< Inservice they must transmit shear from the column to
the foundation;

< during erection they must be capable of stabilising the
column until other structural elements have been
erected;

e during construction they must resist uplift;
< in service they must resist uplift in braced bays.

For most columns in simple multistorey construction this
type of base issimple to fabricate and relatively inexpensive.
Rarely will it be more economical to use thinner bases
augmented by stiffeners, an arrangement that has been
more popular in the past.

As with column splices, column bases fall Into two main
categories:

= Bearing type: the loadsare transferred in direct bearing
from the column to the baseplate.

« Non-bearing type: the loads are transmitted via the
welds which have to be designed accordingly.

The bearing type is the normal connection used today.
The non-bearing type often requires a large amount of
welding.

There is no difference in the design procedure for these
two cases except that the weld between the column and
the base plate must be checked for the vertical loads in the
non-bearing case.

However, the two systems do have different implications
for the Steelwork Contractor. Ends prepared for contactin
bearing can be achieved by providing a sawn cut end for
the column, and a base plate made from plates or wide
flats up to 55mm thick. Such plates are normally assumed
to have a flat surface and require no preparation for tight
bearing. Material over this thickness may require machining
The National Structural Steelwork Specificatlon[8] gives
workmanship details and all tolerances for both the bearing
and non-bearing cases.

The way in which horizontal shear forces are transferred to
the foundation is uncertain. For further guidance see SCI-
P207/95 [24] which suggests that generally, shear loads
less than 30% of the axial load may be resisted by friction.



Column bases to braced bays may be required to deal
with relatively high shear loads. An attempt!34 to establish
a design approach for holding down systems produced
no general consensus, except strong statements that no
reliance should be placed on the bedding material to
transmit shear force. However, SCI-P207/95[24] gives
some design guidance on the topic.

This publication does not present a design method for
transferring shear from the base plate to the foundation.
It is noted however that it is common and successful
industrial practice to use the holding down bolts of portal
frames to resist the substantial shear forces that exist in
that structural form.

For bearing surfaces, shear between the column end and
the base plate can be transmitted by friction or the
nominal weld between the column and the base plate.
For non-bearing surfaces, the weld should be designed to
transmit the shear.

8.2 PRACTICAL CONSIDERATIONS

Column shaft

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. It must be emphasised that direct bearing
does not necessitate the machining or end milling of the
column ends. Guidance on the allowable tolerance
between bearing surfaces can be found in BS 5950-2[11 or
the National Structural Steelwork Specification[®l.

Base plates

Base plates will usually be flame cut or sawn from S275
rather than S355 plate.

The portion of base plate in contact with the column shaft
should be flat within a deviation of 0.75mm. It will be
found that 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.

This being the case, only 6mm or 8mm fillet welds are
generally required, usually run along the outside of the
flanges and for a short distance either side of the web. Full
profile welds will usually only be used for non-bearing
bases or if additional strength is needed during erection
or as an anti-corrosion measure.

Column Bases - Practical Considerations

Because of the thickness of the parts to be joined,
consideration must be given to hydrogen cracking, which
can be a problem during welding thick material. Table 8.1
gives values for the maximum combined plate thicknesses
using arange of fillet welds and different types of electrode.
As can be seen, as long as 8mm welds or low hydrogen
electrodes are used, then cracking can be avoided without
having to resort to the expense of pre-heating.

It should be noted that welding guidance rules given here
refer to single pass manual metal arc welding only.
More guidance on other welding procedures is given in
BS EN 10110131,

Holding down bolts

Holding down bolts are normally manufacturerd in
accordance with BS 74190351 which covers:

< bolts with square head and neck, and
« 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
100mm plus the bolt diameter.

Holding down bolts are usually provided in grade 4.6
material. For lighter construction, M20 H.D bolts are often
used, although M24 bolts are recommended for bases up
to 50mm thick, increasing to M36 for plates over 50mm
thick.

Although bolts are normally used in the non-coated
condition, they can be supplied:

« electroplated to BS 7371-3[36;
« galvanized to BS 7371-6[371
« sherardized to BS 7371-8[38l.

Dimensions of holding down bolts to BS 7419[3%] are
Included with the detailing information in the yellow
pages, table H.63
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Column Bases - Practical Considerations

Table 8.1 Maximum combined thicknesses for manual metal arc welding to avoid preheating

t

Notes: 1
2

3
4
5

w T
_ Max combined thickness (mm) e o
Steel | Max Fillet to avoid preheat relative
. weld
grade™ CEV size | hydrogen scale (see BS EN 1011)™ tp[ ] tp
A B C D
5275 | 0.40 6 70 . . . t, = Base plate thickness
8 00 00 00 00 ty = Column web thickness
T = Column flange thickness
S355 | 0.45 6 50 60 70 00
8 70 . . 00 Combined thickness = 2t +t, or
* the higher grade of the base plate and the column = 24T

The table covers fillet welds made using single run welds.

Electrodes are to BS EN 499: 1995[39] coating types R and B only.

For other Carbon Equivalent Values (CEV) and other processes refer to BS EN 1011[13],

If combined thickness is greater than given in the table, preheat will be required in accordance with BSEN 1011.

oo Signifies that there is no limit on the combined thickness.

|
|
Top of concrete :
foundation !

Location tube
or equivalent

Holding down bolts
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Base plate n

Bedding space

A el R an % TTE i Sia s

Optional

| grouthole

Anchor

o E =

Figure 8.2 Column base holding down bolts



Clearance holes, washers

Clearance holes in the base plate should be 6mm larger
than the bolt diameter to allow for adjustment, and for
bases thicker than 60mm this figure may need to be
increased.

Form G extra large washers to BS 43200401 are needed
under the nuts, or alternatively washers can be made from
plate.

Location tubes

Normally the bolts are set into location tubes or cones
(usually polystyrene or cardboard). The diameter of the
tube or the tops of the cones should be at least 100mm or
3 times the diameter of the bolt, whichever is greater.

Boltsare occasionally cast solidly into the concrete. However
this is not recommended as a general practice as great
accuracy is needed and it gives no allowance for site
adjustment.

Base packs

Columns are normally erected on central steel levelling
packs. Steel wedges placed around the edges of the base
plate are also necessary to ensure stability during erection.
See BS 5531[41], and GS28!30].

Table 8.2 Strength of bedding material

Bedding Characteristic
Material cube strength at
28 days f_, (N/mm?)
Mortar 20.0-25.0
Fine Concrete 30.0-50.0

Note: For design purposes, the lower values
should be used, unless larger values can be
justified by test.

Table 8.3 Concrete strengths

Bearing
strengths (N/mm?)
Concrete | Characteristic Eff. Area
cube strength method | BS 9950:
grade | at28days. |(BS 5950-1: | Part 1:1990
2000) method
f,, (N/mm?) | 0.6f, 0.4f,
C25 25.0 15 10
C30 30.0 18 12
C35 35.0 21 14
C40 40.0 24 16

Column Bases - Recommended Geometry

Bedding space, grout

Abedding space of at least 50mm is the normal allowance
when using high strength bedding material. 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. For smaller, more lightly loaded
bases a gap of 25 to 50mm will be found to be adequate.

In slab bases of size 700mm x 700mm or larger, 50mm
diameter grout holes should be provided to allow trapped
air to escape and also for inspection. A hole should be
provided for each 1/2 m2 (5000 cm?) of base area. If it is
expected to place grout through these holes then the
diameter should be increased to 100mm.

Normal practice is to choose a bedding material at least
equal in strength to that of the concrete foundation. It will
consist either of mortar, fine concrete or perhaps one of
the proprietary non-shrink grouts which are readily
available.

Table 8.2 gives typical cube strengths for mortar and fine
concrete and is taken from ‘Holding Down Systems for
Steel Stanchions’ [34],

The strength of fine concrete depends on many factors
such as the quality of the mix and degree of compaction.
By using hammered or dry packed fine concrete, cube
strengths up to 50N/mm?2 can be achieved.

For the concrete foundations, Table 8.3 gives values of
characteristic cube strengths and bearing strengths and is
based on the grades of concrete given in BS 5328-1[42],

8.3 RECOMMENDED GEOMETRY

No specific detailing requirements for column bases can
be provided, although in practice there are two main
considerations:

< the plate dimensions must be sufficient to spread the
design loads to the foundation and to accommodate
the holding down bolts;

« 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.

In view of this, normal practice is for the base to be at least
100mm 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.
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Column Bases - Design

¥ 2c+t A2

A 7 00007
/ 7/ YA
7 7 % %4
5 A 74
7 7 ///// A /////// s /////
7 /
% iy %

B+ 2c

Projection, ¢ 2c+T

Overlap

T = Flange thickness
t = Web thickness

(i) Effective area

D = depth of column

(ii) Effective area with overlap

B = width of column

(iii) Revised effective area

Figure 8.3 Calculated effective area for a rolled section

8.4 DESIGN

Two design procedures are given for slab column bases:
« the effective area method. (BS5950-1:2000)

e the BS 5950: Part 1:1990 method

The effective area method is marginally more efficient
over the full range of rolled sections used as columns and
the design procedure is fully described in Section 8.5.

Although not in the current standards, the BS 5950: Part
1:1990 method is dealt with in Appendix E. This method
should only be used to obtain the initial plate dimensions.

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. This treatment can be found in
Moment Connections[24] which is another design guide in
this series.

Effective area method

In this 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 section. The
effective area is illustrated in Figure 8.3 with respect to a
rolled | section.

The projection width ¢, shown in (i) is the minimum that
is needed to keep the base pressure below the limiting
bearing strength which in this case is taken as 0.6 f_,,
where f., is the characteristic cube strength of the
concrete base or the bedding material, whichever is less
(See Tables 8.2 and 8.3).

Insome circumstances, it can be found that the projection,
¢ becomes so large that the strips overlap between the
column flanges as shown in (ii).

i.e. c > (D-2T)/2

This clearly can not be allowed to happen and ¢ must be
therefore recalculated on the basis of the effective area
shown in (iii).

The design is similar for the slab bases for tubular columns
and is illustrated for RHS and CHS columns in Figure 8.4.
Of course, if the internal projection overlaps the centre of
the plate, areadjusted effective area must be recalculated
in a similar manner to that for the rolled section.

///// 700000000077
/-

}Zc+t

/|
//‘

N

"/ g f
Z

/1(//////// ///

AR

> <2Veriap
| )
'20 +t
2c+t
Square
or circular Y
base plate

e

- -y
Qutstand, c

t = Wall thickness

t = Wall thickness

t = Wall thickness

Figure 8.4 Calculated effective area for RHS & CHS sections
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The effective area method, does not have the limitations of
BS 5950: Part 1:1990 on plate thickness = column flange
thickness and plate design strength Pyp < 270 N/mm?Z.
The bearing strengths for the two methods are 0.6 f,,and
0.4f,,. Typical values for groutand concrete strengths are
given in Tables 8.2 and 8.3.

Although the shaded area represents the size of the base
plate theoretically required, the overall size of the plate
can be made larger, e.g. to utilize rounded dimensions, to
accommodate holding down bolts etc. or square plates.

Worked examples

Four design examples are provided in section 8.6 to
illustrate the design checks for the effective area method.

Baseplate capacity tables

Four sets of capacity tables for S275 base plates which are
for UC columns, CHS columns, Square and rectangular
hollow section columns are provided in the yellow pages
(Tables H.41, H.42, H.43 and H.44). They are based on
the effective area method, as described in Section 8.5.

8.5 DESIGN PROCEDURES

The design models shown in Figure 8.3 are appropriate
forl sections, and Figure 8.4 are appropriate for RHS and
CHS sections. Detail design checks are as follows:

CHECK 1 - Effective area method - base plate size
CHECK 2 - Effectiveareamethod -base plate thickness

CHECK 3 - Base plate weld

Column Bases - Design Procedures
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Column Bases - Design Procedures

CHECK 1

Effective area method - Base plate size

Y

2c+T Aeff
Projection, ¢
T = Flange thickness D
Dp t = Web thickness i
) 2c+t
2c+t
Bp
X
W Aeff
> < o Aeit Square or
Projection, ¢ 2c+t circular plate t = Wall thickness
t = Wall thickness
Note: A is the effective area of base plate developing the load
Basic requirement:
A 2 Agg
Ap = area of base plate = Bp Dp for rectangular plate
m Dp2
= 7 for circular plate
— H — FC
Aeq =  required area of base plate = 06t
. cu
Where
Fe = compressive force due to factored loads
06f, = bearing strength
f = the smaller of the characteristic cube strength at 28 days of the

bedding material or the concrete base
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Column Bases- Design Procedures

CHECK 2 Effective area method - Base plate thickness

| | | |
1

| to | _ fl 1
i 2c+t
T c e —
N X
eff Aeff
2c+T > A
- eff
N 2c+t
Basic requirement:
03 (0.6f,,) O
t, = ¢ g3 Ol ) 52
] Pyp O
t, = thickness of the base plate
Where:
Pyp = design strength of base plate
0.6f,, = bearing strength
f., =  thesmaller of the characteristic cube strength at 28 days of the bedding

material or the concrete base

The projection c is determined by equating Areq to A, and solving a quadratic equation.
Provided there is no "overlap”, ¢ may be calculated from the following equations.

For UC, UB At = 4c? +c (Perg) + A
For RHS column Acti = (mean wall perimeter length) x (t + 2¢)
For CHS column A = (D -1t)x(t+2c)
Where:
AIreq = required area of base plate (from Check 1)
Aol = cross sectional area of the column
Per.,, =  column perimeter
Fe = compressive force due to factored loads
06f, = bearing strength
feu = the smaller of the characteristic cube strength at 28 days of the
bedding material or the concrete base
D = outside diameter of CHS

Note: The effective area must be checked for overlap and any necessary adjustment made.
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Column Bases - Design Procedures

CHECK 3

Base plate welds

11110177 ‘

1Ll

[NEETRERY
Dyl

w77 MV

Provide full perimeter welds
when F. must be developed in
the weld

Basic requirement:

For shear
F

IN

\%

Pweld
Pw =

Iwew =
a =
S =

For axial load

F <

Pweld

capacity of fillet weld to resist shear = Py lwew @
design strength of the weld

total effective length of the welds in direction of shear

effective throat size of the weld = 0.7s (normally)

weld leg length

(This check is only necessary when the contact faces of the column and base plate
are not in tight bearing - see section 8.1).

Pweld

compressive force due to factored loads

capacity of fillet weld = Pw lwer @

total effective length of the welds to the column flange for rolled sections

total effective length of the weld for RHS and CHS sections
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8.6 WORKED EXAMPLES

Column Bases - Worked Examples

The four worked examples for column bases illustrate the design checks required for the most commonly used details:

Example 1:

Example 2:

The design of a UC column base, using the
effective area method, where the column
isin direct bearing but welds must develop
the shear force at the base. In this design
the effective area does not cause overlap.

A connection similar to Example 1 but
with a higher axial load where the effective
area calculation produces overlap and a
recalculation of outstand ‘c' has to be
made.

Example 3:

Example 4:

The design of a RHS column base, using
the effective area method, where the
columnisindirect bearing but welds must
develop the shear force at the base.

The design of a CHS column base, using
the effective area method, where the
columnisindirect bearing but welds must
develop the shear force at the base.
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Column Bases - Worked Example 1

Job No Sheet
A Joints in Steel Construction - Simple Connections lof 4
Title
Example 1 - Column Base - UC, no overlap
CALCULATION Client
SHEET SCI/BCSA Connections Group
B C S A Calcs by Checked by Date
RS AM May 2002

DESIGN EXAMPLE 1

Check the column base for the design forces shown.

305 x 305 x 137 UC

600 x 600 x 50 Base plate
Grade S275

!
F, = 100kN | *j 50
T

8mm fillet welds

M24 grade 4.6 \ AN\
holding down bolts S 77a

C

direct bearing

Grade S355 \ \\/(—\\

f =30N/mm
u —+— +

Contact faces of the column
and the base plate are in

Fo = 4300kN

- N

2 |

600

600
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Column Bases - Worked Example 1

Title Example 1 - Column Base - UC, no overlap Sheet 2of 4
CAPACITY USING TABLES FROM THE YELLOW PAGES
Yellow pages
For a 600 x 600 x 50 baseplate with C30 concrete, Table H.41
Capacity givenintables = 4620kN > 4300kN O ox.
Therefore the base is adequate.
CHECK 1: Effective area method - base plate size.
Basic requirement: A, 2 Areq
Area of baseplate Ap = Bp Dp = 600x600 = 360000mm?
A ired A Fe
rea required, =
q red 0.6 fy,
_ 4300 x 103
- 0.6 x 30
= 238900mm?
A = 360000mm?2 > 238900mm?2 [Jox.
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Column Bases - Worked Example 1

Title  Example 1 - Column Base - UC, no overlap Sheet 3

of 4

CHECK 2: Effective area method - base plate thickness

c ( 3x0.6 fcu)1/2

Basic requirement: ty =
Pyp
- T+2c .
| ~ ]
.
\ — |-
|
« - \7t¢g _ o | & a
: —fﬁ + ey
| @
r
L] ‘ -
'\ |
| |
g D - A
D+2¢c eff
Dy
.t

Calculation of ¢

(i) Assuming no overlap
Effective Area A (shaded)

Ag = 4c? + c(Per,y) + A
Column perimeter Per, = 1820mm
Area of column A = 17400mm?

col

Equating the effective area, A to the required area, Areq (from Check 1) gives

4¢2 + 1820c + 17400 = 238900
[Jc = 99.8mm
D-2T 320.5-(2x21.7)
= = 138.6mm
2 2
. D-2T
Since > = 138.6mm > 99.8mm
Therefore assumption of no overlap is correct.
Also, check that effective area fits on the baseplace.
D+2c = 3205+(2x99.8) = 520mm < Dp = 600mm
B+2c = 309.2+(2x99.8) = 509mm < By = 600mm
Hence the calculated value of ¢ above is valid. (Otherwise recalculate c)
O c = 99.8mm
Design strength of the 50mm plate, Pyp = 255N/mm?
1 1
3x0.6f,, /2 3x0.6x3Q 72
¢ (B2 - ggg (2X90X39 = 459mm
Pyp 255
0, = 50mm > 45.9mm

Per.,, from
Surface area
per metre,
Yellow pages
Table H.65

0 oxk.

BS 5950-1
Table 9

[ oxk.
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Column Bases - Worked Example 1

Title Example 1 - Column Base - UC, no overlap Sheet , .,
CHECK 3: Baseplate welds (Shear capacity of column-to-base weld )
Basic requirement:  F, < Pweld
Shear capacity of fillet welds, P, 4 Pw lew @
Effective length of welds to column web, 1, (i.e. in direction of shear)
lyew = 2(1-2s)
= 2 (100 - (2« 8))
= 168mm
Design strength of the weld p,,
5 BS 5950-1
Py = 220 N/mm Table 37
Throat size, a
a = 0.7s
= 0.7x8
= 5.6mm
220x 168 x 5.6
Puveld = = 207
F = 100kN < 207kN [0 oKk.
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Column Bases - Worked Example 2

Job No Sheet
\‘: Joints in Steel Construction - Simple Connections lof 4
Title
Example 2 - Base Plates - UC, overlap
CALCULATION Client
SHEET SCI/BCSA Connections Group
BCS A Calcs by Checked by Date
RS AM May 2002
DESIGN EXAMPLE 2
Check the column base for the design forces shown.
305 x 305 x 283 UC
(Grade S355) \ \\_//—\\
|
|
800 x 800 x 90 Baseplate Fe = 9000kN
(Grade S275)
N 4{
F, = 115kN ‘ l -:] 90
T f
|
!
8mm fillet welds - ‘ n
\ ‘
M36 grade 4.6 \ NN J
holding down bolts N 777 ) 17 800
5 L | 150 L
f,, = 30N/mm
Y
Contact faces of the column
a_nd the ba_se plate are in
direct bearing 800
¢ =‘
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Column Bases - Worked Example 2

Title Sheet
Example 2 - Base Plates - UC, overlap 20f4

CAPACITY USING TABLES FROM THE YELLOW PAGES

For a 800 x 800 x 90 baseplate with C30 concrete, Yellow pages
Table H.41
Capacity given in tables =  8370kN 3 9000kN [J Fails

The capacity tables indicate that the base is inadequate for the design load given.
However, the table values are calculated using the smallest section within a serial size and Table H.39
are therefore conservative for larger weight columns. Thus, a higher capacity may be note (2)

obtained if the design is carried out manually for the particular column size in question.

CHECK 1: Effective area method — base plate size.

Basic requirement, AIO > Areq
Area of baseplate Ap = Bp Dp = 800x800 = 640000mm?2
A ired, A i
rea required, =
f red 0.6f,,
9000108
- 0.6 x 30
= 500000mm?2
A = 640000mm? > 500000mm? [Joxk.
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Column Bases - Worked Example 2

Title  Example 2 - Base Plates - UC, overlap

Sheet 30f4

Check 2: Effective area method — baseplate thickness

o (32050 Yy

Basic requirement: ty >
Pyp
Calculation of ¢
(i) Assuming no overlap
Ag = 4c? + c(Peryy) + Ay
Column perimeter Per, =~ 1940mm
Area of column A = 36000mm?

col

Equating the effective area, A to the required area, A, (from Check 1) gives

req

4c2 + 1940c¢ + 36000 = 500000
Oc¢ = 175.6mm
D-2T 365.3-(2x44.1)
= = 138.6mm
2 2
. D-2T
Since > = 138.6mm b 175.6mm

Therefore assumption of no overlap is INCORRECT

(if) Assuming overlap

Recalculate ¢ on the basis of a revised effective area as shown in Figure 8.3(iii)

A = (D +2c) (B+2c)

4¢2 + 2(D + B)c + DB
Equating the effective area, A to the required area, Areq (from Check 1) gives
4c2 + 2(365.3 + 322.2)c + 365.3x322.2 = 500000

e = 182mm

Also check that effective area fits on the baseplate

D+2c= 365.3 + (2 x 182) = 729.3mm < Dp = 800mm
B+2c = 3222+ (2x182) = 686.2mm < B, = 800mm
hence the calculated value of ¢ in (i) above is valid.
Oc = 182mm

Design strength of the 90mm plate

Pyp = 235N/mm?

3x0.6f,\ 72 3x0.6x30y 72
c(TprU) = 182(7) = 87.2mm
tp = 90mm > 87.2mm

See Example 1
(Figure in
check 2)

Yellow pages
Table H.65

0 oxk.

BS 5950-1
Table 9

[ ok.
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Column Bases - Worked Example 2

Title

Example 2 - Base Plates - UC, overlap

Sheet

4 0of 4

CHECK 3: Baseplate welds (Shear capacity of column-to-baseplate weld)

Basic requirement:  F, < Pueld

Shear capacity of fillet welds, P, = a

weld Py IWew

Effective length of welds to column web, |, (i.e. in direction of shear)
2 (1-2s)

wew

= 2 (150 - (2x 8))

= 268mm
Design strength of the weld, p,,
Py = 220 N/mm?
Throat size, a
a = 0.7s
= 0.7x8
= 5.6mm
220x268x 5.6
Puweld = ——Qpm — = 380\
F = 115kN < 330kN

BS 5950-1
Table 37

[Jox.
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Column Bases - Worked Example 3

CALCULATION Client

Job No Sheet
\‘- Joints in Steel Construction - Simple Connections lof 4
Title
Example 3 - Column Base - RHS
SHEET SCI/BCSA Connections Group
BCS A Calcs by Checked by Date
RS AM May 2002

DESIGN EXAMPLE 3

Check the RHS column base for the design forces shown.

200x 100 x 10mm RHS
(Grade $355) F_ = 900kN

400 x 300 x 20 Base plate ‘ ‘
(Grade S275)

F, = 100kN >E+ ‘ P ‘ +j #20
|

-

-

NN

300

Y lr/i4

M20 grade 4.6
holding down bolts

) +

"+

—

f =30N/mm
cu

Contact faces of the column
and the base plate are in
direct bearing

6mm fillet welds
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Column Bases - Worked Example 3

i Sheet
Title Example 3 - Column Base - RHS 20f 4
CAPACITY USING TABLES FROM THE YELLOW PAGES
Yellow pages
For a 400 x 300 x 20 baseplate with C30 concrete, Table H.44
Capacity = 977kN > 900kN [ ok.
Therefore the base is adequate.
CHECK 1. Effective area method - base plate size.
Basic requirement: A, 2 Areq
Area of baseplate A, = B,Dp = 300x400 = 120000mm?2
A ired, A i
rea required, =
q red 0.6f,,
_ 900x103
- 0.6 x 30
= 50000mm?2
A = 120000mm? > 50000mm? 00 ox.
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Column Bases - Worked Example 3

Title  Example 3 - Column Base - RHS Sheet 5 ¢ 4
CHECK 2: Effective area method - base plate thickness.
1
. . 3x0.6f,,\ 72
Basic requirement: t, 2 ¢ (M)
Pyp
Dp= 400
\
A
g 2c+t
tp =20 B =300
p
Y \
\ N I
—» <> A
Outstand, ¢ 2c+t
t =10
Calculation of ¢
(i) Assuming no overlap
Effective Area Ay (shaded)
A = (mean perimeter of RHS) x (t + 2¢)
= 2(D+B-2t)x (t+ 2c)
Equating the effective area, A to the required area, Areq (from Check 1) gives
2(200 + 100 - 20) x (10 + 2c¢) = 50000
5600 + 1120c = 50000
Oc = 39.6mm
B-2t 100 - (2 x 107)
_ = _ = 40mm
2 2
. B-2T
Since = 40mm > 39.6mm
2
Therefore assumption of no overlap is correct.
Also, check that effective area fits on the baseplate.
D+2c = 200+ (2x39.6) = 279.2mm < Dp = 400mm
B+2c = 100+ (2x39.6) = 179.2mm < Bp = 300mm
Hence the calculated value of ¢ above is valid. (Otherwise recalculate c)
0 = 39.6mm [ ok.
Design strength of the 20mm plate, Pyp = 265N/mm?2
BS 5950-1
1 1
3x0.6f.\ 72 3x0.6x30y 72 Table 9
¢ (=) = 396 (—"7) = 17.9mm
Pyp 265
0, = 20mm > 17.9mm [ ok.
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Column Bases - Worked Example 3

Title Example 3 - Column Base - RHS Sheet 40f 4
CHECK 3: Baseplate welds (Shear capacity of column-to-base weld )
Basic requirement: F, < Pueld
Shear capacity of fillet welds, P,y = Pw lwew @
Effective length of welds to column, |, (i.e. in direction of shear)
lwew = 2 (1-2s)
= 2 (100 - (2 x 6))
= 176mm
Design strength of the weld p,,
Py, = 220 N/mm?
BS 5950-1
Throat size, a Table 37
a = 0.7s
= 0.7x6
= 4.2mm
220x176x4.2
OPpeg = — @ - 163kN
F = 100kN < 163kN [Jox.
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Column Bases - Worked Example 4

Job N Sheet

o)
“ Joints in Steel Construction - Simple Connections lof 4
> Title

Example 4 - Column Base - CHS

CALCULATION Client
SHEET SCI/BCSA Connections Group

BC S A Calcs by s Checked by A Da}\;zay 2002

DESIGN EXAMPLE 4

Check the CHS column base for the design forces shown.

273 x10mm CHS F. = 1400kN

N\

|
400 x 400 x 20 Base plate |
|

(Grade S275)
\ J
- :i i] 20
FV = 100kN

M20 grade 4.6
holding down bolts

f = 30N/mm2
cu 400

Contact faces of the column
and the base plate are in
direct bearing

6mm fillet welds

400
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Column Bases - Worked Example 4

Title Example 4 - Column Base - CHS Sheet 20f 4
CAPACITY USING TABLES FROM THE YELLOW PAGES
For a 400 x 400 x 20 baseplate with C30 concrete, Yellow pages
Table H.42
Capacity = 1420kN > 1400kN
Therefore the base is adequate. 0 ox.
CHECK 1: Effective area method - base plate size.
Basic requirement: A, 2 Areq
Area of baseplate A, = B,Dp = 400x400 = 160000mm?2
A ired, A i
rea required, =
q e 0.6f,,
_ 1400 « 103
- 0.6 x 30
= 77778mm2
A = 160000mm° > 77778mm’ 0 ok.
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Column Bases - Worked Example 4

p

Title  Example 4 - Column Base - CHS Sheet 5 ¢ 4
CHECK 2: Effective area method - base plate thickness.
1
. : 3 0.6f /2
Basic requirement: t, 2 c (—C“)
p
yp
Dy = 400
Bp= 400
t =10
Calculation of ¢
(i) Assuming no overlap
Effective Area Ay (shaded)
A = TT(D —t) x (t + 2¢)
Equating the effective area, A to the required area, Areq (from Check 1) gives
TT(273-10)x (10 +2¢) = 77778
8262 + 1652¢ = 77778
Oc = 42.1mm
D-2t 273 - (2x10)
_ = _ = 126.5mm
2 2
) D-2t
Since = 126.5mm > 42.1mm
2
Therefore assumption of no overlap is correct.
Also, check that effective area fits on the baseplate.
D+2c = 273+ (2x42.1) = 357.2mm < Dp = 400mm
Hence the calculated value of ¢ above is valid. (Otherwise recalculate c)
0 = 42.1mm [ ok.
BS 5950-1
Design strength of the 20mm plate, p,, = 265N/mm?2 Table 9
1 1
3x0.6fy\ /2 3x0.6x30y 72
c(30%wy 2 oy, (30030 - 10.0mm
Pyp 265
t = 20mm > 19.0mm 0 ok.
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Column Bases - Worked Example 4

i Sheet
Title Example 4 - Column Base - CHS 40f 4
CHECK 3: Baseplate welds (Shear capacity of column-to-base weld )
Basic requirement, F, < Pueld
Shear capacity of fillet welds, P4
= pW Iwew a
Effective length of welds in direction of shear, |,
D
Iwew = 2x 2
Tx 273
= 2x = 429mm
4
Design strength of the weld p,,
BS 5950-1
Py = 220 N/mm? Table 37
Throat size, a
= 0.7s
= 0.7x6 = 4.2mm
Iai 220x429x 4.2
Pueld = e = 396kN
F = 100 kN < 396kN [Jox.

Note: Four short lengths of non-continuous welds would suffice, but a continuous weld is often used.
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9. BRACING CONNECTIONS

9. 1 INTRODUCTION

This Section gives general guidance on bracing
connections and, where appropriate, refers to other
publications for comprehensive detailed design.

Connections for bracing members comprising flats, angles,
channels, I-sections, RHS and CHS are included. Gusset
plates incorporating kidney shaped slots are sometimes
used in bracing connections for single and multi-storey
frames; they are described in Section 9.3.

Bracing is usually designed assuming that all forces intersect
on member centroids but if this assumption is carried out
in the connection design then this may produce a large
connection. It is often more convenient to arrange the
member intersections to make a more compact joint and
check locally for the effects of eccentricities.

Single angle bracing with welded gusset plates to beams
or columns and bolted site connections are simple to
fabricate. CHS bracing is also economical, being effective
in both tension and compression, the connection usually
being made with a'T' shaped element welded at each end
of the member for site bolting to gusset plates. Fabrication
costsare generally higher for the other types of connections
shown which have either, more elements to fabricate, or
a greater weld content.

The components in the structure that attach to bracing
are often the first parts to be erected since stability is then
available for erection of further components. Connections
should therefore be made such that erection can be made
swiftly and, as far as possible, without the need of
temporary supports. Care should also be taken to ensure
that there are no encumbrances builtinto the connection
which make erection difficult.

Bracing systems may include beams acting as horizontal
members in bracing systems; the beams may be provided
with double angle cleats, flexible end plates or fin plate
connections as decribed in Sections 4, 5 or 6. It is
necessary to allow for in the connection design any axial
force present in the beams and induced shear forces, in
addition to the normal end reactions.
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9. 2 DESIGN CONSIDERATIONS

Table 9.1 shows possible solutions for bracing connections
and indicates matters relevant to each type of connection.
The design method is to decide on a force path to be
adopted that provides equilibrium at the joint and check
each element for shear, tension, bearing, or buckling as
appropriate.



Bracing Connections - Design considerations

Table 9.1 Bracing connections

REQUIREMENT

POSSIBLE SOLUTION

(1) Multiple Connections
Noding joints

Hp——

(i) Extended end plates with fully welded gusset

Effect

Design

« Gusset plates stiffen the
extended end plate.

= Overall connection may become a
rigid connection.

Connection may be designed using
Joints in Steel construction: Moment
Connections 4, using the combined
effects of coexistent moments, shears
and horizontal tension.

(ii) Full or partial depth end plates

Effect

Design

Connection treated as a nominally

pinned connection

. Gusset plates may be vulnerable
to damage during transit.

. Gusset plates can be stiffened if
necessary.

Connection to be checked for:

. total shear due to bracing
loads and beam loads

. transfer of horizontal forces

. eccentricity of the vertical
shear from the bracing system.
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Bracing Connections - Design considerations

Table 9.1 Bracing connections (continued)

REQUIREMENT

POSSIBLE SOLUTION

(2) Multiple Connections
Non-noding joints

Individual bracing plates

-
|
+ Case 2
Effect Design
Check for:

Additional moments are induced
in members.

Gusset plates may be vulnerable
to damage during transit.

Additional moment due to
eccentricity e, or e,.

total shear due to bracing
components and beam loads
horizontal forces due to bracing

(3) Gusset Plates in compression
and axial alignment

.__,f,—\_

i

Buckling
Le
[ -
Buckling Eccentricity
Effect Design

Some gusset plates that are in
compression may be prone to
buckling between the first bolt
and the connecting member.
Single sided gusset connections
are by their nature out of
alignment

Plate buckling may be checked using
strut curve C Table 24 of BS 5950-11.
For further design guidance see
reference: CIMsteel Engineering
Basis 31, Cidect Guides(?8[29]
Moments due to force eccentricity ‘e’
can be ignored. Angle, channel and
T-section struts to be designed in
accordance with BS 5950-1 cl. 4.7.10
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Bracing Connections - Design considerations

Table 9.1 Bracing connections (continued)

REQUIREMENT

POSSIBLE SOLUTION

(4) Bracing Members
Hollow section (CHS, RHS)

Design guidance for all types of CHS and RHS connections is

given in Cidect Guides(?® 29

(i) Rolled or fabricated 'T'

Stalks of standard rolled T sections are
relatively thin and therefore bolt bearing
may control capacity.

<(sealing plate

Sealing plates may be required. This type
of connection involves a relatively high
amount of fabrication.

(iii) Flattened end CHS

During cold flattening longitudinal
cracks/splitting may apear on the edges
of the flattened CHS. Usually this has no
effect on the performance of the
connection.

(iv) Fork plates

<(sealing plate

Both fork plate types make more effective
use of bolts (double shear) but are more
expensive to fabricate. May be required
for architectural reasons for single pin
connections .

Sealing plates may be required.

(v) Castings

Castings can be economical if sufficient
numbers are required. Refer to
manufacturers.

Not used in orthodox buildings. For
further guidance see SCI-P172[44],
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Bracing Connections - Design considerations

Table 9.1 Bracing connections (continued)

REQUIREMENT

POSSIBLE SOLUTION

(5) Bracing Members
Flats, angles, channel, UB/UC

(i) Flat plate

N

q s isiiei

Simple tension bracing but lacks
compression capability.

Susceptible to distortion during transport
and erection.

(i) Double Angle

J
B ,

Double angle bracing can be ‘back-to-
back’, separated by division plates spaced
at intervals along the length (of same
thickness as the gusset) or ‘starred’
formation with battens in both directions
spaced at intervals along the length.

(iii) Double Channel

J -mm---\

Double channel bracing can be ‘back-to-
back’, separated by division plates spaced
at intervals along the length of same
thickness as the gusset.

(iv) UB/UC

UB/UC The flanges on one side can be
removed to allow the gusset plate to be
bolted to the web. Aweb reinforcing plate
can be used if it is necessary to increase
connection capacity.
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9.3 KIDNEY SHAPED SLOT CONNECTIONS

Kidney shaped slots used in bracing connections provide
a practical solution for connecting members of varying
lengths and angles with standardised components. The
kidney shaped slot is generally formed in the gusset plate
rather than at the end of the bracing member, as shown
in Figure 9.1.

Non-preloaded bolts (ordinary “bearing” bolts) are used
rather than preloaded (friction grip) bolts.

(-

Figure 9.1 Gusset plate with kidney shaped slot

Practical Considerations

The three common methods of forming the kidney shaped
slot are:

« Punching full size, in one operation, using a die that
matches the slot dimensions.

« Drilling two holes and completed by cutting.
 Machine operated plasma or flame cutting.

The advantages of a connection incorporating a kidney
shaped slot are that:

« A standard end connection can be used for bracing
members.

e Standard gusset plates which accommodate a range
of bracing member may be used.

* Atwo bolt connection allows one bolt to be inserted
in the connection whilst locating and maintaining
alignment with a podger spanner through the other
hole.

Standard details encourage a batch production approach
to the fabrication of the connection components, and
save time in design, detailing, checking and fabrication.

Bracing Connections - Kidney shaped slot connections

Recommended Geometry

The recommended geometry for the single circular hole
and the kidney shaped slot is as shown in Figure 9.2 and
given in tables 9.2 and 9.3.

Figure 9.2 Recommended geometry
for gusset plate with kidney shaped slot

Table 9.2  Hole and slot dimensions (see Figure 9.2)
Bolt Diameter | Circular Hole Kidney Shaped Slot
Diameter Maximum dimensions
mm mm mm
Width Length
<24 d+2 d+2 3d
see Note 1
>24 d+3 d+3 3d
see Note 1

Note 1: but angle 8 should not exceed 30°

Table 9.3 Spacing dimensions (see Figure 9.2)

Minimum Maximum
Spacing "s” between
p. gs” betwee Lesser of 14t
circular hole and 25d
. ] and 200 mm
kidney slot:
End and edge
di e 2d Lesser of 11t€
istances “e
and 40 mm + 4t
where: 05
275 :
e = [=]
Py
d = bolt diameter
t = thickness of gusset plate
Py = design strength of gusset plate
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Bracing Connections - Kidney shaped slot connections

Design Rules

For a two-bolt connection where one of the holesis kidney
shaped, the following rules are recommended,
in accordance with BS 5950-1:2000:[!] clause 6.3.2.4
and 6.3.3.3.

Connection Capacity

Total shear capacity =  1.6P,

P, = shear capacity of a single bolt
in standard clearance hole.

Total bearing capacity 1.5P

Pps = bearing capacity of a gusset
plate for a single bolt in
standard clearance hole.

Effective Length of Bracing Member

Since the kidney shaped slot allows rotation of the
connection, the connection detail cannot be assumed to
provide directional restraint equivalent to that of two bolts
in standard clearence holes.

When effective lengths for hollow section bracing members
are determined from Table 22 of BS 5950-1[11, a connection
incorporating akidney shaped slot should not be assumed
to provide any directional restraint in the plane of the gusset.

When angles are used as bracing members and the
connectionsincorporate kidney shaped slots, the provisions
for single bolt connections in Table 25 of BS 5950-1[1]
should be adopted, though the reduction to 80% in
compression resistance stated in Note 3 to Table 25 need
not be applied.

Provision of Washers

Clause 6.1.5(ii) of the National Structural Steelwork
Specification (NSSS)[8] specifies that a plate washer or
heavy duty washer be used under the bolt head and nut
when bolts are used to assemble components with oversize
or slotted holes. The origin of this clause concerned slots
which were provided to permit movement in service.
Shouldered bolts would normally be used in such joints.

The use of kidney shaped slots in bracing connections is a
different situation to the one intended to be addressed by
Clause 6.1.5(ii) of the NSSSI&l. Ordinary washers are
considered to be satisfactory for use in bracing connections
with kidney shaped slots.

Further information

Further information can be found in the, SCI Publication 249
Design Capacity of Kidney Shaped Slotted Connections
(1998)[45],
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10. SPECIAL CONNECTIONS

10.1 INTRODUCTION

Steelwork connections for simple construction, illustrated
in Sections 1 to 9 of this Guide, will generally produce
the most economic steel frame. A departure from these
connections will inevitably resultin anincrease 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.
Some elegant structures employing several thousand
tonnes of structural steelwork have been economically
built using only six or eight sections for the whole of the
design.

The frame design is best conducted in two stages:
1st Stage:

Obtain a satisfactory component design in
accordance with the Code of Practice.

2nd Stage:

Rationalize these components into groups to
achieve a practical arrangement and
reasonable range of member sizes.

Steelwork is a versatile material and a design solution
can be found for any connection, but this may be at a
high cost.

Quite often the solution is to use a slightly modified
version of one of the standardised connections, subject
to a few additional design checks. Such connections
should incorporate, as far as possible, the component
sizesgivenin Section 2 and the design principlesadopted
in this Guide.

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.
It should be kept in mind that such connections should
be avoided if an alternative standard detail is possible.

Table 10.1 deals with cases where connecting beams
are at different levels. Table 10.2 considers beams which
connect members not intersecting at 90°.

Tables 10.3 and 10.4 show connections to RHS columns
where welding and conventional bolting are adopted
and which provide (a more expensive) alternative to the
use of Flowdrill and Hollo-Bolt connectors.

Table 10.5 takes account of eccentric connections
necessary for off-grid beams. Suitable connections for
these conditions must be introduced. These are often
the single greatest cause of the increased costs in
detailing, fabrication and erection of beam/column
structures.

A case where different size columns are spliced such that
the outer faces are aligned is shown in Table 10.6. The
special requirements for a column base in a braced bay
is covered in Table 10.7.
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Special Connections - Introduction

Table 10.1 Beams at different levels

REQUIREMENT

POSSIBLE
SOLUTION

SPECIAL
CONSIDERATIONS

(1) Beam to Beam

Difference
in levels
——

(i) If level difference is small

| ey |

Flexible end

——— plate or double
angle cleats

Reduced local shear and bending
capacity of supported beam.

Unrestrained top flange.

Reduced number of bolts.

Supported
beam

———
Supporting
beam

(ii) If level difference is large

e

i

Fitted plates or
structural tees

|

I:V

="_

To avoid the effects of torsion on
the supporting beam, design bolt
group, tees and end plates to
resist moment of F, x e.

Expensive to fabricate.

Pre-set to ensure alignment/level
of supported beam (especially for
cantilevers).

(2) Beam to Beam

Supporting Supported
beam beam

(i) Increase depth of supporting

member

Envisage ease of connection at
conceptual design stage.

— 1} 1

——

Difference
in levels

(if) Notched supported beam

——

T

Reduced shear and bending
capacity of supported beam.

Lateral torsional buckling of
supported beam if not laterally
restrained.

(iii) Extended fin plate

——

Stability of fin plate.

Torsional and positional restraint
to supported beam.
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Special Connections - Introduction

Table 10.1 Beams at different levels (continued)

POSSIBLE SPECIAL
REQUIREMENT SOLUTION CONSIDERATIONS
(3) Beam to Column (i) Fin plates
g
Difference t Column web !j
in levels =\
L | at
| |
| I
\ i
| i
\ Ik
| |
I I
| Supported
,‘ beam
Supported |
beam (ii) Extended end plates

e Connection flexibility.
e Ease of erection.

« May need to vary pitch to ensure
adequate clearance.

DOANANNANNNNNNNNN

(iii) Non-standard pitches

—

1 * Bearing on column web from
TN central, heavily loaded bolts.

—

« Different bolt lengths.

* May need to vary pitch to ensure
adequate clearance.

A
A
A
4
A
A
A
1
A
A
a
]
/|
A
A

4

R
\
|
|
|r|<
+
1
{
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Special Connections - Introduction

Table 10.2 Skewed connections

REQUIREMENT

POSSIBLE
SOLUTION

SPECIAL
CONSIDERATIONS

(1) Beam to Beam

Supporting beam

Supported beam

(i) Supported beam depth less
than supporting beam depth

Fin Plate

Reduced local shear and bending
capacity of supported beam due to
long top notch.

Non-standard fin plate may be
required due to bolt clearances.

Weld to fin plate.
See BS 5950-1: 20000 clause 6.8.1.

(i) Supported beam depth greater
than supporting beam depth

End Plate

Reduced local shear and bending
capacity of supported beam due to
long top and bottom notch.

Non-standard end plate may be
required.

Weld to end plate.
See BS 5950-1: 2000 clause 6.8.1.

(iii) Beams of same depth

Extend face of connection to toes of
supporting beam.

To avoid the effects of torsion on the
supporting beam, design bolt group,
tees and end plates to resist moment
of F,xe.

Expensive to fabricate.
Clearance for bolts.

Weld to end plate.
See BS 5950-1: 2000 clause 6.8.1.
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Special Connections - Introduction

Table 10.2 Skewed connections (continued)

POSSIBLE SPECIAL
REQUIREMENT SOLUTION CONSIDERATIONS
(2) Beam to Column (i) Extended end plate

e Bolt group and end plate designed
to resist moment of F, x e.

* Weld to end plate.
See BS 5950-1; 2000 clause 6.8.1.

e Structural integrity - large bolt
tensions developed.

Beam

= Structural integrity - thick end plate
required.

e Structural integrity - check column
flange for bending.

(iPlate across UC toes e Large shear force on one-sided fillet

weld to UC toe.

* Weld to end plate.
See BS 5950-1; 2000 clause 6.8.1.

e Structural integrity - Large tensions

i developed in weld.
I
' \I e Structural integrity - thick plates
/ )
: i may be required.
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Special Connections - Introduction

Table 10.3 | -Beam to RHS column

REQUIREMENT

POSSIBLE
SOLUTION

SPECIAL
CONSIDERATIONS

RHS
column

Supported
beam

I

(i) Channel Bracket

e [

weld details

2 to 3 mm gap
42 mm
nosing

j

2 to 3 mm gap
, Y
N | 2 mm

@ nosing

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.

(i) Tee connection

e

Tee stiffens column wall and can be
used where a fin plate is insufficient.

Table 10.4 Parallel Beams to RHS column

REQUIREMENT

POSSIBLE
SOLUTION

SPECIAL
CONSIDERATIONS

(i) Side plates

Bolts and welds to resist F,, and
any moment due to out of balance
loading.

(i) 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 - Introduction

Table 10.5 Off-grid connections

POSSIBLE SPECIAL
REQUIREMENT SOLUTION CONSIDERATIONS
(1) Beam to Beam (i) Fin Plates < Ensure beam connects to correct

Supporting
beam

I
1 Supported
\‘\ beam

I
Il

Supported
beam

side of fin plate.

(ii) End Plates
(or non-standard cleats)

Non-standard bolt spacings and
fittings required.

(2) Beam to Column
Small offsets

Column

Design bolts to column web to
resist moment of F, x e.

Effective length of unrestrained
beam for torsional strength.

Structural integrity - Tension in
cleat.

Structural Integrity - Column web
bending.

(iNEnd plate

Bolt group and end plate designed
to resist moment of F, x e.
Non-standard bolt centres and end
plate.

Structural integrity - Large bolt and
weld tension developed.

Structural Integrity - Thick end plate
required.

Structural Integrity - Check column
web for shear and bending.

(iii) Fin plate %

Bolt clearances and ease of
installation on site.
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Special Connections - Introduction

Table 10.5 Off-grid connections (continued)

REQUIREMENT

POSSIBLE
SOLUTION

SPECIAL
CONSIDERATIONS

(3) Beam to Column
Large offsets

Column

)
B

Column

(i) Plate across UC toes

——

-

Large shear force on one-sided fillet
weld to UC toe.

Non standard fittings.

Structural integrity - Bending of
plate across toes.

Structural Integrity - Large weld
tension.

(i) Packs to column flange

Large bolt grip lengths.
See BS 5950-1:2000(1] clause 6.3.2.3.

Reduced bolt shear capacity due to
thick packs.
See BS 5950-1[1 clause 6.3.2.2.

(iii) Extended end plate

Design bolt group and end plate
for moment of F, x e.

Structural Integrity - Large bolt
tensions.

Structural integrity - Thick end
plate required.

Structural Integrity - Column flange
bending.

¥,

Design bolts to column flange and
bottom cleat for moment of F, x e.

Design bottom cleat to carry the
full vertical load, F,, .

Check bearing and buckling
strength of supported beam web.

304



Special Connections - Introduction

Table 10.6 Column splices

POSSIBLE SPECIAL
REQUIREMENT
Q SOLUTION CONSIDERATIONS
There may be occasions
when architectural or other
requirements dictate that one | (i) Cap and base splice = Cap and base splices are especially
of the column faces align, suitable if there is a large change in

making the upper and lower section size making cover plates
columns eccentric. impracticable.
— |
e Thick plates may be required to
transmit bearing.

= The splice should provide continuity

Cf)%nlon of stiffness about both axes and
resist any tension where bending is

present (See BS 5950-1[11 clause

6.1.8.2), or where there are any

structural integrity requirements.

(ii) Site welded splice = Expensive site welding and N.D.T.
Flush « Thick plate required to transmit
face Site bending moment.

L welds
i
Thick Shop
division welds
plate

Table 10.7 Column bases in braced bays

POSSIBLE SPECIAL

REQUIREMENT SOLUTION CONSIDERATIONS

Base in a braced bay

« Welds to column designed to resist

uplift, F, and horizontal shear, F,,.
Fe < Design base plate for bending.
Cy
* May need to provide shear stub to

- 1 resist large horizontal shear.

I I
T j -
< | I/ & .
Fy, | ‘ % =3 e Design H.D embedment length to
. 1~ I shear i 215 resist uplift F,. See Moment
: : el Connections publication. [24}
i stub Groutk = P
space
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APPENDIX A

STRUCTURAL INTEGRITY

A.1 GENERAL

BS 5950-1:2000[ clause 2.4.5 deals with structural
integrity and the avoidance of disproportionate collapse.
Compliance with this code is deemed to satisfy the Building
Regulations Approved Document Al46].

The structural integrity requirements need to be satisfied
for beam to column connections and for column splices.
Design methods are given in Sections 4 to 7 for each of the
connection types within these headings. It has been
assumed that beam to beam connections are very rarely
required to meet the structural integrity clauses, and thus
no design methods are offered. (Designers may adapt the
beam to column design methodology in situations where
beam to beam connections are required to meet structural
integrity requirements.)

There has also been a lack of data on the ultimate strength
of connections making it difficult to relate BS 5950-1[11 to
ultimate capacity with a high level of confidence. A test
programmel5! completed in June 1990 determined the
ultimate capacities for a range of connections covered in
this design guide.

Appendices B, C, and D give a summary of the results of
the test programme, and set out complete analytical
models. In some cases, simplified versions of these models
are presented in the design methods for each type of
connection. The simplified models give conservative values.

Although BS 5950-1[11 only relates to design of the
steelwork, the structural integrity requirements are
intended to ensure robustness of the completed 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 BS 5950-1[11. This will usually give
simpler design procedures and greater economy than
carrying the tying force through the connections.

The following subsections examine the resistance, under
large displacements, of double angle web cleats, end
plates and fin plates. Critical cases are identified which are
likely to be the weakest connections to be used in practice.
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A.2 DOUBLE ANGLE WEB CLEATS

Eleven cleats were tested to destruction to verify a
postulated design procedure for the ultimate capacity of
such connections. Two specimens comprised the smallest
cleats likely to be used in practice and which would
satisfy BS 5950-1[1] edge distance and other detailing
requirements, see Figure A.1;thesefailedat 178 and 210 kN.

140
|

?
B

o

N

.
B

’44

51
# f—! Angle cleats: 2 no. 100 x 100 x 8
‘ Grade S275 steel
Bolts: 4 no. M20 8.8
in clearance holes
Critical case is:
Maximum gauge, g 140mm
Minimum beam web thickness, t,, = 6mm
Minimum cleat thickness, tc = 6mm
Minimum cleat length, | = 140mm

Figure A.1 Minimum practical double angle web
cleat connection

Appendix B gives a complete design method for
determining the ultimate capacity. The design checks in
Section 4 give a simplified design method. These two design
methods are compared to the test results in Figure A.2.

BS 5950-1[11 clause 2.4.5.2 requires a minimum tie force
of 75 kN. The coefficients of regression listed in Figure A.2
show that the ultimate capacities of the smallest cleats
are not isolated results, but are part of a family of results.
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Figure A.2 Comparison of test results against design
method for double angle web cleats

The factor of safety for the lower result of the two small
cleats is 178/75 = 2.37.

The design checks therefore include the dimensions of the
smallest cleats that were tested as the minimum structural
integrity requirement.

Single angle web cleats

The failure mechanism of such connections will differ
significantly and deformations will be higher. The strength
per bolt may be similar but was not subjected to testing
and is not amenable to calculation. A particular weakness
is likely to be the possibility of the plate pulling over the
bolt head or nut. Such connections should not be used to
carry tying forces without experimental evidence of their
capacity.

A.3 FLEXIBLE END PLATES

Nine end plates were tested to failure to verify a postulated
design procedure for the ultimate capacity of such
connections. Three specimens comprised the smallest
end plates likely to be used in practice and which satisfy
BS 5950-1[11 edge distance and other detailing
requirements, see Figure A.3. These specimens were
connected to different support conditions, and failed at
203, 211 and 212 kN.

Appendix C gives a general design method for determining
the ultimate capacity, and this is included in the design
checks for flexible end plates (Section 5). Figure A.4 shows
the comparison between the test results and the values
derived from the design method.

Appendix A - Structural integrity

30 140

» 37«
o | e 1

70

70
140

End plate: 200 x 8 x 140 long
Grade S275 steel
Bolts: 2 no. M20 8.8

in clearance holes
Critical case is:

Maximum gauge, g 140mm
Minimum beam web thickness, t,, = 6mm
Minimum weld leg size, s = 6mm
Minimum plate thickness, tp = 8mm
Minimum plate length, I = 140mm

Figure A.3 Minimum practical end plate connection

The coefficients of regression listed in Figure A.4 show that
the ultimate capacities of the smallest end plates are not
isolated results, but are part of a family of results.
BS 5950-1[1, clause 2.4.5.2 requires a minimum tie force
of 75kN. The factor of safety for the lowest result of the
small end plates is 203/75 = 2.71.

The design checks therefore include the dimensions of the
smallest end plates that were tested as the minimum
structural integrity requirement.
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Figure A.4 Comparison of test results against design
method for flexible end plates
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A.4 FIN PLATES

The ultimate capacity of fin plates can be determined by
simple structural analysis; the structural model is not
complex. The design checks include the details of the
minimum fin plate required to resist 75 kN tie force
(BS 5950-1[11, clause 2.4.5.2). Checks are also given for
resisting higher tie forces.

A.5 PRYING AND TIE FORCES

BS5950-1[11 clause 2.4.5.1 accepts substantial permanent
deformations of members and their connections. Several
unusual features follow from taking account of the benefits
of large displacements and strains:

i) The gross deformations can reduce the local
eccentricities within the connection.

i) The local strains are so high that account can be taken

of strain hardening, so that the design strength is

based on U the minimum ultimate tensile strength,
with a suitable value y,,.

iii) Prying forces and bolt strains are so high that it is not
appropriate to rely on nominal tensionstrength (0.8p,)
of the bolts (see BS 5950-1[1 clause 6.3.4.2).

iv) Plate bearing strengths for ordinary bolts are set
relatively low in BS 5950-1[!] table 32 in order to
ensure that bearing deformations at working loads will
not lead to any unserviceability. For high strength
friction grip bolts the bearing strengths (clause 6.4.4)
are significantly higher since joint serviceability is
provided by the frictional resistance, so itisappropriate
to use these higher values when designing to resist
tying forces.

A reduced bolt design strength is derived in Appendix D
which takes prying forces into account when resisting
tying forces.
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APPENDIX B LARGE DISPLACEMENT ANALYSIS
DOUBLE ANGLE WEB CLEATS

LARGE DISPLACEMENT ANALYSIS BASED ON
ULTIMATE LOAD TESTS

B.1 Behaviour

Figure B.1 shows the deformed shape of a double angle  iii) There are four critical sections in each cleat, which are
cleat connection that has been subjected to high tension. subject to high plastic strains under the combined
The noteworthy features are: action of shear, tension and moment. Two are located

at, or near, the bolt centrelines; two are located at the
tips of the radiused portion of the heel of the cleat.
(The heel itself is subject to higher moments but is
reinforced by the radius.)

i) The potential magnitude of the displacement A;
ignoring second order effects, A defines the displaced
geometry of the web cleats. (In the tests, the values
of A always exceeded 30mm prior to failure.)

ii) Thesedisplacementsreduce the eccentricities on the
web cleats. Part of the tying force is carried by
tensionin the legs of the cleats. (There are also shears
associated with the moments.)

~

- Eccentricity

R /\

‘ .
- Tie force

—_ — >

Figure B.1 Double angle web cleats under tension
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Appendix B - Large displacement analysis, double angle web cleats

L f—¢_hole

“
!

C Tie force

—Fp

@ Plastic hinges

® Points of contra flexure

Figure B.2 Stick model of a web angle cleat under tension

B.2 Method of Analysis

Figure B.2 presents a simplified ‘stick’ model of a web
cleat. Itis possible to define all the geometry foragivenL,,
L, and D as follows:

8, = sint AL,

B = L, (1 -cos 6,)

y - (L,2 - )12

8 = tan™! (A +y)/L,

0, = 8 -6,

X = L, sin 0,

y = X—(r+t/2)1/v2
where t = cleat thickness

r = root radius

The positions of the points of contraflexure are then
defined by the relative magnitudes of the moment
capacities at A, B, B* and C respectively. These are
approximately linear functions of the effective lengths of
the critical sections.

These effective lengths are the full lengths for B and B*
(Leg) and are the full lengths less bolt holes and any
allowance for loss of effectiveness of end regions for Aand
C, ie. Lgp and Ly (This loss of effectiveness is discussed
later.)
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Thus:
I‘A
L= Iy-v2-r ][]
I‘eA"’LeB
L
C
N (PRI R0 | Py
LeC+LeB

Because the strains at the critical regions are so high, it is
more appropriate for design to use the ultimate tensile
strength U, divided by an appropriate y,,, rather than the
yield strength. Thus,

p, = design tensilestrength = U /y,,

At any critical section there is an interaction between the
shear V, the tension F; and the moment M to cause full
plasticity. As explained above, these three stress resultants

all relate directly to the force T.

In the absence of any more authoritative guidance, the
Von Mises yield criterion is used to define the interaction
atfull strength between the average shear stress, vand the
longitudinal strength, p,,, in the presence of that shear.

Thus:

V = —

1/2
Lt [pu2 - 3V2]

\Y
and  p,, =
e



Appendix B - Large displacement analysis, double angle web cleats

Hence, the tensile capacity in the presence of shear,
Vv is:

Pov = Le tPyuy

The moment capacity in the presence of shear, v is:
t2

Mov = Le Z Puv
Finally, the interaction between the tensile and moment
capacities in the presence of shear, v is given by:

Foo 72 M

[o ] =

POV IVIOV
Because of the quadratic form of this interactive relationship
it cannot be solved directly. In practice, a numerical
solution is required, whereby for a given value of A, the
solution is required to converge to a value of T. This value
of T simultaneously satisfies the interactive relationship
above and the overall requirement for equilibrium,
which is:

Ty = Mc + Mg« = M, + Mg

(In practice, due to some of the approximations, these two
equations cannot quite be satisfied simultaneously; the
one associated with the lower value of T is made to

govern.)

The foregoing procedure requires a specific value of A. In
general, the greater its value the more the web cleats will
have straightened and the higher will be the calculated
capacity. In practice, rupture will intervene to limit strength.

Analysis of the test results showed that the mean
deformation capacity is best defined by:

26L Ly

A = — x — < 30mm
t 60

L = length of the cleat leg

As discussed below, this gave calculated strengths (with
Ym, = 1.0) that were always less than the observed strength.

B.3 Experimental verification

A programme of tests was carried out to verity this
method of analysis; this is fully reported elsewherel®]. It
comprised eleven tests on typical connections. Table B.1
presents a simple summary of the results.

B.4 Comparison with analysis

These specimens were initially analysed using the method
outlined above with the defined values of A, and
measured mechanical properties. The results are presented

in Table B.2.

As can be seen, the method of analysis gives an adequate
margin of safety. The mean minus two standard deviations
value of Pc/P is 1.1 and this seems a suitable value for a
radical new procedure.

B.5 Simplified Design Methods

The interactive method of analysis described above has
been used to develop the capacity tables in the yellow
pages. Asan alternative, asimplified procedure is presented
in Section 4.

Table B.1 Summary of test results - Double angle cleats
TEST NO. OF MAXIMUM MAXIMUM
NO. BOLTS IN LOAD DISPLACEMENT FAILURE MODE
TENSION (kN) (mm)
Al/1 2 178 31.0 Angle cleat pulled over bolt head
Al/2 2 210 42.3 Angle cleat pulled over bolt head
A2 2 135 30.3 Bearing failure of angle cleat
A3/1 6 405 50.3 Bearing failure of beam web
A3/2 6 436 49.2 Bearing failure of beam web
A4/1 10 801 36.2 Fracture close to heel of angle cleat
A4/2 10 882 37.0 Fracture close to heel of angle cleat
A5/1 10 964 30.5 Fracture close to heel of angle cleat
A5/2 10 889 35.0 Fracture close to heel of angle cleat
A6/1 14 1340 31.9 Fracture close to heel of angle cleat
A6/2 14 1372 35.2 Fracture close to heel of angle cleat
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Appendix B - Large displacement analysis, double angle web cleats

Table B.2 Comparison between experimental results and design model
TEST MAXIMUM LOAD CALC. CAPACITY P./p
NO. P (kN) Pc (kN) BrC
Al/1 178 123 1.45
Al/2 210 125 1.68
A2/1 135 93 1.45
A3/1 405 331 1.22
A3/2 436 325 1.34
A4/1 801 553 1.45
A4/2 882 550 1.60
A5/1 964 744 1.30
A5/2 889 728 1.22
A6/1 1340 1047 1.28
A6/2 1372 1059 1.30

Mean Pe/Pc = 1.39

0.151

Standard deviation Pg/P.

Table B.3 Comparison between design capacity
and simple tension model

TEST DESIGN SIMPLE
NO CAPACITY TENSION Pp/Pq
In the limit the cleats would pull out straight and all the Po (:(1%31'25) II\D/IO(EIEII)_
tying forces would be carried by membrane action. It T
therefore seems appropriate to base this simple approach Al/1 98 71 1.38
on the net section of the gleats in tensmrp A parametrlc AL/2 100 7 141
study showed that a capacity of 0.6 x the yield capacity of
the net section was always less than the design capacity A2 75 71 1.06
(with y,, = 1.25) determined by the large displacement A3/1 265 215 1.23
analysis above. This study covered all the specimens
tested, together with representative standard connections. A3/2 260 211 1.23
The results are summarised in Table B.3 in which the A4/1 443 348 1.27
calculations for the test specimens are based on measured
o A4/2 440 352 1.25
geometry and properties; those for the standard
connections marked with an * are based on nominal A5/1 595 546 1.09
geometry and design strengths. AB/2 583 535 1.09
Because the simple tension capacity is based on vyield A6/1 838 752 1.11
strer.lgth while the deS|g.n_capaC|ty_ |§ based on ultimate AB/2 848 763 111
tensile strength, the empirical coefficient 0.6 may only be
used for S275 steel. For S355 Steel it should be: Staln?jc;l;[d* 106 79 1.34
275 490
S = 0.53 4 Bolt
355 430 Standard* 429 317 1.35
For simplicity 0.5 is therefore adopted for S355 steel Stgn?j(z)al;[d* 750 554 1.35

* standard connections based on nominal geometry

and design strengths
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Appendix B - Large displacement analysis, double angle web cleats

B.6 Loss of effectiveness of outer hinges

As shown in Figure B.3 for the outer hinges the full length
of the hinge is not developed where the bolt is a long way
from the end(s) of the cleat. In principle the same loss of
effectiveness could occur between bolts with a large
pitch, p. The shape of the yield lines actually formed
suggests that the limit for the hinge to be fully developed
is that e, < 2e for the ends of the cleat and p < 2e for the
region between bolts. Since these limits are readily met for
most practical connections they were adopted for the
design model. It is recognised that these are more
conservative than conventional rules but are adopted
nonetheless because the latter are not intended to
accommodate these gross deformations.

Outer Inner
hinge hinge

Effective \I )/
T

hinge
\/\ \} |

€. /‘

Figure B.3 Plastic hinge positions
in double angle web cleat under tension
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LARGE DISPLACEMENT ANALYSIS

APPENDIX C

FLEXIBLE END PLATES

LARGE DISPLACEMENT ANALYSIS BASED ON
ULTIMATE LOAD TESTS

C.1 Behaviour

Figure C.1 shows the deformed shape of an end plate
which has been subjected to large deformation. The
noteworthy features are:

i) Considerable deformation can arise, but only if there is
rotation of the hinges at the toes of the welds. These
regions may well have suffered some embrittlement from
fast cooling after welding. The minimum deformation
observed in the test series was 8mm.

ii) These displacements do not reduce the eccentricities
within the connection but they do offer an alternative
membrane path for some of the tying force. However, this
membrane restraint is only available if the end plate is
bolted to a more substantial plate or flange. For a general
solution thismembrane action therefore has to be ignored.

iii) There are four critical sections in the plate. Since
membrane action is being discounted these need only be
considered under moment. (Moment/shear interaction
will exist but need not be considered because the applied
shear is only a small proportion of shear capacity.)

Ultimate moment of plate
developed at toe of fillet
weld and edge of hole

Tie force

K\

t —P

Figure C.1 End plate under tension
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Appendix C - Large displacement analysis, flexible end plates

t .
Wi Tie force

| ‘(‘ —P

Beam web

Figure C.2 Model of an end plate under tension

C.2 Method of Analysis

Figure C.2 presents a simple model that discounts any
membrane action. It was originally put forward as giving
the closest correlation with observed behaviourl47]. It is
confirmed by subsequent experimental studies[®l.

L is the distance between the plastic hinges, given by

L = 1/2 (g - t,, - 2 x weld size - D;))

In recognition of the extremely large strains developed at
the plastic hinge locations it is appropriate that the plastic
moment capacity of the end plate (M) should be based
on the ultimate tensile strength of the plate material (U)
divided by an appropriate y,,, rather than on its yield
strength. In this instance, the outer hinges form away
from the bolt centre line at the edges of the bolt hole.

Itis therefore not necessary to make any deduction for bolt
holes. ‘The effective lengths of the hinges L., and L are
therefore the full lengths less any allowance for loss of
effectiveness due to excessive end distances or bolt pitch.
[This is discussed In more detail in C.6].

Thus the moment capacity is given by

2
My = % X L—p—et
m 4
Hence:

2(Myp + Myp)

Tensile capacity = C

C.3 Experimental Verification

A programme of tests was carried out to verify this method
of analysis. It is fully reported elsewherel>!. It comprised
nine tests on typical connections. Table C.1 presents a
simple summary of the results.

C.4 Comparison with Analysis

The specimens were initially analysed using the method
outlined above with measured geometry and mechanical
properties. The results are presented in Table C.2.

Although the coefficients P/P vary considerably itis clear
that the design procedure is conservative. The reason for
the variability is probably the unquantified and variable
membrane action discussed above.

C.5 Design Method

This design method is considerably simpler than the
iterative approach that is necessary for web cleats. It may
therefore be adopted directly for design, with vy, set to
1.25, asis considered appropriate for a rupture condition.

C.6 Loss of effectiveness of hinges

As shown in Figure C.3, where end plates are resisting
tying forces, both inner and outer hinges may lose
effectiveness. For the outer hinges the top and bottom
extremities of the end plate may not be mobilised, with
the yield lines curling around and finishing along the long
edges. With the inner hinges there is a concentration of
bending rotation opposite the bolts. In the presence of
partial embrittlement from the welding this may limit the
spread of bending action prior to rupture of the plate.

The shape of the outer yield lines suggests that the limit for
the hinge to be fully developed should be e, < b for the
ends of the plate and p < 2b for the region between bolts
where p is the bolt pitch, b is the distance from the outer
hinge to the edge of the plate and ey is the end distance.
Corresponding expressions for the inner hinges are ey < L
and p < 2L respectively.
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Appendix C - Large displacement analysis, flexible end plates

Table C.1 Summary of test results - Flexible end plate
NO. OF MAXIMUM DEFORMATION

TEST BOLTSIN | LOAD PRIOR TO FAILURE FAILURE MODE

NO. TENSION (kN) (mm)
B1/1 2 211 41 Bearing failure in end plate
B1/2 2 203 39 Bearing failure in end plate

B2 2 212 Inst. failed Fracture of end plate at weld toe
B3/1 6 404 20 Fracture of end plate at weld toe
B3/2 6 420 19 Fracture of end plate at weld toe
B4/1 10 600 16 Fracture of end plate at weld toe
B4/2 10 575 17 Fracture of end plate at weld toe
B5/1 14 980 30 Fracture of end plate at weld toe
B5/2 14 937 21 Fracture of end plate at weld toe

Table C.2 Comparison between experimental results
and design model
TEST MAXIMUM CALC. Effective length of rupture
NO. LOAD CAPACITY Pe/Pc
Pe (kN) Pc (kN) Outer Inner
hinge hinge
Effective \ )/
B1/1 211 73 2.89 hinge I
A V\
B1/2 203 74 2.74 '\ :
4’ ? X_’ Y
B2 212 130 1.63 / €
/,
r
B3/1 404 289 1.40
b L
l—
B3/2 420 312 1.35
B4/1 600 432 1.39
Figure C.3 Plastic hinge positions
B4/2 575 407 141 in end plate under tension
B5/1 980 570 1.72
B5/2 937 555 1.69
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DESIGN FOR PRYING

APPENDIX D

WHEN RESISTING TYING FORCES

BS 5950-1:2000[1! (clause 6.3.4) gives two methods for
calculating the tension capacity of a connection. The
simple method (clause 6.3.4.2) ignores prying action and
uses nominal bolt strength of 0.8p;. The more exact
method (clause 6.3.4.3) takes account of prying action
and uses the full tension strength p, of the bolts. It is not
appropriate to use the simple method for tying force
calculations. This is because the bending checks are based
on the ultimate bending strength of the critical cross-
sections and the analysis relies on gross deformations
which will not permit any alleviation of prying action by
bolt yielding.

Bolt tensions are not generally very high. What is required
is an effective upper bound on prying forces, which can be
used in conjunction with P /Y, As with other aspects of
this design approach, a y,, of 1.25 is used for a rupture
condition.

Web cleats

For standard cross centres of 140mm, a minimum beam
web of 6mm, a minimum web cleat thickness of 8mm, a
root radius of 8mm and in accordance with Figure D.1,

140 6
_— - — -8-8 =

I3 = 51mm
2 2

For maximum prying ,I1/I3 should be a maximum. This

ratio is proportional to the relative bending strength at
A and B respectively. Maximum prying occurs when bolts

Prying force

are at their greatest practical spacing. This is taken as 4d,
where d is the bolt diameter. Thus:

ity = 80-22:80 = 58:80
58

Hencel, = 5lx ——— = 21mm
58 + 80

The above ignores displaced geometry effects; these are
taken into account by assuming the displacement, A = 30mm.
(In the tests, A always exceeded 30mm prior to failure.)
The lever arm becomes, I, cos ¢, where:

¢ = tan130/51
hence, ¢ = 30.5°
leverarm = 21 cos 30.5° = 18mm

The prying force will act at a lever arm of 2t from the bolt
centre line, ie. 16mm with t. = 8mm.

. . 16 + 18
Hence, prying ratio = 6 =

2.13

The ultimate tensile strength of 8.8 bolts is 784N/mm?2,
hence nominal bolt stress should not exceed,

784
2.13x1.25

= 295N/mm?2 for 8.8 bolts

Tie force

Plastic hinges

Figure D.1 Web angle cleat under tension

325



Appendix D - Design for prying when resisting tying forces

End plates

For standard cross-centres of 140mm, a minimum beam
web of 6mm, a minimum end plate thickness of 8mm, an
8mm weld (also noting that these hinges form at the edge
of the hole), and in accordance with Figure D.2,

140 6
+ly = ——-8-11 =

3 48mm
2 2

1y
Since both capacities are based on gross sections, I, = I,

48
2

Hence, I, = = 24mm

The prying force may be considered to act at a lever arm
of (D/2+ 2tp) from the outer plastic hinge, ie. 27mm with
t'O =8mm.

—
Prying force

2t}
P
Dh [

<]l S—

. . 27 + 24
Hence, prying ratio = — =

1.89

The ultimate tensile strength of 8.8 bolts is 784N/mm?2,
hence the nominal bolt stress should not exceed

784

— = 332N/mm? for Grade 8.8 bolts
1.89x 1.25

Thus an appropriate simple design check for both
connections is to ensure that the nominal tensile stress in
bolts does not exceed 300 N/mm?.

Plastic hinges

';/\ Point of contraflexure

Beam web

{—

Plastic hinges

Prying force

Tie force

~——— Ppoint of contraflexure

Figure D.2 End plate under tension
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BASE PLATE DESIGN
(BS 5950: Part 1: 1990 METHOD)

APPENDIX E

This semi-empirical method may be used to determine
initial plate dimensions. It assumes two way bending in
the plate atthe cornerof | and RHS. Itignores conditions
along the column web and flanges where, dependent
upon the column depth/width ratio, the moments can be
much greater due to cantilever action. The method can
therefore, in certain circumstances, produce plate

thicknesses less than would be obtained from the effective
area method.

The effective area method should always be used for final
design. Itisdescribed in Section 8.4. Full design procedures
are given in Section 8.5 of this design guide.

STEP 1 Base plate size - BS 5950: Part 1: 1990 method
B Dp _ B Dp Dp
Bp
A, = Areq
A ired fb lat Fe
= required area of baseplate =
red a P 0.4f,
Ap = area of base plate = Dp for UB, UC and RHS columns
nD 2
= _4p_ for CHS column
F. = compressive force due to factored loads
04f, = bearing strength (BS 5950: Part 1: 1990, cl. 4.13.1)
fou = the smaller of the characteristic cube strength at 28 days of the
bedding material or the concrete base
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Appendix E - Base plate design (BS 5950: Part 1: 1990 method)

STEP 2 Base plate thickness - BS 5950: Part 1: 1990 method
T | e | |
T | ] | |
Iitpl ! — itp I I

HHVtHHT EEEEERE | EEEREEREE

For UC, UB, RHS, channel and box columns

Note: This check should not be used when a < 5T
or with UB sections used as columns.

25w 1,
t, 2 [— (a2-o.3b2)]
P
yp

but not less than the flange thickness of the supported column

a = the greater projection of the plate beyond the column

b = the lesser projection of the plate beyond the column

w = the pressure on the underside of the plate assuming a uniform distribution
Pyp = design strength of the plate

270N/mm?

IN

For CHS columns

WDp 1/2
tp > [— (Dp—O.9D)]

2.4 Pyp
D'O = length or diameter of base plate
D = diameter of the column
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APPENDIX F

THERMAL DRILLING OF RHS

F.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 aroll thread forming tool, leaving a threaded
hole that will accept a standard fully threaded bolt.

F.2  Drilling tool and Process
(see Figure F.1 & F.2)

The initial hole is made by the thermal drilling tool which
consists of a tungsten carbide bit held in a taper collet
adaptor (Figure F.1). The tool can be used in aconventional
drilling machine or CNC machine as found in steelwork
contractors works, provided that it has adequate power
and spindle speed.

The process is shown in Figure F.2. During the 15tstage
the tungsten carbide bit is brought into contact with the
RHS wall where it generates sufficient heat to soften the

— Tool holder
Collet
Flowdrill bit
Figure F.1 Thermal drilling tool
e %

1st stage 2nd stage

Figure F.2 The process

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 RHS section (see
Figure F.2). The cycle time is similar to that for conventional
drilling. However, if done on CNC machines the feed rate
can be slow at the beginning, rapidly increasing as the
material softens to improve efficiency.

The 2nd and final stage is to tap the formed bush. This is
done by roll threading the bush with a Coldform tap. The
complete cycle is shown in Figure F.2

F.3 Application & limitations

Flowdrill or Formdrill connections to RHS columns can be
made using either double angle cleats or flexible end plates
as shown in Figures F.3 and F.4.

LA
ANV,

Figure F.3 Angle cleat and flexible end plate
connections
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Appendix F - Thermal drilling of RHS

When using Flowdrill or Formdrill connections it must be
noted that:

« ifused atlocations exposed to the weather they should
not be considered aswater tight unless special protective
measures are taken.

- they are not suitable for use with pre-galvanised
materials.

F.4  Further information

Further information on thermal drilling, including drilling
machine parameters and tool sizes can be obtained from
the companies given below.

Flowdrill (U.K.) Limited

Unit 7, Hopewell Business Centre
105 Hopewell Drive

Chatham

Kent. ME5 7NP

Tel: 01634 309422

Formdrill

Robert Speck Ltd

Little Ridge
Whittlebury Road
Silverstone

Northants. NN12 8UD
Tel: 01327 857307

For detailing requirements and tension capacity of bolts
see Tables H.60 and H.55 of the yellow pages.
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Figure F.4 Examples of Flowdrill connections
to an RHS column



APPENDIX G

HOLLO-BOLT - JOINTING OF RHS

G.1 Introduction

The Lindapter Hollo-Bolt is a patented method of fixing to
RHS 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 (see
Table G.1).

TABLE G.1 Hollo-Bolt Type
Bolt Size Hollo-bolt tpye
M8 3 Part
M10 3 Part
M12 3 Part
M16 5 Part
M20 5 Part

The pre-assembled Hollo-Bolt unit (Figure G.1) is inserted
through normal tolerance holesin both the fixture and the
RHS. 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. Figures G.2 and G.3 show the Hollo-Bolt in the
installed condition

Figure G.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 RHS
columns can be made using either double angle cleats or
flexible end plates as shown in Figure G.4.

Hexagon
. -
Location head
Flats | IW Collar
\' -a— Fixture
Body -4— RHS
Cone Cone
knurling
~— legs
——_ Central
bolt

Figure G.2 Installed 3-part Hollo-Bolt (M8, M10 & M12)

Hexagon
. -
Location TT
Flats ]\F I I‘ﬁ ollar
Collapse \ )
mechanism - <+—Fixture
Body ~4—RHS
Cong Cone
knurling
e
gs
\Central
bolt

Figure G.3 Installed 5-part Hollo-Bolt (M16 & M20)

' )]

\_ J

Figure G.4 Hollo-Bolts used for angle cleat and
flexible end plate connections
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Appendix G - Hollo-Bolt jointing of RHS

G.2 Installation

Hollo-Bolt uses a plain drilled hole which can be made on
site or in the fabrication shop using all normal drilling
equipment.

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 G.2.

Should the steelwork need to be adjusted, the fixing can
simply be removed and the hole reused with another
Hollo-Bolt.

Table G.2 Required tightening torque
Bolt size Tightening torque (Nm)
M8 23
M10 45
M12 80
M16 190
M20 300

G.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 316 stainless steel, with a grade A4-80
central bolt. This will not be a stocked item, and would be
manufactured to order.
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G.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)

e Stainless steel

= Button head setscrew

* Countersunk setscrew/body

e Socket head capscrew

e Special body length

Further information on Hollo-Bolt is available from:

Lindapter International
Lindsay House
Brackenbeck Road
Bradford

West Yorkshire
England

BD7 2NF.

Telephone: 01274 5214444
Fax: 01274 5211130.

For detailing requirements and capacity tables for the
Hollo-Bolt see Tables H.61 and H.56 of the yellow pages.

Figure G.5 Installation of Hollo-Bolt
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CAPACITY TABLES, DIMENSIONS FOR DETAILING
APPENDIX H AND GENERAL DATA

Table Contents Page
Standard Fittings (Marks, Details, Masses)
H.1 Standard Fittings - Marks 336
H.2 Standard Fittings - Details -Double Angle Web Cleats 337
H.3 Standard Fittings - Details -Flexible End Plates 338
H.4 Standard Fittings - Details -Fin Plates . 339
H.5 Standard Fittings - Masses 340
Double angle web cleats (DAC) - Standard connection capacities
H.6 Explanatory notes - Double angle web cleats - use of capacity tables 341
H.7 DAC - Standard Details used in capacity tables 342
H.8 DAC - critical check description list 343
H.9 DAC - S275 beams — 1 line of bolts (ordinary and flowdrill bolts) 344 - 348
H.10 DAC - S275 beams — 2 lines of bolts (ordinary and flowdrill bolts) 349 - 353
H.11 DAC - S355 beams — 1 line of bolts (ordinary and flowdrill bolts) 354 - 358
H.12 DAC - S355 beams — 2 lines of bolts (ordinary and flowdrill bolts) 359 - 363
H.13 DAC - S275 beams — 1 line of bolts (Hollo-Bolts) 364 - 368
H.14 DAC - S275 beams — 2 lines of bolts (Hollo-Bolts) 369 - 373
H.15 DAC - S355 beams — 1 line of bolts (Hollo-Bolts) 374 - 378
H.16 DAC - S355 beams — 2 lines of bolts (Hollo-Bolts) 379 - 383
Flexible end plates (FEP) - Standard connection capacities
H.17 Explanatory notes - Flexible end plates - use of capacity tables 384
H.18 FEP - Standard Details used in capacity tables 385
H.19 FEP - critical check description list 386
H.20 FEP - S275 beams — (ordinary and flowdrill bolts) 387 - 391
H.21 FEP - S355 beams — (ordinary and flowdrill bolts) 392 - 396
H.22 FEP - S275 beams — (Hollo-Bolts) 397 - 401
H.23 FEP - S355 beams — (Hollo-Bolts) 402 - 406
Fin plates (FP) - Standard connection capacities
H.24 Explanatory notes - Fin plates - use of capacity tables 407
H.25 FP - Standard Details used in capacity tables 408
H.26 FP - critical check description list 409
H.27 FP - 275 beams — 1 line of bolts 410 - 414
H.28 FP - S275 beams — 2 lines of bolts 415 - 419
H.29 FP - S355 beams — 1 line of bolts 420 - 424
H.30 FP - S355 beams — 2 lines of bolts 425 - 429
Universal column splices - Standard connection capacities
H.31 Explanatory notes - Universal column splices - use of capacity tables 430
H.32 Upper and lower UC of same serial size 431 - 436
H.33 Upper and lower UC of one serial size different 437 - 440
Hollow section splices - Standard connection capacities
H.34 Explanatory notes - Hollow section tension splices - use of capacity tables 441
H.35 Hollow section tension splices - Standard Details used in capacity tables 442
H.36 Circular hollow sections - Tension splices 443
H.37 Square hollow sections - Tension splices 444
H.38 Rectangular hollow sections - Tension splices 445
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Standard Fittings
Table H.1

Standard Fittings - Marks

The fitting range adopted in tables H.2 to H.5 and capacity tables H.6 to H.30 have
identification marks as follows:

FITTING

Size and Hole Dimensions

CONNECTION NUMBER

Types: Rows of bolts
C = Double Angle Web cleat
E = Flexible End Plate

F = Fin Plate
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Table H.2

Standard Fittings

Standard Fittings - Details - Double Angle Web Cleats

Dimensions and

Cleats

with single line cCn 90 x 90 x10 UEA
of Hollo-Bolts

Connection Mark Fitting Section
diameter of holes
50
!
] 40
Cleats ] j
. . . ] n bolt rows
with single line of CAn 90 x 90 x 10 EA ] at 70mm
ordinary or Flowdrill bolts ] i\3
40
1
All holes 22 ¢ 50
j
50 50
=T
1[40
Cleats @j
. . | n bolt rows
with double line CBn | 150x 90 x 10 UEA at 70
of ordinary or Flowdrill bolts ]
1[40
All holes 22 @ —t
j
50
pg

at 70mm

340
n bolt rows
¥

50
1 F
holes 22 ¢
50 50
Y
40
4
4 j
Cleats
i o i . n bolt rows
with double line CDn | 150x90x 10 UEA : at70
of Hollo-Bolts 1 40
¥
holes 359 — — 50
j
holes 22 ¢
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Standard Fittings
Table H.3

Standard Fittings - Details - Flexible End Plates

Dimensions and

Connection Mark Fitting Section
diameter of holes
™
Flexible End Plate a0
with ordinary or Qj
For beams < 457x191UB ]
T 140
*
140
Flexible End Plate 40
with ordinary or gj
bolt
Flowdrill bolts EBn 200 x 10 Flat All holes 22 ¢ fherhi
For beams > 457x191UB
40
}
90
1
1140
Flexible End Plate Qj
with Hollo-Bolts ECn 180 x 8 Flat All holes 35¢ J nbolt zows
For beams < 457x191UB ]
T 140
¥
120
v
1[40
Flexible End Plate gj
with Hollo-Bolts EDn 200 x 10 Flat All holes 35¢ ]y mbolt rows
For beams > 457x191UB ]
T 140

338




Standard Fittings
Table H.4

Standard Fittings - Details - Fin Plates

Dimensions and

Connection Mark Fitting Section
diameter of holes
50 50
Fin Plate +40
with single line FAn 100 x 10 Flat
of ordinary bolts All holes 22 [ 4n be;SWS
For beams <610 x 305 UB )
3 40
50 50 50
Fin Plate Ly w0
with double line FBn 150 x10 Flat ]
of ordinary bolts |
Y All holes 22 [ ot Tows
For beams < 610 x 305 UB ﬁj
1[40

—

60 60
L1y
Fin Plate 1[40
with single line FCn 120 x 10 Flat :
n bolt rows
of ordinary bolts All holes 22 ¢ { at70
For beams > 610 x 305 UB 1 3
| 40

60 60 60
Fin Plate L L 1[40
with double line FDn 180 x 10 Flat |
of ordinary bolts All holes 22 ¢ +—1 n bolt rows
at 70
For beams > 610 x 305 UB ﬁg
1 40
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Standard Fittings
Table H.5

Standard Fittings - Masses

Angle Web Cleats - Single vertical line of bolts (CA or CC)

Mark CA11 CA10 CA9 CA8 CA7 CA6 CA5 CA4 CA3 CA2

Y

Size ~— 90 x 90 x 10 Equal Angle (13.40 kg/m)
Length (mm) 780 710 640 570 500 430 360 290 220 150
Masseach (kg) [ 10.45 951 858 7.64 6.70 576 482 389 295 2.01

Angle Web Cleats - Double vertical line of bolts (CB or CD)

Mark CB11 CB10 CB9 CB8 CB7 CB6 CB5 CB4 CB3 CB2
Size <— 150 x 90 x 10 Unequal Angle (18.20 kg/m) ———
Length (mm) 780 710 640 570 500 430 360 290 220 150
Mass each (kg) | 14.20 12,92 11.65 1037 9.10 7.83 6.55 528 4.00 2.73

Flexible End Plates - Light

Mark EA5 EA4 EA3 EA2 | EC5 EC4 EC3 EC2
Size ~— 150 x 8 Flat (9.42 kg/m) » | «+—180 x 8 (11.30 kg/m) —»
Length (mm) 360 290 220 150 360 290 220 150

Masseach (kg) | 3.39 2.73 2.07 1.41 4.07 3.28 2.48 1.70

Flexible End Plates - Heavy (EB or ED)

Mark EB11 EB10 EB9 EB8 EB7 EB6 EB5
Size ~————— 200 x 10 Flat (15.7 kg/m) ——— 8
Length (mm) 780 710 640 570 500 430 360
Mass each (kg) [ 12.25 11.15 10.05 895 7.85 6.75 5.65

Fin Plates - Single vertical line of bolts

Mark FA7 FA6 FA5 FA4 FA3 FA2 |FC11 FC10 FC9 FC8 FC7 FC6
Size ~<~——— 100 x 10 Flat (7.85 kg/m) - 120 x 10 Flat (9.42 kg/m) — o
Length (mm) | 500 430 360 290 220 150 | 780 710 640 570 500 430
Masseach (kg) | 3.93 338 283 228 173 118 | 735 669 603 537 471 405

v
A

Fin Plates - Double vertical line of bolts

Mark FB7 FB6 FB5 FB4 FB3 FB2 | FD11 FD10 FD9 FD8 FD7 FD6
Size <~—— 150 x 10 Flat (11.8 kg/m) — w|<———— 180 x 10 Flat (14.1 kg/m) —
Length (mm) | 500 430 360 290 220 150 | 780 710 640 570 500 430
Masseach (kg) | 5.90 5.07 425 342 260 177 | 11.00 1001 9.02 804 7.05 6.06
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Double Angle Web Cleats
Table H.6

Explanatory notes - DOUBLE ANGLE WEB CLEATS
Use of Capacity Tables

The following notes refer to the suffix numbers given at the top of the column descriptions for Tables H.9 to H.16.
The check numbers refer to those listed in Table H.8 and described in Section 4.5 Design procedures.
The capacity tables are based on the standard details given in Table H.7.

All universal beam sections which are suitable for the minimum standard fitting size and the standard notch size
are shown in the tables (i.e. if T + r > 50 mm, section is not included).

(1) SHEAR CAPACITY OF THE BEAM
The value given in { } is the shear capacity of the beam, given by 0.6pthD.

(2) SHEAR CAPACITY OF THE CONNECTION

This is the critical value of the design checks for the 'supported beam side' of the connection.
i.e. the minimum capacity from CHECKS 2, 3(i), 3(ii), 4 (i), 4(ii), 4(iii), 8 and 9(ii).

For connections with Ordinary or Flowdrill bolts, Connection Shear Capacities are given for Un-notched or
Single notched and for Double notched beams.

For connections with Hollo-Bolts, connection shear capacities are tabulated for Un-notched beams only, as
Hollo-Bolts are used only with RHS columns and Un-notched beams.

(3) CRITICAL DESIGN CHECK

The check which gives the critical value of shear capacity. See Table H.8 for the description of the checks.

(4) FITTINGS
The length and type of Standard Double Angle fittings. See Tables H.1 and H.2 for details.

(5) MINIMUM SUPPORT THICKNESS

This is the minimum thickness of supporting column or beam element, that is needed to carry the given
SHEAR CAPACITY (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.

(6) MAXIMUM NOTCH LENGTH (C +T,)

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 CAPACITY of the connection.

Itis assumed that the beam is fully restrained against lateral torsional buckling, and the notched 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,
'y' (see Table H.7) is the same as the angle cleat length.

* Indicates that the condition from CHECK 6, i.e. d., < D/5 is not satisfied.

For Hollo-Bolts, Tables H.13 to H.16, no values are tabulated for maximum notch lengths, since Hollo-Bolts
are used only with RHS columns and un-notched beams.

(7) TYING CAPACITY

This is the critical value of the design checks for the 'supported beam' side of the connection,
i.e. the minimum capacity from CHECKS 11, 12(i), 12(ii) and 13.

Values given in tables for CHECK 11 are those derived from the rigorous method of Appendix B and not the
Simplified approach given in the design procedures. In CHECK 12 the supported beam is assumed to be
double notched.

For Flowdrill connections, CHECK 13 will need to be carried out separately because the capacity is
dependent on the thickness of the RHS.

Separate checks will have to be carried out on the supporting members (see CHECKS 14 and 15).
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Double Angle Web Cleats
Table H.7

DOUBLE ANGLE WEB CLEATS
Standard details used in Capacity Tables

M20 grade 8.8 Bolts

or Top of beam
M20 Flowdrill 5050 to first row
or 50 of bolts
M20 Hollo-Bolt e B =90mm
7 50 ’—| \ \ j
. \
T L — \ |
n rows of
bolts at -
I vertical
pitch, 70 7
40 7 |
Cleat backmark t t
= 50mm S M20 grade 8.8 Bolts s M20 grade 8.8 Bolts
UN-NOTCHED BEAM
End projection t | C End projection t | C
—— —— —— Top of beam
50 50 to first row

JJ

40 :g

M20 grade 8.8 Bolts

50 of bolts
te =90mm
r
50 1
40 | |
n rows of | _
bolts at
vertical +—
pitch, 70 |

ts

SINGLE NOTCHED BEAM

Top of beam
5050 to first row
ﬁ* of bolts
=90mm
Note: 50 ‘ }:\7
For simplicity \ j[ 7
the capacity 40
tables assume n rows of _|
that the remaining | bolts at Y
depth of beam web, vertical
y(mm), is equal pitch,70 |
to the cleat length,
I (mm). 40

ts_—H__ M20 grade 8.8 Bolts

DOUBLE NOTCHED BEAM

Note: See Tables H.1 and H.2 Standard Fittings - Marks and details for Double Angle Cleats
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Double Angle Web Cleats
Table H.8

DOUBLE ANGLE WEB CLEATS
Critical Check Description List

Check Number Description
2 Shear capacity of bolt group connected to supported beam
S o 3(i) Shear capacity of angle cleats connected to supported beam
QT
Tt
o
o £
g- Py 3(ii) Bearing capacity of angle cleats connected to supported beam
> " o
E
(8]
E 4(i) Shear capacity of supported beam at the connection
<
(]
14 4(ii) Shear and bending interaction capacity of supported beam at the
E 2" bolt line connection
I
(/2]
- g 4(iii) Bearing capacity of supported beam web at the connection
c 2
g ®
O g
§ -g 8 Shear capacity of bolt group connected to supporting member
o
@ g
9(i) Shear capacity of angle cleats connected to supporting member
9(ii) Bearing capacity of angle cleats connected to supporting member
-
z 11 Tension capacity of angle cleats
8 (tables based on the rigorous approach of Appendix B)
=
=
E‘ 12(i) Tension capacity of supported beam web at the connection
o
=
§ 12(ii) Bearing capacity of supported beam web at the connection
=
(%)
13 Tension capacity of bolts in presence of extreme prying

Note: This table only lists the critical checks.
For a full list of design checks and further information, see Section 4.5.
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.9 BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

)
orUS?:gl);clzzsch Double Notch An';ilt:zirg:;ts Mi?ﬁf:ﬁgzzg(& Mal)-(e’:;t;‘h Tying™
Bolt o+
. Rows @ L 1(3) @ . 3 | Length ) : Critical
Beam Size n Shear Critical Shear Critical Mark | S275 S355 | Single | Double [ Capacity
Capacity Design Capacity Design ’ Check
(1o kN Check kN Check mm mm mm mm mm KN

914x305x253 11 1650 4 (iii) 1650 4 (iii) 780 CA11 8.1 6.8 517 155 1200 11
{2530 kN} 10 1480 4 (iii) 1480 4 (iii) 710 CA10 8.1 6.7 575 154 1090 11
9 1320 4 (iii) 1320 4 (iii) 640 CA9 8.0 6.6 648 | 152* 984 11
8 1150 4 (iii) 1150 4 (iii) 570 CA8 7.8 6.5 742 | 150* 877 11
914x305x224 11 1520 4 (iii) 1520 4 (iii) 780 CA11 7.5 6.3 505 155 1200 11
{2300 kN} 10 1360 4 (iii) 1360 4 (iii) 710 CA10 7.4 6.2 561 154 1090 11
9 1210 4 (iii) 1210 4 (iii) 640 CA9 7.3 6.1 632 | 152* 984 11
8 1060 4 (iii) 1060 4 (iii) 570 CA8 7.2 6.0 724 | 150" 877 11
914x305x201 11 1440 4 (iii) 1440 4 (iii) 780 CA11 741 5.9 489 155 1200 11
{2170 kN} 10 1290 4 (iii) 1290 4 (iii) 710 CA10 7.0 5.9 543 154 1090 11
9 1150 4 (iii) 1150 4 (iii) 640 CA9 6.9 5.8 612 | 152* 984 11
8 1000 4 (iii) 1000 4 (iii) 570 CA8 6.8 5.7 686 | 150* 877 11
838x292x226 10 1380 4 (iii) 1380 4 (iii) 710 CA10 7.5 6.3 495 154 1090 11
{2180 kN} 9 1230 4 (iii) 1230 4 (iii) 640 CA9 7.4 6.2 557 152 984 11
1070 4 (iii) 1070 4 (iii) 570 CA8 7.3 6.1 638 | 150* 877 11
838x292x194 10 1260 4 (iii) 1260 4 (iii) 710 CA10 6.8 5.7 476 154 1090 11
{1960 kN} 9 1120 4 (iii) 1120 4 (iii) 640 CA9 6.8 5.7 536 152 984 11
977 4 (iii) 977 4 (iii) 570 CA8 6.6 5.6 614 | 150* 877 11
838x292x176 10 1200 4 (iii) 1200 4 (iii) 710 CA10 6.5 5.5 464 154 1090 11
{1860 kN} 9 1070 4 (iii) 1070 4 (iii) 640 CA9 6.4 5.4 522 152 984 11
8 930 4 (iii) 930 4 (iii) 570 CA8 6.3 5.3 598 | 150* 877 11
762x267x197 9 1190 4 (iii) 1190 4 (iii) 640 CA9 7.2 6.0 449 152 984 11
{1910 kN} 8 1040 4 (iii) 1040 4 (iii) 570 CA8 7.0 5.9 514 150 877 11
886 4 (iii) 886 4 (iii) 500 CA7 6.9 5.8 602 | 148* 769 11
762x267x173 9 1090 4 (iii) 1090 4 (iii) 640 CA9 6.6 5.5 436 152 984 11
{1730 kN} 8 950 4 (iii) 950 4 (iii) 570 CA8 6.5 5.4 500 150 877 11
812 4 (iii) 812 4 (iii) 500 CA7 6.3 5.3 585 | 148* 769 11
762x267x147 9 974 4 (iii) 974 4 (iii) 640 CA9 5.9 4.9 422 152 984 11
{1530 kN} 8 851 4 (iii) 851 4 (iii) 570 CA8 5.8 4.8 484 150 877 11
7 727 4 (iii) 727 4 (iii) 500 CA7 5.6 4.7 566 | 148* 769 11
762x267x134 9 913 4 (iii) 913 4 (iii) 640 CA9 55 4.6 430 181 984 11
{1490 kN} 8 797 4 (iii) 797 4 (iii) 570 CA8 5.4 4.5 493 175 877 11
681 4 (iii) 681 4 (iii) 500 CA7 5.3 4.4 502 | 169* 769 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.9 Continued BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Length Tying
Bolt o+

Rows -

Beam Size n Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double | Capacity (é::“cakl
Capacity | Design | Capacity | Design f ec
(1) kN Check kN Check
{} mm mm mm mm mm kN

686x254x170 8 964 4 (iii) 964 4 (iii) 570 CA8 6.5 55 414 150 877 11

{1600 kN} 7 823 4 (iii) 823 4 (iii) 500 CA7 6.4 5.3 485 148* 769 11

6 683 4 (i) 683 4Giy | 430 | cas| 62 52 | 584 | 145* | 662 11

686x254x152 8 877 4 (iii) 877 4 (iii) 570 CA8 6.0 5.0 407 150 877 11

{1440 kN} 7 749 4 (iii) 749 4 (iii) 500 CA7 5.8 4.9 477 148 769 11

621 4 (i) 621 4y | 430 | cae| 56 47 | 575 | 145 | 662 11

686x254x140 8 824 4 (iii) 824 4 (iii) 570 CA8 5.6 4.7 401 150 877 11

{1350 kN} 7 704 4 (iii) 704 4 (iii) 500 CA7 55 4.6 469 148 769 11

584 4 (i) 584 4Gi) | 430 | cas| 53 44 | 566 | 1457 | 662 11
686x254x125 | 8 | 777 4 (i) 777 4Giy | 570 | cas| 53 44 | 389 | 150 | 861 12 (i
{1260 kN} 7 664 4 (iii) 664 4 (iii) 500 CA7 5.2 4.3 456 148 753 12 (ii)
6 | 551 4 (i) 551 4Gy | 430 | cae| 5.0 42 | 550 | 145" | 646 12 (ii)

610x305x238 7 1040 4 (iii) 1040 4 (iii) 500 CA7 8.1 6.8 416 148 769 11

{1860 kN} 6 | 866 4 (ii) 866 4Giy | 430 |cas| 78 66 | 502 | 145 | 662 11

610x305x179 7 800 4 (iii) 800 4 (iii) 500 CA7 6.2 52 399 148 769 11

{1390 kN} 6 664 4 (i) 664 4iy | 430 | cas| 6.0 50 | 481 | 145 | 662 11
610x305x149 | 7 | 670 4 (i) 670 4(i) | 500 | cA7| 52 43 | 391 | 148 | 760 12 (ii)
{1150 kN} 6 556 4 (iii) 556 4 (iii) 430 CA6 5.0 4.2 471 145* 651 12 (ii)

610x229x140 7 744 4 (iii) 744 4 (iii) 500 CA7 5.8 4.8 380 148 769 11

{1290 kN} 6 617 4 (i) 617 4y | 430 | cae| 56 47 | 458 | 145" | 662 11
610x220x125 | 7 | 676 4 (i) 676 4Gy | 500 | cA7| 52 44 | 373 | 148 | 766 12 (ii)
{1160 kN} 6 560 4 (iii) 560 4 (iii) 430 CA6 51 4.2 450 145* 657 12 (ii)
610x229x113 7 630 4 (iii) 630 4 (iii) 500 CA7 4.9 41 366 148 715 12 (ii)
{1070 kN} 6 | 523 4 (i) 523 4Gy | 430 | cae| 47 40 | 441 | 145 | 613 12 (ii)
610x220x101 | 7 | 596 4 (i 596 4Gi) | 500 | cA7| 46 39 | 369 | 160 | 676 12 (i
{1040 kN} 6 494 4 (iii) 494 4 (iii) 430 CA6 4.5 3.7 444 162* 580 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.9 Continued BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Notch Angle Cleats Thickness Length Tying
Bolt o+
Rows Length Critical
Beam Size n Shear® | Critical® | Shear® | Critical® Mark 5275 $355 | Single | Double| Capacity ::ICT(
Capacity | Design | Capacity | Design f Checl
(1) kN Check kN Check
{} mm mm mm mm mm kN

533x210x122 6 598 4 (iii) 598 4 (iii) 430 CA6 5.4 4.5 349 145 662 11

{1100 kN} 5 475 4 (iii) 475 4 (iii) 360 CA5 5.2 4.3 439 142 555 11
533x210x109 6 546 4 (iii) 546 4 (iii) 430 CA6 4.9 41 342 145 640 12 (ii)
{995 kN} 5 434 4 (iii) 434 4 (iii) 360 CA5 4.7 3.9 430 142 534 12 (ii)
533x210x101 | 6 | 508 4 (i) 508 4Gi) | 430 | cas| 46 39 | 339 | 145 | 59 12 (i
{922 kN} 5 404 4 (i) 404 4(iy | 360 | cA5 | 4.4 37 | 426 | 142 | 497 12 (ii)
533x210x92 6 475 4 (iii) 475 4 (iii) 430 CA6 4.3 3.6 346 162 558 12 (ii)
(888 kN} 5 378 4 (iii) 378 4 (iii) 360 | CA5 | 4.1 34 | 435 | 155* | 465 12 (i
533x210x82 | 6 452 4 (i) 452 4(iy | 430 | cA6 | 4.1 34 | 334 | 162 | 530 12 (ii)
(837 kN} 5 359 4 (i) 359 4(iiy | 360 | cas | 39 33 | 421 | 155 | 442 12 (ii)
457x191x98 5 427 4 (iii) 427 4 (iii) 360 CA5 4.6 3.9 316 142 524 12 (ii)
{847 kN} 4 | 319 4 (i) 319 4y | 200 | cAa| 43 36 | 424 | 133* | 420 12 (ii)
457x191x89 | 5 393 4 (i) 393 4(iy | 360 | CA5 | 43 36 | 311 | 142 | 483 12 (ii)
{774 KN} 4 | 203 4 (i) 293 4(iy | 200 | caa| 40 33 | 417 | 133*| 386 12 (ii)
457x191x82 5 371 4 (iii) 371 4 (iii) 360 CA5 4.0 3.4 317 155 455 12 (ii)
{751 kN} 4 | 277 4 (i 277 4y | 200 | casa| 38 31 | 424 | 138* | 364 12 (ii)
457x191x74 | 5 337 4 (i) 337 4(iy | 360 | cAs | 3.7 31 | 313 | 155 | 414 12 (ii)
{679 kN} 4 | 251 4 (i) 251 4y | 200 | caa| 34 29 | 420 | 138* | 331 12 (ii)
457x191x67 | 5 318 4 (iii) 318 4 (iii) 360 | cAs | 35 29 | 306 | 155 | 391 12 (i
{636 kN} 4 | 237 4 (i) 237 4Gy | 200 | caa| 32 27 | 410 | 138* | 313 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.9 Continued BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

Max Notch®
orUS?:gl);clzzsch Double Notch An';ilt:zirg:;ts Mi?ﬁf:ﬁgzzg(& aLe“;t;‘ Tying™
Bolt o+
: Fows @ ) @ s | Length : . Critical
Beam Size n Shear Critical Shear Critical Mark S275 S355 | Single | Double | Capacity
Capacity Design Capacity Design ’ Check
(1) kN Check kN Check
{} mm mm mm mm mm kN
457x152x82 5 393 4 (iii) 393 4 (iii) 360 CA5 4.3 3.6 306 142 483 12 (ii)
{778 kN} 4 293 4 (iii) 293 4 (iii) 290 CA4 4.0 3.3 411 133" 386 12 (ii)
457x152x74 5 359 4 (iii) 359 4 (iii) 360 CA5 3.9 3.3 301 142 442 12 (ii)
{705 kN} 4 268 4 (iii) 268 4 (iii) 290 CA4 3.6 3.0 404 | 133" 353 12 (ii)
457x152x67 5 337 4 (iii) 337 4 (iii) 360 CA5 3.7 3.1 305 155 414 12 (ii)
{680 kN} 4 251 4 (iii) 251 4 (iii) 290 CA4 3.4 2.9 409 | 138* 331 12 (ii)
457x152x60 5 303 4 (iii) 303 4 (iii) 360 CA5 3.3 2.8 301 155 373 12 (ii)
{608 kN} 4 226 4 (iii) 226 4 (iii) 290 CA4 3.1 2.6 403 | 138" 298 12 (ii)
457x152x52 5 284 4 (iii) 284 4 (iii) 360 CA5 3.1 2.6 289 155 350 12 (ii)
{564 kN} 4 212 4 (iii) 212 4 (iii) 290 CA4 2.9 2.4 357 | 138* 280 12 (ii)
406x178x74 4 265 4 (iii) 265 4 (iii) 290 CA4 3.6 3.0 336 138 350 12 (ii)
{647 kN}
406x178x67 4 246 4 (iii) 246 4 (iii) 290 CA4 3.3 2.8 329 138 324 12 (ii)
{594 kN}
406x178x60 4 221 4 (iii) 221 4 (iii) 290 CA4 3.0 25 325 138 291 12 (ii)
{530 kN}
406x178x54 4 215 4 (iii) 215 4 (iii) 290 CA4 2.9 2.4 314 138 283 12 (ii)
{512 kN}
406x140x46 4 190 4 (iii) 190 4 (iii) 290 CA4 2.6 2.2 311 138 250 12 (ii)
{452 kN}
406x140x39 4 179 4 (iii) 179 4 (iii) 290 CA4 2.4 2.0 275 138 236 12 (ii)
{420 kN}
356x171x67 3 171 4 (iii) 171 4 (iii) 220 CA3 3.1 2.6 373 | 118* 251 12 (ii)
{546 kN}
356x171x57 3 153 4 (iii) 153 4 (iii) 220 CA3 2.8 2.3 364 | 118* 224 12 (ii)
{478 kN}
356x171x51 3 139 4 (iii) 139 4 (iii) 220 CA3 2.5 2.1 357 | 118* 204 12 (ii)
{433 kN}
356x171x45 3 132 4 (iii) 132 4 (iii) 220 CA3 2.4 2.0 345 | 118* 193 12 (ii)
{406 kN}
356x127x39 3 124 4 (iii) 124 4 (iii) 220 CA3 2.3 1.9 340 | 118* 182 12 (ii)
{385 kN}
356x127x33 3 113 4 (iii) 113 4 (iii) 220 CA3 2.0 1.7 294 | 118* 166 12 (ii)
{346 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.9 Continued BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

Max Notch®
orUS?:gl);clzzsch Double Noteh An';ilt:zirg:;ts Mi?ﬁf:ﬁzzzg(& aLe“;t;‘ Tying"”
Bolt o+
Beam Size RonWS Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double [ Capacity Critical
Capacity Design Capacity Design ’ Check
(1) kN Check kN Check
{} mm mm mm mm mm kN
305x165x54 | 3 149 4 (i) 149 4(i) | 220 | cAa3| 27 23 | 265 | 118 | 218 12 (ii)
{405 kN}
305x165x46 | 3 126 4 (ii) 126 4(iy | 220 | cA3| 23 19 | 260 | 118 | 185 12 (ii)
{339 kN}
305x165x40 | 3 113 4 (i 113 4Gy | 220 | cAaz| 20 17 | 254 | 118 | 166 12 (ii)
{300 kN}
305x127x48 | 3 169 4 (i) 169 4y | 220 | cA3 | 3.1 26 | 251 | 118 | 248 12 (ii)
{462 kN}
305x127x42 | 3 151 4 (i 151 4Gy | 220 | cAaz| 27 23 | 245 | 118 | 22 12 (ii)
{406 kN}
305x127x37 | 3 134 4 (i) 134 4Gy | 220 | cAz| 24 20 | 241 | 118 | 196 12 (ii)
(357 kN}
305x102x33 | 3 124 4 (i) 124 4(i) | 220 | cA3| 23 19 [ 251 [ 118 | 182 12 (ii)
{341 kN}
305x102x28 | 3 113 4 (i) 113 4Gy | 220 | cAaz| =20 1.7 | 241 | 118 | 166 12 (ii)
{306 kN}
305x102x25 | 3 109 4 (i 109 4Giy | 220 | cA3| 20 1.7 | 220 | 118 | 160 12 (ii)
{292 kN}
254x146x43 | 2 76 4 (i) 76 4 (ii) 150 | cA2 | 21 17 | 270 | o8 | 132 12 (ii)
{308 kN}
254x146x37 | 2 66 4 (ii) 66 4 (iif) 150 |[caz| 18 15 | 266 | 98 | 116 12 (ii)
{266 kN}
254x146x31 | 2 63 4 (ii) 63 4 (ii) 150 |caz2| 17 14 | 261 | 98 | 110 12 (ii)
{249 kN}
254x102x28 | 2 66 4 (ii) 66 4 (iif) 150 | caz| 18 15 [ 270 | 98 | 116 12 (ii)
{271 kN}
254x102x25 | 2 63 4 (ii) 63 4 (ii) 150 |caz2| 17 14 | 267 | 98 | 110 12 (ii)
{255 kN}
254x102x22 | 2 60 4 (ii) 60 4 (iii) 150 |[caz| 16 14 | 264 | 98 | 105 12 (ii)
{239 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.10 BOLTS: M20, 8.8
- DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Length Tying
Bolt o+
Rows Length Critical
Beam Size n Shear® | Critical® | Shear® | Critical® Mark | s275 $355 | Single | Double| Capacity ::ICT(
Capacity | Design | Capacity | Design f Checl
(1) kN Check kN Check
{} mm mm mm mm mm kN
914x305x253 11 2020 8 1720 4(ii) 780 CB11 10.0 8.4 337 100 1200 11
{2530 kN} 10 1840 8 1550 4(ii) 710 CB10 10.0 8.4 445 100 1090 11
9 1650 8 1390 4(ii) 640 CB9 10.0 8.4 516 | 100" 984 11
8 1470 8 1230 4(ii) 570 CB8 10.0 8.4 580 | 100* 877 11
914x305x224 11 1950 4(ii) 1580 4(ii) 780 CcB11 9.6 8.1 262 100 1200 11
{2300 kN} 10 | 1780 4(ii) 1430 4(ii) 710 |cBto| 9.7 81 | 372 | 100 | 1090 11
9 1610 4(ii) 1280 4(ii) 640 CB9 9.7 8.1 476 100" 984 11
8 | 1430 4(ii) 1130 4(ii) 570 | cBs | 97 82 | 533 | 100" | 877 11
914x305x201 11 1850 4(ii) 1500 4(ii) 780 CB11 9.1 7.6 246 100 1200 11
{2170 kN} 10 1690 4(ii) 1360 4(ii) 710 CB10 9.2 7.7 354 100 1090 11
9 1530 4(ii) 1210 4(ii) 640 CB9 9.2 7.7 461 100* 984 11
8 1360 4(ii) 1070 4(ii) 570 CB8 9.3 7.7 517 100" 877 11
838x292x226 10 1790 4(ii) 1450 4(ii) 710 CB10 9.8 8.2 276 100 1090 11
{2180 kN} 9 | 1620 4(ii) 1290 4(ii) 640 | cB9 | o8 82 | 386 | 100 | o84 11
1450 4(ii) 1140 4(ii) 570 CB8 9.8 8.2 471 100" 877 11
838x292x194 10 1640 4(ii) 1320 4(ii) 710 CB10 8.9 7.4 256 100 1090 11
{1960 kN} 9 | 1480 4(ii) 1180 4(ii) 640 | cB9 | 8.9 75 | 364 | 100 | o84 11
1320 4(ii) 1040 4(ii) 570 CB8 9.0 7.5 454 100" 877 11
838x292x176 10 1560 4(ii) 1260 4(ii) 710 CB10 8.5 71 243 100 1090 11
(1860 kN} 9 | 1410 4(ii) 1130 4(ii) 640 | cB9 | 85 71 | 351 | 100 | 984 11
8 1260 4(ii) 992 4(ii) 570 CB8 8.6 7.2 442 100 877 11
762x267x197 9 1560 4(ii) 1250 4(ii) 640 CB9 9.4 7.9 248 100 984 11
{1910 kN} 8 | 1400 4(ii) 1110 4(ii) 570 | cB8 | 95 79 | 356 | 100 | 877 11
1230 4(ii) 955 4(ii) 500 CcB7 9.6 8.0 433 | 100* 769 11
762x267x173 9 1430 4(ii) 1150 4(ii) 640 CB9 8.6 7.2 234 100 984 11
{1730 kN} 8 1280 4(ii) 1010 4(ii) 570 CB8 8.7 7.3 341 100 877 11
1130 4(ii) 875 4(ii) 500 CcB7 8.8 7.3 421 100" 769 11
762x267x147 9 1280 4(ii) 1030 4(ii) 640 CB9 7.7 6.5 218 100 984 11
{1530 kN} 8 1140 4(ii) 907 4(ii) 570 CB8 7.8 6.5 325 100 877 11
7 | 1010 4(ii) 784 4(ii) 500 | cB7 | 7.8 65 | 408 | 100" | 769 11
762x267x134 9 1240 4(ii) 1000 4(ii) 640 CB9 7.5 6.3 210 100 984 11
{1490 kN} 8 | 1110 4(ii) 882 4(ii) 570 | cBs | 76 63 | 316 | 100 | 877 11
980 4(ii) 762 4(ii) 500 CcB7 7.6 6.4 401 100" 769 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.10 Continued BOLTS: M20, 8.8
- DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Length Tying
Bolt o+
Rows -
Beam Size n Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double | Capacity (é::“cakl
Capacity | Design | Capacity | Design f ec
(1) kN Check kN Check
{} mm mm mm mm mm kN
686x254x170 8 1290 4(ii) 1030 4(ii) 570 cB8 8.7 7.3 230 100 877 11
{1600 kN} 7 | 1140 4(ii) 888 4(ii) 500 | cB7 | 88 74 | 338 | 100* | 769 11
6 982 4(ii) 747 4(ii) 430 | cBe| 89 74 | 406 | 100* | 662 11
686x254x152 8 1170 4(ii) 935 4(ii) 570 cBs8 8.0 6.7 221 100 877 11
{1440 kN} 7 | 1030 4(ii) 808 4(ii) 500 | cB7 | 80 67 | 329 | 100 | 769 11
894 4(ii) 680 4(ii) 430 | cBe | 8.1 68 | 399 | 100 | 62 11
686x254x140 8 1100 4(ii) 878 4(ii) 570 CcBs8 7.5 6.2 214 100 877 11
{1350 kN} 7 971 4(ii) 759 4(ii) 500 cB7 7.5 6.3 321 100 769 11
839 4 639 4 430 |cBs| 76 64 | 394 | 100" | 662 11
686x254x125 8 1040 4(ii) 829 4(ii) 570 CcBs8 7.0 5.9 202 100 877 11
{1260 kN} 7 915 4(ii) 716 4(ii) 500 | cB7 | 7.1 59 | 309 | 100 | 769 11
6 791 4(ii) 603 4(ii) 430 CB6 7.2 6.0 383 100* 662 11
610x305x238 7 1290 8 1130 4(ii) 500 cB7 10.0 8.4 335 100 769 11
{1860 kN} 6 1100 8 948 4(ii) 430 CB6 10.0 8.4 395 100" 662 11
610x305x179 7 1100 4(ii) 863 4(ii) 500 cB7 8.5 71 225 100 769 11
{1390 kN} 6 | 949 4 726 4(i) 430 | cBs| 86 72 | 336 | 100" | 662 11
610x305x149 7 916 4(ii) 722 4(ii) 500 cB7 71 5.9 213 100 769 11
{1150 kN} 6 794 4(ii) 608 4(ii) 430 | cBe| 72 60 | 326 | 100* | 662 11
610x229x140 7 1020 4(ii) 802 4(ii) 500 cB7 7.9 6.6 213 100 769 11
{1290 kN} 6 | 880 4(i 675 4 430 | cBs| 80 67 | 321 | 100" | 662 11
610x229x125 7 921 4(ii) 729 4(ii) 500 cB7 7.2 6.0 205 100 769 11
{1160 kN} 6 799 4(ii) 613 4(ii) 430 CB6 7.2 6.1 313 100* 662 11
610x229x113 7 858 4(ii) 680 4(ii) 500 cB7 6.7 5.6 197 100 769 11
{1070 kN} 6 | 745 4(ii) 572 4(ii) 430 | cBe| 67 56 | 303 | 100" | 62 11
610x229x101 7 841 4(ii) 667 4(ii) 500 cB7 6.5 5.5 187 100 769 11
{1040 kN} 6 730 4(ii) 561 4(ii) 430 | cBe| 66 55 | 292 | 100* | 662 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.10 Continued BOLTS: M20, 8.8
— DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Lin?th Tying
Bolt h
Rows -
Beam Size n Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double| Capacity (é::“cakl
Capacity | Design | Capacity | Design f ec
(1) kN Check kN Check
{} mm mm mm mm mm kN
533x210x122 6 840 4(ii) 654 4(ii) 430 CB6 7.6 6.4 201 100 662 11
{1100 kN} 5 712 4(ii) 529 4(ii) 360 CB5 7.7 6.5 293 100" 555 11
533x210x109 6 766 4(ii) 597 4(ii) 430 CB6 6.9 5.8 193 | 100 662 11
{995 kN} 5 649 4(ii) 483 4(ii) 360 CB5 71 5.9 288 | 100* 555 11
533x210x101 6 713 4(ii) 556 4(ii) 430 CB6 6.5 5.4 189 [ 100 662 11
{922 kN} 5 604 4(ii) 450 4(ii) 360 CB5 6.6 55 285 | 100* 555 11
533x210x92 6 691 4(ii) 540 4(ii) 430 CB6 6.3 5.2 183 | 100 662 11
{888 kN} 5 586 4(ii) 437 4(ii) 360 CB5 6.4 5.3 280 | 100* 555 11
533x210x82 6 655 4(ii) 513 4(ii) 430 CB6 5.9 5.0 174 | 100 662 11
{837 kN} 5 556 4(ii) 415 4(ii) 360 CB5 6.0 5.1 272 100" 555 11
457x191x98 5 624 4(ii) 475 4(ii) 360 CB5 6.8 5.7 183 100 555 11
{847 kN} 4 485 4 (iii) 361 4(ii) 290 | cB4| 6.6 55 | 278 | 100* | 448 11
457x191x89 5 574 4(ii) 437 4(ii) 360 CB5 6.2 5.2 177 | 100 555 11
{774 kN} 4 447 4 (iii) 333 4(ii) 290 CB4 6.1 5.1 274 100" 448 11
457x191x82 5 561 4(ii) 428 4(ii) 360 CB5 6.1 5.1 172 100 555 11
{751 kN} 4 421 4 (iii) 325 4(ii) 290 | cB4| 57 48 | 279 | 100" | 448 11
457x191x74 5 509 4(ii) 389 4(ii) 360 CB5 5.5 4.6 168 | 100 555 11
{679 kN} 4 383 4 (iii) 296 4(ii) 290 CB4 5.2 4.4 276 100" 448 11
457x191x67 5 480 4(ii) 367 4(ii) 360 CB5 5.2 4.4 162 100 555 11
{636 kN} 4 362 4 (iii) 279 4(ii) 290 | cB4 | 49 41 | 269 | 100" | 448 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

Table H.10 Continued

BEAM: S275
ANGLE CLEATS: S275
BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Double line of bolts

2 No.150x90x10mm Angles

Max Notch®
orUS?:gl);clzzsch Double Notch An';ilt:zirg:;ts Mi?ﬁf:ﬁgzzg(& aLe“;t;‘ Tying™
Bolt o+
: Fows @ ) @ s | Length : . Critical
Beam Size n Shear Critical Shear Critical Mark S275 S355 | Single | Double | Capacity
Capacity Design Capacity Design ’ Check
(1) kN Check kN Check
{} mm mm mm mm mm kN
457x152x82 5 573 4(ii) 437 4(ii) 360 CB5 6.2 5.2 178 100 555 11
{778 kN} 4 447 4 (iii) 333 4(ii) 290 CB4 6.1 5.1 270 | 100* 448 11
457x152x74 5 523 4(ii) 400 4(ii) 360 CB5 5.7 4.8 172 100 555 11
{705 kN} 4 408 4 (iii) 304 4(ii) 290 CB4 5.5 4.6 265 | 100" 448 11
457x152x67 5 508 4(ii) 389 4(ii) 360 CB5 5.5 4.6 166 100 555 11
{680 kN} 4 383 4 (iii) 296 4(ii) 290 CB4 5.2 4.4 269 | 100* 448 11
457x152x60 5 456 4(ii) 350 4(ii) 360 CB5 5.0 4.1 161 100 555 11
{608 kN} 4 345 4 (iii) 266 4(ii) 290 CB4 4.7 3.9 265 | 100" 448 11
457x152x52 5 426 4(ii) 329 4(ii) 360 CB5 4.6 3.9 1583 100 5565 11
{564 kN} 4 323 4 (iii) 250 4(ii) 290 CB4 4.4 3.7 255 | 100* 448 11
406x178x74 4 404 4 (iii) 312 4(ii) 290 CB4 55 4.6 221 100 448 11
{647 kN}
406x178x67 4 374 4 (iii) 289 4(ii) 290 CB4 5.1 4.3 216 100 448 11
{594 kN}
406x178x60 4 336 4 (iii) 260 4(ii) 290 CB4 4.6 3.8 214 100 448 11
{530 kN}
406x178x54 4 328 4 (iii) 253 4(ii) 290 CB4 4.5 3.7 206 100 448 11
{512 kN}
406x140x46 4 289 4 (iii) 224 4(ii) 290 CB4 3.9 3.3 204 100 415 12 (i)
{452 kN}
406x140x39 4 272 4 (iii) 210 4(ii) 290 CB4 3.7 3.1 194 100 391 12 (i)
{420 kN}
356x171x67 3 251 4 (iii) 202 4(ii) 220 CB3 4.5 3.8 258 | 100* 340 11
{546 kN}
356x171x57 3 223 4 (iii) 180 4(ii) 220 CB3 4.0 3.4 249 | 100* 340 11
{478 kN}
356x171x51 3 204 4 (iii) 164 4(ii) 220 CB3 3.7 3.1 244 | 100* 340 11
{433 kN}
356x171x45 3 193 4 (iii) 155 4(ii) 220 CB3 3.5 2.9 236 | 100* 335 12 (i)
{406 kN}
356x127x39 3 182 4 (iii) 146 4(ii) 220 CB3 3.3 2.8 232 | 100* 316 12 (i)
{385 kN}
356x127x33 3 165 4 (iii) 133 4(ii) 220 CB3 3.0 2.5 223 | 100* 287 12 (i)
{346 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.10 Continued BOLTS: M20, 8.8
- DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
®)
Bolt o+
Beam Size RonWS Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double | Capacity Critical
Capacity Design Capacity Design ’ Check
(1o kN Check kN Check mm mm mm mm mm KN
305x165x54 3 218 4 (iii) 175 4(ii) 220 CB3 3.9 3.3 181 100 340 11
{405 kN}
305x165x46 | 3 185 4 (ii) 149 4(i) 220 [ cB3| 33 28 | 178 | 100 | 321 12 (i)
{339 kN}
305x165x40 | 3 165 4 (i 133 4(i) 220 [ cB3| 30 25 | 173 | 100 | 287 12 (i)
{300 kN}
305x127x48 | 3 | =248 4 (i) 200 4(ii) 220 | CB3| 45 38 | 172 | 100 | 340 11
{462 kN}
305x127x42 | 3 | 220 4 (i) 177 4(ii) 220 | cB3| 40 33 | 167 | 100 | 340 11
{406 KN}
305x127x37 | 3 | 196 4 (i 158 4(ii) 220 | cB3| 35 30 | 164 | 100 | 340 12 (i)
{357 kN}
305x102x33 | 3 182 4 (i) 146 4(i) 220 | cB3 | 3.3 28 | 172 | 100 | 316 12 (i)
{341 kN}
305x102x28 | 3 165 4 (i) 133 4(i) 220 [ cB3| 30 25 | 165 | 100 | 287 12 (i)
{306 kN}
305x102x25 | 3 160 4 (i 129 4(i) 220 [ cB3| 29 24 | 157 | 100 | 278 12 (i)
{292 kN}
254x146x43 2 108 4 (iii) 74 4(ii) 150 cB2 2.9 2.4 218 100" 233 11
{308 kN}
254x146x37 | 2 94 4 (ii) 65 4(ii) 150 | cB2| 26 21 | 212 | 100 | 218 12 (i)
{266 kN}
254x146x31 | 2 90 4 (ii) 62 4(ii) 150 | cB2| =24 20 | 200 | 100" | 208 12 (i)
{249 kN}
254x102x28 | 2 94 4 (ii) 65 4(ii) 150 | cB2| 26 21 | 208 | 100" | 218 12 (i)
{271 kN}
254x102x25 | 2 90 4 (ii) 62 4(ii) 150 | cB2| =24 20 | 200 | 100" | 208 12 (i)
{255 kN}
254x102x22 | 2 85 4 (ii) 59 4(ii) 150 | cB2| 23 19 | 190 | 100" | 198 12 (i)
{239 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.11 BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

®
Bolt o+
: Fows @ - @ Lo | Length ) ) Critical
Beam Size n Shear Critical Shear Critical Mark | S275 S355 | Single | Double [ Capacity
Capacity Design Capacity Design ’ Check
(1o kN Check kN Check mm mm mm mm mm KN
914x305x253 11 1900 2 1900 2 780 CA11 9.4 7.9 584 207 1200 11
{3290 kN} 10 1710 2 1710 2 710 CA10 9.3 7.8 649 201 1090 11
9 1520 2 1520 2 640 CA9 9.2 7.7 685 | 195" 984 11
8 1330 2 1330 2 570 CA8 9.0 7.5 685 | 188* 877 11
914x305x224 11 1810 4 (iii) 1810 4 (iii) 780 CA11 9.0 7.5 543 166 1200 11
{3000 kN} 10 1630 4 (iii) 1630 4 (iii) 710 | CA10| 8.9 7.4 543 | 165 1090 11
9 1450 4 (iii) 1450 4 (iii) 640 CA9 8.7 7.3 543 164* 984 11
8 1260 4 (iii) 1260 4 (iii) 570 CA8 8.6 7.2 543 163" 877 11
914x305x201 11 1720 4 (iii) 1720 4 (iii) 780 CA11 8.5 71 474 166 1200 11
{2820 kN} 10 1550 4 (iii) 1550 4 (iii) 710 CA10 8.4 7.0 474 165 1090 11
9 1370 4 (iii) 1370 4 (iii) 640 CA9 8.3 6.9 474 164~ 984 11
8 1200 4 (iii) 1200 4 (iii) 570 CA8 8.2 6.8 474 163" 877 11
838x292x226 10 1650 4 (iii) 1650 4 (iii) 710 CA10 9.0 7.5 539 165 1090 11
{2840 kN} 9 1470 4 (i) 1470 4 (i) 640 | CA9 8.8 7.4 607 | 164 984 11
1280 4 (iii) 1280 4 (iii) 570 CA8 8.7 7.3 644 163" 877 11
838x292x194 10 1510 4 (iii) 1510 4 (iii) 710 CA10 8.2 6.8 504 165 1090 11
{2560 kN} 9 1340 4 (iii) 1340 4 (iii) 640 | CA9 8.1 6.8 504 | 164 984 11
1170 4 (iii) 1170 4 (iii) 570 CA8 7.9 6.6 504 163" 877 11
838x292x176 10 1430 4 (iii) 1430 4 (iii) 710 CA10 7.8 6.5 443 165 1090 11
{2420 kN} 9 1270 4 (i) 1270 4 (i) 640 | CA9 7.7 6.4 443 | 164 984 11
8 1110 4 (iii) 1110 4 (iii) 570 CA8 7.6 6.3 443 163" 877 11
762x267x197 9 1420 4 (iii) 1420 4 (iii) 640 CA9 8.6 7.2 489 164 984 11
{2490 kN} 8 1240 4 (iii) 1240 4 (iii) 570 CA8 8.4 7.0 560 163 877 11
1060 4 (jii) 1060 4 (jii) 500 | CA7 8.2 6.9 655 | 160* 769 11
762x267x173 9 1300 4 (iii) 1300 4 (iii) 640 CA9 7.9 6.6 475 164 984 11
{2260 kN} 8 1140 4 (iii) 1140 4 (iii) 570 CA8 7.7 6.5 544 163 877 11
971 4 (iii) 971 4 (iii) 500 CA7 7.5 6.3 564 160" 769 11
762x267x147 9 1160 4 (iii) 1160 4 (iii) 640 CA9 7.0 5.9 416 164 984 11
{2000 kN} 8 1020 4 (iii) 1020 4 (iii) 570 CA8 6.9 5.8 416 163 877 11
7 869 4 (iii) 869 4 (iii) 500 CA7 6.7 5.6 416 160" 769 11
762x267x134 9 1090 4 (iii) 1090 4 (iii) 640 CA9 6.6 5.5 348 189 984 11
{1920 kN} 8 953 4 (i) 953 4 (i) 570 | CA8 6.5 5.4 348 | 184 877 11
814 4 (iii) 814 4 (iii) 500 CA7 6.3 5.3 348 178* 769 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.11 Continued BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Length Tying
Bolt o+

Rows -

Beam Size n Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double | Capacity (é::“cakl

Capacity | Design | Capacity | Design f ec
(1) kN Check kN Check
{} mm mm mm mm mm kN

686x254x170 8 1150 4 (iii) 1150 4 (iii) 570 CA8 7.8 6.5 451 163 877 11
{2080 kN} 7 984 4 (iii) 984 4 (iii) 500 CA7 7.6 6.4 528 160* 769 11
6 | 816 4 (ii) 816 4Gi) | 430 | cae| 74 62 | 636 | 158 | 662 11
686x254x152 8 1050 4 (iii) 1050 4 (iii) 570 CA8 71 6.0 443 163 877 11
{1880 kN} 7 896 4 (i) 896 4Giy | 500 | caz| 7.0 58 | 519 | 160 | 769 11
743 4 (i) 743 4Gy | 430 | cas| 6.7 56 | 545 | 158* | 662 11
686x254x140 8 985 4 (iii) 985 4 (iii) 570 CA8 6.7 5.6 437 163 877 11
{1750 kN} 7 | 842 4 (i) 842 4Gi) | 500 | cA7| 65 55 | 459 | 160 | 769 11
698 4 (iii) 698 4 (iii) 430 CA6 6.3 5.3 459 158 662 11
686x254x125 8 930 4 (iii) 930 4 (iii) 570 CA8 6.3 5.3 393 163 877 11
{1640 kN} 7 | 794 4 (i) 794 4Gi) | s00 | cAa7| 62 52 | 393 | 160 | 769 11
6 659 4 (iii) 659 4 (iii) 430 CA6 6.0 5.0 393 158 662 11
610x305x238 7 1130 2 1130 2 500 CA7 8.8 7.4 500 217 769 11
{2420 kN} 6 940 2 940 2 430 CA6 8.5 71 602 205* 662 11
610x305x179 7 957 4 (iii) 957 4 (iii) 500 CA7 7.4 6.2 434 160 769 11
{1810 kN} 6 794 4 (i) 794 4Gy | 430 | cae| 72 60 | 524 | 158" | 662 11
610x305x149 7 801 4 (iii) 801 4 (iii) 500 CA7 6.2 5.2 425 160 769 11
{1500 kN} 6 664 4 (iii) 664 4 (iii) 430 CA6 6.0 5.0 492 158* 662 11
610x229x140 7 889 4 (iii) 889 4 (iii) 500 CA7 6.9 5.8 413 160 769 11
{1670 kN} 6 | 737 4 (i) 737 4Gi) | 430 |cas| 67 56 | 498 | 158 | 662 11
610x229x125 7 808 4 (iii) 808 4 (iii) 500 CA7 6.3 5.2 406 160 769 11
{1510 kN} 6 670 4 (iii) 670 4 (iii) 430 CA6 6.1 5.1 490 158* 662 11
610x229x113 7 753 4 (iii) 753 4 (iii) 500 CA7 5.8 4.9 398 160 769 11
{1400 kN} 6 625 4 (i) 625 4y | 430 | cae| 57 47 | 417 | 158" | 662 11
610x229x101 7 713 4 (iii) 713 4 (iii) 500 CA7 55 4.6 361 178 769 11
{1350 kN} 6 591 4 (iii) 591 4 (iii) 430 CA6 5.4 45 361 172 662 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

Table H.11 Continued

BEAM: S355
ANGLE CLEATS: S275
BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Length Tying
Bolt o+t

Rows "

Beam Size n | shear® | criical® | shear® | critical® | """ | var | s27s 8355 | Single | Double | Capacity (é::“cakl
Capacity | Design | Capacity | Design f ec
(1) kN Check kN Check
{} mm mm mm mm mm kN

533x210x122 6 715 4 (iii) 715 4 (iii) 430 CA6 6.5 5.4 380 158 662 11

{1430 kN} 5 568 4 (iii) 568 4 (iii) 360 CA5 6.2 5.2 478 154* 555 11

533x210x109 653 4 (iii) 653 4 (iii) 430 CA6 5.9 4.9 372 158 662 11

{1300 kN} 519 4 (ii) 519 4Gi) | 360 | cas| 56 47 | 468 | 154 | 555 11

533x210x101 6 608 4 (iii) 608 4 (iii) 430 CA6 5.5 4.6 369 158 662 11

{1200 kN} 5 483 4 (iii) 483 4 (iii) 360 CA5 5.3 4.4 464 154* 555 11

533x210x92 569 4 (iii) 569 4 (iii) 430 CA6 5.1 43 373 172 662 11

{1150 kN} 452 4 (ii) 452 4Gi) | 360 | cAs | 49 41 | 409 | 165" | 555 11
533x210x82 | 6 540 4 (i) 540 4(iy | 430 | cAe | 49 41 | 350 | 172 | 634 12 (ii)
{1080 kN} 5 430 4 (iii) 430 4 (iii) 360 CA5 4.7 3.9 359 165* 528 2 (i)

457x191x98 5 510 4 (iii) 510 4 (iii) 360 CA5 5.5 46 344 154 555 11

{1100 kN} 4 | 381 4 (i) 381 4y | 200 | cAa| 52 43 | 461 | 145* | 448 11

457x191x89 5 470 4 (iii) 470 4 (iii) 360 CA5 5.1 43 339 154 555 11

{1010 kN} 4 351 4 (iii) 351 4 (iii) 290 CA4 4.8 4.0 454 145* 448 11
457x191x82 5 443 4 (iii) 443 4 (iii) 360 CA5 4.8 4.0 342 165 545 12 (ii)
{970 kN} 4 | 331 4 (i) 331 4y | 200 | cAa| 45 38 | 458 | 149" | 436 2 (ii)
457x191x74 | 5 | 403 4 (i) 403 4Gi) | 360 | cA5 | 44 37 | 338 | 165 | 495 12 (i
(876 kN} 4 | 301 4 (i) 301 4(iy | 290 | cA4| 41 34 | 304 | 149" | 396 2 (ii)
457x191x67 | 5 380 4 (iii) 380 4 (iii) 360 | CA5 | 41 35 | 330 | 165 | 468 12 (i
{821 kN} 4 | 284 4 (i) 284 4y | 200 | caa| 39 32 | 339 | 149 | 374 2 (ii)

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.11 Continued BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

Max Notch®
orUS?:gl);clzzsch Double Notch An';ilt:zirg:;ts Mi?ﬁf:ﬁgzzg(& aLe“;t;‘ Tying™
Bolt o+
: Fows @ ) @ s | Length : . Critical
Beam Size n Shear Critical Shear Critical Mark S275 S355 | Single | Double | Capacity
Capacity Design Capacity Design ’ Check
(1) kN Check kN Check
{} mm mm mm mm mm kN
457x152x82 5 470 4 (iii) 470 4 (iii) 360 CA5 5.1 4.3 334 154 555 11
{1010 kN} 4 351 4 (iii) 351 4 (iii) 290 CA4 4.8 4.0 447 | 145* 448 11
457x152x74 5 430 4 (iii) 430 4 (iii) 360 CA5 4.7 3.9 328 154 528 12 (ii)
{918 kN} 4 321 4 (iii) 321 4 (iii) 290 CA4 4.4 3.6 440 | 145" 422 12 (ii)
457x152x67 5 403 4 (iii) 403 4 (iii) 360 CA5 4.4 3.7 330 165 495 12 (ii)
{878 kN} 4 301 4 (iii) 301 4 (iii) 290 CA4 41 3.4 392 | 149* 396 12 (ii)
457x152x60 5 363 4 (iii) 363 4 (iii) 360 CA5 3.9 3.3 293 165 446 12 (ii)
{784 kN} 4 271 4 (iii) 271 4 (iii) 290 CA4 3.7 3.1 293 | 149" 356 12 (ii)
457x152x52 5 340 4 (iii) 340 4 (iii) 360 CA5 3.7 3.1 249 165 418 12 (ii)
{728 kN} 4 254 4 (iii) 254 4 (iii) 290 CA4 3.4 2.9 249 | 149* 334 12 (ii)
406x178x74 4 317 4 (iii) 317 4 (iii) 290 CA4 4.3 3.6 362 149 418 12 (ii)
{835 kN}
406x178x67 4 294 4 (iii) 294 4 (iii) 290 CA4 4.0 3.3 356 149 387 12 (ii)
{767 kN}
406x178x60 4 264 4 (iii) 264 4 (iii) 290 CA4 3.6 3.0 338 149 348 12 (ii)
{684 kN}
406x178x54 4 257 4 (iii) 257 4 (iii) 290 CA4 3.5 2.9 320 149 339 12 (ii)
{660 kN}
406x140x46 4 227 4 (iii) 227 4 (iii) 290 CA4 3.1 2.6 223 149 299 12 (ii)
{584 kN}
406x140x39 4 214 4 (iii) 214 4 (iii) 290 CA4 2.9 2.4 192 149 282 12 (ii)
{543 kN}
356x171x67 3 205 4 (iii) 205 4 (iii) 220 CA3 3.7 3.1 373 | 127* 300 12 (ii)
{704 kN}
356x171x57 3 182 4 (iii) 182 4 (iii) 220 CA3 3.3 2.8 368 | 127* 267 12 (ii)
{618 kN}
356x171x51 3 167 4 (iii) 167 4 (iii) 220 CA3 3.0 25 365 | 127* 244 12 (ii)
{560 kN}
356x171x45 3 158 4 (iii) 158 4 (iii) 220 CA3 2.9 2.4 316 | 127* 231 12 (ii)
{524 kN}
356x127x39 3 149 4 (iii) 149 4 (iii) 220 CA3 2.7 2.3 263 | 127* 218 12 (ii)
{497 kN}
356x127x33 3 135 4 (iii) 135 4 (iii) 220 CA3 2.4 2.0 205 | 127* 198 12 (ii)
{446 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.11 Continued BOLTS: M20, 8.8

DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

Max Notch®
orUS?:gl);clzzsch Double Noteh An';ilt:zirg:;ts Mi?ﬁf:ﬁzzzg(& aLe“;t;‘ Tying"”
Bolt o+
Beam Size RonWS Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double [ Capacity Critical
Capacity Design Capacity Design ’ Check
(1) kN Check kN Check
{} mm mm mm mm mm kN
305x165x54 | 3 178 4 (i) 178 4(i) | 220 | cA3| 32 27 | 286 | 127 | 261 12 (ii)
{522 kN}
305x165x46 | 3 151 4 (ii) 151 4y | 220 | cAaz| 27 23 | 280 | 127 | 22 12 (ii)
(438 kN}
305x165x40 | 3 135 4 (i 135 4(iy | 220 | cA3 | 24 20 | 268 | 127 | 198 12 (ii)
{388 kN}
305x127x48 | 3 203 4 (i) 203 4(i) | 220 | cAa3| 37 31 | 271 | 127 | 297 12 (ii)
{596 kN}
305x127x42 | 3 180 4 (i 180 4(i) | 220 | cAaz| 33 27 | 264 | 127 | 264 12 (ii)
{523 kN}
305x127x37 | 3 160 4 (i) 160 4y | 220 | cAaz| 29 24 | 260 | 127 | 234 12 (ii)
{460 kN}
305x102x33 | 3 149 4 (i) 149 4(i) | 220 | cAaz| 27 23 | 271 | 127 | 218 12 (ii)
{440 KN}
305x102x28 | 3 135 4 (i) 135 4(iy | 220 | cA3 | 24 20 | 250 | 127 | 198 12 (ii)
{395 kN}
305x102x25 | 3 131 4 (i 131 4Gy | 220 | cAz| 24 20 | 241 | 127 | 191 12 (ii)
{377 kN}
254x146x43 | 2 91 4 (i) 91 4 (ii) 150 | caz| 25 21 | 270 | 106" | 158 12 (ii)
{398 kN}
254x146x37 | 2 79 4 (ii) 79 4 (ii) 150 | caz | 22 18 | 266 | 106" | 139 12 (ii)
{344 KN}
254x146x31 | 2 76 4 (ii) 76 4 (ii) 150 | cAa2 | 21 1.7 | 261 | 106" | 132 12 (ii)
{321 kN}
254x102x28 | 2 79 4 (ii) 79 4 (ii) 150 | caz | 22 18 | 270 | 106" | 139 12 (ii)
{349 kN}
254x102x25 | 2 76 4 (ii) 76 4 (ii) 150 | cAa2 | 21 1.7 | 267 | 106" | 132 12 (ii)
{329 kN}
254x102x22 | 2 72 4 (ii) 72 4 (ii) 150 | cAa2| 20 16 | 264 | 106" | 125 12 (ii)
{308 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.12 BOLTS: M20, 8.8
- DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | Critica® | Shear® | Critical® Mark | 8275 | $355 | Single | Double| Capacity |
Capacity | Design | Capacity | Design f Checl
(1) kN Check kN Check
{} mm mm mm mm mm kN
914x305x253 11 2020 8 2020 8 780 CB11 10.0 8.4 550 132 1200 11
{3290 kN} 10 1840 8 1840 8 710 cB10 10.0 8.4 604 122 1090 11
9 1650 8 1650 8 640 CB9 10.0 8.4 672 | 113" 984 11
8 1470 8 1470 8 570 cBs8 10.0 8.4 685 104 877 11
914x305x224 11 2020 8 1890 4(ii) 780 CB11 10.0 8.4 468 100 1200 11
{3000 kN} 10 1840 8 1710 4(ii) 710 cB10 10.0 8.4 542 100 1090 11
9 1650 8 1540 4(ii) 640 CB9 10.0 8.4 543 | 100* 984 11
8 1470 8 1360 4(ii) 570 CcBs8 10.0 8.4 543 100" 877 11
914x305x201 11 2020 8 1800 4(ii) 780 CB11 10.0 8.4 384 100 1200 11
{2820 kN} 10 1840 8 1630 4(ii) 710 cB10 10.0 8.4 474 100 1090 11
9 1650 8 1460 4(ii) 640 CcB9 10.0 8.4 474 100" 984 11
8 1470 8 1290 4(ii) 570 cBs8 10.0 8.4 474 100* 877 11
838x292x226 10 1840 8 1740 4(ii) 710 CcB10 10.0 8.4 484 100 1090 11
{2840 kN} 9 1650 8 1560 4(ii) 640 CB9 10.0 8.4 537 100 984 11
1470 8 1370 4(ii) 570 cBs8 10.0 8.4 605 100* 877 11
838x292x194 10 1840 8 1590 4(ii) 710 CB10 10.0 8.4 361 100 1090 11
{2560 kN} 9 | 1650 8 1420 4(ii) 640 | cB9 | 10.0 84 | 472 | 100 | 984 11
1470 8 1250 4(ii) 570 cBs8 10.0 8.4 504 100* 877 11
838x292x176 10 1840 8 1510 4(ii) 710 CcB10 10.0 8.4 287 100 1090 11
{2420 kN} 9 1650 8 1350 4(ii) 640 CcB9 10.0 8.4 429 100 984 11
8 1470 8 1190 4(ii) 570 cBs8 10.0 8.4 443 100 877 11
762x267x197 9 1650 8 1510 4(ii) 640 CcB9 10.0 8.4 405 100 984 11
{2490 kN} 8 1470 8 1330 4(ii) 570 cBs8 10.0 8.4 472 100 877 11
1290 8 1150 4(ii) 500 CcB7 10.0 8.4 539 | 100* 769 11
762x267x173 9 1650 8 1380 4(ii) 640 CB9 10.0 8.4 299 100 984 11
{2260 kN} 8 1470 8 1220 4(ii) 570 CcB8 10.0 8.4 421 100 877 11
1290 8 1060 4(ii) 500 CcB7 10.0 8.4 481 100" 769 11
762x267x147 9 1650 8 1240 4(ii) 640 CcB9 10.0 8.4 134 100 984 11
{2000 kN} 8 1470 8 1090 4(ii) 570 CcBs8 10.0 8.4 314 100 877 11
7 1290 8 946 4(ii) 500 CcB7 10.0 8.4 416 | 100* 769 11
762x267x134 9 1600 4(ii) 1190 4(ii) 640 CcB9 9.6 8.1 118 100 984 11
{1920 kN} 8 | 1430 4(ii) 1050 4(ii) 570 | cBs | 97 81 | 297 | 100 | 877 11
1260 4(ii) 912 4(ii) 500 | cB7 | 98 82 | 348 | 100* | 769 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.12 Continued BOLTS: M20, 8.8
— DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Length Tying
Bolt o+
Rows -
Beam Size n Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double| Capacity (é::“cakl
Capacity | Design | Capacity | Design f ec
(1) kN Check kN Check
{} mm mm mm mm mm kN
686x254x170 8 1470 8 1240 4(ii) 570 CB8 10.0 8.4 305 | 100 877 11
{2080 kN} 7 1290 8 1070 4(ii) 500 CcB7 10.0 8.4 404 100" 769 11
6 1100 8 904 4(ii) 430 CB6 10.0 8.4 471 100* 662 11
686x254x152 8 1470 8 1130 4(ii) 570 CB8 10.0 8.4 198 | 100 877 11
{1880 kN} 7 1290 8 975 4(ii) 500 CB7 10.0 8.4 353 | 100 769 11
1100 8 823 4(ii) 430 CB6 10.0 8.4 422 100* 662 11
686x254x140 8 1420 4(ii) 1060 4(ii) 570 CB8 9.7 8.1 149 100 877 11
{1750 kN} 7 1260 4(ii) 916 4(ii) 500 CcB7 9.7 8.2 312 100 769 11
1080 4(ii) 773 4(ii) 430 CB6 9.8 8.2 397 | 100* 662 11
686x254x125 | 8 | 1340 4(ii) 998 4(ii) 570 | cB8 | 9.1 76 | 131 | 100 877 11
{1640 kN} 7 1180 4(ii) 864 4(ii) 500 CcB7 9.2 7.7 298 100 769 11
6 1020 4(ii) 729 4(ii) 430 CB6 9.3 7.7 386 | 100* 662 11
610x305x238 7 1290 8 1290 8 500 CcB7 10.0 8.4 440 141 769 11
{2420 kN} 6 1100 8 1100 8 430 CBé6 10.0 8.4 514 124> 662 11
610x305x179 7 1290 8 1040 4(ii) 500 CcB7 10.0 8.4 274 100 769 11
{1810 kN} 6 1100 8 879 4(ii) 430 CB6 10.0 8.4 377 100* 662 11
610x305x149 7 1180 4(ii) 872 4(ii) 500 CcB7 9.2 7.7 164 100 769 11
{1500 kN} 6 1030 4(ii) 736 4(ii) 430 | cBe| 93 78 | 324 | 100* | 662 1
610x229x140 7 1290 8 968 4(ii) 500 CcB7 10.0 8.4 192 100 769 11
{1670 kN} 6 1100 8 817 4(ii) 430 CB6 10.0 8.4 333 | 100* 662 11
610x229x125 7 1190 4(ii) 879 4(ii) 500 CB7 9.3 7.7 159 [ 100 769 11
{1510 kN} 6 1030 4(ii) 742 4(ii) 430 CB6 9.3 7.8 311 100" 662 11
610x229x113 7 1110 4(ii) 820 4(ii) 500 CcB7 8.6 7.2 146 100 769 11
{1400 kN} 6 962 4(ii) 692 4(ii) 430 CB6 8.7 7.3 300 | 100* 662 11
610x229x101 7 1080 4(ii) 798 4(ii) 500 CcB7 8.4 7.0 132 [ 100 769 11
{1350 kN} 6 935 4(ii) 674 4(ii) 430 | cBe| 85 7.1 288 | 100* | 662 1

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.12 Continued BOLTS: M20, 8.8
— DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
Max Notch®
Un-notched Fitting® Min. Support® "
or Single Notch Double Noteh Angle Cleats Thickness Lir_:?th Tying
Bolt !
Rows -
Beam Size n Shear® | Critical® | Shear® | Critical® Length Mark S275 S355 | Single | Double| Capacity (é::“cakl
Capacity | Design | Capacity | Design f ec
(1) kN Check kN Check
{} mm mm mm mm mm kN
533x210x122 6 1090 4(ii) 792 4(ii) 430 CB6 9.8 8.2 173 | 100 662 11
{1430 kN} 5 901 4 (jii) 644 4(ii) 360 [ cBs| o8 82 | 302 | 100 | 555 1
533x210x109 | 6 990 4(ii) 723 4(ii) 430 | cBe| 90 75 | 161 | 100 662 1
{1300 kN} 5 823 4 (iii) 588 4(ii) 360 CB5 8.9 7.5 296 | 100* 555 11
533x210x101 6 921 4(ii) 673 4(ii) 430 CB6 8.3 7.0 155 [ 100 662 11
{1200 kN} 5 766 4 (jii) 547 4(ii) 30 [ cBs| 83 70 | 293 | 100* | 555 1
533x210x92 6 885 4(ii) 648 4(ii) 430 CB6 8.0 6.7 146 | 100 662 11
{1150 kN} 5 716 4 (iii) 527 4(ii) 360 CB5 7.8 6.5 296 | 100* 555 11
533x210x82 6 839 4(ii) 616 4(ii) 430 CB6 7.6 6.4 134 [ 100 662 11
{1080 kN} 5 681 4 (iii) 501 4(ii) 360 CB5 7.4 6.2 287 100" 555 11
457x191x98 5 805 4(ii) 578 4(ii) 360 CB5 8.8 7.3 164 | 100 555 11
{1100 kN} 4 580 4 (iii) 443 4(ii) 290 CB4 7.9 6.6 303 | 100* 448 11
457x191x89 5 741 4(ii) 532 4(ii) 360 CB5 8.1 6.7 156 | 100 555 11
{1010 kN} 4 534 4 (iii) 408 4(ii) 290 CB4 7.3 6.1 298 100" 448 11
457x191x82 5 702 4 (iii) 516 4(ii) 360 CB5 7.6 6.4 163 100 555 11
{970 kN} 4 504 4 (jii) 395 4(i) 290 | cBa| 68 57 | 301 | 100* | 448 11
457x191x74 5 638 4 (iii) 469 4(ii) 360 CB5 6.9 5.8 156 | 100 555 11
{876 kN} 4 458 4 (iii) 360 4(ii) 290 CB4 6.2 5.2 298 100" 448 11
457x191x67 5 603 4 (iii) 443 4(ii) 360 CB5 6.6 5.5 146 100 555 11
{821 kN} 4 432 4 (iii) 340 4(ii) 290 | cB4| 5.9 49 | 290 | 100* | 448 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.12 Continued BOLTS: M20, 8.8
- DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
(6)
Bolt o+
: Fows @ - @ Lo | Length ) ) Critical
Beam Size n Shear Critical Shear Critical Mark | S275 S355 | Single | Double [ Capacity
Capacity Design Capacity Design ’ Check
(o kN Check kN Check mm mm mm mm mm KN
457x152x82 5 740 4(ii) 532 4(ii) 360 | CB5 8.0 6.7 158 | 100 555 11
{1010 kN} 4 534 4 (iii) 408 4(ii) 290 | CB4 7.3 6.1 294 | 100* 448 11
457x152x74 5 675 4(ji) 486 4(ii) 360 | CB5 7.3 6.1 151 | 100 555 11
{918 kN} 4 488 4 (iii) 373 4(ii) 290 | CB4 6.6 55 289 | 100* 448 11
457x152x67 5 638 4 (iii) 469 4(ii) 360 | CB5 6.9 5.8 154 | 100 555 11
{878 kN} 4 458 4 (iii) 360 4(ji) 290 | CB4 6.2 52 290 | 100* 448 11
457x152x60 5 574 4 (iii) 422 4(ii) 360 | CB5 6.2 52 146 | 100 555 11
{784 kN} 4 412 4 (iii) 324 4(ii) 290 | CB4 5.6 4.7 286 | 100* 448 11
457x152x52 5 539 4 (iii) 396 4(ii) 360 | CB5 5.9 4.9 132 | 100 555 11
{728 kN} 4 387 4 (iii) 304 4(ii) 290 | CB4 5.3 4.4 249 | 100* 448 11
406x178x74 4 483 4 (iii) 379 4(ii) 290 | CB4 6.6 55 238 | 100 448 11
{835 kN}
406x178x67 4 448 4 (iii) 352 4(ii) 290 | CB4 6.1 5.1 234 | 100 448 11
{767 kN}
406x178x60 4 402 4 (iii) 316 4(ii) 290 | CB4 55 46 231 | 100 448 11
{684 kN}
406x178x54 4 392 4 (iii) 308 4(ii) 290 | CB4 5.3 45 223 | 100 448 11
{660 kN}
406x140x46 4 346 4 (iii) 272 4(ii) 290 | CB4 4.7 3.9 221 | 100 448 11
{584 kN}
406x140x39 4 325 4 (iii) 256 4(ii) 290 | CB4 4.4 3.7 192 | 100 448 11
{543 kN}
356x171x67 3 300 4 (iii) 251 4(ii) 220 | CB3 5.4 45 278 | 100* 340 11
{704 kN}
356x171x57 3 267 4 (iii) 224 4(ii) 220 | CB3 4.8 4.0 268 | 100* 340 11
{618 kN}
356x171x51 3 244 4 (iii) 204 4(ii) 220 | CB3 4.4 3.7 263 | 100* 340 11
{560 kN}
356x171x45 3 231 4 (iii) 193 4(ii) 220 | CB3 42 35 255 | 100* 340 11
{524 kN}
356x127x39 3 217 4 (iii) 182 4(ii) 220 | CB3 3.9 3.3 251 | 100* 340 11
{497 kN}
356x127x33 3 198 4 (iii) 166 4(ii) 220 | CB3 3.6 3.0 205 | 100* 340 11
{446 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.12 Continued BOLTS: M20, 8.8
- DOUBLE ANGLE CLEATS, ORDINARY or FLOWDRILL BOLTS —
' Double line of bolts i
2 No.150x90x10mm Angles
®)
orUS?:gl);clzzsch Double Noteh An';ilt:zirg:;ts Mi?ﬁf:ﬁzzzg(& Mal)-(e’:;t;‘h Tying"”
Bolt o+t
Beam Size RonWS shear® | Criical® | Shear® | critical® | -e"O Mark S275 S355 | Single | Double [ Capacity Critical
Capacity Design Capacity Design ’ Check
(o kN Check kN Check mm mm mm mm mm KN
305x165x54 3 260 4 (iii) 218 4(ii) 220 CB3 4.7 3.9 196 100 340 11
{522 kN}
305x165x46 3 221 4 (iii) 185 4(ii) 220 CB3 4.0 3.3 192 100 340 11
(438 kN}
305x165x40 3 198 4 (iii) 166 4(ii) 220 CB3 3.6 3.0 187 100 340 11
(388 kN}
305x127x48 3 296 4 (iii) 249 4(ii) 220 CB3 5.4 4.5 185 100 340 11
{596 kN}
305x127x42 3 263 4 (iii) 221 4(ii) 220 CB3 4.8 4.0 181 100 340 11
{523 kN}
305x127x37 | 3 | 234 4 (i) 196 4(ii) 220 | cB3 | 42 35 | 178 | 100 | 340 11
{460 kN}
305x102x33 3 217 4 (iii) 182 4(ii) 220 CB3 3.9 3.3 185 100 340 11
{440 kN}
305x102x28 3 198 4 (iii) 166 4(ii) 220 CB3 3.6 3.0 178 100 340 11
{395 kN}
305x102x25 3 191 4 (iii) 160 4(ii) 220 CB3 3.5 2.9 169 100 340 11
(377 kN}
254x146x43 2 129 4 (iii) 96 4(ii) 150 CcB2 3.5 2.9 235 | 100" 233 11
{398 kN}
254x146x37 | 2 113 4 (ii) 84 4(i 150 | cB2 | 3.1 26 | 229 | 100" | 233 11
(344 kN}
254x146x31 | 2 107 4 (iif) 80 4(ii) 150 | cB2| 29 24 | 216 | 100" | 233 11
{321 kN}
254x102x28 | 2 113 4 (ii) 84 4(ii 150 | cB2 | 3.1 26 | 225 | 100" | 233 11
{349 kN}
254x102x25 2 107 4 (iii) 80 4(ii) 150 cB2 2.9 2.4 215 100" 233 11
{329 kN}
254x102x22 | 2 102 4 (ii) 76 4(i 150 | cB2| 28 23 | 205 | 100" | 233 11
{308 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.13 HOLLO-BOLTS: M20,8.8
. DOUBLE ANGLE CLEATS, HOLLO-BOLTS .
* L
. Single line of bolts .
. -
2 No. 90x90x10mm Equal Angles
i Fitting™” Min. Support® _—
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity C';“cakl
Capacity Design ’ Chec
) kN Check
{} mm mm mm kN
914x305x253 11 1460 9(i) 780 | CC11 7.2 6.1 1050 11
{2530 kN} 10 | 1340 9(i) 710 |ccio| 73 6.1 953 11
9 1210 9(i) 640 CC9 7.3 6.1 860 11
8 1080 9(i) 570 CcCs8 7.3 6.1 766 11
914x305x224 11 1460 9(i) 780 CC11 7.2 6.1 1050 11
{2300 kN} 10 | 1340 9(i) 710 |ccto| 73 6.1 953 11
9 1210 9(i) 640 CC9 7.3 6.1 860 11
8 1060 4 (iii) 570 CCs8 7.2 6.0 766 11
914x305x201 11 1440 4 (iii) 780 | CC11 71 5.9 1050 11
{2170 kN} 10 | 1290 4 (iii) 710 |ccio| 7.0 5.9 953 11
9 1150 4 (iii) 640 CC9 6.9 5.8 860 11
8 1000 4 (iii) 570 CcCs8 6.8 5.7 766 11
838x292x226 10 1340 9(i) 710 CC10 7.3 6.1 953 11
{2180 kN} 9 | 1210 9(i) 640 | cco| 73 6.1 860 11
1070 4 (iii) 570 CcCs8 7.3 6.1 766 11
838x292x194 10 1260 4 (iii) 710 CC10 6.8 5.7 953 11
{1960 kN} 9 | 1120 4 (iii) 640 | cco| 68 5.7 860 11
977 4 (iii) 570 CcCs8 6.6 5.6 766 11
838x292x176 10 1200 4 (iii) 710 CC10 6.5 5.5 953 11
{1860 kN} 9 | 1070 4 (iii) 640 | cco| 64 5.4 860 11
8 930 4 (iii) 570 CcCs8 6.3 5.3 766 11
762x267x197 9 1190 4 (iii) 640 CC9 7.2 6.0 860 11
{1910 kN} 8 | 1040 4 (iii) 570 | ccs| 7.0 5.9 766 11
886 4 (iii) 500 CC7 6.9 5.8 672 11
762x267x173 9 1090 4 (iii) 640 CC9 6.6 5.5 860 11
{1730 kN} 8 950 4 (iii) 570 | ccs| 65 5.4 766 11
812 4 (iii) 500 CcC7 6.3 5.3 672 11
762x267x147 9 974 4 (iii) 640 CC9 5.9 4.9 860 11
{1530 kN} 8 851 4 (iii) 570 | ccs| 58 4.8 766 11
727 4 (iii) 500 CcC7 5.6 47 672 11
762x267x134 9 913 4 (iii) 640 CC9 5.5 46 860 11
{1490 kN} 8 797 4 (iii) 570 | ccs| 5.4 45 766 11
681 4 (iii) 500 CC7 5.3 4.4 672 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Table H.13 Continued

Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
HOLLO-BOLTS: M20,8.8

DOUBLE ANGLE CLEATS, HOLLO-BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

i Fitting™” Min. Support® _—
Un-notched Angle Cleats Thickness Tying
Bolt
Rows @ . 3 | Length Critical
Beam Size n Shear Critical Mark S275 355 | Capacity [ o &
Capacity Design U ecl
) kN Check
{} mm mm mm kN
686x254x170 8 964 4 (iii) 570 CC8 6.5 5.5 766 11
{1600 kN} 7 823 4 (iii) 500 Cc7 6.4 5.3 672 11
6 683 4 (iii) 430 CC6 6.2 5.2 580 11
686x254x152 8 877 4 (iii) 570 CC8 6.0 5.0 766 11
{1440 kN} 7 749 4 (iii) 500 CC7 5.8 4.9 672 11
621 4 (iii) 430 CC6 5.6 4.7 580 11
686x254x140 8 824 4 (iii) 570 CC8 5.6 4.7 766 11
{1350 kN} 7 704 4 (iii) 500 CC7 55 4.6 672 11
584 4 (iii) 430 CCé 5.3 4.4 580 11
686x254x125 8 777 4 (iii) 570 CC8 5.3 4.4 766 11
{1260 kN} 7 664 4 (iii) 500 CC7 5.2 43 672 11
6 551 4 (iii) 430 CC6 5.0 4.2 580 11
610x305x238 947 9(i) 500 CC7 7.4 6.2 672 11
{1860 kN} 818 9(i) 430 CC6 7.4 6.2 580 11
610x305x179 7 800 4 (iii) 500 CC7 6.2 5.2 672 11
{1390 kN} 6 664 4 (iii) 430 CCé 6.0 5.0 580 11
610x305x149 670 4 (iii) 500 CC7 5.2 4.3 672 11
{1150 kN} 556 4 (iii) 430 CC6 5.0 4.2 580 11
610x229x140 7 744 4 (iii) 500 Ccc7 5.8 4.8 672 11
{1290 kN} 6 617 4 (iii) 430 CC6 5.6 4.7 580 11
610x229x125 676 4 (iii) 500 CcC7 5.2 4.4 672 11
{1160 kN} 560 4 (iii) 430 CC6 5.1 4.2 580 11
610x229x113 7 630 4 (iii) 500 CC7 4.9 4.1 672 11
{1070 kN} 6 523 4 (iii) 430 CC6 4.7 4.0 580 11
610x229x101 596 4 (iii) 500 CC7 4.6 3.9 672 11
{1040 kN} 494 4 (iii) 430 CC6 4.5 3.7 580 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.13 Continued HOLLO-BOLTS: M20,8.8
. DOUBLE ANGLE CLEATS, HOLLO-BOLTS .
* L
. Single line of bolts ’i
L L
2 No. 90x90x10mm Equal Angles
i Fitting® Min. Support® )
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity (é';':'cakl
Capacity Design U ecl
(1) kN Check
{} mm mm mm kN
533x210x122 | 6 598 4 (iii) 430 | CCe 5.4 4.5 580 11
{1100 kN} 5 475 4 (iii) 360 CC5 5.2 43 486 11
533x210x109 | 6 546 4 (iii) 430 | CC6 4.9 4.1 580 11
{995 kN} 5 434 4 (iii) 360 | CC5 4.7 3.9 486 11
533x210x101 6 508 4 (iii) 430 | CCeé 4.6 3.9 580 11
{922 kN} 5 404 4 (iii) 360 CC5 4.4 3.7 486 11
533x210x92 6 475 4 (iii) 430 CC6 4.3 3.6 558 12 (ii)
{888 kN} 5 378 4 (iii) 360 | CC5 4.1 3.4 465 12 (ii)
533x210x82 6 452 4 (iii) 430 | CCeé 4.1 3.4 530 12 (ii)
{837 kN} 5 359 4 (iii) 360 | CC5 3.9 3.3 442 12 (ii)
457x191x98 5 427 4 (iii) 360 CC5 4.6 3.9 486 11
{847 kN} 4 319 4 (iii) 290 | CC4 4.3 3.6 393 11
457x191x89 5 393 4 (iii) 360 | CC5 4.3 3.6 483 12 (ii)
{774 kN} 4 293 4 (iii) 290 | cca| 40 3.3 386 12 (ii)
457x191x82 5 371 4 (iii) 360 CC5 4.0 3.4 455 12 (ii)
{751 kN} 4 277 4 (jii) 290 | cca| 38 3.1 364 12 (i)
457x191x74 5 337 4 (iii) 360 | CC5 3.7 3.1 414 12 (ii)
{679 kN} 4 251 4 (iii) 290 CC4 3.4 2.9 331 12 (ii)
457x191x67 5 318 4 (iii) 360 CC5 3.5 2.9 391 12 (ii)
{636 kN} 4 237 4 (iii) 290 | cca| 32 2.7 313 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.6

366



Table H.13 Continued

Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
HOLLO-BOLTS: M20,8.8

DOUBLE ANGLE CLEATS, HOLLO-BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

itting® ; )
Unnotehed | Rears | Thickness Tying”
Bolt
Beam Size RonWS shear® | criica® | -eM9 Mark | s275 5355 | Capacity Critical
Capacity Design ’ Check
{1y kN Check mm mm mm kN
457x152x82 | 5 393 4y | 360 [ cos| 43 36 483 12 (ii)
{778 kN} 4 293 4 (iii) 290 CC4 4.0 3.3 386 12 (ii)
457x152x74 5 359 4 (iii) 360 CC5 3.9 3.3 442 12 (ii)
{705 kN} 4 268 4 (iii) 290 CC4 3.6 3.0 353 12 (ii)
457x152x67 | 5 337 4(iiy | 360 | cos| 37 3.1 414 12 (ii)
{680 kN} 4 251 4 (iii) 290 CC4 3.4 2.9 331 12 (ii)
457x152x60 5 303 4 (iii) 360 CC5 3.3 2.8 373 12 (ii)
{608 kN} 4 226 4 (iii) 290 CC4 3.1 2.6 298 12 (ii)
457x152x52 | 5 284 4(iy | 360 | ccs| 3.1 26 350 12 (ii)
{564 kN} 4 212 4 (iii) 290 | ccal| 29 2.4 280 12 (ii)
406x178x74 | 4 265 4 (iii) 290 | cca| 36 3.0 350 12 (ii)
{647 kN}
406x178x67 4 246 4 (iii) 290 CC4 3.3 2.8 324 12 (ii)
{594 kN}
406x178x60 4 221 4 (iii) 290 CC4 3.0 2.5 291 12 (ii)
(530 kN}
406x178x54 4 215 4 (iii) 290 CC4 2.9 2.4 283 12 (ii)
{512 kN}
406x140x46 4 190 4 (iii) 290 CC4 2.6 2.2 250 12 (ii)
{452 kN}
406x140x39 4 179 4 (iii) 290 CC4 2.4 2.0 236 12 (ii)
{420 kN}
356x171x67 3 171 4 (iii) 220 CC3 3.1 2.6 251 12 (ii)
{546 kN}
356x171x57 3 153 4 (iii) 220 CC3 2.8 2.3 224 12 (ii)
{478 kN}
356x171x51 3 139 4 (iii) 220 CC3 2.5 2.1 204 12 (ii)
{433 kN}
356x171x45 3 132 4 (iii) 220 CC3 2.4 2.0 193 12 (ii)
{406 kN}
356x127x39 3 124 4 (iii) 220 CC3 2.3 1.9 182 12 (ii)
(385 kN}
356x127x33 3 113 4 (iii) 220 CC3 2.0 1.7 166 12 (ii)
{346 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.13 Continued HOLLO-BOLTS: M20,8.8
. DOUBLE ANGLE CLEATS, HOLLO-BOLTS .
. .
. Single line of bolts ’i
- 2 No. 90x90x10mm Equal Angles -
Unnoees | T | M Tying”
Bolt
Beam Size RonWS Shear® | Critical® Length Mark S275 S355 | Capacity Critical
Capacity Design ’ Check
{1y kN Check mm mm mm kN
305x165x54 | 3 149 4 (iii) 220 [cca| 27 2.3 218 12 (i
{405 kN}
305x165x46 | 3 126 4 (iii) 220 | cca| 23 1.9 185 12 (i
(339 kN}
305x165x40 | 3 113 4 (iii) 220 | cc3| 20 1.7 166 12 (i
{300 kN}
305x127x48 | 3 169 4 (iii) 220 [cca| 3 2.6 248 12 (i
{462 kN}
305x127x42 | 3 151 4 (iii) 220 | cc3| 27 2.3 221 12 (i
{406 kN}
305x127x37 | 3 134 4 (iii) 220 | cca| 24 2.0 196 12 (i
{357 kN}
305x102x33 | 3 124 4 (iii) 220 [cca| 23 1.9 182 12 (i
{341 kN}
305x102x28 | 3 113 4 (iii) 220 | cc3| 20 1.7 166 12 (i
{306 kN}
305x102x25 | 3 109 4 (iii) 220 | cc3| 20 1.7 160 12 (i
{292 kN}
254x146x43 | 2 76 4 (i) 150 | cca| 21 17 132 12 (i
(308 kN}
254x146x37 | 2 66 4 (iii) 150 | cc2| 1.8 15 116 12 (i
{266 kN}
254x146x31 | 2 63 4 (iii) 150 | cc2 | 1.7 1.4 110 12 (i
{249 kN}
254x102x28 | 2 66 4 (iii) 150 | cc2| 1.8 15 116 12 (i
(271 kN}
254x102x25 | 2 63 4 (iii) 150 | cc2| 1.7 14 110 12 (ii)
{255 kN}
254x102x22 | 2 60 4 (iii) 150 | cc2| 1.6 14 105 12 (ii)
{239 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.14 HOLLO-BOLTS: M20,8.8
P— DOUBLE ANGLE CLEATS, HOLLO-BOLTS i
1 Double line of bolts I
2 No.150x90x10mm Angles
i Fitting® Min. Support® )
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity C';“cakl
Capacity Design ’ Chec
(1) kN Check
{} mm mm mm kN
914x305x253 | 11 1460 9(i) 780 | CD11 7.2 6.1 1050 11
{2530 kN} 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
9 1210 9(i) 640 CD9 7.3 6.1 860 11
8 1080 9(i) 570 CD8 7.3 6.1 766 11
914x305x224 11 1460 9(i) 780 | CD11 7.2 6.1 1050 11
{2300 kN} 10 | 1340 9(i) 710 |[cpto| 73 6.1 953 11
9 1210 9(i) 640 CD9 7.3 6.1 860 11
8 | 1080 9(i) 570 | cps| 73 6.1 766 11
914x305x201 11 1460 9(i) 780 | CD11 7.2 6.1 1050 11
{2170 kN} 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
9 1210 9(i) 640 CD9 7.3 6.1 860 11
8 1080 9(i) 570 CD8 7.3 6.1 766 11
838x292x226 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
{2180 kN} 9 | 1210 9(i) 640 | cDo | 73 6.1 860 11
1080 9(i) 570 CD8 7.3 6.1 766 11
838x292x194 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
{1960 kN} 9 | 1210 9(i) 640 | cDo | 73 6.1 860 11
1080 9(i) 570 CD8 7.3 6.1 766 11
838x292x176 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
{1860 kN} 9 | 1210 9(i) 640 | cpo | 73 6.1 860 11
8 1080 9(i) 570 CD8 7.3 6.1 766 11
762x267x197 9 1210 9(i) 640 CD9 7.3 6.1 860 11
{1910 kN} 8 | 1080 9(i) 570 | cps | 73 6.1 766 11
947 9(i) 500 CD7 7.4 6.2 672 11
762x267x173 9 1210 9(i) 640 CD9 7.3 6.1 860 11
{1730 kN} 8 | 1080 9(i) 570 | cps| 73 6.1 766 11
947 9(i) 500 CD7 7.4 6.2 672 11
762x267x147 9 1210 9(i) 640 CD9 7.3 6.1 860 11
{1530 kN} 8 | 1080 9(i) 570 | cps| 73 6.1 766 11
947 9(i) 500 CD7 7.4 6.2 672 11
762x267x134 9 1210 9(i) 640 CD9 7.3 6.1 860 11
{1490 kN} 8 | 1080 9(i) 570 | cps| 73 6.1 766 11
947 9(i) 500 CD7 7.4 6.2 672 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.14 Continued HOLLO-BOLTS: M20,8.8
P DOUBLE ANGLE CLEATS, HOLLO-BOLTS i
1 Double line of bolts I
2 No.150x90x10mm Angles
i Fitting® Min. Support® )
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity (é';':'cakl
Capacity Design U ecl
(1) kN Check
{} mm mm mm kN
686x254x170 | 8 1080 (i) 570 | CD8 7.3 6.1 766 11
{1600 kN} 7 947 9(i) 500 CD7 7.4 6.2 672 11
6 818 9(i) 430 | CD6 7.4 6.2 580 11
686x254x152 | 8 1080 (i) 570 | CD8 7.3 6.1 766 11
{1440 kN} 7 947 9(i) 500 CD7 7.4 6.2 672 11
818 (i) 430 | CD6 7.4 6.2 580 11
686x254x140 | 8 1080 (i) 570 | CD8 7.3 6.1 766 11
{1350 kN} 7 947 9(i) 500 CD7 7.4 6.2 672 11
818 (i) 430 | CD6 7.4 6.2 580 11
686x254x125 | 8 1040 4(ii) 570 | CD8 7.0 5.9 766 11
{1260 kN} 7 915 4(ii) 500 CD7 71 5.9 672 11
6 791 4(ii) 430 | CD6 7.2 6.0 580 11
610x305x238 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1860 kN} 6 818 9(i) 430 | CD6 7.4 6.2 580 11
610x305x179 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1390 kN} 6 818 (i) 430 | CD6 7.4 6.2 580 11
610x305x149 7 916 4(ii) 500 CD7 71 5.9 672 11
{1150 kN} 6 794 4(ii) 430 CD6 7.2 6.0 580 11
610x229x140 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1290 kN} 6 818 (i) 430 | CD6 7.4 6.2 580 11
610x229x125 7 921 4(ii) 500 CD7 7.2 6.0 672 11
{1160 kN} 6 799 4(ii) 430 CD6 7.2 6.1 580 11
610x229x113 7 858 4(ii) 500 CD7 6.7 5.6 672 11
{1070 kN} 6 745 4(ii) 430 | CD6 6.7 5.6 580 11
610x229x101 7 841 4(ii) 500 | CD7 6.5 5.5 672 11
{1040 kN} 6 730 4(ii) 430 | CD6 6.6 55 580 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.14 Continued HOLLO-BOLTS: M20,8.8
- DOUBLE ANGLE CLEATS, HOLLO-BOLTS —
1 Double line of bolts I
2 No.150x90x10mm Angles
i Fitting® Min. Support® )
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity (é';':'cakl
Capacity Design U ecl
(1) kN Check
{} mm mm mm kN
533x210x122 6 818 9(i) 430 CD6 7.4 6.2 580 11
{1100 kN} 5 688 (i) 360 CD5 7.5 6.3 486 11
533x210x109 6 766 4(ii) 430 CD6 6.9 5.8 580 11
{995 kN} 5 649 4(ii) 360 CD5 71 5.9 486 11
533x210x101 6 713 4(ii) 430 CD6 6.5 5.4 580 11
{922 kN} 5 604 4(ii) 360 | cD5| 6.6 5.5 486 11
533x210x92 6 691 4(ii) 430 CD6 6.3 5.2 580 11
{888 kN} 5 586 4(ii) 360 CD5 6.4 5.3 486 11
533x210x82 6 655 4(ii) 430 CD6 5.9 5.0 580 11
{837 kN} 5 556 4(ii) 360 CD5 6.0 5.1 486 11
457x191x98 5 624 4(ii) 360 CD5 6.8 5.7 486 11
{847 kN} 4 485 4 (iii) 290 CD4 6.6 55 393 11
457x191x89 5 574 4(ii) 360 CD5 6.2 5.2 486 11
{774 kN} 4 447 4 (iii) 290 CD4 6.1 5.1 393 11
457x191x82 5 561 4(ii) 360 CD5 6.1 5.1 486 11
{751 kN} 4 421 4 (iii) 290 CD4 5.7 4.8 393 11
457x191x74 5 509 4(ii) 360 CD5 5.5 4.6 486 11
{679 kN} 4 383 4 (iii) 290 CD4 5.2 4.4 393 11
457x191x67 5 480 4(ii) 360 CD5 5.2 4.4 486 11
{636 kN} 4 362 4 (jii) 290 | cpa| 49 4.1 393 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
Table H.14 Continued HOLLO-BOLTS: M20,8.8
- DOUBLE ANGLE CLEATS, HOLLO-BOLTS —
1 Double line of bolts I
2 No.150x90x10mm Angles
i @) ; 5)
Unnotehed | Rears | Thickness Tying”
Bolt
Beam Size RonWS shear® | criica® | -eM9 Mark | s275 5355 | Capacity Critical
Capacity Design ’ Check
{1y kN Check mm mm mm kN
457x152x82 5 573 4(ii) 360 CD5 6.2 5.2 486 11
{778 kN} 4 447 4 (iii) 290 CD4 6.1 5.1 393 11
457x152x74 5 523 4(ii) 360 CD5 5.7 4.8 486 11
{705 kN} 4 408 4 (iii) 290 | cpa| 55 46 393 11
457x152x67 5 508 4(ii) 360 CD5 5.5 4.6 486 11
{680 kN} 4 383 4 (iii) 290 CD4 5.2 4.4 393 11
457x152x60 5 456 4(ii) 360 CD5 5.0 41 486 11
{608 kN} 4 345 4 (iii) 290 | cD4 | 47 3.9 393 11
457x152x52 5 426 4(ii) 360 CD5 4.6 3.9 486 11
{564 kN} 4 323 4 (iii) 290 CD4 4.4 3.7 393 11
406x178x74 4 404 4 (iii) 290 CD4 5.5 46 393 11
(647 kN}
406x178x67 4 374 4 (iii) 290 CD4 5.1 4.3 393 11
{594 kN}
406x178x60 4 336 4 (iii) 290 CD4 4.6 3.8 393 11
{530 kN}
406x178x54 4 328 4 (iii) 290 CD4 4.5 3.7 393 11
{512 kN}
406x140x46 4 289 4 (iii) 290 CD4 3.9 3.3 393 11
{452 kN}
406x140x39 4 272 4 (iii) 290 CD4 3.7 3.1 393 11
{420 kN}
356x171x67 3 251 4 (iii) 220 CD3 4.5 3.8 299 11
{546 kN}
356x171x57 3 223 4 (iii) 220 CD3 4.0 3.4 299 11
{478 kN}
356x171x51 3 204 4 (iii) 220 CD3 3.7 3.1 299 11
{433 kN}
356x171x45 3 193 4 (iii) 220 CD3 3.5 2.9 299 11
{406 kN}
356x127x39 3 182 4 (iii) 220 CD3 3.3 2.8 299 11
{385 kN}
356x127x33 3 165 4 (iii) 220 CD3 3.0 2.5 299 11
{346 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Table H.14 Continued

Double Angle Web Cleats

BEAM: S275
ANGLE CLEATS: S275
HOLLO-BOLTS: M20,8.8

DOUBLE ANGLE CLEATS, HOLLO-BOLTS

Double line of bolts
2 No.150x90x10mm Angles

itting® ; )
Unnotehed | Rears | Thickness Tying”
Bolt
Beam Size RonWS shear? | critical® | "9 Mark | s275 5355 | Capacity Critical
Capacity Design ’ Check
{1y kN Check mm mm mm kN
305x165x54 3 218 4 (iii) 220 CD3 3.9 3.3 299 11
{405 kN}
305x165x46 3 185 4 (iii) 220 CD3 3.3 2.8 299 11
(339 kN}
305x165x40 3 165 4 (iii) 220 CD3 3.0 2.5 299 11
{300 kN}
305x127x48 3 248 4 (iii) 220 CD3 4.5 3.8 299 11
{462 kN}
305x127x42 3 220 4 (iii) 220 CD3 4.0 3.3 299 11
{406 kN}
305x127x37 3 196 4 (iii) 220 CD3 3.5 3.0 299 11
{357 kN}
305x102x33 3 182 4 (iii) 220 CD3 3.3 2.8 299 11
{341 kN}
305x102x28 3 165 4 (iii) 220 CD3 3.0 2.5 299 11
{306 kN}
305x102x25 3 160 4 (iii) 220 CD3 2.9 2.4 299 11
{292 kN}
254x146x43 2 108 4 (iii) 150 CcDh2 2.9 2.4 206 11
{308 kN}
254x146x37 2 94 4 (iii) 150 CcDh2 2.6 2.1 206 11
{266 kN}
254x146x31 2 90 4 (iii) 150 CcDh2 2.4 2.0 206 11
{249 kN}
254x102x28 2 94 4 (iii) 150 CcDh2 2.6 2.1 206 11
(271 kN}
254x102x25 2 90 4 (iii) 150 CcDh2 2.4 2.0 206 11
{255 kN}
254x102x22 2 85 4 (iii) 150 CcDh2 2.3 1.9 206 11
{239 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.15 HOLLO-BOLTS: M20,8.8
. DOUBLE ANGLE CLEATS, HOLLO-BOLTS .
* L
. Single line of bolts .
. -
2 No. 90x90x10mm Equal Angles
i Fitting® Min. Support® )
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity C';“cakl
Capacity Design ’ Chec
) kN Check
{} mm mm mm kN
914x305x253 11 1460 9(i) 780 | CC11 7.2 6.1 1050 11
{3290 kN} 10 | 1340 9(i) 710 |ccio| 73 6.1 953 11
9 1210 9(i) 640 CC9 7.3 6.1 860 11
8 1080 9(i) 570 CcCs8 7.3 6.1 766 11
914x305x224 11 1460 9(i) 780 CC11 7.2 6.1 1050 11
{3000 kN} 10 | 1340 9(i) 710 |ccto| 73 6.1 953 11
9 1210 9(i) 640 CC9 7.3 6.1 860 11
8 1080 9(i) 570 CCs8 7.3 6.1 766 11
914x305x201 11 1460 9(i) 780 | CC11 7.2 6.1 1050 11
{2820 kN} 10 | 1340 9(i) 710 |ccio| 7.3 6.1 953 11
9 1210 9(i) 640 CC9 7.3 6.1 860 11
8 1080 9(i) 570 CcCs8 7.3 6.1 766 11
838x292x226 10 1340 9(i) 710 CC10 7.3 6.1 953 11
{2840 kN} 9 | 1210 9(i) 640 | cco| 73 6.1 860 11
1080 9(i) 570 CcCs8 7.3 6.1 766 11
838x292x194 10 1340 9(i) 710 CC10 7.3 6.1 953 11
{2560 kN} 9 | 1210 9(i) 640 | cco| 73 6.1 860 11
1080 9(i) 570 CcCs8 7.3 6.1 766 11
838x292x176 10 1340 9(i) 710 CC10 7.3 6.1 953 11
{2420 kN} 9 | 1210 9(i) 640 | cco | 7.3 6.1 860 11
8 1080 9(i) 570 CcCs8 7.3 6.1 766 11
762x267x197 9 1210 9(i) 640 CC9 7.3 6.1 860 11
{2490 kN} 8 | 1080 9(i) 570 | ccs| 73 6.1 766 11
947 9(i) 500 | cc7| 74 6.2 672 11
762x267x173 9 1210 9(i) 640 CC9 7.3 6.1 860 11
{2260 kN} 8 1080 9(i) 570 CcCs8 7.3 6.1 766 11
947 9(i) 500 | cc7| 74 6.2 672 11
762x267x147 9 1160 4 (iii) 640 CC9 7.0 5.9 860 11
{2000 kN} 8 1020 4 (iii) 570 CCs8 6.9 5.8 766 11
869 4 (iii) 500 CcC7 6.7 5.6 672 11
762x267x134 9 1090 4 (iii) 640 CC9 6.6 5.5 860 11
{1920 kN} 8 953 4 (iii) 570 CCs8 6.5 5.4 766 11
814 4 (iii) 500 CC7 6.3 5.3 672 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Table H.15 Continued

Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
HOLLO-BOLTS: M20,8.8

DOUBLE ANGLE CLEATS, HOLLO-BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

i Fitting™” Min. Support® _—
Un-notched Angle Cleats Thickness Tying
Bolt
Rows @ . 3 | Length Critical
Beam Size n Shear Critical Mark S275 355 | Capacity [ o &
Capacity Design U ec
) kN Check
{} mm mm mm kN

686x254x170 8 1080 9(i) 570 CC8 7.3 6.1 766 11
{2080 kN} 7 947 9(i) 500 CcC7 7.4 6.2 672 11
6 816 4 (iii) 430 CC6 7.4 6.2 580 11
686x254x152 8 1050 4 (iii) 570 CCs8 71 6.0 766 11
{1880 kN} 7 896 4 (iii) 500 CcC7 7.0 5.8 672 11
743 4 (iii) 430 CC6 6.7 5.6 580 11
686x254x140 8 985 4 (iii) 570 CC8 6.7 5.6 766 11
{1750 kN} 7 842 4 (iii) 500 CcC7 6.5 5.5 672 11
698 4 (iii) 430 CC6 6.3 5.3 580 11
686x254x125 8 930 4 (iii) 570 CCs8 6.3 5.3 766 11
{1640 kN} 7 794 4 (iii) 500 CcC7 6.2 5.2 672 11
6 659 4 (iii) 430 CC6 6.0 5.0 580 11
610x305x238 947 9(i) 500 CC7 7.4 6.2 672 11
{2420 kN} 818 9(i) 430 CC6 7.4 6.2 580 11
610x305x179 7 947 9(i) 500 CcC7 7.4 6.2 672 11
{1810 kN} 6 794 4 (iii) 430 CC6 7.2 6.0 580 11
610x305x149 801 4 (iii) 500 CC7 6.2 5.2 672 11
{1500 kN} 664 4 (iii) 430 CC6 6.0 5.0 580 11
610x229x140 7 889 4 (iii) 500 CC7 6.9 5.8 672 11
{1670 kN} 6 737 4 (iii) 430 CC6 6.7 5.6 580 11
610x229x125 808 4 (iii) 500 CC7 6.3 5.2 672 11
{1510 kN} 670 4 (iii) 430 CC6 6.1 5.1 580 11
610x229x113 7 753 4 (iii) 500 CcC7 5.8 4.9 672 11
{1400 kN} 6 625 4 (iii) 430 CC6 5.7 4.7 580 11
610x229x101 713 4 (iii) 500 CC7 5.5 4.6 672 11
{1350 kN} 591 4 (iii) 430 CC6 5.4 4.5 580 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.15 Continued HOLLO-BOLTS: M20,8.8
. DOUBLE ANGLE CLEATS, HOLLO-BOLTS .
* L
. Single line of bolts ’i
. -
2 No. 90x90x10mm Equal Angles
i Fitting™” Min. Support® _—
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n Shear? | critical® | -°"9 Mark | S275 S355 | Capacity (é:']“cakl
Capacity Design U ecl
(1) kN Check
{} mm mm mm kN
533x210x122 6 715 4 (iii) 430 CcC6 6.5 5.4 580 11
{1430 kN} 5 568 4 (iii) 360 CC5 6.2 5.2 486 11
533x210x109 6 653 4 (iii) 430 CC6 5.9 4.9 580 11
{1300 kN} 5 519 4 (iii) 360 CC5 5.6 4.7 486 11
533x210x101 6 608 4 (iii) 430 CC6 55 4.6 580 11
{1200 kN} 5 483 4 (iii) 360 | ccs| 5.3 4.4 486 11
533x210x92 6 569 4 (iii) 430 CC6 5.1 4.3 580 11
{1150 kN} 5 452 4 (iii) 360 | ccs| 49 4.1 486 11
533x210x82 6 540 4 (iii) 430 CC6 4.9 4.1 580 11
{1080 kN} 5 430 4 (iii) 360 CC5 4.7 3.9 486 11
457x191x98 5 510 4 (iii) 360 CC5 55 4.6 486 11
{1100 kN} 4 381 4 (iii) 290 CC4 5.2 4.3 393 11
457x191x89 5 470 4 (iii) 360 CC5 5.1 4.3 486 11
{1010 kN} 4 351 4 (iii) 290 CC4 4.8 4.0 393 11
457x191x82 5 443 4 (iii) 360 CC5 4.8 4.0 486 11
{970 kN} 4 331 4 (iii) 290 CC4 45 3.8 393 11
457x191x74 5 403 4 (iii) 360 CC5 4.4 3.7 486 11
{876 kN} 4 301 4 (iii) 290 CC4 41 3.4 393 11
457x191x67 5 380 4 (iii) 360 CC5 41 3.5 468 12 (ii)
{821 kN} 4 284 4 (iii) 290 | cca| 39 3.2 374 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.6
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Table H.15 Continued

Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
HOLLO-BOLTS: M20,8.8

DOUBLE ANGLE CLEATS, HOLLO-BOLTS

Single line of bolts
2 No. 90x90x10mm Equal Angles

ting@ ; 5)
Unnotehed | Rears | Thickness Tying”
Bolt
: Fows ) s | Length . Critical
Beam Size n Shear Critical Mark S275 S355 | Capacity
Capacity Design ’ Check
{1y kN Check mm mm mm kN
457x152x82 5 470 4 (iii) 360 CC5 5.1 43 486 11
{1010 kN} 4 351 4 (iii) 290 CC4 4.8 4.0 393 11
457x152x74 5 430 4 (iii) 360 CC5 4.7 3.9 486 11
{918 kN} 4 321 4 (i) 290 | cc4 4.4 3.6 393 11
457x152x67 5 403 4 (iii) 360 CC5 4.4 3.7 486 11
{878 kN} 4 301 4 (iii) 290 CC4 41 3.4 393 11
457x152x60 5 363 4 (iii) 360 CC5 3.9 3.3 446 12 (ii)
{784 kN} 4 271 4 (i) 290 | cc4 3.7 3.1 356 12 (ii)
457x152x52 | 5 340 4 (iii) 360 | CC5 3.7 3.1 418 12 (i)
{728 kN} 4 254 4 (iii) 290 CC4 3.4 2.9 334 12 (ii)
406x178x74 4 317 4 (iii) 290 CC4 4.3 3.6 393 11
{835 kN}
406x178x67 4 294 4 (iii) 290 CC4 4.0 3.3 387 12 (ii)
{767 kN}
406x178x60 4 264 4 (iii) 290 CC4 3.6 3.0 348 12 (ii)
{684 kN}
406x178x54 4 257 4 (iii) 290 CC4 3.5 2.9 339 12 (ii)
{660 kN}
406x140x46 4 227 4 (iii) 290 CC4 3.1 2.6 299 12 (ii)
{584 kN}
406x140x39 4 214 4 (iii) 290 CC4 2.9 2.4 282 12 (ii)
{543 kN}
356x171x67 3 205 4 (iii) 220 CC3 3.7 3.1 299 11
{704 kN}
356x171x57 3 182 4 (iii) 220 CC3 3.3 2.8 267 12 (ii)
{618 kN}
356x171x51 3 167 4 (iii) 220 CC3 3.0 2.5 244 12 (ii)
{560 kN}
356x171x45 3 158 4 (iii) 220 CC3 2.9 2.4 231 12 (ii)
{524 kN}
356x127x39 3 149 4 (iii) 220 CC3 2.7 2.3 218 12 (ii)
{497 kN}
356x127x33 3 135 4 (iii) 220 CC3 2.4 2.0 198 12 (ii)
{446 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.15 Continued HOLLO-BOLTS: M20,8.8
. DOUBLE ANGLE CLEATS, HOLLO-BOLTS .
. .
. Single line of bolts ’i
- 2 No. 90x90x10mm Equal Angles -
Unnoees | T | M Tying”
Bolt
Beam Size RonWS Shear® | Critical® Length Mark S275 S355 | Capacity Critical
Capacity Design ’ Check
{1y kN Check mm mm mm kN
305x165x54 | 3 178 4 (iii) 220 [cca| 32 2.7 261 12 (i
{522 kN}
305x165x46 | 3 151 4 (iii) 220 | cc3| 27 2.3 221 12 (i
{438 kN}
305x165x40 | 3 135 4 (iii) 220 | cca| 24 2.0 198 12 (i
(388 kN}
305x127x48 | 3 203 4 (iii) 220 [cca| 37 3.1 297 12 (i
(596 kN}
305x127x42 | 3 180 4 (iii) 220 | cca| 33 2.7 264 12 (i
{523 kN}
305x127x37 | 3 160 4 (iii) 220 | cca| 29 2.4 234 12 (i
{460 kN}
305x102x33 | 3 149 4 (iii) 220 [cca| 27 2.3 218 12 (i
{440 kN}
305x102x28 | 3 135 4 (iii) 220 | cca| 24 2.0 198 12 (i
(395 kN}
305x102x25 | 3 131 4 (iii) 220 | cca3| 24 2.0 191 12 (i
{377 kN}
254x146x43 | 2 91 4 (iii) 150 | cc2| 25 2.1 158 12 (i
(398 kN}
254x146x37 | 2 79 4 (iii) 150 | cc2 | 22 1.8 139 12 (i
{344 kN}
254x146x31 | 2 76 4 (iif) 150 [cca2| 21 1.7 132 12 (i
{321 kN}
254x102x28 | 2 79 4 (iii) 150 | cc2| 22 1.8 139 12 (i
{349 kN}
254x102x25 | 2 76 4 (iii) 150 | cc2 | 21 17 132 12 (ii)
{329 kN}
254x102x22 | 2 72 4 (iii) 150 | cc2| 20 1.6 125 12 (ii)
(308 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.16 HOLLO-BOLTS: M20,8.8
P DOUBLE ANGLE CLEATS, HOLLO-BOLTS i
1 Double line of bolts I
2 No.150x90x10mm Angles
i Fitting® Min. Support® )
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity C';“cakl
Capacity Design ’ Chec
(1) kN Check
{} mm mm mm kN
914x305x253 | 11 1460 9(i) 780 | CD11 7.2 6.1 1050 11
{3290 kN} 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
9 1210 9(i) 640 | CD9 7.3 6.1 860 11
8 1080 9(i) 570 | CD8 7.3 6.1 766 11
914x305x224 11 1460 9(i) 780 | CD11 7.2 6.1 1050 11
{3000 kN} 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
9 1210 9(i) 640 | CD9 7.3 6.1 860 11
8 1080 9(i) 570 | CD8 7.3 6.1 766 11
914x305x201 | 11 1460 9(i) 780 | CD11 7.2 6.1 1050 11
{2820 kN} 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
9 1210 9(i) 640 | CD9 7.3 6.1 860 11
8 1080 9(i) 570 | CD8 7.3 6.1 766 11
838x292x226 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
{2840 kN} 9 1210 (i) 640 | CD9 7.3 6.1 860 11
1080 9(i) 570 | CD8 7.3 6.1 766 11
838x292x194 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
{2560 kN} 9 1210 9(i) 640 | CD9 7.3 6.1 860 11
1080 9(i) 570 | CD8 7.3 6.1 766 11
838x292x176 10 1340 9(i) 710 | CD10 7.3 6.1 953 11
{2420 kN} 9 1210 9(i) 640 | CD9 7.3 6.1 860 11
8 1080 9(i) 570 | CD8 7.3 6.1 766 11
762x267x197 9 1210 9(i) 640 CD9 7.3 6.1 860 11
{2490 kN} 8 1080 9(i) 570 | CD8 7.3 6.1 766 11
947 9(i) 500 CD7 7.4 6.2 672 11
762x267x173 9 1210 9(i) 640 CD9 7.3 6.1 860 11
{2260 kN} 8 1080 9(i) 570 | CD8 7.3 6.1 766 11
947 9(i) 500 CD7 7.4 6.2 672 11
762x267x147 9 1210 9(i) 640 CD9 7.3 6.1 860 11
{2000 kN} 8 1080 9(i) 570 | CD8 7.3 6.1 766 11
947 9(i) 500 CD7 7.4 6.2 672 11
762x267x134 9 1210 9(i) 640 CD9 7.3 6.1 860 11
{1920 kN} 8 1080 9(i) 570 | CD8 7.3 6.1 766 11
947 9(i) 500 CD7 7.4 6.2 672 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.16 Continued HOLLO-BOLTS: M20,8.8
P DOUBLE ANGLE CLEATS, HOLLO-BOLTS i
1 Double line of bolts I
2 No.150x90x10mm Angles
i Fitting® Min. Support® )
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity (é';':'cakl
Capacity Design U ecl
) kN Check
{} mm mm mm kN
686x254x170 | 8 1080 9(i) 570 | CD8 7.3 6.1 766 11
{2080 kN} 7 947 9(i) 500 | cD7 | 7.4 6.2 672 11
6 818 9(i) 430 | CDé 7.4 6.2 580 11
686x254x152 | 8 1080 9(i) 570 | CD8 7.3 6.1 766 11
{1880 kN} 7 947 9(i) 500 CD7 7.4 6.2 672 11
818 9(i) 430 | CD6é 7.4 6.2 580 11
686x254x140 | 8 1080 9(i) 570 | CD8 7.3 6.1 766 11
{1750 kN} 7 947 9(i) 500 CD7 7.4 6.2 672 11
818 9(i) 430 | CDeé 7.4 6.2 580 11
686x254x125 | 8 1080 9(i) 570 | CD8 7.3 6.1 766 11
{1640 kN} 7 947 9(i) 500 CD7 7.4 6.2 672 11
6 818 9(i) 430 | CDé 7.4 6.2 580 11
610x305x238 7 947 9(i) 500 CD7 7.4 6.2 672 11
{2420 kN} 6 818 9(i) 430 CD6 7.4 6.2 580 11
610x305x179 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1810 kN} 6 818 9(i) 430 | CD6é 7.4 6.2 580 11
610x305x149 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1500 kN} 6 818 9(i) 430 | CD6 7.4 6.2 580 11
610x229x140 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1670 kN} 6 818 9(i) 430 | CD6é 7.4 6.2 580 11
610x229x125 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1510 kN} 6 818 ali) 430 | coe| 74 6.2 580 11
610x229x113 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1400 kN} 6 818 9(i) 430 | CD6é 7.4 6.2 580 11
610x229x101 7 947 9(i) 500 CD7 7.4 6.2 672 11
{1350 kN} 6 818 9(i) 430 | CD6 7.4 6.2 580 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.16 Continued HOLLO-BOLTS: M20,8.8
— DOUBLE ANGLE CLEATS, HOLLO-BOLTS —
1 Double line of bolts I
2 No.150x90x10mm Angles
i Fitting® Min. Support® )
Un-notched Angle Cleats Thickness Tying
Bolt
Rows
Length iti
Beam Size n | shea® | critical® | """ | Mark | s275 $355 | Capacity (é';':'cakl
Capacity Design U ecl
(1) kN Check
{} mm mm mm kN
533x210x122 6 818 9(i) 430 CD6 7.4 6.2 580 11
{1430 kN} 5 688 (i) 360 CD5 7.5 6.3 486 11
533x210x109 6 818 (i) 430 CD6 7.4 6.2 580 11
{1300 kN} 5 688 (i) 360 CD5 7.5 6.3 486 11
533x210x101 6 818 9(i) 430 CD6 7.4 6.2 580 11
{1200 kN} 5 688 9(i) 360 CD5 7.5 6.3 486 11
533x210x92 6 818 (i) 430 CD6 7.4 6.2 580 11
{1150 kN} 5 688 (i) 360 CD5 7.5 6.3 486 11
533x210x82 6 818 9(i) 430 CD6 7.4 6.2 580 11
{1080 kN} 5 681 4 (iii) 360 | cD5| 74 6.2 486 11
457x191x98 5 688 (i) 360 CD5 7.5 6.3 486 11
{1100 kN} 4 559 (i) 290 CD4 7.6 6.4 393 11
457x191x89 5 688 (i) 360 CD5 7.5 6.3 486 11
{1010 kN} 4 534 4 (iii) 290 CD4 7.3 6.1 393 11
457x191x82 5 688 9(i) 360 CD5 7.5 6.3 486 11
{970 kN} 4 504 4 (iii) 290 CD4 6.8 5.7 393 11
457x191x74 5 638 4 (iii) 360 CD5 6.9 5.8 486 11
{876 kN} 4 458 4 (iii) 290 CD4 6.2 5.2 393 11
457x191x67 5 603 4 (iii) 360 CD5 6.6 5.5 486 11
{821 kN} 4 432 4 (iii) 290 CD4 5.9 4.9 393 11

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.16 Continued HOLLO-BOLTS: M20,8.8
- DOUBLE ANGLE CLEATS, HOLLO-BOLTS —
1 Double line of bolts I
2 No.150x90x10mm Angles
i @) ; 5)
Unnotehed | Rears | Thickness Tying”
Bolt
Beam Size RonWS shear® | criica® | -eM9 Mark | s275 5355 | Capacity Critical
Capacity Design ’ Check
{1y kN Check mm mm mm kN
457x152x82 5 688 9(i) 360 CD5 7.5 6.3 486 11
{1010 kN} 4 534 4 (iii) 290 CD4 7.3 6.1 393 11
457x152x74 5 675 4(ii) 360 CD5 7.3 6.1 486 11
{918 kN} 4 488 4 (iii) 290 CD4 6.6 5.5 393 11
457x152x67 5 638 4 (iii) 360 CD5 6.9 5.8 486 11
{878 kN} 4 458 4 (iii) 290 CD4 6.2 5.2 393 11
457x152x60 5 574 4 (iii) 360 CD5 6.2 5.2 486 11
{784 kN} 4 412 4 (iii) 290 | cpa| 56 47 393 11
457x152x52 5 539 4 (iii) 360 CD5 59 4.9 486 11
{728 kN} 4 387 4 (iii) 290 CD4 5.3 4.4 393 11
406x178x74 4 483 4 (iii) 290 CD4 6.6 5.5 393 11
{835 kN}
406x178x67 4 448 4 (iii) 290 CD4 6.1 5.1 393 11
{767 kN}
406x178x60 4 402 4 (iii) 290 CD4 5.5 46 393 11
(684 kN}
406x178x54 4 392 4 (iii) 290 CD4 5.3 4.5 393 11
{660 kN}
406x140x46 4 346 4 (iii) 290 CD4 4.7 3.9 393 11
{584 kN}
406x140x39 4 325 4 (iii) 290 CD4 4.4 3.7 393 11
{543 kN}
356x171x67 3 300 4 (iii) 220 CD3 5.4 4.5 299 11
{704 kN}
356x171x57 3 267 4 (iii) 220 CD3 4.8 4.0 299 11
{618 kN}
356x171x51 3 244 4 (iii) 220 CD3 4.4 3.7 299 11
{560 kN}
356x171x45 3 231 4 (iii) 220 CD3 4.2 3.5 299 11
{524 kN}
356x127x39 3 217 4 (iii) 220 CD3 3.9 3.3 299 11
{497 kN}
356x127x33 3 198 4 (iii) 220 CD3 3.6 3.0 299 11
{446 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Double Angle Web Cleats

BEAM: S355
ANGLE CLEATS: S275
Table H.16 Continued HOLLO-BOLTS: M20,8.8
- DOUBLE ANGLE CLEATS, HOLLO-BOLTS —
1 Double line of bolts I
2 No.150x90x10mm Angles
itting® ; )
Unnotehed | Rears | Thickness Tying”
Bolt
Beam Size RonWS Shear® | Critical® Length Mark S275 S355 | Capacity Critical
Capacity Design ’ Check
{1y kN Check mm mm mm kN
305x165x54 3 260 4 (iii) 220 CD3 4.7 3.9 299 11
{522 kN}
305x165x46 3 221 4 (iii) 220 CD3 4.0 3.3 299 11
{438 kN}
305x165x40 3 198 4 (iii) 220 CD3 3.6 3.0 299 11
(388 kN}
305x127x48 3 296 4 (iii) 220 CD3 5.4 4.5 299 11
(596 kN}
305x127x42 3 263 4 (iii) 220 CD3 4.8 4.0 299 11
{523 kN}
305x127x37 3 234 4 (iii) 220 CD3 4.2 3.5 299 11
{460 kN}
305x102x33 3 217 4 (iii) 220 CD3 3.9 3.3 299 11
{440 kN}
305x102x28 3 198 4 (iii) 220 CD3 3.6 3.0 299 11
(395 kN}
305x102x25 3 191 4 (iii) 220 CD3 3.5 2.9 299 11
{377 kN}
254x146x43 2 129 4 (iii) 150 CcDh2 3.5 2.9 206 11
(398 kN}
254x146x37 2 113 4 (iii) 150 CcDh2 3.1 2.6 206 11
(344 kN}
254x146x31 2 107 4 (iii) 150 CcDh2 2.9 2.4 206 11
{321 kN}
254x102x28 2 113 4 (iii) 150 CcDh2 3.1 2.6 206 11
{349 kN}
254x102x25 2 107 4 (iii) 150 CcDh2 2.9 2.4 206 11
{329 kN}
254x102x22 2 102 4 (iii) 150 CcDh2 2.8 2.3 206 11
(308 kN}

For guidance on the use of tables see Explanatory notes in Table H.6
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Flexible End Plates
Table H.17

Explanatory notes - FLEXIBLE END PLATES
Use of Capacity Tables

The following notes refer to the suffix numbers given at the top of the column descriptions for Tables H.20 to H.23.
The check numbers refer to those listed in Table H.19and described in Section 5.5 Design procedures.
The capacity tables are based on the standard details given in Table H.18.

All universal beam sections which are suitable for the minimum standard fitting size and the standard notch size
are shown in the tables (i.e. if T + r > 50 mm, section is not included).

1) SHEAR CAPACITY OF THE BEAM
The value given in { } is the shear capacity of the beam, given by O.6pthD

(2) SHEAR CAPACITY OF THE CONNECTION

This is the critical value of the design checks for the 'supported beam side' of the connection.
i.e. the minimum capacity from CHECKS 2, 4, 8, 9(i) and 9(ii).

For connections with Ordinary or Flowdrill bolts, Connection Shear Capacities are given for Un-notched or
Single notched and for Double notched beams.

For connections with Hollo-Bolts, connection shear capacities are tabulated for Un-notched beams only,
as Hollo-Bolts are used only with RHS columns and Un-notched beams.
(3) CRITICAL DESIGN CHECK

The check which gives the critical value of shear capacity. See Table H.19 for the description of the checks.

(4) FITTINGS
The length and type of Standard End Plate fittings. See Tables H.1 and H.3 for details.

(5) MINIMUM SUPPORT THICKNESS

This is the minimum thickness of supporting column or beam element, that is needed to carry the given
SHEAR CAPACITY (Un-notched or Single Notched) of the connection. It is derived from
CHECK 10 and e, has conservatively been taken as 90 mm.

Forasymmetrical two sided connection, the minimum support thickness would be twice the tabulated value.

(6) MAXIMUM NOTCH LENGTH (C + T, )

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 CAPACITY of the connection.

Itis assumed that the beam is fully restrained against lateral torsional buckling, and the notched 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,
'y' (see Table H.18) is the same as the end plate length.

Indicates that the condition from CHECK 6, i.e. d, < D/5 is not satisfied.
For Hollo-Bolts, Tables H.22 to H.23, no values are tabulated for maximum notch lengths, since Hollo-Bolts
are used only with RHS columns and Un-notched beams.
(7) TYING CAPACITY

This is the critical value of the design checks for the 'supported beam' side of the connection,
i.e. the minimum capacity from CHECKS 11, 12, 13(i) and13(ii).

For Flowdrill connections, CHECK 13(i) will need to be carried out separately because the capacity is
dependent on the thickness of the RHS.

Separate checks will have to be carried out on the supporting members. (See CHECKS 14 and 15)

(8)  WELD

The weld is either a 6, 8 or 10 mm fillet weld. The tabulated weld size has a capacity (CHECK 2)
that is greater than the connection shear capacity.
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Flexible End Plates
Table H.18

FLEXIBLE END PLATES
Standard details used in Capacity Tables

B
Top of beam
50 to first row
40 +—m—— \ of bolts
j n rows of = 90mm
| boltsat +———
vertical |
pitch, 70
& 2 40
I s mm fillet weld
‘ (see note 8, Table H.17)

tﬂ L M20 grade 8.8 Bolts

Ordinary & g =90 mm for beams <457x191 UB or
Flowarill Bolts { g = 140 mm for beams > 457191 UB M20 Folf""d”"
M20 Hollo-Bolt
Hollo-Bolts { g =90 mm for beams < 457x 191 UB
g =120 mm for beams > 457x191 UB
UN-NOTCHED BEAM
Plate thickness, t, C
50 1 _ Top of beam
[ to first row
40 000 of bolts
n rows of =90mm
boltsat +———
vertical |
pitch, 70 )
y s mm fillet weld
(see note 8, Table H.17)
40

t Bolts M20 grade 8.8
s

SINGLE NOTCHED BEAM

Top of beam
50 Y — to first row
of bolts = 90mm
40
nrows of | Note:
bolts at y  For simplicity
vertical 4 the capacity tables
pitch, 70 | assume that the
remaining depth of
40 beam web, y(mm),

is equal to the end plate

ts | ‘% length, | (mm).
Bolts M20 grade 8.8 A L

s mm fillet weld
(see note 8, Table H.17)

DOUBLE NOTCHED BEAM

Note: See Tables H.1 and H.3 Standard Fittings - Marks and details for Flexible End Plates
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Flexible End Plates
Table H.19

FLEXIBLE END PLATES
Critical Check Description List

Check Number Description
T o . )
g ] 2 Capacity of fillet welds
»
8 £
> | 23
= n o 4 Shear capacity of supported beam at the connection
(&)
<
<
(&} 8 Shear capacity of bolt group connected to supporting member
()
|2z
w | E?
‘:}:’ 8_ g 9(i) Shear capacity of end plate
g E
a9
£
9(ii) Bearing capacity of end plate
> . .
= 11 Tension capacity of end plate
14
()
-
z 12(i) Tension capacity of supported beam web at the connection
g
|:_> 13(i) Tension capacity of bolts in presence of extreme prying
(%
)
14
5 13(ii) Tension capacity of weld

Note: This table only lists the critical checks.
For a full list of design checks and further information, see Section 5.5.

386



Flexible End Plates

BEAM: S275

END PLATE: S275

Table H.20 BOLTS: M20, 8.8

FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
Un-notched Fitting™® 5 ® ()
or Single Notch Double Noteh End Plate Fillet® Support Length Tying
Bolt Thickness c+tpy
weld
Rows Bolt® s Critical
Beam Size n | Shear® |Critical®| Shear |Critical®| width | t, |“*"9™| Gauge|Mark® 5275 | 5355 Single | Double| Capacity | 1o
Capacity | Design | Capacity| Design J4 g ec
(1) kN Check kN Check
{} mm [mm| mm | mm mm | mm [ mm | mm | mm kN

914x305x253 11 1930 4 1930 4 200 | 10| 780 | 140 | EB11 10 1 9.5 18.0 | 390 0 585 11
{2530 kN} 10 1760 4 1760 4 200 (10| 710 | 140 |EB10| 10 | 9.6 | 8.0 | 485 0 532 11
9 1580 4 1580 4 200 | 10| 640 | 140 | EB9 10 |1 9.6 | 8.0 | 538 0 480 11
8 1410 4 1410 4 200 (10| 570 | 140 | EB8 10 | 9.6 | 8.0 | 605 0 427 11
914x305x224 11 1770 4 1770 4 200 | 10| 780 | 140 | EB11 8 88 | 7.3 | 374 0 549 11
{2300 kN} 10 1620 4 1620 4 200 [ 10| 710 | 140 | EB10 8 8.8 | 7.3 | 473 0 499 11
9 1460 4 1460 4 200 [ 10| 640 | 140 | EB9 8 88 | 7.4 | 525 0 450 11
8 1300 4 1300 4 200 | 10| 570 | 140 | EB8 8 8.8 | 7.4 | 590 0 400 11
914x305x201 11 1690 4 1690 4 200 | 10| 780 | 140 | EB11 8 83 | 7.0 | 356 0 544 11
{2170 kN} 10 1530 4 1530 4 200 (10| 710 | 140 | EB10 8 8.3 | 7.0 | 459 0 494 11
9 1380 4 1380 4 200 | 10| 640 | 140 | EB9 8 84 | 7.0 | 509 0 445 11
8 1230 4 1230 4 200 (10| 570 | 140 | EBS8 8 84 | 7.0 | 571 0 396 11
838x292x226 10 1640 4 1640 4 200 (10| 710 | 140 | EB10 8 89 |74 | 377 0 500 11
{2180 kN} 9 1470 4 1470 4 200 | 10| 640 | 140 | EB9 8 89 | 7.4 | 463 0 451 11
8 1310 4 1310 4 200 10| 570 | 140 | EBS8 8 89 | 7.5 | 520 0 401 11

838x292x194 | 10 | 1490 4 1490 4 200 (10| 710 | 140 |EB1O[ 8 |8.1 (6.8 | 355 0 492 11
{1960 KN} 9 1350 4 1350 4 200 | 10| 640 | 140 | EB9 8 |81 |6.8 | 446 0 443 11
1200 4 1200 4 200 [ 10| 570 | 140 | EB8 8 |81 ]6.8 | 500 0 395 11

838x292x176 | 10 | 1420 4 1420 4 200 (10| 710 | 140 |EB1O| 8 | 7.7 | 6.5 | 341 0 488 11
{1860 kN} 9 1280 4 1280 4 200 | 10| 640 | 140 | EB9 8 |77 |65 | 434 0 440 11
8 1140 4 1140 4 200 (10| 570 | 140 | EB8 8 |78 |65 | 487 0 391 11

762x267x197 9 1430 4 1430 4 200 | 10| 640 | 140 | EB9 8 |86 |72 ]33 0 448 11
{1910 kN} 8 1270 4 1270 4 200 | 10| 570 | 140 | EB8 8 |86 |72 | 419 0 399 11
7 1120 4 1120 4 200 [ 10| 500 | 140 | EB7 8 |87 |72 | 477 0 349 11

762x267x173 9 1310 4 1310 4 200 | 10| 640 | 140 | EB9 8 |79 |66 | 320 0 4441 11
{1730 kN} 8 1170 4 1170 4 200 | 10| 570 | 140 | EB8 8 |79 |6.6 | 407 0 393 11
1020 4 1020 4 200 [ 10| 500 | 140 | EB7 8 |79 |66 | 464 0 344 11

762x267x147 9 1170 4 1170 4 200 [ 10| 640 | 140 | EB9 8 |71 ]59 303 0 434 11
{1530 kN} 8 1040 4 1040 4 200 | 10| 570 | 140 | EB8 8 |71 |59 |39 0 386 11
7 916 4 916 4 200 [ 10| 500 | 140 | EB7 8 |71 ]59 | 449 0 338 11

762x267x134 9 1140 4 1140 4 200 [ 10| 640 | 140 | EB9 6 |69 |58 |29 0 412 11
{1490 kN} 8 1020 4 1020 4 200 (10| 570 | 140 | EB8 6 |69 |58 | 387 0 366 11
7 891 4 891 4 200 [ 10| 500 | 140 | EB7 6 |69 |58 | 441 0 321 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S275
END PLATE: S275
Table H.20 Continued BOLTS: M20, 8.8
FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
Un-notched Fitting™® 5 ® ()
or Single Notch Double Noteh End Plate Fillet® Support Length Tying
Bolt Thickness c+tpy
weld
Rows Bolt® s Critical
Beam Size n | Shear® |Critical®| Shear® | Critical®| width | t, |-"9™| Gauge|Mark® 5275 | 5355 Single | Double| Capacity | 1o
Capacity | Design | Capacity| Design J4 g ec
(1) kN Check kN Check
{} mm |mm| mm | mm mm | mm [ mm | mm | mm kN
686x254x170 8 1180 4 1180 4 200 | 10| 570 | 140 | EB8 8 8.0 | 6.7 | 305 0 394 11
{1600 kN} 7 1040 4 1040 4 200 (10| 500 | 140 | EB7 8 8.1 | 6.7 | 385 0 345 11
892 4 892 4 200 | 10| 430 | 140 | EB6 8 8.1 | 6.8 | 447 0 296 11

686x254x152 8 1080 4 1080 4 200 | 10| 570 | 140 | EB8 8 7.3 |16.1 | 295 0 388 11
{1440 kN} 7 944 4 944 4 200 [ 10| 500 | 140 | EB7 8 73 (6.1 | 378 0 340 11
812 4 812 4 200 | 10| 430 | 140 | EB6 8 7.4 16.2 | 440 0 292 11

686x254x140 8 1010 4 1010 4 200 | 10| 570 | 140 | EB8 6 6.9 | 5.7 | 288 0 368 11

{1350 kN} 7 887 4 887 4 200 [ 10| 500 | 140 | EB7 6 |69 |58 |372 0 322 11
763 4 763 4 200 | 10| 430 | 140 | EB6 6 |69 |58 | 433 0 277 11

686x254x125 8 954 4 954 4 200 | 10| 570 | 140 | EB8 6 |65 |54 |274 0 365 11
{1260 kN} 7 837 4 837 4 200 [ 10| 500 | 140 | EB7 6 |65 |54 | 362 0 320 11
720 4 720 4 200 | 10| 430 | 140 | EB6 6 |65 |55 | 421 0 275 11

610x305x238 7 1290 8 1290 8 200 | 10| 500 | 140 | EB7 | 10 |10.0| 8.4 | 335 | 51 379 11
{1860 kN} 6 1100 8 1100 8 200 (10| 430 | 140 | EB6 | 10 |10.0 (8.4 | 395 | 47~ 326 11

610x305x179 7 1010 4 1010 4 200 [ 10| 500 | 140 | EB7 8 |78 |66 | 292 0 343 11

{1390 kN} 6 868 4 868 4 200 | 10| 430 | 140 | EB6 8 |79 |6.6 | 368 0 295 11
610x305x149 7 844 4 844 4 200 | 10| 500 | 140 | EB7 6 |6.6 |55 279 0 320 11
{1150 kN} 6 726 4 726 4 200 [ 10| 430 | 140 | EB6 6 |6.6 |55 | 360 0 275 11
610x229x140 7 937 4 937 4 200 [ 10| 500 | 140 | EB7 8 |73 6.1 ]275 0 339 11
{1290 kN} 6 806 4 806 4 200 | 10| 430 | 140 | EB6 8 |73 |6.1 | 350 0 291 11
610x229x125 7 851 4 851 4 200 | 10| 500 | 140 | EB7 6 | 6.6 |55 | 266 0 321 11
{1160 kN} 6 732 4 732 4 200 [ 10| 430 | 140 | EB6 6 |66 |55 | 344 0 275 11
610x229x113 7 794 4 794 4 200 [ 10| 500 | 140 | EB7 6 |62 |52 | 257 0 318 11
{1070 kN} 6 683 4 683 4 200 | 10| 430 | 140 | EB6 6 |6.2 |52 | 337 0 273 11
610x229x101 7 780 4 780 4 200 | 10| 500 | 140 | EB7 6 |6.1 |51 | 245 0 316 11
{1040 kN} 6 670 4 670 4 200 [ 10| 430 | 140 | EB6 6 |6.1]51 ] 328 0 271 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S275

END PLATE: S275

Table H.20 Continued BOLTS: M20, 8.8

FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
Un-notched Fitting™® 5 ® ()
or Single Notch Double Noteh End Plate Fillet® Support Length Tying
Bolt Thickness c+tpy
weld
Rows Bolt® s Critical
Beam Size n | Shear® |Critical®| Shear® |Critical®| width | t, |“"9™| Gauge|Mark $275 | 5355 Single | Double| Capacity | ¢y
Capacity | Design | Capacity| Design J4 g ec
(1) kN Check kN Check
{} mm |mm| mm | mm mm | mm [ mm | mm | mm kN

533x210x122 | 6 | 781 4 781 4 [ 20010 430 140 [EB6| 8 [71 [59 [249 [ 0 | 290 11
{1100 kN} 5 | 654 4 654 4 | 200 10| 360 | 140 | EB5| 8 |71 |59 [319 | o | 242 11
533x210x109 6 714 4 714 4 200 | 10| 430 | 140 | EB6 6 6.5 | 5.4 | 240 0 274 11
{995 kN} 5 598 4 598 4 200 | 10| 360 | 140 | EB5S 6 6.5 |54 | 313 0 229 11
533x210x101 6 665 4 665 4 200 | 10| 430 | 140 | EB6 6 6.0 | 5.0 | 236 0 272 11
{922 kN} 5 556 4 556 4 200 (10| 360 | 140 | EB5 6 6.0 | 5.1 | 310 0 227 11
533x210x92 6 645 4 645 4 200 | 10| 430 | 140 | EB6 6 58 | 4.9 | 229 0 270 11
{888 kN} 5 540 4 540 4 200 | 10| 360 | 140 | EB5S 6 59 149 | 304 0 226 11
533x210x82 6 613 4 613 4 200 | 10| 430 | 140 | EB6 6 56 |46 | 217 0 269 11
{837 kN} 5 513 4 513 4 200 (10| 360 | 140 | EB5 6 56 | 4.7 | 295 0 225 11
457x191x98 5 587 4 587 4 150 | 8 | 360 90 EA5 6 6.4 | 53 | 217 0 311 11
{847 kN} 4 473 4 473 4 150 | 8 | 290 90 EA4 6 6.4 | 54 | 285 0 249 11
457x191x89 5 541 4 541 4 150 | 8 | 360 90 EA5 6 59 149 | 211 0 304 11
{774 kN} 4 436 4 436 4 150 | 8 | 290 90 EA4 6 59 | 5.0 | 281 0 245 11
457x191x82 5 529 4 529 4 150 | 8 | 360 90 EA5 6 58 | 4.8 | 204 0 301 11
{751 kN} 4 426 4 426 4 150 | 8 | 290 90 EA4 6 58 | 4.8 | 275 0 241 11
457x191x74 5 481 4 481 4 150 | 8 | 360 90 EA5 6 52 |44 | 199 0 295 11
{679 kN} 4 388 4 388 4 150 | 8 | 290 90 EA4 6 53 | 4.4 | 272 0 237 11
457x191x67 5 454 4 454 4 150 | 8 | 360 90 EA5 6 49 | 441 191 0 292 11
{636 kN} 4 366 4 366 4 150 | 8 | 290 90 EA4 6 5.0 | 4.2 | 266 0 234 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S275
END PLATE: S275
Table H.20 Continued BOLTS: M20, 8.8
FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Un-notched b Fitting™® Min. ) Max. NOJBC)h )
or Single Notch ouble Notch End Plate Fillet® Support Length Tying
Bolt weld Thickness c+tpy
Rows Bolt s ”
Beam Size n | Shear |Critical®| Shear | Critical®| width | t, |-*"9™| Gauge | Mark® 275 5355 Single | Double| Capacity g;‘;f;‘('
Capacity | Design [Capacity| Design { g
(o KN Check kN Check mm |mm| mm [ mm mm | mm | mm| mm [ mm kN
457x152x82 5 541 4 541 4 150 | 8 | 360 90 EA5 6 59 4.9 | 209 0 304 11
{778 kN} 4 436 4 436 4 150 | 8 | 290 90 EA4 6 59 [ 5.0 | 276 0 245 11
457x152x74 5 495 4 495 4 150 | 8 | 360 90 | EA5 6 54 |45 | 203 0 299 11
{705 kN} 4 398 4 398 4 150 | 8 | 290 90 EA4 6 54 (45 | 272 0 240 11
457x152x67 5 481 4 481 4 150 | 8 | 360 90 EA5 6 52 (4.4 | 195 0 295 11
{680 kN} 4 388 4 388 4 150 | 8 | 290 90 | EA4 6 53 | 4.4 | 266 0 237 11
457x152x60 5 433 4 433 4 150 | 8 | 360 90 | EA5 6 47 139 | 189 0 289 11
{608 kN} 4 349 4 349 4 150 | 8 | 290 90 EA4 6 47 | 4.0 | 262 0 232 11
457x152x52 5 406 4 406 4 150 | 8 | 360 90 EA5 6 44 (3.7 | 178 0 286 11
{564 kN} 4 327 4 327 4 150 | 8 | 290 90 EA4 6 44 | 3.7 | 252 0 230 11
406x178x74 4 409 4 409 4 150 | 8 | 290 90 | EA4 6 56 |46 | 218 0 239 11
{647 kN}
406x178x67 4 379 4 379 4 150 | 8 | 290 90 EA4 6 51 |43 | 214 0 236 11
{594 kN}
406x178x60 4 340 4 340 4 150 | 8 | 290 90 EA4 6 46 3.9 | 211 0 231 11
(530 kN}
406x178x54 4 332 4 332 4 150 | 8 | 290 90 | EA4 6 45 | 3.8 | 204 0 230 11
(512 kN}
406x140x46 4 293 4 293 4 150 | 8 | 290 90 EA4 6 40 |33 | 202 0 226 11
(452 kN}
406x140x39 4 276 4 276 4 150 | 8 | 290 90 EA4 6 3.7 [ 31 | 191 0 224 11
(420 kN}
356x171x67 3 297 4 297 4 150 | 8 | 220 90 EA3 6 54 (45 | 217 0 179 11
(546 kN}
356x171x57 3 265 4 265 4 150 | 8 | 220 90 EA3 6 48 | 4.0 | 210 0 175 11
(478 KN}
356x171x51 3 242 4 242 4 150 | 8 | 220 90 EA3 6 44 13.7 | 206 0 173 11
{433 kN}
356x171x45 3 229 4 229 4 150 | 8 | 220 90 EA3 6 41 135 | 199 0 171 11
{406 kN}
356x127x39 3 216 4 216 4 150 | 8 | 220 90 | EA3 6 39 |33 |19 0 170 11
(385 kN}
356x127x33 3 196 4 196 4 150 | 8 | 220 90 | EA3 6 3.6 | 3.0 | 188 0 168 11
{346 kN}

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S275
END PLATE: S275

Table H.20 Continued BOLTS: M20, 8.8
FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
orUSri]:;CI);Clzzfch Double Notch E':::jtirll?;)e File® Sulpport(‘r’) Length® Tying™
Bolt weld Thickness CHp
Rows Bolt® s "
Beam Size n | Shear® |Critical®| Shear® |Critical®| width | t, |“8"9t"| Gauge|Mark® $275| $355 | Single | Double| Capacity grr']“';;f
Capacity | Design [Capacity| Design { g
(o KN Check KN Check mm [mm| mm | mm mm | mm | mm| mm [ mm kN
305x165x54 3 258 4 258 4 150 | 8 | 220 90 | EA3 6 4.7 |1 3.9 | 149 0 175 11
{405 kN}
305x165x46 3 219 4 219 4 150 | 8 | 220 90 | EA3 6 4.0 |33 | 143 0 170 11
(339 kN}
305x165x40 3 196 4 196 4 150 | 8 | 220 90 | EA3 6 3.6 | 3.0 | 137 0 168 11
{300 kN}
305x127x48 3 294 4 294 4 150 | 8 | 220 90 | EA3 6 53 |45 | 141 0 179 11
{462 kN}
305x127x42 3 261 4 261 4 150 | 8 | 220 90 | EA3 6 4.7 1 4.0 | 135 0 175 11
{406 kN}
305x127x37 3 232 4 232 4 150 | 8 | 220 90 | EA3 6 42 |35 | 131 0 172 11
{357 kN}
305x102x33 3 216 4 216 4 150 | 8 | 220 90 | EA3 6 3.9 |33 | 143 0 170 11
{341 kN}
305x102x28 3 196 4 196 4 150 | 8 | 220 90 | EA3 6 3.6 | 3.0 | 134 0 168 11
{306 kN}
305x102x25 3 189 4 189 4 150 | 8 | 220 90 | EA3 6 34 129 | 125 0 167 11
{292 kN}
254x146x43 2 160 4 160 4 150 | 8 | 150 90 | EA2 6 4.4 | 3.6 | 146 0 116 11
{308 kN}
254x146x37 2 140 4 140 4 150 | 8 | 150 90 | EA2 6 3.8 |32 | 142 0 114 11
{266 kN}
254x146x31 2 134 4 134 4 150 | 8 | 150 90 | EA2 6 3.6 | 3.0 | 134 0 113 11
{249 kN}
254x102x28 2 140 4 140 4 150 | 8 | 150 90 | EA2 6 3.8 |32 | 140 0 114 11
(271 kN}
254x102x25 2 134 4 134 4 150 | 8 | 150 90 | EA2 6 3.6 |3.0 | 134 0 113 11
{255 kN}
254x102x22 2 127 4 127 4 150 | 8 | 150 90 | EA2 6 35 129 | 128 0 113 11
{239 kN}

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355
END PLATE: S275
Table H.21 BOLTS: M20, 8.8
FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
Un-notched Fitting™® 5 ® ()
or Single Notch Double Noteh End Plate Fillet® Support Length Tying
Bolt Thickness c+tpy
o weld
Rows Bolt® s Critical
Beam Size n | Shear® |Critical®| Shear |Critical®| width | t, |“*"9™| Gauge|Mark® 5275 | 5355 Single | Double| Capacity | 1o
Capacity | Design | Capacity| Design J4 g ec
(1) kN Check kN Check
{} mm |mm| mm | mm mm | mm [ mm | mm | mm kN
914x305x253 11 2020 8 2020 8 200 | 10| 780 | 140 | EB11 10 |10.0 8.4 | 550 | 267 585 11
{3290 kN} 10 1840 8 1840 8 200 (10| 710 | 140 |EB10| 10 |10.0 | 8.4 | 604 | 244 532 11
9 1650 8 1650 8 200 | 10| 640 | 140 | EB9 10 |10.0| 84 | 672 | 221* 480 11
8 1470 8 1470 8 200 (10| 570 | 140 | EB8 10 |10.0 | 8.4 | 685 | 198 427 11
914x305x224 11 2020 8 2020 8 200 | 10| 780 | 140 | EB11 10 |10.0 | 8.4 | 493 | 200 575 11
{3000 kN} 10 1840 8 1840 8 200 | 10| 710 | 140 |EB10| 10 |10.0| 8.4 | 542 | 183 523 11
9 1650 8 1650 8 200 [ 10| 640 | 140 | EB9 10 |10.0 | 8.4 | 543 | 166" 471 11
8 1470 8 1470 8 200 | 10| 570 | 140 | EB8 10 |10.0 | 8.4 | 543 | 149* 419 11
914x305x201 11 2020 8 2020 8 200 | 10| 780 | 140 | EB11 10 |10.0 8.4 | 443 | 153 570 11
{2820 kN} 10 1840 8 1840 8 200 | 10| 710 | 140 |EB10| 10 |10.0| 8.4 | 474 | 140 518 11
9 1650 8 1650 8 200 | 10| 640 | 140 | EB9 10 |10.0| 8.4 | 474 | 128* 467 11
8 1470 8 1470 8 200 (10| 570 | 140 | EBS8 10 |10.0| 8.4 | 474 | 115* 415 11
838x292x226 10 1840 8 1840 8 200 (10| 710 | 140 |EB10| 10 |10.0 | 8.4 | 484 | 193 525 11
{2840 kN} 9 1650 8 1650 8 200 | 10| 640 | 140 | EB9 10 |10.018.4 | 537 | 175 473 11
8 1470 8 1470 8 200 10| 570 | 140 | EBS8 10 |10.0 | 8.4 | 605 | 157* 421 11

838x292x194 | 10 | 1840 8 1840 8 200 (10| 710 | 140 |EB10|( 10 |10.0 (8.4 | 412 | 114 516 11
{2560 KN} 9 1650 8 1650 8 200 | 10| 640 | 140 | EB9 | 10 |10.0 | 8.4 | 472 | 104 465 11
1470 8 1470 8 200 (10| 570 | 140 | EB8 | 10 |10.0 [ 8.4 | 504 | 94~ 413 11

838x292x176 | 10 | 1840 8 1840 8 200 (10| 710 | 140 |EB10| 10 |10.0 ( 8.4 | 349 | 41 512 11
{2420 KN} 9 1650 8 1650 8 200 | 10| 640 | 140 [ EB9 | 10 |10.0| 8.4 | 438 | 41 461 11
8 1470 8 1470 8 200 (10| 570 | 140 | EB8 | 10 |10.0 [ 8.4 | 443 | 407 410 11

762x267x197 9 1650 8 1650 8 200 (10| 640 | 140 | EB9 | 10 |10.0 | 8.4 | 419 | 153 470 11
{2490 kN} 8 1470 8 1470 8 200 | 10| 570 | 140 | EB8 | 10 |10.0 | 8.4 | 472 | 137 418 11
7 1290 8 1290 8 200 (10| 500 | 140 | EB7 | 10 |10.0| 8.4 | 539 | 122" | 366 11

762x267x173 9 1650 8 1650 8 200 (10| 640 | 140 | EB9 | 10 |10.0 |84 | 348 | 74 462 11
{2260 KN} 8 1470 8 1470 8 200 | 10| 570 | 140 | EB8 | 10 |10.0 | 8.4 | 421 68 411 11
1290 8 1290 8 200 (10| 500 | 140 | EB7 | 10 |10.0 | 8.4 | 481 62" 361 11

762x267x147 9 1530 4 1530 4 200 [ 10| 640 | 140 | EB9 8 |92 |77 |303 0 434 11
{2000 kN} 8 1360 4 1360 4 200 (10| 570 | 140 | EB8 8 |92 |77 | 3% 0 386 11
7 1190 4 1190 4 200 [ 10| 500 | 140 | EB7 8 |93 |77 | 416 0 338 11

762x267x134 9 1470 4 1470 4 200 [ 10| 640 | 140 | EB9 8 |89 |74 |29% 0 430 11
{1920 kN} 8 1310 4 1310 4 200 (10| 570 | 140 | EB8 8 |89 |75 | 348 0 383 11
7 1150 4 1150 4 200 [ 10| 500 | 140 | EB7 8 |89 |75 348 0 335 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355
END PLATE: S275
Table H.21 Continued BOLTS: M20, 8.8
FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
Un-notched Fitting™® 5 ® ()
or Single Notch Double Noteh End Plate Fillet® Support Length Tying
Bolt Thickness c+tpy
weld
Rows Bolt® s Critical
Beam Size n | Shear® |Critical®| Shear |Critical®| width | t, |“*"9™| Gauge|Mark® $275| 5355 | Single [ Double| Capacity | %%
Capacity | Design | Capacity| Design J4 g ec
(1) kN Check kN Check
{} mm |mm| mm | mm mm | mm [ mm | mm | mm kN
686x254x170 8 1470 8 1470 8 200 | 10| 570 | 140 | EB8 10 |10.0 8.4 | 343 82 412 11
{2080 kN} 7 1290 8 1290 8 200 (10| 500 | 140 | EB7 10 |10.0| 8.4 | 404 74* 361 11

1100 8 1100 8 200 | 10| 430 | 140 | EB6 | 10 |10.0 | 8.4 | 471 66* 310 11
686x254x152 8 1400 4 1400 4 200 | 10| 570 | 140 | EB8 | 10 | 9.5 | 8.0 | 295 0 406 11

{1880 kN} 7 1230 4 1230 4 200 (10| 500 | 140 | EB7 | 10 | 9.5 (8.0 | 378 0 356 11
1060 4 1060 4 200 | 10| 430 | 140 | EB6| 10 | 9.6 | 8.0 | 440 0 306 11

686x254x140 8 1320 4 1320 4 200 | 10| 570 | 140 | EB8 8 89 |75 | 288 0 384 11

{1750 kN} 7 1160 4 1160 4 200 [ 10| 500 | 140 | EB7 8 9.0 (75 | 372 0 337 11
993 4 993 4 200 | 10| 430 | 140 | EB6 8 9.0 | 75 | 433 0 289 11

686x254x125 8 1240 4 1240 4 200 | 10| 570 | 140 | EB8 8 84 |71 | 274 0 381 11
{1640 kN} 7 1090 4 1090 4 200 [ 10| 500 | 140 | EB7 8 85 (7.1 | 362 0 334 11
937 4 937 4 200 | 10| 430 | 140 | EB6 8 85 |7.1 | 393 0 287 11

610x305x238 7 1290 8 1290 8 200 | 10| 500 | 140 | EB7 | 10 |10.0 | 8.4 | 440 | 204 379 11
{2420 kN} 6 1100 8 1100 8 200 (10| 430 | 140 | EB6 | 10 |10.0| 84 | 514 | 177" | 326 11

610x305x179 7 1290 8 1290 8 200 (10| 500 | 140 | EB7 | 10 |10.0| 8.4 | 308 | 48 360 11
{1810 kN} 6 1100 8 1100 8 200 | 10| 430 | 140 | EB6| 10 |10.0 | 8.4 | 377 | 44" 309 11

610x305x149 7 1100 4 1100 4 200 | 10| 500 | 140 | EB7 8 |85 |71 279 0 335 11
{1500 kN} 6 945 4 945 4 200 [ 10| 430 | 140 | EB6 8 |86 |72 | 360 0 287 11

610x229x140 7 1220 4 1220 4 200 (10| 500 | 140 | EB7 | 10 |95 (7.9 | 275 0 355 11
{1670 kN} 6 1050 4 1050 4 200 | 10| 430 | 140 | EB6| 10 | 9.5 | 8.0 | 350 0 305 11

610x229x125 7 1110 4 1110 4 200 | 10| 500 | 140 | EB7 8 |86 |72 | 266 0 335 11
{1510 kN} 6 953 4 953 4 200 [ 10| 430 | 140 | EB6 8 |86 |72 | 344 0 288 11

610x229x113 7 1030 4 1030 4 200 [ 10| 500 | 140 | EB7 8 |80 |67 | 257 0 332 11
{1400 KN} 6 889 4 889 4 200 | 10| 430 | 140 | EB6 8 |81 |6.7 | 337 0 285 11

610x229x101 7 1010 4 1010 4 200 | 10| 500 | 140 | EB7 8 |78 |65 | 245 0 330 11
{1350 kN} 6 866 4 866 4 200 [ 10| 430 | 140 | EB6 8 |78 |66 | 328 0 283 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355

END PLATE: S275

Table H.21 Continued BOLTS: M20, 8.8

FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
Un-notched Fitting™® 5 ® ()
or Single Notch Double Noteh End Plate Fillet® Support Length Tying
Bolt Thickness c+tpy
weld
Rows Bolt® s Critical
Beam Size n | Shear® |Critical®| Shear® |Critical®| width | t, |“"9™| Gauge|Mark $275 | 5355 Single | Double| Capacity | ¢y
Capacity | Design | Capacity| Design J4 g ec
(1) kN Check kN Check
{} mm |mm| mm | mm mm | mm [ mm | mm | mm kN

533x210x122 6 1020 4 1020 4 200 | 10| 430 | 140 | EB6 8 9.2 | 7.7 | 249 0 290 11
{1430 kN} 5 852 4 852 4 200 (10| 360 | 140 | EB5 10 |93 | 7.7 | 319 0 254 11
533x210x109 6 929 4 929 4 200 | 10| 430 | 140 | EB6 8 8.4 | 7.0 | 240 0 287 11
{1300 kN} 5 778 4 778 4 200 | 10| 360 | 140 | EB5S 8 85 |71 | 313 0 239 11
533x210x101 6 865 4 865 4 200 | 10| 430 | 140 | EB6 8 7.8 | 6.6 | 236 0 284 11
{1200 kN} 5 724 4 724 4 200 (10| 360 | 140 | EB5 8 79 | 6.6 | 310 0 237 11
533x210x92 6 833 4 833 4 200 | 10| 430 | 140 | EB6 8 75 |16.3 | 229 0 282 11
{1150 kN} 5 697 4 697 4 200 | 10| 360 | 140 | EB5S 8 7.6 | 6.3 | 304 0 236 11
533x210x82 6 791 4 791 4 200 | 10| 430 | 140 | EB6 8 7.2 16.0 | 217 0 280 11
{1080 kN} 5 663 4 663 4 200 (10| 360 | 140 | EB5 8 7.2 | 6.0 | 295 0 234 11
457x191x98 5 736 9(ii) 736 9(ii) 150 | 8 | 360 90 EA5 8 8.0 | 6.7 | 239 47 341 11
{1100 kN} 4 589 9(ii) 589 9(ii) 150 | 8 | 290 90 EA4 8 8.0 | 6.7 | 298 41* 274 11
457x191x89 5 704 4 704 4 150 | 8 | 360 90 EA5 8 7.7 164 | 211 0 334 11
{1010 kN} 4 567 4 567 4 150 | 8 | 290 90 EA4 8 7.7 | 6.4 | 281 0 268 11
457x191x82 5 683 4 683 4 150 | 8 | 360 90 EA5 8 74 |16.2 | 204 0 329 11
{970 kN} 4 550 4 550 4 150 | 8 | 290 90 EA4 8 75 16.3 | 275 0 264 11
457x191x74 5 621 4 621 4 150 | 8 | 360 90 EA5 6 6.8 | 5.6 | 199 0 295 11
{876 kN} 4 500 4 500 4 150 | 8 | 290 90 EA4 6 6.8 | 5.7 | 272 0 237 11
457x191x67 5 587 4 587 4 150 | 8 | 360 90 EA5 6 6.4 | 53 | 191 0 292 11
{821 kN} 4 473 4 473 4 150 | 8 | 290 90 EA4 6 6.4 | 5.4 | 266 0 234 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355
END PLATE: S275
Table H.21 Continued BOLTS: M20, 8.8
FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
orUSri]:;CI);Clzzfch Double Notch E':::jtirll?;)e Fillet® Sulpport(s) Length® Tying™
Bolt weld Thickness CHp
Rows Bolt s "
Beam Size n | Shear |Critical®| Shear | Critical®| width | t, |-*"9™| Gauge | Mark® 275 $355 | Single | Double| Capacity grr']“';;f
Capacity | Design | Capacity| Design J4 g
{1 KN Check kN Check mm |mm| mm [ mm mm [ mm | mm | mm | mm kN
457x152x82 5 704 4 704 4 150 | 8 | 360 90 EA5 8 7.7 | 6.4 | 209 0 334 11
{1010 kN} 4 567 4 567 4 150 | 8 | 290 90 EA4 8 7.7 | 6.4 | 276 0 268 11
457x152x74 5 644 4 644 4 150 [ 8 [ 360 | 90 | EA5| 8 |[7.0 [59 | 203 0 327 11
{918 kN} 4 519 4 519 4 150 | 8 | 290 90 EA4 8 7.0 |59 | 272 0 262 11
457x152x67 5 621 4 621 4 150 | 8 | 360 90 EA5 6 6.8 [ 5.6 | 195 0 295 11
{878 kN} 4 500 4 500 4 150 [ 8 [ 290 | 90 | EA4| 6 |6.8 |57 | 266 0 237 11
457x152x60 5 559 4 559 4 150 | 8 [ 360 | 90 | EA5| 6 |6.1 |51 | 189 0 289 11
{784 kN} 4 450 4 450 4 150 | 8 | 290 90 EA4 6 6.1 | 5.1 | 262 0 232 11
457x152x52 5 524 4 524 4 150 | 8 | 360 90 EA5 6 57 (4.8 | 178 0 286 11
{728 kN} 4 423 4 423 4 150 | 8 | 290 90 EA4 6 5.7 | 4.8 | 247 0 230 11
406x178x74 4 528 4 528 4 150 | 8 | 290 90 EA4 8 72 | 6.0 | 218 0 262 11
{835 kN}
406x178x67 4 489 4 489 4 150 [ 8 [ 290 | 90 | EA4| 6 |6.6 |56 | 214 0 236 11
{767 kN}
406x178x60 4 439 4 439 4 150 | 8 | 290 90 EA4 6 6.0 [ 5.0 | 211 0 231 11
{684 kN}
406x178x54 4 428 4 428 4 150 [ 8 [ 290 | 90 | EA4| 6 |58 [4.9 | 204 0 230 11
{660 kN}
406x140x46 4 378 4 378 4 150 | 8 | 290 90 EA4 6 5.1 | 4.3 | 202 0 226 11
{584 kN}
406x140x39 4 356 4 356 4 150 | 8 | 290 90 EA4 6 48 | 4.0 | 190 0 224 11
{543 kN}
356x171x67 3 384 4 384 4 150 | 8 | 220 90 EA3 6 7.0 |58 | 217 0 179 11
{704 kN}
356x171x57 3 342 4 342 4 150 | 8 | 220 90 EA3 6 6.2 |52 | 210 0 175 11
{618 kN}
356x171x51 3 312 4 312 4 150 | 8 | 220 90 EA3 6 5.7 | 4.7 | 206 0 173 11
{560 kN}
356x171x45 3 295 4 295 4 150 | 8 | 220 90 EA3 6 53 [ 4.5 | 199 0 171 11
{524 kN}
356x127x39 3 278 4 278 4 150 | 8 | 220 90 EA3 6 50 4.2 | 196 0 170 11
{497 kN}
356x127x33 3 253 4 253 4 150 [ 8 [ 220 | 90 | EA3| 6 |46 [3.8 | 188 0 168 11
{446 kN}

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355
END PLATE: S275

Table H.21 Continued BOLTS: M20, 8.8
FLEXIBLE END PLATES, ORDINARY or FLOWDRILL BOLTS
Eﬂ 200x10 or 150x8 mm End Plate Eﬂ
Min. Max. Notch
orUSri]:;CI);Clzzfch Double Notch E':::jtirll?;)e Fillet® Sulpport(s) Length® Tying"”
Bolt weld Thickness CHp
Rows Bolt® s .
Beam Size n | shear® |Critical®| Shear® | Critical®| width | 1, |“®"9"| Gauge | Mark® 275 $355 | Single | Double| Capacity grr']“';;f
Capacity | Design [Capacity| Design { g
(o KN Check KN Check mm [mm| mm | mm mm | mm | mm| mm [ mm kN
305x165x54 3 333 4 333 4 150 | 8 | 220 90 | EA3 6 6.0 | 5.0 | 149 0 175 11
{522 kN}
305x165x46 3 283 4 283 4 150 | 8 | 220 90 | EA3 6 51 |43 | 143 0 170 11
{438 kN}
305x165x40 3 253 4 253 4 150 | 8 | 220 90 | EA3 6 46 | 3.8 | 137 0 168 11
(388 kN}
305x127x48 3 380 4 380 4 150 | 8 | 220 90 | EA3 6 6.9 | 5.8 | 141 0 179 11
{596 kN}
305x127x42 3 337 4 337 4 150 | 8 | 220 90 | EA3 6 6.1 | 5.1 | 135 0 175 11
{523 kN}
305x127x37 3 299 4 299 4 150 | 8 | 220 90 | EA3 6 54 |45 | 131 0 172 11
{460 kN}
305x102x33 3 278 4 278 4 150 | 8 | 220 90 | EA3 6 5.0 |42 | 143 0 170 11
{440 kN}
305x102x28 3 253 4 253 4 150 | 8 | 220 90 | EA3 6 46 |38 | 134 0 168 11
{395 kN}
305x102x25 3 245 4 245 4 150 | 8 | 220 90 | EA3 6 4.4 137 | 125 0 167 11
{377 kN}
254x146x43 2 207 4 207 4 150 | 8 | 150 90 | EA2 6 5.6 | 4.7 | 146 0 116 11
{398 kN}
254x146x37 2 181 4 181 4 150 | 8 | 150 90 | EA2 6 49 | 4.1 | 142 0 114 11
{344 kN}
254x146x31 2 173 4 173 4 150 | 8 | 150 90 | EA2 6 47 |39 | 134 0 113 11
{321 kN}
254x102x28 2 181 4 181 4 150 | 8 | 150 90 | EA2 6 49 | 4.1 | 140 0 114 11
{349 kN}
254x102x25 2 173 4 173 4 150 | 8 | 150 90 | EA2 6 47 |39 | 134 0 113 11
{329 kN}
254x102x22 2 164 4 164 4 150 | 8 | 150 90 | EA2 6 45 | 3.7 | 128 0 113 11
{308 kN}

For guidance on the use of tables see Explanatory notes in Table H.17
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Table H.22

BEAM: S275
END PLATE: S275
HOLLO-BOLTS: M20, 8.8

Flexible End Plates

FLEXIBLE END PLATES, HOLLO-BOLTS
200x10 or 180x8 mm End Plate

Fitting™® Min.
- ) a7
Un-notched End Plate Fillet® '?#EE:SSS Tying
Bolt weld
Rows Bolt® s Critical
Beam Size n | Shear® | Critical®| width | t, |-2"9"| Gauge| Mark® 5275 355 | Capacity| oo
Capacity| Design ? g ec
1) kN Check
{} mm [mm| mm | mm mm | mm [ mm kN
914x305x253 | 11 | 1460 9(i) 200 | 10| 780 | 120 |ED11| 8 7.6 [ 6.5 | 990 11
{2530 kN} 10 | 1340 (i) 200 | 10| 710 | 120 |ED10| 8 7.6 | 6.4 | 901 11
9 1210 (i) 200 | 10| 640 | 120 | ED9 8 76 | 6.4 | 812 11
8 1080 (i) 200 | 10| 570 | 120 | ED8 8 75 | 6.4 723 11
914x305x224 | 11 | 1460 (i) 200 | 10| 780 | 120 |ED11| 8 76 |65 | 964 11
{2300 kN} 10 | 1340 9(i) 200 | 10| 710 | 120 |ED10| 8 7.6 | 6.4 | 877 11
9 1210 (i) 200 | 10| 640 | 120 | ED9 8 76 | 6.4 791 11
8 1080 9(i) 200 | 10| 570 | 120 | ED8 8 75 | 6.4 704 11
914x305x201 11 | 1460 9(i) 200 | 10| 780 | 120 |ED11| 8 7.6 [ 6.5 | 949 11
{2170 kN} 10 | 1340 (i) 200 | 10| 710 | 120 |ED10| 8 76 | 6.4 | 864 11
9 1210 9(i) 200 | 10| 640 | 120 | ED9 8 76 | 6.4 779 11
8 1080 (i) 200 | 10| 570 | 120 | ED8 8 75 | 6.4 694 11
838x292x226 | 10 | 1340 (i) 200 | 10| 710 | 120 |ED10| 8 7.6 | 6.4 | 880 11
{2180 kN} 9 1210 9(i) 200 | 10| 640 | 120 | ED9 8 7.6 | 6.4 794 11
1080 9(i) 200 | 10| 570 | 120 | ED8 75 | 6.4 707 11
838x292x194 | 10 | 1340 (i) 200 | 10| 710 | 120 |ED10 76 | 6.4 | 858 11
{1960 kN} 9 1210 9(i) 200 | 10| 640 | 120 | ED9 76 | 6.4 773 11
1080 (i) 200 | 10| 570 | 120 | ED8 75 | 6.4 689 11
838x292x176 | 10 | 1340 (i) 200 | 10| 710 | 120 |ED10 76 | 6.4 | 847 11
{1860 kN} 9 1210 9(i) 200 | 10| 640 | 120 | ED9 76 | 6.4 763 11
1080 (i) 200 | 10| 570 | 120 | ED8 75 | 6.4 680 11
762x267x197 9 1210 (i) 200 | 10| 640 | 120 | ED9 8 76 | 6.4 786 11
{1910 kN} 8 1080 (i) 200 | 10| 570 | 120 | ED8 8 75 [ 6.4 700 11
7 947 (i) 200 | 10| 500 | 120 | ED7 8 75 163 614 11
762x267x173 1210 (i) 200 | 10| 640 | 120 | ED9 76 | 6.4 768 11
{1730 kN} 1080 9(i) 200 | 10| 570 | 120 | ED8 75 | 6.4 684 11
947 (i) 200 | 10| 500 | 120 | ED7 75 163 600 11
762x267x147 1170 200 | 10| 640 | 120 | ED9 74 162 747 11
{1530 kN} 1040 4 200 | 10| 570 | 120 | ED8 73 | 6.2 665 11
916 4 200 | 10| 500 | 120 | ED7 7.2 | 6.1 584 11
762x267x134 9 1140 200 | 10| 640 | 120 | ED9 6 7.2 16.0 688 11
{1490 kN} 8 1020 200 | 10| 570 | 120 | ED8 6 71 | 6.0 613 11
7 891 4 200 | 10| 500 | 120 | ED7 6 7.0 |59 | 538 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S275
END PLATE: S275
Table H.22 Continued HOLLO-BOLTS: M20, 8.8
FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Fitting™® Min.
- (5) i)
Un-notched End Plate Fillet® '?#EE:SSS Tying
Bolt weld
Rows 2 Bolt® s Critical
Beam Size n | Shear® |Critical®| width | t, |69 Gauge | Mark® $275 | $355 | Capacity| 5y °
Capacity| Design J4 g9 Chec
{1 kN Check mm [mm| mm | mm mm | mm | mm kN
686x254x170 | 8 | 1080 9(i) | 200 [10| 570 | 120 [ ED8| 8 |75 [ 6.4 | 686 11
{1600 kN} 7 | 947 9()) | 200 [10| 500 | 120 | ED7| 8 |75 |6.3 | 602 11

818 9(i) 200 | 10| 430 | 120 | ED6 8 |74 162 | 518 11
686x254x152 8 1080 9(i) 200 | 10| 570 | 120 | ED8 8 |75 |64 | 670 11

{1440 kN} 7 944 4 200 [ 10| 500 | 120 | ED7 8 |74 163 | 588 11
6 812 4 200 | 10| 430 | 120 | ED6 8 |74 162 | 506 11

686x254x140 8 1010 4 200 | 10| 570 | 120 | ED8 6 |71 6.0 | 617 11

{1350 kN} 7 887 4 200 [ 10| 500 | 120 | ED7 6 |70 |59 | 541 11
763 4 200 | 10| 430 | 120 | ED6 6 |69 |58 | 465 11

686x254x125 8 954 4 200 | 10| 570 | 120 | ED8 6 |67 |56 | 610 11
{1260 kN} 7 837 4 200 [ 10| 500 | 120 | ED7 6 |66 |56 | 535 11
720 4 200 | 10| 430 | 120 | ED6 6 |65 |55 | 460 11

610x305x238 | 7 | 947 9() | 200 [10] 500 | 120 | ED7| 8 |75 |63 | 648 11
{1860 kN} 6 | 818 9() | 200 [10| 430 | 120 [ EDE| 8 |[7.4 |62 | 557 11

610x305x179 7 947 (i) 200 [ 10| 500 | 120 | ED7 8 |75 163 | 597 11

{1390 kN} 6 818 9(i) 200 | 10| 430 | 120 | ED6 8 |74 162 | 514 11
610x305x149 7 844 4 200 | 10| 500 | 120 | ED7 6 |66 |56 | 536 11
{1150 kN} 6 726 4 200 [ 10| 430 | 120 | ED6 6 |66 |55 | 461 11
610x229x140 7 937 4 200 [ 10| 500 | 120 | ED7 8 |74 6.2 | 587 11
{1290 kN} 6 806 4 200 | 10| 430 | 120 | ED6 8 |73 |6.1 505 11
610x229x125 7 851 4 200 | 10| 500 | 120 | ED7 6 |6.7 |57 | 537 11
{1160 kN} 6 732 4 200 [ 10| 430 | 120 | ED6 6 |66 |56 | 462 11
610x229x113 7 794 4 200 [ 10| 500 | 120 | ED7 6 |63 ]53 | 530 11
{1070 kN} 6 683 4 200 | 10| 430 | 120 | ED6 6 |62 |52 | 456 11
610x229x101 7 780 4 200 | 10| 500 | 120 | ED7 6 |61 |52 | 525 11
{1040 kN} 6 670 4 200 [ 10| 430 | 120 | ED6 6 |6.1]51 451 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S275

END PLATE: S275

Table H.22 Continued HOLLO-BOLTS: M20, 8.8

FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Fitting® Min.
. 5) -0}
Un-notched End Plate Fillet® '?#EE:SSS Tying
Bolt weld
Rows Bolt® S Critical
Beam Size n | Shear® | Critical®| width | t, |-2"9"| Gauge|Mark® 5275 355 | Capacity| oo
Capacity| Design V4 g9 ec
) kN Check
{} mm [mm| mm | mm mm | mm [ mm kN

533x210x122 6 781 4 200 | 10| 430 | 120 | ED6 8 71 16.0 501 11
{1100 kN} 5 654 4 200 (10| 360 | 120 | ED5S 8 71 159 419 11
533x210x109 6 714 4 200 [ 10| 430 | 120 | ED6 6 |65 |54 | 459 11
{995 kN} 5 598 4 200 (10| 360 | 120 | ED5S 6 6.5 |54 385 11
533x210x101 6 665 4 200 | 10| 430 | 120 | ED6 6 6.0 | 51 454 11
{922 kN} 5 556 4 200 | 10| 360 | 120 | ED5 6 |6.0]51 380 11
533x210x92 6 645 4 200 (10| 430 | 120 | ED6 6 58 | 4.9 448 11
{888 kN} 5 540 4 200 (10| 360 | 120 | ED5S 6 59 |4.9 375 11
533x210x82 6 613 4 200 | 10| 430 | 120 | ED6 6 56 | 4.7 445 11
{837 kN} 5 513 4 200 (10| 360 | 120 | ED5S 6 56 | 4.7 372 11
457x191x98 5 551 9(i) 180 | 8 | 360 | 90 | EC5 6 |63 |53 | 478 11
{847 kN} 4 447 (i) 180 | 8 | 290 90 EC4 6 6.2 | 53 385 11
457x191x89 5 541 4 180 | 8 | 360 90 EC5 6 6.2 | 5.2 465 11
{774 kN} 4 436 4 180 | 8 | 290 90 EC4 6 6.1 | 51 375 11
457x191x82 5 529 4 180 | 8 | 360 | 90 | EC5 6 |6.0]51 457 11
{751 kN} 4 426 4 180 | 8 | 290 90 EC4 6 6.0 | 5.0 368 11
457x191x74 5 481 4 180 | 8 | 360 90 EC5 6 55 4.6 445 11
{679 kN} 4 388 4 180 | 8 | 290 | 90 | EC4 6 |54 |46 | 358 11
457x191x67 5 454 4 180 | 8 | 360 | 90 | EC5 6 |52 |44 | 438 11
{636 kN} 4 366 4 180 | 8 | 290 90 EC4 6 51 143 353 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S275
END PLATE: S275
Table H.22 Continued HOLLO-BOLTS: M20, 8.8
FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Un-notched Fiting” SuMm. ®) ing”
End Plate Fillet® ThiEE:sratss e
Bolt weld
Rows Bolt® s .
Beam Size n Shear‘_z’ Criticlalm width | t, [-e"9| Gauge | Mark® s275 | 5355 | Capacity grrl]t(l;(::zli(l
Capacity| Design J4 g9
(o kN Check mm [mm| mm | mm mm | mm | mm kN
457x152x82 5 541 4 180 | 8 | 360 90 EC5 6 6.2 | 5.2 465 11
{778 kN} 4 436 4 180 | 8 | 290 90 EC4 6 6.1 | 51 375 11
457x152x74 5 495 4 180 | 8 | 360 90 | EC5 6 56 | 4.8 453 11
{705 kN} 4 398 4 180 | 8 | 290 90 EC4 6 56 | 47 365 11
457x152x67 5 481 4 180 | 8 | 360 90 EC5 6 55 4.6 445 11
{680 kN} 4 388 4 180 | 8 | 290 90 | EC4 6 54 | 4.6 358 11
457x152x60 5 433 4 180 | 8 | 360 90 | EC5 6 49 | 4.2 433 11
{608 kN} 4 349 4 180 | 8 | 290 90 EC4 6 49 | 441 349 11
457x152x52 5 406 4 180 | 8 | 360 90 EC5 6 46 | 3.9 427 11
{564 kN} 4 327 4 180 | 8 | 290 90 EC4 6 46 | 3.9 344 11
406x178x74 4 409 4 180 | 8 | 290 90 | EC4 6 57 | 4.8 363 11
(647 kN}
406x178x67 4 379 4 180 | 8 | 290 90 | EC4 6 53 |45 356 11
{594 kN}
406x178x60 4 340 4 180 | 8 | 290 90 EC4 6 48 | 4.0 347 11
{530 kN}
406x178x54 4 332 4 180 | 8 | 290 90 | EC4 6 46 | 3.9 345 11
{512 kN}
406x140x46 4 293 4 180 | 8 | 290 90 | EC4 6 41 |35 336 11
{452 kN}
406x140x39 4 276 4 180 | 8 | 290 90 | EC4 6 3.8 | 3.3 333 11
{420 kN}
356x171x67 3 297 4 180 | 8 | 220 90 EC3 6 54 145 272 11
{546 kN}
356x171x57 3 265 4 180 | 8 | 220 90 | EC3 6 48 | 4.0 265 11
{478 kN}
356x171x51 3 242 4 180 | 8 | 220 90 EC3 6 4.4 | 3.7 259 11
{433 kN}
356x171x45 3 229 4 180 | 8 | 220 90 EC3 6 41 | 3.5 257 11
{406 kN}
356x127x39 3 216 4 180 | 8 | 220 90 EC3 6 39 |33 254 11
{385 kN}
356x127x33 3 196 4 180 | 8 | 220 90 | EC3 6 3.6 | 3.0 250 11
{346 kN}

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S275
END PLATE: S275
Table H.22 Continued HOLLO-BOLTS: M20, 8.8
FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Un-notched Fiting” SUM'”- ®) ing”
End Plate Fillet® ThiEE:sratss e
Bolt weld
Rows Bolt® s -
Beam Size n Shear‘_z’ Criticlalm width | t, [-e"9| Gauge | Mark® s275 | 5355 | Capacity grrl]t(l;(::zli(l
Capacity| Design J4 g9
(o kN Check mm |mm| mm [ mm mm | mm | mm kN
305x165x54 3 258 4 180 | 8 | 220 90 EC3 6 47 | 3.9 263 11
{405 kN}
305x165x46 3 219 4 180 | 8 | 220 90 EC3 6 40 | 3.3 254 11
(339 kN}
305x165x40 3 196 4 180 | 8 | 220 90 EC3 6 3.6 | 3.0 250 11
{300 kN}
305x127x48 3 294 4 180 | 8 | 220 90 EC3 6 53 |45 272 11
{462 kN}
305x127x42 3 261 4 180 | 8 | 220 90 EC3 6 47 | 4.0 264 11
{406 kN}
305x127x37 3 232 4 180 | 8 | 220 90 EC3 6 42 |35 257 11
{357 kN}
305x102x33 3 216 4 180 | 8 | 220 90 EC3 6 39 |33 254 11
{341 kN}
305x102x28 3 196 4 180 | 8 | 220 90 EC3 6 3.6 | 3.0 250 11
{306 kN}
305x102x25 3 189 4 180 | 8 | 220 90 EC3 6 34 |29 248 11
{292 kN}
254x146x43 2 160 4 180 | 8 | 150 90 EC2 6 44 | 3.6 176 11
(308 kN}
254x146x37 2 140 4 180 | 8 | 150 90 EC2 6 3.8 | 3.2 172 11
{266 kN}
254x146x31 2 134 4 180 | 8 | 150 90 EC2 6 3.6 | 3.0 170 11
{249 kN}
254x102x28 2 140 4 180 | 8 | 150 90 EC2 6 3.8 | 3.2 172 11
{271 kN}
254x102x25 2 134 4 180 | 8 | 150 90 EC2 6 3.6 | 3.0 170 11
{255 kN}
254x102x22 2 127 4 180 | 8 | 150 90 EC2 6 3.5 |29 169 11
{239 kN}

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355

END PLATE: S275

Table H.23 HOLLO-BOLTS: M20, 8.8

FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Fitting™® Min.
. 5) -0}
Un-notched End Plate Fillet® '?#EE:SSS Tying
Bolt weld
Rows Bolt® S Critical
Beam Size n | Shear® | Critical®| width | t, |-2"9"| Gauge| Mark® 5275 355 | Capacity| oo
Capacity| Design ? g ec
1) kN Check
{} mm [mm| mm | mm mm | mm [ mm kN

914x305x253 11 1460 (i) 200 | 10| 780 | 120 | ED11 8 76 | 6.5 990 11
{3290 kN} 10 | 1340 (i) 200 (10| 710 | 120 |ED10 8 76 | 6.4 901 11
9 1210 (i) 200 (10| 640 | 120 | ED9 8 76 | 6.4 812 11
8 | 1080 9(i) 200 | 10| 570 | 120 | ED8 8 |75 |64 | 723 11
914x305x224 11 1460 (i) 200 (10| 780 | 120 |ED11 8 76 | 6.5 964 11
{3000 kN} 10 | 1340 (i) 200 (10| 710 | 120 |ED10 8 76 | 6.4 877 11
9 1210 (i) 200 (10| 640 | 120 | ED9 8 76 | 6.4 791 11
8 1080 (i) 200 (10| 570 | 120 | ED8 8 75 | 6.4 704 11
914x305x201 11 1460 (i) 200 | 10| 780 | 120 | ED11 8 76 | 6.5 949 11
{2820 kN} 10 | 1340 (i) 200 (10| 710 | 120 |ED10 8 76 | 6.4 864 11
9 1210 (i) 200 (10| 640 | 120 | ED9 8 76 | 6.4 779 11
8 | 1080 9(i) 200 | 10| 570 | 120 | ED8 8 |75 |64 | 694 11
838x292x226 10 | 1340 (i) 200 (10| 710 | 120 |ED10 8 76 | 6.4 880 11

{2840 kN} 9 1210 9(i) 200 | 10| 640 | 120 | ED9 8 |76 |64 | 79 11
1080 9(i) 200 [ 10| 570 | 120 | ED8 8 |75 164 | 707 11

838x292x194 | 10 | 1340 (i) 200 (10| 710 | 120 |ED1O| 8 |7.6 | 6.4 | 858 11
{2560 kN} 9 1210 9(i) 200 | 10| 640 | 120 | ED9 8 |76 |64 | 773 11
1080 (i) 200 [ 10| 570 | 120 | ED8 8 |75 )64 | 689 11

838x292x176 | 10 | 1340 9(i) 200 (10| 710 | 120 |ED1O| 8 |7.6 | 6.4 | 847 11
{2420 kN} 9 1210 (i) 200 | 10| 640 | 120 | ED9 8 |76 |64 | 763 11
1080 9(i) 200 [ 10| 570 | 120 | ED8 8 |75 164 | 680 11

762x267x197 9 1210 9(i) 200 [ 10| 640 [ 120 | ED9 8 |76 |64 | 786 11
{2490 kN} 8 1080 (i) 200 [ 10| 570 | 120 | ED8 8 |75 |64 | 700 11
7 947 9(i) 200 [ 10| 500 | 120 | ED7 8 |75 163 | 614 11

762x267x173 9 | 1210 (i) 200 [ 10| 640 [ 120 | ED9 8 |76 |64 | 768 11
{2260 kN} 8 | 1080 (i) 200 [ 10| 570 | 120 | ED8 8 |75 |64 | 684 11
947 9(i) 200 [ 10| 500 | 120 | ED7 8 |75 163 | 600 11

762x267x147 9 1210 9(i) 200 [ 10| 640 | 120 | ED9 8 |76 |64 | 747 11
{2000 kN} 8 1080 (i) 200 [ 10| 570 | 120 | ED8 8 |75 |64 | 665 11
947 (i) 200 [ 10| 500 | 120 | ED7 8 |75 163 | 584 11

762x267x134 9 1210 (i) 200 [ 10| 640 | 120 | ED9 8 |76 |64 | 737 11
{1920 kN} 8 1080 (i) 200 (10| 570 | 120 | ED8 8 |75 |64 | 656 11
7 947 (i) 200 [ 10| 500 | 120 | ED7 8 |75 163 | 575 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355
END PLATE: S275
Table H.23 Continued HOLLO-BOLTS: M20, 8.8
FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Fitting" Min
- (5) i)
Un-notched End Plate Fillet® '?#EE:SSS Tying
Bolt weld
Rows > Bolt® s Critical
Beam Size n | Shear® |Critical®| width | t, |69 Gauge | Mark® $275 | $355 | Capacity| 5y °
Capacity| Design J4 g9 Chec
{1 kN Check mm |mm| mm | mm mm | mm | mm kN
686x254x170 | 8 | 1080 9(i) | 200 [10| 570 | 120 [ ED8| 8 |75 [ 6.4 | 686 11
{2080 kN} 7 | 947 9()) | 200 [10| 500 | 120 | ED7| 8 |75 |6.3 | 602 11

818 9(i) 200 | 10| 430 | 120 | ED6 8 74 162 | 518 11

686x254x152 | 8 | 1080 | 9G) | 200 | 10| 570 | 120 | ED8| 8 |75 |64 | 670 11
{1880 kN} 7 | 947 | 9@) | 200 |10| 500 | 120 | ED7| 8 |75 |63 | 588 11
6 | 818 | 96) | 200 |10| 430 | 120 [ ED6| 8 |7.4 |62 | 508 11

686x254x140 | 8 [ 1080 | 9¢i) | 200 |10] 570 | 120 | ED8| 8 |75 | 6.4 | 661 11
{1750 kN} 7 | 947 | 9() | 200 | 10| 500 | 120 | ED7| 8 |75 |63 | 580 11
818 | 9() | 200 [10]| 430 | 120 | ED6| 8 |74 |62 | 498 11

686x254x125 8 1080 9(i) 200 | 10| 570 | 120 | ED8 8 |75 |64 | 653 11
{1640 kN} 7 947 (i) 200 [ 10| 500 | 120 | ED7 8 |75 163 | 572 11
818 9(i) 200 | 10| 430 | 120 | ED6 8 |74 6.2 | 492 11

610x305x238 7 947 9(i) 200 | 10| 500 | 120 | ED7 8 |75 |63 | 648 11
{2420 kN} 6 818 (i) 200 [ 10| 430 | 120 | ED6 8 |74 6.2 | 557 11

610x305x179 7 947 (i) 200 [ 10| 500 | 120 | ED7 8 |75 163 | 597 11
{1810 kN} 6 818 9(i) 200 | 10| 430 | 120 | ED6 8 |74 162 | 514 11

610x305x149 | 7 | 947 9() | 200 [10]| 500 | 120 | ED7| 8 |75 |63 | 573 11
{1500 kN} 6 | 818 9() | 200 [10| 430 | 120 [ EDE| 8 |74 |62 | 493 11

610x229x140 7 947 (i) 200 [ 10| 500 | 120 | ED7 8 |75 163 | 587 11
{1670 kN} 6 818 9(i) 200 | 10| 430 | 120 | ED6 8 |74 162 | 505 11

610x229x125 | 7 | 947 9() | 200 [10]| 500 | 120 | ED7| 8 |75 |63 | 574 11
{1510 kN} 6 | 818 9() | 200 [10| 430 | 120 [ EDE| 8 |[7.4 |62 | 494 11

610x229x113 7 947 (i) 200 [ 10| 500 | 120 | ED7 8 |75 ]6.3 | 566 11
{1400 kN} 6 818 9(i) 200 | 10| 430 | 120 | ED6 8 |74 |62 | 487 11

610x229x101 | 7 | 947 9() | 200 [10]| 500 | 120 | ED7| 8 |75 | 6.3 | 561 11
{1350 kN} 6 | 818 9() | 200 [10| 430 | 120 [ EDE| 8 |[7.4 |62 | 482 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355
END PLATE: S275
Table H.23 Continued HOLLO-BOLTS: M20, 8.8
FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Fitting™® Min.
- (5) i)
Un-notched End Plate Fillet® '?#EE:SSS Tying
Bolt weld
Rows 2 Bolt® s Critical
Beam Size n | Shear® |Critical®| width | t, |69 Gauge | Mark® $275 | $355 | Capacity| 5y °
Capacity| Design J4 g9 Chec
{1 kN Check mm |mm| mm | mm mm | mm | mm kN
533x210x122 | 6 | 818 9(i) | 200 [10]| 430 | 120 [ED6| 8 |[7.4 |62 | 501 11
{1430 kN} 5 | 688 9()) | 200 [10| 360 | 120 | ED5| 8 |75 |63 | 419 11

533x210x109 6 818 (i) 200 [ 10| 430 | 120 | ED6 8 |74 6.2 | 491 11
{1300 kN} 5 688 9(i) 200 | 10| 360 | 120 | ED5 8 |75 |63 | 411 11

533x210x101 6 818 9(i) 200 | 10| 430 | 120 | ED6 8 |74 (62| 485 11
{1200 kN} 5 688 (i) 200 [ 10| 360 | 120 | ED5 8 |75 ]6.3 | 406 11

533x210x92 6 818 (i) 200 [ 10| 430 | 120 | ED6 8 |74 6.2 | 479 11

{1150 kN} 5 688 9(i) 200 | 10| 360 | 120 | ED5 8 |75 |63 | 401 11
533x210x82 6 791 4 200 | 10| 430 | 120 | ED6 8 |72 ]6.0 | 475 11
{1080 kN} 5 663 4 200 [ 10| 360 | 120 | ED5 8 |72 ]6.0 | 398 11

457x191x98 5 551 (i) 180 | 8 [ 360 | 90 | EC5 6 |63 |53 | 478 11
{1100 kN} 4 447 9(i) 180 [ 8 | 290 | 90 | EC4 6 |62 |53 | 38 11

457x191x89 5 551 9(i) 180 | 8 | 360 | 90 | EC5 6 |63 |53 | 465 11
{1010 kN} 4 447 9(i) 180 | 8 [ 290 | 90 | EC4 6 |6.2]53 | 375 11

457x191x82 5 551 (i) 180 | 8 [ 360 | 90 | EC5 6 |63 |53 | 457 11
{970 kN} 4 447 9(i) 180 [ 8 | 290 | 90 | EC4 6 |62 |53 | 368 11

457x191x74 | 5 | 551 o) | 180 | 8| 360 | 90 | EC5| 6 |63 |53 | 445 11
(876 kN} 4 | 447 | 9@ | 180 | 8|20 | 90 |EC4| 6 |62 |53 | 358 11

457x191x67 5 551 (i) 180 | 8 [ 360 | 90 | EC5 6 |63 |53 | 438 11
{821 kN} 4 447 (i) 180 | 8 [ 290 | 90 | EC4 6 |62 |53 | 353 11

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355
END PLATE: S275
Table H.23 Continued HOLLO-BOLTS: M20, 8.8
FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Fitting) Min
- (5) i)
Un-notched End Plate Fillet® '?#EE:SSS Tying
Bolt weld
Rows > Bolt® s Critical
Beam Size n | Shear® |Critical®| width | t, |69 Gauge | Mark® $275| $356 | Capacity|
Capacity| Design J4 g9 ec
{1 kN Check mm |mm| mm | mm mm | mm | mm kN
457x152x82 5 | 551 o) | 180 | 8| 360 | 90 [EC5| 6 |63 |53 | 465 11
{1010 kN} 4 | 447 9() | 180 | 8| 290 | 90 | EC4| 6 |62 |53 | 375 11

457x152x74 5 551 (i) 180 | 8 [ 360 | 90 | EC5 6 |63 |53 | 453 11
{918 kN} 4 447 (i) 180 | 8 [ 290 | 90 | EC4 6 |62 |53 ]| 365 11

457x152x67 | 5 | 551 o) | 180 | 8| 360 | 90 |EC5| 6 |63 |53 | 445 11
(878 kN} 4 | 447 | 9@ | 180|820 | 90 |EC4| 6 |62 |53 | 358 11

457x152x60 5 551 (i) 180 | 8 [ 360 | 90 | EC5 6 |63 |53 | 433 11

{784 kN} 4 447 9(i) 180 [ 8 | 290 | 90 | EC4 6 |62 |53 | 349 11
457x152x52 5 524 4 180 [ 8 | 360 | 90 | EC5 6 |6.0 |50 | 427 11
{728 kN} 4 423 4 180 | 8 [ 290 | 90 | EC4 6 |59 |50 | 344 11

406x178x74 4 447 (i) 180 | 8 [ 290 | 90 | EC4 6 |6.2]53 | 363 11

{835 kN}
406x178x67 | 4 | 447 | 9@ | 180 | 8| 200 | 90 |EC4| 6 |62 |53 | 35 | 11
{767 kN}
406x178x60 | 4 | 439 4 |180| 8|29 | 9 |ECa| 6 |61 52| 347 | 11
(684 kN}
406x178x54 | 4 | 428 4 | 180 |8 |20 | 9 |ECa| 6 |60 |51 | 345 | 11
{660 kN}
406x140x46 | 4 | 378 4 | 1808|200 90 [ECa| 6 [53 |45 336 | 11
(584 kN}
406x140x39 | 4 | 356 4 | 180 |8|200| 90 |EC4| 6 |50 |42 | 333 | 11
{543 kN}
356x171x67 | 3 | 344 | 9() | 180 | 8| 220 90 [EC3| 6 |62 |52 | 272 | 11
{704 kN}
356x171x57 | 3 | 342 4 |180|8|220| 90 |EC3| 6 |62 |52 | 265 | 11
{618 kN}
356x171x51 | 3 | 312 4 |180|8|220| 90 |EC3| 6 |57 |48 | 259 | 11
{560 kN}
356x171x45 | 3 | 295 4 |180|8|220| 90 |EC3| 6 |53 |45 | 257 | 11
{524 kN}
356x127x39 | 3 | 278 4 |[180| 8| 220 90 [EC3| 6 [50 [42 | 254 | 11
{497 kN}
356x127x33 | 3 | 253 4 | 180 |8|220| 90 |EC3| 6 |46 |39 ]| 250 | 11
{446 kN}

For guidance on the use of tables see Explanatory notes in Table H.17
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Flexible End Plates

BEAM: S355
END PLATE: S275
Table H.23 Continued HOLLO-BOLTS: M20, 8.8
FLEXIBLE END PLATES, HOLLO-BOLTS
Eﬂ 200x10 or 180x8 mm End Plate Eﬂ
Fitting® Min.
Un-notched Enl dlrll?ate Fillet® Sulpport(s) Tying"”
Bolt weld Thickness
Rows Bolt® s -
Beam Size n Shear‘_z’ Criticlalm width | t, [-e"9| Gauge | Mark® s275 | 5355 | Capacity grrl]t(l;(::zli(l
Capacity| Design J4 g9
(o kN Check mm |mm| mm [ mm mm | mm | mm kN
305x165x54 3 333 4 180 | 8 | 220 90 EC3 6 6.0 | 5.1 263 11
{522 kN}
305x165x46 3 283 4 180 | 8 | 220 90 EC3 6 51 |43 254 11
{438 kN}
305x165x40 3 253 4 180 | 8 | 220 90 EC3 6 46 | 3.9 250 11
{388 kN}
305x127x48 3 344 (i) 180 | 8 | 220 90 EC3 6 6.2 | 5.2 272 11
{596 kN}
305x127x42 3 337 4 180 | 8 | 220 90 EC3 6 6.1 | 5.1 264 11
{523 kN}
305x127x37 3 299 4 180 | 8 | 220 90 EC3 6 54 | 4.6 257 11
{460 kN}
305x102x33 3 278 4 180 | 8 | 220 90 EC3 6 50 | 4.2 254 11
{440 kN}
305x102x28 3 253 4 180 | 8 | 220 90 EC3 6 46 | 3.9 250 11
{395 kN}
305x102x25 3 245 4 180 | 8 | 220 90 EC3 6 44 | 3.7 248 11
{377 kN}
254x146x43 2 207 4 180 | 8 | 150 90 EC2 6 56 | 4.7 176 11
{398 kN}
254x146x37 2 181 4 180 | 8 | 150 90 EC2 6 49 | 41 172 11
{344 kN}
254x146x31 2 173 4 180 | 8 | 150 90 EC2 6 4.7 |1 3.9 170 11
{321 kN}
254x102x28 2 181 4 180 | 8 | 150 90 EC2 6 49 | 41 172 11
{349 kN}
254x102x25 2 173 4 180 | 8 | 150 90 EC2 6 4.7 |1 3.9 170 11
{329 kN}
254x102x22 2 164 4 180 | 8 | 150 90 EC2 6 45 |37 169 11
{308 kN}

For guidance on the use of tables see Explanatory notes in Table H.17
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Fin Plates
Table H.24

Explanatory notes - FIN PLATES
Use of Capacity Tables

The following notes refer to the suffix numbers given at the top of the column descriptions for Tables H.27 to H.30.
The check numbers refer to those listed in Table H.26 and described in Section 6.5 Design procedures.

The capacity tables are based on the standard details given in Table H.25.

All universal beam sections which are suitable for the minimum standard fitting size and the standard notch size
are shown in the tables (i.e. if T + r > 50 mm, section is not included).

SHADED PORTION OF TABLES:

Connections for beams in the shaded portion of the tables may only be used when:

» the supported beam span/depth ratio < 20

« the gap between the supported beam end and the supporting element = 20 mm

» the maximum number of bolt rows = 8 (i.e. (n — 1)p = 490 mm, which does not exceed the limit of 530 mm).

1) SHEAR CAPACITY OF THE BEAM
The value given in { } is the shear capacity of the beam, given by 0.6pthD.

(2) SHEAR CAPACITY OF THE CONNECTION

This is the critical value of the design checks for the 'supported beam side' of the connection. i.e. the
minimum capacity from CHECKS 2, 3(i), 3(ii), 4(i), 4(ii) and 8.

(3) CRITICAL DESIGN CHECK
The check which gives the critical value of shear capacity. See Table H.26 for the description of the checks.

(4) FITTINGS
The length and type of Standard Fin Plate fittings. See Tables H.1 and H.4 for details

(5) MINIMUM SUPPORT THICKNESS

This is the minimum thickness of supporting column or beam element, that is needed to carry the given
SHEAR CAPACITY (Un-notched or Single Notched) of the connection. It is derived from
CHECK 10.

Fora symmetrical two sided connection, the minimum support thickness would be twice the tabulated value.

(6) MAXIMUM NOTCH LENGTH (C + T, )

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 CAPACITY of the connection.

Itis assumed that the beam is fully restrained against lateral torsional buckling, and the notched 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,
'y' (see Table H.25) is the same as the end plate length.

* Indicates that the condition from CHECK 6, i.e. d., < D/5is not satisfied.

(7)  TYING CAPACITY

This is the critical value of the design checks for the 'supported beam' side of the connection,
i.e. the minimum capacity from CHECKS 11(i), 11(ii), 12(i) and12(ii).

In CHECK 12 the supported beam is assumed to be a double notched member.

Separate checks will have to be carried out on the supporting member. (See CHECKS 14, 15 and 16).
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Fin Plates
Table H.25

FIN PLATES
Standard details used in Capacity Tables

50 or 60 (See Table H.4)

50 or 60 (See Table H.4) 50 or 60 (See Table H.4)
M L
, 50 . Top of beam
\ to first row
40 of bolts = 90mm
n rows of | |
| bolts at |
vertical 4 |
itch, 70
pireh, Bolts M20 grade 8.8
40 !
—el = t,
— ] |— t, 8

t, = 10 mm for supported beams < 610x 305 UB
t, =20 mm for supported beams > 610x 305 UB

UN-NOTCHED BEAM

c End projection, t, C

End projection, t,
50 or 60 (See Table H.4)
50 or 60 (See Table H.4) *
—— 50 or 60 ‘(See Table H.4)
A _
50 | Top of beam

40 | | to first row

of bolts = 90mm

nrowsof {4
bolts at
vertical
pitch, 70

Bolts M20 grade 8.8

K1

40

|

|

|
—— "— t1 8 — - ‘<— t1
ndie— S
SINGLE NOTCHED BEAM

50 or 60 (See Table H.4)

——

50 or 60 (See Table H.4)

50 or 60 (See Table H.4)  Top of beam
| " to first row
50 :\7 E I of bolts

40 | | \ - =90mm
I
| nbré:;\t/;sact)f 4 | y Note: .
. 4 For simplicity the capacity
vertical Bolts M20 grade 8.8 tables assume that the
pitch, 70 L remaining depth of beam
40 \ web, y(mm), is equal to the
' _ ; fin plate length, | (mm).
: : 8
t1

DOUBLE NOTCHED BEAM

Note: See Tables H.1 and H.4 Standard Fittings, Marks and details for Fin Plates
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Fin Plates

Table H.26
FIN PLATES
Critical Check Description List
Check Number Description
2 Capacity of bolt group
t 3(i) Shear capacity of fin plate
- T o
(&) O o
< |5 %
& & g 3(ii) Shear and bending interaction capacity of fin plate
o S o
E ”nw o
w 4(i) Shear capacity of supported beam at the connection
I
(2]
4(ii) Shear and bending interaction capacity of supported beam at the
2" bholt line connection
o
£3
€2
% 2 8 Capacity of fillet weld
2 5
()
S
- 11(i) Tension capacity of fin plate
4
0
E 11(ii) Bearing capacity of fin plate
4
&
=) 12(i) Tension capacity of supported beam web at the connection
-
(S}
2
14
'(7, 12(ii) Bearing capacity of supported beam web at the connection
Note: This table only lists the critical checks.
For a full list of design checks and further information, see Section 6.5.
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Fin Plates

BEAM: S275
FIN PLATE: S275
Table H.27 BOLTS: M20, 8.8

; FIN PLATES, ORDINARY BOLTS ¥
. .
1 Single line of bolts 1
' 120x10mm or 100x10mm Fin Plate '
Un-notched Bouble Notch Fitting® Min. Support® MLax. No(tec)h I
or Single Notch Fin Plate Thickness ength Tying
Bolt oty
- Fows @ | critical® @ | critioal® | v Length ) .| Critical
Beam Size n | Shear” | Critical™ [ Shear™ | Critical™ | width | t, Mark | S275 | S355 | Single | Double | Capacity
Capacity | Design | Capacity | Design 14 Check
{1 kN Check KN Check mm [mm| mm mm mm mm mm kN
914x305x253 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 928 | 388" 1100 11 (ii)
{2530 kN}
914x305x224 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 786 | 357 1100 11 (ii)
{2300 kN}
914x305x201 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 686 | 339 1100 11 (ii)
{2170 kN}
838x292x226 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 861 362" 1100 11 (ii)
{2180 kN}
838x292x194 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 729 330" 1080 12 (ii)
{1960 kN}
838x292x176 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 640 314* 1030 12 (ii)
{1860 kN}
762x267x197 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 780 350 1100 11 (ii)
{1910 kN} 7 542 2 542 2 120 | 10| 500 | FC7 7.3 5.7 780 318* 966 11 (ii)
762x267x173 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 743 321 1050 12 (ii)
{1730 kN} 7 542 2 542 2 120 | 10| 500 | FC7 7.3 5.7 772 291" 921 12 (ii)
762x267x147 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 600 287 942 12 (ii)
{1530 kN} 7 542 2 542 2 120 | 10| 500 | FC7 7.3 5.7 600 261* 824 12 (ii)
762x267x134 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 502 280 883 12 (ii)
{1490 kN} 7 542 2 542 2 120 | 10| 500 | FC7 7.3 5.7 502 254> 773 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S275
FIN PLATE: S275
Table H.27 Continued BOLTS: M20, 8.8
- FIN PLATES, ORDINARY BOLTS ¥
- -
1 Single line of bolts 1
' 120x10mm or 100x10mm Fin Plate '
Un-notched Fitting® Min. Support® Max. Notch
’ . © -
or Single Notch Double Notch Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | Critical® [ Shear® | Critical® | width | t, 9N Mark | s275 | $355 | Single | Double | Capacity Crr:“ci
Capacity | Design | Capacity | Design 14 ec
(1) kN Check kN Check
{1} mm |mm| mm mm mm mm mm kN
686x254x170 8 639 2 639 2 120 | 10| 570 FC8 7.5 5.8 624 326 1070 12 (ii)
{1600 kN} 7 542 2 542 2 120 | 10| 500 FC7 7.3 5.7 703 296* 934 12 (ii)
445 2 445 2 120 | 10| 430 FC6 7.0 54 703 266* 800 12 (ii)
686x254x152 8 639 2 639 2 120 | 10| 570 FC8 7.5 5.8 559 296 972 12 (ii)
{1440 kN} 7 542 2 542 2 120 | 10| 500 FC7 7.3 57 659 269 850 12 (ii)
445 2 445 2 120 | 10| 430 FC6é 7.0 54 698 242* 729 12 (ii)
686x254x140 8 639 2 639 2 120 | 10| 570 FC8 7.5 5.8 517 278 913 12 (ii)
{1350 kN} 7 542 2 542 2 120 | 10| 500 FC7 7.3 5.7 610 253 799 12 (ii)
445 2 445 2 120 | 10| 430 FCé 7.0 54 663 228* 684 12 (ii)
686x254x125 8 639 2 639 2 120 | 10| 570 FC8 7.5 5.8 474 263 861 12 (ii)
{1260 kN} 7 542 2 542 2 120 | 10| 500 FC7 7.3 57 559 238 753 12 (ii)
445 2 445 2 120 | 10| 430 FCé 7.0 54 568 215* 646 12 (ii)
610x305x238 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 646 375 966 11 (ii)
{1860 kN} 6 445 2 445 2 100 | 10| 430 FAG 7.0 5.4 646 338* 828 11 (ii)
610x305x179 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 589 287 908 12 (ii)
{1390 kN} 6 445 2 445 2 100 | 10| 430 FA6 7.0 54 630 259* 778 12 (ii)
610x305x149 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 483 241 760 12 (ii)
{1150 kN} 6 445 2 445 2 100 | 10| 430 FAG 7.0 54 588 217* 651 12 (ii)
610x229x140 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 521 267 844 12 (ii)
{1290 kN} 6 445 2 445 2 100 | 10| 430 FA6 7.0 54 627 240* 723 12 (ii)
610x229x125 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 465 243 766 12 (ii)
{1160 kN} 6 445 2 445 2 100 | 10| 430 FAG 7.0 54 567 218* 657 12 (ii)
610x229x113 7 568 2 568 2 100 | 10| 500 FA7 7.6 5.9 406 204 715 12 (ii)
{1070 kN} 6 471 2 471 2 100 | 10| 430 FA6 7.4 57 489 193* 613 12 (ii)
610x229x101 7 568 2 568 2 100 | 10| 500 FA7 7.6 5.9 387 195 676 12 (ii)
{1040 kN} 6 471 2 471 2 100 | 10| 430 FAG 7.4 57 467 184* 580 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S275
FIN PLATE: S275
Table H.27 Continued BOLTS: M20, 8.8

; FIN PLATES, ORDINARY BOLTS ¥

- -

1 Single line of bolts 1

' 120x10mm or 100x10mm Fin Plate '
Un-notched Fitting® Min. Support® Max. Notch
’ . © -
or Single Notch Double Notch Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | critical® | Shear® | Critical® | width | t, | © °"| Mark | S275 | S355 | Single | Double | Capacity orr:“ci
Capacity | Design | Capacity | Design 14 ec
(1) kN Check kN Check
{1} mm |mm| mm mm mm mm mm kN

533x210x122 6 471 2 471 2 100 | 10| 430 FA6 7.4 57 443 220 690 11 (ii)
{1100 kN} 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 555 194* 575 11 (ii)
533x210x109 6 471 2 471 2 100 | 10| 430 FAG 7.4 57 397 201 640 12 (ii)
{995 kN} 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 499 177* 534 12 (ii)
533x210x101 6 471 2 471 2 100 | 10| 430 FA6 7.4 57 366 180 596 12 (ii)
{922 kN} 5 374 2 374 2 100 | 10| 360 FA5 7.0 5.4 460 165* 497 12 (ii)
533x210x92 6 471 2 471 2 100 | 10| 430 FAG 7.4 5.7 349 167 558 12 (ii)
{888 kN} 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 439 160* 465 12 (ii)
533x210x82 6 452 2 452 2 100 | 10| 430 FA6 71 55 334 162 530 12 (ii)
{837 kN} 5 | 359 2 359 2 | 100 |10| 360 | FA5 | 6.7 | 52 | 421 | 155* | 442 | 12 i)
457x191x98 5 374 2 374 2 100 | 10| 360 FA5 7.0 5.4 360 174 524 12 (ii)
{847 kN} 4 279 2 279 2 100 | 10| 290 FA4 6.5 5.0 477 152* 420 12 (ii)
457x191x89 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 327 161 483 12 (ii)
{774 kN} 4 279 2 279 2 100 | 10| 290 FA4 6.5 5.0 437 140 386 12 (ii)
457x191x82 5 371 2 371 2 100 | 10| 360 FA5 6.9 54 317 155 455 12 (ii)
{751 kN} 4 277 2 277 2 100 | 10| 290 FA4 6.4 5.0 424 138* 364 12 (ii)
457x191x74 5 337 2 337 2 100 | 10| 360 FA5 6.3 4.9 313 155 414 12 (ii)
{679 kN} 4 251 2 251 2 100 | 10| 290 FA4 5.8 4.5 420 138* 331 12 (ii)
457x191x67 5 318 2 318 2 100 | 10| 360 | FAS5 6.0 4.6 306 155 391 12 (ii)
{636 kN} 4 237 2 237 2 100 | 10| 290 FA4 55 4.3 410 138* 313 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.24
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Table H.27 Continued

Fin Plates

BEAM: S275
FIN PLATE: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

. .
. .
1 Single line of bolts 1
' 120x10mm or 100x10mm Fin Plate '
Un-notched Bouble Notch Fitting® Min. Support® MLax. No(tec)h e
or Single Notch Fin Plate Thickness ength Tying
Bolt o+
Rows -
Beam Size n | shear® | critical® | Shear® | critical® | wigth | t, | """ Mark | s275 | 5355 | Single | Double | Capacity | Criica!
Capacity | Design | Capacity | Design 14 Check
{1 KN Check KN Check mm [mm| mm mm mm mm mm kN
457x152x82 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 322 161 483 12 (ii)
{778 kN} 4 279 279 100 | 10| 290 FA4 6.5 5.0 431 140 386 12 (ii)
457x152x74 5 359 359 100 | 10| 360 FA5 6.7 52 301 142 442 12 (ii)
{705 kN} 4 268 2 268 2 100 | 10| 290 FA4 6.2 4.8 404 133* 353 12 (ii)
457x152x67 5 337 2 337 2 100 | 10| 360 FA5 6.3 4.9 305 155 414 12 (ii)
{680 kN} 4 251 251 100 | 10| 290 FA4 5.8 45 409 138" 331 12 (ii)
457x152x60 5 303 303 100 | 10| 360 FA5 5.7 4.4 301 155 373 12 (ii)
{608 kN} 4 226 2 226 2 100 | 10| 290 FA4 53 4.1 403 138* 298 12 (ii)
457x152x52 5 284 2 284 2 100 | 10| 360 FA5 53 4.1 289 155 350 12 (ii)
{564 kN} 4 212 212 100 | 10| 290 FA4 4.9 3.8 357 138" 280 12 (ii)
406x178x74 4 265 2 265 2 100 | 10| 290 | FA4 6.2 4.8 336 138 350 12 (ii)
{647 kN}
406x178x67 4 246 2 246 2 100 | 10| 290 FA4 5.7 4.4 329 138 324 12 (ii)
{594 kN}
406x178x60 4 221 2 221 2 100 | 10| 290 FA4 51 4.0 325 138 291 12 (ii)
{530 kN}
406x178x54 4 215 2 215 2 100 | 10| 290 FA4 5.0 3.9 314 138 283 12 (ii)
{512 kN}
406x140x46 4 190 2 190 2 100 | 10| 290 FA4 4.4 3.4 311 138 250 12 (ii)
{452 kN}
406x140x39 4 179 2 179 2 100 | 10| 290 FA4 4.2 3.2 275 138 236 12 (ii)
{420 kN}
356x171x67 3 171 2 171 2 100 | 10| 220 FA3 5.2 4.1 373 118* 251 12 (ii)
{546 kN}
356x171x57 3 153 2 153 2 100 | 10| 220 FA3 4.7 3.6 364 118* 224 12 (ii)
{478 kN)
356x171x51 3 139 2 139 2 100 | 10| 220 FA3 4.3 3.3 357 118* 204 12 (ii)
{433 kN}
356x171x45 3 132 2 132 2 100 | 10| 220 FA3 4.0 3.1 345 118* 193 12 (ii)
{406 kN}
356x127x39 3 124 2 124 2 100 | 10| 220 FA3 3.8 2.9 340 118* 182 12 (ii)
{385 kN}
356x127x33 3 113 2 113 2 100 | 10| 220 FA3 3.5 2.7 294 118* 166 12 (ii)
{346 kN}

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S275
FIN PLATE: S275
Table H.27 Continued BOLTS: M20, 8.8

; FIN PLATES, ORDINARY BOLTS ¥
. .
1 Single line of bolts 1
' 120x10mm or 100x10mm Fin Plate '
Un-notched Double Notch Fitting® Min. Support® M::r'] No(tec)h _—
or Single Notch Fin Plate Thickness gth Tying
Bolt o+t
Rows -
Beam Size n | shear® | critical® | Shear® | critical® | wigth | t, | """ Mark | s275 | 5355 | Single | Double | Capacity | Criica!
Capacity | Design | Capacity [ Design [4 Check
{1 KN Check KN Check mm [mm| mm mm mm mm mm kN
305x165x54 3 149 2 149 2 100 | 10| 220 FA3 4.6 3.5 265 118 218 12 (ii)
{405 KN}
305x165x46 3 126 2 126 2 100 | 10| 220 FA3 3.9 3.0 260 118 185 12 (ii)
{339 kN}
305x165x40 3 113 2 113 2 100 | 10| 220 FA3 3.5 2.7 254 118 166 12 (ii)
{300 kN}
305x127x48 3 169 2 169 2 100 | 10| 220 FA3 5.2 4.0 251 118 248 12 (ii)
1462 KN}
305x127x42 3 151 2 151 2 100 | 10| 220 FA3 4.6 3.6 245 118 221 12 (ii)
{406 KN}
305x127x37 3 134 2 134 2 100 | 10| 220 FA3 41 3.2 241 118 196 12 (ii)
{357 kN}
305x102x33 3 124 2 124 2 100 | 10| 220 FA3 3.8 2.9 251 118 182 12 (ii)
{341 kN}
305x102x28 3 113 2 113 2 100 | 10| 220 FA3 3.5 2.7 241 118 166 12 (ii)
{306 kN}
305x102x25 3 109 2 109 2 100 | 10| 220 FA3 3.3 2.6 229 118 160 12 (ii)
{292 kN}
254x146x43 2 76 0 76 0 100 | 10| 150 FA2 3.4 2.6 270 98" 132 12 (ii)
{308 kN}
254x146x37 2 66 2 66 2 100 | 10| 150 FA2 3.0 2.3 266 98" 116 12 (ii)
{266 kN}
254x146x31 2 63 2 63 2 100 | 10| 150 FA2 2.8 2.2 261 98" 110 12 (ii)
{249 KN}
254x102x28 2 66 2 66 2 100 | 10| 150 FA2 3.0 2.3 270 98" 116 12 (ii)
{271 kN}
254x102x25 2 63 2 63 2 100 | 10| 150 FA2 2.8 2.2 267 98" 110 12 (ii)
{255 kN}
254x102x22 2 60 2 60 2 100 | 10| 150 | FA2 2.7 2.1 264 98" 105 12 (ii)
{239 kN}

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S275
FIN PLATE: S275

Table H.28 BOLTS: M20, 8.8
' FIN PLATES, ORDINARY BOLTS o
Double line of bolts ol

180x10mm or 150x10mm Fin Plate

Un-notched Fitting® Min. S +6) Max. Notch
- Double Notch itting in. Suppor © o
or Single Notch ouble Notc Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | Critical® [ Shear® | Critical® | width | t, Mark | S275 | $355 | Single | Double | Capacity Crr:'ci
Capacity | Design | Capacity | Design 14 ec

™ kN Check kN Check
{1} mm |mm| mm mm mm mm mm kN

914x305x253 | 8 | 762 | 3¢ | 762 | 3¢i) | 180 [10]| 570 | FD8 | 9.0 | 7.0 | 928 | 326* | 1300 | 11 ()
{2530 kN}
914x305x224 | 8 | 762 | 3¢i | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 786 | 299* | 1300 | 11 ()
{2300 kN}
914x305x201 | 8 | 762 | 3¢ | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 686 | 284* | 1300 | 11 ()
{2170 kN}

838x292x226 | 8 | 762 | 3¢i) | 762 | 3i) | 180 [10]| 570 | FD8 [ 9.0 [ 7.0 [ 861 [ 303* [ 1300 | 11
{2180 kN}
838x292x194 | 8 | 762 | 3¢i) | 762 | 3¢i) | 180 [10]| 570 | FD8 | 9.0 | 7.0 | 729 [ 277* [ 1300 | 11 )
{1960 kN}
838x292x176 | 8 | 762 | 3¢i) | 762 | 3¢i) | 180 [10]| 570 | FD8 | 9.0 | 7.0 | 640 | 264* [ 1300 | 11 ()
{1860 kN}

762x267x197 8 762 3 (ii) 762 3 (ii) 180 | 10| 570 | FD8 | 9.0 7.0 699 | 294 1300 11 (i)

{1910 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 9.0 | 6.9 | 780 | 259* | 1140 | 11 (i)
762x267x173 | 8 | 762 | 3¢ | 762 | 3¢i) | 180 |10]| 570 | FD8 | 9.0 | 7.0 | 623 | 269 | 1300 | 11 ()
{1730 kN} 7 | 665 | 3¢i) | 665 | 3¢i) | 180 [10]| 500 | FD7 | 9.0 | 69 | 714 | 237* | 1140 | 11()

762x267x147 8 762 3 (ii) 762 3 (ii) 180 | 10| 570 | FD8 | 9.0 7.0 540 | 220 1300 11 (i)

{1530 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 9.0 | 6.9 | 600 | 196* | 1140 | 11 (i)
762x267x134 | 8 | 762 | 3¢ | 762 | 3i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 502 | 203 | 1300 | 11 ()
{1490 kN} 7 | 665 | 3¢i) | 665 | 3¢i) | 180 [10]| 500 | FD7 | 9.0 | 69 | 502 | 182* | 1140 | 11)

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S275
FIN PLATE: S275
Table H.28 Continued BOLTS: M20, 8.8
FIN PLATES, ORDINARY BOLTS .—.I
e
Double line of bolts sol
180x10mm or 150x10mm Fin Plate ;
Un-notched Fitting® Min. Support® Max. Notch
’ . ® -
or Single Notch Double Notch Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | Critical® [ Shear® | Critical® | width | t, 9N Mark | s275 | $355 | Single | Double | Capacity Crr:“ci
Capacity | Design | Capacity | Design 14 ec
(1) kN Check kN Check
{1} mm |mm| mm mm mm mm mm kN
686x254x170 | 8 | 762 | 3¢y | 762 | 3¢y | 180 [10| 570 | FD8 | 9.0 | 7.0 | 524 | 273 | 1300 | 11 i)
{1600 kN} 7 | 665 | 3¢ | e65 | 3¢y | 180 [10| 500 | FD7 | 9.0 | 69 | 600 | 241 | 1140 | 11 ()

568 | 3¢(i) | 568 | 3¢i) | 180 | 10| 430 | FD6 | 89 | 6.9 | 703 | 209* | 983 | 11 )

686x254x152 | 8 | 762 | 3¢i | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 469 | 238 | 1300 | 11 ()
{1440 kN} 7 | 665 | 3¢i) | es5 | 3¢i) | 180 | 10| 500 | FD7 | 9.0 | 6.9 | 537 | 212 | 1140 | 11 ()
568 | 3(i) | 568 | 3¢i) | 180 |10]| 430 | FD6 | 89 | 6.9 | 629 | 186* | 983 | 11 ()

686x254x140 | 8 | 762 | 3¢i | 762 | 3¢i) | 180 [10]| 570 | FD8 | 9.0 | 7.0 | 434 | 201 | 1290 | 12 )
{1350 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 9.0 | 6.9 | 497 | 179 | 1140 | 12)
568 | 3(i) | 568 | 3¢i) | 180 | 10| 430 | FD6 | 89 | 6.9 | 582 | 158* | 979 | 12)

686x254x125 | 8 | 762 | 3¢i) | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 397 | 164 | 1220 | 12j)
{1260 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 9.0 | 6.9 | 455 | 147 | 1070 | 12
568 | 3(i) | 568 | 3¢i) | 180 |10]| 430 | FD6 | 89 | 6.9 | 534 | 131* | 924 | 12)

610x305x238 | 7 | 665 | 3¢i) | 665 | 3¢i) | 150 [10] 500 | FB7 | 9.0 | 6.9 | 646 | 305 | 1140 | 11 )

{1860 kN} 6 | 568 | 3¢ | 568 | 3¢ | 150 | 10| 430 | FB6 | 89 | 6.9 | 646 | 265 | 983 | 11 (i)
610x305x179 | 7 | 665 | 3¢i) | 665 | 3¢i) | 150 10| 500 | FB7 | 9.0 | 6.9 | 480 | 234 | 1140 | 11)
{1390 kN} 6 | 568 | 3¢ | 568 | 3¢ | 150 |10| 430 | FB6 | 89 | 6.9 | 563 | 203* | 983 | 11 (i)

610x305x149 | 7 | 665 | 3¢i) | 665 | 3¢i) | 150 10| 500 | FB7 | 9.0 | 6.9 | 394 | 152 | 1080 | 12j)

{1150 kN} 6 | 568 | 3¢ | 568 | 3¢ | 150 |10| 430 | FB6 | 89 | 69 | 461 | 135* | 932 | 12
610x229x140 | 7 | 665 | 3(i) | 665 | 3¢(i) | 150 | 10| 500 | FB7 | 9.0 | 6.9 | 424 | 208 | 1140 | 11
{1290 kN} 6 | 568 | 3¢ | 568 | 3¢ | 150 |10| 430 | FB6 | 89 | 6.9 | 497 | 183* | 983 | 11 (i

610x229x125 | 7 | 665 | 3¢i) | 665 | 3¢i) | 150 10| 500 | FB7 | 9.0 | 6.9 | 379 | 157 | 1090 | 12j)

{1160 kN} 6 | 568 | 3¢ | 568 | 3(i) | 150 |10| 430 | FB6 | 89 | 69 | 444 | 139* | 940 | 12
610x229x113 | 7 | 671 3Gy | 671 3G | 150 [ 10| 500 [ FB7 | 9.0 | 7.0 | 344 | 109 | 1020 | 12¢)
{1070 kN} 6 | 574 | 3¢y | 572 | 4qi | 150 | 10| 430 | FB6 | 9.0 | 6.9 | 401 | 100 | 877 | 12

610x229x101 | 7 | 671 3Gy | 667 | 4 | 150 | 10| 500 | FB7 | 9.0 | 7.0 | 328 [ 100 | 999 | 12
{1040 kN} 6 | 574 | 3 | s61 4y | 150 [10| 430 | FB6 | 88 | 6.8 | 383 [ 100* | 860 | 12

For guidance on the use of tables see Explanatory notes in Table H.24
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Table H.28 Continued

Fin Plates

BEAM: S275
FIN PLATE: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

- w I'

e

Double line of bolts el

. -

180x10mm or 150x10mm Fin Plate ;

Un-notched Fitting® Min. Support® Max. Notch
' . ® -
or Single Notch Double Notch Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | Critical® [ Shear® | Critical® | width | t, 9N Mark | s275 | $355 | Single | Double | Capacity Crr:“ci
Capacity | Design | Capacity | Design 14 ec
(1) kN Check kN Check
{1} mm [mm| mm mm mm mm mm kN

533x210x122 | 6 | 574 | 3(i) | 574 | 3¢i) | 150 [10| 430 | FB6 | 9.0 | 7.0 | 364 | 164 | 983 | 11
{1100 kN} 476 | 3i) | 476 | 3¢ | 150 | 10| 360 | FB5 | 89 | 69 | 438 | 141* | 825 | 11
533x210x109 574 | 3¢ | 574 | 3¢i) | 150 |10]| 430 | FB6 | 9.0 | 7.0 | 326 | 121 | 916 | 12)
{995 kN} 476 | 3i) | 476 | 3¢i) | 150 | 10| 360 | FB5 | 89 | 69 | 392 | 106* | 769 | 121
533x210x101 | 6 | 574 | 3¢ | 556 | 4¢i) | 150 [10| 430 | FB6 | 87 | 67 | 300 | 100 | 853 | 12
{922 kN} 476 | 3¢y | 450 | 4qi) | 150 | 10| 360 | FB5 | 8.4 | 65 | 362 | 100" | 716 | 120)
533x210x92 574 | 3i) | 540 | 4¢iy | 150 [10] 430 | FB6 | 85 | 65 | 286 | 100 | 828 | 124
{888 kN} 476 | 3i) | 437 | 4qi) | 150 | 10| 360 | FB5 | 82 | 63 | 345 | 100* | 694 | 12
533x210x82 | 6 | 574 | 3¢ | 513 | 4¢i) | 150 [10| 430 | FB6 | 80 | 62 | 258 | 100 | 787 | 12
{837 kN} 476 | 3¢y | 415 | 4y | 150 | 10| 360 | FB5 | 78 | 6.0 | 317 | 100" | €60 | 12)
457x191x98 476 | 3(i) | 475 | 4¢i) | 150 [10] 360 | FB5 | 89 | 69 | 283 | 100 | 755 | 124
{847 kN} 4 | 378 | 3qi) | 361 | 4qi) | 150 | 10| 290 | FB4 | 84 | 65 | 357 | 100* | 610 | 124
457x191x89 | 5 | 476 | 3¢i) | 437 | 4y | 150 [10| 360 | FB5 | 82 | €3 | 257 | 100 | €96 | 12
{774 KN} 378 | 3¢ | 333 | 4¢i) | 150 |10]| 200 | FB4 | 7.7 | 6.0 | 324 | 100" | 562 | 120)
457x191x82 476 | 3¢y | 428 | 4y | 150 | 10| 360 | FB5 | 80 | 62 | 246 | 100 | €81 | 12)
{751 kN} 4 | 378 | 3qi) | 325 | 4qi) | 150 | 10| 290 | FB4 | 76 | 59 | 311 | 100* | 550 | 12 i)
457x191x74 | 5 | 476 | 3¢i) | 389 | 4y | 150 [10| 360 | FB5 | 7.3 | 56 | 205 | 100 | €19 | 12
{679 kN} 378 | 3¢y | 206 | 4y | 150 | 10| 200 | FB4 | 69 | 53 | 279 | 100" | 500 | 12)
457x191x67 476 | 3i) | 367 | 4y | 150 [10] 360 | FB5 | 6.9 | 53 | 165 | 100 | 584 | 12
{636 kN} 4 | 362 2 279 | 4i) | 150 | 10| 290 | FB4 | 65 | 5.0 | 269 | 100" | 472 | 12)

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S275
FIN PLATE: S275
Table H.28 Continued BOLTS: M20, 8.8
FIN PLATES, ORDINARY BOLTS ‘_"I'
L
Double line of bolts _'L
180x10mm or 150x10mm Fin Plate ;
Un-notched Bouble Notch Fitting® Min. Support® Mf:r'] No(tec)h e
or Single Notch Fin Plate Thickness gth Tying
Bolt oty
Rows .
Beam Size n | shear® | critical® | Shear® | critical® | wigth | t, | """ Mark | s275 | 5355 | Single | Double | Capacity | Criica!
Capacity | Design | Capacity | Design 14 Check
(o kN Check kN Check mm [mm| mm mm mm mm mm kN
457x152x82 | 5 | 476 | 3(i) | 437 | 4 | 150 |10] 360 | FB5 | 82 | 63 | 253 | 100 | 696 | 121
{778 kN} 4 378 3 (ii) 333 4 (ii) 150 | 10| 290 FB4 7.7 6.0 319 100" 562 12 (i)
a57x152x74 | 5 | 476 | 3¢ | 400 | 4i) | 150 10| 360 | FBS | 75 | 58 | 223 | 100 | €36 | 12)
{705 kN} 4 | 378 | 3i) | 304 | 4 | 150 | 10| 290 | FB4 | 7.1 | 55 | 287 | 100* | 514 | 124)
457x152x67 | 5 | 476 | 3¢i) | 389 | 4 | 150 |10| 360 | FB5 | 7.3 | 56 | 200 | 100 | 619 | 124
{680 kN} 4 378 3 (ii) 296 4 (ii) 150 | 10| 290 FB4 6.9 5.3 272 100" 500 12 (i)
457x152x60 | 5 | 456 | 4¢i) | 350 | 4¢iy | 150 [10| 360 | FBS | 65 | 51 | 161 | 100 | 557 | 12
{608 kN} 4 | 345 2 266 | 4(i) | 150 | 10| 290 | FB4 | 6.2 | 48 | 265 | 100" | 450 | 12)
457x152x52 | 5 | 426 | 4qi) | 329 | 4 | 150 | 10| 360 | FB5 | 6.1 | 48 | 153 | 100 | 523 | 124
{564 kN} 4 | 323 2 250 | 4i) | 150 [10| 200 | FB4 | 58 | 45 | 255 | 100 | 422 | 12
406x178x74 | 4 | 378 | 3(i) | 312 | 4(i) | 150 | 10| 200 | FB4 | 7.3 | 56 | 236 | 100 | 528 | 12)
{647 kN}
406x178x67 4 374 2 289 4 (ii) 150 | 10| 290 FB4 6.7 5.2 216 100 489 12 (i)
{594 kN}
406x178x60 4 336 2 260 4 (ii) 150 | 10| 290 FB4 6.0 4.7 214 100 439 12 (i)
{530 kN}
406x178x54 4 328 2 253 4 (ii) 150 | 10| 290 FB4 5.9 4.6 206 100 428 12 (i)
{512 kN}
406x140x46 4 289 2 224 4 (i) 150 | 10| 290 FB4 5.2 4.0 204 100 378 12 (i)
{452 kN}
406x140x39 | 4 | 272 2 210 | 4¢i) | 150 [10] 290 | FB4 | 49 | 38 | 194 | 100 | 356 | 12)
{420 kN}
356x171x67 | 3 | 251 2 202 | 4¢(i) | 150 [10] 220 | FB3 | 62 | 48 | 258 | 100" [ 385 | 12)
(546 kN}
356x171x57 3 223 2 180 4 (i) 150 | 10| 220 FB3 55 4.3 249 100" 343 12 (i)
{478 kN}
356x171x51 3 204 2 164 4 (i) 150 | 10| 220 FB3 5.0 3.9 244 100" 313 12 (i)
{433 kN}
356x171x45 3 193 2 155 4 (i) 150 | 10| 220 FB3 4.8 3.7 236 100" 296 12 (i)
{406 kN}
356x127x39 3 182 2 146 4 (i) 150 | 10| 220 FB3 4.5 3.5 232 100" 280 12 (i)
{385 kN}
356x127x33 3 165 2 133 4 (i) 150 | 10| 220 FB3 41 3.2 223 100" 254 12 (i)
{346 kN

For guidance on the use of tables see Explanatory notes in Table H.24
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Table H.28 Continued

Fin Plates

BEAM: S275
FIN PLATE: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

ool
Double line of bolts _'L
180x10mm or 150x10mm Fin Plate :
Un-notched Fitting® Min. Support® Max. No(tec)h e
or Single Notch Double Notch Fin Plate Thickness Length Tying
Bolt o+t
Rows -
Beam Size n | shear® | critical® | Shear® | critical® | wigth | t, | """ Mark | s275 | 5355 | Single | Double | Capacity | Criica!
Capacity | Design | Capacity | Design 14 Check
{1 KN Check KN Check mm [mm| mm mm mm mm mm kN
305x165x54 3 218 2 175 4 (ii) 150 | 10| 220 FB3 54 4.2 181 100 335 12 (i)
{405 kN}
305x165x46 3 185 2 149 4 (ii) 150 | 10| 220 FB3 4.5 3.5 178 100 284 12 (i)
{339 kN}
305x165x40 3 165 2 133 4 (ii) 150 | 10| 220 FB3 41 3.2 173 100 254 12 (i)
{300 kN}
305x127x48 3 248 2 200 4 (ii) 150 | 10| 220 FB3 6.1 4.7 172 100 381 12 (i)
{462 kN}
305x127x42 3 220 2 177 4 (ii) 150 | 10| 220 FB3 54 4.2 167 100 339 12 (i)
{406 kN}
305x127x37 3 196 2 158 4 (ii) 150 | 10| 220 FB3 4.8 3.7 164 100 301 12 (i)
{357 kN}
305x102x33 3 182 2 146 4 (ii) 150 | 10| 220 FB3 4.5 3.5 172 100 280 12 (i)
{341 kN}
305x102x28 3 165 2 133 4 (ii) 150 | 10| 220 FB3 41 3.2 165 100 254 12 (i)
{306 kN}
305x102x25 3 160 2 129 4 (ii) 150 | 10| 220 FB3 3.9 3.1 157 100 246 12 (i)
{292 kN}
254x146x43 2 108 2 74 4 (i) 150 | 10| 150 FB2 3.3 2.6 218 100" 210 12 (i)
{308 kN}
254x146x37 2 94 2 65 4 (i) 150 | 10| 150 FB2 2.9 2.3 212 100" 184 12 (i)
{266 kN}
254x146x31 2 90 2 62 4 (i) 150 | 10| 150 FB2 2.8 2.2 200 100" 175 12 (i)
{249 kN}
254x102x28 2 94 2 65 4 (i) 150 | 10| 150 FB2 2.9 2.3 208 100" 184 12 (i)
(271 kN}
254x102x25 2 90 2 62 4 (i) 150 | 10| 150 FB2 2.8 2.2 200 100 175 12 (i)
{255 kN}
254x102x22 2 85 2 59 4 (i) 150 | 10| 150 | FB2 2.6 2.0 190 100* 166 12 (i)
{239 kN}

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S355
FIN PLATE: S275
Table H.29 BOLTS: M20, 8.8

; FIN PLATES, ORDINARY BOLTS ¥
. .
1 Single line of bolts 1
' 120x10mm or 100x10mm Fin Plate '
Un-notched Bouble Notch Fitting® Min. Support® MLax. No(tec)h I
or Single Notch Fin Plate Thickness ength Tying
Bolt oty
- Fows @ | critical® @ | critioal® | v Length ) .| Critical
Beam Size n | Shear” | Critical™ [ Shear™ | Critical™ | width | t, Mark | S275 | S355 | Single | Double | Capacity
Capacity | Design | Capacity | Design 14 Check
{1 kN Check KN Check mm [mm| mm mm mm mm mm kN
914x305x253 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 685 | 506" 1100 11 (ii)
{3290 kN}
914x305x224 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 543 465* 1100 11 (ii)
{3000 kN}
914x305x201 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 474 | 441* 1100 11 (ii)
{2820 kN}
838x292x226 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 644 | 471* 1100 11 (ii)
{2840 kN}
838x292x194 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 504 | 430 1100 11 (ii)
{2560 kN}
838x292x176 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 443 409* 1100 11 (ii)
{2420 kN}
762x267x197 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 715 456 1100 11 (ii)
{2490 kN} 7 542 2 542 2 120 | 10| 500 | FC7 7.3 5.7 715 414> 966 11 (ii)
762x267x173 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 564 418 1100 11 (ii)
{2260 kN} 7 542 2 542 2 120 | 10| 500 | FC7 7.3 5.7 564 | 379* 966 11 (ii)
762x267x147 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 416 374 1100 11 (ii)
{2000 kN} 7 542 2 542 2 120 | 10| 500 | FC7 7.3 5.7 416 | 340 966 11 (ii)
762x267x134 8 639 2 639 2 120 | 10| 570 | FC8 7.5 5.8 348 348 1060 12 (ii)
{1920 kN} 7 542 2 542 2 120 | 10| 500 | FC7 7.3 5.7 348 | 328" 924 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S355
FIN PLATE: S275
Table H.29 Continued BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

- -

- -

1 Single line of bolts 1

) 120x10mm or 100x10mm Fin Plate '
Un-notched Fitting® Min. Support® Max. Notch
’ . © -
or Single Notch Double Notch Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | critical® | Shear® | Critical® | width | t, | © °"| Mark | S275 | S355 | Single | Double | Capacity orr:“ci
Capacity | Design | Capacity | Design 14 ec
(1) kN Check kN Check
{1} mm |mm| mm mm mm mm mm kN

686x254x170 8 639 2 639 2 120 | 10| 570 FC8 7.5 5.8 703 424 1100 11 (ii)
{2080 kN} 7 | 542 2 542 2 120 | 10| 500 | FC7 | 7.3 | 57 | 703 | 385* | 966 | 11 i)
445 2 445 2 120 | 10| 430 FC6 7.0 54 703 347* 828 11 (ii)
686x254x152 8 639 2 639 2 120 | 10| 570 FC8 7.5 5.8 545 386 1100 11 (ii)
{1880 kN} 7 542 2 542 2 120 | 10| 500 FC7 7.3 57 545 350 966 11 (ii)
445 2 445 2 120 | 10| 430 FC6é 7.0 54 545 315* 828 11 (ii)
686x254x140 8 639 2 639 2 120 | 10| 570 FC8 7.5 5.8 459 363 1090 12 (ii)
{1750 kN} 7 542 2 542 2 120 | 10| 500 FC7 7.3 5.7 459 329 955 12 (ii)
445 2 445 2 120 | 10| 430 FCé 7.0 54 459 296* 818 12 (ii)
686x254x125 8 639 2 639 2 120 | 10| 570 FC8 7.5 5.8 393 342 1030 12 (ii)
{1640 kN} 7 542 2 542 2 120 | 10| 500 FC7 7.3 57 393 310 901 12 (ii)
445 2 445 2 120 | 10| 430 FCé 7.0 54 393 280* 772 12 (ii)
610x305x238 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 646 488 966 11 (ii)
{2420 kN} 6 445 2 445 2 100 | 10| 430 FAG 7.0 5.4 646 440* 828 11 (ii)
610x305x179 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 630 374 966 11 (ii)
{1810 kN} 6 445 2 445 2 100 | 10| 430 FA6 7.0 54 630 337* 828 11 (ii)
610x305x149 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 492 313 909 12 (ii)
{1500 kN} 6 445 2 445 2 100 | 10| 430 FAG 7.0 54 492 282* 779 12 (ii)
610x229x140 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 627 348 966 11 (ii)
{1670 kN} 6 445 2 445 2 100 | 10| 430 FA6 7.0 54 627 313* 828 11 (ii)
610x229x125 7 542 2 542 2 100 | 10| 500 FA7 7.3 57 505 316 916 12 (ii)
{1510 kN} 6 445 2 445 2 100 | 10| 430 FAG 7.0 54 505 284* 785 12 (ii)
610x229x113 7 568 2 568 2 100 | 10| 500 FA7 7.6 5.9 417 281 805 11 (ii)
{1400 kN} 6 471 2 471 2 100 | 10| 430 FA6 7.4 57 417 251* 690 11 (ii)
610x229x101 7 568 2 568 2 100 | 10| 500 FA7 7.6 5.9 361 274 805 11 (ii)
{1350 kN} 6 471 2 471 2 100 | 10| 430 FAG 7.4 57 361 244* 690 11 (ii)

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S355
FIN PLATE: S275
Table H.29 Continued BOLTS: M20, 8.8
; FIN PLATES, ORDINARY BOLTS ¥
- -
1 Single line of bolts 1
' 120x10mm or 100x10mm Fin Plate '
Un-notched Fitting® Min. Support® Max. Notch
’ . © -
or Single Notch Double Notch Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | Critical® [ Shear® | Critical® | width | t, 9N Mark | s275 | $355 | Single | Double | Capacity Crr:“ci
Capacity | Design | Capacity | Design 14 ec
(1) kN Check kN Check
{1} mm [mm| mm mm mm mm mm kN
533x210x122 6 471 2 471 2 100 | 10| 430 FA6 7.4 57 555 287 690 11 (ii)
{1430 kN} 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 555 253* 575 11 (ii)
533x210x109 6 471 2 471 2 100 | 10| 430 FAG 7.4 57 517 262 690 11 (ii)
{1300 kN} 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 550 231* 575 11 (ii)
533x210x101 6 471 2 471 2 100 | 10| 430 FA6 7.4 57 476 244 690 11 (ii)
{1200 kN} 5 374 2 374 2 100 | 10| 360 FA5 7.0 5.4 491 215* 575 11 (ii)
533x210x92 6 471 2 471 2 100 | 10| 430 FAG 7.4 57 409 235 667 12 (ii)
{1150 kN} 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 409 207* 556 12 (ii)
533x210x82 6 452 2 452 2 100 | 10| 430 FA6 71 55 359 232 634 12 (ii)
{1080 kN} 5 359 2 359 2 100 | 10| 360 | FAS5 6.7 52 359 | 205 528 12 (ii)
457x191x98 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 469 227 575 11 (ii)
{1100 kN} 4 279 2 279 2 100 | 10| 290 FA4 6.5 5.0 477 197* 460 11 (ii)
457x191x89 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 425 209 575 11 (ii)
{1010 kN} 4 279 2 279 2 100 | 10| 290 FA4 6.5 5.0 473 182* 460 11 (ii)
457x191x82 5 371 2 371 2 100 | 10| 360 FA5 6.9 54 409 205 545 12 (ii)
{970 kN} 4 277 2 277 2 100 | 10| 290 FA4 6.4 5.0 470 178* 436 12 (ii)
457x191x74 5 337 2 337 2 100 | 10| 360 FA5 6.3 4.9 394 205 495 12 (ii)
{876 kN} 4 251 2 251 2 100 | 10| 290 FA4 5.8 45 394 178* 396 12 (ii)
457x191x67 5 318 2 318 2 100 | 10| 360 | FAS5 6.0 4.6 339 205 468 12 (ii)
{821 kN} 4 237 2 237 2 100 | 10| 290 FA4 55 4.3 339 178* 374 12 (ii)

For guidance on the use of tables see Explanatory notes in Table H.24
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Table H.29 Continued

Fin Plates

BEAM: S355
FIN PLATE: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

. .
. .
1 Single line of bolts 1
' 120x10mm or 100x10mm Fin Plate '
Un-notched Fitting® Min. Support® Max. No(tec)h e
or Single Notch Double Notch Fin Plate Thickness Length Tying
Bolt o
Rows -
Beam Size n | shear® | critical® | Shear® | critical® | wigth | t, | """ Mark | s275 | 5355 | Single | Double | Capacity | Criica!
Capacity | Design | Capacity | Design 14 Check
(1) kN Check kN Check
{1} mm [mm| mm mm mm mm mm kN
457x152x82 5 374 2 374 2 100 | 10| 360 FA5 7.0 54 419 209 575 11 (ii)
{1010 kN} 4 279 279 100 | 10| 290 FA4 6.5 5.0 476 182* 460 11 (ii)
457x152x74 5 359 359 100 | 10| 360 | FAS5 6.7 52 392 199 528 12 (ii)
{918 kN} 4 268 2 268 2 100 | 10| 290 FA4 6.2 4.8 466 173 422 12 (ii)
457x152x67 5 337 2 337 2 100 | 10| 360 FA5 6.3 4.9 392 205 495 12 (ii)
{878 kN} 4 251 251 100 | 10| 290 FA4 5.8 45 392 178* 396 12 (ii)
457x152x60 5 303 303 100 | 10| 360 FA5 5.7 4.4 293 205 446 12 (ii)
{784 kN} 4 226 2 226 2 100 | 10| 290 FA4 53 41 293 178* 356 12 (ii)
457x152x52 5 284 2 284 2 100 | 10| 360 FA5 53 41 249 205 418 12 (ii)
{728 kN} 4 212 212 100 | 10| 290 FA4 4.9 3.8 249 178* 334 12 (ii)
406x178x74 4 265 2 265 2 100 | 10| 290 FA4 6.2 4.8 423 178 418 12 (ii)
{835 kN}
406x178x67 4 246 2 246 2 100 | 10| 290 FA4 5.7 4.4 419 178 387 12 (ii)
{767 kN}
406x178x60 4 221 2 221 2 100 | 10| 290 FA4 51 4.0 338 178 348 12 (ii)
{684 kN}
406x178x54 4 215 2 215 2 100 | 10| 290 FA4 5.0 3.9 320 178 339 12 (ii)
{660 kN}
406x140x46 4 190 2 190 2 100 | 10| 290 FA4 4.4 3.4 223 178 299 12 (ii)
(584 kN}
406x140x39 4 179 2 179 2 100 | 10| 290 FA4 4.2 3.2 192 178 282 12 (ii)
(543 kN}
356x171x67 3 171 2 171 2 100 | 10| 220 FA3 5.2 4.1 373 152* 300 12 (ii)
{704 kN}
356x171x57 3 153 2 153 2 100 | 10| 220 FA3 4.7 3.6 368 152 267 12 (ii)
{618 kN}
356x171x51 3 139 2 139 2 100 | 10| 220 FA3 4.3 3.3 365 152* 244 12 (ii)
{560 kN}
356x171x45 3 132 2 132 2 100 | 10| 220 | FA3 4.0 3.1 316 152* 231 12 (ii)
(524 kN}
356x127x39 3 124 2 124 2 100 | 10| 220 | FA3 3.8 2.9 263 152* 218 12 (ii)
{497 kN}
356x127x33 3 113 2 113 2 100 | 10| 220 | FA3 3.5 2.7 205 152* 198 12 (ii)
(446 KN}

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S355
FIN PLATE: S275
Table H.29 Continued BOLTS: M20, 8.8

; FIN PLATES, ORDINARY BOLTS ¥
. .
1 Single line of bolts 1
' 120x10mm or 100x10mm Fin Plate '
Un-notched Bouble Notch Fitting® Min. Support® Mf:r'] No(tec)h e
or Single Notch Fin Plate Thickness gth Tying
Bolt o+
Rows -
Beam Size n | shear® | critical® | Shear® | critical® | wigth | t, | """ Mark | s275 | 5355 | Single | Double | Capacity | Criica!
Capacity | Design | Capacity | Design 14 Check
{1 KN Check KN Check mm [mm| mm mm mm mm mm kN
305x165x54 3 149 2 149 2 100 | 10| 220 FA3 4.6 3.5 320 152 261 12 (ii)
{522 kN}
305x165x46 3 126 2 126 2 100 | 10| 220 FA3 3.9 3.0 317 152 221 12 (ii)
{438 kN}
305x165x40 3 113 2 113 2 100 | 10| 220 FA3 3.5 2.7 268 152 198 12 (ii)
{388 kN}
305x127x48 3 169 2 169 2 100 | 10| 220 FA3 5.2 4.0 321 152 297 12 (ii)
{596 kN}
305x127x42 3 151 2 151 2 100 | 10| 220 FA3 4.6 3.6 316 152 264 12 (ii)
{523 kN}
305x127x37 3 134 2 134 2 100 | 10| 220 FA3 4.1 3.2 311 152 234 12 (ii)
{460 KN}
305x102x33 3 124 2 124 2 100 | 10| 220 FA3 3.8 2.9 323 152 218 12 (ii)
{440 KN}
305x102x28 3 113 2 113 2 100 | 10| 220 FA3 3.5 2.7 259 152 198 12 (ii)
(395 kN}
305x102x25 3 109 2 109 2 100 | 10| 220 FA3 3.3 2.6 241 152 191 12 (ii)
{377 kN}
254x146x43 2 76 2 76 2 100 | 10| 150 FA2 3.4 2.6 270 126" 158 12 (ii)
{398 kN}
254x146x37 2 66 2 66 2 100 | 10| 150 FA2 3.0 2.3 266 126" 139 12 (ii)
{344 KN}
254x146x31 2 63 2 63 2 100 | 10| 150 FA2 2.8 2.2 261 126" 132 12 (ii)
{321 kN}
254x102x28 2 66 2 66 2 100 | 10| 150 FA2 3.0 2.3 270 126" 139 12 (ii)
{349 kN
254x102x25 2 63 2 63 2 100 | 10| 150 FA2 2.8 2.2 267 126* 132 12 (ii)
{329 kN}
254x102x22 2 60 2 60 2 100 | 10| 150 FA2 2.7 2.1 264 126* 125 12 (ii)
{308 kN}

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S355
FIN PLATE: S275

Table H.30 BOLTS: M20, 8.8
' FIN PLATES, ORDINARY BOLTS o
Double line of bolts ol

180x10mm or 150x10mm Fin Plate

Un-notched Fitting® Min. S +6) Max. Notch
- Double Notch itting in. Suppor © o
or Single Notch ouble Notc Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® [ Critical® | Shear® | Critical® | width | t Mark | S275 | $355 | Single | Double | Capacity | M c2
P l Check

Capacity | Design | Capacity | Design

™ kN Check kN Check
{1} mm |mm| mm mm mm mm mm kN

914x305x253 | 8 | 762 | 3¢ | 762 | 3¢i) | 180 [10]| 570 | FD8 | 9.0 | 7.0 | 685 | 424* | 1300 | 11 ()
{3290 kN}
914x305x224 | 8 | 762 | 3¢ | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 543 | 390* | 1300 | 11 ()
{3000 kN}
914x305x201 | 8 | 762 | 3¢ | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 474 | 370* | 1300 | 11 ()
{2820 kN}

838x292x226 | 8 | 762 | 3¢i) | 762 | 3¢i) | 180 [10]| 570 | FD8 [ 9.0 [ 7.0 [ 644 [ 395 [ 1300 | 11 )
{2840 kN}
838x292x194 | 8 | 762 | 3¢i) | 762 | 3¢i) | 180 [10]| 570 | FD8 | 9.0 | 7.0 | 504 [ 360* [ 1300 | 11 ()
{2560 kN}
838x292x176 | 8 | 762 | 3¢i) | 762 | 3¢i) | 180 [10]| 570 | FD8 | 9.0 | 7.0 | 443 [ 343 [ 1300 | 11 )
{2420 kN}

762x267x197 8 762 3 (ii) 762 3 (ii) 180 [ 10| 570 | FD8 | 9.0 7.0 715 | 382 1300 11 (i)

{2490 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 9.0 | 69 | 715 | 337* | 1140 | 11 (i
762x267x173 | 8 | 762 | 3¢ | 762 | 3i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 564 | 351 | 1300 | 11 ()
{2260 kN} 7 | 665 | 3i) | 665 | 3¢i) | 180 [10]| 500 | FD7 | 9.0 | 6.9 | 564 | 309* | 1140 | 11j)

762x267x147 8 762 3 (ii) 762 3 (ii) 180 | 10| 570 | FD8 | 9.0 7.0 416 | 314 1300 11 (i)

{2000 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 9.0 | 6.9 | 416 | 277 | 1140 | 11 (i)
762x267x134 | 8 | 762 | 3¢ | 762 | 3i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 348 | 303 | 1300 | 11 ()
{1920 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 9.0 | 6.9 | 348 | 267* | 1140 | 11 (i)

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S355
FIN PLATE: S275
Table H.30 Continued BOLTS: M20, 8.8
FIN PLATES, ORDINARY BOLTS .—.I
e
Double line of bolts sol
180x10mm or 150x10mm Fin Plate -
Un-notched Fitting® Min. Support® Max. Notch
’ . © -
or Single Notch Double Notch Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | Critical® [ Shear® | Critical® | width | t, 9N Mark | s275 | $355 | Single | Double | Capacity Crr:“ci
Capacity | Design | Capacity | Design 14 ec
(1) kN Check kN Check
{1} mm [mm| mm mm mm mm mm kN
686x254x170 | 8 | 762 | 3¢ | 762 | 3¢i) | 180 [10| 570 | FD8 | 9.0 | 7.0 | 682 | 355 | 1300 | 11 i)
{2080 kN} 7 665 3 (ii) 665 3 (ii) 180 | 10| 500 | FD7 9.0 6.9 703 | 313 1140 11 (i)

568 | 3¢(i) | 568 | 3¢i) | 180 |10]| 430 | FD6 | 89 | 6.9 | 703 | 272* | 983 | 11 )

686x254x152 | 8 | 762 | 3¢i | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 545 | 324 | 1300 | 11 ()
{1880 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 90 | 69 | 545 | 285 | 1140 | 11 (i)
568 | 3(i) | 568 | 3¢i) | 180 |10]| 430 | FD6 | 89 | 6.9 | 545 | 247* | 983 | 11 )

686x254x140 | 8 | 762 | 3¢i | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 459 | 304 | 1300 | 11 ()
{1750 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 90 | 69 | 459 | 268 | 1140 | 11 (i)
568 | 3(i) | 568 | 3¢i) | 180 | 10| 430 | FD6 | 89 | 6.9 | 459 | 232* | 983 | 11 )

686x254x125 | 8 | 762 | 3¢ | 762 | 3¢i) | 180 | 10| 570 | FD8 | 9.0 | 7.0 | 393 | 287 | 1300 | 11 ()
{1640 kN} 7 | e65 | 3¢ | 665 | 3¢ | 180 | 10| 500 | FD7 | 9.0 | 6.9 | 393 | 253 | 1140 | 11 (i
568 | 3(i) | 568 | 3¢i) | 180 |10]| 430 | FD6 | 89 | 6.9 | 393 | 219* | 983 | 11 ()

610x305x238 7 665 3 (ii) 665 3 (i) 150 [ 10| 500 | FB7 9.0 6.9 646 | 398 1140 11 (i)

{2420 kN} 6 | 568 | 3¢ | 568 | 3¢ | 150 | 10| 430 | FB6 | 89 | 6.9 | 646 | 345* | 983 | 11 (i
610x305x179 | 7 | 665 | 3¢i) | 665 | 3¢i) | 150 10| 500 | FB7 | 9.0 | 6.9 | 625 | 305 | 1140 | 11 )
{1810 kN} 6 | 568 | 3¢ | 568 | 3¢ | 150 | 10| 430 | FB6 | 89 | 6.9 | 630 | 264* | 983 | 11 (i

610x305x149 7 665 3 (ii) 665 3 (ii) 150 [ 10| 500 | FB7 9.0 6.9 492 [ 255 1140 11 (i)

{1500 kN} 6 | 568 | 3¢ | 568 | 3 | 150 |10| 430 | FB6 | 89 | 69 | 492 | 221* | 983 | 11 (i
610x229x140 | 7 | 665 | 3(i) | 665 | 3¢(i) | 150 | 10| 500 | FB7 | 9.0 | 6.9 | 553 | 283 | 1140 [ 11
{1670 kN} 6 | 568 | 3¢ | 568 | 3¢ | 150 |10| 430 | FB6 | 89 | 69 | 627 | 245* | 983 | 11 (i

610x229x125 7 665 3 (ii) 665 3 (ii) 150 [ 10| 500 | FB7 9.0 6.9 494 | 257 1140 11 (i)

{1510 kN} 6 | 568 | 3¢ | 568 | 3 | 150 |10| 430 | FB6 | 89 | 69 | 505 | 223* | 983 | 11 (i
610x229x113 | 7 | 671 3(i) | 671 3¢ | 150 [ 10| 500 [ FB7 | 9.0 | 7.0 | 417 | 228 | 1140 | 11 ()
{1400 kN} 6 | 574 | 3¢y | 574 | 3¢ | 150 | 10| 430 | FB6 | 9.0 | 7.0 | 417 | 199* | 983 | 11 (i

610x229x101 7 671 3 (ii) 671 3 (ii) 150 [ 10| 500 | FB7 | 9.0 7.0 361 213 1140 11 (i)
{1350 kN} 6 574 3 (ii) 574 3 (ii) 150 | 10| 430 | FB6 | 9.0 7.0 361 | 186" 983 11 (i)

For guidance on the use of tables see Explanatory notes in Table H.24
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Table H.30 Continued

Fin Plates

BEAM: S355
FIN PLATE: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

- w I'

e

Double line of bolts el

. -

180x10mm or 150x10mm Fin Plate ;

Un-notched Fitting® Min. Support® Max. Notch
' . ® -
or Single Notch Double Notch Fin Plate Thickness Length Tying
C+ty
Bolt
Rows Length Critical
Beam Size n | Shear® | Critical® [ Shear® | Critical® | width | t, 9N Mark | s275 | $355 | Single | Double | Capacity Crr:“ci
Capacity | Design | Capacity | Design 14 ec
(1) kN Check kN Check
{1} mm [mm| mm mm mm mm mm kN

533x210x122 | 6 | 574 | 3(i) | 574 | 3¢i) | 150 [10| 430 | FB6 | 9.0 | 7.0 | 474 | 235 | 983 | 11
{1430 kN} 476 | 3¢y | 476 | 3¢y | 150 | 10| 360 | FB5 | 89 | 6.9 | 555 | 199* | 825 | 11)
533x210x109 574 | 3¢ | 574 | 3¢i) | 150 |10]| 430 | FB6 | 9.0 | 7.0 | 424 | 215 | 983 | 11()
{1300 kN} 476 | 3i) | 476 | 3¢i) | 150 | 10| 360 | FB5 | 89 | 69 | 511 | 181* | 825 | 11
533x210x101 | 6 | 574 | 3¢ | 574 | 3¢i) | 150 [10| 430 | FB6 | 9.0 | 7.0 | 391 | 186 | 983 | 11
{1200 kN} 476 | 3i) | 476 | 3¢ | 150 | 10| 360 | FB5 | 89 | 69 | 471 | 160* | 825 | 11
533x210%92 574 | 3i) | 574 | 3¢y | 150 [10] 430 | FB6 | 9.0 | 7.0 | 370 | 167 | 983 | 114
{1150 kN} 476 | 3i) | 476 | 3¢i) | 150 | 10| 360 | FB5 | 89 | 69 | 409 | 144* | 825 | 11
533x210x82 | 6 | 574 | 3¢ | 574 | 3¢i) | 150 [10| 430 | FB6 | 9.0 | 7.0 | 340 | 141 | 983 | 11
{1080 kN} 476 | 3¢y | 476 | 3¢i) | 150 | 10| 360 | FB5 | 89 | 6.9 | 3509 | 123* | 825 | 11¢)
457x191x98 476 | 3(i) | 476 | 3¢i) | 150 [10] 360 | FB5 | 89 | 69 | 369 | 178 | 825 | 11
{1100 kN} 4 | 378 | 3qi) | 378 | 3¢i) | 150 | 10| 290 | FB4 | 88 | 6.8 | 465 | 146* | 667 | 114
457x191x89 | 5 | 476 | 3¢i) | 476 | 3¢y | 150 [10| 360 | FB5 | 89 | 69 | 334 | 148 | 825 | 11
{1010 kN} 378 | 3qi) | 378 | 3¢i) | 150 | 10| 290 | FB4 | 88 | 68 | 421 | 125* | 667 | 11
457x191x82 476 | 3¢y | 476 | 3¢y | 150 | 10| 360 | FB5 | 89 | 69 | 318 | 136 | 825 | 11()
{970 kN} 4 | 378 | 3i) | 378 | 3¢i) | 150 | 10| 290 | FB4 | 88 | 68 | 401 | 116* | 667 | 114
457x191x74 | 5 | 476 | 3¢i) | 469 | 4y | 150 [10| 360 | FB5 | 88 | 6.8 | 286 | 100 | 799 | 12
{876 kN} 378 | 3¢y | 360 | 4i) | 150 | 10| 200 | FB4 | 83 | 65 | 361 | 100" | €45 | 12)
457x191x67 476 | 3(i) | 443 | 4qi) | 150 | 10| 360 | FB5 | 83 | 6.4 | 264 | 100 | 754 | 12)
{821 kN} 4 | 362 2 340 | 4i) | 150 | 10| 290 | FB4 | 7.9 | 6.1 | 339 | 100" | 610 | 120)

For guidance on the use of tables see Explanatory notes in Table H.24
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Fin Plates

BEAM: S355
FIN PLATE: S275
Table H.30 Continued BOLTS: M20, 8.8
FIN PLATES, ORDINARY BOLTS .—.I
L
Double line of bolts _'L
180x10mm or 150x10mm Fin Plate -
Un-notched Bouble Notch Fitting® Min. Support® Mf:r'] No(tec)h e
or Single Notch Fin Plate Thickness gth Tying
Bolt ot
Rows "
Beam Size n | shear® | critical® | Shear® | critical® | wigth | t, | """ Mark | s275 | 5355 | Single | Double | Capacity | Criica!
Capacity | Design | Capacity | Design 14 Check
{1 kN Check kN Check mm |mm| mm mm mm mm mm kN
a57x152x82 | 5 | 476 | 3¢ | 476 | 3¢i) | 150 |10]| 360 | FB5 | 89 | 6.9 | 320 | 148 | 825 [ 11()
{1010 kN} 4 | 3878 | 3¢i) | 378 | 3¢i) | 150 [10| 290 | FB4 | 88 | 68 | 415 | 125* | 667 | 11
457x152x74 | 5 | 476 | 3(i) | 476 | 3¢i) | 150 | 10| 360 | FB5 | 89 | 6.9 | 296 | 110 | 825 [ 11
{918 kN} 4 | 878 | 3¢y | 373 | 4 | 150 [10| 290 | FB4 | 87 | 67 | 373 | 100" | 667 | 11()
457x152x67 | 5 | 476 | 3(i) | 469 | 4¢i) | 150 |10]| 360 | FB5 | 88 | 6.8 | 279 | 100 | 799 | 12)
{878 kN} 4 | 378 | 3¢i) | 360 | 4 | 150 [10| 290 | FB4 | 83 | 65 | 352 | 100 | 645 | 12
457x152x60 | 5 | 476 | 3(i) | 422 | 4¢i) | 150 |10]| 360 | FB5 | 7.9 | 6.1 | 247 | 100 | 719 | 12()
{784 kN} 4 | 345 2 324 | 4qi | 150 10| 290 | FB4 | 7.5 | 58 | 293 | 100* | 581 | 12()
457x152x52 | 5 | 451 2 396 | 4¢i | 150 [10| 360 | FB5 | 7.4 | 57 | 236 | 100 | 675 | 12()
{728 kN} 4 | 323 2 304 | 4 | 150 10| 290 | FB4 | 7.0 | 55 | 249 | 100* | 545 | 124
406x178x74 | 4 | 378 | 3(i) | 378 | 3¢i) | 150 |10]| 290 | FB4 | 88 | 6.8 | 305 | 102 | 667 [ 11
{835 kN}
406x178x67 | 4 | 374 2 352 | 4 | 150 10| 290 | FB4 | 82 | 63 | 279 | 100 | 831 | 124)
{767 kN}
406x178x60 | 4 | 336 2 316 | 4 | 150 10| 290 | FB4 | 7.3 | 57 | 276 | 100 | 567 | 124
{684 kN}
406x178x54 | 4 | 328 2 308 | 4 | 150 10| 290 | FB4 | 7.1 | 55 | 266 | 100 | 552 | 124
{660 kN}
406x140x46 | 4 | 289 2 272 | 4 | 150 [10| 290 | FB4 | 6.3 | 49 | 223 | 100 | 488 | 124
{584 kN}
406x140x39 | 4 | 272 2 256 | 4 | 150 10| 290 | FB4 | 59 | 46 | 192 | 100 | 459 | 124
{543 kN}
356x171x67 | 3 | 251 2 251 2 150 | 10| 220 | FB3 | 7.7 | 59 | 333 | 101* | 497 [ 12()
{704 kN}
356x171x57 | 3 | 223 2 223 2 150 | 10| 220 | FB3 | 6.8 | 53 | 321 | 101* | 443 | 12()
{618 kN}
356x171x51 | 3 | 204 2 204 2 150 | 10| 220 | FB3 | 6.2 | 4.8 | 315 | 101* | 405 | 12()
{560 kN}
356x171x45 | 3 | 193 2 193 2 150 | 10| 220 | FB3 | 59 | 4.6 | 304 | 101* | 383 [ 12()
{524 kN}
356x127x39 | 3 | 182 2 182 2 150 | 10| 220 | FB3 | 56 | 4.3 | 263 | 101* | 361 [ 12()
{497 kN}
356x127x33 | 3 | 165 2 165 2 150 | 10| 220 | FB3 | 51 | 3.9 | 205 | 101* | 328 | 12()
{446 KN}

For guidance on the use of tables see Explanatory notes in Table H.24
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Table H.30 Continued

Fin Plates

BEAM: S355
FIN PLATE: S275
BOLTS: M20, 8.8

FIN PLATES, ORDINARY BOLTS

vel
Double line of bolts _'L
180x10mm or 150x10mm Fin Plate :
Un-notched Fitting® Min. Support® Max. No(tec)h e
or Single Notch Double Notch Fin Plate Thickness Length Tying
Bolt o
Rows -
Beam Size n | shear® | critical® | Shear® | critical® | wigth | t, | """ Mark | s275 | 5355 | Single | Double | Capacity | Criica!
Capacity | Design | Capacity | Design 14 Check
(1) kN Check kN Check
{1} mm [mm| mm mm mm mm mm kN
305x165x54 3 218 2 218 2 150 | 10| 220 FB3 6.7 5.2 234 101 432 12 (i)
{522 kN}
305x165x46 3 185 2 185 2 150 | 10| 220 FB3 5.6 4.4 229 101 366 12 (i)
{438 KN}
305x165x40 3 165 2 165 2 150 | 10| 220 FB3 51 3.9 224 101 328 12 (i)
{388 kN}
305x127x48 3 248 2 248 2 150 | 10| 220 FB3 7.6 5.9 222 101 492 12 (i)
{596 kN}
305x127x42 3 220 2 220 2 150 | 10| 220 FB3 6.7 5.2 216 101 437 12 (i)
{523 kN}
305x127x37 3 196 2 196 2 150 | 10| 220 FB3 6.0 4.6 212 101 388 12 (i)
{460 KN}
305x102x33 3 182 2 182 2 150 | 10| 220 FB3 5.6 4.3 222 101 361 12 (i)
{440 KN}
305x102x28 3 165 2 165 2 150 | 10| 220 FB3 51 3.9 213 101 328 12 (i)
(395 kN}
305x102x25 3 160 2 160 2 150 | 10| 220 FB3 4.9 3.8 202 101 317 12 (i)
(377 kN}
254x146x43 2 108 2 96 4 (i) 150 | 10| 150 FB2 4.3 3.3 270 100" 271 12 (i)
(398 kN}
254x146x37 2 94 2 84 4 (i) 150 | 10| 150 FB2 3.8 2.9 266 100" 237 12 (i)
{344 KN}
254x146x31 2 90 2 80 4 (i) 150 | 10| 150 FB2 3.6 2.8 258 100" 226 12 (i)
{321 kN}
254x102x28 2 94 2 84 4 (i) 150 | 10| 150 FB2 3.8 2.9 269 100" 237 12 (i)
{349 kN}
254x102x25 2 90 2 80 4 (i) 150 | 10| 150 FB2 3.6 2.8 258 100 226 12 (i)
{329 kN}
254x102x22 2 85 2 76 4 (i) 150 | 10| 150 | FB2 3.4 2.6 246 100* 214 12 (i)
{308 kN}

For guidance on the use of tables see Explanatory notes in Table H.24

429




Universal Column - Bearing type Splices

Table H.31

Explanatory notes - UNIVERSAL COLUMN SPLICES (Bearing Type)
Use of Capacity Tables

The following notes apply to Tables H.32 and H.33 which are for bearing type U.C. splice connections. The
design check numbers refer to those listed in Section 7.5 Design procedures.

(1 The ends of the column shaft must be cut to the tolerances required for end bearing as given in
BS 5950-2: 2001 [l or the National Structural Steelwork Specificationl®l.

(2) Design CHECK 2 for bearing splices must be carried out to see whether the worst combination of
axial load and bending leads to net tension.

(3) If net tension is present then it must not exceed the tensile capacities given in the tables.

(4) The tensile capacities given are the minimum from CHECKS 3 and 4. When the flange is thinner

than the cover plate, the bearing capacity of the column flange must be checked separately.

(5) In buildings where it is necessary to comply with structural integrity requirements, the tensile
capacity of the column splice is twice the tension value given in each table.

(6) The tables are based on the use of M20 or M24 grade 8.8 bolts in clearance holes.

Preloaded HSFG bolts are required when significant net tension exists (i.e. when the net tensile
stress of upper member exceeds 10% Py of the upper column) or if joint slip is unacceptable. Bolt
spacings and plate thicknesses shown may not be adequate for HSFG bolts and separate checks
must be carried out.

When tension is present from integrity loading only, Grade 8.8 bolts may be used.

(7) The horizontal gauge for the bolts in the column flanges has been selected so that the bolts would
be positioned centrally down an internal flange plate if these were used.

(8) Flange and web cover plates are in S275 steel. The sizes have been rationalised as much as
practicable to produce a limited range of widths and thicknesses.

(9) Where hole edge or end distances are less than 1.4 times the hole diameter, cover plates used must
have rolled, machine flame cut, sawn or planed edges.

(10) Where tensile capacity values are marked ¥ the thickness of the flange pack exceeds the limit
4/3 d (where 'd' is the bolt diameter). In these cases, the pack must be welded to either the column
or the cover plate in order to develop the tensile capacity.
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Table H.32

Universal Column - Bearing type Splices

Standard Geometry and Tensile Capacities
Upper and Lower Columns 152 UC Series

UC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M20, 8.8

320

1
|
==

40

80
80
80

40

30

Packs (shown hatched) may
be required for different web
} 39_ 2 39 and flange thicknesses po
_8_0_ 150 90
EXTERNAL INTERNAL
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)
All 152 x 152 UC 150 x 10 x 320 60 x 10 x 320 80 x 6 x 320
Upper Column
All 152 UCs

Tensile Capacity for

Lower column
All 152 UCs

350kN

Upper Column
All 152 UCs

Lower column
All 152 UCs

251kN

one 150 x 10 External Flange Cover Plate

Tensile Capacity for two 60 x 10 Internal Flange Cover Plates

For guidance on the use of tables see Explanatory notes - Table H.31

431



Universal Column - Bearing type Splices

Table H.32 Continued

. iy UC COLUMN: S275 or S355
Standard Geometry and Tensile Capacities
gL rg | ; C'; ) COVER PLATES: S275
Upper and Lower Columns 203 UC Series BOLTS: M20, 8.8
T T
\ 80
‘ j———]
| 40 . I |
a0 - ; }
140
150 _ij% 80§ / i Al
‘ = ﬁ I
\ 140
#—}—& 40 i - e | |-o—
»: f
”'\M\/ TN
Packs (shown hatched)
35 | 50| |35 40 120 | |40 may be required for 40 40
‘ ™ ~ different web and flange
120 200 thicknesses 120
EXTERNAL INTERNAL
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)
All 203 x 203 UC 200 x 10 x 440 80 x 10 x 440 120 x 8 x 150
Upper Column (kg/m)
46 52 60 71 86
46 368 - - - -
C
E | 52 368 368 - - -
o E
°© S| 60 368 368 368 - -
o =
2 71 368 368 368 368 -
-
86 351 360 368 368 368

Tensile Capacity (kN) for one 200 x 10 External Flange Cover Plate

Upper Column
All 203 UCs

Lower column
All 203 UCs

368kN

Tensile Capacity (kN) for two 80 x 10 Internal Flange Cover Plates

For guidance on the use of tables see Explanatory notes - Table H.31
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Universal Column - Bearing type Splices

Table H.32 Continued

) . UC COLUMN: S275 or S355
Standard Geometry and Tensile Capacities COVER PLATES: S275
Upper and Lower Columns 254 UC Series BOLTS: M20, 8.8
100
a0
4/ ] o ||[-&
35 § [ 160
I !
150| 80 %7 YATH7VN 80 if / __I }_
e \
35 | w 160
: o (|| &
! T
b U ,/—\A‘\_’, — S
Packs (shown hatched)
35 80 35 50 150 50 may be required for 50 50
™ — different web and flange
150 250 thicknesses 150
EXTERNAL INTERNAL
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plate s (mm) Plates (mm)

254 x 254 x 167UC | 250 x 15 x 480 100 x 15 x 480 150 x 8 x 150

254 x 254 x 132UC | 250 x 12 x 480 100 x 12 x 480 150 x 8 x 150
to 73UC

Upper Column (kg/m)

73 89 107 132 167
73 368 - - - -
89 368 368 - - -
107 368 368 368 - -
132 342 360 368 368 -
167 311 326 342 368 368

Lower column
(kg/m)

Tensile Capacity (kN) for one Standard External Flange Cover Plate

Upper Column
All 254 UCs

368kN

Lower column
All 254 UCs

Tensile Capacity for two Standard Internal Flange Cover Plates

For guidance on the use of tables see Explanatory notes - Table H.31
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Universal Column - Bearing type Splices

Table H.32 Continued

Standard Geometry and Tensile Capacities
Upper and Lower Columns 305 UC Series

UC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M24,8.8

Web cover plate

150

Flange cover plate

60

dimensions | dimensions
I — | —
I 50 [
_ [
100 ;
100 | }
i L 100 | T
| 100 :
1 I
| 100 I
- I
4 | | i
Packs (shown hatched)
35 80| [35 60 180 60 may be required for 60
™ = different web and flange
150 300 thicknesses 180
EXTERNAL INTERNAL
Upper Column External Cover Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)
305 x 305UC = 240kg/m 300 x 20 x 600 120 x 20 x 600 | 150 x 10 x 150
305 x 305UC < 240kg/m 300 x 15 x 600 120 x 15x 600 | 150 x 10 x 150

Upper Column (kg/m)

97 118 | 137 | 158 | 198 | 240 | 283

97 794 - - - - - -

c 118 | 794 | 794 - - - - -
E | 187 [ 794 | 794 | 794 - - - -
3 % 158 | 777 794 | 794 | 794 - - -
© X[ 198 | 715 | 746 | 776 | 794 | 794 - -
§ 240 | 663 | 689 | 715 | 746 | 794 | 794 -
283 | 617 | 640 | 662 | 688 | 746 | 794 | 794

Tensile Capacity (kN) for one Standard External Flange Cover Plate

Upper Column
All 305 UCs
ES
2D
8w 794kN
o
g2
2 <
-

Tensile Capacity for two Standard Internal Flange Cover Plates

For guidance on the use of tables see Explanatory notes - Table H.31
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Universal Column - Bearing type Splices

Table H.32 Continued

UC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M24, 8.8

Standard Geometry and Tensile Capacities
Upper and Lower Columns 356 x 368 UC Series

150
T gl
m BEEES S
) 150
- .- — . . B
50 § 150
200 100%%{@ il J%_ 00! %;m
50 | | 150
- - 4—‘—& — -
\
! 150
1 JF |+ e
50 100 50 75] 200 |75 Packs (shown hatched)
may be required for
200 | 350 different web and flange
thicknesses
EXTERNAL INTERNAL
Upper Column External Cover | Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm)
356 x 368 x 202UC 350 x 15 x 800 | 150 x 15x 800 | 200 x 10 x 200
356 x 368UC < 202kg/m 350x12x800 | 150 x 12 x 800 | 200 x 10 x 200

Upper Column (kg/m)

129 153 177 | 202
£ 129 | 794 - - -
8 E|153 [ 794 | 794 - -
3 2l 177 | 794 794 794 -
i 202 | 778 794 794 | 794

Tensile Capacity (kN) for one Standard External Flange Cover Plate

Upper Column
All 356 x 368 UCs

794kN

Lower column
All 356 x 368
UCs

Tensile Capacity for two Standard Internal Flange Cover Plates

For guidance on the use of tables see Explanatory notes - Table H.31

435



Universal Column - Bearing type Splices

Table H.32 Continued

. " UC COLUMN: S275 or S355
Standard Geometry and Tensile Capacities
v P | COVER PLATES: S275
Upper and Lower Columns 356 x 406 UC Series BOLTS: M24, 8.8
% 3
- - ‘
50 {
|
200100 m}ﬁ {E i VAL
|
50 | |
- - ——1—¢-
|
|
|
|
1 .
(| //L\i\_,’
50 | [100| | 50 75| 200 |75 Packs (shown hatched) 7575
may be required for !
200 350 different web and flange 200
thicknesses
EXTERNAL INTERNAL
Upper Column External Cover | Internal Cover Web Cover
Plates (mm) Plates (mm) Plates (mm))
*356 x 406 x 634UC 350 x40 x 800 | 150 x 40 x 800 | 200 x 15 x 200
*356 x 406 x 551UC 350 x 35 x 800 | 150 x 35 x 800 | 200 x 15 x 200
*356 x 406 x 467UC 350 x 30 x 800 | 150 x 30 x 800 | 200 x 12 x 200
*356 x 406 x 393UC 350 x 25 x 800 | 150 x 25 x 800 | 200 x 12 x 200
*356 x 406 x 340, 287UC 350 x 20 x 800 | 150 x 20 x 800 | 200 x 10 x 200
356 x 406 x 235UC 350 x 15 x 800 | 150 x 15x 800 | 200 x 10 x 200
* |If standard details are adhered to with these sections, the internal cover plates must be
chamfered to clear the root radius, alternatively slightly modified details may be used.
Upper Column (kg/m)
235 | 287 | 340 | 393 | 467 | 551 | 634
235 | 794 | - B B B _ _ Upper Column
287 794 | 794 _ _ _ _ _ All 356 x 368 UCs
c
g _|.340 | 746 | 794 | 794 | - - - - E ®
Q E1393 |689 |746 | 794 [ 794 | - - - 30 *
c O g x4 794kN
g X | 467 | 623 | 669 |723 | 786 | 794 | - - c 83
S 551 | 565 | 602 | 645 | 695 | 778 | 794 | - % o
634 | 516 | 547 | 583 | 623 | 689 | 778 | 794 o <
Tensile Capacity (kN) for one Tensile Capacity for two
Standard External Flange Cover Plate Standard Internal Flange Cover Plates

For guidance on the use of tables see Explanatory notes - Table H.31
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Universal Column - Bearing type Splices

Table H.33
. e UC COLUMN: S275 or S355
Standard Geometry and Tensile Capacities
Uooor Col 152“6(; oo Col P 203 uc | COVER PLATES: S275
er coliumn ower column
PP ’ BOLTS: M20, 8.8
Packs required
155292(::2 ‘ for different
“: web thicknesses ‘ Flange packs
! , /-
40 \ 40 é/ﬁ
80 i I 80
55 ik 55 |
375 | o5— 1 T 25 Plate ——
55 il 55 |
0 i I 0 t
40 ! 40 ®
N |
1l
| |
I
1T~ 4No.200x90x 30 /* |~—
30| | 90 | |30 PFC cuttings 40 _L 40
203 x203| ~ Alternative: Weld ‘
series 150 division plate to 80
lower column
Upper Column Flange Cover
Plates (mm)
All 152 x 152 UC 150 x 10 x 375
Upper Column 152 x 152 UC
(kg/m)
23 30 37
46 280 290 298
c 0O
E> | &2 275t 284 292
S S E "
Q5| 60 269 278 285
o X X
g 9 71 259% 267+ 274%
(qV]
- 86 250% 2574 2641
t See Note (10), Table H.31
Tensile Capacities (kN) for one Standard Flange Cover Plate

For guidance on the use of tables see Explanatory notes - Table H.31
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Universal Column - Bearing type Splices

Table H.33 Continued

UC COLUMN: S275 or S355
Standard Geometry and Tensile Capacities
vy P COVER PLATES: S275
Upper Column 203 UC, Lower Column 254 UC BOLTS: M20, 8.8
203 x 203
series Packs required
l for different Flange packs
40 § H web thicknesses /7
I ‘e
o
140 H 4 401
50 + o 505
485| o5— — ‘ ~ O 25 Plate |
50 Il 7? | 50’ 4
1"
140 - 401 A1
o -¢ |
401 I
I
Py 4No. 90x90x8arﬁ4 Ny
Bolts at 50 B.M g
40 120 40 Alternative: Weld 35| |50| |35
254 x254| ~ division plate to -
series 200 lower column 120
Upper Column Flange Cover
Plates (mm)
All 203 x 203 UC 200 x 10 x 485
Upper Column 203 x 203UC
(kg/m)
46 52 60 71 86
73 280 285 292 304 -
c o0
E 3 | 89 269% 274% 280 292 305
Q S
Cﬁ Q E’ 107 259% 264% 269% 280 292
o XX
g = 132 245% 249% 254% 264*% 274%
1 N
167 229% 233t 237% 245+% 254%
t See Note (10), Table H.31
Tensile Capacities (kN) for one Standard Flange Cover Plate

For guidance on the use
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Table H.33 Continued

Universal Column - Bearing type Splices

Standard Geometry and Tensile Capacities
Upper Column 254 UC, Lower Column 305 UC

UC COLUMN: S275 or S355
COVER PLATES: S275
BOLTS: M20, 8.8

/7 Flange packs

254 x 254
series /Tr—/ Packs required
I for different
40y L web thicknesses
x} o
I
160 ! ‘ 401
50 | 505
525| o5 — —— :—_ ] 25 Plate +
50 i 50 4
Il T 40 T
160 Con ! 7|
¢ |
40} Il
gy 4No. 90 x 90 x 8 angles]| ||
Bolts at 50 B.M g
50 150 50 Alternative: Weld 35| (80| |35
305x305| 250 = division plate to e
series 5 lower column 150
Upper Column Flange Cover
Plates (mm)
254 x 254UC 167kg/m 250 x 15 x 525
254 x 254UC < 167kg/m 250 x 12 x 525
Upper Column 254 x 254UC
(kg/m)
73 89 107 132 167
97 275% 286 - - -
S o 118 264*% 274% 285 - -
ES
2oz 137 2554 264% 275% 292 -
o
O® 5 | 158 | 2450 | 254% | 264* | 280 .
q-) N
2 § 198 | 229 | 237% | 245t | 250% 280
-
240 215% 222% 229% 241% 259%
283 202* 208* 215% | 225+ 241%

t See Note (10), Table H.31

Tensile Capacities (kN) for one Standard Flange Cover Plate

For guidance on the use of tables see Explanatory notes - Table H.31
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Universal Column - Bearing type Splices

Table H.33 Continued

Standard Geometry and Tensile Capacities
Upper Column 305 UC, Lower Column 356 UC

UC COLUMN: S275 or S355

COVER PLATES: S275

BOLTS: M24, 8.8

305 x 305
series Fl k
ange packs
S0y L. Packs required /7
o ! o for different ‘
100 H i web thicknesses ‘
100 o + 45 |
55 | 55§
635 25— —'— I 25 Plate !
55 ! 7? I 55
100 Il 45 T
Ll g / [
100 | I |
fif
504 | | 4No. 100 x 100 x 10 angles ||
] Aomative: leld
@ 180 _@ division pléte to Si ﬂ 35
356 x 368 300 lower column
series 150
Upper Column Flange Cover
Plates (mm)
305 x 305UC = 240kg/m 300 x 20 x 635
305 x 305UC < 240kg/m 300 x 15 x 635
Upper Column 305 x 305UC
(kg/m)
97 118 137 158 198 240 283
E 8 129 651 676 - - - - -
(—§ o T | 153 |628 | 655 | 675 | - - - -
C\') S~
s x £ | 177 | 607 | 629 | 651 | 676 - - -
= ©
9 3 202 587+ 608 628 652 703 - -

t See Note (10), Table H.31

Tensile Capacities (kN) for one Standard Flange Cover Plate

For guidance on the use of tables see Explanatory notes - Table H.31
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Hollow Section Tension Splices

Table H.34

Explanatory notes - HOLLOW SECTION TENSION SPLICES
Use of capacity tables.

The following notes refer to the suffix numbers given at the top of the column descriptions for Tables H.36 to H.38
for hollow section tension splices.The check numbers refer to those listed in Section 7.7 and 7.8 Design procedures.

The connection details are suitable for members in tension.

(1) DETAILING

®  All detailing requirements of CHECK 1 from Sections 7.7 and 7.8 are adhered to.

® The capacity tables are based on the standard connection details that are given in Table H.35 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 H.62 where clearance ¢ = 51 mm for M24 bolts

(2) TENSION CAPACITY OF THE CONNECTION

® The tables are based on M24 grade 8.8 bolts and S275 plates.

® Tension capacities tabulated are valid for both S275 and S355 members.

® Thetension capacities are conservatively based on the dimensions of the heaviest section available for the
given outside dimensions. Lighter sections will have higher connection capacities than those tabulated.

® The tension capacities are based on the minimum of CHECKS 2, 3 and 4 from Section 7.7 for square and
rectangular hollow sections and from Section 7.8 for circular hollow sections.

(3) CRITICAL DESIGN CHECK

®  The critical design check column indicates whether it is CHECK 2 (Complete end plate yielding) or CHECK 3
(Bolt failure with end plate yielding) which controls the connection capacity.
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Hollow Section Tension Splices

Table H.35
HOLLOW SECTION TENSION SPLICES
Standard details used in Capacity Tables
e, =50 mm
__ €,251mm
D
N = total number of bolts
Bolts: M24 grade 8.8
Plate: S275
CIRCULAR HOLLOW SECTION SPLICE DETAILS
N/2 bolts at
to tp e;=50 mm |90 mm spacing| €3= 50 mm
Y 1]
- A
e, =50 mm + + + +
—e
€, 25T mm
/. /
B _ ———'1:—'— — D Bp
 — — ft —1
i
Dp

N = total number of bolts "

Bolts: M24 grade 8.8

Plate: S275

SQUARE AND RECTANGULAR HOLLOW SECTION SPLICE DETAILS
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Hollow Section Tension Splices

CHS: S275 or S355
PLATES: S275

Table H.36 BOLTS: M24, 8.8
TENSION SPLICES 6__“ ----9
CIRCULAR HOLLOW SECTIONS == op===
Section  [Total Number| Bolt Standard Plate” Standard'” Tension Critical
Diameter | of bolts!™ spacing”’ Diameter Thickness Edge distance Dimension'") Capacity®” Design
D N p Dy t, e, e Check®
mm mm mm mm mm mm kN
114.3 4 173 320 12 50 53 197 2
4 173 320 15 50 53 309 § 2
4 173 320 20 50 53 531 1 3
139.7 4 196 350 15 50 55 330 2
4 196 350 20 50 55 513 3
6 131 350 20 50 55 586 § 2
6 131 350 25 50 55 770 ¥ 3
168.3 6 141 370 15 50 51 396 2
6 141 370 20 50 51 704 2
6 141 370 25 50 51 790 § 3
8 106 370 25 50 51 1050 % 3
193.7 6 157 400 15 50 53 433 2
6 157 400 20 50 53 769 2
8 118 400 25 50 53 1030 § 3
2191 6 173 430 15 50 55 454 2
6 173 430 20 50 55 754 3
8 130 430 25 50 55 1010 § 3
10 104 430 25 50 55 1260 3
244.5 6 183 450 15 50 53 511 2
8 137 450 20 50 53 909 2
10 110 450 25 50 53 1280 3
12 92 450 25 50 53 1420 2
273.0 6 199 480 15 50 54 532 2
8 149 480 20 50 54 946 2
10 119 480 25 50 54 1250 § 3
12 99 480 25 50 54 1480 § 2
323.9 8 169 530 20 50 53 1000 3
10 135 530 25 50 53 1250 3
12 113 530 25 50 53 1500 3
14 96 530 25 50 53 1710 2
406.4 8 200 610 20 50 52 1010 3
10 160 610 25 50 52 1260 3
14 114 610 25 50 52 1760 3
16 100 610 25 50 52 2020 3
457.0 10 176 660 20 50 52 1260 3
14 126 660 25 50 52 1760 3
16 110 660 25 50 52 2020 3
20 88 660 25 50 52 2330 2
508.0 12 160 710 20 50 51 1500 3
16 120 710 25 50 51 1990 3
18 106 710 25 50 51 2240 3
22 87 710 25 50 51 2480 2

For further information on standard connection details see Table H.35

For guidance on the use of tables see Explanatory notes in Table H.34

§ Check 6 (member capacity) should be checked for S275 sections

T Check 8 (member capacity) should be checked for S275 and S355 sections
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Hollow Section Tension Splices

SHS: S275 or S355
PLATES: S275

Table H.37 BOLTS: M24, 8.8
TENSION SPLICES I
— SQUARE HOLLOW SECTIONS ==i[l===

Section Size | Total Number| Standard Plate!" Standard'" Tension Critical
of bolts™” Size Thickness | Edge distance [ Dimension”’ Capacity” Design
DxB N D, B, t, e e Check®
mm mm mm mm mm mm kN
100 x 100 4 190 310 15 50 55 474 § 3
20 50 55 510 § 3
25 50 55 557 1 3
120 x 120 4 190 330 15 50 55 464 3
20 50 55 499 3
25 50 55 545 3
140 x 140 4 190 350 15 50 55 464 3
20 50 55 499 3
25 50 55 545 3
150 x 150 4 190 360 15 50 55 450 3
20 50 55 485 3
25 50 55 529 3
160 x 160 4 190 370 15 50 55 464 3
20 50 55 499 3
25 50 55 545 3
180 x 180 6 280 390 15 50 55 675 3
20 50 55 727 3
25 50 55 794 3
200 x 200 6 280 410 15 50 55 675 3
20 50 55 727 3
25 50 55 794 3
250 x 250 6 280 460 15 50 55 675 3
20 50 55 727 3
25 50 55 794 3
300 x 300 8 370 510 15 50 55 900 3
20 50 55 969 3
25 50 55 1060 3
350 x 350 8 370 560 15 50 55 900 3
20 50 55 969 3
25 50 55 1060 3
400 x 400 10 460 610 15 50 55 1090 3
20 50 55 1170 3
25 50 55 1280 3

For further information on standard connection details see Table H.35

For guidance on the use of tables see Explanatory notes in Table H.34

§ Check 6 (member capacity) should be checked for S275 sections

T Check 6 (member capacity) should be checked for S275 and S355 sections
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Hollow Section Tension Splices

RHS: $275 or S355
PLATES: S275

Table H.38 BOLTS: M24, 8.8
— TENSION SPLICES x—-—- —--\(
— RECTANGULAR HOLLOW SECTIONS == |==

Section Size | Total Number Standard Plate'” Standard™ Tension Critical
of bolts” Size Thickness | Edge distance | Dimension” Capacity®” Design
DxB N D, B, t, e, e Check®
mm mm mm mm mm mm kN
200 x 100 6 280 310 15 50 55 695 3
20 50 55 749 3
25 50 55 817 § 3
200 x 120 6 280 330 15 50 55 710 3
20 50 55 765 3
25 50 55 835 3
200 x 150 6 280 360 15 50 55 710 3
20 50 55 765 3
25 50 55 835 3
250 x 100 6 280 310 15 50 55 695 3
20 50 55 749 3
25 50 55 817 3
250 x 150 6 280 360 15 50 55 675 3
20 50 55 727 3
25 50 55 794 3
300 x 100 8 370 310 15 50 55 947 3
20 50 55 1020 3
25 50 55 1110 3
300 x 200 8 370 410 15 50 55 900 3
20 50 55 969 3
25 50 55 1060 3
400 x 200 10 460 410 15 50 55 1130 3
20 50 55 1210 3
25 50 55 1320 3
450 x 250 12 550 460 15 50 55 1350 3
20 50 55 1450 3
25 50 55 1590 3
500 x 300 12 550 510 15 50 55 1310 3
20 50 55 1410 3
25 50 55 1540 3

For further information on standard connection details see Table H.35

For guidance on the use of tables see Explanatory notes in Table H.34
§ Check 6 (member capacity) should be checked for S275 sections
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Column Bases

Table H.39

Explanatory notes - COLUMN BASES
Use of capacity tables.

The following notes refer to the suffix numbers given at the top of the column descriptions for Table H.41 for
universal column bases and Tables H.42 to H.44 for hollow section column bases. The check numbers refer to those
listed in Section 8.5, Design procedures.
(1) BASE PLATE SIZE

See Table H.40 for standard base plate details.

(2) AXIAL CAPACITY OF BASE PLATE

® The capacities tabulated are axial compression capacities based on the minimum capacity from
CHECKS 1 and 2 in Section 8.5 (Effective area method).

® The capacities 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 capacities than those
tabulated.

® Capacities are tabulated for a range of cube strengths of bedding materials/foundation concrete.
The capacity based on the cube strength of the weaker material should be used.

® The capacities calculated are for S275 base plates.

® Base plate capacities tabulated are valid for both S275 and S355 columns.
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Column Bases

Table H.40

COLUMN BASES
Standard details used in Capacity Tables

s +

UNIVERSAL COLUMN BASE PLATE DETAILS

HOLLOW SECTION COLUMN BASE PLATE DETAILS
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Column Bases

COLUMN: S275 or S355

Table H.41 PLATE: S275
+H+ COLUMN BASES
Pl UNIVERSAL COLUMNS
Column Size Base Plate Size™ Base Plate Axial Capacity in kN @
Mass for cube strengths f,,
DxB D, x By xt, 20 2 30 3% 20
mm mm kg N/mm?® N/mm? N/mm?® N/mm? N/mm?®
152 x 162 UC 300 x 300 x 15 10.6 566 628 685 737 787
20 14.1 764 842 913 979 1040
25 17.7 990 1090 1170 1250 1330
30 21.2 1080 1330 1450 1540 1630
350 x 350 x 20 19.2 764 842 913 979 1040
25 24.0 990 1090 1170 1250 1330
30 28.9 1190 1330 1450 1540 1630
35 33.7 1410 1560 1700 1840 1960
203 x 203 UC 400 x 400 x 20 251 995 1110 1210 1300 1390
25 314 1270 1400 1530 1640 1750
30 37.7 1560 1720 1860 2000 2120
35 44.0 1850 2050 2220 2370 2510
40 50.2 1920 2370 2590 2760 2920
450 x 450 x 25 39.7 1270 1400 1530 1640 1750
30 47.7 1560 1720 1860 2000 2120
35 55.6 1850 2050 2220 2370 2510
40 63.6 2120 2370 2590 2760 2920
45 715 2350 2610 2860 3100 3280
500 x 500 x 25 49.1 1270 1400 1530 1640 1750
30 58.9 1560 1720 1860 2000 2120
40 78.5 2120 2370 2590 2760 2920
50 98.1 2640 2920 3180 3430 3680
60 118 3000 3580 3870 4150 4420
254 x 254 UC 450 x 450 x 25 39.7 1560 1730 1890 2040 2170
30 47.7 1900 2100 2290 2460 2620
35 55.6 2260 2490 2700 2900 3080
40 63.6 2410 2900 3130 3350 3560
45 715 2430 3000 3510 3750 3970
500 x 500 x 25 49.1 1560 1730 1890 2040 2170
30 58.9 1900 2100 2290 2460 2620
40 78.5 2640 2900 3130 3350 3560
50 98.1 3000 3630 3960 4230 4470
60 118 3000 3750 4500 5150 5530
600 x 600 x 30 84.8 1900 2100 2290 2460 2620
40 113 2640 2900 3130 3350 3560
50 141 3250 3630 3960 4230 4470
60 170 3950 4370 4770 5150 5530
70 198 4320 5060 5490 5900 6300
700 x 700 x 40 154 2640 2900 3130 3350 3560
50 192 3250 3630 3960 4230 4470
60 231 3950 4370 4770 5150 5530
70 269 4600 5060 5490 5900 6300
80 308 5410 5900 6370 6810 7240

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.41 Continued PLATE: S275
+H+ COLUMN BASES
Pl UNIVERSAL COLUMNS
Column Size Base Plate Size™ Base Plate Axial Capacity in kN @
Mass for cube strengths f,,
DxB D, x By xt, 20 2 30 3% 20

mm mm kg N/mm? N/mm? N/mm? N/mm® N/mm’

305 x 305 UC 500 x 500 x 25 49.1 1840 2050 2250 2430 2600

30 58.9 2240 2430 2710 2920 3120

40 78.5 2800 3380 3680 3950 4200

50 98.1 2970 3600 4210 4790 5240

60 118 3000 3750 4430 5060 5680

600 x 600 x 30 84.8 2240 2480 2710 2920 3120

40 113 3070 3390 3680 3950 4200

50 141 3890 4270 4620 4940 5240

60 170 4320 5260 5700 6080 6430

70 198 4320 5400 6480 7120 7520

700 x 700 x 40 154 3070 3390 3680 3950 4200

50 192 3890 4270 4620 4940 5240

60 231 4700 5260 5700 6080 6430

70 269 5410 6010 6580 7120 7520

80 308 5880 6930 7540 8120 8680

800 x 800 x 40 201 3070 3390 3680 3950 4200

50 251 3890 4270 4620 4940 5240

60 301 4700 5260 5700 6080 6430

70 352 5410 6010 6580 7120 7520

80 402 6280 6930 7540 8120 8680

90 452 7040 7720 8370 8980 9570

356 x 368 UC 600 x 600 x 30 84.8 2630 2920 3200 3460 3700

40 113 3580 3960 4310 4630 4940

50 141 4110 4910 5370 5760 6130

60 170 4320 5240 6130 6940 7480

70 198 4320 5400 6360 7270 8150

700 x 700 x 40 154 3580 3960 4310 4630 4940

50 192 4500 4960 5370 5760 6130

60 231 5560 6100 6590 7050 7480

70 269 5880 7110 7700 8210 8690

80 308 5880 7350 8770 9600 10100

800 x 800 x 40 201 3580 3960 4310 4630 4940

50 251 4500 4960 5370 5760 6130

60 301 5560 6100 6590 7050 7480

70 352 6340 7110 7700 8210 8690

80 402 7290 8110 8890 9600 10100

90 452 7680 8970 9790 10600 11300

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.41 Continued PLATE: S275
+H+ COLUMN BASES
Pl UNIVERSAL COLUMNS
Column Size Base Plate Size™ Base Plate Axial Capacity in kN @
Mass for cube strengths f,,
DxB D, x By xt, 20 2 30 3% 20

mm mm kg N/mm?® N/mm? N/mm?® N/mm? N/mm?®

356 x 406 UC 800 x 800 x 40 201 3920 4370 4780 5160 5530

(< 393 kg/m) 50 251 4890 5410 5890 6340 6770

60 301 6000 6610 7170 7690 8180

70 352 6810 7660 8320 8910 9460

80 402 7660 8690 9560 10400 11000

90 452 7680 9510 10500 11400 12200

900 x 900 x 50 318 4890 5410 5890 6340 6770

60 382 6000 6610 7170 7690 8180

70 445 6810 7660 8320 8910 9460

80 509 7780 8690 9560 10400 11000

90 572 8630 9580 10500 11400 12200

100 636 9630 10700 11700 12600 13500

1000 x 1000 x 50 393 4890 5410 5890 6340 6770

60 471 6000 6610 7170 7690 8180

70 550 6810 7660 8320 8910 9460

80 628 7780 8690 9560 10400 11000

90 707 8630 9580 10500 11400 12200

100 785 9700 10700 11700 12600 13500

110 864 10600 11600 12600 13600 14500

120 942 11700 12800 13900 14900 15800

356 x 406 UC 900 x 900 x 50 318 5290 5890 6450 6980 7480

(>393 kg/m) 60 382 6430 7120 7760 8370 8940

70 445 7270 8200 8950 9620 10200

80 509 8270 9270 10200 11100 11800

90 572 9140 10200 11200 12100 13100

100 636 9720 11400 12400 13400 14400

1000 x 1000 x 50 393 5290 5890 6450 6980 7480

60 471 6430 7120 7760 8370 8940

70 550 7270 8200 8950 9620 10200

80 628 8270 9270 10200 11100 11800

90 707 9140 10200 11200 12100 13100

100 785 10200 11400 12400 13400 14400

110 864 11100 12300 13400 14400 15400

120 942 12000 13500 14700 15800 16800

1100 x 1100 x 70 665 7270 8200 8950 9620 10200

80 760 8270 9270 10200 11100 11800

90 855 9140 10200 11200 12100 13100

100 950 10200 11400 12400 13400 14400

110 1040 11100 12300 13400 14400 15400

120 1140 12300 13500 14700 15800 16800

1250 x 1250 x 80 981 8270 9270 10200 11100 11800

90 1100 9140 10200 11200 12100 13100

100 1230 10200 11400 12400 13400 14400

120 1470 12300 13500 14700 15800 16800

140 1720 14900 16200 17400 18600 19800

150 1840 16200 17600 18900 20200 21400

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.42 PLATE: S275
O COLUMN BASES n
N CIRCULAR HOLLOW SECTIONS et
Column Size Base Plate Size'” Base Plate Axial Capacity in kN

Mass for cube strengths f;,
D D x By x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?

139.7 200 x 200 x 15 4.71 356 435 511 586 646
20 6.28 373 459 542 622 701

250 250 15 7.36 446 502 554 601 646

20 9.81 576 648 713 773 830
25 12.3 589 735 879 956 1020

300 300 20 141 576 648 713 773 830
25 17.7 715 802 882 956 1020
30 21.2 848 959 1050 1140 1220

350 350 20 19.2 576 648 713 773 830
25 24.0 715 802 882 956 1020
30 28.8 862 959 1050 1140 1220

168.3 250 250 15 7.36 535 609 671 729 783
20 9.81 566 692 815 935 1010
25 12.3 584 720 852 980 1100

300 300 15 10.6 541 609 671 729 783
20 141 699 785 864 938 1010
25 17.7 843 972 1070 1160 1240
30 21.2 848 1060 1260 1380 1480
350 350 20 19.2 699 785 864 938 1010
25 24.0 866 972 1070 1160 1240
30 28.8 1030 1160 1270 1380 1480
35 33.7 1150 1350 1480 1600 1720
400 400 20 251 699 785 864 938 1010
25 314 866 972 1070 1160 1240
30 37.7 1030 1160 1270 1380 1480
35 44.0 1210 1350 1480 1600 1720
40 50.2 1400 1550 1690 1820 1950

193.7 300 300 15 10.6 625 704 776 843 905
20 141 795 908 999 1080 1160
25 17.7 826 1010 1200 1340 1440
30 21.2 844 1040 1240 1420 1610
350 350 20 19.2 808 908 999 1080 1160
25 24.0 1000 1120 1240 1340 1440
30 28.8 1150 1340 1470 1590 1710
400 400 20 251 808 908 999 1080 1160
25 314 1000 1120 1240 1340 1440
30 37.7 1190 1340 1470 1590 1710
35 44.0 1390 1550 1710 1850 1980
40 50.2 1510 1770 1940 2100 2250
450 450 25 39.7 1000 1120 1240 1340 1440
30 47.7 1190 1340 1470 1590 1710
35 55.6 1390 1550 1710 1850 1980
40 63.6 1590 1770 1940 2100 2250
45 715 1770 1960 2140 2320 2480

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.42 Continued PLATE: S275
+ + &
O COLUMN BASES m
N CIRCULAR HOLLOW SECTIONS et
Column Size Base Plate Size'” Base Plate Axial Capacity in kN
Mass for cube strengths f;,
D D x By x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?
219.1 350 x 350 x 20 19.2 916 1030 1130 1230 1320
25 24.0 1100 1270 1400 1520 1630
30 28.8 1130 1400 1650 1810 1940
35 33.7 1150 1430 1690 1950 2200
400 x 400 x 20 251 916 1030 1130 1230 1320
25 314 1140 1270 1400 1520 1630
30 37.7 1350 1520 1670 1810 1940
35 44.0 1500 1760 1940 2100 2250
40 50.2 1510 1880 2210 2390 2560
450 x 450 x 25 39.7 1140 1270 1400 1520 1630
30 47.7 1350 1520 1670 1810 1940
35 55.6 1570 1760 1940 2100 2250
40 63.6 1790 2010 2210 2390 2560
45 715 1910 2210 2430 2630 2810
500 x 500 x 25 49.1 1140 1270 1400 1520 1630
30 58.9 1350 1520 1670 1810 1940
40 78.5 1790 2010 2210 2390 2560
50 98.1 2220 2460 2690 2910 3120
60 118 2360 2950 3260 3500 3730
244.5 400 x 400 x 20 25.1 1030 1150 1270 1380 1480
25 31.4 1270 1430 1570 1700 1820
30 37.7 1460 1700 1870 2020 2170
35 44.0 1490 1840 2170 2350 2520
40 50.2 1510 1870 2220 2560 2860
450 x 450 x 25 39.7 1270 1430 1570 1700 1820
30 47.7 1510 1700 1870 2020 2170
35 55.6 1760 1970 2170 2350 2520
40 63.6 1910 2250 2470 2670 2860
45 71.5 1910 2380 2720 2940 3150
500 x 500 x 25 491 1270 1430 1570 1700 1820
30 58.9 1510 1700 1870 2020 2170
40 78.5 2000 2250 2470 2670 2860
50 98.1 2360 2740 3010 3260 3490
60 118 2360 2950 3530 3890 4170
600 x 600 x 30 84.8 1510 1700 1870 2020 2170
40 113 2000 2250 2470 2670 2860
50 141 2460 2740 3010 3260 3490

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.42 Continued PLATE: S275

+ + &
O COLUMN BASES m

N CIRCULAR HOLLOW SECTIONS et

Column Size Base Plate Size'” Base Plate Axial Capacity in kN
Mass for cube strengths f;,

D D x By x t, 20 25 30 35 40

mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?

273.0 400 x 400 x 20 25.1 1150 1290 1420 1540 1650

25 314 1360 1600 1750 1900 2040

30 37.7 1410 1720 2020 2260 2430

35 440 1460 1780 2100 2400 2700

40 50.2 1490 1830 2160 2480 2790

450 x 450 x 25 39.7 1420 1600 1750 1900 2040

30 47.7 1700 1900 2090 2260 2430

35 55.6 1860 2210 2430 2630 2810

40 63.6 1890 2330 2760 2990 3200

45 715 1900 2360 2800 3230 3520

500 x 500 x 25 49.1 1420 1600 1750 1900 2040

30 58.9 1700 1900 2090 2260 2430

40 78.5 2240 2510 2760 2990 3200

50 98.1 2360 2940 3370 3650 3900

60 118 2360 2950 3530 4120 4660

600 x 600 x 30 84.8 1700 1900 2090 2260 2430

40 113 2240 2510 2760 2990 3200

50 141 2740 3070 3370 3650 3900

60 170 3310 3680 4030 4360 4660

70 198 3390 4240 4610 4970 5320

700 x 700 x 40 154 2240 2510 2760 2990 3200

50 192 2740 3070 3370 3650 3900

60 231 3310 3680 4030 4360 4660

70 269 3840 4240 4610 4970 5320

323.9 450 x 450 x 25 39.7 1620 1910 2100 2280 2450

30 47.7 1700 2060 2410 2710 2910

35 55.6 1770 2150 2520 2880 3230

40 63.6 1820 2220 2610 2980 3350

45 71.5 1860 2270 2670 3060 3440

500 x 500 x 25 491 1700 1910 2100 2280 2450

30 58.9 2020 2270 2500 2710 2910

40 78.5 2270 2780 3280 3570 3830

50 98.1 2340 2880 3410 3920 4430

60 118 2360 2940 3500 4040 4570

600 x 600 x 30 84.8 2020 2270 2500 2710 2910

40 113 2670 3000 3300 3570 3830

50 141 3260 3660 4020 4350 4660

60 170 3390 4230 4800 5190 5560

70 198 3390 4240 5090 5920 6340

700 x 700 x 40 154 2670 3000 3300 3570 3830

50 192 3260 3660 4020 4350 4660

60 231 3900 4370 4800 5190 5560

70 269 4480 4990 5470 5920 6340

80 308 4620 5730 6250 6740 7220

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.42 Continued PLATE: S275
+ + &
O COLUMN BASES m
N CIRCULAR HOLLOW SECTIONS et
Column Size Base Plate Size'” Base Plate Axial Capacity in kN
Mass for cube strengths f;,
D D x By x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?
406.4 500 x 500 x 25 49.1 1730 2070 2400 2720 3040
30 58.9 1850 2220 2570 2910 3250
40 78.5 2060 2480 2870 3250 3620
50 98.1 2200 2660 3090 3510 3920
60 118 2300 2810 3280 3740 4180
600 x 600 x 30 84.8 2550 2860 3150 3410 3660
40 113 3100 3770 4150 4500 4820
50 141 3240 3960 4650 5330 5870
60 170 3340 4100 4840 5550 6250
70 198 3390 4190 4960 5710 6440
700 x 700 x 40 154 3370 3780 4150 4500 4820
50 192 4110 4610 5060 5480 5870
60 231 4570 5500 6040 6540 7000
70 269 4610 5720 6800 7450 7980
80 308 4620 5770 6890 7980 9050
800 x 800 x 40 201 3370 3780 4150 4500 4820
50 251 4110 4610 5060 5480 5870
60 301 4910 5500 6040 6540 7000
70 352 5600 6280 6890 7450 7980
80 402 6030 7160 7850 8490 9090
457.0 600 x 600 x 30 84.8 2660 3210 3580 3880 4170
40 113 2920 3520 4110 4670 5230
50 141 3100 3760 4380 4990 5580
60 170 3250 3960 4630 5280 5910
70 198 3340 4090 4800 5490 6160
700 x 700 x 40 154 3810 4280 4700 5100 5470
50 192 4330 5210 5720 6200 6640
60 231 4480 5490 6470 7390 7920
70 269 4560 5620 6640 7630 8610
80 308 4610 5720 6790 7820 8840
800 x 800 x 40 201 3810 4280 4700 5100 5470
50 251 4640 5210 5720 6200 6640
60 301 5540 6210 6820 7390 7920
70 352 5980 7080 7770 8420 9010
80 402 6030 7490 8860 9580 10300
900 x 900 x 50 318 4640 5210 5720 6200 6640
60 382 5540 6210 6820 7390 7920
70 445 6320 7080 7770 8420 9010

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.42 Continued PLATE: S275
O COLUMN BASES n
N CIRCULAR HOLLOW SECTIONS et
Column Size Base Plate Size'” Base Plate Axial Capacity in kN
Mass for cube strengths f;,
D D x By x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?
508.0 700 x 700 x 40 154 3910 4730 5240 5680 6090
50 192 4140 5010 5860 6690 7400
60 231 4340 5270 6170 7050 7900
70 269 4470 5450 6400 7310 8210
80 308 4570 5610 6600 7570 8510
800 x 800 x 40 201 4240 4760 5240 5680 6090
50 251 5170 5800 6370 6900 7400
60 301 5750 6920 7600 8230 8820
70 352 5880 7220 8520 9370 10000
80 402 5980 7370 8720 10000 11300
90 452 6020 7460 8860 10200 11500
900 x 900 x 60 382 6170 6920 7600 8230 8820
70 445 7040 7890 8660 9370 10000
80 509 7580 8980 9860 10700 11400
90 572 7620 9470 10800 11700 12600
100 636 7630 9530 11400 13000 13900

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.43 PLATE: S275
e} COLUMN BASES i
— SQUARE HOLLOW SECTIONS c—n
Column Size Base Plate Size™ Mass Axial Capacity in kN

for cube strengths f.,
DxB D, x B, x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?

150 x 150 300 x 300 x 15 10.6 612 689 759 824 886
20 141 790 888 977 1060 1140

25 17.7 979 1100 1210 1310 1400

30 21.2 1080 1310 1440 1560 1670

350 x 350 x 20 19.2 790 888 977 1060 1140

25 24.0 979 1100 1210 1310 1400

30 28.8 1170 1310 1440 1560 1670

35 33.7 1390 1530 1680 1810 1940

400 x 400 x 20 251 790 888 977 1060 1140

25 314 979 1100 1210 1310 1400

30 37.7 1170 1310 1440 1560 1670

35 440 1390 1530 1680 1810 1940

40 50.2 1620 1780 1930 2070 2210

450 x 450 x 25 39.7 979 1100 1210 1310 1400

30 47.7 1170 1310 1440 1560 1670

35 55.6 1390 1530 1680 1810 1940

40 63.6 1620 1780 1930 2070 2210

45 71.5 1820 1990 2150 2300 2450

160 x 160 300 x 300 x 15 10.6 654 736 811 881 947
20 141 845 949 1040 1130 1220

25 17.7 1050 1170 1290 1400 1500

30 21.2 1080 1350 1540 1670 1790

350 x 350 x 20 19.2 845 949 1040 1130 1220

25 24.0 1050 1170 1290 1400 1500

30 28.8 1250 1400 1540 1670 1790

35 33.7 1470 1630 1790 1930 2070

400 x 400 x 20 25.1 845 949 1040 1130 1220

25 314 1050 1170 1290 1400 1500

30 37.7 1250 1400 1540 1670 1790

35 440 1470 1630 1790 1930 2070

40 50.2 1710 1880 2050 2210 2360

450 x 450 x 25 39.7 1050 1170 1290 1400 1500

30 47.7 1250 1400 1540 1670 1790

35 55.6 1470 1630 1790 1930 2070

40 63.6 1710 1880 2050 2210 2360

45 71.5 1920 2100 2280 2440 2600

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.43 Continued PLATE: S275
e} COLUMN BASES i
— SQUARE HOLLOW SECTIONS c—n
Column Size Base Plate Size™ Mass Axial Capacity in kN

for cube strengths f.,
DxB D, x B, x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?

180 x 180 350 x 350 x 20 19.2 957 1080 1190 1290 1380
25 24.0 1180 1330 1460 1590 1700

30 28.8 1410 1580 1740 1890 2020

35 33.7 1470 1840 2020 2190 2340

400 x 400 x 20 251 957 1080 1190 1290 1380

25 314 1180 1330 1460 1590 1700

30 37.7 1410 1580 1740 1890 2020

35 440 1640 1840 2020 2190 2340

40 50.2 1890 2100 2300 2490 2660

450 x 450 x 25 39.7 1180 1330 1460 1590 1700

30 47.7 1410 1580 1740 1890 2020

35 55.6 1640 1840 2020 2190 2340

40 63.6 1890 2100 2300 2490 2660

45 71.5 2110 2330 2540 2740 2930

500 x 500 x 25 49.1 1180 1330 1460 1590 1700

30 58.9 1410 1580 1740 1890 2020

40 78.5 1890 2100 2300 2490 2660

50 98.1 2390 2620 2840 3050 3250

60 118 2990 3250 3500 3730 3950

200 x 200 400 x 400 x 20 25.1 1060 1190 1310 1430 1530
25 314 1320 1480 1630 1760 1890

30 37.7 1570 1760 1940 2100 2250

35 44.0 1820 2050 2250 2430 2610

40 50.2 1920 2330 2560 2770 2970

450 x 450 x 25 39.7 1320 1480 1630 1760 1890

30 47.7 1570 1760 1940 2100 2250

35 55.6 1820 2050 2250 2430 2610

40 63.6 2090 2330 2560 2770 2970

45 71.5 2320 2570 2820 3050 3260

500 x 500 x 25 491 1320 1480 1630 1760 1890

30 58.9 1570 1760 1940 2100 2250

40 78.5 2090 2330 2560 2770 2970

50 98.1 2610 2880 3130 3380 3620

60 118 3000 3540 3820 4090 4350

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.43 Continued PLATE: S275
e} COLUMN BASES i
— SQUARE HOLLOW SECTIONS c—n
Column Size Base Plate Size™ Mass Axial Capacity in kN

for cube strengths f.,
DxB D, x B, x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?

250 x 250 450 x 450 x 25 39.7 1660 1870 2050 2230 2390
30 47.7 1980 2220 2440 2650 2840

35 55.6 2300 2580 2830 3070 3290

40 63.6 2430 2930 3220 3490 3740

45 715 2430 3030 3540 3840 4110

500 x 500 x 25 491 1660 1870 2050 2230 2390

30 58.9 1980 2220 2440 2650 2840

40 78.5 2610 2930 3220 3490 3740

50 98.1 3000 3570 3920 4250 4550

60 118 3000 3750 4500 5070 5430

600 x 600 x 30 84.8 1980 2220 2440 2650 2840

40 113 2610 2930 3220 3490 3740

50 141 3200 3570 3920 4250 4550

60 170 3890 4300 4700 5070 5430

70 198 4320 4990 5410 5810 6200

300 x 300 500 x 500 x 25 491 2000 2250 2480 2690 2880
30 58.9 2380 2680 2940 3190 3420

40 78.5 2940 3530 3880 4200 4500

50 98.1 2990 3710 4410 5090 5480

60 118 3000 3750 4490 5210 5910

600 x 600 x 30 84.8 2380 2680 2940 3190 3420

40 113 3150 3530 3880 4200 4500

50 141 3840 4310 4730 5120 5480

60 170 4320 5140 5650 6110 6550

700 x 700 x 40 154 3150 3530 3880 4200 4500

50 192 3840 4310 4730 5120 5480

60 231 4600 5140 5650 6110 6550

70 269 5310 5890 6440 6970 7460

80 308 5880 6800 7390 7960 8500

350 x 350 500 x 500 x 25 491 2360 2650 2920 3180 3410
30 58.9 2650 3150 3470 3760 4040

40 78.5 2840 3460 4060 4640 5220

50 98.1 2940 3610 4250 4880 5490

600 x 600 x 30 84.8 2800 3150 3470 3760 4040

40 113 3690 4150 4560 4940 5300

50 141 4260 5050 5550 6010 6440

60 170 4320 5360 6380 7170 7680

70 198 4320 5400 6460 7490 8500

700 x 700 x 40 154 3690 4150 4560 4940 5300

50 192 4500 5050 5550 6010 6440

60 231 5370 6030 6620 7170 7680

70 269 5880 6870 7540 8160 8740

80 308 5880 7350 8590 9290 9950

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.43 Continued PLATE: S275
e} COLUMN BASES i
— SQUARE HOLLOW SECTIONS c—n
Column Size Base Plate Size™ Mass Axial Capacity in kN

for cube strengths f.,
DxB D, x B, x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?
400 x 400 600 x 600 x 30 84.8 3230 3640 4010 4360 4680
40 113 4000 4780 5260 5700 6120
50 141 4160 5100 6000 6890 7420
60 170 4280 5270 6220 7160 8070
70 198 4320 5360 6360 7330 8280
700 x 700 x 40 154 4250 4780 5260 5700 6120
50 192 5170 5800 6380 6920 7420
60 231 5840 6920 7600 8240 8830
70 269 5880 7310 8650 9370 10000
80 308 5880 7350 8790 10200 11400
800 x 800 x 40 201 4250 4780 5260 5700 6120
50 251 5170 5800 6380 6920 7420
60 301 6170 6920 7600 8240 8830
70 352 7020 7880 8650 9370 10000
80 402 7680 8970 9850 10700 11400
90 452 7680 9600 10800 11700 12500
450 x 450 600 x 600 x 30 84.8 3490 4140 4570 4970 5340
40 113 3800 4590 5370 6120 6860
50 141 4010 4870 5700 6500 7280
60 170 4180 5100 5990 6840 7680
70 198 4280 5250 6190 7090 7960
700 x 700 x 40 154 4820 5420 5970 6480 6960
50 192 5570 6570 7230 7840 8420
60 231 5740 7050 8330 9320 10000
70 269 5840 7200 8530 9820 11100
80 308 5880 7310 8690 10000 11300
800 x 800 x 40 201 4820 5420 5970 6480 6960
50 251 5850 6570 7230 7840 8420
60 301 6970 7820 8600 9320 10000
70 352 7640 8900 9780 10600 11400
80 402 7680 9560 11100 12100 12900
90 452 7680 9600 11500 13200 14200
900 x 900 x 70 445 7930 8900 9780 10600 11400
80 509 9030 10100 11100 12100 12900
90 572 9720 11100 12200 13200 14200
100 636 9720 12200 13500 14700 15700

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.43 Continued PLATE: S275
e} COLUMN BASES i
— SQUARE HOLLOW SECTIONS c—n
Column Size Base Plate Size™ Mass Axial Capacity in kN

for cube strengths f.,
DxB D, x B, x t, 20 25 30 35 40
mm mm kg N/mm? N/mm? N/mm? N/mm? N/mm?
500 x 500 700 x 700 x 40 154 5080 6040 6650 7220 7750
50 192 5350 6500 7620 8700 9380
60 231 5590 6810 7990 9130 10300
70 269 5730 7020 8250 9450 10600
80 308 5840 7190 8490 9750 11000
800 x 800 x 40 201 5370 6040 6650 7220 7750
50 251 6520 7320 8060 8740 9380
60 301 7390 8720 9580 10400 11100
70 352 7530 9270 10900 11800 12700
80 402 7640 9440 11200 12900 14400
90 452 7680 9540 11300 13100 14800
900 x 900 x 70 445 8840 9920 10900 11800 12700
80 509 9680 11300 12400 13400 14400
90 572 9720 12100 13600 14700 15800
100 636 9720 12100 14500 16300 17500
1000 x 1000 x 50 393 6520 7320 8060 8740 9380
60 471 7760 8720 9580 10400 11100
70 550 8840 9920 10900 11800 12700
80 628 10100 11300 12400 13400 14400
90 707 11100 12400 13600 14700 15800
100 785 12000 13700 15100 16300 17500
110 864 12000 14800 16200 17500 18800
120 942 12000 15000 17600 19100 20400

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.44 PLATE: S275
|:| COLUMN BASES i
+ + RECTANGULAR HOLLOW SECTIONS oc—
Column Size Base Plate Size'"” Base Plate Axial Capacity in kN @

Mass for cube strengths f,,
DxB D, x B, xt, 20 25 30 35 40
mm mm kg N/mm?® N/mm?® N/mm?® N/mm?® N/mm?®
200 x 100 400 x 300 x 20 18.8 772 878 977 1060 1140
25 23.6 949 1070 1180 1290 1390
30 28.3 1140 1270 1400 1510 1630
35 33.0 1360 1500 1630 1760 1880
40 37.7 1440 1740 1880 2020 2150
450 x 350 x 25 30.9 949 1070 1180 1290 1390
30 371 1140 1270 1400 1510 1630
35 43.3 1360 1500 1630 1760 1880
40 49.5 1590 1740 1880 2020 2150
45 55.6 1790 1950 2100 2250 2390
200 x 120 400 x 300 x 20 18.8 845 949 1040 1130 1220
25 23.6 1030 1160 1290 1400 1500
30 28.3 1230 1380 1520 1650 1780
35 33.0 1400 1610 1760 1900 2040
40 37.7 1440 1770 2020 2170 2320
450 x 350 x 25 30.9 1030 1160 1290 1400 1500
30 371 1230 1380 1520 1650 1780
35 43.3 1450 1610 1760 1900 2040
40 49.5 1690 1860 2020 2170 2320
45 55.6 1850 2080 2250 2410 2570
200 x 150 400 x 300 x 20 18.8 934 1050 1160 1260 1360
25 23.6 1150 1300 1430 1550 1670
30 28.3 1310 1530 1690 1840 1970
35 33.0 1400 1660 1920 2120 2280
40 37.7 1440 1770 2040 2290 2550
450 x 350 x 35 43.3 1590 1770 1950 2120 2280
40 49.5 1750 2030 2220 2400 2570
45 55.6 1850 2170 2460 2650 2830
250 x 100 450 x 300 x 25 26.5 1090 1230 1370 1500 1630
30 31.8 1300 1460 1610 1750 1880
35 371 1530 1700 1860 2010 2160
40 42.4 1620 1960 2130 2300 2450
45 47.7 1620 2030 2370 2540 2710
500 x 350 x 25 34.3 1090 1230 1370 1500 1630
30 41.2 1300 1460 1610 1750 1880
40 55.0 1780 1960 2130 2300 2450
50 68.7 2100 2470 2670 2850 3030
60 82.4 2100 2630 3150 3520 3720

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.44 Continued PLATE: S275
|:| COLUMN BASES i
+ + RECTANGULAR HOLLOW SECTIONS oc—
Column Size Base Plate Size'"” Base Plate Axial Capacity in kN @

Mass for cube strengths f,,
DxB D, xB,xt, 20 25 30 35 40
mm mm kg N/mm?® N/mm?® N/mm?® N/mm?® N/mm?®
250 x 150 450 x 350 x 25 30.9 1320 1480 1630 1760 1890
30 371 1550 1750 1940 2100 2250
35 43.3 1790 2010 2220 2430 2610
40 49.5 1890 2290 2520 2730 2940
45 55.6 1890 2360 2770 3000 3210
500 x 400 x 25 39.3 1320 1480 1630 1760 1890
30 471 1550 1750 1940 2100 2250
40 62.8 2060 2290 2520 2730 2940
50 78.5 2400 2840 3090 3330 3560
60 94.2 2400 3000 3600 4040 4290
600 x 500 x 30 70.7 1550 1750 1940 2100 2250
40 94.2 2060 2290 2520 2730 2940
50 118 2580 2840 3090 3330 3560
60 141 3210 3500 3780 4040 4290
300 x 100 500 x 300 x 25 294 1230 1400 1560 1710 1860
30 353 1460 1640 1810 1980 2140
40 471 1800 2180 2380 2570 2760
50 58.9 1800 2250 2700 3150 3380
60 70.7 1800 2250 2700 3150 3600
600 x 400 x 30 56.5 1460 1640 1810 1980 2140
40 75.4 1970 2180 2380 2570 2760
50 94.2 2490 2730 2950 3170 3380
60 113 2880 3390 3640 3880 4110
70 132 2880 3600 4290 4550 4800
300 x 200 500 x 400 x 25 39.3 1660 1870 2050 2230 2390
30 47 1 1980 2220 2440 2650 2840
40 62.8 2400 2920 3220 3490 3740
50 78.5 2400 3000 3600 4200 4550
60 94.2 2400 3000 3600 4200 4800
600 x 500 x 30 70.7 1980 2220 2440 2650 2840
40 94.2 2590 2920 3220 3490 3740
50 118 3170 3540 3890 4220 4550
60 141 3600 4270 4650 5020 5370
70 165 3600 4500 5360 5760 6140
700 x 600 x 40 132 2590 2920 3220 3490 3740
50 165 3170 3540 3890 4220 4550
60 198 3860 4270 4650 5020 5370
70 231 4510 4950 5360 5760 6140

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.44 Continued PLATE: S275
|:| COLUMN BASES i
+ + RECTANGULAR HOLLOW SECTIONS oc—
Column Size Base Plate Size'"” Base Plate Axial Capacity in kN @
Mass for cube strengths f,,
DxB D, xB,xt, 20 25 30 35 40
mm mm kg N/mm?® N/mm?® N/mm?® N/mm?® N/mm?®
400 x 200 600 x 400 x 30 56.5 2390 2690 2960 3210 3450
40 75.4 2880 3510 3890 4220 4530
50 94.2 2880 3600 4320 5040 5480
60 113 2880 3600 4320 5040 5760
70 132 2880 3600 4320 5040 5760
700 x 500 x 40 110 3090 3510 3890 4220 4530
50 137 3730 4190 4640 5060 5480
60 165 4200 4990 5480 5950 6400
70 192 4200 5250 6260 6760 7240
80 220 4200 5250 6300 7350 8260
800 x 600 x 40 151 3090 3510 3890 4220 4530
50 188 3730 4190 4640 5060 5480
60 226 4480 4990 5480 5950 6400
70 264 5190 5740 6260 6760 7240
80 301 5760 6650 7210 7750 8260
450 x 250 700 x 500 x 40 110 3690 4150 4560 4940 5300
50 137 4200 5040 5550 6010 6440
60 165 4200 5250 6300 7140 7680
70 192 4200 5250 6300 7350 8400
80 220 4200 5250 6300 7350 8400
800 x 600 x 40 151 3690 4150 4560 4940 5300
50 188 4440 5040 5550 6010 6440
60 226 5260 5910 6530 7140 7680
70 264 5760 6720 7380 8020 8640
80 301 5760 7200 8410 9090 9750
90 339 5760 7200 8640 10000 10700
900 x 700 x 70 346 6020 6720 7380 8020 8640
80 396 6950 7700 8410 9090 9750
90 445 7560 8540 9290 10000 10700
100 495 7560 9450 10400 11200 11900

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Column Bases

COLUMN: S275 or S355

Table H.44 Continued PLATE: S275
|:| COLUMN BASES i
+ + RECTANGULAR HOLLOW SECTIONS oc—
Column Size Base Plate Size'"” Base Plate Axial Capacity in kN @
Mass for cube strengths f,,
DxB D, xB,xt, 20 25 30 35 40
mm mm kg N/mm?® N/mm?® N/mm?® N/mm?® N/mm?®
500 x 300 700 x 500 x 40 110 3990 4750 5230 5670 6080
50 137 4150 5080 5980 6860 7380
60 165 4200 5250 6210 7130 8040
70 192 4200 5250 6300 7320 8260
80 220 4200 5250 6300 7350 8400
800 x 600 x 40 151 4230 4750 5230 5670 6080
50 188 5160 5790 6360 6890 7380
60 226 5760 6900 7590 8210 8800
70 264 5760 7200 8590 9350 10000
80 301 5760 7200 8640 10100 11400
90 339 5760 7200 8640 10100 11500
900 x 700 x 70 346 6910 7770 8590 9350 10000
80 396 7560 8820 9700 10500 11400
90 445 7560 9450 10600 11500 12400
1000 x 800 x 50 314 5160 5790 6360 6890 7380
60 377 6090 6900 7590 8210 8800
70 440 6910 7770 8590 9350 10000
80 502 7900 8820 9700 10500 11400
90 565 8750 9720 10600 11500 12400

For further information on standard connection details see Table H.40
For guidance on the use of tables see Explanatory notes in Table H.39
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Material Strengths

Material Strengths
The following extracts from BS 5950-1:2000", BS EN 10210-18 and BS EN 100252 have been included for the
convienience of the connection designer:

Table H.45 Steel Strengths
Strengths for sections, plates and hollow sections
Thickness less than Design strength @ Ultimate strength ®
Steel Grade or equal to (mm) p, (N/mm?) U, (N/mm?)

16 275
40 265

S275 63 255 410
80 245
100 235
150 225
16 355
40 345

S355 63 335 490
80 325
100 315
150 295

(a) Values from BS 5950-1!" Table 9
(b) Values from BS EN 100252" Table 5 for sections and plates and BS EN 10210-18! Table A.3 for hollow sections.
In BS EN 10025%" and BS EN 10210-1¥1 p and U are designated R, and R respectively

Table H.46 Weld Strengths
Fillet weld design strength @, p_(N/mm?)
Steel Grade for Electrode Classification ®
E35 E42
S275 220 (220)
S355 (220) 250

(a) Values from BS 5950-1!"! Table 37. Values in ( ) are for under- or over-matched electrodes.

(b) Welding consumables should conform to BS EN 44048, BS EN 499%°, BS EN 756“°, BS EN 758 or
BS EN 1668%" as appropriate.

Table H.47 Bolt Strengths
Bolt strength in clearance holes (N/mm?)
Bolt grade
Shear strength p_© Bearing strength, p, Tension strength p,©

4.6 160 460 240
8.8 375 1000 560
10.9 400 1300 700

(a) Values from BS 5950-1"  Table 30

(b) Values from BS 5950-1  Table 31

(c) Values from BS 5950-1""  Table 34

Table H.48 Bearing Strength of Connected Parts
Steel Grade Bearing strength of connected parts p,_© (N/mm?)
S275 460
S355 550

(a) Values from BS 5950-11" Table 32.
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Bolt Capacities

BOLT CAPACITIES

BS 5950-1: 2000
BS 4190: 2001

Table H.49 Non-Preloaded Ordinary Bolts in S275

GRADE 4.6 BOLTS IN S275

Diameter | Tensile Tension Shear Bearing Capacity in KN (Minimum of Py, and Py)
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area Nominal | Exact Single Double
0.8Ap; Apy Shear Shear Thickness in mm of ply passed through.
A Prom Py P 2P
mm mm? kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
12 84.3 16.2 20.2 13.5 27.0 276 | 331 | 386 | 442 | 49.7 | 55.2 | 66.2 | 82.8 110 138 166
16 157 30.1 37.7 251 50.2 368 | 442 | 51.5 | 589 | 66.2 | 73.6 | 88.3 110 147 184 221
20 245 47.0 58.8 39.2 78.4 46.0 | 552 | 644 | 736 | 828 | 92.0 110 138 184 230 276
22 303 58.2 72.7 48.5 97.0 506 | 60.7 [ 70.8 | 81.0 | 91.1 101 121 152 202 253 304
24 353 67.8 84.7 56.5 113 55.2 | 66.2 | 77.3 | 88.3 | 99.4 110 132 166 221 276 331
27 459 88.1 110 73.4 147 621 | 745 | 86.9 | 994 112 124 149 186 248 311 373
30 561 108 135 89.8 180 69.0 | 82.8 | 96.6 110 124 138 166 207 276 345 414
See notes below
GRADE 8.8 BOLTS IN S275
Diameter | Tensile Tension Shear Bearing Capacity in KN (Minimum of Py, and Py)
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area Nominal | Exact Single Double
0.8Ap; Apr Shear Shear Thickness in mm of ply passed through.
A Prom P P, 2P
mm mm? kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
12 84.3 37.8 47.2 31.6 63.2 276 | 331 | 386 | 442 | 497 | 552 | 66.2 | 828 110 138 166
16 157 70.3 87.9 58.9 118 36.8 | 442 | 5156 | 589 | 66.2 | 736 | 88.3 110 147 184 221
20 245 110 137 91.9 184 46.0 | 55.2 | 64.4 | 73.6 | 82.8 | 92.0 110 138 184 230 276
22 303 136 170 114 227 50.6 | 60.7 | 70.8 | 81.0 | 911 101 121 152 202 253 304
24 353 158 198 132 265 55.2 | 66.2 | 77.3 | 88.3 | 99.4 | 110 132 166 221 276 331
27 459 206 257 172 344 621 | 745 | 86.9 | 994 | 112 124 149 186 248 311 373
30 561 251 314 210 421 69.0 | 82.8 [ 96.6 | 110 124 138 166 207 276 345 414
See notes below
GRADE 10.9 BOLTS IN S275
Diameter | Tensile Tension Shear Bearing Capacity in KN (Minimum of Py, and Py)
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area Nominal | Exact Single Double
0.8Ap; Apy Shear Shear Thickness in mm of ply passed through.
A Prom Py P 2P
mm mm? kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
12 84.3 47.2 59.0 33.7 67.4 276 | 331 | 386 | 442 | 497 | 552 | 66.2 | 828 110 138 166
16 157 87.9 110 62.8 126 36.8 | 442 | 51.5 | 589 | 66.2 | 736 | 88.3 110 147 184 221
20 245 137 172 98.0 196 46.0 | 55.2 | 64.4 | 73.6 | 82.8 | 92.0 110 138 184 230 276
22 303 170 212 121 242 50.6 | 60.7 | 70.8 | 81.0 | 911 101 121 152 202 253 304
24 353 198 247 141 282 552 | 66.2 | 77.3 | 88.3 | 99.4 | 110 132 166 221 276 331
27 459 257 321 184 367 621 | 74.5 | 86.9 | 99.4 | 112 124 149 186 248 311 373
30 561 314 393 224 449 69.0 | 82.8 [ 96.6 | 110 124 138 166 207 276 345 414

Values in bold are less than the single shear capacity of the bolt.
Values in jfalic are greater than the double shear capacity of the bolt.

Bearing values assume standard clearance holes.
If oversize or short slotted holes are used, bearing values should be multiplied by 0.7.

If long slotted or kidney shaped holes are used, bearing values should be multiplied by 0.5.

If appropriate, shear capacity must be reduced for large packings, large grip lengths and long joints.
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BOLT CAPACITIES

Bolt Capacities

BS 5950-1: 2000
BS 4395: 1969
BS 4604: 1970

Table H.50 Preloaded HSFG Bolts in S275: Non-Slip in Service

GENERAL GRADE HSFG BOLTS IN S275

Diameter| Min. Tension Shear Slip Resistance Bearing Capacity, Pyg in KN
of Shank Capacity foru=0.5 End distance equal to 3 x bolt diameter.
Bolt Tension Single | Double | Single | Double
Shear | Shear | Shear | Shear Thickness in mm of ply passed through.
P, 11P. | A
mm kKN kN kN kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
12 494 543 | 49.7 | 337 | 674 | 272 | 543 | 414 | 497 | 580 | 66.2 | 745 | 828 | 994 | 124 | 166 | 207 | 248
16 921 101 | 92.6 | 62.8 126 50.7 101 5652 | 66.2 | 77.3 | 883 | 994 | 110 | 132 | 166 | 221 | 276 | 331
20 144 158 | 145 [ 98.0 196 79.2 158 | 69.0 | 82.8 | 96.6 | 110 | 124 | 138 | 166 | 207 | 276 | 345 | 414
22 177 195 | 179 121 242 97.4 195 | 759 | 91.1 | 106 | 121 137 | 152 | 182 | 228 | 304 | 380 | 455
24 207 228 | 208 141 282 114 228 | 82.8 | 994 | 116 | 132 | 149 | 166 | 199 | 248 | 337 | 414 | 497
27 234 257 | 236 161 321 129 257 | 93.2 | 112 | 130 | 149 | 168 | 186 | 224 | 279 | 373 | 466 | 559
30 286 315 | 289 196 393 157 315 104 | 124 | 145 | 166 | 186 | 207 | 248 | 311 | 414 | 518 | 621
See notes below
HIGHER GRADE HSFG BOLTS IN S275
Diameter| Min. Tension Shear Slip Resistance Bearing Capacity, P, in kN
of Shank Capacity forp=0.5 End distance equal to 3 x bolt diameter.
Bolt Tension Single | Double | Single | Double
Shear | Shear | Shear | Shear Thickness in mm of ply passed through.
P, 1.1P, | Apy
mm kN kN kN kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
16 104 114 | 110 | 62.8 126 57.1 114 | 65.2 | 66.2 | 77.3 | 88.3 | 99.4 | 110 | 132 | 166 | 221 | 276 | 331
20 162 178 | 172 | 98.0 196 89.0 178 | 69.0 | 82.8 | 96.6 | 110 | 124 | 138 | 166 | 207 | 276 | 345 | 414
22 200 220 | 212 121 242 110 220 | 759 | 91.1 | 106 | 121 137 | 152 | 182 | 228 | 304 | 380 | 455
24 233 257 | 247 141 282 128 257 | 82.8 | 994 | 116 | 132 | 149 | 166 | 199 | 248 | 337 | 414 | 497
27 303 333 | 321 184 367 167 333 [ 93.2 ]| 112 | 130 | 149 | 168 | 186 | 224 | 279 | 373 | 466 | 559
30 370 407 | 393 224 449 204 407 104 | 124 | 145 | 166 | 186 | 207 | 248 | 311 | 414 | 518 | 621

Values in bold are less than the single shear capacity of the bolt.

Values in italic are greater than the double shear capacity of the bolt.

Shading indicates that the ply thickness is not suitable for an outer ply.
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Bolt Capacities

BOLT CAPACITIES BS 5950-1: 2000
BS 4395: 1969
BS 4604: 1970

Table H.51 Preloaded HSFG Bolts in S275: Non-Slip under Factored Loads

GENERAL GRADE HSFG BOLTS IN S275

Diameter Min. Bolt Slip Resistance Pg_

of Shank Tension n=0.2 n=0.3 n=0.4 u=05

Bolt Tension Capacity Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear

Po 0.9P,

mm kN kN kN kN kN kN kN kN kN kN

12 49.4 445 8.89 17.8 13.3 26.7 17.8 35.6 222 445

16 921 82.9 16.6 33.2 24.9 49.7 33.2 66.3 414 82.9

20 144 130 25.9 51.8 38.9 77.8 51.8 104 64.8 130

22 177 159 31.9 63.7 47.8 95.6 63.7 127 79.7 159

24 207 186 37.3 74.5 55.9 112 74.5 149 93.2 186

27 234 211 421 84.2 63.2 126 84.2 168 105 211

30 286 257 51.5 103 77.2 154 103 206 129 257

HIGHER GRADE HSFG BOLTS IN S275

Diameter Min. Bolt Slip Resistance Py

of Shank Tension n=0.2 n=0.3 n=04 n=0.5

Bolt Tension Capacity Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear

P, 0.9P,

mm kN kN kN kN kN kN kN kN kN kN

16 104 93.5 18.7 374 28.1 56.1 374 74.8 46.8 93.5

20 162 146 29.1 58.2 43.7 87.4 58.2 116 72.8 146

22 200 180 36.0 721 54.1 108 721 144 90.1 180

24 233 210 42.0 84.0 63.0 126 84.0 168 105 210

27 303 273 54.5 109 81.8 164 109 218 136 273

30 370 333 66.6 133 99.9 200 133 266 167 333
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BOLT CAPACITIES

Bolt Capacities

BS 5950-1: 2000
BS 4190: 2001

Table H.52 Non-Preloaded Ordinary Bolts in S355

GRADE 4.6 BOLTS IN S355

Diameter | Tensile Tension Shear Bearing Capacity in KN (Minimum of Py, and Pys)
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area Nominal | Exact Single Double
0.8Ap; Apy Shear Shear Thickness in mm of ply passed through.
A Prom Py P 2P
mm mm? kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
12 84.3 16.2 20.2 13.5 27.0 276 | 331 | 386 | 442 | 49.7 | 552 | 66.2 | 82.8 110 138 166
16 157 30.1 37.7 251 50.2 368 | 442 | 51.5 | 589 | 66.2 | 73.6 | 88.3 110 147 184 221
20 245 47.0 58.8 39.2 78.4 46.0 | 552 | 644 | 736 | 828 | 92.0 110 138 184 230 276
22 303 58.2 72.7 48.5 97.0 506 | 60.7 [ 70.8 | 81.0 | 91.1 101 121 152 202 253 304
24 353 67.8 84.7 56.5 113 55.2 | 66.2 | 77.3 | 88.3 | 99.4 110 132 166 221 276 331
27 459 88.1 110 73.4 147 621 | 745 | 86.9 | 994 112 124 149 186 248 311 373
30 561 108 135 89.8 180 69.0 | 82.8 | 96.6 110 124 138 166 207 276 345 414
See notes below
GRADE 8.8 BOLTS IN S355
Diameter | Tensile Tension Shear Bearing Capacity in KN (Minimum of Py, and Py)
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area Nominal | Exact Single Double
0.8Ap; Apr Shear Shear Thickness in mm of ply passed through.
A Prom P P, 2P,
mm mm? kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
12 84.3 37.8 47.2 31.6 63.2 330 | 396 | 462 | 528 | 594 | 66.0 | 79.2 | 99.0 132 165 198
16 157 70.3 87.9 58.9 118 44.0 | 528 | 61.6 | 704 | 79.2 | 88.0 106 132 176 220 264
20 245 110 137 91.9 184 55.0 | 66.0 | 77.0 | 88.0 | 99.0 110 132 165 220 275 330
22 303 136 170 114 227 60.5 | 726 | 84.7 | 96.8 | 109 121 145 182 242 303 363
24 353 158 198 132 265 66.0 | 79.2 [ 924 | 106 119 132 158 198 264 330 396
27 459 206 257 172 344 74.3 | 891 104 119 134 149 178 223 297 371 446
30 561 251 314 210 421 82.5 | 99.0 [ 116 132 149 165 198 248 330 413 495
See notes below
GRADE 10.9 BOLTS IN S355
Diameter | Tensile Tension Shear Bearing Capacity in KN (Minimum of Py, and Py)
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area Nominal | Exact Single Double
0.8Ap; Apy Shear Shear Thickness in mm of ply passed through.
A Prom Py P 2P
mm mm? kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
12 84.3 47.2 59.0 33.7 67.4 33.0 | 396 | 462 | 52.8 | 59.4 | 66.0 | 79.2 | 99.0 132 165 198
16 157 87.9 110 62.8 126 44.0 | 52.8 | 61.6 | 70.4 | 79.2 | 88.0 106 132 176 220 264
20 245 137 172 98.0 196 55.0 | 66.0 | 77.0 | 88.0 | 99.0 110 132 165 220 275 330
22 303 170 212 121 242 60.5 | 72.6 | 84.7 | 96.8 | 109 121 145 182 242 303 363
24 353 198 247 141 282 66.0 | 79.2 [ 924 | 106 119 132 158 198 264 330 396
27 459 257 321 184 367 74.3 | 8941 104 119 134 149 178 223 297 371 446
30 561 314 393 224 449 82.5 | 99.0 | 116 132 149 165 198 248 330 413 495

Values in bold are less than the single shear capacity of the bolt.
Values in jfalic are greater than the double shear capacity of the bolt.

Bearing values assume standard clearance holes.
If oversize or short slotted holes are used, bearing values should be multiplied by 0.7.

If long slotted or kidney shaped holes are used, bearing values should be multiplied by 0.5.

If appropriate, shear capacity must be reduced for large packings, large grip lengths and long joints.
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Bolt Capacities

BOLT CAPACITIES

BS 5950-1: 2000
BS 4395: 1969
BS 4604: 1970

Table H.53 Preloaded HSFG Bolts in S355: Non-Slip in Service

GENERAL GRADE HSFG BOLTS IN S355

Diameter| Min. Tension Shear Slip Resistance Bearing Capacity, Pyg in KN
of Shank Capacity forn=0.5 End distance equal to 3 x bolt diameter.
Bolt Tension Single | Double | Single | Double
Shear | Shear | Shear | Shear Thickness in mm of ply passed through.
P, 11P. | A
mm kKN kN kN kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
12 494 543 | 49.7 | 337 | 674 | 272 | 543 | 495 | 59.4 | 69.3 | 79.2 | 89.1 | 99.0 | 119 | 149 | 198 | 248 | 297
16 921 101 | 92.6 | 62.8 126 50.7 101 66.0 79.2 | 924 | 106 | 119 | 132 | 158 | 198 | 264 | 330 | 396
20 144 158 | 145 | 98.0 196 79.2 158 | 82.5 | 99.0 [ 116 | 132 | 149 | 165 | 198 | 248 | 330 | 413 | 495
22 177 195 | 179 121 242 97.4 195 | 90.8 | 109 | 127 | 145 | 163 | 182 | 218 | 272 | 363 | 454 | 545
24 207 228 | 208 141 282 114 228 |1 99.0 | 119 | 139 | 158 | 178 | 198 | 238 | 297 | 396 | 495 | 594
27 234 257 | 236 161 321 129 257 111 | 134 | 156 | 178 | 200 | 223 | 267 | 334 | 446 | 557 | 668
30 286 315 | 289 196 393 157 315 124 | 149 | 173 | 198 | 223 | 248 | 297 | 371 | 495 | 619 | 743
See notes below
HIGHER GRADE HSFG BOLTS IN S355
Diameter| Min. Tension Shear Slip Resistance Bearing Capacity, P, in kN
of Shank Capacity forp=0.5 End distance equal to 3 x bolt diameter.
Bolt Tension Single | Double | Single | Double
Shear | Shear | Shear | Shear Thickness in mm of ply passed through.
P, 1.1P, | Apy
mm kN kN kN kN kN kN kN 5 6 7 8 9 10 12 15 20 25 30
16 104 114 | 110 | 62.8 126 57.1 114 | 66.0 | 79.2 | 924 | 106 | 119 | 132 | 158 | 198 | 264 | 330 | 396
20 162 178 | 172 | 98.0 196 89.0 178 | 825 | 99.0 [ 116 | 132 | 149 | 165 | 198 | 248 | 330 | 413 | 495
22 200 220 | 212 121 242 110 220 | 90.8 | 109 | 127 | 145 | 163 | 182 | 218 | 272 | 363 | 454 | 545
24 233 257 | 247 141 282 128 257 1 99.0 | 119 | 139 | 158 | 178 | 198 | 238 | 297 | 396 | 495 | 594
27 303 333 | 321 184 367 167 333 111 | 134 | 156 | 178 | 200 | 223 | 267 | 334 | 446 | 557 | 668
30 370 407 | 393 224 449 204 407 124 | 149 | 173 | 198 | 223 | 248 | 297 | 371 | 495 | 619 | 743

Values in bold are less than the single shear capacity of the bolt.

Values in italic are greater than the double shear capacity of the bolt.

Shading indicates that the ply thickness is not suitable for an outer ply.
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BOLT CAPACITIES

Bolt Capacities

BS 59

50-1: 2000

BS 4395: 1969
BS 4604: 1970

Table H.54 Preloaded HSFG Bolts in S355: Non-Slip under Factored Loads

GENERAL GRADE HSFG BOLTS IN S355

Diameter Min. Bolt Slip Resistance Pg_
of Shank Tension n=0.2 n=0.3 n=0.4 u=05
Bolt Tension Capacity Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear
P, 0.9P,
mm kN kN kN kN kN kN kN kN kN kN
12 49.4 445 8.89 17.8 13.3 26.7 17.8 35.6 222 445
16 921 82.9 16.6 33.2 24.9 49.7 33.2 66.3 41.4 82.9
20 144 130 25.9 51.8 38.9 77.8 51.8 104 64.8 130
22 177 159 31.9 63.7 47.8 95.6 63.7 127 79.7 159
24 207 186 37.3 74.5 55.9 112 74.5 149 93.2 186
27 234 211 421 84.2 63.2 126 84.2 168 105 211
30 286 257 51.5 103 77.2 154 103 206 129 257
HIGHER GRADE HSFG BOLTS IN S355
Diameter Min. Bolt Slip Resistance Pg_
of Shank Tension n=0.2 n=0.3 n=0.4 u=05
Bolt Tension Capacity Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear
P, 0.9P,
mm kN kN kN kN kN kN kN kN kN kN
16 104 93.5 18.7 374 28.1 56.1 374 74.8 46.8 93.5
20 162 146 29.1 58.2 43.7 87.4 58.2 116 72.8 146
22 200 180 36.0 721 54.1 108 721 144 90.1 180
24 233 210 42.0 84.0 63.0 126 84.0 168 105 210
27 303 273 54.5 109 81.8 164 109 218 136 273
30 370 333 66.6 133 99.9 200 133 266 167 333
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Fasteners for RHS Sections

FLOWDRILL

Tension capacity - normal design

The tension capacity of Grade 8.8 bolts for normal design are shown in Table H.55a and take account of the RHS wall
thickness as well as the bolt strength.

Table H.55a
FLOWDRILL CONNECTIONS
Normal tension capacity (P,,,,,)kN
Bolt RHS column wall thickness mm
diameter S$275 S$355
mm 5 6.3 8 10 125 5 63 | 8t125
M16 46 60 70.3 59 70.3
M20 70 85 95 97 110 102 110
M24 80 101 122 134 158 103 130 158

Tension capacity - structural integrity

The pull-out resistances for structural integrity are less than those for normal design because the design method used
for structural integrity leads to thinner plates/cleats than for normal design methods, based on BS 5950-1:2000!"], and,

as a result, will lead to higher prying forces.

The values in Table H.55b are based on limiting value of p,= 300N/mmZ for extreme prying (See CHECK 13).

Table H.55b
FLOWDRILL CONNECTIONS

Structural integrity tension capacity (Pg;)kN

Bolt RHS column wall thickness mm
diameter 8275 $355

mm 5 6.3 8 10 125 5 63 | 8t0125
M16 30 40 46 39 46
M20 46 56 63 65 73 68 73
M24 53 67 81 89 106 68 86 106

Shear and bearing capacity

For shear and bearing capacities, refer to capacity tables for ordinary bolts (Tables H.49 and H.52)

Note: Additional information on Flowdrill is given in Appendix F.
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Shear capacity

HOLLO-BOLT CAPACITIES

Fasteners for RHS Sections

Hollo-Bolts have a shear capacity slightly higher than that for ordinary bolting, since the body of the fastener provides

resistance as well as the bolt. Values are given in Table H.56.

Tension capacity - normal design

The tension capacity of Grade 8.8 Hollo-Bolts for normal design are shown in Table H.56.

Tension capacity - structural integrity

The pull-out resistances for structural integrity are less than those for normal design because the design method used
for structural integrity leads to thinner plates/cleats than for normal design methods, based on BS 5950-1: 2000!", and,
as a result, will lead to higher prying forces. This has been taken into account in the resistances shown in Table H.56.

Table H.56
HOLLO-BOLT DESIGN CAPACITIES
Normal Structural integrity
Bolt Shear Tension Tension
diameter Capacity Capacity Capacity
mm kN (Phom) kKN (Pg;) kN
M8 12 16 10
M10 25 26 17
M12 38 38 25
M16 75 70 46
M20 100 110 73

Bearing capacity

For bearing capacities refer to capacity tables for ordinary bolts (Tables H.49 and H.52)

Note: Additional information on Hollo-Bolts is given in Appendix G.
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Weld Capacities

Table H.57 Weld Capacities

BS 5950-1 :2000
BS EN 440
BS EN 499
BS EN 756
BS EN 758
BS EN 1668

FILLET WELDS

(c) Pt = K p,a. Welds are between two elements at 90° to each other, therefore K = 1.25.
(d) pw =220 N/mm? for E35 electrode with S275 steel
(e) pw =250 N/mm? for E42 electrode with S355 steel

Leg Throat WELD CAPACITIES
Length Thickness E35 ELECTRODE WITH §275 ¥ E42 ELECTRODE WITH $355©
Longitudinal Capacity Transverse Capacity Longitudinal Capacity Transverse Capacity
s a p_® p, @ p_® p, @

mm mm KN/mm KN/mm KN/mm KN/mm
4.0 2.80 0.616 0.770 0.700 0.875
6.0 4.20 0.924 1.16 1.05 1.31
8.0 5.60 1.23 1.54 1.40 1.75
10.0 7.00 1.54 1.93 1.75 219
12.0 8.40 1.85 2.31 210 2.63
15.0 10.5 2.31 2.89 2.63 3.28
18.0 12.6 2,77 3.47 3.156 3.94
20.0 14.0 3.08 3.85 3.50 4.38
220 15.4 3.39 4.24 3.85 4.81
25.0 17.5 3.85 4.81 4.38 5.47

(aya=0.7s

(b) PL=pwa

FULL PENETRATION BUTT WELDS

WELD CAPACITIES

E42 ELECTRODE WITH S355

Thickness E35 ELECTRODE WITH S275
Shear Tension or Compression Shear Tension or Compression
Capacity ¥ Capacity Capacity ¥ Capacity
mm kN/mm kN/mm kN/mm kN/mm
4.0 0.660 1.10 0.852 1.42
6.0 0.990 1.65 1.28 213
8.0 1.32 2.20 1.70 2.84
10.0 1.65 275 213 3.55
12.0 1.98 3.30 2.56 4.26
15.0 2.48 413 3.20 5.33
18.0 2.86 4.77 3.73 6.21
20.0 3.18 5.30 4.14 6.90
22.0 3.50 5.83 4.55 7.59
25.0 3.98 6.63 5.18 8.63

(a) The strength in shear is taken as 0.6p,.

(b) The weld strength in tension or compression is taken as p,.

Where: p, is the design strength of the parent material.
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Table H.58

Dimensions for Detailing

DIMENSIONS OF ORDINARY BOLT ASSEMBLIES
(All dimensions in millimetres)

ISO Black Hexagonal Bolts
(BS 4190:2001)10

s s K Length
j j ~— T See
= r Thread
7 VN - Length
el (.t e df Table
\g.s A able
A 300
Grade 8.8 Grade 4.6
Head Head
M12 M16 M20 M24
[ 19.00 24.00 30.00 36.00
d 12.70 16.70 20.84 24.84
e 21.90 27.70 34.60 41.60
k 8.45 10.45 13.90 15.90
r 1.25 1.25 1.78 1.78

(BS 4933:1973)%2
Length

s

e

90° Countersunk Round Bolts

ISO Metric Black Hexagonal Nuts
(BS 4190:2001)10

Normal thlckness
nuts

M12 M16 M20 M24
s 19.00 | 24.00 | 30.00 36.00
e 2190 | 27.70 | 34.60 41.60
m 10.00 13.00 16.00 19.00
t 7.00 9.00 9.00 10.00
Black Washers
(BS 4320:1968)10

Bolt size |M12| M16 | M20 | M24

Outside dia 24 30 37 44
Thickness 2.5 3 3 4

Normal
(Form E)

Mass of 1000
washers (kg) 6 11 17 31

Outside dia 28 34 39 50
Thickness 2.5 3 3 4

Large
(Form F)

Mass of 1000
washers (kg) 9 16 19 45

Outside dia 36 | 48 60 72
Thickness 3 4 5 6

Mass of 1000
washers (kg) | 21 | 49 97

Extra Large
(Form G)

170

Thread
Length
Table
M12 M16 M20 M24
d 12.70 | 16.70 | 20.84 | 24.84
D (sharp) | 24.00 | 32.00 | 40.00 | 48.00
D (min) 20.40 | 27.20 | 34.00 | 40.80
r 1.00 1.00 1.00 1.50
Thread Lengths
(BS 4190:20011"%, BS 4933:1973052)
Nominal Bolt Length Thread Length
Up to/including 125mm 2d + 6mm
Over 125mm up to/including 200 2d + 12mm
Over 200mm 2d + 25mm
Short Thread Lengths
Up to/including 125mm 1.5d

Fully threaded bolts are recommended as the industry standard, see Section 2.2.

NOTE: Tolerance on nominal thickness
(and therefore on mass)
may be as much as 30%.
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Dimensions for Detailing

Table H.59

(All dimensions in millimetres)

DIMENSIONS OF HIGH STRENGTH FRICTION GRIP BOLT ASSEMBLIES

High Strength Friction Grip Bolts and Nuts
(BS 4395-1: 1969!'" - General Grade) (BS 4395-2: 1969!'"! - Higher Grade)

k Length
s .
<—W c }_
—i|=—r
- . .
e " afd zSO
L= See !
S rea
0 Length
- 30 Table
74 N\
e Q Higher grade
\N /
M16 M20 M24 M30
s 27.00 32.00 41.00 50.00
d 16.70 20.84 24.84 30.84
e 31.20 36.90 47.30 57.70
d, 27.00 32.00 41.00 50.00
k 10.45 13.90 15.90 20.05
c 0.40 0.40 0.50 0.50
r 1.00 1.20 1.20 1.50

Thread Lengths

(a) General Grade (BS 4395-1: 1969!11))

Nominal Bolt Length

Thread Length

Up to/including 125mm

Over 125mm up to/including 200

Over 200mm

2d + 6mm
2d + 12mm

2d + 25mm

(b) Higher Grade (BS 4395-2: 1969[11])

Nominal Bolt Length

Thread Length

Up to/including 125mm

Over 125mm up to/including 200

Over 200mm

2d + 12mm
2d + 18mm

2d + 30mm

= oI
&I e
s ok

.
e Higher grade
7

M16 M20 M24 M30
] 27.00 32.00 41.00 50.00
e 31.20 36.90 47.30 57.70
d, 27.00 32.00 41.00 50.00
m 15.55 18.55 22.65 26.65
c 0.40 0.40 0.50 0.50

Flat Round Washers
General Grade (BS 4395-1: 1969!'") and
Higher Grade (BS 4395-2: 1969['")

c ) &
Al
M16 M20 M24 M30

A 3.40 3.70 4.20 4.20

B 17.80 21.50 26.40 32.80

C 37.00 44.00 56.00 66.00
Mass of

1000 22 34 64 86
washers

(kg)
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Table H.60

Dimensions for Detailing

DETAILING OF THERMAL DRILLING BOLT ASSEMBLIES

tp

Width

Min bolt
centres

A ‘
D 1?

i,

Dimensions (mm) for bolt size

M12 M16 M20 M24
A, 7 10 12 15
B, 13 17 22 25
C, 18 20 26 29
D, Varies with overall bolt length (L) specified
C,/2 + 1, (for connections made to a single face or opposite faces)
E4 Minimum
B4/2 + A, + D + t, (for connections made to adjacent faces)
Min Bolt Centres 30 40 50 60
Hole dia. RHS 12 16 20 24
Hole dia. fitting 14 18 22 26

Notes:

(3) Additional information on thermal drilling is given in Appendix F.

(1) The thermal drilling process is limited to RHS thicknesses up to and including 12.5mm. For thicknesses of
16mm and over, conventional drill and tap methods are recommended, although, due to the RHS material
strength being lower than that of the grade 8.8 bolts, pull out strengths may be below the bolt tension capacity.

(2) Detailing must also comply with the requirements given in CHECK 1 of the appropriate design procedures.
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Dimensions for Detailing

Table H.61
DETAILING OF HOLLO-BOLT ASSEMBLIES
Width
Y
Lo Jlm
tp J | |
4 N E,is applicable
\Y A where bolts are
E1  required on
Jﬂ—r adjacent faces.
: &
W
Bolt Fixing Min. bolt Min. Min. |Hole [Dimension] Nominal | Tightening
length| thickness® | centres | internal edge | dia. | across bolt torque
Bolt size edge distance flats dia.
\% w X Y E, D, of collar
min max
mm mm mm mm mm mm mm mm Nm
M8 (Size 1) 50 3 22
M8 (Size 2) 70 22 41 35 13 50—t 14 19 8 21
M8 (Size 3) 68 41 60
M10 (Size 1) | 55 3 22
M10 (Size 2) | 75 22 41 40 15 55—t 18 24 10 40
M10 (Size 3) [ 90 41 60
M12 (Size 1) | 60 3 25
M12 (Size 2) [ 90 25 47 50 18 60—t | 20 30 12 78
M12 (Size 3) | 110 | 47 69
M16 (Size 1) | 75 8 29
M16 (Size 2) | 100 | 29 50 55 20 65-t | 28 36 16 190
M16 (Size 3) | 120 | 50 71
M20 (Size 1) [ 90 8 34
M20 (Size 2) | 120 | 34 60 70 25 90—t | 35 46 20 300
M20 (Size 3) | 150 | 60 86
Notes:
(1) To maximise shear capacity, the outer ply thickness must be at least 8mm when M16 or M20
Hollo-Bolts are used. Where the outer ply is less than 8mm, spacer washers should be used to
make the thickness up to 8mm.
(2) Detailing must also comply with requirements given in CHECK 1 of the appropriate design
procedures.
(3) Additional information on Hollo-Bolt is given in Appendix G.
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Table H.62

Dimensions for Detailing

ENTERING AND TIGHTENING DIMENSIONS
(Approximate dimensions in millimetres)

Torque Wrench

Impact Wrench

O
I

) Clearance for entering (holding bolt head)

O
I

C
! 600
p 1
| | 60 ;\7 Fq
\ B 7:T{:
A
A
— B —
General grade | Higher grade
Bolt Size| A B C Approximate | Approximate
Torque (Nm) | Torque (Nm)
" " * Values are indicative of the torque
M16 48 35| 32 300 400 required to achieve a shank tension
M20 60 | 44 | 40 600 * 800 * equal to the proof load. Site conditions
R . and equipment determine the actual
M24 69 | 55| 51 1000 1300 torque required. (*/- 20%)
M30 85 70 | 60 1800 * 2700 * (Refer to BS 4604: 1970)81
Podger Spanner
1 _ Approximate
B@: — Bolt Size B L Torque (Nm)
) M16 60 460 90 *
M20 70 550 110 *
—
IA | M24 85 640 130 *
o ' M30 110 730 160 *
* Values are indicative of torque achieved when
hand tigtened using a force of 250 N.
Tightening Access
Cs c,
=~ =
:|— Bolt Size C, C, C,
M16 25 18 15
C, | Cs
*ﬁ_lr_:.n rF:hif M20 32 22 19
! " L M24 35 25 22
T |/ C,= Clearance for tightening

Based on standard hardened washer
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Dimensions for Detailing

Table H.63

DIMENSIONS FOR HOLDING DOWN BOLTS
(All dimensions in millimetres)

L

Square Head Bolts
(BS 7419: 1991)8)

Vv

q

— O |-

&

—
Specified Length
M20 M24 M30 M36 M42
b 127.50 133.00 140.50 148.00 155.50
dg 20.84 24.84 30.84 37.00 43.00
k 12.50 15.00 18.70 22.50 26.00
r 0.80 0.80 1.00 1.00 1.20
f 10.00 12.00 15.00 18.00 21.00
s 30.00 36.00 46.00 55.00 65.00
v 20.84 24.84 30.84 37.00 43.00
Hexagon Head Bolts
(BS 7419: 1991)8
15°t0 30°
/
1 L Y
a s I
|
¥ % :
ok Specified Length
M20 M24 M30 M36 M42
b 127.50 133.00 140.50 148.00 155.50
d, 24.40 28.40 35.40 42.40 48.60
dg 20.84 24 .84 30.84 37.00 43.00
k 12.50 15.00 18.70 22.50 26.00
r 0.80 0.80 1.00 1.00 1.20
e 32.95 39.55 50.85 60.79 71.30
S 30.00 36.00 46.00 55.00 65.00
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Table H.64

Section Property Tables

BS 5950-1: 2000
BS 4-1: 1993

B
>
c
t
D d
T
2
—

UNIVERSAL BEAMS

Dimensions and properties

Section Mass Depth Width Thickness Root Depth Dimensions for detailing Surface Area Area
Designation per of of Radius | between End Notch Per Per of
Metre Section Section Web | Flange Fillets | Clearance Metre | Tonne Section
D B t T r d Cc N n A

kg/m mm mm mm mm mm mm mm mm [ mm m’ m’ cm?

1016x305x487 # + 486.6 1036.1 308.5 30.0 54.1 30.0 867.9 17 150 | 86 3.19 | 6.57 620
1016x305x437 # + 436.9 1025.9 3054 26.9 49.0 30.0 867.9 16 150 | 80 317 | 7.25 557
1016x305x393 # + 392.7 1016.0 303.0 24.4 43.9 30.0 868.2 14 150 | 74 3.14 | 8.01 500
1016x305x349 # + 349.4 1008.1 302.0 211 40.0 30.0 868.1 13 150 | 70 313 | 8.96 445
1016x305x314 # + 3143 1000.0 300.0 19.1 35.9 30.0 868.2 12 150 | 66 311 | 9.90 400
1016x305x272 # + 2723 990.1 300.0 16.5 31.0 30.0 868.1 10 152 | 63 310 | 114 347
1016x305x249 # + 248.7 980.2 300.0 16.5 26.0 30.0 868.2 10 152 | 56 3.08 | 124 317
1016x305x222 # + 222.0 970.3 300.0 16.0 21.1 30.0 868.1 10 152 | 52 3.06 | 13.8 283
914x419x388 # 388.0 921.0 420.5 214 36.6 241 799.6 13 210 | 62 3.44 | 8.87 494
914x419x343 # 343.3 911.8 418.5 19.4 32.0 241 799.6 12 210 | 58 3.42 | 9.95 437
914x305x289 # 289.1 926.6 307.7 19.5 32.0 191 824.4 12 156 | 52 3.01 104 368
914x305x253 # 253.4 918.4 305.5 17.3 27.9 19.1 824.4 11 156 | 48 299 | 11.8 323
914x305x224 # 2242 910.4 304.1 15.9 23.9 191 824.4 10 156 | 44 297 | 133 286
914x305x201 # 200.9 903.0 303.3 15.1 20.2 19.1 824.4 10 156 | 40 296 | 14.7 256
838x292x226 # 226.5 850.9 293.8 16.1 26.8 17.8 761.7 10 150 | 46 2.81 124 289
838x292x194 # 193.8 840.7 292.4 14.7 21.7 17.8 761.7 9 150 | 40 279 | 144 247
838x292x176 # 175.9 834.9 291.7 14.0 18.8 17.8 761.7 9 150 | 38 2.78 | 15.8 224
762x267x197 196.8 769.8 268.0 15.6 25.4 16.5 686.0 10 138 | 42 255 | 130 251
762x267x173 173.0 762.2 266.7 143 216 16.5 686.0 9 138 | 40 253 | 146 220
762x267x147 146.9 754.0 265.2 12.8 17.5 16.5 686.0 8 138 | 34 2.51 171 187
762x267x134 133.9 750.0 264.4 12.0 15.5 16.5 686.0 8 138 | 32 2.51 18.7 171
686x254x170 170.2 692.9 255.8 14.5 23.7 15.2 615.1 9 132 | 40 235 | 13.8 217
686x254x152 152.4 687.5 254.5 13.2 21.0 15.2 615.1 9 132 | 38 234 | 154 194
686x254x140 140.1 683.5 253.7 12.4 19.0 15.2 615.1 8 132 | 36 233 | 16.6 178
686x254x125 125.2 677.9 253.0 11.7 16.2 15.2 615.1 8 132 | 32 232 | 185 159
610x305x238 238.1 635.8 311.4 18.4 31.4 16.5 540.0 11 158 | 48 245 | 103 303
610x305x179 179.0 620.2 3071 141 23.6 16.5 540.0 9 158 | 42 2.41 13.5 228
610x305x149 149.2 612.4 304.8 11.8 19.7 16.5 540.0 8 158 | 38 2.39 | 16.0 190
610x229x140 139.9 617.2 230.2 13.1 221 12.7 547.6 9 120 | 36 211 15.1 178
610x229x125 1251 612.2 229.0 11.9 19.6 12.7 547.6 8 120 | 34 209 | 16.7 159
610x229x113 113.0 607.6 228.2 11.1 17.3 12.7 547.6 8 120 | 30 208 | 184 144
610x229x101 101.2 602.6 227.6 10.5 14.8 12.7 547.6 7 120 | 28 2.07 | 20.5 129
533x210x122 122.0 544.5 211.9 12.7 21.3 12.7 476.5 8 110 | 34 189 | 155 155
533x210x109 109.0 539.5 210.8 11.6 18.8 12.7 476.5 8 110 | 32 188 | 17.2 139
533x210x101 101.0 536.7 210.0 10.8 17.4 12.7 476.5 7 110 | 32 187 | 185 129
533x210x92 921 533.1 209.3 101 15.6 12.7 476.5 7 110 | 30 1.86 | 20.2 117
533x210x82 82.2 528.3 208.8 9.6 13.2 12.7 476.5 7 110 | 26 185 | 22.5 105

+ Section is not given in BS 4-1: 1993.

# Check availability.
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Section Property Tables

Table H.64 Continued

BS 5950-1: 2000
BS 4-1: 1993

B
>
c
t
D d
T
2
—

UNIVERSAL BEAMS

Dimensions and properties

Section Mass Depth Width Thickness Root Depth Dimensions for detailing Surface Area Area
Designation per of of Radius | between End Notch Per Per of
Metre Section Section Web | Flange Fillets | Clearance Metre | Tonne Section
D B t T r d Cc N n A

kg/m mm mm mm mm mm mm mm mm [ mm m’ m’ cm?

457x191x98 98.3 467.2 192.8 11.4 19.6 10.2 407.6 8 102 | 30 1.67 | 16.9 125
457x191x89 89.3 463.4 191.9 10.5 17.7 10.2 407.6 7 102 | 28 166 | 18.5 114
457x191x82 82.0 460.0 191.3 9.9 16.0 10.2 407.6 7 102 | 28 1.65 | 20.1 104
457x191x74 74.3 457.0 190.4 9.0 14.5 10.2 407.6 7 102 | 26 164 | 221 94.6
457x191x67 67.1 453.4 189.9 8.5 12.7 10.2 407.6 6 102 | 24 163 | 24.3 85.5
457x152x82 82.1 465.8 155.3 10.5 18.9 10.2 407.6 7 84 30 1.51 18.4 105
457x152x74 74.2 462.0 154.4 9.6 17.0 10.2 407.6 7 84 28 1.50 | 20.3 94.5
457x152x67 67.2 458.0 153.8 9.0 15.0 10.2 407.6 7 84 26 1.50 | 22.3 85.6
457x152x60 59.8 454.6 152.9 8.1 13.3 10.2 407.6 6 84 24 149 | 249 76.2
457x152x52 52.3 449.8 152.4 7.6 10.9 10.2 407.6 6 84 22 148 | 28.2 66.6
406x178x74 74.2 412.8 179.5 9.5 16.0 10.2 360.4 7 96 28 151 | 203 94.5
406x178x67 67.1 409.4 178.8 8.8 143 10.2 360.4 6 96 26 1.50 | 22.3 85.5
406x178x60 60.1 406.4 177.9 7.9 12.8 10.2 360.4 6 96 24 149 | 248 76.5
406x178x54 54.1 402.6 177.7 7.7 10.9 10.2 360.4 6 96 22 148 | 27.4 69.0
406x140x46 46.0 403.2 142.2 6.8 11.2 10.2 360.4 5 78 22 134 | 29.2 58.6
406x140x39 39.0 398.0 141.8 6.4 8.6 10.2 360.4 5 78 20 133 | 34.2 49.7
356x171x67 67.1 363.4 173.2 9.1 15.7 10.2 311.6 7 94 26 138 | 20.6 85.5
356x171x57 57.0 358.0 172.2 8.1 13.0 10.2 311.6 6 94 24 137 | 241 72.6
356x171x51 51.0 355.0 171.5 7.4 11.5 10.2 311.6 6 94 22 136 | 26.7 64.9
356x171x45 45.0 351.4 1711 7.0 9.7 10.2 311.6 6 94 20 1.36 | 301 57.3
356x127x39 391 353.4 126.0 6.6 10.7 10.2 311.6 5 70 22 118 | 30.2 49.8
356x127x33 33.1 349.0 125.4 6.0 8.5 10.2 311.6 5 70 20 117 | 354 421
305x165x54 54.0 310.4 166.9 7.9 13.7 8.9 265.2 6 90 24 126 | 233 68.8
305x165x46 46.1 306.6 165.7 6.7 11.8 8.9 265.2 5 90 22 125 | 271 58.7
305x165x40 40.3 303.4 165.0 6.0 10.2 8.9 265.2 5 90 20 1.24 | 30.8 51.3
305x127x48 481 311.0 125.3 9.0 14.0 8.9 265.2 7 70 24 1.09 | 22.7 61.2
305x127x42 41.9 307.2 1243 8.0 121 8.9 265.2 6 70 22 1.08 | 25.8 53.4
305x127x37 37.0 304.4 123.4 7.1 10.7 8.9 265.2 6 70 20 1.07 | 29.0 47.2
305x102x33 32.8 312.7 102.4 6.6 10.8 7.6 275.9 5 58 20 1.01 | 30.8 41.8
305x102x28 28.2 308.7 101.8 6.0 8.8 7.6 275.9 5 58 18 1.00 | 354 359
305x102x25 24.8 305.1 101.6 5.8 7.0 7.6 275.9 5 58 16 | 0.992| 40.0 31.6
254x146x43 43.0 259.6 147.3 7.2 12.7 7.6 219.0 6 82 22 1.08 | 251 54.8
254x146x37 37.0 256.0 146.4 6.3 10.9 7.6 219.0 5 82 20 1.07 | 29.0 47.2
254x146x31 31.1 251.4 146.1 6.0 8.6 7.6 219.0 5 82 18 1.06 | 34.2 39.7
254x102x28 28.3 260.4 102.2 6.3 10.0 7.6 225.2 5 58 18 | 0.904 | 31.9 36.1
254x102x25 25.2 257.2 101.9 6.0 8.4 7.6 2252 5 58 16 | 0.897 | 356 32.0
254x102x22 22.0 254.0 101.6 5.7 6.8 7.6 225.2 5 58 16 | 0.890 | 40.5 28.0
203x133x30 30.0 206.8 133.9 6.4 9.6 7.6 172.4 5 74 18 10.923| 30.8 38.2
203x133x25 251 203.2 133.2 5.7 7.8 7.6 172.4 5 74 16 | 0.915| 36.4 32.0
203x102x23 23.1 203.2 101.8 5.4 9.3 7.6 169.4 5 60 18 |1 0.790| 34.2 29.4
178x102x19 19.0 177.8 101.2 4.8 7.9 7.6 146.8 4 60 16 | 0.738 | 38.8 24.3
152x89x16 16.0 152.4 88.7 4.5 7.7 7.6 121.8 4 54 16 | 0.638| 39.8 20.3
127x76x13 13.0 127.0 76.0 4.0 7.6 7.6 96.6 4 46 16 | 0.537 | 41.3 16.5
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Section Property Tables

BS 5950-1: 2000

BS 4-1: 1993
Table H.65
B
UNIVERSAL COLUMNS — "
e T T~ T
D —> | d !
- €
o2 Dimensions and properties |
Section Mass Depth Width Thickness Root Depth Dimensions for detailing Surface Area Area
Designation per of of Radius | between End Notch Per Per of
Metre Section Section Web | Flange Fillets | Clearance Metre | Tonne Section
D B t T r d C N n A
kg/m mm mm mm mm mm mm mm mm [ mm m’ m’ cm?
356x406x634 # 633.9 474.6 424.0 47.6 77.0 15.2 290.2 26 200 | 94 | 2.52 | 3.98 808
356x406x551 # 551.0 455.6 418.5 421 67.5 15.2 290.2 23 200 | 84 | 247 | 4.49 702
356x406x467 # 467.0 436.6 412.2 35.8 58.0 15.2 290.2 20 200 | 74 | 242 | 519 595
356x406x393 # 393.0 419.0 407.0 30.6 49.2 15.2 290.2 17 200 | 66 | 2.38 | 6.05 501
356x406x340 # 339.9 406.4 403.0 26.6 42.9 15.2 290.2 15 200 | 60 | 2.35 | 6.90 433
356x406x287 # 287.1 393.6 399.0 22.6 36.5 15.2 290.2 13 200 | 52 231 | 8.05 366
356x406x235 # 235.1 381.0 394.8 18.4 30.2 15.2 290.2 11 200 | 46 | 2.28 | 9.69 299
356x368x202 # 201.9 374.6 3747 16.5 27.0 15.2 290.2 10 190 | 44 | 219 | 10.8 257
356x368x177 # 177.0 368.2 372.6 14.4 23.8 15.2 290.2 9 190 | 40 | 217 | 123 226
356x368x153 # 152.9 362.0 370.5 12.3 20.7 15.2 290.2 8 190 | 36 | 216 | 141 195
356x368x129 # 129.0 355.6 368.6 10.4 17.5 15.2 290.2 7 190 | 34 | 214 | 16.6 164
305x305x283 282.9 365.3 322.2 26.8 44 1 15.2 246.7 15 158 | 60 194 | 6.86 360
305x305x240 240.0 352.5 318.4 23.0 37.7 15.2 246.7 14 158 | 54 191 | 7.94 306
305x305x198 198.1 339.9 314.5 19.1 31.4 15.2 246.7 12 158 | 48 1.87 | 9.46 252
305x305x158 158.1 3271 311.2 15.8 25.0 15.2 246.7 10 158 | 42 184 | 116 201
305x305x137 136.9 320.5 309.2 13.8 21.7 15.2 246.7 9 158 | 38 182 | 133 174
305x305x118 117.9 3145 307.4 12.0 18.7 15.2 246.7 8 158 | 34 181 | 153 150
305x305x97 96.9 307.9 305.3 9.9 15.4 15.2 246.7 7 158 | 32 1.79 | 18.5 123
254x254x167 1671 289.1 265.2 19.2 31.7 12.7 200.3 12 134 | 46 158 | 9.45 213
254x254x132 132.0 276.3 261.3 15.3 25.3 12.7 200.3 10 134 | 38 155 | 11.7 168
254x254x107 1071 266.7 258.8 12.8 20.5 12.7 200.3 8 134 | 34 152 | 14.2 136
254x254x89 88.9 260.3 256.3 10.3 17.3 12.7 200.3 7 134 | 30 1.50 | 16.9 113
254x254x73 73.1 2541 254.6 8.6 14.2 12.7 200.3 6 134 | 28 149 | 204 93.1
203x203x86 86.1 222.2 209.1 12.7 20.5 10.2 160.8 8 110 | 32 124 | 144 110
203x203x71 71.0 215.8 206.4 10.0 17.3 10.2 160.8 7 110 | 28 122 | 17.2 90.4
203x203x60 60.0 209.6 205.8 9.4 14.2 10.2 160.8 7 110 | 26 1.21 | 201 76.4
203x203x52 52.0 206.2 204.3 7.9 12.5 10.2 160.8 6 110 | 24 1.20 | 23.0 66.3
203x203x46 46.1 203.2 203.6 7.2 11.0 10.2 160.8 6 110 | 22 1.19 | 25.8 58.7
152x152x37 37.0 161.8 154.4 8.0 11.5 7.6 123.6 6 84 20 [ 0912 247 471
152x152x30 30.0 157.6 1562.9 6.5 9.4 7.6 123.6 5 84 18 | 0.901 | 30.0 38.3
152x152x23 23.0 152.4 152.2 5.8 6.8 7.6 123.6 5 84 16 | 0.889 | 38.7 29.2

# Check availability.
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Section Property Tables

BS 5950-1: 2000

BS 4-1: 1993
Table H.66
|(—)|B n
A JOISTS N_, _* J(
b >l _)l |
iy SR -
™ o Dimensions and properties |

Section Mass Depth Width Thickness Radii Depth Dimensions for detailing Surface Area Area

Designation per of of between End Notch Per Per of

Metre | Section | Section | Web | Flange | Root | Toe Fillets | Clearance Metre Tonne Section

D B t T I r d c N n A
kg/m mm mm mm mm mm | mm mm mm mm [ mm m’ m’ cm?
254x203x82 # 82.0 | 254.0 | 203.2 | 10.2 199 | 196 | 9.7 166.6 7 104 | 44 1.21 14.8 105
254x114x37 % 372 | 254.0 | 1143 7.6 128 | 124 | 6.1 199.3 6 60 28 0.899 24.2 47.3
203x152x52 # 523 | 203.2 | 152.4 8.9 16.5 | 1565 | 7.6 133.2 6 78 36 0.932 17.8 66.6
152x127x37 # 37.3 1524 | 127.0 | 104 132 | 13.5| 6.6 94.3 7 66 30 0.737 19.8 47.5
127x114x29 # 29.3 127.0 | 1143 | 10.2 11.5 9.9 4.8 79.5 7 60 24 0.646 22.0 37.4
127x114x27 # 26.9 127.0 | 1143 7.4 11.4 9.9 5.0 79.5 6 60 24 0.650 24.2 34.2
127x76x16 ¥ 16.5 127.0 | 76.2 5.6 9.6 9.4 4.6 86.5 5 42 22 0.512 31.0 21.1
114x114x27 t 271 114.3 | 114.3 9.5 107 | 142 | 3.2 60.8 7 60 28 0.618 22.8 34.5
102x102x23 # 23.0 1016 | 101.6 9.5 103 | 111 ] 3.2 55.2 7 54 24 0.549 23.9 29.3
102x44x7 # 7.5 101.6 | 44.5 4.3 6.1 6.9 3.3 74.6 4 28 14 0.350 46.6 9.50
89x89x19 # 19.5 88.9 88.9 9.5 9.9 111 | 3.2 44.2 7 46 24 0.476 24.4 24.9
76x76x15 § 15.0 76.2 80.0 8.9 8.4 9.4 4.6 38.1 6 42 20 0.419 27.9 19.1
76x76x13 # 12.8 76.2 76.2 5.1 8.4 9.4 4.6 38.1 5 42 20 0.411 32.1 16.2

T Not available from some leading producers. Check availability.

# Check availability.
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Section Property Tables

BS 5950-1: 2000

BS 4-1: 1993
Table H.67
B n
‘%" PARRALLEL FLANGE CHANNELS =NI. 0
D| - (—t d C
==
v —
kLATT Dimensions and properties
Section Mass Depth Width Thickness Root Depth Dimensions for detailing Surface Area Area
Designation per of of Radius | between End Notch Per Per of
Metre Section Section Web | Flange Fillets | Clearance Metre | Tonne Section
D B t T r d C N n A
kg/m mm mm mm mm mm mm mm mm | mm | m’ m’ cm’
430x100x64 64.4 430 100 11.0 19.0 15 362 13 96 36 1.23 | 19.0 82.1
380x100x54 54.0 380 100 9.5 17.5 15 315 12 98 34 1.13 | 20.9 68.7
300x100x46 45.5 300 100 9.0 16.5 15 237 11 98 32 | 0969 21.3 58.0
300x90x41 41.4 300 90 9.0 15.5 12 245 11 88 28 |1 0.932| 225 52.7
260x90x35 34.8 260 90 8.0 14.0 12 208 10 88 28 | 0.854| 245 44 4
260x75x28 27.6 260 75 7.0 12.0 12 212 9 74 26 [ 0.796| 28.8 35.1
230x90x32 322 230 90 7.5 14.0 12 178 10 90 28 | 0.795| 24.7 41.0
230x75x26 25.7 230 75 6.5 12.5 12 181 9 76 26 | 0.737 | 28.7 32.7
200x90x30 29.7 200 90 7.0 14.0 12 148 9 90 28 | 0.736| 24.8 37.9
200x75x23 23.4 200 75 6.0 12.5 12 151 8 76 26 [ 0.678| 28.9 29.9
180x90x26 26.1 180 90 6.5 12.5 12 131 9 90 26 | 0.697| 26.7 33.2
180x75x20 20.3 180 75 6.0 10.5 12 135 8 76 24 [0.638| 31.4 25.9
150x90x24 239 150 90 6.5 12.0 12 102 9 90 26 | 0.637| 26.7 30.4
150x75x18 17.9 150 75 5.5 10.0 12 106 8 76 24 |1 0.579| 324 22.8
125x65x15 # 14.8 125 65 5.5 9.5 12 82.0 8 66 22 | 0.489] 33.1 18.8
100x50x10 # 10.2 100 50 5.0 8.5 9 65.0 7 52 18 | 0.382| 37.5 13.0

# Check availability.
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Section Property Tables

BS 5950-1: 2000
BS EN 10056-1: 1999

Table H.68
ra
EQUAL ANGLES
A 90°
ri ro
At Dimensions and properties
Section Mass Radius Dimension Area
Designation per of
Size Thickness Metre Root Toe Section
AXA t I r [
mm mm kg/m mm mm cm cm’
200x200 24 # 711 18.0 9.00 5.84 90.6
20 59.9 18.0 9.00 5.68 76.3
18 54.3 18.0 9.00 5.60 69.1
16 48.5 18.0 9.00 5.52 61.8
150x150 18 # 40.1 16.0 8.00 4.38 51.2
15 33.8 16.0 8.00 4.25 43.0
12 27.3 16.0 8.00 412 34.8
10 23.0 16.0 8.00 4.03 29.3
120x120 15 # 26.6 13.0 6.50 3.52 34.0
12 216 13.0 6.50 3.40 27.5
10 18.2 13.0 6.50 3.31 23.2
8 # 14.7 13.0 6.50 3.24 18.8
100x100 15 # 219 12.0 6.00 3.02 28.0
12 17.8 12.0 6.00 2.90 22.7
10 15.0 12.0 6.00 2.82 19.2
8 12.2 12.0 6.00 2.74 15.5
90x90 12 # 15.9 11.0 5.50 2.66 20.3
10 13.4 11.0 5.50 2.58 171
8 10.9 11.0 5.50 2.50 13.9
7# 9.61 11.0 5.50 2.45 12.2
80x80 10% 11.9 10.0 5.00 2.34 15.1
8% 9.63 10.0 5.00 2.26 12.3
75x75 8¢ 8.99 9.00 4.50 214 11.4
6 6.85 9.00 4.50 2.05 8.73
70x70 7% 7.38 9.00 4.50 1.97 9.40
6% 6.38 9.00 4.50 1.93 8.13
65x65 7% 6.83 9.00 4.50 2.05 8.73
60x60 8% 7.09 8.00 4.00 1.77 9.03
6% 5.42 8.00 4.00 1.69 6.91
5% 4.57 8.00 4.00 1.64 5.82
50x50 6% 4.47 7.00 3.50 1.45 5.69
5% 3.77 7.00 3.50 1.40 4.80
4% 3.06 7.00 3.50 1.36 3.89
45x45 45% 3.06 7.00 3.50 1.25 3.90
40x40 5% 297 6.00 3.00 1.16 3.79
4% 2.42 6.00 3.00 1.12 3.08
35x35 4% 2.09 5.00 2.50 1.00 2.67
30x30 4% 1.78 5.00 2.50 0.878 227
3% 1.36 5.00 2.50 0.835 1.74
25x25 4% 1.45 3.50 1.75 0.762 1.85
3% 1.12 3.50 1.75 0.723 1.42
20x20 3 0.882 3.50 1.75 0.598 1.12

F Not available from some leading producers. Check availability.
# Check availability.
c is the distance from the back of the leg to the centre of gravity.
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Table H.69

Section Property Tables

BS 5950-1: 2000
BS EN 10056-1: 1999

r2

UNEQUAL ANGLES

B, | Dimensions and properties
Section Mass Radius Dimension Angle Area
Designation per Axis x-x of
Size Thickness Metre Root Toe to Section

Axis u-u

AXxB t rs r Cy cy Tan o
mm mm kg/m mm mm cm cm cm’
200x150 18 # 471 15.0 7.50 6.34 3.86 0.549 60.1
15 39.6 15.0 7.50 6.21 3.73 0.551 50.5
12 32.0 15.0 7.50 6.08 3.61 0.552 40.8
200x100 15 33.8 15.0 7.50 7.16 222 0.260 43.0
12 273 15.0 7.50 7.03 210 0.262 34.8
10 23.0 15.0 7.50 6.93 2.01 0.263 29.2
150x90 15 33.9 12.0 6.00 5.21 2.23 0.354 33.9
12 216 12.0 6.00 5.08 212 0.358 27.5
10 18.2 12.0 6.00 5.00 2.04 0.360 23.2
150x75 15 24.8 12.0 6.00 5.52 1.81 0.253 31.7
12 20.2 12.0 6.00 5.40 1.69 0.258 257
10 17.0 12.0 6.00 5.31 1.61 0.261 21.7
125x75 12 17.8 11.0 5.50 4.31 1.84 0.354 22.7
10 15.0 11.0 5.50 4.23 1.76 0.357 19.1
8 12.2 11.0 5.50 4.14 1.68 0.360 15.5
100x75 12 15.4 10.0 5.00 3.27 2.03 0.540 19.7
10 13.0 10.0 5.00 3.19 1.95 0.544 16.6
8 10.6 10.0 5.00 3.10 1.87 0.547 13.5
100x65 10 # 123 10.0 5.00 3.36 1.63 0.410 15.6
8# 9.94 10.0 5.00 3.27 1.55 0.413 12.7
7# 8.77 10.0 5.00 3.23 1.51 0.415 11.2
100x50 8% 8.97 8.00 4.00 3.60 1.13 0.258 11.4
6t 6.84 8.00 4.00 3.51 1.05 0.262 8.71
80x60 7% 7.36 8.00 4.00 2.51 1.52 0.546 9.38
80x40 81 7.07 7.00 3.50 2.94 0.963 0.253 9.01
6t 5.41 7.00 3.50 2.85 0.884 0.258 6.89
75x50 81 7.39 7.00 3.50 2.52 1.29 0.430 9.41
6t 5.65 7.00 3.50 2.44 1.21 0.435 7.19
70x50 6t 5.41 7.00 3.50 2.23 1.25 0.500 6.89
65x50 5% 4.35 6.00 3.00 1.99 1.25 0.577 5.54
60x40 6t 4.46 6.00 3.00 2.00 1.01 0.431 5.68
5% 3.76 6.00 3.00 1.96 0.972 0.434 4.79
60x30 5% 3.36 5.00 2.50 217 0.684 0.257 4.28
50x30 5% 2.96 5.00 2.50 1.73 0.741 0.352 3.78
45x30 4% 2.25 4.50 2.25 1.48 0.740 0.436 2.87
40x25 41 1.93 4.00 2.00 1.36 0.623 0.380 2.46
40x20 4% 1.77 4.00 2.00 1.47 0.480 0.252 2.26
30x20 4% 1.46 4.00 2.00 1.03 0.541 0.421 1.86
3% 1.12 4.00 2.00 0.990 0.502 0.427 1.43

T Not available from some leading producers. Check availability.
# Check availability.
¢, is the distance from the back of the short leg to the centre of gravity.

¢, is the distance from the back of the long leg to the centre of gravity.
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Section Property Tables

BS 5950-1: 2000
BS EN 10210-2: 1997

Table H.70
HOT-FINISHED
CIRCULAR HOLLOW SECTIONS
Dimensions and properties
Section Mass Area Surface Area Section Mass Area Surface Area
Designation per of Designation per of
Outside Thickness Metre Section Per Per Outside Thickness Metre Section Per Per
Diameter Metre Tonne Diameter Metre Tonne
D t A D t A

mm mm kg/m cm? m? m? mm mm kg/m cm? m? m?
26.9 3.2~ 1.87 2.38 0.0845 45.2 2191 5.0~ 26.4 33.6 0.688 26.1
42.4 3.2~ 3.09 3.94 0.133 43.0 6.3~ 331 42.1 0.688 20.8
48.3 32~ 3.56 4.53 0.152 42.7 8.0~ 416 53.1 0.688 16.5
4.0~ 4.37 5.57 0.152 34.8 10.0 ~ 51.6 65.7 0.688 13.3

5.0 ~ 5.34 6.80 0.152 28.5 12.5 ~ 63.7 81.1 0.688 10.8

60.3 3.2~ 4.51 5.74 0.189 41.9 244.5 12.0 ~ 68.8 87.7 0.768 11.2
5.0 ~ 6.82 8.69 0.189 27.7 273.0 5.0~ 33.0 421 0.858 26.0

76.1 2941 5.24 6.67 0.239 45.6 6.3 414 52.8 0.858 20.7
32~ 5.75 7.33 0.239 41.6 8.0~ 52.3 66.6 0.858 16.4

4.0~ 7.1 9.06 0.239 33.6 10.0 64.9 82.6 0.858 13.2

5.0~ 8.77 11.2 0.239 27.3 12.5 80.3 102 0.858 10.7

88.9 3.2~ 6.76 8.62 0.279 413 16.0 ~ 101 129 0.858 8.46
4.0 ~ 8.38 10.7 0.279 333 323.9 6.3 ~ 49.3 62.9 1.02 20.7

50~ 10.4 13.2 0.279 27.0 8.0~ 62.3 79.4 1.02 16.4

6.3 ~ 12.8 16.3 0.279 21.7 100~ 774 98.6 1.02 13.2

114.3 3.2~ 8.77 11.2 0.359 40.9 125~ 96.0 122 1.02 10.6
3.6 9.83 12.5 0.359 36.5 16.0 122 155 1.02 8.40

5.0 135 17.2 0.359 26.6 406.4 6.3~ 62.2 79.2 1.28 20.6

6.3 16.8 214 0.359 21.4 8.0~ 78.6 100 1.28 16.3

139.7 5.0 16.6 212 0.439 26.4 10.0 ~ 97.8 125 1.28 13.1
6.3 20.7 26.4 0.439 21.2 125 ~ 121 155 1.28 10.5

8.0~ 26.0 331 0.439 16.9 16.0 154 196 1.28 8.31

10.0 ~ 32.0 40.7 0.439 13.7 457.0 8.0~ 88.6 113 1.44 16.3

168.3 5.0~ 20.1 257 0.529 26.3 10.0 ~ 110 140 1.44 13.1
6.3~ 252 321 0.529 21.0 125~ 137 175 1.44 10.5

8.0~ 31.6 40.3 0.529 16.7 16.0 174 222 1.44 8.28

10.0 ~ 39.0 49.7 0.529 13.6 508.0 8.0~ 98.6 126 1.60 16.2

193.7 5.0~ 23.3 29.6 0.609 26.1 10.0 ~ 123 156 1.60 13.0
6.3~ 291 371 0.609 209 12.5 153 195 1.60 10.5

8.0~ 36.6 46.7 0.609 16.6 16.0 ~ 194 247 1.60 8.25

10.0 ~ 45.3 57.7 0.609 13.4 20.0 ~ 241 307 1.60 6.64

~ Check availability in S275.
A Check availability in S355.
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Section Property Tables

BS 5950-1: 2000
BS EN 10210-2: 1997

Table H.71
D
HOT-FINISHED Y
SQUARE HOLLOW SECTIONS [ I | «
Hiot<
D |x=t=- 3 |
Miniched
\ | /
Dimensions and properties v
Section Mass Area Surface Area Section Mass Area Surface Area
Designation per of Designation per of
Size Thickness Metre Section Per Per Size Thickness Metre Section Per Per
Metre Tonne Metre Tonne
DxD t A DxD t A
mm mm kg/m cm? m? m? mm mm kg/m cm? m? m?
50x50 3.0~ 4.35 5.54 0.192 44 1 150x150 5.0~ 22.6 28.7 0.587 26.0
3.2~ 4.62 5.88 0.192 41.6 6.3 28.1 35.8 0.584 20.8
4.0 5.64 7.19 0.190 33.7 8.0~ 35.1 44.8 0.579 16.5
5.0 6.85 8.73 0.187 27.3 10.0 43.1 54.9 0.574 13.3
6.3 ~ 8.31 10.6 0.184 221 12.5 ~ 52.7 67.1 0.568 10.8
60x60 3.0~ 5.29 6.74 0.232 43.9 16.0 ~ 65.2 83.0 0.559 8.57
3.2~ 5.62 7.16 0.232 41.3 160x160 50~ 241 30.7 0.627 26.0
4.0~ 6.90 8.79 0.230 33.3 6.3~ 30.1 38.3 0.624 20.7
5.0 8.42 10.7 0.227 27.0 8.0~ 37.6 48.0 0.619 16.5
6.3~ 10.3 13.1 0.224 21.7 10.0 ~ 46.3 58.9 0.614 13.3
8.0 ~ 12.5 16.0 0.219 17.5 12.5 ~ 56.6 721 0.608 10.7
70x70 3.6~ 7.40 9.42 0.271 36.6 180x180 6.3~ 34.0 43.3 0.704 20.7
50~ 9.99 12.7 0.267 26.7 8.0~ 42.7 54.4 0.699 16.4
6.3~ 12.3 15.6 0.264 215 10.0 ~ 52.5 66.9 0.694 13.2
8.0 ~ 15.0 19.2 0.259 17.3 12.5 ~ 64.4 82.1 0.688 10.7
80x80 3.6~ 8.53 10.9 0.311 36.5 16.0 ~ 80.2 102 0.679 8.47
4.0~ 9.41 12.0 0.310 329 200x200 50~ 30.4 38.7 0.787 259
5.0~ 11.6 14.7 0.307 26.6 6.3~ 38.0 48.4 0.784 20.6
6.3 14.2 18.1 0.304 214 8.0~ 47.7 60.8 0.779 16.3
8.0 ~ 17.5 224 0.299 17.1 10.0 58.8 74.9 0.774 13.2
90x90 3.6~ 9.66 12.3 0.351 36.3 125~ 72.3 921 0.768 10.6
4.0~ 10.7 13.6 0.350 32.7 16.0 ~ 90.3 115 0.759 8.41
50~ 13.1 16.7 0.347 26.5 250x250 6.3~ 47.9 61.0 0.984 20.5
6.3~ 16.2 20.7 0.344 21.2 8.0~ 60.3 76.8 0.979 16.2
8.0 ~ 20.1 25.6 0.339 16.9 10.0 ~ 74.5 94.9 0.974 13.1
100x100 4.0 11.9 15.2 0.390 32.8 125~ 91.9 117 0.968 10.5
5.0 14.7 18.7 0.387 26.3 16.0 ~ 115 147 0.959 8.31
6.3 18.2 232 0.384 211 300x300 6.3~ 57.8 73.6 1.18 20.4
8.0~ 226 28.8 0.379 16.8 8.0~ 72.8 92.8 1.18 16.2
10.0 27.4 34.9 0.374 13.6 10.0 ~ 90.2 115 1.17 13.0
120x120 5.0~ 17.8 22.7 0.467 26.2 125~ 112 142 1.17 10.5
6.3 222 28.2 0.464 20.9 16.0 ~ 141 179 1.16 8.26
8.0~ 276 352 0.459 16.6 350x350 8.0~ 85.4 109 1.38 16.2
10.0 ~ 33.7 42.9 0.454 13.5 10.0 ~ 106 135 1.37 12.9
12.5 ~ 40.9 52.1 0.448 11.0 125~ 131 167 1.37 10.5
140x140 5.0~ 21.0 26.7 0.547 26.0 16.0 ~ 166 211 1.36 8.19
6.3~ 26.1 33.3 0.544 20.8 400x400 10.0 ~ 122 155 1.57 12.9
8.0~ 32.6 41.6 0.539 16.5 12,5 151 192 1.57 104
10.0 ~ 40.0 50.9 0.534 13.4 16.0 ~ 191 243 1.56 8.17
12.5 ~ 48.7 62.1 0.528 10.8 20.0 ~ 235 300 1.55 6.60

~ Check availability in S275.
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Section Property Tables

BS 5950-1: 2000
BS EN 10210-2: 1997

Table H.72
HOT-FINISHED
RECTANGULAR HOLLOW SECTIONS
Dimensions and properties
Section Mass Area Surface Area Section Mass Area Surface Area
Designation per of Designation per of
Size Thickness Metre Section Per Per Size Thickness Metre Section Per Per
DxB t A Metre Tonne DxB t A Metre Tonne
mm mm kg/m cm’ m’ m’ mm mm kg/m cm’ m’ m’
50x30 3.2~ 3.61 4.60 0.152 42.1 200x100 50~ 22.6 28.7 0.587 26.0
60x40 3.0~ 4.35 5.54 0.192 441 6.3 ~ 281 35.8 0.584 20.8
4.0~ 5.64 7.19 0.190 33.7 8.0 351 44.8 0.579 16.5
5.0 ~ 6.85 8.73 0.187 27.3 10.0 431 54.9 0.574 13.3
80x40 32~ 5.62 7.16 0.232 41.3 12.5 52.7 67.1 0.568 10.8
4.0~ 6.90 8.79 0.230 33.3 200x120 5.0~ 241 30.7 0.627 26.0
50~ 8.42 10.7 0.227 27.0 6.3~ 30.1 38.3 0.624 20.7
6.3~ 10.3 13.1 0.224 21.7 8.0~ 37.6 48.0 0.619 16.5
8.0 ~ 12.5 16.0 0.219 17.5 10.0 ~ 46.3 58.9 0.614 13.3
90x50 3.6~ 7.40 9.42 0.271 36.6 200x150 8.0~ 414 52.8 0.679 16.4
50~ 9.99 12.7 0.267 26.7 10.0 ~ 51.0 64.9 0.674 13.2
6.3 ~ 12.3 15.6 0.264 21.5 250x100 10.0 ~ 51.0 64.9 0.674 13.2
100x50 3.0~ 6.71 8.54 0.292 43.5 12.5 ~ 62.5 79.6 0.668 10.7
3.2~ 7.13 9.08 0.292 41.0 250x150 5.0~ 304 38.7 0.787 259
50~ 10.8 13.7 0.287 26.6 6.3 38.0 48.4 0.784 20.6
6.3 ~ 13.3 16.9 0.284 21.4 8.0~ 47.7 60.8 0.779 16.3
8.0~ 16.3 20.8 0.279 171 10.0 ~ 58.8 74.9 0.774 13.2
10.0» 19.6 24.9 0.274 14.0 12.5 723 92.1 0.768 10.6
100x60 3.6~ 8.53 10.9 0.311 36.5 16.0 ~ 90.3 115 0.759 8.41
50~ 11.6 14.7 0.307 26.5 300x100 8.0~ 47.7 60.8 0.779 16.3
6.3~ 14.2 18.1 0.304 21.4 10.0 ~ 58.8 74.9 0.774 13.2
8.0 ~ 17.5 22.4 0.299 17.1 300x200 6.3~ 47.9 61.0 0.984 20.5
120x60 3.6~ 9.70 12.3 0.351 36.2 8.0~ 60.3 76.8 0.979 16.2
50~ 13.1 16.7 0.347 26.5 10.0 ~ 74.5 94.9 0.974 131
6.3~ 16.2 20.7 0.344 21.2 125~ 91.9 117 0.968 10.5
8.0 ~ 201 25.6 0.339 16.9 16.0 115 147 0.959 8.34
120x80 50~ 14.7 18.7 0.387 26.3 400x200 8.0~ 72.8 92.8 1.18 16.2
6.3 18.2 23.2 0.384 211 10.0 ~ 90.2 115 1.17 13.0
8.0 226 28.8 0.379 16.8 125~ 112 142 117 10.5
10.0 ~ 274 34.9 0.374 13.6 16.0 ~ 141 179 1.16 8.26
150x100 50~ 18.6 23.7 0.487 26.2 450x250 8.0~ 85.4 109 1.38 16.2
6.3 231 295 0.484 21.0 10.0 ~ 106 135 1.37 12.9
8.0~ 28.9 36.8 0.479 16.6 125~ 131 167 1.37 10.5
10.0~ 353 44.9 0.474 134 16.0 166 211 1.36 8.19
12.5 ~ 42.8 54.6 0.468 10.9 500x300 8.0~ 98.0 125 1.58 16.1
160x80 4.0~ 14.4 18.4 0.470 32.6 10.0 ~ 122 155 1.57 12.9
50~ 17.8 22.7 0.467 26.2 125~ 151 192 1.57 10.4
6.3 222 28.2 0.464 20.9 16.0 ~ 191 243 1.56 8.17
8.0 276 35.2 0.459 16.6 20.0 ~ 235 300 1.55 6.60
10.0 ~ 33.7 42.9 0.454 13.5

~ Check availability in S275.
A Check availability in S355.
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