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FOREWORD

The design of steel framed buildings in the UK, has, since 1990, generally been in
accordance with the British Standard BS 5950-1. However, that Standard is due to be
withdrawn in March 2010; it will be replaced by the corresponding Parts of the
Structural Eurocodes.

The Eurocodes are a set of structural design standards, developed by CEN (European
Committee for Standardisation) over the last 30 years, to cover the design of all types of
structures in steel, concrete, timber, masonry and aluminium. In the UK, they are
published by BSI under the designations BS EN 1990 to BS EN 1999; each of these ten
Eurocodes is published in several Parts and each Part is accompanied by a National
Annex that implements the CEN document and adds certain UK-specific provisions.

This publication is one of a number of new design guides that are being produced by SCI
to help designers become acquainted with the use of the Eurocodes for structural steel
design. It provides a number of short examples, in the form of calculation sheets,
illustrating the design of structural open section members and simple connections in
buildings.

The examples were prepared by Miss M E Brettle (SCI) and Mr A L Smith (SCI). The
examples were checked by Mr D G Brown (SCI) and Dr S J Hicks (formerly of SCI).

The work leading to this publication was funded by Tata Steel Europe” and their support
is gratefully acknowledged.

* Corus is a subsidiary of Tata Steel Europe
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SUMMARY

This publication presents 20 design examples to illustrate the use of Eurocodes 3 and 4
for the design of structural open section members and connections. The examples all use
the Nationally Determined Parameter values recommended in the UK National Annexes.

A brief introductory section precedes the examples and a bibliography section is given at
the end.
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INTRODUCTION

This publication presents twenty design examples to illustrate the use of
Eurocodes 3 and 4 for the design of structural open section members and
connections. The examples all use the Nationally Determined Parameter values
recommended in the UK National Annexes.

While preparing the examples for this publication, the emphasis has been to
illustrate the design process in accordance with the FEurocodes and not
necessarily to reproduce practical situations. Other solutions may be equally
acceptable to those given. No consideration has been given to the influence of
factors related to erection and fabrication; the consideration of these factors and
the standardisation of sizes may well lead to solutions with better overall
economy than those given.

All the design examples assume the use of either S275 or S355 steel that
complies with EN 10025-2.

In addition to the design of simple structural members, examples are included
for simple connections used in buildings. Design guidance for simple
connections will be given in SCI publication P358 Joints in steel construction:
Simple connection in accordance with Eurocode 3(due to be published in 2010).

Where a reference is made to P363 or the “Blue Book” this refers to Steel
building design: Design data. In accordance with the Eurocodes and the UK
National Annexes.

In the examples, references are made to Eurocode Parts and to product
standards. The Eurocode Parts and most of the product standards were
prepared initially by CEN and all their internal references are made using the
‘EN’ designations. However, all these standards are published in the UK under
a ‘BS EN’ designation; that designation has been used.

References to clauses introduced in the National Annex are distinguished by
their NA prefix, for example, as NA.2.3.

Unless otherwise stated, the clause and table numbers given in the right-hand
margin of the worked examples refer to the Eurocode Part specified at the start
of each example.

Reference is made in some design examples to non-contradictory complementary
information (NCCI). Such information might provide additional guidance to
designers but care must be taken not to use any guidance that would conflict
with the Eurocodes.

One instance where NCCI is needed is in determining the non-dimensional
slenderness A;r for lateral torsional buckling, which EN 1993-1-1 states may be
derived from the elastic critical moment M., although no method is given for
determining the value of M... Sources of NCCI for M., include:

e Formulae in text books

e  Software, such as ‘LTBeam’ (available from the CTICM website)

Alternatively, a conservative simplified method for determining Ay directly is
given in SCI publication P362 Steel building design: Concise Eurocodes.
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/?//__(—/,_F/ Job No. CDS164 Sheet 1 of 6 |Rev
A\

Job Title  Worked examples to the Eurocodes with UK NA

MSCI Subject

Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Example 1 - Choosing a steel sub-grade

Fax: (01344) 636570 Client Made by MEB Date Feb 2009

SCI

CALCULATION SHEET Checked by DGB bate  Jul 2009

References are to
BS EN 1993-1-10:
2005 including its

1 Choosing a steel sub-grade

1.1 Scope National Annex
. . Unless otherwise
An exposed steel structure is proposed with: stated.

e S355 steel to BS EN 10025-2:2004
e the beams welded to the column flange, as shown in Figure 1.1

e the elements are hot rolled sections and the thickest parts are 31.4 mm
(column flange) and 19.6 mm (beam flange)

e the maximum tensile stress in the beam flange of 175 N/mm’
e there is no tensile stress in the column.

Choose appropriate sub grades to avoid brittle fracture.

|

|

Figure 1.1

BS EN 1993-1-10 presents a table with limiting thicknesses for different steel
sub-grades with different stress levels for a range of reference temperatures.
Six variables are used in the expression given to determine the required
reference temperature that should be considered. The UK National Annex
presents a modified table for a single stress level, with an adjustment to
reference temperature for actual stress level.

The UK National Annex also refers to Non Contradictory Complimentary
Information (NCCI) given in Published Document PD 6695-1-10:2009 for
further guidance.

The procedure for determining the maximum thickness values for steelwork in
buildings is given in 2.2 of PD 6695-1-10, with reference to Tables 2 and 3 in
that document. That guidance is used in this example.
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Example 1 - Choosing a steel sub-grade Sheet 2 of 6 |Rev

1.2 Design combination and value of actions

According to BS EN 1993-1-10 the design condition should consider the
following combination of actions

A[TEd] +2.Gy + wiQ + V/z,iQki ?zsll;zN 1993-1-10

in which T%q is the reference temperature. For buildings the value of Tg4 for BS EN 1993-1-1
exposed steelwork is given by the UK National Annex to BS EN 1993-1-1 as | NA. 2.6

-15°C.

For this example the values of stress in the column and the beam are those due
to Gy and Q.

Beam opq = * 175 N/mm’ in the flanges

Column Okrq 1s compressive in all parts of the column cross-section.

1.3 Joint details

1.3.1 Section properties

457 x 191 x 98 UKB
From section property tables:

Depth h = 467.2 mm P363
Width b = 192.8 mm
Web thickness tyw = 11.4 mm

Flange thickness tr = 19.6 mm

305 x 305 x 198 UKC
From section property tables:

Depth h = 339.9 mm P363
Width b = 314.5 mm
Web thickness t, = 19.1 mm

Flange thickness tr = 31.4 mm

For buildings that will be built in the UK, the nominal values of the yield BS EN 1993-1-1
strength (f;) and the ultimate strength (f,) for structural steel should be those NA.2.4
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S355 steel and 16 mm < ¢ < 40 mm BS EN 10025-2
Yield strength f, = R = 345 N/mm’ Table 7
1.3.2 Welds

Fillet weld leg length 12 mm

For the beam flange, the dimensions of the fillet weld to consider are:
Attachment ‘length of weld” Not applicable
Attachment ‘width of weld”  192.8 mm (width of beam)
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Sheet 3 of 6 |Rev

{

ey 7

Width of weld
<>

For the column flange the dimensions of the fillet weld at the edges of the
flange that need to be considered are:

Attachment ‘length of weld” 43.5 mm (beam flange thickness + 2 welds)
Attachment ‘width of weld” 295 mm (width of beam)

4/ lNEd

A —

— Length of weld

b

Note: The weld dimensions are as defined in Table NA.1, ‘length of weld’ is
measured in the direction of the tensile stress and ‘width of weld’ is measured
transverse to the direction of the tensile stress.

1.4 Beam sub-grade

Consider the beam flange

Classify detail

The detail should be classified in terms of ATyp following the guidance given | PD 6695-1-10

in NA.2.1.1.2 of BS EN 1993-1-10. 2.2i)

The dimension of the welded attachment considered here fall outside of the Table NA.1

limits given in Table NA.1 as the length is not applicable. Therefore,

ATgp = 0°C NA.2.1.1.2

For external steelwork and ATzp = 0°C the detail type is: PD 6695-1-10

‘Welded - moderate’ Table 3

Tensile stress level

The tensile stress level at the detail is: PD 6695-1-10
2.2ii)

om_ _ 1B 5
fy (1) 345

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010



http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 1 - Choosing a steel sub-grade Sheet 4 of 6 |Rev

Initial column in table

O PD 6695-1-10

For a ‘welded - moderate’ detail and =0.51 > 0.5 Table 3

y t
The initial column in the table is ‘Comb 7’.

Adjustment to table column selection

Verify whether the initial table column selection needs to be altered for the
criteria given in Note A to Table 3.

Charpy test temperature

NA.2.1.1.4 of the UK National Annex to BS EN 1993-1-10 gives adjustments
to the reference temperature based on the difference between the Charpy test
temperature and the minimum steel temperature. These adjustments have been
accounted for in the Tables given in PD 6695-1-10.

Gross stress concentration factor (A7gg)

There are no areas of gross stress concentration on the beam flange.
Therefore the criterion is met, thus

ATRg = 0

Radiation loss (AT,)
There is no radiation loss for the joint considered here. Therefore the criterion
is met, thus

AT, =0

Strain rate (AT;)
Here the strain rate is not different to the reference strain rate given in BS EN
1993-1-5 (¢ =4x10~* /sec). Therefore the criterion is met, thus

Mé=0

Cold forming (AT )

The sections considered here are hot rolled, therefore no cold forming is
present and the criterion is met, thus

AT, =0

Ecf

As all four criteria are met the table column selection does not need to be
adjusted.

PD 6695-1-10

¢ , Opa ..
For S355, ‘welded - moderate’ and —— =0.51 , the limiting steel Table 3

y t
thicknesses are:
JR 12.5 mm
JO 37.5 mm

12.5mm < 19.5 mm < 37.5 mm

Therefore, an appropriate steel grade for the UKB section is S355J0.
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Example 1 - Choosing a steel sub-grade Sheet 5 of 6 |Rev

1.5 Column sub-grade

Consider the fillet weld at the edges of the column flange

Classify detail

The dimensions of the welded attachment considered here fall outside of the Table NA.1
limits given in Table NA.1 as,

‘Length of fillet weld” = 43.5 mm < 150 mm. Sheet 2
Therefore,

ATxp = 0°C NA.2.1.1.2
For external steelwork and ATzp = 0°C, the detail type is: PD 6695-1-10
‘welded - moderate’ Table 3

Tensile stress level

The tensile stress level at the detail is zero as the vertical compression present | PD 6695-1-10
in the UKC due to vertical actions is greater than the localised tension applied | 2.2ii)
by the beam. Thus,

O g4
fy (1)
Initial column in table
. , . Opa PD 6695-1-10
For a ‘welded - moderate’ detail and T =0 Table 3

The initial column in the table is ‘Comb 4’.

Adjustment to table column selection

Verify whether the initial table column selection needs to be altered for the
criteria given in Note A to Table 3.

Charpy test temperature
No adjustment is required, see Sheet 4.

Gross stress concentration factor (A7gg)

As stiffeners are present there are no areas of gross stress concentration on the
column flange. Therefore the criterion is met, thus

ATRg = 0

Radiation loss (AT,)
As for the beam AT, = 0 Sheet 4

Strain rate (AT)
As for the beam AT, =0 Sheet 4
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Example 1 - Choosing a steel sub-grade Sheet 6 of 6 |Rev

Cold forming (AT, )

The sections considered here are hot rolled, therefore no cold forming is
present and the criterion is met, thus

AT, = 0
As all four criteria are met, the table column selection does not need to be
adjusted.

) O B4 .. . PD 6695-1-10
For S355, ‘welded — moderate’ and ——— =0, the limiting steel thicknesses Table 3

L (1 able

are:
JR  22.5mm
JO 67.5 mm

22.5 mm < 31.4 mm < 67.5 mm
Therefore, an appropriate steel grade for the UKC section is S355J0.

Note: If the thickness had required the use of M, N, HL or NL sub-grade, it
should be noted the f, and f; values may differ slightly from those for
sub-grades JR, J2 and JO.
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A\

Job Title  Worked examples to the Eurocodes with UK NA

\
y SCI Subject  Example 2 - Simply supported laterally restrained

Silwood Park, Ascot, Berks SL5 7QN beam

Telephone: (01344) 636525

Fax: (01344) 636570 Client Made by MEB Date Feb 2009

SCI

CALCULATION SHEET Checked by DGB bate  Jul 2009

. . References are to
2  Simply supported laterally restrained | ;37" 0007

beam 2005, including its
National Annex,

unless otherwise
2.1 Scope stated.

The beam shown in Figure 2.1 is fully laterally restrained along its length and
has bearing lengths of 50 mm at the unstiffened supports and 75 mm under the
point load. Design the beam in S275 steel for the loading shown below.

F
3250 2 3250

>i[j<" L

NN

Ofll<-
<

<

6500

Figure 2.1

The design aspects covered in this example are:
e (Calculation of design values of actions for ULS and SLS
e Cross section classification

e Cross sectional resistance:
— Shear buckling
— Shear
— Bending moment

e Resistance of web to transverse forces

e Vertical deflection of beam at SLS.

2.2 Actions (loading)

2.2.1 Permanent actions

Uniformly distributed load (including self weight) g, = 15 kN/m

Concentrated load G, = 40 kN

2

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 2 - Simply supported laterally restrained beam Sheet 2 of 11 [Rev

2.2.2 Variable actions

Uniformly distributed load g1 = 30 kN/m
Concentrated load 0, = 50kN

The variable actions are not due to storage and are not independent of each
other.

2.2.3 Partial factors for actions

For the design of structural members not involving geotechnical actions, the BS EN 1990
partial factors for actions to be used for ultimate limit state design should be Al.3.14)
obtained from Table A1.2(B), as modified by the National Annex.

Partial factor for permanent actions j; = 1.35 Table
Partial factor for variable actions 1w = 1.50 NA.A1.2(B)
Reduction factor & =0.925

Note: For this example, the combination coefficient (yy) is not required, see
section 2.2.4.

2.2.4 Design values of combined actions for Ultimate Limit
State

BS EN 1990 presents two options for determining the effect due to
combination of actions to be used for the ultimate limit state verification. The
options are to use Expression (6.10) or to determine the less favourable
combination from Expression (6.10a) and (6.10b). The UK National Annex to
BS EN 1990 allows the designer to choose which of those options to use.

Here Expressions (6.10a) and (6.10b) are considered.

76i supGjsp T 76 intGjint T 7010101 +70iW0,iQi (6.10a) BS EN 1990
Table

$7Gi s G jsup T 76 it Gt +70191 +70iWo0,i Qi (6.10b) NA.A1.2(B)

where:

Subscript ‘sup’ defines an unfavourable action

Subscript ‘inf” defines a favourable action.

According to the National Annex, these expressions may be used where:
e The ULS ‘STR’ (strength) is being considered
e The structure is to be constructed in the UK

e Only one variable action is present from categories A to H, except E
(storage) given in BS EN 1990.

Expression (6.10b) will normally be the governing case in the UK, except for
cases were the permanent actions are greater than 4.5 times the variable
actions.

Therefore, as the permanent actions are not greater than 4.5 times the variable
actions, only Expression (6.10b) is considered here.

As the variable actions are not independent of each other, there are no
accompanying variable actions. Therefore, the Q; variable is not considered
here.
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Example 2 - Simply supported laterally restrained beam Sheet 3 of 11 [Rev

UDL (including self weight)
Fig =&6Gy+790; =(0.925x1.35x15)+(1.5x30) =63.7 kN/m

Concentrated load
Fiq =&6Gy +700; =(0.925%x1.35%40)+(1.5x50) =125.0 kN

2.3 Design bending moments and shear forces
Span of beam L = 6500 mm

Maximum design bending moment occurs at mid-span

_Fal’ Pl 63.7x65”  125%6.5

Mg, =539.5 kNm
8 4 8 4
Maximum design shear force occurs at the supports
F4,L F
Vey = 1d N 24 _ 63.7x6.5 +£ 2695 kN
2 2 2 2
Design shear force at mid-span
F,L
Viga = Vg ——2— = 269.50—% ~62.5 kN
2.4 Section properties
533 x 210 x 92 UKB in S275
From section property tables:
Depth h = 533.1 mm P363
Width b = 209.3 mm
Web thickness ty = 10.1 mm
Flange thickness te = 15.6 mm
Root radius r = 12.7 mm
Depth between flange fillets d = 476.5 mm
Second moment of area, y-y axis I, = 55200 cm*
Plastic modulus, y-y axis Woy = 2360 cm’
Area A = 117 cm?
Modulus of elasticity E = 210 000 N/mm* 3.2.6(1)
For buildings that will be built in the UK, the nominal values of the yield NA.2.4

strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and # < 16 mm BS EN 10025-2
Yield strength Iy = Ry = 275 N/mm? Table 7
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Example 2 - Simply supported laterally restrained beam Sheet 4 of 11 |Rev

2.5 Cross section classification

235 _ (235
e = |72 = |72 =092 Table 5.2
fy 275

Outstand of compression flange
b-t, —2r 209.3-10.1-(2x12.7)

c = = 86.90 mm
2 2

< _ 86.90 _557

te 15.6

The limiting value for Class 1 is £ <9 =9x0.92 =828
It
5.57 < 8.28

Therefore the flange is Class 1 under compression.

Web subject to bending

c =d = 476.5 mm Table 5.2
c _4165 4o g
ty 10.1

The limiting value for Class 1 is — <72¢ =72x0.92 = 66.24
tw

47.18 < 66.24
Therefore the web is Class 1 under bending.

Therefore the section is Class 1 under bending.

2.6 Partial factors for resistance

ymo = 1.0 NA.2.15
ymi = 1.0

2.7 Cross-sectional resistance

2.7.1 Shear buckling

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement
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Section 5 of BS EN 1993-1-5 if:
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Example 2 - Simply supported laterally restrained beam Sheet of 11 |Rev
h .
oo 3019 g4
ty 10.1
725 = 2922 _ 662
n 1.0
49.7 < 66.2
Therefore the shear buckling resistance of the web does not need to be
verified.
2.7.2 Shear resistance
Verify that: 6.2.6(1)
14 Eq (6.17
Bo<1.0 1617
Vc,Rd
V. ra 18 the design plastic shear resistance (Vpira).
Vera =Vppae =——— Eq (6.18)
¥ Mo
A, is the shear area and is determined as follows for rolled I and H sections
- with the load applied parallel to the web.
5 A, =A - 2bt; +t; (t w + 2r) But not less than 77h,,?,, 6.2.6(3)
<
—117x10% - (2% 209.3x15.6)+15.6 x (10.1+ (2 x12.7)) =5723.6 mm?
F nhyt, = 1.0x501.9x10.1 =5069.2 mm’
% Therefore,
5 A, = 5723.6 mm’
é The design plastic shear resistance is: 6.2.6(2)
g Eq (6.18)
3 Ay (fy IN3)  5723.6x(275/+/3
: Vire = £y 3 _ x( */_)><10*3 = 909 kN
2 7 Mo 1.0
%: Maximum design shear Vgg = 269.5 kN Sheet 2
3 % 269.
: B 295 _g30< 10
2 Verd 909
ﬁ Therefore the shear resistance of the section is adequate.
% 2.7.3 Resistance to bending
g Verify that: 6.2.5(1)
g M Eq (6.12
g B <1.0 q (6.12)
% Mc,Rd
g
S
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Example 2 - Simply supported laterally restrained beam Sheet 6 of 11 [Rev
At the point of maximum bending moment (mid-span), verify whether the 6.2.8(2)
shear force will reduce the bending resistance of the cross section.

Ve

r_99_4s4s kN
2
Shear force at maximum bending moment V.gqg = 62.5 kN Sheet 3
62.5 kN < 454.5 kN
Therefore no reduction in bending resistance due to shear is required.
The design resistance for bending for Class 1 and 2 cross sections is: 6.2.5(2)
W 3
Mors = Mpra - oLy [y _2360x10° x275 6 _ 400 kNm Eq (6.13)
¥ MO 1.0
M 6.2.5(1
B 9395 _g83< 10 0
M rq 649 Eq (6.12)

Therefore the bending moment resistance is adequate.

2.7.4 Resistance of the web to transverse forces

This verification is only required when there is bearing on the beam. BS EN
1993-1-1 does not give design verifications for the resistance of webs,
designers are referred to BS EN 1993-1-5.

Verify that:

F
n, = Ed < 1.0
SywLetitw /7w
where:
Fgq  is the design transverse force - here this is taken to be the design
shear force at the supports as these have the smallest bearing lengths
(50 mm)
e Frq (Design resistance)
7M1
L.s is the effective length for resistance to transverse forces, given by,
Leﬁ‘ = ZF/y
0.5
& AF
EF — /ytwfyw
F

Determine 4 and Ar

The force is applied to one flange adjacent to an unstiffened end and the
compression flange is restrained, therefore it is Type c).

References given
in Section 2.7.4
refer to

BS EN 1993-1-5

6.6(1), Eq (6.14)

6.4(1) Eq (6.3)

6.4(1) Eq (6.4)

6.12)c) &
Figure 6.1

14
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The length of stiff bearing on the flange is the length over which the load is 6.3(1) &
effectively distributed at a slope of 1:1. However, s, should not be greater Figure 6.2
than A,,.

For a slope of 1:1 s, = 50 mm < A, = 501.9 mm
Therefore,

s = 50 mm

For webs without longitudinal stiffeners kr should be obtained from Figure 6.1 | 6.4(2)

For Type c) Figure 6.1
S, +¢C
ke = 2+6 <6
hy,
¢ = 0mm
ke = 2+6><[50+OJ:2.60< 6
501.9

For Type c) 4 is the smallest of the values determined from Equations (6.10), | 6-5(3)
(6.11) and (6.12).

b = s+ 21 (1 + /My +m, ) but 4 < distance between adjacent stiffeners 6.5(2)

~ Eq (6.10)
é As there are no stiffeners in the beam in this example neglect the above limit
¢ for 4.
<<
8 Or
£ oY 6.5(3)
2 4 = L.+ ﬂ+[_ej +m, Eq (6.11)
g 2 t
= Or
2 by = Lo +tpA[my +m, Eq (6.12)
g where:
£ kpEt > Eq (6.13)
g b = —<§5, +¢C
£ 2f ywh
3 2
2 4 = 2:0x210000x10.17 _ 51 29 m > 5. + ¢ = 50.0 mm
= 2x275%x501.9
£ Therefore
S 4 =5+ c=50.0mm
§ Factors m; and m, are determined as follows:
b
: - Jyrbe 275x209.3 _ 2072
8 Fywtw 275x10.1 6.5(1) Eq (6.8)
i n\ 501.9Y’
%? m, = 0.02[?] =0.02 X(Wj = 20.70 when Ar > 0.5 6.5(1) Eq (6.9)
o
S¢o _
gg m, = 0when Ar <0.5
5E 15
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4 = lo+tJm, +m, =50+15.6x+/20.72+0 = 121.01 mm

As 120.86 mm < 121.01 mm < 223.22 mm

4, = 120.86 mm

ZF — 4'/yl’wfyw
FCI'

fow = 275 N/mm’

3

t 3
Fo = 0.9ksED 20.9%2.6x210000x 121
hy, 501.9

x10~% = 1009 kN

Therefore

Ar =

/0t
- :\/120.86><10.1><275 058 > 0.5

F 1009 x 10°

cr

As Ar > 0.5, m, must be determined and 4, recalculated
m, = 20.70

b) Recalculate for m, = 20.70

4 = 50+[2X15‘6X(1+\,20'72+20'70ﬂ =282.00 mm
Or
2
4, = 50.0 +15.6 x MJr(S—Oj +20.70 = 150.29 mm
2 15.6
Or

4 = 50+15.6x+20.72 +20.70 = 150.40 mm
As 150.29 mm < 150.40 mm < 282.00 mm
4, = 150.29 mm

Example 2 - Simply supported laterally restrained beam Sheet 8 of 11 |Rev
a) First, consider m, =
Eq (6.10)
4 =50 +{2 x 15.6 x (1 ++/20.72 + Oﬂ =223.22 mm
Or
2
m, VAN
4 = /e+[f\/7+(rj +m, 6.5(3) Eq (6.11)
2072 (50 )
= 50.0+15.6x,]——+| — | +0 =120.86 mm
2 15.6

Or

6.5(3) Eq (6.12)

6.4(1) Eq (6.4)

6.4(1) Eq (6.5)

6.4(1) Eq (6.4)

Sheet 7

6.5(2)
Eq (6.10)

6.5(3)
Eq (6.11)

6.5(3) Eq (6.12)

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

16



http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 2 - Simply supported laterally restrained beam Sheet 9 of 11 [Rev
- Lytwfyw . .
1= |2 Iy _ [150.29x10.1x275 o 6.4(1) Eq (6.4)
F., 1009 x10°
As0.64 > 0.5, Ay = 0.64
Determine X
0.5
ZF = —_— < 10
ar 6.4(1) Eq (6.3)
0.64
Determine L
Ly = X4, = 0.78 x 150.29 = 117.23 mm 6.2(1) Eq (6.2)
Determine Fgrqy
SywLesttw  275x117.23x10.1
Fra = = = x 107 = 326 kN 6.2(1) Eq (6.1)
yavil 1.0
Determine 77,
_ Frq Vg 269.5
" - - =08 <10 6.6(1) Eq (6.14)

fwaefftw /7/M1 FRd 326

Therefore the web resistance to transverse forces is adequate.

2.8 \Vertical deflection at serviceability limit state

A structure should be designed and constructed such that all relevant 7.1(1)
serviceability criteria are satisfied.

No specific requirements at SLS are given in BS EN 1993-1-1, 7.1; it is left
for the project to specify the limits, associated combinations of actions and
analysis model. Guidance on the selection of criteria is given in BS EN 1990,
A.1.4.

For this example, the only serviceability limit state that is to be considered is
the vertical deflection under variable actions, because excessive deflection
would damage brittle finishes which are added after the permanent actions have
occurred. The limiting deflection for this beam is taken to be span/360, which
is consistent with common design practice.

2.8.1 Design values of combined actions at Serviceability Limit

State
As noted in BS EN 1990, the SLS partial factors on actions are taken as unity | BS EN 1990
and expression 6.14a is used to determine design effects. Additionally, as Al.4.1(1)

stated in Section 2.2.2, the variable actions are not independent and therefore
no combination factors (1) are required. Thus, the combination values of
actions are given by:

Fl,d,ser = gl + ql and F2,d,ser = GZ + QZ

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement
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Example 2 - Simply supported laterally restrained beam Sheet 10 of 11 [Rev

As noted above, the permanent actions considered in this example occur during | BS EN 1990
the construction process, therefore only the variable actions need to be A1.4.3(3)
considered in the serviceability verification for the functioning of the structure.

Thus F 4 =¢, =30.0 kN/m and F,;,, =0, =50.0 kN

2.8.2 Design value of deflection
The vertical deflection is given by:

4 3
w — 1 SE,d,serL + FZ,d,serL
EI, 384 48

_ ( 1 ) . (5 % 30 x 6500% , 50000 x 65003]

210000 x 55200 x 10* 384 48

= 8.5 mm
The vertical deflection limit is
L 6500
360 360
8.5mm < 18.1 mm

Wiim = = 18.1 mm

Therefore the vertical deflection of the beam is satisfactory.

Page references in
2.9 Blue Book Approach Section 2.9 are to
P363 unless

The design resistances may be obtained from SCI publication P363 otherwise stated.

Consider the 533 x 210 X 92 UKB in S275

2.9.1 Design values of actions for Ultimate Limit State (ULS)

Shear at the supports Vea = 269.5 kN Sheet 3
Shear at maximum bending moment Vera = 62.5 kN
Maximum bending moment Mgy = 539.5 kNm

2.9.2 Cross section classification

Under bending about the major axis (y-y) the cross section is Class 1. Page C-66

2.9.3 Shear resistance

Verd = 909 kN Page C-103
Vi = 2695 =030 < 1.0
Ve ra 909

Therefore the shear resistance is adequate
2.9.4 Bending resistance

%
et _ 909 uss s N
2 2

454.5 kN > V.pq = 62.5 kN

Therefore there is no reduction in the bending resistance.
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Example 2 - Simply supported laterally restrained beam Sheet 11 of 11 [Rev
M, zq = 649 kKNm Page C-66
Mg _ 3395 =0.83 < 1.0
M ra 649

Therefore the bending moment resistance is adequate

2.9.5 Resistance of the web to transverse forces at the end of

the beam
Frq =Vrg = 269.5 kN
ss+c¢c =504+0 = 50mm

Therefore, for s, = S0mmandc =0

Fo = 324 kN Page C-103
By _ 2095 43 <10
Fy, 324

Therefore the resistance of the web to transverse forces is adequate

Note

The Blue Book (SCI P363) does not include deflection values, so the SLS
deflection verification must be carried out as in Section 2.8 of this example.
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ﬁ(///——('/ﬁ/ Job No. CDS164 Sheet 1 of 10 Rev
S\

Job Title  Worked examples to the Eurocodes with UK NA

N
ysc' Subject

Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Example 3 - Unrestrained beam with end moments

Fax: (01344) 636570 Cli
CALCULATION SHEET lent SCl Made by MEB Date Feb 2009

Checked by DGB Date Jul 2009

3  Unrestrained beam with end bending | ke are fo

moments 2005, including its
National Annex,

unless otherwise
3.1 Scope stated.

The beam shown in Figure 3.1 has moment resisting connections at its ends
and carries concentrated loads. The intermediate concentrated loads are
applied through the bottom flange. These concentrated loads do not provide
restraint against lateral-torsional buckling. Design the beam in S275 steel.

A 3000 B 3000 C 3000 D
‘ % Fod % F3,d F1 4 ‘
T I -

C 9000
’\

Y I

Figure 3.1

The design aspects covered in this example are:
e (Calculation of design values of actions for ULS
e Cross section classification

e Cross sectional resistance:
— Shear buckling
— Shear
— Bending moment

e Lateral torsional buckling resistance.

Calculations for the verification of the vertical deflection of the beam under
serviceability limit state loading are not given.

3.2 Actions (loading)

3.2.1 Permanent actions
Uniformly distributed load (Self weight) g = 3 kN/m

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement
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Example 3 - Unrestrained beam with end moments Sheet 2 of 10 |Rev

3.2.2 Variable actions

Concentrated load 1 0, = 60 kN
Concentrated load 2 Q> = 30kN

The variable actions considered here are not due to storage and are not
independent of each other.

3.2.3 Partial factors for actions

Partial factor for permanent actions % = 1.35 Table
Partial factor for variable actions % = 1.50 NA.AL1.2(B)
Reduction factor E =0.925

Note: For this example, the combination coefficient () is not required, see
Section 3.2.4.

3.2.4 Design values of combined actions for Ultimate Limit
State

As the permanent actions are not greater than 4.5 times the variable actions,
only Expression (6.10b) is considered here. See discussion on choice of
combination of actions in Section 2.2.4 of Example 2.

é:ij,squj,sup + 7’Gj,inij,inf +701091 +70i¥%0,i0Q; BS EN 1990
Eq (6.10b)
As the variable actions are not independent of each other, there are no

accompanying variable actions. Therefore, the Q; variable is not considered

here.
UDL (self weight) EN 1990 Table
Fiy =&6g =(0.925x1.35x3) =3.7 kN/m NA.AL.2(B)

Concentrated load 1
Faq =&6Gi +790; =(0.925x1.35%x40)+(1.5x60) =140.0 kN

Concentrated load 2
Fiq =& Gy +700; =(0.925x1.35x20)+(1.5%30) =70.0 kN

3.3 Design values of bending moments and shear

forces

The design effects due to the above combined actions are calculated as follows:
Design bending moment at A M prq = 260 kKNm

Design bending moment at B Mprs = 134 kNm

Design bending moment at C Mcrqs = 78 kNm

Design bending moment at D Mpgs = 223 kNm

Maximum design shear force (at A) Vara = 137 kN

Design shear force at D Vbea = 106 kN

The design bending moments and shear forces are shown in Figure 3.2
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Example 3 - Unrestrained beam with end moments Sheet 3 of 10 |Rev
3000 3000 3000
140 kN 70 kN
3.7 kN/m Design loads
N B C Ap
L 9000 -
< >l
137 126
|_\‘ Shear force kN
14 2
95 106
260
223
\ = Bending moment kNm
134 &
Figure 3.2
8 3.4 Buckling length (L)
§ Since the beam is unrestrained between the supports, there is only one segment
o to consider in this example, with a length equal to the beam length.
§ BS EN 1993-1-1 does not give guidance for determining buckling lengths. For
2 beams, the buckling length should be taken as being equal to the span length
5 unless the designer considers the beam to be restrained.
= L, =9.0m
£ 3.5 Section Properties
S 457 x 191 x 67 UKB in S275.
g From section property tables:
- Depth h = 453.4 mm P363
£ Width b = 189.9 mm
3 Web thickness ty = 8.5mm
§ Flange thickness tr = 12.7 mm
% Depth between fillets d = 407.6 mm
2 Plastic modulus, y-y axis Wy = 1470 cm’
8 Area A = 85.5 cm’
é” Modulus of elasticity E = 210 000 N/mm? 3.2.6(1)
GF 22
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Example 3 - Unrestrained beam with end moments Sheet 4  of 10 |Rev

For buildings that will be built in the UK, the nominal values of the yield NA.2.4
strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and # < 16 mm BS EN 10025-2
Yield strength f, = Ry = 275 N/mm’ Table 7

3.6 Cross section classification

Table 5.2
P X B
Iy 275

Outstand of compression flange

b—t,—2r 189.9-8.5-(2x10.2)

c = = = 80.50 mm
2 2

€ _805 _ 3y

127

The limiting value for Class 1 is t£ <9¢=9x0.92 =8.28
f

6.34 < 8.28
Therefore, the flange is Class 1 under compression.

Web subject to bending

c = d = 407.6 mm
c  _A76  _ 4005
t 8.5

The limiting value for Class 1 is t£ <T2¢ =72x0.92 =66.24
f

47.95 < 66.24

Therefore, the web is Class 1 under bending.

Therefore, the cross section is Class 1 under bending.

3.7 Partial factors for resistance

ymo = 1.0 NA.2.15
ymi = 1.0
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Example 3 - Unrestrained beam with end moments Sheet 5  of 10 |Rev

3.8 Cross-sectional resistance

3.8.1 Shear buckling

The shear buckling resistance for webs should be verified according to 6.2.6(6)
section 5 of BS EN 1993-1-5 if:
h Eq (6.23
—>nf 1629
Ly n
n = 1.0 BS EN 1993-1-5
he = h-2t; =453.4—(2x12.7) = 428.00 mm NA2.4
h
v = @ =50.35
ty 8.5
728 = 1292 _6624

n 1.0
50.35 < 66.24
Therefore the shear buckling resistance of the web does not need to be
verified.

3.8.2 Shear resistance

Verity that: 6.2.6(1)
Vv Eq (6.17

B 210 q ( )
Vc,Rd

V.ra 18 the design plastic shear resistance (Vpira)-

A, (f, 1V3)

7 Mo

Voira =

A, is the shear area and is determined as follows for rolled I and H sections
with the load applied parallel to the web.

A, =A -2bt; +t;(t, +2r) but not less than 7k,

= 85.5x10% —(2x189.9x12.7)+12.7x (8.5 +(2x10.2)) = 4093.57 mm’
nhyty =1.0x428x8.5 =3638.00 mm’
Therefore, A, = 4093.57 mm?

The design plastic shear resistance is:

A, (fy 13) _4093.57x(2753) 105 _es00 kn %-;-(66(21)8)
7' Mo 1.0 ’ ’

Vc,Rd = Vpl,Rd =

Maximum design shear occurs at A, therefore the design shear is
VA,Ed, = 137 kN
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Example 3 - Unrestrained beam with end moments Sheet 6 of 10 |Rev
14 137
a7 601 <10
V. rd 650

Therefore the shear resistance of the section is adequate.

3.8.3 Resistance to bending

Verify that: 6.2.5(1)
Eq (6.12)
M
—H <10
Mc,Rd

At the point of maximum bending (A), check if the presence of shear reduces
the bending moment resistance of the section.

Ve
r_00 350 kN
2 2
Shear force at maximum bending moment Vg = 137 kN

137 kN < 325.0 kN

Therefore no reduction in bending resistance due to shear is required. 6.2.8(2)
The design resistance for bending for Class 1 and 2 cross-sections is: 6.2.5(2)
Woyfy  1470x10° x275
M ra =Myra = R x107° = 404 kNm Eq (6.13)
Y Mo 1.0

M

A _ 200664 < 10 Eq (6.12)
M rq 404 ’

Therefore the bending resistance of the cross section is adequate.

3.9 Buckling resistance of member in bending

If the lateral torsional buckling slenderness (Avr) is less than or equal to Arrpo | 6-3:2.2(4)

the effects of lateral torsional buckling may be neglected, and only
cross-sectional verifications apply.

The value of Avro for rolled sections is given by the UK National Annex as NA.2.17

Aro = 0.4

- W

ALt = vfy 6.3.2.2(1)
MCI‘

W, =W, Forclass I or 2 cross sections.

BS EN 1993-1-1 does not give a method for determining the elastic critical
moment for lateral-torsional buckling (M.;). Here the ‘LTBeam’ software
(which can be downloaded from the CTICM website) has been used to
determine M,,.
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Example 3 - Unrestrained beam with end moments Sheet 7 of 10 |Rev

When determining M., the following end restraint conditions have been applied

to the beam.
LTBeam symbol Definition Restraint applied (fixed/free)
v Lateral restraint Fixed
2] Torsional restraint Fixed
v’ Flexural restraint Free
o Warping restraint Free

The value for the elastic critical moment obtained from ‘LTBeam’ is:
M., = 355.7 kNm

Therefore,
_ 3
Tir = 1470 x10° x 275 107
355.7x10°
1.07 > 0.4 (Arro)
Therefore the resistance to lateral-torsional buckling must be verified. 6.3.2.2(4)
Verify that:

M 6.3.2.1(1)
B <10 Eq (6.54)
My ra
The design buckling resistance moment (M rq) Of a laterally unrestrained beam | 6.3.2.1(3)
is determined from: Eq (6.55)

f
Myrq = ZLTWy d
7 M1
where:
W, = W,, for Class 1 and 2 cross-sections

2t s the reduction factor for lateral-torsional buckling.

For UKB sections, the method given in 6.3.2.3 for determining y, for rolled
sections may be used. Therefore,

B 1 < 1 6.3.2.3(1)
ZLT - 5 — 5 but S 1.0 arld > z 2 Eq (6.57)
CDLT + \/¢LT - ﬂ/ILT LT

where:

Q)LT = 0.5(1+aLT (ZLT _ZLT,O )+ ﬂZLT2 )

From the UK National Annex, ZLT,O =0.4 and f=0.75 NA.2.17
h _453.4 549
b 189.9
2< 2.39 < 3.1, therefore use buckling curve ‘c’ NA.2.17
For buckling curve ‘c’, arr = 0.49 NA.2.16 &

Table 6.5
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Example 3 - Unrestrained beam with end moments Sheet 8  of 10 |Rev
®yr = 0.5(1+0.49%(1.07-0.4)+(0.75x1.07> )) =1.09 6.3.2.3(1)
1
XLt = =0.60
1.09 +J1.092 - (0.75 x1.07° )
— ! - = L 0.87
Avrt 1.07°
0.60 < 0.87 < 1.0
Therefore,
xir = 0.60
To account for the shape of the bending moment distribution, y;r may be 6.3.2.3(2)

modified by the use of a factor ‘f’.

XLT

XLT,mod = but i1 e <1.0 Eq (6.58)
where:

f=1-05(1-k, )[1—2(ZLT —0.8)2} but f <1.0 6.3.2.3(2)

L NA.2.18

k. =

c \/C_l

C, may be obtained from either tabulated data given in NCCI, such as| Access Steel
Access Steel document SN0OO3, or determined from: document SN003

M . (actual bending moment diagram)
M, (uniform bending moment diagram)

1 =

As a value for C, for the bending moment diagram given in Figure 3.2 of this | Access Steel
example is not given in the Access Steel document SNOO3 the value for C; will | document SNOO3
be calculated.

Applying a uniform bending moment to the beam the value of M., determined
from the ‘LTBeam’ software is:

M, =134.2 KNm

C, =ﬂ =2.65

134.2
ke = ! =0.61

2.65
f =1-05x(1-0.61)x|1-2x(1.07-0.8)* | =0.83 6.3.2.32)
Therefore,

Eq (6.58
X LT.mod 09 07 <10 q (6.58)
0.83

The design buckling resistance moment (Myrq) of a laterally unrestrained beam
is determined from:
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Ty
Myra =x11W
’ 7M1 Eq (6.55)
where:
XLT = XLT,mod
Thus,
3 275 _6
Myrs =0.72x1470x10° x —x10 =291 kNm
1.0
Mjpa 260 Sheet 2
Y =2—91 =0.89 < 1.0 6.3.2.1(1)
b.Rd Eq (6.54)

Therefore the design buckling resistance moment of the member is adequate.

3.10 Vertical deflection at serviceability limit state

The vertical deflections should be verified.

Page references in
3.11 Blue Book Approach Section 3.11 are
to P363 unless

The design resistances may be obtained from SCI publication P363. otherwise stated.

Consider the 457 x 191 x 67 UKB in S275

3.11.1 Design bending moments and shear forces
The design bending moments and shear forces are shown in Figure 3.2

Design bending moment (at A) Mars = 260 kNm
Maximum design shear force (at A) Vara = 137 kN

3.11.2 Cross section classification
Under bending the cross section is Class 1. Page C-67

3.11.3 Cross sectional resistance

Shear resistance

Vira = 650 kN s 8
\%

ae - 137 050 g

Vi ra 650

Therefore the shear resistance is adequate

Bending resistance

1%
cra _ 650 _ 325 kN
2 2

Therefore there is no reduction in the bending resistance.
M.yra = 405 kNm Page C-67
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M
Ak 2006600 o0
Mc,y,Rd 405

Therefore the bending moment resistance is adequate

3.11.4 Member buckling resistance

From Section 3.8 of this example,

C, =2.65 Sheet 8
From interpolation for C; = 2.65and L = 9.0 m Page C-67
Mb,Rd = 290 kKNm
M

am 200500 < 10
M, g4 290

Therefore the buckling moment resistance is adequate
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ﬁ(///——('/ﬁ/ Job No. CDS164 Sheet 1 of 11 Rev
S\

Job Title  Worked examples to the Eurocodes with UK NA

N\
y SCI Subject  Example 4 - Simply supported beam with lateral

Silwood Park, Ascot, Berks SL5 7QN restraint at load application points
Telephone: (01344) 636525

Fax: (01344) 636570 Cli
CALCULATION SHEET lent SCl Made by MRB Date Feb 2009

Checked by DGB Date Jul 2009

. - References are to
4 Simply supported beam with lateral BS EN 199311

restraint at load application points 2005, including its
National Annex,

unless otherwise
4.1 Scope stated.

The beam shown in Figure 4.1 is laterally restrained at the ends and at the
points of load application only. For the loading shown, design the beam in

S275 steel.
A 3000 B 3000 C 3000 D

Fod F34d Fid

I L L I

L 9000
"

Y I

Figure 4.1

The design aspects covered in this example are:
e Calculation of design values of actions for ULS
e Cross section classification

e Cross sectional resistance:
— Shear buckling
— Shear
— Bending moment

e Lateral torsional buckling resistance.

Calculations for the verification of the vertical deflection of the beam under
serviceability limit state loading are not given.
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4.2 Actions (loading)
4.2.1 Permanent actions
Uniformly Distributed Load (self weight) g = 3 kN/m
Concentrated load 1 G, = 40 kN
Concentrated load 2 G, = 20 kN
4.2.2 \Variable actions
Concentrated load 1 0, = 60 kN
Concentrated load 2 0, = 30 kN
The variable actions considered here are not due to storage and are not
independent of each other.
4.2.3 Partial factors for actions
Partial factor for permanent actions % = 1.35 BS EN 1990
Table NA.A1.2
Partial factor for variable actions %o = 1.50
Reduction factor &£ =0.925

Section 4.2.4.

State

combination of actions in Section 2.2.4 of Example 2.

&Y Gisp T VGt Gjine +70191 +70iV%0,iQi

here.

UDL (self weight)
Fig =&gg =(0.925x1.35x3) =3.7 kN/m

Concentrated load 1

Concentrated load 2

As the variable actions are not independent of each other there are no
accompanying variable actions. Therefore, the Q; variable is not considered

Note: For this example the combination coefficient (wy) is not required, see

4.2.4 Design values of combined actions for Ultimate Limit

As the permanent actions are not greater than 4.5 times the variable actions,
only Expression (6.10b) is considered here. See discussion on choice of

Fay =&76Gy +700; =(0.925x1.35%40)+(1.5x60) =140.0 kN

Fsq =&76Gy +700, =(0.925x1.35%x20)+(1.5x30) =70.0 kN

BS EN 1990
Eq (6.10b)
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Example 4 - Beam with lateral restraint at load application points Sheet 3 of 11 Rev

4.3 Design values of bending moments and shear

forces
The design bending moments and shear forces are shown in Figure 4.2.
3000 3000 3000
140 kN 70 kN
3.7 kN/m Design values
A B C p ofactions
L 9000 N
< >
133 122
Shear force kN
99 110
T
i Bending moment kNm
i
i
o
382
Figure 4.2

4.4 Buckling length (L)

Since the beam is restrained at its ends and at the loading points, there are
three segments to consider. From the bending moment diagram, it can be seen
that the maximum bending moment occurs within segment B to C. Therefore
only this segment is considered.

BS EN 1993-1-1 does not give guidance for determining buckling lengths.

Therefore take the buckling length (L) equal the span length between lateral
restraints,

L., = 3000 mm

4.5 Section properties

An initial trial section is selected and verified to ensure its adequacy. If the
initial size is inadequate, another section will be selected.

Try 457 X 191 x 82 UKB in S275

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement
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Depth between fillets d = 407.6 mm

Second moment of area y-y axis I, = 37100 cm*

Second moment of area z-z axis I, =1870cm*

Warping constant I, = 0.922 dm’

Radius of gyration y-y axis iy, =18.8cm

Radius of gyration z-z axis i, =423cm

Plastic modulus y-y axis Wy, = 1830 cm®

Plastic modulus z-z axis W, = 304 cm’

Elastic modulus y-y axis Way = 1610 cm®

Elastic modulus z-z axis W, = 196 cm’

Area A =104 cm’

Modulus of elasticity E =210 000 N/mm? 3.2.6(1)
For buildings that will be built in the UK, the nominal values of the yield NA.2.4

strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and f < 16 mm BS EN 10025-2
Yield strength f, = Ry = 275 N/mm’ Table 7

4.5.1 Cross section classification

Table 5.2
B EEERN X
Iy 275

Outstand of compression flange

b-t, —2r 191.3-9.9-(2x10.2)

c = = 80.50 mm
2 2

< 8035 503

te 16.0

The limiting value for Class 1 is —— <9¢ =9x0.92 =8.28
Iy
5.03 < 8.28

Therefore, the flange in compression is Class 1

Web subject to bending
¢ =d = 407.6 mm
¢ _407.6

22 4117
ty 9.9

The limiting value for Class 1 is t£ <T2e=72x%x0.92 =66.24
f

41.17 < 66.24
Therefore, the web is Class 1 under bending.

Therefore the section is Class 1 under bending.
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4.6 Partial factors for resistance

ymo = 1.0 NA.2.15
M1 = 10

4.7 Cross-sectional resistance

4.7.1 Shear buckling resistance

The shear buckling resistance for webs should be verified according to 6.2.6(6)

Section 5 of BS EN 1993-1-5 if:

hy, £

—>72=

[, " Eq (6.23)

n = 1.0 BS EN 1993-1-5
NA.2.4

hy =h-2t; =460.0-(2x16.0) = 428.0mm

I _ 4280 _ 43.23

ty 9.9

728 —712x 22 _6624

n 1.0
43.23 < 66.24

Therefore the shear buckling resistance of the web does not need to be
verified.

4.7.2 Shear resistance

Verify that: 6.2.6(1)
Eq (6.17)
Vv
<10
Vc,Rd

For Class 1 and 2 cross sections

Vc,Rd = Vpl,Rd

4 13 6.2.6(2)
Voira =M Eq (6.18)

7 Mo

A, is the shear area and is determined as follows for rolled I and H sections
with the load applied parallel to the web.

A, =A -2bt; +1; (tw +2r) but not less than nh,t,

=104 x10% - (2x191.3x16.0)+16.0 x (9.9 + (2x10.2) ) = 4763.2 mm’
nhyt, =1.0x428x9.9 = 4237.20 mm’

Therefore, A, = 4763.2 mm’
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The plastic design shear resistance is:

A, (f,IN3)  4763.2x(275/3 6.2.6(2)
Vige = /s - X */_)xm*3 ~ 756 kN Eq (6.18)
¥ Mo 1.0

Maximum design shear occurs at A Sheet 3
VA,Ed = 133 kN
v

AR 133608 <10

Vera 756

Therefore the shear resistance of the section is adequate.

4.7.3 Resistance to bending

Verify that: 6.2.5(1)
Eq (6.12)
M
M_o<1.0
M c,Rd

At the point of maximum bending moment (B) verify whether the shear force
will reduce the bending moment resistance of the section.

Ve
R 736 308 kN
2 2
Shear force at maximum bending moment is Vgpg = 122 kN Sheet 3

122 kN < 378 kN 6.2.8(2)

Therefore no reduction in bending resistance due to shear is required.

The design resistance for bending moment for Class 1 and 2 cross-sections is: | 6.2.5(2)

WoyJy _ 1830 x10° x 275 .

M gg =Mp;pq = 10 07° =503 kNm Eq (6.13)
Mo .
Mg, 382
— =—-=0.76 < 1.0
M 503 Eq (6.12)

Therefore the bending moment resistance is adequate.

4.8 Buckling resistance of member in bending

If the lateral torsional buckling slenderness (zm) is less than or equal to Arrpo | 6-3:2.2(4)

the effects of lateral torsional buckling may be neglected, and only
cross-sectional resistances apply.

The value of Airo for rolled sections is given by the UK National Annex as NA.2.17

Ao = 0.4

- W

Air = Wty 6.3.2.2(1)
MCI‘

W, =W, Forclass 1 or 2 cross sections.
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Sheet 7

of 11

Rev

having to calculate M.,.

Consider section B - C of the beam.

L 3m

>
= “1

~McEq
Mg g4
Figure 4.3

— 1 —
/I = UV/IZ
LT \/C_l Y} By

where:

e te Jlﬂ 097
1 37100

3 4
U - 1830 x10° x0.97 | /1870x10 _0.88
104 x 10?2 0.922 x10"?

V = (For doubly symmetric sections)

demonstrated otherwise. Therefore,

a, =L 23900 559
i, 43
vV = ! =0.94

2
\ 1+1( 70.92 J
20\ 460/16

BS EN 1993-1-1 does not give a method for determining the elastic critical
moment for lateral-torsional buckling (M.;). Here a method presented in

Access Steel document SNOO2 is used to determine a value for ZLT without

k is the effective length parameter and should be taken as 1.0 unless it can be

Access Steel
document SN002

Access Steel

SN002
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By = WY
Wpl,y
For Class 1 and 2 sections Wy = WpLy , therefore,
Bw =10
- A
ﬂ, 7z = _Z
A
L=z £ = ”\/210000 =86.8
fy 275
7. =092 _ g8
86.8

is a factor that accounts for the shape of the bending moment diagram

-

2t 1s the reduction factor for lateral-torsional buckling.

M
y =—cm 38 g

My gq 382
» For the bending moment shape shown in Figure 4.3 and y = 0.82, Access Steel
g 1 0.9 document SNO02
o —-— =0 Table 2.1
- e
s A =—20v7, B,
5 Ci
n
3 Air =0.92x0.88x0.94x0.82x+/1.0 = 0.62
% 0.62 > 0.4 (ZLT,O) 6.3.2.2(4)
g Therefore, the resistance to lateral torsional buckling should be verified.
5 Verify that:
% M g4 6.3.2.1(1)
z ———<1.0
g Eq (6.54
g M b,Rd q ( )
é The design buckling resistance moment (M rq) Of a laterally unrestrained beam | 6.3.2.1(3)
£ is determined from: Eq (6.55)
E f
5 Mygre = 210 W, -
9 VM1
-]
3 where:
g W, = W,, for Class 1 and 2 cross-sections
g
S
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For UKB sections, the method given in 6.3.2.3 for determining y, for rolled
sections may be used. Therefore,
6.3.2.3(1
XiT = 1 butSlO andS_l ()
2 - 2 P Eq (6.57)
@LT +\/®LT —,BA«LT LT
where:
D1 = 0.5(1 +arr (ZLT — ALT0 )+ ,BZLTZ )
From the UK National Annex Arro = 0.4 and f=0.75 NA.2.17
The appropriate buckling curve depends on h/b:
h _4600 540
b 191.3
2 < 2.40 < 3.1, therefore use buckling curve ‘c’ NA.2.17
For buckling curve ‘c’, oot = 0.49 NA.2.16 &
Table 6.3
Drr = 0.5x(1+0.49x(0.62-0.4)+(0.75x 0.62> )) =0.70 6.3.2.3(1)
1
XLT = =0.87
0.7+ \/0.72 - (0.75 x0.62° )
z
o — ! - = ! =2.60
< ALt 0.62°
2 0.87 < 1.0 < 2.60
%‘ Therefore,
2 21 = 0.87
2 To account of the shape of the bending moment distribution, y;r may be 6.3.2.3(2)
2 modified as follows: Eq (6.58)
% X LT,mod = Air but 7yt <1.0
3
s _ 6.3.2.3(2
S f =1-05(1—%, ){1—2(/1”—0.8)2} but f <1.0 @
: PR NA.2.18
VG
% Therefore,
s k, =0.92 Sheet 8
-]
E F=1-05%(1-0.92)x[1-2x(0.62-0.8) ] =0.9 6.3.2.32)
é Therefore,
o= 0.88 Eq (6.58)
=N XiTma =—— =0.92
55 0.96
SE 38
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The design buckling resistance moment (M, rq) of a laterally unrestrained beam
is determined from:

f
R AT o Eq (6.55)

where:

XLT = XLT,mod

For this beam:

Mygpq =0.92x1830x10° 273,105 = 463 kNm
1.0
My gq 382 6.3.2.1(1)
=" =083 < 1.0 Eq (6.54)

Myra 463

Therefore the design buckling resistance of the member is adequate.

4.8.1 Resistance of the web to transverse forces

There is no need to verify the resistance of the web to transverse forces in this
example, because the secondary beams are connected into the webs of the
primary beams and flexible end plates are used to connect the beams to the
columns.

4.9 Blue Book Approach P .
age references in
The design resistances may be obtained from SCI publication P363. Section 4.9 are to

) ) P363 unless
Consider the 457 x 191 x 82 UKB in S275 otherwise stated.

4.9.1 Design bending moments and shear forces

The design bending moment and shear forces are shown in Figure 4.2.

Maximum shear Varpa = 133 kN
Shear at maximum bending moment Vera = 122 kN
Maximum bending moment Mgy = 382 kNm

4.9.2 Cross section classification
Under bending the section in S275 is Class 1. Page C-67

4.9.3 Cross sectional resistance

Shear resistance

Vira = 756 kKN Page C-104
Ve - 133 48 <10
Ve ra 756

Therefore the shear resistance is adequate
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Bending resistance

Vira  _ 756
2 2

Vama =122 KN < 378 kN

=378 kN

Therefore there is no reduction in the bending resistance.

M.yra = 504 KNm Page C-67
M
B 382 576 <10
Mc,y,Rd 504

Therefore the bending moment resistance is adequate

4.9.4 Member buckling resistance
L, =30m Sheet 3
Consider span B - C.

o 3m

¥

’\

) McEq
Mg Eq

From Section 4.7 of this example

Sheet 8

1 _ow °
VG
Therefore,

| 2
C, :(—j =1.18

0.92

From interpolation for C; = 1.18 and L = 3 m Page C-67
M, rq = 449 kNm
Mg, —_ 382 =0.85 < 1.0
M, g4 449

Therefore the buckling resistance is adequate
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ﬁ(///_—(—/ﬁ/ Job No. CDS164 Sheet 1 of 9 Rev
“\

Job Title  Worked examples to the Eurocodes with UK NA

N\
y SCli Subject  Example 5 - Unrestrained beam with end bending

Silwood Park, Ascot, Berks SL5 7QN moments using a Class 3 section
Telephone: (01344) 636525

Fax: (01344) 636570 Client Made by MEB pate  Feb 2009

SCI

CALCULATION SHEET

Checked by DGB Date Jul 2009

5  Unrestrained beam with end bending | XJee are o

moments using a Class 3 section 2005, including its
National Annex,

unless otherwise
5.1 Scope stated.

The beam shown in Figure 5.1 has moment resisting connections at its ends
and carries a UDL and concentrated loads. The intermediate concentrated
loads are applied through the bottom flange as shown below. These
concentrated loads do neot provide restraint against lateral-torsional buckling.
Design the beam using a UKC in S355 steel.

A 3000 B 3000 C 3000 D

A A
v v

‘ F2, F3d Fiq ‘
it ' ' I

T 9000
"

Y

Figure 5.1

The design aspects covered in this example are:
e Section classification

e Cross sectional resistance:
— Shear buckling
— Shear

— Bending moment

e Lateral torsional buckling resistance

Calculations for the verification of the vertical deflection of the beam under
serviceability limit state loading are not given.

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

41


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 5 - Unrestrained beam with end moments - Class 3 section  |Sheet 2 of 9 Rev

5.2 Design values of bending moments and shear
forces

The design effects due to the combined actions shown in Figure 5.2 were
calculated as follows:

Design bending moment at A Magrs = 330 kNm

Design bending moment at B Mprs = 320 kNm

Design bending moment at C Mcgs = 250 kNm

Design bending moment at D Mpgs = 280 kNm

Design shear force at A Vapa = 225 kN
Design shear force at D Vbora = 185 kN
3000 3000 3000
240 kN 120 kN
5.6 kN/m Design loads
A B C D
L 9000 N
< >l
225 208
Shear force kN
32 48
168 185
330

280
I\\ / Bending moment kNm

e 250

Figure 5.2

5.3 Buckling length (L,,)

Since the beam is unrestrained between the supports, there is only one segment
to consider in this example, with a length equal to the beam length.

BS EN 1993-1-1 does not give guidance for determining buckling lengths. For
beams, the buckling length should be taken as being equal to the span length
unless the designer considers the beam to be restrained.

L, =90m
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5.4 Section properties

305 x 305 x 97 UKC in S355 steel
From section property tables:

Depth h = 307.9 mm P363
Width b = 305.3 mm

Web thickness ty = 9.9 mm

Flange thickness tr = 15.4 mm

Root radius r = 15.2 mm

Depth between fillets d = 246.7 mm

Elastic modulus, y-y axis Way = 1450 cm’

Area A =123 cm’

Modulus of elasticity E = 210 000 N/mm? 3.2.6(1)
For buildings that will be built in the UK, the nominal values of the yield NA.2.4

strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S355 steel and 7 < 16 mm BS EN 10025-2
Yield strength f, = Ry = 355 N/mm’ Table 7

5.4.1 Cross section classification

Table 5.2
_ 235 _ /ﬁ 081
Sy 355

Outstand of compression flange

b-t, —2r 3053-9.9-(2x15.2)

c = =132.5 mm
2 2

c _ 132.5 _36

I 15.4

The limiting value for Class 2 is — <10¢ =10x0.81 = 8.1
It

The limiting value for Class 3 is £ <145 =14x0.81 =11.3
I
8.1< 8.6 < 11.3

Therefore, the flange in compression is Class 3

Web subject to bending
c =d = 246.7 mm

c 246.7 24.9

Ly 9.9

The limiting value for Class 1 is t£ <72 =72x%x0.81=58.32
f

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

43


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 5 - Unrestrained beam with end moments - Class 3 section  |Sheet 4  of 9 Rev

24.92 < 58.32
Therefore, the web is Class 1 under bending.

Therefore the section is Class 3 under bending.

5.5 Partial factors for resistance

ymo = 1.0 NA.2.15
ymi = 1.0

5.6 Cross-sectional resistance

5.6.1 Shear buckling

The shear buckling resistance for webs should be verified according to 6.2.6(6)
Section 5 of BS EN 1993-1-5 if:

hy &

—>T72—

‘. " Eq (6.23)
n = 1.0 BS EN 1993-1-5

NA.2.4

he = h-2t; =307.9-(2x15.4) =277.1mm

ty 9.9

72 = 712,98 _s83

n 1.0

27.99 < 58.32

Therefore the shear buckling resistance of the web does not need to be
verified.

5.6.2 Shear resistance
Verify that: 6.2.6(1)
V k4 Eq (6.17)

<1.0
Vc,Rd

V. ra is equal to the design plastic shear resistance (Vi ra).

A, (f, /143)
7 Mo

A, is the shear area and is determined as follows for rolled I and H sections
with the load applied parallel to the web.

V LRd —

p

A, =A -2bt; +1; (tw +2r) but not less than 774 7,

—123x10% —(2x305.3x15.4)+15.4x (9.9 +(2x15.2)) =3517.38 mm’
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nhyt, =1.0x276.8x9.9 =2740.32 mm’
2740.31 mm® < 3517.38 mm’

Therefore, A, = 3517.38 mm?

The plastic design shear resistance is:

A, (f,1N3)  3517.38x(355/43 )
VMo 1.0

x1073 =721 kN

Vc,Rd = Vpl,Rd =

Maximum design shear occurs at A, therefore the design shear
VEd = VA,Ed = 225 kN
Vv
e 25 531 <10
Verd 721

Therefore the shear resistance of the section is adequate.

5.6.3 Resistance to bending
Verify that:

MA,Ed
Mc,Rd

<1.0

reduce the bending moment resistance of the section.
Vera 721

2 2
Shear force at maximum bending moment Vagq, = 225 kN
225 kN < 360.5 kN

=360.5 kN

Therefore no reduction in bending resistance due to shear is required.

The design resistance for bending for Class 3 cross-sections is:

Wayfy _1450x10° x355
¥ Mo 1.0

M. ga =M rq = 107° =515 kNm

M
ar 330 o64 < 1.0
M.z 515

Therefore the bending resistance of the cross section is adequate.

the effects of lateral torsional buckling may be neglected, and only
cross-sectional resistances apply.

The value of ZLT,O for rolled sections is given as ZLT,O =04

At the point of maximum bending moment (A) check if the shear force will

5.7 Buckling resistance of member in bending

If the lateral torsional buckling slenderness (ZLT) is less than or equal to ZLT,O

6.2.6(2)
Eq (6.18)

Sheet 2

6.2.5(1)
Eq (6.12)

6.2.8(2)

6.2.5(2)

Eq (6.14)

Eq (6.12)

6.3.2.2(4)

NA.2.17
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_ W, f
Aur = |—= 6.3.2.2(1
T M, 1)
W, =W, For class 3 cross sections.

y ely

BS EN 1993-1-1 does not give a method for determining the elastic critical
moment for lateral-torsional buckling (M.;). Here the ‘LTBeam’ software
(which can be downloaded from the CTICM website) has been used to
determine M,,.

When determining M., the following end restraint conditions have been applied

to the beam.
LTBeam symbol Definition Restraint applied (fixed/free)
12 Lateral restraint Fixed
2] Torsional restraint Fixed
v’ Flexural restraint Free
o Warping restraint Free

The value for the elastic critical moment obtained from ‘LTBeam’ is:
M., = 607.7 kNm

Therefore,
_ 3
i :\/1450x10 X355 _ g
607.7x10°
092 > 04
Therefore the resistance to lateral-torsional buckling must be verified. 6.3.2.2(4)
Verify that:

M 6.3.2.1(1)
TE 210 Eq (6.54)
M b,Rd
The design buckling resistance moment (M rq) Of a laterally unrestrained beam | 6.3.2.1(3)
is determined from: Eq (6.55)

f
Myre = ZLTWy d
7M1
where:
W, =W,, for class 3 cross sections.

xur s the reduction factor for lateral-torsional buckling

For UKC sections the method given in 6.3.2.3 for determining y,; for rolled
sections may be used. Therefore,
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where:

D q :O.Sx[l+aLT (ZLT — 1o )‘f‘ﬂZLTz ]

From the UK National Annex Aviro = 0.4 and B =0.75 NA.2.17
The appropriate buckling curve depends on A/b:
ho_307.9 _ 101
b 3053
1.01 < 2, therefore use buckling curve ‘b’ NA.2.17
For buckling curve ‘b’, orr = 0.34 NA.2.16 &
Table 6.5
@y =0.5%[1+0.34x(0.92-0.4)+(0.75%0.922 )| =0.91 6.3.2.3(1)
1
ZLT = = 074
0.91+4,/0.91% —(0.75x0.922 )
— ! — = ! =1.18
ALt 0.92°
074 < 1.0 < 1.18
Therefore,
ZLT = 074
To account for the shape of the bending moment distribution, y;r may be 6.3.2.3(2)
modified by the use of a factor ‘f’.
XLT
XLT,mod = but 1 mea <1.0 Eq (6.58)
where:
f=1-05(1-k, )[1—2(ZLT —08)’ } but £ <1.0 6.3.2.32)
1 NA.2.18

C; may be obtained from either tabulated data given in NCCI, such as Access
Steel document SN003, or determined from:

M . (actual bending moment diagram)
M, (uniform bending moment diagram)

l =
As a value for C, for the bending moment diagram given in Figure 5.2 is not
given in the Access Steel document SNOO3 the value for C; will be calculated.

Applying a uniform bending moment to the beam, the value of M., determined
from the ‘LTBeam’ software is:

M, =460.5 kNm
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c, =7 13
460.5
k., = L _ 0.87
1.32
6.3.2.3(2
f =1—0.5><(1—0.87)><[1—2x(0.92—0.8)2] = 0.94 @
0.74 Eq (6.58)
XiTmod =—— =0.79
0.94
The design buckling resistance moment (M rq) of a laterally unrestrained beam
is determined from:
f
M, vi = 11V, ——
MR Eq (6.55)
where:
ALt = ALT,mod
. 3 _ 355 -6
For this beam Mgy =0.79x1450 x10° x ——x 107" = 407 kNm
1.0
M g4 330 Sheet 2
£ =— =081 < 1.0 6.3.2.1(1)
2 My rq 407 Eq (6.54)
2 Therefore the design buckling resistance of the member is adequate.
§ 5.8 Web subject to transverse forces
é The verification for web subject to transverse forces should be carried out at
s the supports and at the points of load application. However, as the reactions
s are transferred through end plates and the loads are applied through the bottom
g flange, there is no need to verify the resistance of the web to transverse forces
T in this example.
£
p P
£ 5.9 Blue Book Approach age references
e given in Section
g The design resistances may be obtained from SCI publication P363. 5.9 are to P363
a ) ] unless otherwise
= Consider the 305 x 305 x 97 UKC in S355 stated.
IS
§ 5.9.1 Design bending moments and shear forces
£ The design bending moments and shear forces are shown in Figure 5.2
é Design bending moment at A Mars = 330 kNm
Zij Design bending moment at B Mprs = 320 kNm
g Maximum design shear force (at A) Vapa = 225 kN
9% 5.9.2 Cross-section classification
%% Under bending the section is Class 3. Page D-76
SE
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5.9.3 Cross sectional resistance

Shear resistance

Verd = 721 kN Page D-110
1%

Yap o _ 25 431 <10

Ve ra 721

Therefore the shear resistance is adequate
Bending resistance

1%
ekt _ 721 _ 360.5 kN
2 2

Viga =225KkN < 360.5 kN

Therefore there is no reduction in bending resistance.

M.yra = 513 kNm Page D-76
ﬂ = @ =064 < 1.0
M rq 513

Therefore the bending resistance is adequate

5.9.4 Member buckling resistance
From Section 5.6 of this example

C = 1.32 Sheet 8
From interpolation for C; = 1.32 and L = 9.0 m Page D-76
M, gy = 406 kNm
M

a0 _ge1 <10
M, g 406

Therefore the buckling resistance is adequate
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f//——('/ﬁ Job No. CDS164 Sheet 1 of 12 Rev

Job Title  Worked examples to the Eurocodes with UK NA

M SCli Subject  Example 6 - Beam under combined bending and

Silwood Park, Ascot, Berks SL5 7QN torsion — Slmple method
Telephone: (01344) 636525

Fax: (01344) 636570 Client Madeby ~ MEB  |pate Feb 2009

SCI

CALCULATION SHEET Checked by DGB  |pate Jul 2009

. - References are to
6 Beam under combined bending and BS EN 199311

torsion — Simple method 2005, including its
National Annex,

unless otherwise
6.1 Scope stated.

The simply supported (but with torsionally restraining end plate connections at
each ends) beam (254 x 254 x 89 UKC) shown in Figure 6.1 is unrestrained
along its length. An eccentric load is applied to the bottom flange at the centre
of the span in such a way that it does not provide any lateral restraint to the
member. The end conditions are considered to be simply supported for
bending and fixed against torsion, but free for warping. For the load shown,

verify the resistance of the beam in S275 steel.

A Bﬁ C
F+<J e=75mg‘

L=4000 mm

F1,d

Figure 6.1

The design aspects covered in this example are:
e Deflections and twist at SLS
e Cross section classification

e Cross-sectional resistance (bending about y-y axis):
— Shear buckling
— Shear

— Bending moment
e Buckling resistance in bending

e Resistance to combined bending and torsion
— Cross-sectional resistance
— Buckling resistance.

A complete and exhaustive method on combined bending and torsion is given
in SCI publication P385. However, the following simplified method may be
used for I and H-sections subject to combined bending and torsion. The
method has been used in practice in building design for many years. It ignores
the pure St Venant stiffness of the beam and the small component of the major
axis bending moment that is applied as a minor axis bending moment due to

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

50


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 6 - Combined bending and torsion — Simple method Sheet 2 of 12 |Rev

the twist of the section. The beam is then verified using the principles of 6.3.3
in BS EN 1993-1-1 with the axial force taken as zero.

6.2 Actions

Replace the applied actions (Figure 6.1) by an equivalent arrangement,
comprising a vertical force applied through the shear centre and a torsional
moment as shown in Figure 6.2.

¢
———
= (l Ted=€F 14
— —
> Y /
F E Clockwise twist
1,d 1,d

.. Negative angle of
twist due toTgy

Figure 6.2
The application of the force F) 4 and torsion 7g4are shown below.
al

l’: 1,4 <> .
A C /\ Ed
T B T + i Ty 1
<t > <5t >
(i) Plane bending (i) Torsional loading

Figure 6.3

6.2.2 Permanent actions
Uniformly distributed load (self-weight) gx = 0.9 kN/m

6.2.3 Variable actions
Concentrated load O = 60 kN

6.2.4 Partial factors for actions

For the design of structural members not involving geotechnical actions the BS EN 1990
partial factors for actions to be used for ultimate limit state design should be Al.3.14)
obtained from Table A1.2(B).

Partial factor for permanent actions w6 = 1.35 Table
Partial factor for variable actions 7 = 1.50 NA.AL2(B)
Reduction factor & =0.925

Note: for this example the combination coefficient (wp) is not required as there
is only one variable action.
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6.3 Design values of combined actions

6.3.1 Values at ULS

In accordance with equation 6.10b:
UDL (self weight)
Foq =&7cgr =(0.925x1.35%0.9) =1.12 kN/m

Concentrated load
Fiqa =79Q =(1.5x60) =90.0 kN

The concentrated load acts at an eccentricity of 75 mm from the centreline of
the beam. The design force is equivalent to a concentric force plus a torsional
moment, given by:

Tgy =F; 4 xe =90x0.075 =6.75 kNm

6.3.2 Force in flanges due to torsion

In this simplified method, the torsional moment is considered as two equal and
opposite lateral forces applied to the flanges as shown below.

FiEd
Teg =
Feq

Figure 6.4

The force Frpq4, acting at each flange, is given by:

Tgy 6.75

_ =27.8 kN
h—t;  (260.3-17.3)x107°

Ff,Ed =

6.3.3 Values at SLS

The SLS value of the concentrated load is:
Figser =Q =60.0 kN

The force at each flange at SLS is therefore:
Traer 60 x 0.075
h—t;  (260.3-17.3)x107°

Ff,Ed,ser = =18.5 kN

6.4 Design bending moment and shear forces at
Ultimate Limit State
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6.5 Buckling length

Since the beam is unrestrained between the supports, there is only one segment
length to consider in this example, with a length equal to the beam length. In
bending, the beam is simply supported.

BS EN 1993-1-1 does not give guidance for determining buckling lengths. For
beams, the buckling length should be taken as being equal to the span length
unless the designer considers the beam to be restrained.

Length to consider, L = 4000 mm
Therefore, L, =10xL = 4000 mm

6.6 Section properties

254 x 254 x 89 UKC in S275 steel
From section property tables:

Depth h = 260.3 mm P363
Width b = 256.3 mm

Web thickness t, = 10.3 mm

Flange thickness tr = 17.3 mm

Depth between fillets d = 200.3 mm

Root radius r = 12.7 mm

Plastic modulus y-y axis Wy = 1220 cm’

Elastic modulus y-y axis Wy, = 1100 cm’

Radius of gyration z-z axis i = 6.55 cm

Torsion constant Ir =102 cm*

Area A =113 cm’

Modulus of elasticity E = 210 000 N/mm* 3.2.6(1)
For buildings that will be built in the UK, the nominal values of the yield NA.2.4

strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For grade S275 steel and 16 mm < ¢ <40 mm BS EN 10025-2
Yield strength f, = Ry = 265 N/mm’ Table 7

6.7 Deflections and twist at SLS

Before carrying out the resistance verifications, it is advisable to verify the
acceptability of the deflection and twist of the section under serviceability limit
state loading.

The vertical deflection of the beam should be determined using the method
given in Example 2 using the SLS loads. For brevity the calculation is not
given here.

The twist of the beam is determined from the horizontal displacement of the
flanges.
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Considering one flange, the inertia of a single flange, I;,is given by:
e xb®  17.3%x256.3°
= x 1
12 12

0% =2427.2 cm*

If =

The horizontal displacement, u, of the flanges is:

Frraser L 18.5x10° x 4000°
A8EI,  48x210000 x 2427.2x10*

u = =4.8 mm

Therefore the maximum twist is

$ = 2u :(ﬂj =0.04 radians = 2.3°
h—t 260.3-17.3

This twist is greater than the suggested limit of 2.0° given in SCI publication
P385. However, if the more rigorous approach given in P385 is used a twist
of 1.26° is determined. Therefore, this example will continue to use the

254 x 254 x 89 UKC in S275 steel.

The twist is in addition to any rotations due to the movement of the
connections or deflections of the supporting structure.

6.8 Cross section classification

Table 5.2
e = |23 _ /& ~0.94
Sy 265

Outstand of compression flange Table 5.2
b—t, -2 256.3-10.3 -(2x12.7
¢ ="l (2x127) _ 1103 mm
2 2
c _ 13 o,
Ly 17.3

The limiting value for Class 1 is t£ <9 =9x094 = 8.46
f
6.4 < 8.46

Therefore, the flange in compression is Class 1.

Web subject to bending
¢ =d =200.3 mm
c 200.3

£ =222 194
ty 10.3

The limiting value for Class 1 is — < 72¢ = 72 x 0.94 = 67.7

w

19.4 < 67.7
Therefore, the web in bending is Class 1.

Therefore the cross section is Class 1.
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6.9 Partial factors for resistance

ymo = 1.0 NA.2.15
M1 = 10

6.10 Cross-sectional resistance

6.10.1 Shear buckling

The shear buckling resistance for webs should be verified according to 6.2.6(6)
section 5 of BS EN 1993-1-5 if:
h Eq (6.23
Tv ot q(6.23)
lw n

n = 1.0 (conservative)

hy =h-2t; =260.3—-(2x17.3) =225.7mm

h
w2257 50

t, 103

728 71292 _¢77

n 1.0
21.9 < 67.7

Therefore the shear buckling resistance of the web does not need to be
verified.

6.10.2 Shear resistance
Verify that: 6.2.6(1)

\% Eq (6.17
B <10 q( )
Vc,Rd

V. ra is equal to the design plastic shear resistance (Vra).

A, is the shear area and is determined as follows for rolled I and H sections
with the load applied parallel to the web:

A, =A-2bt; +1; (tw +2r) but not less than 1A 7,
—113x102 —(2x256.3x17.3)+17.3x(10.3 + (2x12.7)) =3049.6 mm’
Mhyty =1.0x225.7x10.3 =2324.7 mm’

2324.7 mm’ < 3049.6 mm’
Therefore, A, = 3049.6 mm’

Therefore the design plastic shear resistance is:

AL Cf 3 ) 3049.6x(265/\/§)

7 Mo 1.0

6.2.6(2)

Eq (6.18
x10 % = 467kN 4 ©.18)

Vc,Rd :Vpl,Rd =
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From Sheet 3, the maximum design shear is Sheet 3
Vea = 47.0 kN
| % 47
—B -2 20.10 < 1.0
Verd 467

Therefore the shear resistance of the section is adequate.

6.10.3 Resistance to bending

Verify that: 6.2.5(1)
M Eq (6.12
Y2 <1.0 9012

M c,Rd
As the shear at maximum bending moment Vg gq is the same as the maximum

V
shear and —£& =0.10 < 0.5 no reduction in bending moment resistance

c,Rd

due to shear is required.

The design resistance for bending for Class 1 and 2 cross sections is: 6.2.5(2)

Wiy fy  1220x10° x 265 1

Mc,Rd = Mpl,Rd =
¥ MO 1.0

0% =323 kNm Eq (6.13)

ﬂ 22 =029 < 1.0

M.z 323

Therefore the resistance of the cross section to bending is adequate.

6.11 Buckling resistance in bending

Verify that: 6.3.2.1(1)
Eq (6.54)
M
Ho<1.0
Mb,Rd
The design buckling resistance moment is determined from: 6.3.2.1(3)
Myra = yuiW, Eq (6.55)
Y M1

W, = W, for Class 1 and 2 cross-sections
As a UKC is being considered, the method given in 6.3.2.3 for determining
the reduction factor for lateral-torsional buckling (y.t) of rolled sections is
used.

_ 1 1 6.3.2.3(1)
nr = but < 1.0 and < — 3 Eq (6.57)

Dy +\/(DLT2 —ﬂzLTz ALt
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where:

Gr = 0.5(1 + arr ( 71LT - 71LT,O) + ﬂ 71LT2)

Ao = 0.4 and B =0.75 NA.2.17

B W f, 6.3.2.2(1)

LT = —
M

BS EN 1993-1-1 does not give a method for determining M.,. Howevez, the
conservative method given in SCI publication P362 allows a value for A, to
be determined directly without having to calculate M,,. That method is used
here.

1 P362 5.6.2.1(5)

ZLT = 0-912 ﬂw

1

As the self weight of the section is negligible compared with the point load, it

may be ignored when determining
1

P362 Table 5.5

Therefore, = 0.86
C,
i L. 1 P362 5.6.2.1(5)
i, A

L. is the distance between lateral restraints, therefore L, = 4.0 m

A1 = 86 for grade S275 Steel P362 Table 5.2
A=

Wpl-y
Where W, = W, for Class 1 and 2 cross-sections

Here the UKC considered is Class 1, therefore g, = 1.0
— L. 1 4000 1

A = —— =——7x— =071
i, 4, 655 86
Air = J1_0.9ZZ By =0.86x09x0.71 x 1 =0.55
o
If At < it lateral torsional buckling effects may be neglected. 6.3.2.2(4)

As 0.55 > 0.4 the lateral torsional buckling resistance should be verified.
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@LT = 05(1 + aLT( ZLT - ELT,O) + ﬂ ELTZ) 6323(1)
@t = 0.5x (1 + 0.34 x (0.55-0.4) + (0.75 x 0.55%)) = 0.64
1 Eq (6.57)
T =

D1 +\/Q)LT2 _,BZLTZ

1

Therefore the lateral-torsional buckling resistance is adequate.

T = =0.94
0.64+4/0.64% —(0.75x0.557 )
— o1 =3.31
Aur’ 0557
094 < 1.0 < 3.31 6.3.2.3(2)
Therefore,
nr = 094 Eq (6.58)
To account for the bending moment distribution, y;t may be modified as
follows:
ZLT,mod = 48} but ZLT,mod < 10
- f  =1-0.51-k)[1-2( Ar-0.8)°but f< 1.0 6.3.2.3(2)
£ L] NA.2.18
B VCi
g Sheet 8
3 L _ o036 e
3 VCi
n
Z f =1-0.5%x(1-0.86) x[1-2x(0.55-0.8% =0.94 < 1.0
§ Therefore, Eq (6.58)
S 0.94
2 XLT.mod 0.94 =1.0, but yi1mea < 1.0
§ Therefore,
% ALTmod = 1.0
3 f Eq (6.55)
é Mb,Rd = ZLT,mod Wy !
E 7 Mo
é W, = W,, for Class 1 or 2 cross sections
3 Myra = 1x1220x10° « 295,107 =323 kKNm
< 1.0
M Eq (6.54)
5 92029 < 1.0 1
® M, rq 323
g
S
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6.12 Resistance to combined bending and torsion

6.12.1 Cross sectional resistance
Verify that:

[ﬂja ¥ [Mf’Ed jﬂs 1.0 gzsfg.:?)
MC,Rd Mf,Rd
a = 1.0 and B = 1.0 (conservative) 6.2.9.1(6)
where:
Mgy = Mygs = 92 kNm Sheet 3
M. rq = 323 kNm Sheet 9

Mgy 1s the maximum bending moment in the flange due to the lateral
flange force

Mirq is the lateral bending resistance of the flange.

Lateral bending of flange

The flange force is applied at the mid-span of the beam (at the same location
as the applied torque). Since the flanges are free to rotate on plan at the
supports, the maximum bending moment in the flange due to the lateral flange
force is given by:

Fipa L _27.8x4

Mgy = =27.8 kNm
4 4
The resistance to bending of a class 1 flange is:
w 1, ff
Mipa = Pt
7 Mo

Where W, is the plastic modulus of the flange about its major axis (minor axis
of the beam).

1¢b>  17.3x256.3*
4 4

=284.1x10°mm’

Woy =

Wiy fy _ 284.1x10° x265
¥ MO0 10

107 =75 kNm

Mira =

Verify resistance to combined bending and torsion
a s Based on
M M
(iJ + ( LEd J <1.0 Eq (6.41)
Mc,Rd
Mgy ‘ M gq / 92 27.8
+ : =(— + —) =0.66 < 1.0
Mc,Rd Mf,Rd 323 75
Therefore the resistance of the cross-sectional to combined bending and torsion
is adequate.
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Example 6 - Combined bending and torsion — Simple method Sheet 11 of 12 |Rev
6.12.2 Buckling resistance
Verify that:
M g +AM M,z +AM, Based on
vy v i +ky, i HMo<1.0 (no compression force) | Eq (6.61)
M ¥,Rk M z,Rk
ALt
7 mi
And
M4 +AM g M g + _ Based on
2y : —+k, . < 1.0 (no compression force) Eq (6.62)
M | xy M
Xt
Y mi Vv
For Class 1, 2 and 3 cross sections Table 6.7
AM, s and AM, 54 are zero.
Myre = fyWoy
Mz,Rk = f;/Wpl,z
As ni1 = 1.0, Expressions (6.61) and (6.62) simplify to the following:
M M
kyy —2E 4k, —2EL < 1.0
Mb,y,Rd Mc,z,Rd
: And
<
8 Kyy Myra k, Mor 10
s M, rq M, ,xq
& Interaction factors (ky; & k)
§ The interaction factors are determined from either Annex A (Method 1) or NA.2.21
g Annex B (Method 2) of BS EN 1993-1-1. For doubly symmetric sections, the
= UK National Annex allows the use of either method.
,';; Here the method given in Annex B is used.
% M 2
£ Figure 6.5
€
g From the bending moment diagram for both the y-y and z-z axes w = 1.0 and | Table B.3
- M, 0
o ah == — =
8 M, 92
>
% Therefore, as the loading is predominantly due to the concentrated load,
b Coy = Cnz = Coir =09 + 0.1, =09 + (0.1 x0) =09
% As Ngg = O kN, the expressions given in Tables B.1 and B.2 simplify to: Table B.1
g
S
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Therefore the buckling resistance of the member is adequate.

Example 6 - Combined bending and torsion — Simple method Sheet 12 of 12 |Rev
ky, =Cpy =0.9
k, =C,, =09
ky, =0.6k,, =0.6x0.9 =0.54
As there is no compression force (Mg = 0 kN), &, =1.0 Table B.2
Mb,y,Rd = Mb,Rd = 323.0 kNm Sheet 9
Mc,z,Rd = Mf,Rd = 75.0 kNm Sheet 10
M, g4 = 92.0 kNm Sheet 3
M,gqy = Migg = 27.8 KNm Sheet 10
Hence:

M M, . .
kyy — bk, —2 = 0.9{2}0.54{&] -0.46 < 1.0

M, ray M . 323 75

M M, . .
ky —2 4k, — =1.0x(920)+0.9x(ﬂ] =0.62 < 1.0

My, rq,y c.Rd,z 323 75
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/7/—7///—7/ Job No. CDS164 Sheet 1 of 14  |Rev
A\ Job Title  Worked examples to the Eurocodes with UK NA
!\ SCI

Subject  Example 7 - Continuous beam designed elastically
Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Fax: (01344) 636570 .
Client Made by MEB Date Feb 2009

CALCULATION SHEET SCI

Checked by DGB Date Jul 2009

7  Continuous beam designed elastically | X7e e oo

2005, including its

7.1 Scope National Annex,
unless otherwise
The continuous non-composite beam shown in Figure 7.1 has its top flange stated.

fully restrained laterally by a composite slab supported on secondary beams.
The bottom flange is restrained at the supports and the top flange is supported
at the points of load application by the secondary beams. The permanent
action is 50 kN/m and the variable action is 75 kN/m from point 1 to point 6
and 100 kN/m from point 6 to point 8. Design the beam elastically in S275
steel using a uniform section throughout.

@ @ ® @
L L L L

C)
C)
Q
C)

l_
l_
l_

3000 | 3000 3000 3000 3000 3000|1500
1< >1< >1< >1<
6000 9000 4500
Figure 7.1

The design aspects covered in this example are:
e Cross section classification
e Cross sectional resistance:
— Shear buckling
— Shear
— Bending moment
e Buckling resistance
— Lateral torsional buckling resistance

The resistance of the web to transverse forces is not considered in this
example.

Calculations for the verification of the vertical deflection of the beam under
serviceability limit state loading are not given.
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7.2 Actions (loading)

For simplicity, all actions (including the beam self weight) are considered as

concentrated loads acting at the eight numbered locations. Only the forces at

2, 4, 5 and 7 give rise to bending moments and shear forces.

Tl 3000 6000 3000 6000 1500,

® ® ®

@ @ ® @
6000 9000 4500

Figure 7.2

Only the combined actions given by Expression 6.10b are considered here, see

Section 2.2.4 of Example 2.

EN 1990 allows permanent actions to be considered as favourable or

unfavourable.

Note 2 to Table NA.A1.2(B) of the UK National Annex BS EN 1990 states

that “The characteristic values of all permanent actions from one source are

multiplied by . if the total resulting action effect is unfavourable and jg jnt

if the total resulting action effect is favourable.”

The permanent actions considered here are due to the self weight of the

structure, therefore they should be considered as actions from one source.

}/G,sup = 1.25 and YG,inf = 1.0 BS EN 1990

_ 15 Table
7 - NA.A1.2(B)

For combination 6.10b the design values are given by:

Fospa = &GapG =0.925x1.35G =1.25G (Unfavourable)
FG,inf,d = 7YG,inf G =1.0G (Favourable)
FQ,d =7 Q Q =1.5 Q

The values at each location are tabulated below.

Characteristic Design values of Design values of

values of actions actions (kN) actions (kN)

(kN) Unfavourable Favourable

Location G Q 57/G,squ 7/QQ 7G,infG 7/QQ
2 150.0 225.0 187.5 337.5 150.0 337.5
4 150.0 225.0 187.5 337.5 150.0 337.5
5 150.0 225.0 187.5 337.5 150.0 337.5
7 112.5 225.0 140.6 337.5 112.5 337.5
63
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7.3 Design bending moments and shear forces

For continuous beams with slabs in buildings without cantilevers on which AB.2(1)B
uniformly distributed loads are dominant, it is sufficient to consider only the
arrangements of actions shown in Figure 7.3.

Q
G
@ @ ® |® 1® ® )
f f
a) Load case 1
Q
@ @ ® |® 1® ® )
f f
b) Load case 2
Q
G
@ @ ® |® 1® ® I
f f
c) Load case 3
@ @ ® |® 1® ® I
f f
d) Load case 4

Figure 7.3

The design bending moment and shear force diagrams are shown in
Figure 7.4. From inspection, it can be seen that the most onerous design
values are obtained using the unfavourable permanent action (Figure 7.4d).

Maximum design bending moment occurs at point 3 for load case 4
M., = -952kNm

Ed
Maximum design shear force occurs at point 3 for load case 4
V = 546 kN

Ed
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1.25G 125G + 1.5Q 1.25G
( 187.5) %25 523 ( 140.6)

! ' !
! ! | !

-37 745 758 -88
Design values of actions kN

520.5
228.5

i

-224.5 Shear forces kN
-529.5

-783 -820

-110 -133

Bending moments kNm

779 767
Figure 7.4a) Load case 1
2 (125G +1.5Q) (1.25G) (1.25G+15Q)
o 525 187. 187.5 478
2 ! ' !
<
8
e
-t f ! !
-
N 182 547 401 247
S Design values of actions kN
n
% 182 205 231
o
@ 17 |
S
g 170
° -343 -247
@ Shear forces kN
£
e
Q
s
= -477
g -322
Qo
3
%’ 137 189
8
@ 548 371
5 Bending moments kNm
[}
3 Figure 7.4b) Load case 2
K
2
Q
¢
£
=l
=k
=
NE
52
R
g8
30
g
c'=
S g
T ®©
2E
S
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Example 7 - Continuous beam designed elastically

Sheet 5

of 14

Rev

118
Design values of actions kN

1) N ———— (WY TR N Y o) M—

1875 525 525 478
-33 729 901
509 360

-220 118
Shear forces kN
-541
-903
-758
-98
177
768 720 Bending moments kNm
Figure 7.4c) Load case 3
|5
= O —— ST cE R To) — (1.25G)
§ 525 52 525 140.6
(=)
<
: ! by |
c
! [ ! ! !
-
3 104 967 721 -76
(] . .
% 546 Design values of actions kN
2
= 217
° 104
g —— 21 76 |ﬁ
%
c
3
2 -421
o -504 Shear forces kN
£
13 -952
£ -764
2
8
Q
@ -114
|5
% \/
S 312
@
5 686 748 Bending moments kNm
(]
%)
2 Figure 7.4d) Load case 4
(3]
5
8
£
2
=k
=
NE
52
82
g8
)
g
c'=
S8
T ®©
ICRS]
S0
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7.4 Section properties
Try 686 x 254 x 125 UKB in S275

Depth h = 677.9 mm P363
Width b = 253.0 mm

Web thickness tw = 11.7 mm

Flange thickness tr = 16.2 mm

Root radius r = 15.2 mm

Depth between fillets d = 615.1 mm

Second moment of area y axis I = 118 000 cm*

Second moment of area z axis I, = 4 380 cm*

Radius of gyration y axis Iy = 27.20 cm

Radius of gyration z axis i = 5.24 cm

Plastic modulus y axis Woy = 3990 cm’

Plastic modulus z axis Wy, = 542 cm’

Elastic modulus y axis Way = 3430 cm’

Elastic modulus z axis W, = 346 cm’

Area A = 159 cm?

Modulus of elasticity E = 210 000 N/mm? 3.2.6(1)
For buildings that will be built in the UK, the nominal values of the yield NA.2.4

strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and 16 < ¢ < 60 mm BS EN 10025-2
Yield strength  f, = Ry = 265 N/mm’ Table 7

7.5 Cross section classification

Table 5.2
oo [
fy 265

Outstand of compression flange Table 5.2
b-t, -2 253 -16.2-(2x15.2
. w—2r _253-16 (><5)2103.2
2 2
c _ 1032 6.3
It 16.2

The limiting value for Class 1 is - <9¢ =9x0.94 = 8.46
It

6.37 < 8.46

Therefore, the flange in compression is Class 1
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Web subject to bending

c =d = 615.1 mm
R L X
Iy 11.7

The limiting value for Class 1 is - <72¢ =72x0.94 =67.68
Iy

52.57 < 67.68
Therefore, the web is Class 1 under bending.

Therefore the cross section is Class 1 under bending.

7.6 Partial factors for resistance

o = 1.0 NA.2.15
M1 = 1.0

7.7 Cross-sectional resistance

7.7.1 Shear buckling

The shear buckling resistance for webs should be verified according to 6.2.6(6)

Section 5 of BS EN 1993-1-5 if:

o &

L, n Eq (6.23)

n =10 BS EN 1993-1-5
NA.2.4

hy, =h-2t; =677.9 - (2 X 16.2) = 645.50 mm

h

hw _645.50 _ 5517

ty 11.7

728 —72x 2% _ 6768

n 1.0

55.17 < 67.68

Therefore the shear buckling resistance of the web does not need to be

verified.

7.7.2 Shear resistance

Verify that 6.2.6(1)
Eq (6.17)

Ve <19

Vc,Rd

For Class 1 and 2 cross sections

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement
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A, is the shear area and is determined as follows for rolled I and H sections
with the load applied parallel to the web.

A, = A-2bt; +1; (tw + 2r) but not less than nh,t, 6.2.6(3)
=159 x102—(2x253x16.2)+16.2x (11.7 + (2 x15.2)) = 8384.82 mm’
nhyt, =1.0x645.5x11.7 = 7552.35mm’

8384.82 > 7552.35
Therefore, A, = 8384.82 mm’

The design plastic shear resistance is: 6.2.6(2)
Eq (6.18)
A, (f, 13 ,
Vo = (fy/N3) _8384 82x(265/\/§)><10_3 1283 kN
¥ Mo 1.0
Maximum design shear V,, = 546 kN Sheet 5
Vv
VEa _ 346 =043< 1.0
Ve rd 1283

Therefore the shear resistance of the section is adequate.

7.7.3 Resistance to bending

Verify that: 6.2.5(1)
Eq (6.12)
M
<10
M c,Rd

At the point of maximum bending moment (mid-span), check if the shear force
will reduce the bending moment resistance of the section.

Ve
R 1283 sk
2 2
Shear force at maximum bending moment V., = 546 kN Sheet 5

546 kN < 641.5 kN

Therefore no reduction in resistance to bending due to shear is required.

The design resistance for bending for Class 1 and 2 cross-sections is: 6.2.5(2)
W 3
Mons = Moo = oLy fy _3990x10° x265 06 _ 1057 kNm Eq (6.13)
7 Mo 1.0
The design bending moment is: Sheet 5
Mg, = 952kNm
M 6.2.5(1
Mea 952 _ 0.90 < 1.0 Eq (6(1)2)
M rq 1057 ’

Therefore the bending moment capacity is adequate.
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7.8 Buckling resistance of the member in bending
With the lower flange of the beam unrestrained along its length, lateral
torsional buckling verifications should be performed for the sections subject to
a hogging bending moment (when the lower flange will be in compression).
By inspection of Figure 7.4, it can be seen that the most critical lengths are
6 to 7 for load case 1 and 2 to 3 for load case 4.
Verify section 6 to 7 for load case 1

X X
® @

X! X

3000
-820
Bending moment kNm
-133
Mg, = -820 kNm M, = -133 kNm
If the lateral torsional buckling slenderness (Avr) is less than or equal to 6.3.2.2(4)
Aito the effects of lateral torsional buckling may be neglected, and only
cross-sectional resistances apply.
The value of ZLT,O for rolled sections is given by the UK National Annex as NA.2.15
Airo = 0.4
6.3.2.2(1)

_ W, f
Air = | —2
M,

BS EN 1993-1-1 does not give a method for determining the elastic critical
moment for lateral-torsional buckling (M_). A value for Avr can be
determined directly without having to calculate M_. The simplified
conservative method given in SCI P362 is used here to determine a value
forArr .

At = L0 921\/EW
G
M _
v _ TEd 133 0.16
M6,Ed - 820
Therefore =0.79

Span length considered

L., = 3000 mm

A =939 =939 x 0.94 =88

- L

1, ==l L :(@JX(LJ =0.65
i, N\ 52.4 88

P362 5.6.2.1(5)

P362 Table 5.5

6.3.1.3(1)
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B, = 1.00 for Class 1 and 2 sections

— 1 —

At = T0.9/1 By =0.79%0.9x0.65x+1 =0.46 P362 5.6.2.165)
1

From the UK National Annex _;LLT,O = 0.4 NA.2.17

0.46 > 0.4

Therefore the resistance to lateral-torsional buckling should be verified. 6.3.2.2(4)

Verify that:

M 6.3.2.1(1)
Ed 1.0 Eq (6.54)
M y, rq
The design buckling resistance moment is determined from: 6.3.2.1(3)
f Eq (6.55)
Myrq = ZLTWy 4
7M1
Wy = Wpl,y for Class 1 and 2 cross-sections
As a UKB is being considered, the method given in 6.3.2.3 for determining
the reduction factor for lateral-torsional buckling (y, ;) of rolled sections is
£ used.
: 6.3.2.3(1
5 it = ! but < 1.0 and < — Eq (6 5(7))
8 2 p7. 2 AvLr? q (6.
S D7 +\/¢LT —pALr
3 where:
: -3 T
P D =0.5(1+aLT (/1LT —ALT,0)+ﬂ/ILT )
% From the UK National Annex 7”’0 =0.4and g = 0.75 NA.2.17
8 The appropriate buckling curve depends on h/b:
£ h S0 5 68
g b 253.0
% 2 < 2.68 < 3.1, therefore use buckling curve ‘c’ NA.2.17
?, For buckling curve ‘¢’ ¢, = 0.49 NA.2.16 &
= Table 6.3
: Dy =0.5x(1+0.49%(0.46 -0.4)+(0.75x0.46% ) ) =0.59 6.3.2.2(1)
- 1
E XLT = =0.98
5 0.59+\/0.592 —(0.75%0.46%)
o1y
2 Aiur 0.46°
37 0.98 < 1.00 < 4.73
%ﬁf Therefore
S8 2. =0.98
SE 71
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To account for the shape of the bending moment distribution, y, . may be
modified by the use of a factor ‘f’.

ALT,mod = % but ¥ p e <1.0 Eq (6.58)
where:
f=1-05(1-k, )[1 ~2(Zur —0s8) } but f <1.0 6.3.2.3(2)
NA.2.18
oL
Je
1 =0.79 (from sheet 9)
G
Hence,
k. =0.79
3.2.3(2
f =1-05x(1-0.79)x [1-2x(0.46 - 0.8) ] -0.92 6.3.2.32)
Therefore,
0.98 Eq (6.58)
=——=1.07 > 1.0
ALT,mod 0.92
Therefore,
XLT.moa = 1.0
The design buckling resistance moment for this length (M, .,) is Eq (6.54)
Mg1pra = Z1T.m0a Wply fy 1.0x3990x10% x 222 %106 = 1057 kNm
¥ Mi 1.0
M
ok _ 820 _598< 1.0

Mgrora 1057

Therefore the design buckling resistance moment between points 6 and 7 for
load case 1 is adequate.

Verify length 2 to 3 for load case 4

X X
@ @
X X

B 3000
™~ 1
-952

I/

312 Bending moment kNm
M,,, = 312kNm M, ., = -952 kNm
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M
v _ 2B _ 312 — 033

P362 Table 5.5

Therefore

Span length considered
L = 3000 mm

2-3

A = 88 Sheet 9

A, = Las ) 1 :(MJX(LJ -0.65
i, )\ A 524 88

B, = 1.00 for Class 1 and 2 sections

Jur = ——097, JBe =0.69%0.9x0.65x1 =0.40 P362 5.6.2.1(5)
Cl . . .

From the UK National Annex ZLT,O =04 NA.2.17

As Arr = Airo the resistance to lateral-torsional buckling does not need to be 6.3.2.2(4)
verified.

Page references in
7.9 Blue Book Approach Section 7.9 are to
P363 unless

The design resistances may be obtained from SCI publication P363. otherwise stated.

Consider the 686 x 254 x 125 UKB in S275

7.9.1 Design bending moments and shear forces

The four possible load cases are shown in Figure 7.3, with the design bending
moment and shear force diagrams shown in Figure 7.4.

Maximum design bending moment occurs at point 3 for load case 4

M., = 952 kNm

Maximum design shear occurs at point 3 for load case 4
V., = 546 kN

Ed

7.9.2 Cross section classification
Under bending the 686 x 254 x 125 UKB in S275 is Class 1. Page C-63

7.9.3 Cross-sectional resistance

Shear resistance

Vera = 1280 kN Page C-102
Vg _ 346 =0.43 < 1.0
Ve ra 1280

Therefore the shear resistance is adequate

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

73


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 7 - Continuous beam designed elastically Sheet 13 of 14  |Rev

Bending moment resistance

Vera 1280
2

Viga =546 kN < 640 kN

=640 kN

Therefore there is no reduction in the bending resistance.

Mcyra = 1060 kNm Page C-63
Mee o _ 52 90 <10
M, rq 1060

Therefore the bending moment resistance is adequate

7.9.4 Member buckling resistance

Consider length 6-7

X X
® @
X X
3000
-820
Bending moment kNm

-133

My, =-820kNm M, =-133kNm

Take the buckling length (L ) to be the span length between adjacent lateral
restraints, therefore:

L, =30m
h
From Sheet 9 —— = 0.79 sheet 9
¢
Thus,
1 2

C,=|—| =1.60

0.79
From interpolation for C; = 1.60 and L = 3 m
Myrs = 1060 kNm Page C-63

Therefore,
M6—7,b,Rd = 1060 kNm

Note: The value determined from the Blue Book for Mg 7y rq is greater than that
determined in Section 7.8 of this example because the simplified
conservative method given in P362 has been used to determine A r.

Megs  _ 820
Mg 7y ra 1060

=0.77 < 1.0

The buckling resistance is adequate.
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Therefore,
M2-3,b,Rd = 1060 kNm
M 3,Ed _ 952

=090 < 1.0
M2-3,b,Rd 1060

The buckling resistance is adequate.

Discuss me ...
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Consider length 2-3

X

) B

X X

e 3000 N
952
L

312 Bending moment kKNm
M, = 312 kNm M, = -952 kNm

Take the buckling length (L_) to be the span length between adjacent lateral

restraints, therefore:
L, =30m

Sheet 12
From sheet 12 —— = 0.69 &
VCi
Thus,
. 2
C, = (—J =2.10
0.69

From interpolation for C; = 2.10 and L = 3 m

Myra = 1060 kNm Page C-63
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ﬁ/ﬁ/ﬁ Job No. CDS164 Sheet 1 of 20 Rev
\\ Job Title  Worked examples to the Eurocodes with UK NA
b\ SCl

Subject  Example 8 - Simply supported composite beam
Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Fax: (01344) 636570 .
Client SCI Made by ALS pate Feb 2009

CALCULATION SHEET
Checked by SJIH Date Jul 2009

. - References are to
8  Simply supported composite beam BY BN 100411,

2005, including its
8.1 Scope National Annex,
unless otherwise
Design the composite beam shown in Figure 8.1 in S275 steel. The beam is stated.

subject to a uniform load and is not propped during construction. The beam-
to-column connections are such that the beams may be considered as simply

supported.
| Composite beam |
H H
3.5m
Composite beam
3.5m
Composite beam
T T
L 12.0m N
< >
Plan
[ ]
L 12.0m -
< >

Typical cross-section

}(L’(ﬂ){ A252 mesh

Cross-section through
Corus CF60 profile and normal weight concrete

Figure 8.1
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The design aspects covered in this example are:
e (Calculation of design values actions for ULS and SLS
e Cross section classification

e Cross-sectional resistance of the steel beam
— Shear buckling
— Vertical shear

— Bending moment
e Shear connection

e Cross-sectional resistance of the composite beam
— Vertical shear
— Bending moment

— Longitudinal shear resistance of the slab

e Serviceability considerations
— Modular ratio
— Deflections
— Serviceability stress verification

— Natural frequency.

é
5 8.2 Floor details
§ Span L =12.0m
o Beam spacing b =35m
3 Slab depth hs = 130.0 mm
& Profiled metal decking 0.9 mm Corus CF60
5 Depth of concrete above profile h. = 70.0 mm
5 Decking profile height h, = 60.0 mm
g 8.2.1 Shear connectors
g Connector diameter d = 19 mm
o Overall height he = 100 mm
S As-welded height = 95 mm
_g Ultimate tensile strength Ju = 450 N/mm’
Z‘U;: 8.2.2 Concrete
% Normal weight concrete grade C25/30
£ Characteristic cylinder strength fex = 25 N/mm? BS EN 1992-1-1
g Characteristic cube strength Sekepe = 30 N/mm’ Table 3.1
2 Secant modulus of elasticity of concrete  E., = 31 kN/mm’
sz Concrete volume (from Corus datasheet) = 0.097 m3/m?
g 8.2.3 Reinforcement
g? Reinforcing bar diameter 8 mm (A252 mesh)
55 Spacing of bars 200 mm
@g Area per unit width (both directions) 252 mm*/m
=t Yield strength fi = 500 N/mm?
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8.3 Actions

8.3.1 Construction stage

Permanent actions

Slab (0.097 m3/m? @ 26 kN/m?3) = 2.52 kN/m? BS EN 1991-1-1
Decking = 0.10 kN/m? Table A.1

Total gl = 2.62 kN/m?

Allowance for beam self-weight g2 = 1.0 kN/m

Variable actions

BS EN 1991-1-6 NA.2.13 provides recommended values for g.. and g., but BS EN 1991-1-6
allows alternative values to be determined. NA.2.13

q.. 1s the construction load due to non-permanent equipment in position
for use during execution.

g..  is the construction load due to working personnel, staff and visitors,
possibly with hand tools or other small site equipment.

For composite beam design, the SCI recommends the use of g.. = 0 and
gea = 0.75 kKN/m?

Construction loads ¢qy1 = gex = 0.75 kN/m?

8.3.2 Composite stage

Permanent actions

Decking = 0.10 kN/m? Table A.1
Total g1 = 2.53 kN/m?

Allowance for beam self-weight g2 = 1.0 kN/m

Ceiling and services gz = 0.50 kN/m*

Variable actions

The beam considered here will support a “general use” office floor area BS EN 1991-1-1

(category B1). Table NA.2 &
Table NA.3

Imposed floor load (B1) g1 = 2.5 kN/m?

As the composite floor allows a lateral distribution of loads, a uniformly BS EN 1991-1-1

distributed load can be added to the imposed variable floor load to allow for 6.3.1.2(8)
movable partitions. Three values for the imposed load due to moveable
partitions are given, here, gy, = 0.8 kN/m?

Therefore, the total variable action is g = 3.3 kN/m?

8.3.3 Partial factors for actions

Partial factor for permanent actions w6 = 1.35 BS EN 1990
Partial factor for variable actions 1w = 1.50 Table
Reduction factor E =0.925 NA.AL1.2(B)

Note for this example, the combination coefficient (y,) is not required as the
variable actions are not independent of each other (see Section 2.2.4 of
Example 2 for discussion).
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8.4 Design values of combined actions
8.4.1 Construction stage, at ULS
See the discussion given in Example 2 for details of the options available for
the combination of actions for structural resistance. Here Expression 6.10b is
used.
BS EN 1990
SYGiswp&jsup TVGjint&jinf 70191 +7QiVo0.,iqi Eq (6.10b)
As there is only a single variable action, y,;, ¥,; and g, are not required in
this example.
Therefore, the design UDL on the beam at the construction stage is:
Fy = ¢{rg&ra t+ [57(}81(,1 +7qu,1]Xb BS EN 1990
Table
Fi = 0.925x1.35x1.0+[(0.925x1.35%2.62)+(1.5x0.75)]x3.5 NA.A1.2(B)
= 16.64 kN/m
8.4.2 Composite stage, at ULS
The design UDL at the composite stage is:
Fio = &g+ 6620 +80)+ roa Jxb I;SbllzN 1990
able
g Fy = 0925x1.35x1.0+[0.925x1.35x(2.53+0.5)+(1.5x3.3)]x3.5=31.82 kN/m | NA.A1.2(B)
£
< 8.4.3 SLS Loading
g As brittle finishes may be attached to the beam, the characteristic combination
N of actions is considered. Therefore the applied loading for calculation of
§ deflections is:
% Permanent actions applied to steel beam: slab loading + beam weight
é g =253 X35+ 1.0 =9.86 kN/m
% Permanent actions applied to composite beam: ceiling and services
§ g =0.5x%x35 =1.75kN/m
£
2 Variable actions applied to composite beam: imposed floor load
e g =33 %35 =11.6 kN/m
i Variable actions for natural frequency calculations. From guidance given in P354
é P354 10% of the imposed load should be considered therefore:
g ¢ =33 %35x%0.1=1.16kN/m
3 8.5 Design bending moments and shear forces
g 8.5.1 Construction stage
% Maximum design bending moment is:
g° FyL? 2
Sz My, = —a= _1064x127 569 5 kNm
g2 8 8
SE
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Maximum design shear force is:
FqL  16.64x12
2 2

Vea = = 99.8 kN

113.1

Shear forces kN

113.1

Bending moments kNm

339.3
Figure 8.2

8.5.2 Composite stage
Maximum design bending moment is:
F,’ 31.82x12°

MEd,comp = ] =572.8 kNm
Maximum design shear force is:
F.L 1.82x12
VEd,comp = ; = 31.82x =190.9 kN
Shear forces kN
190.9
578.2
Figure 8.3

8.6 Section properties
533 X 165 x 75 UKB in S275 steel

From section property tables:
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Depth h, = 529.1 mm P363
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Flange thickness f. = 13.6 mm
Root radius r =127 mm
Depth between fillets d = 476.5 mm
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g Plastic modulus y axis Wiy = 1810 cm’
S Area A, =952cm’
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Modulus of elasticity E = 210 kN/mm*

For buildings that will be built in the UK, the nominal values of the yield
strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and t < 16 mm
Therefore, f, = R = 275 N/mm?

8.7 Cross section classification

B = X
£y 275

Outstand of compression flange
b—t, —2r 165.9-9.7-(2x12.7)
2 2

= 65.4 mm

c 65.4

Iy

= 4.81

The limiting value for Class 1 is [£ <9¢=9x%x0.92 =8.28
f
4.81 < 8.28

Therefore the flange in compression is Class 1

Web subject to bending

c =d = 476.5 mm
. _465 _ 491
t, 9.7

The limiting value for Class 1 is £ <726 =72%0.92 = 66.24

w

49.12 < 66.24
Therefore the web in bending is Class 1.

Therefore the section in bending is Class 1

8.8 Partial factors for resistance

Steel section

ymo = 1.0
M1 = 1.0

Shear connector

For the shear resistance of a shear connector
Yy = 1.25

BS EN 1993-1-1
3.2.6(1)

BS EN 1993-1-1
NA.2.4

BS EN 10025-2
Table 7

BS EN 1993-1-1
Table 5.2

BS EN 1993-1-1
Table 5.2

BS EN 1993-1-1
Table 5.2

BS EN 1993-1-1
NA.2.15

NA.2.3
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Concrete

For persistent and transient design situations
Ve =1.5

Reinforcement

For persistent and transient design situations
Vs = 1.15

Shear buckling
The shear buckling resistance for webs should be verified if:

h, T2
_>_
e 1
n =1.0
h, = h, —2t; =529.1-(2x13.6) =501.9 mm
LUB U
ty 9.7
728 = 12592 6624
7
51.74 < 66.24

verified.

Vertical shear resistance

Verity that:
Vv
—H <10
Vc,Rd

V.ra 1s the design plastic shear resistance (Vpira)-

A, (f, I3)

Y Mo

Vc,Rd = Vpla,Rd =

with the load applied parallel to the web.
A, = A-2bt; +t, (¢, +2r) > nhyt,

Therefore, A, = 5485 mm’

8.9.1 Cross-sectional resistance of the steel beam

Therefore the shear buckling resistance of the web does not need to be

nhyt, = 1.0 x(529.1 -2 X 13.6) x 9.7 = 4868 mm* < 5485 mm’

8.9 Design resistance for the construction stage

A, is the shear area and is determined as follows for rolled I and H sections

= 95.2x102-(2x165.9x13.6)+13.6 x (9.7 + (2x12.7)) = 5485 mm’

BS EN 1992-1-1
Table NA.1

BS EN 1992-1-1
Table NA.1

BS EN 1993-1-5
5.12)

BS EN 1993-1-5
NA.2.4

BS EN 1993-1-1
6.2.6(1)
Eq (6.17)

BS EN 1993-1-1
6.2.6(2)
Eq (6.18)

BS EN 1993-1-1
6.2.6(3)
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Design plastic shear resistance BS EN 1993-1-1
6.2.6 (2)
Ay, (fy IN3)  5485x(275/+/3)x107°
Vs =2t 13) _s485x @153 — 870.9 kN
7 Mo 1.0

Maximum design shear for the construction stage is V,, = 99.8 kN

Vea  99.8

= =0.115< 1.0
Volard 870.9

Therefore the shear resistance of the section is adequate.

Bending moment resistance

Verify that: BS EN 1993-1-1
6.2.5(1)
Me g Eq (6.12)
M c,Rd
Vila 7 6.2.2.4(1)
g MR 8709 435 5 KN > Viy (9.8 kN)

2 2

No reduction in the bending moment resistance of the steel section for
coexistent shear need be made at any point along the beam.

5 BS EN 1993-1-1
§ The design resistance for bending for Class 1 and 2 cross-sections is: 6.2.5(2)
<

3 W, 3 Eq (6.13)

: Mons = Myan = oLy Sy _1810x10° x275 06 _ 4975 1Nm

- ¥ Mo 1.0

§ M BS EN 1993-1-1

E YR 299.5 =0.602 < 1.0 6.2.5(1)

é Therefore the bending resistance is adequate.

«‘E 8.9.2 Buckling resistance

S The steel decking is connected to the steel beam by thru-deck welding of the

£ stud connectors and provides continuous restraint to the top flange of the steel

Z beam, so the beam is not susceptible to lateral torsional buckling.

£ 8.10 Shear connection

€

S 8.10.1 Design resistance of shear connectors

Z Shear connector in a solid slab

5 The design resistance of a single headed shear connector in a solid concrete

? slab (Prq), which is automatically welded in accordance with BS EN 14555 is

§ given by the smaller of:

5 0.8x £, x wxd* /4 6.6.3.1(1)
o Prg = Eq (6.18)
S Vv
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and
Eq (6.19
0.29xaxd? \f x XE o 4 )
Prg =
Vv
where:
hg 100
a = 1.0 as =—>4
d 19 Eq (6.21)
0.8x 450 19% /4
Prq = xA50x 7 x( )><10’3 = 81.7 kN Eq (6.18)
1.25
29x1.0x19% x~/2 1x10°
Py = 229x10x 91 ;5 SLELLAUENT R SRR Eq (6.19)

Therefore the design resistance of a single headed shear connector embedded in
a solid concrete slab is

PRd,solid = 737 kN

Shear connectors in profiled decking

For profiled decking with ribs running transverse to the supporting beams
Prasolia should be multiplied by the following reduction factor.

5 6.6.4.2(1)

5 T bo | hy

g k= 0.7 Do -1 Eq (6.23)

j \ Ny hP hP

£ Where h,, hy and by are as shown in Figure 8.4 and 7, is the number of studs

% in each rib.

2 But & < ki max (taken from Table 6.2) 6.6.4.2(2)

£

% Figure 8.4

é by = 139 mm

3 hy = 100 mm

2 h, = 60mm

“;Z For one shear connector per rib (n, = 1)

o

T 0.7 139 (100

g k = X X —-1| = 1.08

t J1.0~ 60 [ 60 j Eq (6.23)
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For shear connectors welded through the profiled decking with # < 1.0 mm and
n. = 1:

kimax =0.85

Therefore,

k = 0.85

Hence, the design resistance per shear connector is:
Pra = ki Prasoia = 73.7 x 0.85 = 62.6 kN

And the design resistance per rib is:

mnPr¢g =1x62.6 = 62.6kN

Table 6.2

For two shear connectors per rib (n, = 2)

0.7 139 100
k = —x(——l} = 0.76 Eq (6.23)

= ——x
72.0 60 60

For shear connectors welded through the profiled decking with # < 1.0 mm and
n = 2:

Kimax = 0.7

Therefore,

k = 0.7

Hence, the design resistance per shear connector is:
Pra = ki Prasoia = 73.7 x 0.7 = 51.6 kN

And the design resistance per rib is:

nPrq = 2x51.6 =103.2 kN

Table 6.2

8.10.2 Degree of shear connection

Minimum degree of shear connection

For composite beams in buildings, the headed shear connectors may be
considered as ductile when the minimum degree of shear connection given in
6.6.1.2 is achieved.

For headed shear connectors with: 6.6.1.2(1)
he >4d and 16 mm < d <25 mm

The degree of shear connection may be determined from:

n= N
Nc,f
where:

N.  is the reduced value of the compressive force in the concrete flange
(i.e. the force transferred by the shear connectors)

N.s is the compressive force in the concrete flange at full shear
connection (i.e. the lesser of the compressive resistance of the
concrete and the tensile resistance of the steel beam).
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For steel sections with equal flanges and L. < 25 m

355 6.6.1.2(1)
nzl- (TJ(OJS -0.03L,), =204 Eq (6.12)

y
where:

L. s the distance between points of zero bending moment; therefore for
this simply supported beam:

L. =L =12.0m

355
21— — [10.75-{0.03x12)) =0.50
21+ 22035~ (00312)

As 0.50 > 0.4 the required degree of shear connection is:

n > 0.50

However, for one shear connector per trough (n, = 1), if the following
conditions are satisfied, an alternative rule for the minimum degree of shear
connection may be used, as long as the simplified method is used to determine
the bending resistance of the composite beam:

e shear connectors of diameter 19 mm and height of not less than 76 mm
e rolled or welded I or H section with equal flanges

e composite slab using profiled steel sheeting that runs perpendicular to the
beam and is continuous across it

o by/hy, = 2 and h, < 60 mm.

As bo/h, = 139/60 = 2.32 and h, = 60 mm, this method can be used for the
case of one shear connector per trough. In this situation,

(355] 6.6.1.2(1)
n=1- 7 (1.0-0.04L,), n=0.4 Eq (6.16)

y

355
>1—| === |1.0-0.04x12) = 0.33
n (275j( )

As 0.33 < 0.4 the required degree of shear connection with n, = 1 is:
n=>04

Degree of shear connection present

To determine the degree of shear connection present in the beam, first the axial
forces in the steel and concrete are required (N, and N, respectively), as
shown in Figure 8.5.

For full shear connection (i.e. 7 = 1.0), the minimum of these axial forces
would need to be transferred via the shear connectors over half the span. The
degree of shear connection is the ratio of the force that can be transferred to
this force.
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¢ bett S
1 0,85fcqg
Mpi,Rd
* — Npia

i fyd
Figure 8.5

Determine the effective width of the concrete flange (b.q)

b1 b2

Figure 8.6

At the mid-span the effective width of the concrete flange is determined from: | 5.4.1.2(5)
by = by+ b,

Forn, =1, by = 0 mm

For n, = 2, by = 80 mm (assumed spacing for pairs of shear connectors)

L
bi = ——, but not greater than b;

L. is the distance between points of zero bending moment; therefore for
a simply supported beam:

L. =L =12.0m
b; is the distance from the outstand shear connector to a point mid way
between adjacent webs, therefore:
Forn.,=1,b1 = b =1.75m
Forn. =2, b1 =b>=1.7lm

L
bt = b2 = ¢ =2=15m

8 8

Therefore,
Forn. =1, bet = bz = 1.50 m
For n, = 2, bet = b2 = 1.50 m
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Hence at the mid-span the effective width of the concrete flange is:
Forn, = 1, best = by + bet + b2 = 0 + (2 X 1.50) = 3.00 m
For n, = 2, best = by + bet + bz = 0.08 + (2 X 1.50) = 3.08 m

Compressive resistance of the concrete flange

The design compressive strength of concrete is BS EN 1994-1-1
fu 2.4.1.2(2)P

Jfa =
Ve

For persistent and transient design situations the design compressive strength of
the concrete is:

Ja = % =16.7 N/mm?

Compressive resistance of the concrete flange is:

For n, = 1,

Nera = 0.85f,bh, = 0.85 x 16.7 x 3000 x 70 x 107 = 2981 kN
For n, = 2,

Nera = 0.85f,bh, = 0.85 x 16.7 x 3080 x 70 x 10° = 3060 kN

Tensile resistance of in the steel member
Nya = fids = 275 x95.2 x 10° x 10° = 2618 kN

Compressive force in the concrete flange
The compressive force in the concrete at full shear connection is the lesser of

N:ra and N,i,, and so Ny = 2618 kN
Resistance of the shear connectors

n is the number of shear connectors present to the point of maximum bending
moment.

In this example there are 20 ribs available for the positioning of shear
connectors per half span (i.e. 12 / (2 X 0.3)).

Forn.=1,n =20
Forn. =2,n =40

Where there is less than full shear connection, the reduced value of the
compressive force in the concrete flange, N, is given by the combined
resistance of the shear connectors in each half-span. Thus,

Forn, =1, N, =n X Pgg =20 X 62.6 = 1252 kN
Forn. =2, N,=n X Ppq = 40 X 51.6 = 2064 kN

Shear connection present

The degree of shear connection, 7, is the ratio of the reduced value of the
compressive force, N, to the concrete compressive force at full shear
connection, Nj.

Forn, =1, n = N,/ N.¢ 1252 / 2618 = 0.48
Forn, =2, n = N./ Ny = 2064 /2618 = 0.79
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Comparing the shear connection present to the minimum shear connection
requirements established above (7 > 0.5, or 7 > 0.4 for one stud per trough
using the simplified method), the shear connection exceeds the minimum
requirement for n, = 2 but only exceeds the requirement for n, = 1 if the
simplified method for calculating Mg, is used.

8.11 Design resistances of the cross-section for
the composite stage

The top flange is restrained laterally by the slab and therefore only cross-
sectional resistances need to be verified

8.11.1 Vertical shear resistance

Shear buckling

As shown in Section 8.9.1, the shear buckling resistance does not need to be
verified for the steel section.

Plastic resistance to vertical shear

The resistance to vertical shear (V,rq) should be taken as the resistance of the | 6.2.2.2(1)
structural steel section (Vpara)-

Voiarda = 190.92 kN Sheet 8

Maximum design shear for the composite stage is V,;, = 238.1 kN Sheet 5
Veg 19092 _02< 1.0

Viera 8709

Therefore the vertical shear resistance of the section is adequate.

8.11.2 Resistance to bending

v 6.2.2.4(1)
pard 8709 _ 4355 kN > Vi (190.92 kN)
2 2

No reduction in the bending resistance of the steel section need be made on
account of the shear stress in the beam.

As

One shear connector per trough (n, = 1)
For one shear connector per trough, the shear connection provided can only 6.2.1.3(5)
satisfy the lower of the minimum shear connection requirements; the simplified
method of calculating the design resistance to bending must therefore be used:

N, Eq (6.1)

Mpy = My,pat (Mpl,Rd - Mpl,a,Rd)N_

cf
where:
N

¢ =7 =048
Nc,f
M, ,ra 1s design value of the plastic resistance moment of the structural Sheet 8

steel section (497.2 kNm)

M,rqs 1s design value of plastic resistance moment of the composite
section with full shear connection.
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For full shear connection N,, (2618 kN) < N.¢ (2981 kN) and so the plastic
neutral axis of the composite section lies within the concrete.

Therefore, the design plastic resistance moment of the composite section with
full shear connection can be determined from:

ha ‘xC
Myra = Npl,a|: +hg — }

2 2
where:
N pia
X = pL xh, = (@}JO =61.5 mm
N ¢ 2981
he
" P L S o R S e hs
ho| X¢
Y
Figure 8.7
29.1 1.
Myra = 2618{%“30—%}103 ~ 952.4 KNm
Therefore, the design resistance moment of the composite section is:
N,
Mpy = My,pat (Mpl,Rd - Mpl,a,Rd)N_
cf

My, = 497.2+(952.4-497.2)x0.48 =715.7 kNm

The design bending moment is:

My = 572.8 kNm Sheet 5
Moy _ 5728 580 < 1.0
My, 7157

Therefore the resistance moment of the composite beam is adequate.

Two shear connectors per trough (n, = 2)

For the case of two shear connectors per trough, the simplified method used 6.2.1.2
for one shear connector per trough may conservatively be used, or rigid plastic
theory from 6.2.1.2 may be used, as shown below:

With partial shear connection, the axial force in the concrete flange is N.. As
Npia (2618 kKN) > N, (2080 kN) the plastic neutral axis of the composite
section lies within the steel section.

Assume that the plastic neutral axis lies within the top flange a distance xp
below the top of the top flange of the section, where xp is given by:
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hC
he
hy
T—k fffffff =
Xp|
Figure 8.8

_ (N =N.) _ (2618-2080)x10’

b =590mm < # = 13.6 mm
’ 2f.b 2x275%165.9

So the plastic neutral axis does lie within the top flange. For this situation:

N

pla

h h
MRd :Npl,a?a—i_Nc[hs _U?CJ_(N

529.1 70

" 2080{130—0.7%7) ~ (2618 -2080)x 222

My, =2618x

M,, =692.59+212.89-1.59 = 903.9 kNm

The design bending moment is:

Mgy = 572.8 KkNm Sheet 5
Moy _ 528 63 < 1.0
Mg, 9039

Therefore the plastic design resistance moment of the composite beam is
adequate

8.11.3 Longitudinal Shear Resistance of the Slab
Transverse reinforcement

Ay |

Figure 8.9

As the profiled steel decking has its ribs transverse to the beam, is continuous | 6.6.6.4(4)
over the beam and has mechanical interlocking, its contribution to the
transverse reinforcement for the shear surface shown in Figure 8.9 may be
allowed for by replacing Expression (6.21) in BS EN 1992-1-1, 6.2.4(4) by:

[Asffyd

Se

_— Eq (6.25)

J"’ (Ape fyp,d )>

cotd

However, in practice it is usual to neglect the contribution of the steel decking,
in which case equation (6.21) may be used:
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AiSsa Vil BS EN 1992-1-1
S; cotd; Eq (6.21)

(6 and 6 are synonymous)
where:
vgq is the design longitudinal shear stress in the concrete slab
fya  1is the design yield strength of the reinforcing mesh
fy 500
¥ Mo ) E

fa = =434.8 N/mm*

hs  is taken as the depth of concrete above the profiled decking
he = h, = 70 mm
6 given in BS EN 1992-1-1 as the angle of the compression struts. 6.2.4(4)

To prevent crushing of the compression struts in the flange model, Eurocode 2
limits the value of & to:

1.0 < cotf; £ 2.0,45°< 6¢ < 26.5° BS EN 1992-1-1
To minimise th £ reinf ) 6.2.4(4) and
0 minimise the amount of reinforcement, try: Table NA 1
0, =265°
A, ) o Figure 6.16
| = A, (for the failure plane shown in Figure 8.9)
S¢
A, is the cross-sectional area of transverse reinforcement (mm2/m)
Therefore, the verification becomes:
v h,
A > Ed™"f
S cot 6,
And the required area of tensile reinforcement (4,) must satisfy the following:
VEdhf
fiacot;
The longitudinal shear stresses is given by: BS EN 1992-1-1
AF, 6.2.4(3)
VEd =
he Ax
where:

Ax  is the critical length under consideration, which for this example is
the distance between the maximum bending moment and the support.

Ax = L =2 =6 m
2 2
N
AFd = =
2
1252 2064

Forn. =1, AFd:T=626 kN; and for n, = 2, AFd:T:l(BZ kN

he = 70 mm
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AFy  626x10°
heAx 70 x 6000

Forn, =1, vgg = = 1.49 N/mm?

AF;  1032x10°
heAx 70 x 6000

Forn, = 2, vgg = = 2.46 N/mm?

For n,= 1, Vel _ 14970 =0.119 mm?*/mm
Sfacotf,  434.8xcot(26.57)
For n,= 2, Ve _ 2.46x70 =0.196 mm?*/mm

f.acotd,  434.8xcot(26.5°)

Therefore, the area of tensile reinforcement required is:
For n, = 1, A, > 119 mm?*/m

For n, = 2, A, > 196 mm*/m

The reinforcement provided is A252 mesh, for which:
A, = 252 mm*m > 197 mm’/m

Therefore an A252 mesh is adequate.

Crushing of the concrete flange

Verify that: BS EN 1992-1-1

Vea < vf, sind, cosé, 6.2.4(4) Eq (6.22)

where:
fux BS EN 1992-1-1
v = 06x|1- Table NA.1
250
v = 0.6 x 1—£ =0.54
250
0. =265°
fea  is the design compressive strength of concrete according to
Eurocode 2 thus,
o fu BS EN 1992-1-1
Ja o =aE 3.1.6(1)P
ad. = 0.85 Table NA.1

fu =0.85 x% =142 N/mm’

vf., sinf; cos@, =0.54 x 14.2 x sin(26.5°) x c0s(26.5°) =3.04 N/mm?
Ved = 2.46 N/mm’> < 3.04 N/mm’

Therefore the crushing resistance of the concrete is adequate.
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8.12 Verification at SLS

8.12.1 Modular ratios
For short term loading, the secant modulus of elasticity should be used. From | BS EN 1992-1-1

sheet 2, E., = 31 kN/mm?. This corresponds to a modular ratio of Table 3.1, 3.1.4
E 5.4.2.2

ng = —— = 210 _ 6.77
E,, 31

For buildings not intended mainly for storage the effects of creep in concrete 5.4.2.2(11)
beams may be taken in to account by using an effective modular E, . = E.,/2

and thus,
n= £, _210 =13.55
E 155
For dynamic conditions (i.e. natural frequency calculation), the value of E, P354

should be determined according to SCI publication P354, Design of floors for
vibration - a new approach which gives Ec = 38 kN/mm?, and so the dynamic
modular ratio is:

E,_210

n, =
¢ E 38

c

=5.53

8.12.2 Second moment of area of the composite section

For the case n, = 1, the effects of the partial shear connection on the
deflections would have to be considered as 7 < 0.5. Therefore only the case
where n, = 2 is considered here.

Assuming b = 3.08 m (corresponding to n, = 2), the values of the second
moment of area (in equivalent steel units) are as follows:

For ny = 6.77, I, 137,100 cm* (z4 = 541 mm from bottom flange)
Forn = 13.55,1. = 117,800 cm* (z4 = 490 mm from bottom flange)
For ng = 5.53, I,

141,600 cm* (z4 = 554 mm from bottom flange)

8.12.3 Vertical deflections

For the appropriate combination of actions, the deflections are:

Deflections of steel beam due to permanent loads applied during construction
5¢,L*

Wea = 38ilEIy

g1 =358 +812 =(3.5%x2.53)+1.0=9.86 kN/m

S 5%9.86x10° x12*
g 384%210x10° x41100%x10°

Permanent actions on composite beam

x10°=30.8 mm

50L*
Wg = g
384E1
g =3.5g,3=3.5x0.5=1.75 kN/m
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Variable actions on composite beam

w = 5qL*
47 384E]

g =11.6 kN/m Sheet 4
W = 5x11.6x10% x12*
! 384x210x10° x117800x1078

Total deflection is, Wrym = 30.8 + 1.9 + 12.7 =454 mm < L/200 = 60 mm | BS EN 1993-1-1
NA.2.23

x10° =12.7 mm

Deflection due to variable actions is wy = 12.7 mm < L/360 = 33 mm

8.12.4 SLS stress verification

To validate the assumptions used to calculate the vertical deflections, the stress
in the steel and concrete should be calculated to ensure that neither material
exceeds its limit at SLS.

Stress in steel section due to permanent loads applied during construction

&L’z 9.86x10° x12% x265x10~°

OGla = x107° = 114.4 N/mm>
: 81, 8x 41100 x10~*

Stress in steel section due to actions on composite beam

g+ q)z,  (1.75+11.6)x10° x12*x490x 107> y

. 107 =100.0 N/mm?
87 8117800 107"

o, = 114.4+ 100.0 = 214.4 N/mm’ < 275 N/mm?
Stress in concrete due to actions on composite beam

o= (g+q@)Lz, (1.75+11.6)x10° x12? x(529.1+130—490)x 10" y

107
¢ 81n 8x117800x107°x13.55

= 2.6 N/mm?
0. = 2.6 N\mm’< f,qy = 16.78 N/mm?

8.12.5 Natural Frequency
Actions considered when calculating the natural frequency of the composite beam:

g =986 + 1.75 = 11.61 kN/m Sheet 4
q = 1.16 kN/m Sheet 4

The deflection under these actions is::

C5(g+q)Lt 5x(11.61+1.16)x10° x12*

6 = x10* =11.6 mm
384EI  384x210x10° x141600x10~°

The natural frequency of the beam is therefore:

P354
S8 sasm »

NERENTG

As 5.28 Hz > 4 Hz, the beam is satisfactory for initial calculation purposes. P354
However, the dynamic performance of the entire floor should be verified using
a method such as the one in P354.

f

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

95


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

f//——('/ﬁ Job No. CDS164 Sheet 1 of 7 Rev
o\

Job Title  Worked examples to the Eurocodes with UK NA

MSCI Subject

Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Example 9 - Pinned column using a Class 3 section

Fax: (01344) 636570 Client Madeby ~ MEB  |pate Feb 2009

SCI

CALCULATION SHEET Checked by DGB  |pate Jul 2009

i H References are to
9 Pinned column using a Class 3 B TOg T,
section 2005, including its

National Annex,

unless otherwise
9.1 Scope stated.

The column shown in Figure 9.1 is pin-ended about both axes and has no
intermediate restraint. Design the column in S355 steel.

ALN Ed

A

L =6000

Y

i

Figure 9.1

The design aspects covered in this example are:
e Cross section classification
o Cross-sectional resistance

— Compression

e Buckling resistance
— Flexural
— Torsional

— Torsional-flexural
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9.2 Design value of force for Ultimate Limit State

Design compression force Ngg = 3500 kN

9.3 Section properties

356 x 368 x 129 UKC in S355 steel

From section property tables:

Depth h = 355.6 mm P363
Width b = 368.6 mm

Web thickness t, = 10.4 mm

Flange thickness tr = 17.5 mm

Root radius r = 152 mm

Depth between fillets d = 290.2 mm

Radius of gyration y axis iy, = 15.6cm

Radius of gyration z axis i, = 943 cm

Torsional constant Ir = 153 cm’

Warping constant I, = 4.18 dm’

Area A = 164 cm®

Modulus of elasticity E = 210 000 N/mm?* 3.2.6(1)
Shear modulus G = 81 000 N/mm’

For buildings that will be built in the UK, the nominal values of the yield NA.2.4

strength (f;) and the ultimate strength (f;) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S355 steel and 16 < ¢ < 40 mm
Yield strength f, = Ry = 345 N/mm’

9.4 Cross section classification

e = |22 2|22 o83
fy 345

Outstand of compression flange

b—t, -2r 368.6-10.4—(2x15.2)

c = = 163.9 mm
2 2

c _ 163.9 — 937

Iy 17.5

The limiting value for Class 2 is — <10 =10x0.83 =8.30
Iy

The limiting value for Class 3 is € <14s =14x0.83 =11.62
L
8.30 < 9.37< 11.62

Therefore the flange in compression is Class 3

BS EN 10025-2
Table 7

Table 5.2
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Web subject to compression
c =d = 290.2 mm

< _ 292 ~27.90

Ly 10.4

The limiting value for Class 1 is € <332 =33x0.83 =27.39
Ly

The limiting value for Class 2 is £ <38¢ =38x0.83 =31.54
Iy

27.39 < 27.90 < 31.54

Therefore the web is Class 2 under compression.

Therefore the section is Class 3 under compression.

9.5 Partial factors for resistance
Ao = 1.0 NA.2.15

yavil =1.0

9.6 Cross-sectional resistance

9.6.1 Compression resistance
Verity that:

N gq
Nc,Rd

<1.0 6.2.4(1)

The design resistance of the cross section for uniform compression is:

A

Nera = i (For Class 1, 2 and 3 cross sections)
Mo 6.2.4(2) Eq (6.10)
Afy 164 x10% x 345 3

Nera = = x107° = 5658 kN
7 Mo 1.0 6.2.4(2) Eq (6.10)

N

e _30 56 <10
N . ra 5658 6.2.4(1) Eq (6.9)

Therefore the compression resistance of the cross section is adequate.

9.7 Member buckling resistance

9.7.1 Buckling length

As the column is pin ended with no intermediate restraints, the buckling length
(L.;) may be taken as:

L, = L = 6000 mm

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

98


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 9 - Pinned column using a Class3 section Sheet 4  of 7 Rev

9.7.2 Flexural buckling resistance

The resistance to flexural buckling about the minor axis is the critical case in
this example. Therefore the flexural buckling resistance (N, rq) is determined
for the z-z axis only.

Verify that

N kg 6.3.1.1(1)
<10 Eq (6.46)
Nb,Rd

The design buckling resistance is determined from:

XAf, i 6.3.1.1(3)
Nyga = (For Class 1, 2 and 3 cross-sections)
Ymi Eq (6.47)
7 is the reduction factor for the buckling curve and is determined from: 6.3.1.2(1)
Eq (6.49
¥ = 1 = <1.0 a( )
@ + \/@2 -1
where:
— —2
o = 0.5+[1+a(/1—0.2)+/1 }
7 is the slenderness for flexural buckling
- Af L 1 6.3.1.3(1)
A = =| —= || — | (For Class 1, 2 and 3 cross-sections) Eq (6.50)
N i 4
Ay = 939¢ =93.9%x0.83 =77.94

Slenderness for buckling about the minor axis (z-z)

- L
2 _[Le | L (@j(;]082 Eq (6.50)
i, A1 94.3 )\ 77.94

As, 1. > 0.2 and Ny > 0.04, the flexural buckling effects need 6.3.1.2(4)

c,Rd

to be considered.

The appropriate buckling curve depends on h/b:
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0.65 < 1.0
Therefore,
y = 0.65

The design resistance to flexural buckling is:

Z2A4fy  0.65x164x10% x 345

Nyra = x107° =3678 kN Eq (6.47)
7M1 1.0

N

_"EBd 2@ =095 < 1.0

Ny ra 3678

Therefore the flexural buckling resistance of the section is adequate.

9.7.3 Torsional and torsional-flexural buckling resistances

For open sections the possibility that the torsional or torsional-flexural buckling | 6.3.1.4(1)
resistance may be less than the flexural buckling resistance should be
considered.

Doubly symmetrical sections do not suffer from torsional-flexural buckling.
Therefore, here only the resistance of the UKC section to torsional buckling
needs to be considered, as the section is doubly symmetric.

Thus, verify:
N,
—E_<1.0
b,T,Rd
where:
Ny1rais the design resistance to torsional buckling

11 Af, Based on

Nyrtra = (For Class 1, 2 and 3 cross sections) Eq (6.47)
M1
_ 1 <10 Based on
At = : Eq (6.49)

N e e

@ =05+ (1 + a(ZT - 0.2)+ ZTZ)

At is the slenderness for Torsional buckling

. e
Ncr,T q '

N, 1 is the elastic torsional buckling force

! 2E P363
Ner = (TJ{GIT + ij Page A-15

o

. .2 .2 2
I =i, +i,” +Y,
Yo 1s the distance from the shear centre to the centroid of the gross cross

section along the y-y axis.
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For doubly symmetric sections:
Yo =0

Therefore,

i =Jz’y2 +i,2 +y,° =\/1562 +94.3% +0 =182.29 mm

23]

1
182.29°2

Ncr,T

2 12
[(3100())(153)(104 )+ 7 x 210000 x 4.18 x 10 J

6000 2

= 11x10°N

6.3.1.4(2)

— A 2
Ngor 11x10°

For torsional buckling, the buckling curve to be used may be obtained from 6.3.1.4(3)
Table 6.3 of BS EN 1993-1-1 considering the z-z axis.

The appropriate buckling curve depends on //b:

ﬁ = ﬂ =096 <12, = 17.5mm < 100 mm and S355 steel

b  368.6
Therefore, the buckling curve to consider for the z-z axis is ‘c’ Table 6.2
For buckling curve ‘c’ the imperfection factor is &« = 0.49 Table 6.1
Then:

Oy =0.5[l+a ZT —02 ] 6.3.1.2(1)

0.5 [1+049%(0.72 - 02)+0.722] =0.89
1 1

X1 = = =0.71 .
= q (6.49)
Or + (P2 = 21%) 0.89+\/(0.892 ~0.722)

0.71 < 1.0
Therefore,
ar = 0.71

The design resistance to torsional buckling is:

x1 Af 0.71x164x102 x 345 _ Based on
Nb,T,Rd = Y = X 10 3 = 4017 kN Eq (6.47)

Y M1 1.0

Nega 3500
Nyrra 4017

=087 < 1.0

Therefore the torsional buckling resistance is adequate.
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9.8 Blue Book Approach Page references in
section 9.8 are to
The design resistances may be obtained from SCI publication P363. P363 unless
Consider a 356 x 368 x 129 UKC in S355 steel otherwise stated.

9.8.1 Design value of force for Ultimate Limit State

Design compression force Ngg = 3500 kN

9.8.2 Cross-section classification

Under compression the cross section is at least Class 3. 6.2(a) & Pg D-11

9.8.3 Cross sectional resistance

Compression resistance

Nc,Rd = IVplrd = 5660 kN Page D-161
Ngy = 3500 =062 <1.0
N rq 5660

Therefore the compression resistance is adequate

9.8.4 Member buckling resistance

As the column is pin ended with no intermediate restraints, the buckling length
about both axes (L) may be taken as:

L,=L =60m

For a buckling length of 6.0 m, the flexural buckling resistances are: Page D-11
Noyra = 5010 kN (about the major axis)
Nozrd = 3670 kN (about the minor axis)

For a buckling length of 6.0 m, the torsional buckling resistance is:

Nb,T,Rd = 4040 kN

The critical buckling verification is:

Ney 3500 =095 < 1.0

Ny, ra 3670

Therefore the buckling resistance is adequate
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o\

Job Title  Worked examples to the Eurocodes with UK NA

M SCI Subject  Example 10 - Pinned column with intermediate

Silwood Park, Ascot, Berks SL5 7QN restraints
Telephone: (01344) 636525

Fax: (01344) 636570 Client Madeby =~ MEB  |pate Feb 2009

SCI

CALCULATION SHEET

Checked by DGB Date Jul 2009

- - - . References are to
10 Pinned column with intermediate BS EN 1993.1.1-
restraints 2005, including its

National Annex,
unless otherwise

10.1 Scope stated.

The column shown in Figure 10.1 has a tie at mid-height providing restraint
about the z-z axis. Design the column in S275 steel.
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Z The design aspects covered in this example are:
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Example 10 - Pinned column with intermediate restraints Sheet 2 of 8 Rev

10.2 Design value of force for Ultimate Limit State
Design compression force Ngg = 2850 kN

10.3 Section properties
305 x 305 x 97 UKC in S275 steel

From section property tables:

Depth h = 307.9 mm P363
Width b = 305.3 mm

Web thickness tw = 9.9 mm

Flange thickness tr = 15.4 mm

Root radius r = 152 mm

Depth between fillets d = 246.7 mm

Radius of gyration y axis iy = 13.4cm

Radius of gyration z axis i, = 7.69cm

Torsional constant Ir = 91.2 cm'

Warping constant I, = 1.56 dm’

Area A = 123 cm?

Modulus of elasticity E = 210 000 N/mm? 3.2.6(1)
Shear modulus G = 81000 N/mm?

For buildings that will be built in the UK, the nominal values of the yield NA.2.4

strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and ¢t < 16 mm BS EN 10025-2
Yield strength f, = Ry = 275 N/mm’ Table 7

10.4 Cross section classification

Table 5.2
_ s 35 _
Sy 275

Outstand of compression flange

b-ty -2r _305.9-9.9-(2x152)

c = = 132.8 mm
2 2

c _ 132.8 _ 36

Iy 15.4

The limiting value for Class 1 is £ <9s =9x0.92 =8.3
It

The limiting value for Class 2 is — <10 =10x0.92 =9.2
It

98.3 < 8.6 <9.2

Therefore the flange is Class 2.
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Web subject to compression
c =d = 246.7 mm

€ 22867 hyg

Ly 9.9

The limiting value for Class 1 is £ <332 =33%0.92 =304
Ly
249 < 304

Therefore the web is Class 1 under compression.

Therefore the cross section is Class 2 under compression.

10.5 Partial factors for resistance
ymo = 1.0 NA.2.15

M1 = 1.0

10.6 Cross-sectional resistance

10.6.1 Compression resistance
Verify that:

Nea
Nc,Rd

<1.0 6.2.4(1)

The design resistance of the cross section for compression is:

X
Nera = 7y (For Class 1, 2 and 3 cross sections)
7 Mo

6.2.4(2) Eq (6.10)

Axfy _12300x275

Nera = 107 = 3383 kN 6.2.42) Eq (6.10)
7 Mo 1.0
Ny 2850
— =— =084 < 1.0
N ra 3383 6.2.4(1) Eq (6.9)

Therefore the compression resistance of the cross section is adequate.

10.7 Member buckling resistance

10.7.1 Buckling length

The member is effectively held in position at both ends, but not restrained in
direction at either end. The tie provides restraint in position only for buckling
about the z-z axis (i.e. the member is not restrained in direction by the tie).
Torsional restraint is also provided by the tie. Therefore the buckling lengths
are:
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About the y-y axis L.,y = L = 6000 mm

About the z-z axis L, % = 3000 mm

10.7.2 Flexural buckling resistance

Verify that: 6.3.1.1(1)
Eq (6.46)
N
—H <10
Nb,Rd
The design buckling resistance is determined from: 6.3.1.1(3)
Eq (6.47
2Af ‘ q (6.47)
Nyra = (For Class 1, 2 and 3 cross sections)
¥ mi
y is the reduction factor for the buckling curve and is determined from: 6.3.1.2(1)
¥y = ! = <1.0
b+ J(@Z -1 Eq (6.49)
where:
— =2
o = O.5+[l+a(ﬂ—0‘2)+/1 }

A is the slenderness for flexural buckling

_ A L
A = Iy = (ij € (For Class 1, 2 and 3 cross sections) 6.3.1.3(1)
N i )4 Eq (6.50)

A =93.9¢ =93.9%x0.92 = 86.39

Slenderness for buckling about the minor axis (z-7)

- LCI'Z
7. = | Les | L :LMJ(LJ — 0.45 Eq (6.50)
i, 4 76.9 )\ 86.39

Slenderness for buckling about the major axis (y-y)

_ L.
1, = |Ze | L {@j{#j —0.52 Eq (6.50)
i, \ 4 134 )\ 86.39

NEd

c,Rd

As both A, and Zy are greater than 0.2 and > (.04 the effects of 6.3.1.24)
flexural buckling need to be considered.

The appropriate buckling curve depends on //b:

Table 6.2
ﬁ =w =101 < 1.2, # =154 mm < 100 mm and S275 steel
b 305.3
Therefore:

The buckling curve to consider for the z-z axis is ‘c’

The buckling curve to consider for the y-y axis is ‘b’
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For buckling curve ‘c’ the imperfection factor for the z-z axis is: Table 6.1
a, = 0.49
For buckling curve ‘b’ the imperfection factor for the y-y axis is:
o, = 0.34
Minor axis (z-z)
@, =05[1+a, (7, -05)+7,] 6.3.1.2(1)
= 0.5x[1+0.49x(0.45-0.2)+0.452 | =0.66
X, = ! = ! =0.88
(B, +4 (8% - 1.%) 0.66+\/(0.662 ~0.452) Eq (6.49)
0.88 < 1.0
Therefore,
7. = 0.88
Major axis (y-y)
= - 6.3.1.2(1
@ =051+a, (1, -02)+72,7 ] W
: = 0.5x[1+0.34x(0.52-0.2)+0.522 | =0.69
3 Zy = ! - ! - 0.87
g (B +4 (B2 = 2y2) 0.69+\/(0.692 ~0.527%) Eq (6.49)
8 0.87 < 1.0
n
% Therefore,
5 2 = 0.87
g Therefore the more onerous effects are for buckling about the y-y axis. The
e design buckling resistance is: Eq (6.47)
B A
- Nogs = ZyAfy _ 0.87x12300 x 275 £10-° = 2043 kN
g Y M1 1.0
: N
2 B 2850 97 <10
£ Ny ra 2943
ﬁ Therefore the flexural buckling resistance of the section is adequate.
% 10.7.3 Torsional and torsional-flexural buckling resistance
sz For open sections, the possibility that the torsional or torsional-flexural 6.3.1.4(1)
4 buckling resistance may be less than the flexural buckling resistance should be
£ considered.
37 Doubly symmetrical sections do not suffer from torsional-flexural buckling.
?)%) Therefore, here only the resistance of the UKC section to torsional buckling
g2 needs to be considered as the section is doubly symmetric.
Co
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N r is the elastic torsional buckling force

Example 10 - Pinned column with intermediate restraints Sheet 6 of 8 Rev
Thus, verify:
PN <19
b, T,Rd
where:
Ny.1ra 1s the design resistance to torsional buckling
XA, ) Based on
Nytra = (For Class 1, 2 and 3 cross sections) Eq (6.47)
M1
1 <10 Based on
At = = Eq (6.4
Oy + (@ = 1) q (6.49)
where:
@&, =05+ (1 + (Z(ZT - 0.2)+ ZTZ)
At s the slenderness for Torsional buckling
_ Af, 6.3.1.4(2)
Ar = [ Eq 6.52
! Ncr,T q

é 1 7Z2EIW P363, 6.1(ii)

g Ncr,T = (EJ[GIT + Tj

<

8 iy =i, +i, ¥,

% Yo 1s the distance from the shear centre to the centroid of the gross cross

g section along the y-y axis.

2 For doubly symmetric sections:

g Yo =0

§ Therefore,

£

§ i, =aiy +i, +Yo =J1342 +76.9% +0 =154.50 mm?

5 2

oy EI

5 Nyy =| 2| 61y + 220

:

g 2 12

2 _ 1 (81000><91_2><104)+n x 210000 x1.56 x 10

5 154.5° 3000

5

g =18.1x10° N

g 6.3.1.4(2)

@ — A 2

2 T = Sy _ [123x10% x275 _ 0.43 Eq 6.52
.= Ngr 18.1x10°
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For torsional buckling, the buckling curve to be used may be obtained from 6.3.1.4(3)
Table 6.3 of BS EN 1993-1-1 considering the z-z axis.

The appropriate buckling curve depends on //b:

ﬁ :w =1.01 < 1.2, # = 17.5 mm < 100 mm and S275 steel
b 3053
For S275,the buckling curve to consider for the z-z axis is ‘c’ Table 6.2
For buckling curve ‘c’ the imperfection factor is Table 6.1
a, = 0.49
T - 6.3.1.2(1
@7 =05[1+a(ir -02)+ 212 ] M
= 0.5x[1+0.49%(0.43-0.2)+0.432 | =0.65
1 1
Xt = — - - =0.88 Eq (6.49)
Dr +4/ (D" —A17) O.65+\/(O.65 -0.43°)

0.88 < 1.0
Therefore,
ar = 0.88
The design resistance torsional buckling is:

A 2 Based on
Ny e = XrAfy _ 0.88x123 x10" x275 <1073 = 2977 kN Eq (6.47)

o M1 1.0 )
h:@:096 < 1.0
Nyrra 2977
Therefore the torsional buckling resistance is adequate.
10.8 Blue Book Approach
The design resistances may be obtained from SCI publication P363. Page references in
. . Section 10.8 are

Consider 305 x 305 x 97 UKC in S275 steel to P363 unless

otherwise stated.

10.8.1 Design value of force for Ultimate Limit State
Design compression force Ngg = 2850 kN

10.8.2 Cross section classification

Under compression the cross section is at least Class 3. 6.2(a) & Pg C-12
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For buckling about the minor axis with a buckling length of 3.0 m,
Nb,z,Rd = 2950 kN

For buckling about the major axis with a buckling length of 6.0 m,
Nb,y,Rd = 2970 kN

Nb,T,Rd = 2980 kN

The critical buckling verification is

Neg . 2850 =097 < 1.0

Ny, ra 2950

Therefore the buckling resistance is adequate

For a buckling length of 3.0 m, the torsional buckling resistance is:

Example 10 - Pinned column with intermediate restraints Sheet 8  of 8 Rev
10.8.3 Cross-sectional resistance

Compression resistance

N.ra = 3380 kN Page C-162
Meg = 280 84 <10

N ra 3380

Therefore the compression resistance is adequate.

10.8.4 Member buckling resistance

The buckling lengths may be taken as:

About the major (y-y) axis L., =60m

About the minor (z-7) axis L,, =3.0m

The flexural buckling resistances are: Page C-12
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ﬁ///_—ZF/ Job No. CDS164 Sheet 1 of 14 Rev

Job Title  Worked examples to the Eurocodes with UK NA

! ScCi Subject  Example 11 - Biaxial bending and compression of a

Silwood Park, Ascot, Berks SL5 7QN Class 1/2 section
Telephone: (01344) 636525

Fax: (01344) 636570 Client Madeby ~MEB  |pate Feb 2009

SCI

CALCULATION SHEET

Checked by DGB Date Jul 2009

. . . . References are to
11 Biaxial bending and compression of a | ;7 700"

Class 1/2 section 2005 Unless

otherwise stated.

11.1 Scope

Verify the adequacy of a 203 x 203 x 46 UKC in S275 steel shown in
Figure 11.1 to resist combined bending and compression.

590 kN
30 kNm 1 kNm
A 7] 1
o
o
o
Yol
Y
T 590 kN
Major axis Minor axis
Figure 11.1

The design aspects covered in this example are:
e Cross section classification
e Cross-sectional resistance
— Compression
— Bending
¢ Buckling resistance under bending and compression
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nominal value should be used.

For S275 steel and f < 16 mm

Outstand of compression flange

b—t, —2r 203.6-7.2-(2x10.2)

strength (f;) and the ultimate strength (f;) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest

Yield strength f, = Ry = 275 N/mm’

11.4 Cross section classification

e = |2 _ 25 _op
fy 275

= 88.0 mm

8 < 8.28
Therefore the flange is Class 1.

C =

2 2
c 8 _g
t 11

The limiting value for Class 1 is £ <9 =9%x0.92 =828

Example 11 - Biaxial bending and compressions of a Class 1/2 section |Sheet 2  of 14  |Rev
11.2 Design bending moments and compression
force
Design bending moment about the y-y axis M,zs = 30 kNm
Design bending moment about the z-z axis M,ps = 1 kNm
Design compression force Nea = 590 kN
11.3 Section properties
203 x 203 x 46 UKC in S275 steel
From section property tables: P363
Depth h = 203.2 mm
Width b = 203.6 mm
Web thickness tw = 7.2 mm
Flange thickness tr = 11.0 mm
Root radius r = 10.2 mm
Depth between fillets d = 160.8 mm
Radius of gyration y-y axis Iy = 8.82 cm
Radius of gyration z-z axis i = 5.13cm
Plastic modulus y-y axis Woy = 497 cm’
Plastic modulus z-z axis W, = 231 cm’
Area A = 58.7 cm®
Modulus of elasticity E = 210 000 N/mm? 3.2.6(1)
For buildings that will be built in the UK, the nominal values of the yield NA.2.4

BS EN 10025-2
Table 7

Table 5.2
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Example 11 - Biaxial bending and compressions of a Class 1/2 section |Sheet 3 ~ of 14  |Rev

Web subject to bending and compression

c =d = 160.8 mm

e L0845

1, 7.2
N

a =051+ —E |]=05x 1+[ 590000 J = 1.43
fytwd 275%7.2%x160.8

but-1 < ¢<1
Therefore oo = 1.0

As o > 0.5, the limiting value for Class 1 is

c _3%s _ 396x0.92  _ .
ty 1Ba-1 (13x1.0)-1
22.33 < 30.36

Therefore the web is Class 1 under bending and compression.

Therefore the cross section is Class 1 under bending and compression.

11.5 Partial factors for resistance

ymo = 1.0 NA.2.15
M1 = 1.0

11.6 Cross-sectional resistance

11.6.1 Compression resistance
Verify that:

N g
— <1.0
6.2.4(1
Nc,Rd ( )
The design resistance of the cross section for compression is:
Af, .
N.ra¢ = — (For Class 1, 2 and 3 cross sections)
7 Mo 6.2.4(2) Eq (6.10)
A
New = 2 38705275 105 _ 16143 kN
Mo 1.0
Neo o 50 _g37<10
N . ra 1614.3 6.2.4(1) Eq (6.9)

Therefore the compression resistance of the cross section is adequate.
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Example 11 - Biaxial bending and compressions of a Class 1/2 section |Sheet 4  of 14  |Rev

11.6.2 Resistance to bending

For members subject to biaxial bending verify that:

a B
M M
y,Ed z,Ed

— | + (—J <1.0 6.2.9.1(6)

M Ny Ea M x 2k
For doubly symmetrical Class 1 and 2 I and H sections. 6.2.9.1(4)
Consider whether an allowance needs to be made for the effect of the axial
force on the plastic moment resistance.
For bending about the y-y axis — both criteria must be satisfied for the effect

of the axial compression to be neglected.

0.5h ¢
Nig < 0.25 x Ny and Npg < O5hululy

7 Mo
0.25N, ra = 0.25 x 1614.3 = 403.6 kKN < 590 kN

As this verification fails, the second verification does not need to be carried
out.

Therefore the effect of the axial force needs to be allowed for in bending about
the y-y axis.

For bending about the z-z axis - the effect of the axial force may be neglected

when:
hWth
pg < —— 2
7 Mo
hy, =h-2t; =203.2-2x11.0 = 181.2 mm

hotwfy  181x7.2x275
Y Mo 1.0
Ngg = 590 kN > 358.8 kN

x1073 = 358.8 kN

Therefore the effect of the axial force needs to be allowed for in bending about
the z-z axis.

The design plastic moment resistance for the major axis (y-y) is:

Mpl,y,Rd -

W 3
oLy Sy _497x10° x275 6 e 4 eNm
7 Mo 1.0 6.2.9.1(2)
The design plastic moment resistance for the minor axis (z-z) is:

W, 3
oz Sy _231x10° X275 06 _ a5 N
7 Mo 1.0 6.2.9.1(2)

My ra =

Design plastic moment resistance reduced due to the effects of the axial force
may be found using the following approximations.

1-n
MN,y,Rd = Mpl,y,Rd(

J but MN,y,Rd < Mpl,y,Rd
1-0.5a

6.2.9.1(5)
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Example 11 - Biaxial bending and compressions of a Class 1/2 section |Sheet 5  of 14  |Rev

where:

N
no= w3900 _ 4

Nopa 16143

= %butaSO.S

. 5870 — (2x203.6 x11.0)  _ 024 < 0.5

5870

Myyra = Mpl,y,Rd(l_—nj = 136.7 x 1-0.37 = 97.9 kNm
1-0.5a 1-(0.5%x0.24)

97.9 KNm < My ra (136.7 KNm)
Therefore,
MN,y,Rd = 97.9 kNm

Asn > a

2 2
B n-a\ | 0.37-0.24 _
MN,Z,Rd = Mpl’Z’Rdl:l_(l_aj :|—635X|:1—(m) i| 61.6 kNm 6291(5)

For biaxial bending of I and H sections 6.2.9.1(6)

a =2

f =5nbut £>21.0

p =5x037 =185 > 1.0
Then:

2 185 Eq (6.41)
[ij {ﬂj ~0.09 < 1.0
97.9 61.6

Therefore the resistance to combined bending and axial force is adequate.

11.7 Buckling resistance

11.7.1 Buckling length
The buckling lengths may be taken as:

Major axis Ly, =L = 5000 mm
Minor axis L,, =L = 5000 mm

11.7.2 Combined bending and compression
Verity that:
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Example 11 - Biaxial bending and compressions of a Class 1/2 section |Sheet 6  of 14  |Rev

N gq M ygq + AM y gq M ,gq +AM ,gq
——————+ky +k, <1.0 Eq (6.62)
X2Nre /7w ZLT(My.Rk/VMl) M ,xe 'y
where:

Xy, X. are the reduction factors for flexural buckling about the major and

minor axes
ZLT is the reduction factor for lateral-torsional buckling
kyy, ky,, k,, and k,, are the interaction factors
For Class 1 cross sections: Table 6.7
Nrk = Af, = 5870 x 275 x 107 = 1614.3 kN
Mgk = Wo,f, =497 x 10° x 275 x 10° = 136.7 kNm
M, rx = Wo.fy =231x10°x275x 10° = 63.5 kNm

AM,rq = 0.0 kNm (section is not Class 4)
AM,rs = 0.0 kNm (section is not Class 4).

Reduction factor for flexural buckling
The reduction factor for flexural buckling is determined from:

. = 1 <10 Eq (6.49)
(a)h/iqﬂ -2 ))
where:
> = 0.5+[1+a(1—0.2)+12}

A is the non-dimensional slenderness for flexural buckling

Af y Lcr 1 -
= =| — || — | (For Class 1, 2 and 3 cross sections) 6.3.1.3(1)
N o VAN Eq (6.50)

A =939¢ =939 x0.92 = 86.39

Flexural buckling about the minor axis (2-z)

2 =£L°fJ{LJ:(5OOO}X( ! J ~1.13 Eq (6.50)
i, 4 513 ) | 86.39

The appropriate buckling curve depends on //b and steel grade:

2032 0 <124 =11.0mm < 100 mm Table 6.2

b 203.6
Therefore, for S275, the buckling curve to consider for the z-z axis is ‘c’
For buckling curve ‘¢’ «, = 0.49 Table 6.1

- - 6.3.1.2(1
0.5[1+az(zz —0.2)+122] M

B

0.5x[1+049x(1.13-02)+1.13% | =137
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1 1
X = — = ; - = 0.47 Eq (6.49)
(D, +(B,° —A.") 1.37+\/(1.37 -1.137)
0.47< 1.0
Therefore,
r. = 0.47
Buckling about the major axis (y-y)
. L
4, = | e || L 2[5000}[ 1 J — 0.66 Eq (6.50)
iy A 88.2 86.39
The appropriate buckling curve depends on //b:
h 2032 Table 6.2
— =—= =10<12,% =11.0mm < 100 mm
b  203.6
Therefore, for S275, the buckling curve to consider for the y-y axis is ‘b’
For buckling curve ‘0> o, = 0.34 Table 6.1
- = 6.3.1.2(1
}, =0.5[1+ay(/1y—0.2)+,1y2] M)
5 —0.5x[1+0.34x(0.66-0.2)+0.66> | =0.80
. 1 1
P o= —— - — =080 Eq (6.49)
g (9 +,/(<Dy —Ay7) 0.80+\/(0.80 -0.667)
E 0.8< 1.0
0
2 Therefore,
g Xy = 0.8
§ Reduction factor for lateral-torsional buckling
g As a UKC is being considered, the method given in 6.3.2.3 for determining
g the reduction factor for lateral-torsional buckling (. r) of rolled sections is
E used.
s 6.3.2.3(1
2 nr = ! butSl.OandS_1 ()
@ 2 -, 2 Eq (6.57)
g Dy +\/¢LT - fBALr Avr
€
g where:
é Qur = 0.5(1 + (ZLT(ZLT - ZLT,0)+ ﬁZLTz)
3 Aito =04 and B = 0.75 NA.2.17
2 The appropriate buckling curve depends on h/b:
g A NA.2.17
o= — = 1.0 < 2 therefore use curve ‘b’
g b
%% For buckling curve ‘b” apr = 0.34 NA.2.16 &
Sa Table 6.3
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_ W
Aur = s 6.3.2.2(1)
M Ccr

BS EN1993-1-1 does not give a method for determining the elastic critical
moment for lateral-torsional buckling (M.;). The approach given in SCI
publication P362 is used to determine Air.

It should be noted that the approach for determining At given in SCI P362 is
conservative; other approaches that may be used are:

e Determine M., from either:
— Hand calculations

— Software programmes e.g. ‘LTBeam’

e Determine A1 using the more exact method, see Example 4.

Using the P362 method: P362 5.6.2.1(5)

ZLT- :[ ! j09z\/ﬁw

/e

Based on the bending moment diagram in Figure 11.1 P362 Table 5.5

= 0.75

R
Il

86 (for S275 Steel) P362 Table 5.2

Rt BRI CRE

For Class 1 and 2 sections

2
%
5 Bu = 1.00
g Tur = | 0.97A  =0.75x09x1.13xy1 =0.76
5 C
5 o _ 6.3.2.3(1)
g Dr = 05|1+ar (/1LT —ALT0 )+ﬂ/1LT
3 = 0.5x[1 + 0.34 x (0.76 - 0.4) + (0.75 x 0.76%)] = 0.78
1
8 XLt = > —
2 Pir +\/<DLT —pArr Eq (6.57)
g 1
- Xir = = 0.83
0.78+\/0.782 ~(0.75%x0.76%)
£ LI S
o% /,LLT2 076
55 0.83 < 1.0 < 1.78 6.3.2.3(2)
§§ Therefore,
5t st = 0.83 Eq (6.58)
EE:
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To account for the bending moment distribution between restraints, yir may be
modified as follows:

m but ALT,mod <1.0

XLT,mod =
f =1-0.51-k)1-2( Air-0.8)7 but f< 1.0 6.3.2.3(2)
NA.2.18
k. = 1
<
M
wvM

For the above major axis bending moment diagram
v = 0.0 therefore,

L = 1 _ 07 Access Steel
N ol 75 SNO002 Table 2.1

f =1-05x(1-0.75)x[1-2x(0.76 - 0.8)"] = 0.88 6.3.2.3(2)
0.88 < 1.0
Therefore,
f  =0.88
Thus,

=28 g
AL Tmod 0.88

094 < 1.0

Therefore,

0.83 Eq (6.58)

ALT,mod = 0.94

Interaction factors (ky; & ki)

The interaction factors are determined from either Annex A (method 1) or NA.2.21
Annex B (method 2) of BS EN 1993-1-1. For doubly symmetric sections, the
UK National Annex allows the use of either method.

Here the method given in Annex B is used, which is recommended for hand
calculations.
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M

v M
From the bending moment diagrams for both the y-y and z-z axes, v = 0.0

Therefore Table B.3
Coy = Cn, = Cur= 0.6 + (0.4 x0) =0.6

For members susceptible to torsional deformations, the expressions given in
Table B.2 should be used to calculate the interaction factors.

Factor kyy
Table B.2 refers to the expression given in Table B.1.

For Class 1 and 2 sections.

- N, N,
k,=C {1+(Ay—02) —EL— |t <C, <1+0.8 —FL
Y y{ ’ (ZyNRk v ’ ZyNRk ! Ya Table B.1
0.6x41+(0.66-0.2) 590 =0.73
(0.8x1614.3)/1
0.6]1+0.8x 290 ~0.82
(0.8x1614.3)/1
0.73 < 0.82
Therefore
ky = 0.73
Factor k,

Table B.2 refers to the expression given in Table B.1.

For Class 1 and 2 I sections.

Table B.1
- N N
k, =C., 1+(2zz —0.6) — Bk ll<c 1414 —F
X:Nre /7w X:Nre /7w

0.6x{1+[(2x1.13)—0.6]{ 590 H =1.37
(0.47x1614.3)/1

0.6x<1+1.4x 290 =1.25
(0.47x1614.3)/1
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1.37 > 1.25
Therefore, k,, = 1.25

Factor ky,

Table B.2 refers to the expression given in Table B.1.
For Class 1 and 2 sections.

ky, = 0.6k, =0.6x1.25 =0.75

Factor k;y

As 1, > 0.4

v _1_( 0.1, J( ]
i CmLT -0.25 Zz(NRk /7/Ml) Table B.2

1o ][ )
- Chr —0.25 Zz(NRk/7M1)

. [0.1x1.13JX 05
0.6-0.25) [ 0.47(1614.3/1)

1—[ 0.1 Jx =0.78
0.6-0.25) | 0.47x (1614 3/1)

0.78 > 0.75
Therefore, k,, = 0.78

Verification
Verify that:

N g4 M ygq + AM y g M gq +AM g4
—————+ky +ky, <1.0 Eq (6.61)
ZyNRk/7M1 ZLT(My.Rk/J/Ml) M, x 7w
And:

N g4 M ygg + AM y g M pg +AM g4
—————+ky +k, <1.0 Eq (6.62)
Z:Nre ' 7mi ZLT(My.Rk/7M1) M ,xe /'y

590 +0.73 x 30 +0.75 x ( 1 ] =0.64 Eq (6.61)

(0.8x1614.3)/1 0.94 x (136.7/1) 63.5/1

290 +0.78 x 30 +1.25 % (
(0.47x1614.3)/1 0.94 x (136.7/1) 63.5/1

] =098 | Eq(6.62)

As, 0.64 < 1.0and 0.98 < 1.0

The buckling resistance of the 203 x 203 x 46 UKC in S275 steel under
combined bending and compression is adequate.
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11.8 Blue Book Approach Page references

given in Section
The design resistances may be obtained from SCI publication P363. 11.8 are to P363

. . unless otherwise
Consider a 203 x 203 x 46 UKC in S275 steel stated.

11.8.1 Design value of bending moments and compression force

Design bending moment about the y-y axis M,zs = 30 kNm
Design bending moment about the z-z axis M,rs = 1 kNm
Design compression force Nea = 590 kN

11.8.2 Cross section classification
Nyra = 1610 kN Page C-166
NEd
Npl,Rd

n =

Limiting value of n for Class 2 sections is 1.0 Page C-166

- 20 =0.37 < 1.0

1610

Therefore, under combined axial compression and bending the section is at
least Class 2.

11.8.3 Cross-sectional resistance

For Class 1 or 2 cross sections there are two verifications that may be
performed.

Verification 1 (conservative)
Verity that:

N M ,Ed z,Ed
ST 1.0 6.2.1(7)
pl,Rd c,y,Rd

c,z,Rd

M. yra 137 kNm Page C-78
M.,rq = 63.5 kNm

M M,
Vg + y.Ed + B 290 +£+—1 =06 < 1.0

Noure Meyra Meira 1610 137 635

Therefore this verification is satisfied.

Verification 2 (more exact)
Verify that:

’ ’ 6.2.9.1(6)
M
{ y,Edj +( MZ,EdJ <10 Eq (6.41)

MN,Y,Rd MN,Z,Rd

From the earlier calculations, Sheet 5
a =2and f = 1.85
n=0.37
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From interpolation between n = 0.3 and n = 0.4:

MN,y,Rd = 97.9 kNm
B 2
= +
} 61.3

MN,Z,Rd = 61.3 kNm
Mz,Ed
Therefore the cross-sectional resistance is adequate.

30
97.9

M a 1.85
Bt L ] ~0.09 < 1.0
My yra

MN,Z,Rd

11.8.4 Buckling resistance

Buckling resistance under bending and axial compression
When both of the following criteria are satisfied:
e The cross section is Class 1, 2 or 3

* 7M1= 7”mo

The buckling verification given in 6.3.3 (Expressions 6.61 & 6.62) of
BS EN 1993-1-1 may be simplified to:

NEd My.Ed M

y +ky, —28-<1.0
Nb,y,Rd Mb,Rd Mc,z,Rd

+ky

NEd

Nb,z,Rk

M, g
Z
’ M, pi

+k M,k <1.0

7z
Mc,z,Rd

+k

From Section 11.7, the values of the interaction factors are:
ky, = 0.73

k, =0.75

ky =0.78

k., =125

For a buckling length of L = Smand n = 0.37 < 1.0
Npyra = 1310 kNm

Nozra = 762 kKNm

M. ,rqs = 63.5 KNm

From Section 11.7 of this example

1
Je

Therefore,

1 2
C, = (—j ~1.78
0.75

From interpolation for C; = 1.78 and L = 5 m
Mb,Rd = 135 kNm

=0.75

Page C-166

Page C-13

Page C-78

Sheet 9

Page C-78
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Verifications:

(ﬂJ+O.73x(£j+0.75x( ! J =062 < 1.0
1310 135 63.5

REY +0.78 x 30 +1.25x% 1 =097 < 1.0
762 135 63.5

Therefore, the buckling resistance is adequate.

Note that in this instance, the ‘blue book’ approach appears to give less
onerous result than the preceding calculations. This is because in the
preceding calculations y.r was conservatively based on a simple 0.9 factor in
the calculation of ..
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ﬁ(///_—(—/ﬁ/ Job No. CDS164 Sheet 1 of 14 Rev
“\

Job Title  Worked examples to the Eurocodes with UK NA

N\
y ScCi Subject  Example 12 - Major axis bending and compression of

Silwood Park, Ascot, Berks SL5 7QN Class 3 section
Telephone: (01344) 636525

Fax: (01344) 636570 Client Madeby ~ MEB  |pate Feb 2009

SCI

CALCULATION SHEET Checked by DGB  |pate Jul 2009

. . . . References are to
12 Major axis bending and compression BS EN 1993.1.1-

of a Class 3 section 2005, including its
National Annex,
unless otherwise

12.1 Scope stated.

The beam shown in Figure 12.1 is subject to compression force and a
concentrated load at its mid-span. The beam is restrained against lateral
movement and torsion by the secondary beam connected at its mid-span, but is
otherwise unrestrained. The beam is assumed to be pinned at its ends in both
the major and minor axes. Verify the adequacy of a 457 x 191 x 67 UKB in

S355 steel.
L 3000 ‘ 3000
N T A
A B C
B 6000 o
< >1
Figure 12.1

The design aspects covered in this example are:
e Cross section classification

e Cross sectional resistance:
— Shear buckling
— Shear

— Moment

e Lateral torsional buckling resistance.

12.2 Design value of combined actions for
Ultimate Limit State

Concentrated load Fog. =92kN
UDL Fyo =1.8kN/m

The action that gives rise to the compression force is not independent of the
variable actions included in the concentrated load and UDL, and therefore is
present in the same combination of actions.
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12.3 Design values of bending moment and forces

Design compression force Ngg = 1100 kN
Maximum design bending moment (mid-span) Mgy = 146.10 kNm
Maximum design shear force (at A and C) Vea = 51.40 kN
Design shear force at the mid-span (B) Vera = 46.00 kN
The shear force and bending moment diagrams are shown in Figure 12.2.
3000 92 kN 3000
N 18KNM . 1100 kN
AT B TC
k< 6000 | Design values
of actions
51 6
Shear forces kN
46 51
- ~ e Bending moments kNm
£ — P
) 146
<
% Figure 12.2
5 12.4 Section properties
5 For a 457 x 191 x 67 UKB in $355
% From section property tables: P363
8 Depth h = 453.4mm
g Width b = 189.9 mm
% Web thickness Lo = 8.5 mm
g Flange thickness te = 12.7 mm
8 Root radius r = 10.2 mm
@ Depth between fillets d = 407.6 mm
|5 Radius of gyration y-y axis Iy = 18.5 cm
% Radius of gyration z-z axis i, = 4.12 cm
E Plastic modulus y-y axis W,y = 1470.0 cm’
3 Elastic modulus y-y axis Way, = 1300.0 cm’
3 Elastic modulus z-z axis Wa., = 153.0 cm’
: Area A =855cm’
i Modulus of elasticity E = 210 000 N/mm> 3.2.6(1)
2 Shear modulus G = 81000 N/mm’
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For buildings that will be built in the UK, the nominal values of the yield NA.2.4
strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S355 steel and # < 16 mm BS EN 10025-2
Yield strength, f, = Rex = 355 N/mm’ Table 7

12.4.1 Cross section classification

Table 5.2
Y R R
Sy 355

Outstand of compression flange

b—t, —2 189.9 - 8.5 -12x10.2 Table 5.2
¢ =2 twTEl (2x102) _ g0 5 m
2 2
< _805 (a3
t 12.7

The limiting value for Class 1is — <9¢ =9x0.81 =7.29
Iy

6.34 < 7.29
Therefore the flange is Class 1.

Web subject to bending and to compression force Ngg = 1100 kN

¢ =d = 407.6 mm Table 5.2
< _ 3076 _ 47 95
t 8.5

w

For plastic stress distribution,

3
o =051+ VB || Zg5x| 14| 110010 =0.95 P362 Table5.1
fytwd 355 x 8.5 x 407.6

but -1 < o<1
Therefore o =0.95
As a > 0.5 the limiting value for Class 2 is:

< . 456 ¢ _ 456 x 0.81 _30.54 < 47.95
Ly

13a-1 (13x0.95)-1

Therefore the web is not class 1 or 2

For elastic stress distribution,
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The limiting value for Class 3 is
¢ 42 x0.81

0.67+0.33y  0.67 +(0.33x(-0.28))

<< = 58.90

Ly

32.54 < 47.95 < 58.90

Therefore the web is Class 3 under combined bending and Ngg = 1100 kN.

Therefore the cross section is Class 3 under combined bending and
Ngg = 1100 kN.

12.5 Partial factors for resistance

o = 1.0 NA.2.15
M1 = 1.0

12.6 Cross-sectional resistance

12.6.1 Shear buckling

The shear buckling resistance for webs should be verified according to 6.2.6(6)
Section 5 of BS EN1993-1-5 if:

h
_W>72£

Ly n

= 1.0 BS EN 1993-1-5
= h-21; =453.4—(2x12.7) =428.0 mm NA.2.4

Eq (6.23)

> &3
[

voo= @ = 50.35

8.5

~

w

7nE 7y 98 53
n 1.0

50.35 < 58.32

Therefore the shear buckling resistance of the web does not need to be
verified.

12.6.2 Shear resistance

Verify that: 6.2.6(1)
Vv Eq (6.17
B <10 a©.17)
Vc,Rd

V.ra 1s the design plastic shear resistance (Vpira)-

~ AL, 13) 6.2.6(2)
Vora =Viira = L, Eq (6.18)
MO

A, is the shear area and is determined as follows for rolled I and H sections
with the load applied parallel to the web.
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A, =A -2bt; +t¢ (tw +2r) but not less than 7h ¢

—85.5x102—(2x189.9x12.7)+12.7x (8.5 +(2x10.2))
= 4024 mm’

nhyty =1.0x428x8.5 =3638.00 mm’

Therefore, A4, = 4094 mm’

Therefore the design plastic shear resistance is: 6.2.6(2)
Eq (6.18)
A, (f., I3
Vo = (fyIN3) _ 4094 x (355/+/3) 10- =839 KN
¥ Mo 1.0
Maximum design shear Vgg = 51.4 kN Sheet 2
Vv
e 4 06410
Vera 839

Therefore the shear resistance of the section is adequate.

12.6.3 Resistance for combined bending, shear and axial force

Check whether the presence of shear reduces the resistance of the section for
bending and compression.

Voird _839.0
2 2
The design shear force at maximum moment is, Vggg = 46.0 kN

46.0 kKN < 419.50 kN

=419.50 kN

Therefore no reduction in resistance for bending and axial force need be 6.2.10(2)
made.

For Class 3 cross sections, the maximum longitudinal stress, in the absence of | 6.2.9.2(1)
shear, (oyrq) should satisfy the following:

Sy

OxEd < Eq (6.42)
7 Mo

The maximum longitudinal design stress (oxgq) is:

Neg  Meg _1100x10°  146x10°

OxEd = =241 N/mm’
A W, 8550 1300 x 103

Sy 355 = 355 N/mm>

Y Mo 10

241 N/mm® < 355 N/mm>

Therefore the resistance of the section for combined bending, shear and axial
force is adequate.

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

129


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 12 - Major axis bending & compression of Class 3 section Sheet 6  of 14  |Rev

12.7 Buckling resistance

12.7.1 Buckling length

The beam is pinned at both ends and restrained against lateral movement and
torsion at its mid-span. Therefore the buckling lengths may be taken as:

Major axis L., = 6000 mm

Minor axis L., = 3000 mm

12.7.2 Combined bending and compression

For combined bending about the y-y axis and compression, verify that:

M, o+ AM Based on
Ngy +k, y.Ed YEL 1 By (6.61)
XyNri ! 7mi Xt (M ric ! 7vr) ’
And
Ngg Mgy + AM gy Based on

. <1.0
X:Nre ! 7w Y ILT(My,Rk ! Ym1) Eq (6.62)

where:

¥y & x, are the reduction factors for flexural buckling about the major
and minor axes

ZLT is the reduction factor for lateral-torsional buckling

k., & k,, are the interaction factors

For Class 3 cross sections: Table 6.7
Nri = Af, = 8550 x 355 x 102 = 3035.3 kN
My i = Wayfy = 1300 x 10°x 355 x 10°® = 461.5 kNm

AM,zg = 0.0 kNm

Reduction factor for flexural buckling
The flexural reduction factor is determined from:

Eq (6.49
V4 = 1 <1.0 q( )

(ol 7))

D = 0.5+(1+a(1—0‘2)+22)

A is the non-dimensional slenderness for flexural buckling

A L
= Yy = (ij L (For Class 1, 2 and 3 cross sections) 6.3.1.3(1)
N.. i )\ 4 Eq (6.50)

A =939¢ =939 x0.81 = 76.06
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Buckling about the minor axis (z-z)
- LCI‘ z
7= |2 || L :[3000}( ! j = 0.96 Eq (6.50)
i, A 41.2 76.06
The appropriate buckling curve depends on //b:
h 453 4 Table 6.2
— =—— =239 > 1.2, = 12.7mm < 40 mm
b 189.9
Therefore, for S355, the buckling curve to consider for the z-z axis is ‘b’
For buckling curve ‘0’ «, = 0.34 Table 6.1
- - 6.3.1.2(1
@, =O.5[1+a(/lz—0.2)+/1z2] M
0.5% [1+0.34%(0.96-0.2)+0.96% | =1.09
Xz = ! = ! =0.62
(B, + (0% —1,%) 1.09+\/(1.092 ~0.96%) Eq (6.49)
0.62< 1.0
Therefore,
= 2 = 0.62
&
% Buckling about the major axis (y-y)
N
= A, = v L =(6000Jx( 1 J =0.43 Eq (6.50)
2 iy n 185 76.06
&
% The appropriate buckling curve depends on h/b:
g Table 6.2
= h =ﬂ =239 > 12,4 = 12.7 mm < 40 mm able
5 b 189.9
‘?‘3 Therefore, for S355, the buckling curve to consider for the y-y axis is ‘a’
€
% For buckling curve ‘a’ o, = 0.21 Table 6.1
o _ — 6.3.1.2(1)
g ®}, =0.5[1+ay(/1y—0.2)+zy2]
5 0.5x[14021x(0.43-02)+0.432 ] =0.62
IS
g 1 1
2 Xy = a— = - - =0.94 Eq (6.49)
b ((Dy+1/(<15y —Ay7) 0.62+\/(0.62 -043°)
= 0.94< 1.0
% Therefore,
£ =09
g
S
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Reduction factor for lateral torsional buckling

As a UKB is being considered, the method given in 6.3.2.3 for determining
the reduction factor for lateral-torsional buckling (y.r) for rolled sections is

used.
6.3.2.3(1
i 1 but <1.0 and < —. B 65(7)
= i q (6.57)
G+ P’ - fAun LT
where:

QLT :0~5|:1+aLT (ZLT _ZLT,O )+ ﬂzLTz ]

From the UK National Annex, Airo = 0.4 and g =0.75 NA.2.17
The appropriate buckling curve depends on A/b: NA.2.17
ho_4534 539
b 189.9
As 2 < 2.39 < 3.1 use buckling curve ‘c’

For buckling curve ‘¢’ orr = 0.49 NA.2.16 &
Table 6.3

_ W, f
ﬂLTZ yJiy
M

BS EN1993-1-1 does not give a method for determining the elastic critical
moment for lateral-torsional buckling (M.;). The approach given in SCI
publication P362 is used to determine Air.

It should be noted that the approach for determining A1 given in P362 is
conservative, other approaches that may be used are:

e Determine M., from either;
— Hand calculations
— Software programmes e.g. ‘LTBeam’

e Determine XLT using the more exact method, see Example 4.

Using the P362method:

Consider the span between lateral restraints.
v M

- - P362 5.6.2.1(5
ALt = ! 0.9izx/ﬁw ©)

Jc

Based on the bending moment diagram, y = 0, therefore,

1
Je.

/_12 =0.96 Sheet 4

=0.75 P362 Table 5.5
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For Class 3 cross sections

W
y 1300 _ o eg
4

1470

ﬂw =

pLy

ALT =0.75x0.9x0.96 x4/ 0.88 =0.61

6.3.2.3(1
Our =0.5[1+049x(0.61-04)+(0.75x0.61% )] =0.69 M
= ! =0.88
ALt = ; . Eq (6.57)
0.69+10.69 —(0.75x 0.61% )
— ! ;= 1 =2.69
ALt 0.61°
0.88 < 1.0 < 2.69
Therefore,
JLT = 0.88
To account for the moment distribution, y;r may be modified as follows: 6.3.2.3(2)
X
ZiTmod = DU 27 g 1.0 Eq (6.58)
_ 6.3.2.3(2)
F =1-05(1-k, )[1—2(/1” —0.8)2 } but £ <1.0
NA.2.18
k., = 1
<
Sheet 8
L o075 e
v Ci
6.3.2.3(2
f =1—0.5><(1—0.75)><[1—2><(0.69—0.8)2] =0.88 @
Therefore,
0.88 Eq (6.58)
XiTmod = = 1.0
0.88

Interaction factors (Cny and Cp.1)

Factor C.,y
Coy is determined from the bending moment diagram along the whole span of Table B.3
the beam.

M n vMh

|
|
- : ..
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As M, < M,
M

a, =— U and y =1.0
M, 146

Therefore, as the moment is predominantly due to the concentrated load,

C,, =0.9+0.1g,

my

Cny =0.9+(0.1x0) =0.9

Factor Cpr

Cour is determined from the bending moment diagram between the end of the | Table B.3.
beam and the location of the secondary beam, as this beam restrains the
primary beam against lateral torsional buckling at this point.

yMh

Therefore for Curt
M, 146 kNm

W =

As M, > M,
M

ay, =— D =0.54
M, 146

Therefore, as the moment is predominantly due to the concentrated load,
Cur =02+08a; 204

Curr =0.2+(0.8x0.54) =0.63 > 0.4

Therefore,

C mLT — 063

For members susceptible to torsional deformations, the expressions given in
Table B.2 should be used to calculate the interaction factors.

kyy
Table B.2 refers to the expression given in Table B.1.

For Class 3 and 4 sections.

. N N
Kyy =Cry 11+0.64y | —— |1 <Cpy 11+0.6] —— 20— Table B.1
ZyNRk Iy wmi }(yNRk 1y i
0.9x 1+ (0.6x0.43)x 1100 - 0.99
(0.94x3035.3/1.0)
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0.70 < 1.0 and 0.88 < 1.0

Therefore, the bending and compression buckling resistance is adequate.

Created on 11 October 2010

135

Example 12 - Major axis bending & compression of Class 3 section Sheet 11  of 14 |Rev
0.9x<1+0.6x 1100 =1.11
(0.94x3035.3/1.0)
0.99 < 1.11
Therefore,
ky = 0.99
kzy
For Class 3 and 4 sections.
ky, —=1- 0.054. Ve Table B.2
Corr —0.25 )\ 7, (N /7m1)
51— 0.05 NEgq4
Coer —0.25 )\ 7. (Ngre /7m1)
. (o.osxo.%J 1100 0.3
0.63-0.25 (0.62 X 3035.3/1.0)
; . [ 0.05 JX 1100 092
¢ 0.63-0.25 (0.62><3035.3/1.0)
<<
g 0.93 > 0.92
é Therefore,
g ky, =0.93
é Verification
g M ..+ AM Based on
E Voo g, 0B T 20w g g Eq (6.61)
S XyNr ! 7w Xur(Myr ! 7w1) ’
g And
g M, o, + AM Based on
E Moo g, 2B DB g Eq (6.62)
g XN ! Vi ZLT(My.Rk ! Yvr) ’
£ Myi = My =146 kNm Sheet 2
IS
3 Based on
2 1100 +0.99 x 146 =0.70 < 1.0 Eq (6.61)
= (0.94x3035.3/1.0) (1.0x461.5/1.0)
g
g Based on
5 1100 +0.92 x 146 =0.88 < 1.0 Eq (6.62)
g (0.62x3035.3/1.0) (1.0x461.5/1.0)
g
S
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12.8 Blue Book Approach Page references
given in Section
The design resistances may be obtained from SCI publication P363. 12.8 are to P363
. . unless otherwise
Consider the 457 x 191 x 67 UKB in S355 steel stated.
12.8.1 Design value of moments and forces
Design compression force Ngg = 1100 kN
Maximum design bending moment (mid-span) Mgy = 146.10 kNm
Maximum design shear force Vea = 51.40 kN
Design shear force at the mid-span (B) Vera = 46.00 kN

12.8.2 Cross section classification

Npl,Rd = 3040 kN
n — NEd
Npl,Rd

Limiting value of n for Class 2 sections is 0.139
Limiting value of n for Class 3 sections is 0.569

= @:0_36
3040

0.139 < 0.36 < 0.569

section is Class 3.

12.8.3 Cross -sectional resistance

Shear resistance
Vera = 839 kN
Ve _ 514
Ve 839

=0.06 < 1.0

Therefore the shear resistance is adequate

Combined bending, shear and compression resistance

Vpl,Rd _ @
2 2

=419.5 kN

for, thus the requirement is simply to verify that:

M
JEd
+ y
Mc,y,Rd

Ny
N pl,Rd

<1.0

Meyra = 522 kNm

Therefore, under combined bending and compression force Ngg = 1100 kN the

As Vpgg = 46.0 kKN < 419.5 kN the effect of shear on the resistance of the
section to combined bending and compression does not need to be accounted

Page D-144

Page D-144

PageD-104

Section 10.2.1

Page D-67
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N M
B MyE 1100 N 146

= =064 < 1.0
Npl,Rd Mc,y,Rd 3040 522

Therefore the resistance of the cross section to combined bending, shear and
compression is adequate.

12.8.4 Buckling resistance to combined bending and
compression

When both of the following criteria are satisfied:
e The cross section is Class 1, 2 or 3

®  Im1 = Ymo

The buckling verification given in 6.3.3 (Expressions 6.61 & 6.62) of
BS EN 1993-1-1 may be simplified to:

NEd

N b.y,Rd

M, : .
+kyy YE <1.0 (no minor axis moment)
M, g4

N M Ed . .
B+ k, —4=<1.0 (no minor axis moment)
Nb,Z,Rk Mb,Rk

From earlier calculations Sheet 11
ky = 0.99 Sheet 11

ky, =093

Compression buckling resistance y-y axis Page D-145

For a buckling length of L = 6 m and n = 0.36 < 0.569
Noyra = 2870 kNm

Compression buckling resistance z-z axis Page D-145
For a buckling length of L = 3 mand n = 0.36 < 0.569

Nb,Z,Rd = 1900 kNm

Lateral torsional buckling resistance
From Section 12.6 of this example

h
1 _ 075 Sheet 8
Jc,

Therefore,

1 2
C, = (—j =1.78
0.75

For C;, =178 and L = 3 m
Mypra = 507 kNm D-67

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

137


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 12 - Major axis bending & compression of Class 3 section Sheet 14 of 14  |Rev

Verification

Resistance under combined bending and compression

1100 +0.99 x 146 =0.67 < 1.0
2870 507

1100 +0.93 x 146 =085 < 1.0
1900 507

Therefore, the buckling resistance is adequate.

Note: The Blue book approach gives better utilization values than those on
Sheet 11 (0.70 and 0.88), due to the conservative method used to determine
Jur in Section 12.7.2 of this example.

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

138


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

F//——('/F/ Job No. CDS164 Sheet 1 of 11 Rev

Job Title  Worked examples to the Eurocodes with UK NA

HSCI Subject

Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Example 13 - Column in simple construction

Fax: (01344) 636570 Client Madeby ~MEB  |pate Feb 2009

SCI

CALCULATION SHEET

Checked by DGB Date Jul 2009

. . H References are to
13 Column in simple construction BS EN 100311

2005, including its

13.1 Scope National Annex,

. R . unless otherwise
Design the column shown in Figure 13.1 in S275 steel between levels 1 and 2. | (4104

The following assumptions may be made:

e The column is continuous and forms part of a structure of simple
construction.

e The column is nominally pinned at the base.
e Beams are connected to the column flange by flexible end plates.

1
v

Level® & — o ——— ——————— 1

3000

v v

Level® X — o ——— ——————— 1

5000
——1
X

T
N
.

<=TIio

LeveI@ [—]

Figure 13.1

The design aspects covered in this example are:
e Cross section classification

e Simplified interaction criteria for combined axial compression and bi-axial
bending as given in the Access Steel document SN048.
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13.2 Design values of combined actions at
ultimate limit state

Reaction from beam 1 Fig =37kN
Reaction from beam 2 F,qy = 147 kN
Reaction from beam 3 F;4y = 28 kN

Design compression in column between levels 2 and 3
N2—3,Ed = 377 kN

13.2.1 Design compression force in column1-2

The total compression force in the column between levels 1 and 2 is:

NEd :N2—3,Ed +F1,d +F2,d +F3,d :377+37+147+28 = 589 kN

13.2.2 Design bending moments in column 1-2 due to
eccentricities

For columns in simple construction, the beam reactions are assumed to act at a | Access-steel
distance of 100 mm from the face of the column. document SN0O5

For a 203 x 203 x 46 UKC.

The bending moments at level 2 are:

M, y k4 =Fyq (£+ 100} =147 x ( 203.2 100J %107 =29.64 kNm
w 2 2
ty 7.2 .
M, e =(F 4 —Fsy) = +100 = (37-28)x - +100 10
= 0.93 kNm

These bending moments are distributed between the column lengths above and
below level 2 in proportion to their bending stiffness. Therefore the design
bending moments acting on the column length between levels 1 and 2 are:

Y-y axis My gy :29.64x§ =11.11 kNm
. 3
Z-Z axis M,gs =093x= =0.35 kNm
8

There are no moments at level 1.
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13.3 Section properties
For a 203 x 203 x 46 UKC in S275 steel

From section property tables: P363
Depth h = 203.2 mm

Width b = 203.6 mm

Web thickness tw = 7.2 mm

Flange thickness tr = 11.0 mm

Root radius r = 10.2 mm

Depth between fillets d = 160.8 mm

Second moment of area z-z axis I, =1550cm*

Radius of gyration y-y axis iy, =28.82cm

Radius of gyration z-z axis i, =5.13cm

Plastic modulus y-y axis Wy = 497 cm’

Plastic modulus z-z axis Wi, = 231 cm’

Warping constant I, =0.143 dm°

St Venant torsional constant Ir =222cm*

Area A =587cm’

Modulus of elasticity E =210 000 N/mm? 3.2.6(1)
Shear modulus G ~ 81000 N/mm’

For buildings that will be built in the UK, the nominal values of the yield NA.2.4

strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and f < 16 mm BS EN 10025-2
Yield strength f, = Ry = 275 N/mm’ Table 7

13.4 Partial factors for resistance

ymo = 1.0 NA.2.15
ymi = 1.0

13.5 Cross section classification

Table 5.2
PR X
Iy 275

Outstand of compression flange

b-t, —2r _203.6-72-(2x10.2)

c = = 88.0 mm
2 2
c 88
— = — =80
t 11 Table 5.2
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The limiting value for Class 1 is £ <9 =9%x0.92 =828
It

8.0 < 8.28

Therefore the flange in compression is Class 1

Web subject to bending and compression
c =d = 160.8 mm
c 160.8

— = —— =223
Ly 7.2

Table 5.2

For plastic stress distributions,

N 3
a =051+ & —05x|1+ 589 <10 _ 14 |P362Tables.1
fytwd 275x 7.2 x160.8

but -1 < <1
Therefore a=1.0

As a > 0.5 the limiting value for Class 1 is

P 396 ¢ :396><0.92 ~304

c
ty 13a-1 (13x1)-1
22.3 < 30.4
Therefore the web is Class 1 under bending and Ngg = 589 kN

Therefore the cross-section is Class 1 under bending and Ngg = 589 kN.

13.6 Simplified interaction criterion

6.3.3(4) of BS EN 1993-1-1 gives two expressions that should be satisfied for
members with combined bending and compression (see Example 11).

However, for columns in simple construction, the two expressions may be Access-steel

M M document SN048
+—>E 15 —2E <10 when

min,b,Rd My,b,Rd z,cb,Rd
the following criteria are satisfied:

Ngq

replaced by a single expression

e The column is a hot rolled I or H section, or an RHS
e The cross section is class 1, 2 or 3 under compression
e The bending moment diagrams about each axis are linear

e The column is restrained laterally in both the y-y and z-z directions at each
floor level, but is unrestrained between the floors

e The bending moment ratios (i) as defined in Table B.3 in BS EN 1993-1-
1 are less than the values given in Tables 2.1 or 2.2 in the Access-steel
document SN048.

Or
In the case where a column base is nominally pinned (i.e. ¥, =0 and

v, = 0) the axial force ratio must satisfy the following criterion:
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N
Ed_ <0.83 (note to Table 2.1)
y,b,Rd
Here the

e The section is Class 1

e The bending moment ratios are y, =0 and y, = 0, as the base of the

column is nominally pinned (see Figure 13.2). Therefore determine the
axial force ratio.

My eq ﬂ’/lz,Ed
l//yMy,Ed ’//zMz,Ed
y -y axis Z -z axis
Figure 13.2

Axial force ratio
XA,
yavil

Ny,b,Rd

Determine the flexural buckling reduction factor y, :

1
X = —=<1.0 Eq (6.49)
(@ (P2 -27) 1
Where:
» = 0.5+[1+a(1—0.2)+22}
6.3.1.3 Eq (6.50
_ Afy L. 1 q ( )
A = = X —
Ncr i /11
A =939 =93.9x0.92 = 86.39

The buckling length may be taken as:
About the major (y- y) axis L, = L = 5000 mm

- (L
Iy = Lo || L] 2 ( 5000 J « ( 1 j ~0.66 Eq (6.50)
i, |4 88.2 ) | 86.39

The appropriate buckling curve depends on //b:

h_2032 16 <124 = 11.0mm < 100 mm

b 203.6

Table 6.2
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may be used for this example.

The criterion to verify is:

Ny,b,Rd

Determine Nz,b,Rd
The buckling length may be taken as:
About the major (z-z) axis L, = L = 5000 mm

_ L
.| e | L :(SOOOJX( 1 J 1
i, I\ A 51.3 86.39

M
Neg  , Myma | 1.5 M.k <1.0
Nmin,b,Rd My,b,Rd Mz,cb,Rd
where:
A A
Nainb.rd is the lesser of 2y A4Sy and Z:Al .
7M1 7M1
W
My ra = ILTy—p]’y
Yavil
W
M, ra = M
M1
Determine Nmin,b,Rd
= 1291 kN

Therefore all the criteria given above are met, so the simplified expression

Example 13 - Column in simple construction Sheet 6 of 11 Rev
Therefore, for S275, the buckling curve to consider for the major (y-y) axis
is ‘b’
For buckling curve ‘6> o, = 0.34 Table 6.1
— — 6.3.1.2(1
o, =05[1+alzy, -02)+7,?] M
= 0.5x[1+0.34x(0.66-0.2)+0.662 | =0.80
1 1
Xy = > 5 2. 2 2
(@, +/(@,2 = 2y)  0.8+4/(0.87 -0.66%) Eq (6.49)
0.80 < 1.0
Therefore,
Xy = 0.80
_ XyAfy  0.8x5870%x275 5
Ny,b,Rd = - = 1.0 x10 =1291 kN Eq (647)
Ny _ 589 _
Ny ra 1291
0.46 < 0.83

Access-steel
document SN048

Sheet 6

Eq (6.50)
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The appropriate buckling curve depends on h/b:
Table 6.2
ﬁ :% =10 <12, = 11.0 mm < 100 mm
b 203.6
Therefore, for S275, the buckling curve to consider for the minor (z-z) axis
is ‘¢’
For buckling curve ‘¢’ «, = 0.49 Table 6.1
- - 6.3.1.2(1
@, =0.5[1+a(/11—0.2)+/122] M
—0.5x[140.49x (1.13-02)+1.13% | =1.37
¥, = ! = ! =0.47
(B, + (B —1,%) 1.37+J(1.372 ~1.132) Eq (6.49)
047 < 1.0
Therefore,
Y2 = 0.47
,A
N = X Afy _047x5870x275 3 _ e N Eq (6.47)
¥ Ml 1.0
E 759 kN < 1291 kN
j%; Therefore,
Nuinsra = 759 kN
% Determine My, rq
§ As a UKC is being considered, the method given in 6.3.2.3 for determining
° the reduction factor for lateral-torsional buckling (y; 1) of rolled sections is
é used.
g BS EN 1993-1-1
2 JLT ! but <1.0 and < — !
b 2 - 2 . 6.3.2.3(1)
% D7 + \/‘DLT - pBArr LT Eq (6.57)
05; where:
% D7 :0.5[l+aLT (ZLT —/_1LT,0 )+ﬂzm2]
é From the UK National Annex Airo = 0.4 and £ =0.75 NA.2.17
2 The appropriate buckling curve depends on h/b: NA.2.17
8 ho_2032 =1.0 <2
g b 203.6
§ Therefore the buckling curve to consider is ‘b’
g For curve buckling ‘b’ ogr = 0.34 NA2.16 &
= Table 6.3
=5 ~ W1, BS EN 1993-1-1
32 ALr = | —— 6.3.2.2(1)
g8 M
Co
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where:
W, = W,, for Class 1 or 2 sections

M., is the elastic critical buckling moment.

For doubly symmetrical sections with ‘normal support’ conditions at the ends
of the member and a linear bending moment diagram M., may be determined

from:
Access-steel
2 2
M, =C = El, |Lw + L Gy document SN003
L? I, rx°El,
where:

L is the element length between points of lateral restraint
= 5000 mm

C, s a coefficient depending on the section properties, support
conditions and the shape of the bending moment diagram.

For the bending moment diagram shown in Figure 13.2, Access-steel
¢ =177 SNO003 Table 3.1
Therefore,
7’ x 210 x 10° x 1550 x 10*
M, =11.77 > X
5000

\/1.43 « 10" 5000% x 81 x10° x 22.2 x 10*

+ x107® = 345.7 kNm
1550 x10* 7% x210 x10° x 1550 x 10* }

And
_ 3
Iir = 497 x10° x 275 _0.63
345.7x10°
BS EN 1993-1-1
1 BS EN 1993-1-1
Zir = - ~ =090 Eq (6.57)
0.69 + \/0.69 - (0.75 x 0.63 )
p— ! = 1 =2.52
Arr? 0.632
0.90 < 1.0 < 2.52
Therefore
rir = 0.90

To account for the bending moment distribution, y;t may be modified as
follows:

ALT,mod = A but XLT.mod = 1.0

f
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f =1-05(1-k, )[1—2(1” —0.8)2} but £ <1.0

For the bending moment diagram given in Figure 13.2

v =0.0
Therefore

L o075
Gy

Thus, k., =0.75

f =1-05x(1-0.75)x [1—2><(0.63—0.8)2 ] = 0.88

Therefore,
0.90

XLlT,mod = =1.02
0.88

As

1.02 > 1.0

X LT,mod =1.0
YWy /i

My,b,Rd = Sy

7 ™mo
where, yir = ¥ 1T.mod

Therefore,

497 x10° x 275 y
1.0

M, pra =1.0x 107® =137 kNm

Determine M, cprd

Whizafy _ 231x10° x275

M, pra = 107° =64 kNm
}/Ml 10

Verification
M M

Neg Pt L [ Sl P S W)

Nmin,b,Rd My,b,Rd Mz,cb,Rd

ﬁJr—ll'll X —0'35 =087 < 1.0

759 137 64

Therefore, the resistance of the member is adequate.

BS EN 1993-1-1
6.3.2.3(2)

NA.2.18

Access Steel
document SN002
Table 2.1

BS EN 1993-1-1
Eq (6.58)

Access-steel
document SN048

Access-steel
document SN048
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13.7 Blue Book Approach Page references in
Section 13.7 are
The design resistances may be obtained from SCI publication P363. to P363 unless
Consider the 203 x 203 x 46 UKC in S275 steel otherwise stated.

13.7.1 Design value of bending moments and compression
forces

589 kN Sheet 2
11.11 kNm

Design compression force Ned

Design bending moment about the y-y axis M, g,

Design bending moment about the z-z axis M, g, 0.35 kNm

13.7.2 Cross section classification

Npira = 1610 kN Page C-166
NEd

n = @ —
Npl,Ed

Limiting value of n for Class 2 sections is 1.0

LA =0.37 < 1.0

1610
Therefore, under bending and Nz = 589 kN the section is at least Class 2. Page C-166

13.7.3 Simplified interaction criterion

As the sections meets the criteria in Access Steel document SN048 (see Section
13.8 of this example), the following verification may be used instead of the
two verification expressions given in 6.3.3(4) BS EN 1993-1-1.

The criterion to verify is: Access-steel
document SN048
Moo Myes s Mis oy
Nmin,b,Rd My,b,Rd z,cb,Rd
For buckling length L = S5 m and n < 1.0 Page C-167

Nyyra = 1310 kKN
Nozra = 762 kN
Therefore,

Niinprd = 762 kN

Conservatively, the value for M, rq may be taken from the axial and bending
table in SCI P363 (Myra = 109 kNm) where the values for M, g4 are based on
C, = 1.0. However a more exact value may be determined from the bending
resistance table.

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

From Section 13.7 of this example, C; = 1.77 Sheet 8
For C, =1.77and L = 5 m
g Mz = 135 kKNm Page C-78
% Wiz fy Access-steel
S M,pra =—— document SN048
- 7M1
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As the section is Class 2 and the UK National Annex to BS EN 1993-1-1 gives
the same value for x4 and i,

w 1,z f
Mz,cb,Rd = Mc,z,Rd =By
7 Mo
M, 4 ra = 63.5 kKNm Page C-78
Therefore, Access Steel
document SN048
NEd + MYsEd +15 MZ,Ed
Nmin,b,Rd My,b,Rd Mz,cb,Rd

_( 589 [ AL 5[ 935) s < 10
762) \ 135 63.5

Therefore, the resistance of the member is adequate.
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f//——('/ﬁ Job No. CDS164 Sheet 1 of 9 Rev
o\

Job Title  Worked examples to the Eurocodes with UK NA

M SCI Subject  Example 14 - End Plate beam to column flange

Silwood Park, Ascot, Berks SL5 7QN connection
Telephone: (01344) 636525

Fax: (01344) 636570 Client Madeby ~ MEB  |pate Feb 2009

SCI

CALCULATION SHEET

Checked by DGB Date Jul 2009

References are to
14 End Plate beam to column flange B T .8,
connection 2005, including its

National Annex,
unless otherwise

14.1 Scope stated.

Determine the shear and tying resistances of the “simple joint” end plate beam
to column flange connection shown in Figure 14.1. The bolted connection
uses non-preloaded bolts (i.e. Category A: Bearing type bolted connection).

For completeness, all the design verifications given below should be carried
out. However, in practice, for “normal” connections, the verifications
marked * will usually be the critical ones. In this example, only the
calculations for resistances marked with an * are given.

Information for the other verifications may be found in SCI publication P358
and Access-steel documents SNO17 and SNO18 (www.access-steel.com).

For persistent and transient design situations

End plate bolt group* VRa1
Supporting member in bearing Vra2
End plate in shear (gross section) VRa3
End plate in shear (net section) VRda
End plate in shear (block tearing) VRas
End plate in bending VR
Beam web in shear* VRa7

For accidental design situations (tying resistance)

Bolts in tension Nra,u,1
End plate in bending* N2
Supporting member in bending Nrdus
Beam web in tension Nraua

In addition to the resistance calculations indicated above, the following design
aspects are covered in this example:

e Ductility of the end plate connection

e Design of the fillet weld
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d
%10

305 x 165 x 40

UKB S275 =

203 x 46
UKC S275

I

P3 €2, M20, 8.8 100 50
oy a 45
1.4 # & % % a=4.2 mm
P1 74 70 y
| % | oo 20| =
= P4
A oo
o
: - “ L
g M 4‘ e2
< <
p Figure 14.1
g 14.2 Joint details and section properties
E Configuration Beam to column flange
£ Column 203 x 203 x 46 UKC, S275 3.4.1
2 Beam 305 x 165 x 40 UKB, S275
Z Type of connection End plate connection using non-preloaded bolts
g Therefore it is a Category A: Bearing type connection
o End plate 230 x 200 x 10, S275
§ 203 x 203 x 46 UKC, S275
g From section property tables:
° Depth h. = 203.2 mm P363
- Width b. =203.2mm
sz Web thickness tye = 7.2 mm
g Flange thickness tie = 11.0 mm
= Root radius re = 10.2 mm
Ef Second moment of area y-y axis L, =4570 cm®
g2 Area A. =587 cm’
§_§ The sub-script ‘c’ has been included to denote the properties relating to the
°E column.
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For buildings that will be built in the UK, the nominal values of the yield BS EN 1993-1-1
strength (f;) and the ultimate strength (f,) for structural steel should be those NA.2.4
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and f < 16 mm BS EN 10025-2
Yield strength fre =R =275 N/mm’ Table 7
Ultimate tensile strength Juc = R, = 410 N/mm’

305 x 165 x 40 UKB, S275

From section property tables:

Depth I8 = 303.4 mm P363
Width byy = 165.0 mm

Web thickness fyp1 = 6.0 mm

Flange thickness trpr = 10.2 mm

Root radius ol = 8.9 mm

Second moment of area y axis Ly = 8500 cm*

Area Ay =513 cm’

The sub-script ‘b’ has been included to denote the properties relating to the

beam.

For S275 steel and ¢ < 16 mm BS EN 10025-2
Yield strength fupt = Ry = 275 N/mm’ Table 7
Ultimate tensile strength fisr = Ry = 410 N/mm’

End Plate — 230 x 200 x 10, S275

Distance below top of beam gy = 35 mm

Plate depth h, =230 mm

Plate width b, = 200 mm

Plate thickness [ = 10 mm

For S275 steel and 7 < 16 mm BS EN 10025-2
Yield strength fop = Ren = 275 N/mm’ Table 7
Ultimate tensile strength Jup = R, = 410 N/mm’

Direction of load transfer (1)

Number of bolt rows n =3

Plate edge to first bolt row e = 45 mm

Pitch between bolt rows 12 = 70 mm

Direction perpendicular to load transfer (2)

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Number of vertical lines of bolts n, =2
Plate edge to first bolt line e = 50 mm
Column edge to bolt line 6. = 51.5mm
Gauge (i.e. distance between cross centres) p; = 100 mm
8
3 152


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

Example 14 - End plate beam to column flange connection Sheet 4  of 9 Rev

Bolts
Non pre-loaded, M20 Class 8.8 bolts

Total number of bolts (n = ny xn,) n =6

Tensile stress area As = 245 mm’ P363 Page C-306
Diameter of the shank d = 20 mm

Diameter of the holes dy = 22 mm

Diameter of the washer d,, = 37 mm

Yield strength Jib = 640 N/mm’ Table 3.1
Ultimate tensile strength fis = 800 N/mm’

Fillet welds

Leg length 6 mm

Throat thickness a = 4.2 mm

14.3 Ductility

To ensure sufficient ductility of the beam to column flange connection, at least
one of the following criteria should be satisfied.

d [f. d [y Access-steel

t, <— > or lie S — SRR document SNO14
2.8\ fyp 28\ fye

d | Jw :(QJX 800 =12.18 mm

2.8\ fyp 2.8 275

I, = 10 mm < 12.18 mm

tic = 11 mm< 12.18 mm

Therefore the connection has sufficient ductility.

14.4 Partial factors for resistance

14.4.1 Structural steel

ymo = 1.0 BS EN 1993-1-1
NA.2.15

ym2 = 1.25 (plates in bearing in bolted connections) Table NA.1

For tying resistance verification, yy, = 1.1 Access-steel

document SNO15

14.4.2 Bolts

2 = 1.25 Table NA.1
14.4.3 Welds

2 = 1.25 Table NA.1
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14.5 Resistance of the fillet welds

To ensure that the fillet welds are full strength, the throat thickness is verified
against the requirement given in SCI publication P358.

For S275 steel P358
a > 0.45¢, 1

0.45ty,1 =0.45 X 6 = 2.7 mm
Here, a = 4.2 mm (Sheet 4)

4.2 mm > 2.7 mm

Therefore the fillet weld is adequate.

14.6 Shear resistance of the connection

14.6.1 End plate bolt group,

The design resistance of the bolt group Vyq4 is: 3.7(D)
Via = zFb,Rd if Fv,Rd 2 (Fb,Rd)max

Vea = (Fy R min if (F b,Rd)min S Fyge < (F b,Rd )max

Via = NF, rq if (Fb,Rd)min > F ra

where:

Fyra 1s the design bearing resistance of a single bolt

F,ra 1s the design shear resistance of a single bolt.

Resistance of a single bolt in shear

The shear resistance of a single bolt (F,rq) is given by:

ayfuwA Table 3.4
Fipa =—
7 M2

where:

o, = 0.6 for class 8.8 bolts

A = A, = 245 mm’
Forg = 0.6 x 800 x 245 <103 = 94.1 kKN

1.25

End plate in bearing

The bearing resistance of a single bolt (Fyrq) is:
klabfu’pdtp Table 3.4

Fora =
VM2

where, o is the least value of oy, S and 1.0
u,p
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e 45
For end bolts Qg =—— = =0.68
3d, 3x22
1 70 1
For inner bolts a4 = AN - — | =0.81
3d, 4 3x22 4
Jw 800 g5
Sup 410
Therefore
o, = 0.68

For edge bolts k; is the smaller of 2.86—2 —1.7 or 2.5.

2852 17 =28« EQJ 17 =4.66
dy »

Therefore, for edge bolts

k] = 25
Therefore the minimum bearing resistance for a single bolt is:
Table 3.4
Forg = 2.5%x0.68x410x20x10 <103 =112 kN
1.25

Resistance of end plate bolt group
Fira = 94.1 kKN

Fb,Rd =112 kN
As (Fb’Rd )min > F, pq the resistance of the end plate bolt group is: 3.7(1)
Vra = 1F, rq

To allow for the presence of tension in the bolts, a factor of 0.8 is applied to Access-steel
the resistance. Therefore the resistance of the end plate bolt group is: document SNO14

VRd,l =O.8I’IFV’Rd =0.8x6x94.1 =451.7 kN

14.6.2 Beam web in shear

The shear resistance of the beam web (Vrq7) is

BS EN1993-1-1
A /3
Vwa7 = M 6.2.6(2)

¥ Mo

From the guidance given in Section 10 of SN0014, the shear area (4,) to be Access-steel
considered for the beam web may be taken as: document SNO14

A, =09h,t,, =0.9x230x6 =1242.0 mm’

1242 % 275/+/3
x 10
1.0

3 =197 kN

VRd,7 =
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14.7 Tying resistance of the connection

BS EN 1993-1-8 does not give any guidance on tying resistance of
connections. Therefore, the guidance given in the NCCI Access Steel
document SNO15 is used to determine the tying resistance of the end plate.

As large strains and large deformations are associated with tying resistance
failure modes, SNO15 recommends that ultimate tensile strengths (f;) be used
and the partial factor for tying v, be taken as 1.1.

14.7.1 End plate in bending

An equivalent T-stub is used to represent the end plate in bending. The
resistance of the end plate in bending (NVrq,2) is taken as the minimum value
for the resistance to mode 1 or mode 2 failure.

0,8 aV2

R AN
my

L[] [T 1l

Nrqy, s the minimum value of Fp g or Fpjpg.

Mode 1 failure - Complete failure of the T-stub flamge Access Steel
document SNO15
(S"p —2e, )Mpl,l,Rd,u

2mpnp —-ey (mp -l—np)

FT,I,Rd =

Mode 2 failure - Bolt failure with yielding of the T stub flange
2M o Rau Ty Z Fira

m, +np

FT,2,Rd =

Determine the required parameters;

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

d
ey = —— _37 =9.25 mm
4 4
n, is the least value of e;; e,¢; 1.25my,.
e = 50.0 mm
€. = 51.5mm
(p3 —lybi —2><0.8><a><\/5)
m, =
2
_ (100-6-2x0.8x4.2x2 ) 4295 mm
2
o 1.25m, =1.25x42.25 =52.81 mm
% Therefore,
§ n, = 50 mm
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hot2 fy 2
My ras _Uhefpfup 1 (230x10% X410 | s o1 N
4 7ma 4 1.1

Mode 1 failure — Complete failure of the T-stub flamge
(8np - 2ew )Mpl,l,Rd,u

2myn, —ey (mp +np)

FT,I,Rd =

—(2x9.2 2.14x103
Faina = [(8x50) - (2x9.25)]x2.14 x 10 o N

(2x42.25%50) —[9.25x (42.25+ 50 ]

Mode 2 failure - Bolt failure with yielding of the T stub flange
2M yaran 7 2 Firau

FT,Z,Rd =
mp + np

ky fuAs

Ft,Rd.u = METALALLE
7/M,u
k =09 Table 3.4
Ft,Rd,u :Wx10*3 =160.4 kKN
1.1

3F rau = NF rau =6x160.4 =962.4 kN
M 2rau =My iRau =2.14 kKNm

2x2.14x10° 50 x 962.4 x 103
FT,Z,Rd:( a X )+ (50 . )x10_3:568 kN

42.25 +50
242 kKN (Fr1ra) < 568 kN (FraRra)

Therefore the resistance of the end plate in bending is equal to the Mode 1
failure (F 1 gq)

NRd,u,2 = 242 kN
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of 9

Rev

14.8 Summary

are not presented in this example.

Table 14.1 Joint shear resistance

Tables 14.3 and 14.4 summarise the resistance values for all the applicable
modes of failure. Calculations for the resistance values given in shaded boxes

Mode of failure

Joint shear resistance

End plate bolt group Vraa 452 kN
Supporting member in bearing ¥ 877 kN
End plate in shear (gross section) Vra 575 kN
End plate in shear (net section) Vraa 776 kKN
End plate in shear (block shear) WVras 668 kN
End plate in bending VRas )

Beam web in shear Vra7 197 kN

VRd = VRd,7 = 197 kN

Design shear force, Vgg = 100 kN

Table 14.2 Joint tying resistance

Therefore, the design shear resistance of the end plate connection is

Mode of failure

Joint tying resistance

Bolts in tension Nrdu1 962 kN
End plate in bending Nrau2 242 kN
Supporting member in bending Nrdus N/A
Beam web in tension Nrapa 514 kN

NRd,u = NRd,u,Z = 242 kN

The design tying resistance of the end plate connection is

Note: If the column flange thickness is less than the end plate thickness, the
column flange in bending should be verified.

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

158



http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

/#//——(—/ﬁ JobNo.  CDS 164 Sheet 1 of 11 |Rev

Job Title  Worked examples to the Eurocodes with UK NA

M SCI Subject  Example 15 - Fin plate beam to column flange

Silwood Park, Ascot, Berks SL5 7QN connection
Telephone: (01344) 636525

Fax: (01344) 636570 Client Made by MEB Date Feb 2009

SCI

CALCULATION SHEET

Checked by DGB Date Jul 2009

1 References are to
15 Fin plate beam to column flange Bo N 1005 1.8,
connection 2005, including its

National Annex,
unless otherwise

15.1 Scope stated.

Determine the shear and tying resistances of the “simple joint” fin plate beam
to column flange connection shown in Figure 15.1. The bolted connection
uses non-preloaded bolts (i.e. Category A: Bearing type bolted connection).

For completeness, all the design verifications given in Table 15.1 and 15.2
should be carried out. However, in practice, for “normal” connections, the
verifications marked with an * will usually be the critical ones. In this
example, only the calculations for resistances marked with an * are given.

Information for the other verifications may be found in SCI publication, P358
and Access-steel documents SNOI7 and SNOI8 (www.access-steel.com).

For persistent and transient design situations

|5

f;‘: Bolts in shear* VRaa

8 Fin plate in bearing* Vraz

g Fin plate in shear (gross section) VRa3

% Fin plate in shear (net section) VRaa

= Fin plate in shear (block tearing) Virdss

g Fin plate in bending VRas

= Fin plate in buckling (LTB) Va7

g Beam web in bearing* VRas

g Beam web in shear (gross section) VRao

% Beam web in shear (net section) VRa.10

g Beam web in shear (block tearing) Vra11

g Supporting element (punching shear) (This mode is not appropriate for
3 fin plate connections to column
Gé: flanges)

% For accidental design situations (tying resistance)

2 Bolts in shear* Nraui

“é Fin plate in bearing* Nrdu2

3 Fin plate in tension (block tearing) Nrdu3

% Fin plate in tension (net section) Nrdua

8 Beam web in bearing* Nraus

%i; Beam web in tension (block tearing) Nra.us

E Beam web in tension (net section) Nrdu7

f:» Supporting member in bending (This mode is not appropriate for
g fin plate connections to column
o flanges)

-

2
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In addition to the resistance calculations indicated on sheet 1, the following
design aspects are covered in this example:

e Rotation requirements
e Design of fillet welds

e Ductility of fin plate connection

)

M20, 8.8
S§275 \
203 x 46
UKC S275

305 x 165 x40\

~_ T UKBS275

kRad

a=57mm

10
gh»‘ e igv *ﬁ L i35
4 by e # 45
a

Py D= 70

o— A hyp —o— 230
Py 70
&1 45 \

f_z)uez,m i @) 50 a=>57mm
z S275 60
by 230 x 110 x 10

n1=3 n2=1

Figure 15.1

15.2 Joint details and section properties

Configuration Beam to column flange

Column 203 x 203 x 46 UKC, S275

Beam 305 x 165 x 40 UKB, S275

Type of connection Fin plate connection using non-preloaded bolts.
Therefore it is a Category A: Bearing type
connection.

Fin plate 230 x 110 x 10, S275
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203 x 203 x 46 UKC, S275
From section property tables:

Depth h. = 203.2 mm P363

Width b, = 203.2 mm

Web thickness tywe = 7.2 mm

Flange thickness tre = 11.0 mm

Root radius 7. = 10.2 mm

Second moment of area y axis I, = 4570 cm*

Area A. = 58.7 cm’

For buildings that will be built in the UK, the nominal values of the yield BS EN 1993-1-1

strength (f;) and the ultimate strength (f,) for structural steel should be those NA.2.4
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and f < 16 mm BS EN 10025-2
Yield strength foe =R =275 N/mm? Table 7
Ultimate tensile strength fuc =R, = 410 N/mm’

305 x 165 x 40 UKB, S275

From section property tables:

Depth h, = 303.4 mm P363

Width b, = 165.0 mm

Web thickness typ = 6.0 mm

Flange thickness trp, = 10.2 mm

Root radius ", = 8.9 mm

Second moment of area y axis L, = 8500 cm*

Area A, =513 cm’

For S275 steel and # < 16 mm BS EN 10025-2
Yield strength fi» = R = 275 N/mm’ Table 7
Ultimate tensile strength fus = Rn = 410 N/mm’

Fin plate - 230 x 110 x 10, S275
Distance below top of beam g, = 35 mm

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Horizontal gap (end beam to column flange)g, = 10 mm
Plate depth h, = 230 mm
Plate width b, = 110 mm
Plate thickness f, = 10 mm
For S275 steel and 7 < 16 mm BS EN 10025-2
Yield strength fop = R = 275 N/mm’ Table 7
Ultimate tensile strength fup =Ry = 410 N/mm’
Direction of load transfer (1)
Number of bolt rows n =3
Plate edge to first bolt row e; = 45 mm
=) Beam edge to first bolt row €1, = 80 mm
§ Pitch between bolt rows p1 = 70 mm
8
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Direction perpendicular to load transfer (2)

Number of vertical lines of bolts n, =1

Plate edge to first bolt line e; = 50 mm

Beam edge to last bolt line e, = 50 mm

Lever arm z = 60 mm

Bolts

Non pre-loaded, M20 Class 8.8 bolts

Total number of bolts (n = n; xn,) n =3

Tensile stress area A, = 245 mm’ P363 Page C-306
Diameter of the shank d =20mm

Diameter of the holes dy = 22 mm

Yield strength fi» = 640 N/mm’ Table 3.1
Ultimate tensile strength fis = 800 N/mm’

Welds

Leg length = 8 mm

Throat thickness a =5.7mm

15.3 Rotational requirements

It is assumed that there is sufficient rotation capacity, because the details given
in Access-steel document SNO16 (www.access-steel.com) have been adopted.

15.4 Partial factors for resistance

15.4.1 Structural steel

ymo = 1.0 BS EN 1993-1-1
NA.2.15

Plate in bearing

2 = 1.25 Table NA.1

For tying resistance verification, yy, = 1.1 Access-steel

document SNO18

15.4.2 Bolts

2 = 1.25 Table NA.1

For tying resistance verification, yy, = 1.1 Access-steel
document SNO18

15.4.3 Welds

2 = 1.25

Table NA.1
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15.5 Resistance of the fillet welds

For an S275 fin plate verify that the throat thickness (a) of the fillet weld is:.
a > 0.5t, P358
0.5, =05 x10 =5 mm

Here, a = 5.7 mm (Sheet 4)

As 5.7 mm > 5 mm, the fillet weld is adequate.

15.6 Shear resistance of the joint

15.6.1 Bolts in shear

The shear resistance of a single bolt, F,rq is given by: Table 3.4
a A
Fv,Rd _ v fub
7 M2
where:

a, =0.6 for class 8.8 bolts
A=A, =245 mm’

0.6x800 x 245 5
1.25

Fyra = 107 =94.1 kN

For a single vertical line of bolts (i.e. n, =1 and n =n))

a =0 and

B 62 . 6x60
n(n+1)p, 3x4x70

=0.43

The shear resistance of the bolts in the joint is

an,Rd
Veag =
J@ran) +(pn)
Veat = 3x94.1 =173 kN

J(1+0x3)? +(0.43x3)?

15.6.2 Fin plate in bearing

For a single vertical line of bolts (i.e. n, =1 and n = n;)

a=0 and g =0.43 (from section 15.6.1)

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

The bearing resistance of a single bolt (Fyrq) is given by Table 3.4
k1 ay fu d 1
Fb,Rd =
7 M2
8
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Therefore vertical bearing resistance of a single bolt on a fin plate, Fyry.yer 1S:

kiay fu,dt
Fonans = 20 updly
Y M2
where:
av is the least value of i; A—l; Jub and 1.0.
3d, 3d, 4 fu’p
B )68
3d, 3x22
po 1 _| 70 —(lj = 0.81
3d, 4 |\ 3x22) |4
Jw 800 _, o5
fu,p 410

Therefore, ar, = 0.68

For edge bolts k; is the lesser value of 2.8d>< € _ 1.7 and 2.5
0
28xe _[2 SXSOJ—M — 4.66
dg 22

Therefore, kK, =2.5

Thus, the vertical bearing resistance of a single bolt on a fin plate, Fy, rq.yer 1S:

2.5x0.68 x410 x 20 x 10 y

Fy Raver = 1073 =111.5 kN
1.25
The horizontal bearing resistance of a single bolt in a fin plate (Fy, ranor) 18 Table 3.4
k 1 abf u, d t
Fb,Rd,hor = P
7 M2
where:

o, is the least value of e_z; Ju and 1.0

0 u,p
2 _ 0 o7
3d, 3x22
fw 800 _, o5
Sup 410
Therefore, a, =0.76
2.8e,

k1 is the least value of -1.7; 12—p1 —1.7 and 2.5

0 0
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2.8

°L 17 =(2'8X45]—1.7 = 4.03
dy 2
1.4

Pr_ 17 _[1'4”0}—1.7 =275
d, 2

Therefore, kK, =2.5
Thus, the horizobtal bearing resitance of a single bolt is

2.5x0.76 x 410 x 20 x 10 y
1.25

1072 =124.6 kN

Fb,Rd,hor =

The bearing resistance of the fin plate is

n
VRd,z =
2 2
l+an pn
+
Fb,Rd,ver Fb,Rd,hor
3
Veaz = =219 kN

2 2
1+0x3 N 0.43x3
111.5 124.6

15.6.3 Beam web in bearing
For a single vertical line of bolts (i.e. n, = 1 and n = n;)

a =0 and B =0.43 (from Section 15.6.1)

The bearing resistance of a single bolt (F,rq) iS:
_kiay fudt

Fyra, =
y4vv}

(Fb,Rd,ver) iS :

Therefore the vertical bearing resistance of a single bolt in a beam web,

Access-steel
document SNO17
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kiay fupdtyy
Fb,Rd,ver =
7 M2
where:
1 u
oy 18 the least value of P - S and 1.0
3dy 4 fup
pi L[ 70 1.1 _gg
3d, 4 3x22 4
Jw 800 g5
S Sfub 410
g Therefore, s, = 0.81
S
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k, is the lesser value of:

28w 4 =(MJ—1.7 - 4.66
d 22

and 2.5

Therefore:

k, =2.5

Thus, the vertical bearing resitance of a single bolt in the beam web is

2.5x0.81x410x20x 6 y
1.25

1072 =79.7 kN

Fb,Rd,ver =

k dt
Fb,Rd,hor — labfu,b w,b
VM2
where:
e
a is the least value of —>— | S ,and 1.0
0 u,bl
e
2b 50 _ 076

3d, 3x22

Jun 800 g5

Sum 410

Therefore, «, =0.76
k, is the lesser value of:

1.4
P _1_7:(1.4x7o
do 22

]—1.7 =2.75

and 2.5
Therefore, kK, = 2.5
Thus the horizontal bearing resitance of a single bolt is
2.5x0.76 x410 x 20 x 6 o
1.25

1072 =74.8 kN

Fb,Rd,hor =

The bearing resistance in the beam web is

n
VRd,s =
2 2
l+an pn
- + -
Fb,Rd,ver Fb,Rd,hor
3
Veag = =140.7 kN

2 2
{1+0><3 +{0.43><3
79.7 74.8

The horizontal bearing resistance of a single bolt in the beam web (Fy, rghor) 1S

Access-steel
document SNO17
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15.7 Tying resistance of the joint

BS EN 1993-1-8 does not give any guidance on tying resistance of
connections. Therefore, the guidance given in the NCCI Access Steel
document SNO18 is used to determine the tying resistance of the end plate.

As large strains and large deformations are associated with tying resistance
failure modes, SNO15 recommends that ultimate tensile strengths (f,) be used
and the partial factor for tying yv, be taken as 1.1.

15.7.1 Bolts in shear

For a single bolt in shear

Fyrau = M
Y Mu
where:
a, = 0.6 for grade 8.8 bolts
A =4 =245mm’
Thus, Fypau _0.6x800x245 145 _106.9 kN

1.1
Therefore the tying resistance of all the bolts in the joint is

NRrauw1 =NnFygqy =3x106.9 =320.7 kN

15.7.2 Fin plate in bearing
The bearing resistance of a single bolt (Fyrq) is

klabfudt

Fb,Rd =
7 Mu

Therefore the horizontal bearing resistance of a single bolt in a fin plate in
tylng (F b,Rd,u,hor) is

kl ady fu‘p d tp
Fb,Rd,u,hor =
7M,u

where:

o is the least value of ;—2; S and 1.0

0 u,bl
2 _ 0 _47
3d, 3x22
S 80 g
Sun 410

Therefore, a, =0.76

ki is the least value of 2.8ﬁ -1.7; 1.4p—1 —-1.7 and 2.5

d, d,
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285 17 228X 10 403
d, 22
14t g JLAXT0 g0 g5
d, 22

Therefore, k; =2.5
The horizontal bearing resitance of a single bolt is

2.5x0.76 x 410 x20x 10 9
1.1

Therefore the horizontal tying resistance of the fin plate in bearing in tying is

NRrau2 =NFprauner =3%x141.6 =425 kN

1072 =141.6 kN

Fb,Rd,u,hor =

15.7.3 Beam web in bearing

The horizontal bearing resistance of a single bolt in the beam web (Fy rdunor) 18

kiay fupdtyy

Fb,Rd,u,hor =
7/M,u
where:
. € . Jw
oo 18 the least value of —=; “~*:and 1.0
0o u,b
e
b _ 30 g6
3d, 3x22
Jw 800 g5
Sub 410
Therefore:
a, =0.76

ki is the least value of 1.4% —1.7 and 2.5

o

14l _yq 214X

d, 22

-1.7 =2.75

Therefore, k; =2.5

The horizontal bearing resitance of a single bolt in the web is

2.5x0.76 x410x20 x 6 o
1.1

1073 =85.0 kN

Fb,Rd,u,hor =

The bearing resistance of the beam web is

NrRaus = nFyraunor =3 %85 =255 kN
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11 of
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Rev

15.8 Summary

presented in this example.

Table 15.1 Joint shear resistance

Tables 15.3 and 15.4 summarise the resistance values for all the applicable
modes of failure. Calculation of the values given in shaded boxes is not

Mode of failure

Joint shear resistance

Bolts in shear VR 173 kN
Fin plate in bearing Vra2 219 kN
Fin plate in shear (gross section) Vras 288 kN
Fin plate in shear (net section) Vraa 388 kN
Fin plate in shear (block shear) VRass 270 kN
Fin plate in bending VRas N/A

Fin plate buckling VRa7 777 kN
Beam web in bearing Vkas 141 kN
Beam web in shear (gross section) Vrao 319 kN
Beam web in shear (net section) Vrd.10 381 kN
Beam web in shear (block shear) Vra.1n 196 kN

VRd = VRd’g = 141 kN

Table 15.2 Joint tying resistance

The design shear resistance of the fin plate connection is

Mode of failure

Joint shear resistance

Bolts in shear Nrd.u1 321 kN
Fin plate in bearing Nrdu2 425 kN
Fin plate in tension (block tearing) Nrdus 743 kKN
Fin plate in tension (net section) Nrdua 550 kN
Beam web in bearing Nrdus 255 kN
Beam web in tension (block tearing) Nrdus 446 kN
Beam web in tension (net section) Nran7 330 kN
Supporting member in bending Nraus N/A

Nray = Nraus =255 kN

15.9 Ductility

The design tying resistance of the fin plate connection is

Ductility is ensured by adopting details which have been demonstrated to be
ductile by testing. In this case, the use of a 10 mm fin plate with M20 bolts
and an 8 mm leg fillet weld is known to behave in a ductile manner.
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ﬁ/ﬁ/ﬁl Job No. CDS164 Sheet 1 of 11 |Rev

\\ Job Title  Worked examples to the Eurocodes with UK NA

! SCi Subject

Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Example 16 - Column splice — Bearing

Fax: (01344) 636570 Client Made by MEB Date Feb 2009
SCI

CALCULATION SHEET

Checked by DGB Date Jul 2009

. _ - References are to
16 Column splice — Bearing B .8
2005, including its
16.1 Scope National Annex,
unless otherwise
Verify the adequacy of the column bearing splice shown in Figure 16.1 that stated.

connects a 254 X 254 x 73 UKC (upper section) to a 305 X 305 X 118 UKC
(lower section).
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The design aspects covered in this example are:

e Determination of tying force to be resisted by the column splice
e Continuity of column stiffness at splice location

e Resistance of the splice to compression and moment

e Resistance of the splice to horizontal shear

e Design of the welds

e Tying resistance
— Bolts in tension
— Punching failure of bolts
— Cap and base plates in bending

— Weld in tension.

16.2 Joint data and section properties

Upper column

254 x 254 x 73 UKC in S275 steel P363

Depth hee = 254.1 mm

Width b = 254.6 mm

Thickness of the web tyye = 8.6 mm

Thickness of the flange trye = 142 mm

Depth between fillets d,, = 200.3 mm

Area A = 93.1cm’

For buildings that will be built in the UK, the nominal values of the yield BS EN 1993-1-1

strength (f;) and the ultimate strength (f,) for structural steel should be those NA.2.4
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S275 steel and # < 16 mm BS EN 10025-2
Yield strength fowe = R = 275 N/mm’ Table 7
Ultimate tensile strength fowe =Ry = 410 N/mm’

Lower column

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

305 x 305 x 118 UKC in S275 steel P363
Depth h. = 314.5 mm
Width b. = 307.4 mm
Thickness of the web tyre = 12.0 mm
Thickness of the flange e = 18.7 mm
Depth between fillets di. = 246.7 mm
Area A, = 150.0 cm?
For S275 steel and 16 < ¢ < 40 mm BS EN 10025-2
Yield strength fyre = R = 265 N/mm’ Table 7
S Ultimate tensile strength fure =R, = 410 N/mm’
8
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Cap and base plates
315 X 308 x 16 mm plate in S275 steel
Depth h, = 315.0 mm
Width b, = 308.0 mm
Thickness of plate [ = 16.0 mm
Diameter of bolt holes for M20 bolts dy 22 mm
For S275 steel and # < 16 mm BS EN 10025-2
Yield strength fop = R = 275 N/mm’ Table 7
Ultimate tensile strength Jup = 410 N/mm*
In the major axis (y-y)
Distance between bolts D1 = 140 mm
Plate edge to first bolt row e = 87 mm
In the minor axis (z-z)
Distance between bolts D2 = 120 mm
Plate edge to first bolt line e = 94 mm
Bolts
Non pre-loaded, M20 Class 8.8 bolts
Diameter of the shank d = 20 mm P363 Page C-306
Tensile stress area A = 245 mm?
Yield strength fiw = 640 N/mm’ Table 3.1
Ultimate tensile strength fuo = 800 N/mm*
16.2.1 Connection category
The connection is category A; bearing type with non preloaded bolts. 3.4.1(1)
16.3 Design forces at Ultimate Limit State
For persistent and transient design situations:
Design compression force due to permanent actions Neag = 825 kN
Design compression force due to variable actions Neqg = 942 kN

Total design axial compressive force

Design bending moment (due to permanent and

variable loads)

Shear force (due to permanent and variable loads)

For accidental design situations:

For framed buildings, the vertical tying force should be taken as a tensile force
equal to the largest design vertical force applied to the column by a single floor

Nga = 1767 kKN

Mgg = 15 kNm
Ved 8 kN

due to the combined permanent and variable actions. This accidental action
should not be combined with other permanent and variable actions that act on

the structure. The partial factors on actions at the accidental state are all unity.

Here, the design force that is applied to the column by a single floor is
460 kN. Therefore, the tensile tying force that should be resisted by the

column splice is:
Neg = 460 kN

BS EN 1991-1-7
A.6(2)
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16.4 Net tension
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Figure 16.2

For the permanent and transient design situations, it should be determined
whether any of the bolts will need to resist net tension due to the design forces
acting on the splice.

For there to be no net tensile force on any of the connecting bolts, the
following criteria should be met:

NiaoP

Mg, <
Ed )

NpigP1  825x140x107°
2 2

My, =15 kNm < 57.8 kNm

=57.8 kNm

Therefore, no net tension is present at the splice.

16.5 Partial factors for resistance

16.5.1 Structural steel

Table 2.1 of BS EN 1993-1-8 specifies the use of the partial factor y,, for the
resistance of member cross sections, given in BS EN 1993-1-1, and for the
resistance of bolts, rivets, pins, welds and plates in bearing. Here two values
for s, are required.

For plates in bearing

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

m = 1.25 Table NA.1
For the resistance of cross sections BS EN 1993-1-1
we = 1.1 NA.2.15
For tying resistance verification, #y, = 1.1 SNO15
=) 16.5.2 Bolts
5 K = 125 Table NA.1
;2 For tying resistance verification, py, = 1.1 SNO15
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16.5.3 Welds
m = L1.25 Table NA.1

16.6 Continuity of column stiffness at splice

As the column bearing splice is located at a height of 600 mm above a floor Access-steel
level in a braced steel frame, full continuity of stiffness through the splice is document SN025
not required.

16.7 Resistance of the splice to compression and
moment

Consider the transfer of compressive forces in the flanges of the upper column
to the flanges of the lower column.

h,—h . . .
If 1,0 +1pic 2 le 5 e | the forces can be transferred directly in compression,

within a 45° dispersal from the upper column.
tp,uc + [p,lc =2 tp =2x16 = 32 mm

Lt ;huc = 314'5;254'1 =30.2 mm < 32 mm therefore forces can be

transferred in compression.

(If this were not satisfied, the transverse compression on the web would need
to be checked using 6.2.6.2 of BS EN 1993-1-8.)

16.8 Resistance of the splice to horizontal shear
16.8.1 Bolts in shear

The shear resistance of a single bolt (F, rq) is given by:

avfub A
Fv,Rd = Table 34
7 M2
ay = 0.6 for class 8.8 bolts

As the shear plane passes through the threaded part of the bolt:
A=A, =245mm’
Therefore, the shear resistance of a single bolt with a single shear plane is:

0.6x800x245 N
1.25

Fypq = 107 =94.1 kN / bolt

16.8.2 Cap and base plates in bearing

The bearing resistance of a single bolt (Fyrq) is given by:

kiaofupdt,
Fypg =—"—"— Table 3.4
7 M2
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where:

o, is the least value of o S and 1.0
u,p

For the end bolts, ¢, is not applicable because the column flange is welded
to the cap and base plates.

For inner bolts ay, = pi_1 = 140 —(lJ =1.81
3d, 4 3x22 4

Jw _ 800 =1.95

Sfup 410

Therefore, for both end and inner bolts, a, = 1.0

For edge bolts k; is the smaller of 2.86—2 —1.7 and 2.5.
d,

2852 17 =
d,

(2.8x94

]—1.7 =103 > 2.5
22

For inner bolts k; is the smaller of 1.4% —1.7 and 2.5.

o

1422 17 =(

d,

1.4 x120

J—1.7 =59 > 25
22

Therefore, for both edge and inner bolts, k; = 2.5
Therefore the bearing resistance for a single bolt is:

2.5x1.0x410x20x16 y
1.25

1072 =262 kN Table 3.4

Fb,Rd -

Note: As the above equation uses the ultimate strength of the division plate, a
value of 1.25 has been used for the partial factor y, (plates in bearing Sheet 5).

16.8.3 Resistance of a group of bolts
The shear resistance of a single bolt with a single shear plane is: Sheet 5
Fyra = 94.1 kN
The bearing resistance for a single bolt is:
Fora = 262 kN

As F,ra < Fyra the resistance of the group of four bolts in the splice is 3.7(1)
determined as:

4F, pg =4x94.1 =376 kN

Therefore, the resistance of the splice to horizontal shear is:

Vea = 376 kN
Vea _ 8 =0.02 < 1.0
Vea 376

Therefore the resistance of the splice to horizontal shear is adequate.
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16.9 Weld design

BS EN 1993-1-8 presents two methods for determining the resistance of a fillet
weld, the directional method (more exact) and the simplified method.

The simplified method for calculating the design resistance of the fillet weld is
used here.

16.9.1 Resistance to horizontal shear
Verify that:

h <1
Vw,Rd
The design weld resistance per unit length, 4.5.3.3(2)

Fw,Rd = fvw,da

where:
_fu 3
Sowa = 4.5.3.303)
For S275 steel, B, = 0.85 Table 4.1
f. relates to the weaker part jointed by the weld, therefore for S275: 4.5.3.2(6)
fu = 410 N/mm’ Sheet 2
410/+4/3
Hence f.y.q =—\/_ =223 N/mm* 4.5.3.3(3)
0.85x1.25

The throat thickness of the weld that corresponds to a leg of 6 mm is:
a =42 mm
Therefore, the design weld resistance per mm is: 4.5.3.3(2)

Fygra =223x4.2 =937 N/mm

Conservatively consider the effective weld length (/) to be:

1 =2(b,, +d,,) =2x(254.6+200.3) =910 mm
Vird = Fora X1 =937x910x107° =853 kN

hzizo.ma.o
Vara 833

Therefore the design resistance of the weld with a leg length of 6 mm and
throat thickness of 4.2 mm is satisfactory. (In this example, the critical
verification for the weld is the resistance to tying, see Section 16.10.4.)

16.10 Tying resistance

BS EN 1993-1-8 does not give any guidance on tying resistance of
connections. Therefore, the guidance given in the NCCI Access Steel
document SNO15 is used to determine the tying resistance of the end plate.

As large strains and large deformations are associated with tying resistance Access-steel
failure modes, SNO15 recommends that ultimate tensile strengths (f,) be used document SNO15
and the partial factor for tying ym, be taken as 1.1.
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Bearing column splice material should be able to transmit 25% of the 6.2.7(14)
maximum compressive force (NVgq). Generally this force will be less than the
accidental tying force. Here:

25% of Ngq is 25% of 1767 = 442 kN
and for tying Ngg = 460 kN Sheet 3

As 442 kN < 460 kN the tying resistance verifications are critical so the 25%
verification does not need to be verified in this case.

16.10.1 Bolts in tension
Verify that:

N,
—E < 1.0
Rd
The tensile resistance of a single bolt is:
k 2 fub As

7M,u

Ft,Rd =

As the bolts are not countersunk k£, = 0.9

kyfwAs 0.9 x800x 245
Ft,Rd = = X

}/M’u 1.1

1073 =160 kN

Therefore, the tension resistance of all the bolts in the splice is:

Npg =4x160 =640 kN

Neg _ 460 =0.72 < 1.0
Npg 640

Therefore, the tension resistance of the group of bolts is adequate.

16.10.2 Punching failure of bolts
The punching shear failure for a single bolt is:

0.67dyt, [y Table 3.4
Bypg =———
7 M2

Here y1, must be replaced with 1y, as this verification considers the tying
force resistance, thus,

0.67d 1, fu
B, ra __~rmpJu
7/M,u

d,, is the mean of the ‘across points’ and ‘across flats’ dimensions of the bolt 1.5(1)
head or nut, whichever is the smaller.

The dimensions of the nut are the same as the head of the bolt, therefore
determine d,, for the bolt head only.

_e+s
2

dm
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S
Y (O

Y Y
Figure 16.3
For an M20 bolt: P358
e = 30.0 mm
s = 34.6 mm
Therefore,
g =30%346 53 m

2

0.6 x7rx32.3%x16x410 _

Bore = e x107% =363 kN Table 3.4

Therefore, for the group of four bolts, the punching shear failure is:
4 X 363 = 1452 kN

h :ﬂ =032 < 1.0
4B pg 1452

Therefore, the resistance of the division plate to punching failure for four bolts
is adequate.

16.10.3 Cap and base plates in bending

The cap and base plate resistances should both be verified. However, when
the cap and base plates have the same dimensions and the lower column has a
thicker web than the upper column, the base plate is the critical case.

The approach used for the end plate (Example 14) is used here for the base
plate alone as this is the critical case.

An equivalent T-stub is used to represent the base plate in bending. The
resistance of the base plate in bending (Nrq,) is taken as the minimum value
for the resistance to Mode 1 failure (complete yielding of the base plate) or
Mode 2 failure (bolt failure with yielding of the base plate) failure.

twp1 Access Steel
- document SNO15
0,8 a2
M

L 1] [ [ 1]

P3

Nraup 18 the lesser value of Fp |y (Mode 1 failure) and Fr , i, (Mode 2
failure).
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Mode 1 failure
(8np _2ew )Mpl,l,Rd,u

n, is the least value of e>; e, .; 1.25my,.

p; =p, =120.0 mm
fypi =lwu =8.6 mm
[120-8.6-(2x0.8x4.2xv2 )]
P 2
1.25m,  =125x50.95 =63.68 mm

=50.95 mm

63.68 mm < 94.0 mm

Therefore, n, = 63.68 mm

_ l z leff,ltsfu,p

M, raw = 4 kNm

7/M,u

where:

taken as [y, = h, .

Take > L, = h, thus,

C1hytpfup 1 (3145%16% x410
Myiray =—— =—X
Ywmu 4 1.1

Therefore,

[(8x63.68) - (2x9.25)]x7.5x10°

= 678 kN
(2x50.95 x 63.68) —[9.25 x (50.95 + 63.68 )]

FT,I,Rd =

FT,l,Rd =
2myn, —e, (mp +n, )
where
dy
e, =—
4
d, is the diameter of the washer or width across the points of the bolt or
nut
dy = 37 mm
€y =£ =9.25 mm
4

€ = 94.0 mm
€. is not applicable in this example as the two plates have the same
dimensions.
[P3 —lwpi —(2X0.8xaxﬁ)]
mp = 5

D L, is the effective length for Mode 1 and may be determined by
following the method given in SCI P358 or conservatively may be

}106 =7.5 kNm

Access Steel
document SNO15

Access Steel
document SNO15

Based on
Table 6.2
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Mode 2 failure Access Steel
document SNO15
2Mpl,2,Rd,u +n, ZF[,Rd,u
FT,Z,Rd =
m, +n,
where:
ZFt,Rd,u =nFrqy
kyfunAs Access Steel
Firgu =—— where k, = 0.9 document SNO15
7/M,u
F\ rau _0.9x800x245 145 _160.4 kN

1.1
Y Firgu = 1F pqu =4x160.4 =641.6 kN

M _ l z leff,2t§fu,p Table 6.2
pL,2,Rd,u — 4

7/M,u

where:

2 L, is the effective length for Mode 2 and may be determined by

following the method given in SCI P358 or conservatively may be
take as ) L, = h,. Thus,

M iaran =My irau =7.28 kKNm

Therefore,

(2x7.5%10% )+ (63.68x641.6x10° )
(50.95 + 63.68) x 10°

=487 kN

Frora =

487 kKN < 678 kN

Therefore the resistance of the division plate in bending is the Mode 2 failure
value Fp ) pq

NRd,u,Z = 487 kN

Neg _ 460

= =094 < 1.0
Npauo 487
Therefore, the resistance of the division plate in bending is adequate.

16.10.4 Welds in tension
Verify that:

Nea

Nw,Rd

Ny ra = Fypa X1 =957x910x107° =853 kN Sheet 7
Nea 4055541

Nypa 853

Therefore the design resistance of the weld with a leg length of 6 mm and
throat thickness of 4.2 mm is adequate.
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Job Title  Worked examples to the Eurocodes with UK NA

HSCI Subject

Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Example 17 - Column splice- Non bearing

Fax: (01344) 636570 Client Made by MEB Date Feb 2009

SCI

CALCULATION SHEET Checked by DGB bate  Jul 2009

17 Column splice — Non bearing References e &2

2005, including its

P1fp

17.1 Scope National Annex,
. . . unless otherwise
Verify the adequacy of a non bearing column splice that connects a stated.
203 x 203 x 60 UKC (upper section) to a 254 x 254 x 89 UKC (lower
section).
{ e1,fp¢
) 50
+ P1fp 80
L 1 I P1fp N =8 80
P1,fp 80
A o
- hey P1.fp,j 110 | 690
.

P1,fp p=

Sl Sl Sl Sl Sl Sle
T T T T T

.
T

w1l

e
T
e

=R
el bbas

P1.fp

e P e
2,f;L) b2,fp eZ,fp
fp

55 100 55

e1,wp¢

€4 w P1wp Nyp =4

=
F

T hwp|P1wp,j 110 | 350
F
y

P1wp

o

Figure 17.1
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The design aspects covered in this example are:
e Calculation of forces for connection component verification

e Resistance of the splice
— Flange cover plates
— Flange cover plate bolt group
— Web cover plates
— Web cover plate bolt group

— Upper column web bolt group.

17.2 Joint details and section properties

Upper column
203 x 203 x 60 UKC in S355 steel

Depth h,e = 209.6 mm P363
Width b, = 205.8 mm

Thickness of the web tyue = 9.4 mm

Thickness of the flange tre = 14.2 mm

Root radius e = 10.2 mm

Area A, = 76.4 cm?

Area of flange

Aty =bycliy =205.8x14.2 =29.22 e’

Area of web

Ayue = Ay =245, =76.4-2922 =17.96 cm’

2
%
Z For S$355 steel BS EN 10025-2
é Yield strength (¢ < 16 mm) frue = Rer = 355 N/mm’ | Table 7
2 Ultimate tensile strength (3 mm <¢< 100 mm) f,.. = Ry = 470 N/mm’
; In the direction of load transfer (1)
% End of upper column to first bolt row on column web eiw = 50 mm
g Pitch between bolt rows on column web Diw = Diwp = 80 mm
g In the direction perpendicular to load transfer (2)
§ Edge of upper column to first bolt line on the column web e, = 53 mm
5 Pitch between bolt lines on column web Dow = Dawp = 80 mm
£ Lower column
3 254 x 254 x 89 UKC in S355 steel
D
T Depth he = 260.3 mm P363
g Width b. = 256.3 mm
£ Thickness of the web twie = 10.3 mm
O% Thickness of the flange tre = 17.3 mm
g2 Root radius . = 12.7 mm
GF 182
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For S355 steel BS EN 10025-2
Yield strength (16 mm < ¢ < 40 mm) frie = R = 345 N/mm’ | Table 7

Ultimate tensile strength (3 mm <7< 100 mm) f,,c = R, = 470 N/mm?

The width and thickness guidance for the flange and web cover plates given in
the Access Steel NCCI document SN024 has been followed for this example.

The edge, end and spacing dimensions comply with the maximum and
minimum values given in Table 3.3 of BS EN 1993-1-8:2005.

Vertical gap between column ends g, = 10 mm

Flange cover plates
210 x 690 x 12 in S355 steel

Height hg = 690 mm

Width by, = 210 mm

Thickness tp, = 12 mm

For buildings that will be built in the UK, the nominal values of the yield BS EN 1993-1-1

strength (f;) and the ultimate strength (f,) for structural steel should be those NA.2.4
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S355 steel BS EN 10025-2
Yield strength (f < 16 mm) forr = Res = 355 N/mm’ | Table 7
Ultimate tensile strength (3 mm <7< 100 mm)  f,5, = R, = 470 N/mm’

Number of bolts between one flange
cover plate and upper column ng =38

Direction of load transfer (1)

Plate edge to first bolt row e, = 50 mm
Pitch between bolt rows Disp = 80 mm
Pitch between bolt rows (across joint) Digpj = 110 mm

Direction perpendicular to load transfer (2)

Plate edge to first bolt line e = 55 mm
Pitch between bolt lines D2 = 100 mm

Flange packs
340 x 210 x 25 in S355 steel

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement
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For S275 steel
Yield strength (f < 16 mm)
Ultimate tensile strength (3 mm < 7 < 100 mm)

= R.y; = 355 N/mm’
=R, = 470 N/mm’

fy,wp
Jowp

Number of bolts between web cover plate and upper column n,, = 4

In the direction of load transfer (1)

Plate edge to first bolt row eiwp = 40 mm
Pitch between bolt rows Diwp = 80 mm
Pitch between bolt rows (across joint) Diwpj = 110 mm

In the direction perpendicular to load transfer (2)

Plate edge to first bolt line
Pitch between bolt lines

€ wp = 35 mm
Dowp = 80 mm

Web packs

When the connected members have significantly different web thicknesses, web

packs should be provided. Here the difference is only 1 mm; therefore web
packs are not required.

Bolts

M24 Class 8.8

Tensile stress area A, = 353 mm’
Diameter of the shank d =24 mm
Diameter of the holes dy = 26 mm
Yield strength fir = 640 N/mm’
Ultimate tensile strength fu» = 800 N/mm*

17.2.2 Connection category

The bolted connection uses non-preloaded bolts i.e. Category A: Bearing type
bolted connection.

17.3 Design forces at ULS

Design actions are taken from Example 16
For persistent and transient design situations

BS EN 10025-2
Table 7

P363 C-306

Table 3.1

3.4.1(1)

Design compression force due to permanent load  Nggg = 825 kN

Design compression force due to variable load Neqo = 942 kN

Total design compression force Ngg = 1767 kN

Design bending moment (due to permanent and

variable loads) Mgy = 15 kNm

Shear force (due to permanent and variable loads) Vea = 8KkN

For accidental design situations (tying resistance)

Design tension force Ngg = 460 kN
184
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17.3.1 Design axial forces on flange cover plates

Mg My
AT
N g NEg,G

— VEd Vg

i i
_ ‘ - _ ‘ _

\ i
_ ‘ _ _ ‘ _

\ l
e e
Lo - oo -

Ed
NEd,fp,cT f f N g4, tp,t
2NEd,Wp
Maximum compression force Maximum tension force

Maximum design compression force in the flange cover plate (Ng, rq)

M A
pr,Ed — Ed +Nﬁd[ f,uc J

uc

uc

15
209.6 x 103

+ 1767 x (%J =747.4 kN

pr,Ed =
76.4

Maximum design tension force in the flange cover plate (Ngq )

M A,
Nipea = ; M Neag [ = J

uc

uc

N e =L—825X(MJ _ 2440 N
b -3
209.6 x 10 76.4

As the above equation gives a negative value, there is no tension in the flange
cover plates. Therefore the resistance of the flange cover plates to tension
does not need to be considered for this example, except in tying.

17.3.2 Design forces on web cover plates

The compression force on one web cover plate may be determined as

NEd Aw uc
Noora = x —Wue
R T A
N wp.5a _ 1767 1796 _ 5077 kN
2 76.4

17.3.3 Design force in the upper column web
NW,uC,Ed = 2NWp,Ed = 2 X 207.7 = 415.4 kN
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17.4 Partial factors for resistance

17.4.1 Structural steel

n = 1.0 BS EN 1993-1-1
NA.2.15

For the bearing resistance of plates

m = 1.25 Table NA.1

17.4.2 Bolts

we = 1.25 Table NA.1

17.5 Resistance of connection

17.5.1 Flange cover plates

The design resistance of the flange cover plates in compression (Ngq ) may
be determined from BS EN 1993-1-1.

Local buckling between the bolts need not be considered if, Note 2 Table 3.3
Prp.j <9
tfp
e =0.81 Sheet 6
9¢ =17.29 Sheet 6
Prvg 110 _g5 5 729
I 12
Therefore the buckling of the flange plate between the bolts must be
considered.
Verify,
Nor 1
N fp,b,Rd
X Ap [y BS EN 1993-1-1
Nyppra = 6.3.1.1(3)

Y M1

Agy =bty =210x12 =2520 mm’

_ 1 <1.0 BS EN 1993-1-1
X = —-<1L Eq (6.49)
d?+\/(d? -1)
where:
o =05+(1+alz-02)+7")

A is the slenderness for flexural buckling
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Slenderness for buckling about the minor axis (z-z)

' _ 12 346 mm

iz Vi

o) Gae)

For a solid section in S355 steel use buckling curve ‘c’

i =

For buckling curve ‘c’ the imperfection factor is & = 0.49

@ =0.5[1+a(12 ~02)+7,? ]

= 0.5x[1+0.49x(025-0.2)+025% | =0.54

X = ! = ! =0.98
D+ (@ - 1,%) 0.54+J(0.542 ~0.252%)

098 < 1.0

Therefore,

x = 0.98

Therefore,
A

Noora = X Apty o _ 0.98 x 2520 x 355 <1073 — 877 kN
M1 1.0

N

e _T4TE g5 < 1.0
Nty pra 877

Therefore the design resistance of the flange plate is adequate.

17.5.2 Flange cover plate bolt group
The design resistance of the bolt group (Vg ) 18

Voora = 2 Fora if Fyre 2 (Fb,Rd )max
if (Fora )min £ Fyra < (Fprd ) max

if (Fb,Rd )min >Fra

Vio.ra = Mip (Fp R )min

pr,Rd = nprv,Rd

Example 17 - Column splice- Non bearing Sheet 7 of 14 |Rev
Lo = 0.6p1p; Note 2 to
L, =06 x 110 = 66 mm Table 3.3
A1 = 93.9¢
. = |28 J& o1
Syt 355
A1 = 93.9x%x0.81 =76.06

BS EN 1993-1-1
Eq (6.50)

BS EN 1993-1-1
Table 6.2

BS EN 1993-1-1
Table 6.1

BS EN 1993-1-1
6.3.1.2(1)

BS EN 1993-1-1
Eq (6.49)

3.7(1)
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where:
Fyra 1s the design bearing resistance of a single bolt

F,ra 1s the design shear resistance of a single bolt.

Bearing resistance of a single bolt

The design bearing resistance of a single bolt in the flange cover plate (Fyrq) is | Table 3.4
given by:

kianfupdte

7 M2

F bRd =

In the direction of load transfer:

o, is the least value of oy, S and 1.0

u,p
e

For end bolts a4 = L _ >0 =0.64
3d, 3x26

For inner bolts « 4 :pl’fp _1 :( 80 J—(lJ =0.78
3d, 4 3x26 4

S 800 9

Sfump 470

For end bolts 0.64 < 1.0 < 1.70 therefore, oy ena = 0.64
For inner bolts 0.78 < 1.0 < 1.70 therefore, cimer = 0.78

Perpendicular to the direction of load transfer:

As there are only two vertical lines of bolts in the splice there are no
inner bolts.

e
For edge bolts k; is the smaller of 2.8 2P 17 or2.5.
d,
e
28520 g | 28355 40 40
d, 26
2.5 <422

Therefore, k;, = 2.5
Hence, the bearing strengths for single bolts are,
End bolts

Fb,Rd,end = (Fb,Rd)min =

2.5%x0.64 x470 x24 x12 y
1.25

103 = 173 kN

Inner bolts

F b,Rd,inner — (F b,Rd)max -

2.5x0.78 x 470 x 24 x 12 "
1.25

103 =211kN
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Shear resistance of a single bolt

The design shear resistance of a single bolt in the flange cover plate (Frq) is
given by:
ayf wA Table 3.4

Firpa = ———
¥ M2

As the packing between the flange of the upper column and the flange cover 3.6.1(12)
plate is thicker than one third of the nominal diameter of the bolt plate, F,rq
should be multiplied by the reduction factor £,.

Therefore,
a,f.A
Fora = ﬁpvf_ub
VM2
where:
Eq (3.3
=29 pup<10 163
8d + 3t 1
= 9x24 081
(8x24)+(3x%x25)
0.81 < 1.0 therefore 4, = 0.81
For class 8.8 bolts, Table 3.4
a, = 0.6

Where the shear passes through the threaded part of the bolt
A = A, = 353 mm?

0.6 x 800 x 353
X 7T«

F,ra = 0.81 10° = 110 kN

Long joint verification
If Ly > 15d, a reduction factor should be applied to the bolt resistances. 3.8(1)

L is the joint length, here
L =3p1p =3 X80 = 240 mm
15d = 15X 24 = 360 mm

As 240 mm < 360 mm, no reduction in bolt resistance is required.

Resistance of the flange plate bolt group
As, Fyrq (110 kN) < (Fyra)min (173 kN), 3.7(1)
the resistance of the bolt group in the flange cover plate is:

pr,Rd :nprV’Rd =8x110 :SSOkN

N
b _ T4 585 < 1.0

Vip.rd 880

Therefore the resistance of the bolt group in the flange cover plate is adequate.
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Note: Here the bearing resistance of the flange plate is more critical than the
bearing resistance of the column flanges, thus verifications are not required for
the column flanges.

17.5.3 Web cover plate

The design resistance of the web cover plate in compression (Ng,rq) may be
determined from BS EN1993-1-1.

Local buckling between the bolts need not be considered if, Note 2 Table 3.3
Proj <9¢
Iy
9¢ = 17.29 Sheet 6
DPiwp.j 110

=— =13.75> 172
8

twp

Therefore buckling of the flange plate between the bolts must be considered.

Verify,
ﬂﬁﬂisLo
pr,b,Rd
X Ag fywp BS EN1993-1-1
Nyppra =——— 6.3.1.1(3)
7 M1

Ay =b ypty =150x8 =1200 mm’

B 1 <10 BS EN 1993-1-1
d o i@ 1) Eq (6.49)
where:

@ = 0.5+{1+a(1—0.2)+12}

A is the slenderness for flexural buckling
BS EN 1993-1-1
) Afy Lcr 1 .
A = |—2 =| =2 || — | (For Class 1, 2 and 3 cross sections) 6.3.1.3(1)
N, i )\ 4 Eq (6.50)

As piwpj = Pispj the buckling length,

L., = 66 mm (from Sheet 7)

AS fywp = fysp, &€ = 0.81 (from Sheet 6), thus
A1 = 76.06 (from Sheet 7)

Slenderness for buckling about the minor axis (z-z)

-
i _ o8 53 mm

o i
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) () e

For a solid section in S355 steel, use buckling curve ‘c’

For buckling curve ‘c’, the imperfection factor is & = 0.49

@ =0.5[1+a(11 ~02)+7,2 ]

= 0.5x[1+0.49x(0.38-0.2)+ 0382 | =0.62

X = ! = ! =0.90
D+ (P -1,%) 0.62+\/(0.622 -0.38%)
0.90 < 1.0
Therefore,
7 = 0.90
Nnora = 0.9x1200x355 | s _ jeain
1.0
N
wee 2077 54 <1
Nypbra 383

Therefore the design resistance of the flange plate is adequate.

be satisfactory by inspection.

17.5.4 Web cover plate bolt group

Bearing resistance of a single bolt

given by:
k labf u,pd t p

Y M2

F bRd —

In the direction of load transfer:

o 18 the least value of ¢y, fi and 1.0
up

el,wp 40
Oy = =

3d, 3x26

For end bolts =0.51

For inner bolts ¢4

Piw 1 :( 80 ]_[lJ o8
3d, 4 \3x26) (4

The web cover plates should also be verified for combined bending, shear and
axial force in accordance with clause 6.2.10 or 6.2.1 (5) of BS EN 1993-1-1.
However, in this case the shear force is small and the interaction is judged to

The design bearing resistance of a single bolt in the web cover plate (F,rq) is

BS EN 1993-1-1
Eq (6.50)

BS EN 1993-1-1
Table 6.2

BS EN 1993-1-1
Table 6.1

BS EN 1993-1-1
6.3.1.2(1)

BS EN 1993-1-1
Eq (6.49)

Table 3.4
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fw 800 _ 4
[ 470

For end bolts 0.51 < 1.0 < 1.7, therefore, @yena = 0.51
For inner bolts 0.78 < 1.0 < 1.7, therefore, e = 0.78

Perpendicular to the direction of load transfer:

As there are only two vertical lines of bolts in the splice, there are no

inner bolts.
€2.w
For edge bolts k,; is the smaller of 2.8 2 1.7 or2.5.
d,
28 2™ 17 = 28X 15 o
d, 26
207 <25
Therefore, k; = 2.07
The bearing strengths for single bolts are:
End bolts
Fordond = (For)min 2.07x0.51x470 x 24 x 8 <107 = 76 KN

1.25

Inner bolts
2.07x0.78 x 470 x 24 x 8 8
1.25

103 =117 kN

Fb,Rd,irmer = (Fb,Rd) max

Shear resistance of a single bolt
The design shear resistance of a single bolt in the web cover plate (F,rq) is

given by:
F _ayfpd BS EN 1993-1-8

vRd = ——— Table 3.4

Y m2
As there is no packing between the web of the upper column and the web BS EN 1993-1-8
cover plate, the reduction factor f3, is applied to F,rq. Therefore, 3.6.1(12)
Fura = 0.6 x 800 x 353 <1073 = 136 kKN
1.25

Long joint verification
If Ly > 15d a reduction factor should be applied to the bolt resistances. 3.8(1)
Here,
Piwp = Pijp
Therefore, no reduction in bolt resistance is required (see verification on
Sheet 9).
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Resistance of the web cover plate bolt group
As, (Fyra)max (117 kN) < Fyrq (136 kN), 3.7(1)

the resistance of the bolt group in the web cover plate is:

Vipra = D Fyra = 2x76) + (2 x 117) = 386 kN

pr,Ed . 2077
Vp.Rd 386

=0.54< 1.0

Therefore the resistance of the bolt group in the web cover plate is adequate.

17.5.5 Upper column web bolt group

Bearing resistance of a single bolt

The design bearing resistance of a single bolt in the web of the upper column | Table 3.4
(Fyra) 1s given by:

k labfu,ucd ! w,uc

7 M2

Fb,Rd -

In the direction of load transfer:

a is the least value of ay, S w and 1.0

u,uc

el,w 50

For end bolts a4 =—— = =0.64
3d, 3x26

For inner bolts a4 = Prw 1 = 80 1_1 =0.78
3d, 4 3x26 4

f& :@ =1.70

Suwe 470

For end bolts 0.64 < 1.0 < 1.7, therefore e = 0.64
For inner bolts 0.78 < 1.0 < 1.7, therefore & jmer = 0.78

Perpendicular to the direction of load transfer:

For bolts in the web it can be considered that there are no edge bolts.
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The bearing strengths for single bolts are:

End bolts

Fortond = Foromin = 2.5%x0.64x470x24x9.4 <10~ = 136 kKN
1.25

Inner bolts

Foraime = (Fordms = 2.5%x0.78x470x24%x9.4 <107 = 165 kKN

1.25

Shear resistance of a single bolt

The design shear resistance of a single bolt in the web (F, yewra) 1S
Fv,ucw,Rd = 2Fv,wp,Rd

Fiwpra =136 kKN Sheet 12
Fouewra = 2 x 136 = 272 kN

Note: The shear resistance is multiplied by 2 because when considering the
column web there are two shear planes passing through the bolt.

Resistance of the upper column web bolt group
As, (Ford)max (165 KN) < Fyrawue (272 kN) 3.7(1)

the resistance of the bolt group in the upper column web is:

Viwr, = O Fyrg = (2% 136) + (2 x 165) = 602 kN

Nucw,Ed — 415.4 =0.69 < 10

Vucw, Rd 602

Therefore the resistance of the bolt group in the upper column web is
adequate.

17.6 Structural integrity of the column splice

The structural integrity of the column splice (resistance to tying) should be
verified. However, in the case of a non-bearing column splice this verification
will not be the controlling factor because the design compression force is much
greater than the design tying force. Therefore, the verification has not been
included here.
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18 Column splice — Non bearing

(Net Tension)

18.1 Scope

Determine the resistance of the non-bearing column splice given in Example 17

when the applied forces result in the presence of net tension.

b e1,fp¢
: b
P1pr ‘ ‘
o ——- —o—
p1,fp ‘ ‘ nfp=8
-@—— ——
P1.tp i i
e
he |P1ipi .
p']’fp ‘ ‘
S
P1,tp ‘ ! nfp=8
g —— o
p1,fp \ ‘
e
€5t Paip °2,fp
Py <
kﬁ
’é,uc
€2,w,
tos > " A 1
|
- 1 -
|
. i : Sy
i
- ee| - $t
oo e1,w p1er : c (7 =4
9 vV e
L P i I e T
- || — - e
Ly P1,wp ! | Nwp=4
oo b
i
ezler) pZ,WF (jz,wp
- - - - pr

Figure 18.1

References are to
BS EN 1993-1-8:
2005, including its
National Annex,
unless otherwise
stated.
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The design aspects covered in this example are:

e Resistance of the splice

— Flange cover plates - tension
— Flange cover plates — block tearing.

18.2 Joint data and section properties

Upper column

203 x 203 x 60 UKC in S355 steel

Depth hye = 209.6 mm P363

Width b, = 205.8 mm

Thickness of the web tywe = 9.4 mm

Thickness of the flange trye = 14.2 mm

Root radius e = 10.2 mm

Area A, = 76.4 cm’

Area of flange

Afye =byctiye =205.8x14.2=29.22 cm’

Area of web

Ayue = Ay =245y =76.4-2922 =17.96 cm’

For S355 steel BS EN 10025-2
Yield strength (¢ < 16 mm) frue = Rer = 355 N/mm’ | Table 7

Ultimate tensile strength (3 mm <¢< 100 mm)  f,.. = Ry = 470 N/mm’

In the direction of load transfer (1)

End of upper column to first bolt row on column web €w = 50 mm
Pitch between bolt rows on column web Diw = Diwp = 80 mm
In the direction perpendicular to load transfer (2)

Pitch between bolt lines on column web Dow = Dawp = 80 mm
Edge of upper column to first bolt line on the column web €y = 53 mm

Lower column
254 x 254 x 89 UKC in S355 steel

Depth he = 260.3 mm

Width b = 256.3 mm

Thickness of the web twie = 10.3 mm

Thickness of the flange tre = 17.3 mm

Root radius ne = 12.7 mm

For S355 steel

Yield strength (16 mm < ¢ < 40 mm) fule = Ren = 345 N/mm’

fue = Rn = 470 N/mm’

The width and thickness guidance for the flange and web cover plates given in
the Access Steel NCCI document SN024 has been followed for this example.

Ultimate tensile strength (3 mm < ¢ < 100 mm)

The edge, end and spacing dimensions comply with the maximum and
minimum values given in Table 3.3 of BS EN1993-1-8:2005.

P363

BS EN 10025-2
Table 7
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Vertical gap between column ends g, = 10 mm

Flange cover plates
210 x 690 x 12 in S355 steel

Height hg = 690 mm

Width bg, = 210 mm

Thickness fp, = 12 mm

For buildings that will be built in the UK, the nominal values of the yield BS EN 1993-1-1

strength (f;) and the ultimate strength (f;) for structural steel should be those NA.2.4
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S355 steel BS EN 10025-2
Yield strength (¢ < 16 mm) fop = Ras = 355 N/mm® | Table 7
Ultimate tensile strength 3 mm <7< 100 mm) f,45, = Rn = 470 N/mm?

Number of bolts between one flange
cover plate and upper column ngy =38

Direction of load transfer (1)

Plate edge to first bolt row e, = 50 mm
Pitch between bolt rows Disp = 80 mm
Pitch between bolt rows (across joint) Dipj = 110 mm

Direction perpendicular to load transfer (2)

Plate edge to first bolt line e = 55 mm
Pitch between bolt lines D2 = 100 mm

Flange packs
340 x 210 x 25 in S355 steel

Depth hippa = 340 mm
Width bippa = 210 mm
Thickness Ippa = 25 mm

Web cover plates
350 x 150 x 8 in S355 steel

Height hy, = 350 mm

Width by, = 150 mm

Thickness fyy = 8 mm

For S275 steel BS EN 10025-2
Yield strength (¢ < 16 mm) fowp = Ren = 355 N/mm’ Table 7

Ultimate tensile strength (3 mm <7< 100 mm)  f,,, = R, = 470 N/mm’
Number of bolts between web cover plate and upper column n,, = 4

In the direction of load transfer (1)

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement
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In the direction perpendicular to load transfer (2)

Plate edge to first bolt line ewp = 35 mm

Pitch between bolt lines Dowp = 80 mm

Web packs

170 x 150 x 0.5 in S355 steel

Depth Ryppa = 170 mm

Width byppa = 150 mm

Thickness typpa = 0.5 mm

Bolts

M24 Class 8.8

Tensile stress area A, = 353 mm’ P363 C-306
Diameter of the shank d = 24 mm

Diameter of the holes dy = 26 mm

Yield strength fiw = 640 N/mm’ Table 3.1
Ultimate tensile strength fin = 800 N/mm*

18.2.2 Connection category

The bolted connection uses non-preloaded bolts i.e. Category A: Bearing type | 3.4.1(1)
bolted connection.

18.3 Partial factors for resistance

18.3.1 Structural steel

mo = 1.0 BS EN 1993-1-1

NA.2.15
2 = 1.1

18.4 Resistance of the connection

For completeness, the design verifications given below should be carried out in
addition to the tension and block tearing verifications given in this example.
See Example 17 for the following verifications.

e Flange cover plates - maximum compression
e Flange cover plate bolt group

e Web cover plate

e Web cover plate bolt group

e Upper column web bolt group

18.4.1 Flange cover plates — tension resistance

The design resistance in tension (N rq) is the lesser of: BS EN 1993-1-1
6.2.3(2
Afy 0.94 netfu ( )
Noira = and N ypg =———
7 Mo 7 M2

A= byty =210x12 =2520 mn’
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Npl,Rd = MX 1073 = 895 kN
1.0
As the bolt holes are not staggered the net area (A,) is determined as BS EN 1993-1-1

BS EN 1993-1-1

Nora = 0.9 x 1896 x 470 «10~% =729 kN 6230)
1.1 o
729 kKN < 895 kN
Therefore, the design resistance in tension is
Nigrg = Nyra = 729 kN
18.4.2 Flange cover plates — Block tearing
— Area subject 77— Area subject
to tension / to tension
P /, 70 1%
« /;;l % 1%
%Y A{, 200 %’ o/ |20
Area subject > Area subject
to shear ‘,/ /, to shear /» 0/
100 e 55 - 55 ‘e
a) b)
Figure 18.2
In this example p, < 2e,; therefore the block tearing failure area shown in
Figure 18.2 a) should be considered. However, if p, > 2e, the block tearing
failure area shown in Figure 18.2 b) should be considered.
For symmetrical bolt groups subject to a concentric load, the design block 3.10.2(2)
tearing resistance is:
f uA n f A nVvV

Vetiira = L Eq (3.9)

Y M2 \/57 MO
A, is the net area subject to tension
Aw =(pagp —do )ty = (100 -26)x 12 = 888 mn?’
A,y is the net area subject to shear
Aw = 203pigp + ey — 3.5do)t,
=2 x ((3x80) + 50 - (3.5 x26)) x 12 = 4776 mm*
Therefore, the design resistance to block tearing is

470 x 888 355 x 4776
J’_
1.1 V3 x1.0

Vetr 1 ra = ( ) x107 = 1358 kN
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18.4.3 Structural integrity of the column splice

The structural integrity of the column splice (resistance to tying) should be
verified. However, in the case of a non-bearing column splice this verification
will not be the controlling factor because the design compression force is much
greater than the design tying force. Therefore, the verification has not been
included here.

Example 17 contains a verification for structural integrity.
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Job Title  Worked examples to the Eurocodes with UK NA

HSCI Subject

Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Example 19 - Base plate -Nominally pinned

Fax: (01344) 636570 Client Made by MEB Date Feb 2009

SCI

CALCULATION SHEET

Checked by DGB Date Jul 2009

References are to
BS EN 1993-1-8:
2005, including its

19 Base plate — Nominally pinned

19.1 Scope National Annex,
. o unless otherwise
Verify the adequacy of the base plate shown in Figure 19.1. stated.

305 x 305 x 137 UKC
S355 T |

goo X 6|oct> x 35 N
ase plate
so78P Ed

Veg ' b i%
|
Fillet welds + ‘ + 1
[

(8 mm leg length)

T A== T |

M24 grade 4.6
holding down bolts
Yy
Column and base plate | 600 S|
are in direct bearing .= ~
Figure 19.1

The design aspects covered in this example are:
e Resistance of joint

— Effective area of base plate
— Thickness of base plate verification
— Base plate welds.
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19.2 Design forces at ULS

Design compression force acting in the column Ngg = 2635 kN
Design shear force Vea = 100 kN

19.3 Joint details and section properties

Column

305 x 305 x 137 UKC in S355 steel

Depth h = 320.5 mm
Width b = 309.2 mm
Web thickness ty = 13.8 mm
Flange thickness tr = 21.7 mm
Root radius r = 15.2 mm
Area A = 174 cm®

For buildings that will be built in the UK, the nominal values of the yield
strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S355 steel

Yield strength (16 mm < ¢ < 40 mm) Iy
Ultimate strength (3 mm < ¢ < 100 mm) f,

= R.; = 345 N/mm’
= R, = 470 N/mm’

Base plate

Width by, = 600 mm

Length ly, = 600 mm
Thickness I, = 35 mm

For S275 steel

Yield strength (16 mm< ¢ < 40 mm) JSypo = Ren = 265 N/mm?

Ultimate strength (3 mm <7< 100 mm) f,5, = R, = 410 N/mm?

Fillet welds

Leg length 8 mm
Throat a = 5.7 mm
Concrete

Grade of concrete below base plate is C25/30

fa« = 25N/ mm?
fck.cube =30N/ mm2

Design compressive strength of the concrete is determined from:

Characteristic cylinder strength
Characteristic cube strength

fu = 2eda
Ve
where
a. = 0.85 (for compression)
% = 1.5 (for the persistent and transient design situation)

P363

BS EN 1993-1-1
NA.2.4

BS EN 10025-2
Table 7

BS EN 10025-2
Table 7

BS EN 1992-1-1
Table 3.1

BS EN 1992-1-1

3.1.6(1)

BS EN 1992-1-1
Table NA.1
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Ja = 0.85x25 14.2 N/mm?

1.5

19.4 Partial factors for resistance

19.4.1 Structural steel

Mo =1.0
19.4.2 Weld
2 = 1.25

19.5 Resistance of joint

19.5.1 Effective area of base plate

tw*2¢ - leff

A eff

Figure 19.2

design resistance of the concrete in bearing.

The design bearing strength of the joint is

where A, is to be taken as (b. Lr).

The flange of an equivalent T-stub in compression is used to represent the

IB j F R,du
fu = S

beff l eff
where:

B = 2/3 Assuming that the characteristic strength of the grout is not
less than 0.2 times the characteristic strength of the concrete
foundation and the thickness of the grout is not greater than
0.2 times the smallest width of the base plate.

Degr & Logr are shown in Figure 19.2

Fray 1s the concentrated design resistance force given in BS EN1992,

BS EN 1992-1-1
3.1.6(1)

BS EN 1993-1-1
NA.2.15

Table NA.1

6.2.5(1)

6.2.5(7) Eq (6.6)

6.2.5(7)
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c0

Note: As shown below, when

Guidance on the calculation of

bbporhbp

eb»‘

0.5b,00r0.5 hyo§

A,
FRd,u = AcO cd [AIJS:SdeACO

where:
A, accounts for the concrete bearing strength enhancement due to
A diffusion of the force within the concrete.
c0

If the foundation dimensions are not known it is

reasonable to assume that in most cases the

foundation size relative to the size of the base ﬁ -15
plate (see Figure 19.3) will allow. Ay '

'

document SN037a (available at www.access-steel.com).

Base plate

/ Foundation

=1.5, fjd :fcd-

is given in Annex A of the Access-steel

Figure 19.3

in Figure 19.3,

A
<L =15

c0

Ay fog (A) =1.54, f.q

ACO

therefore,

As 1.54, fus <3 fudw

A y=2.25 A,

Assume that the foundation size will allow the distribution of the load as shown

FRd,u = I'SACO cd
Taklng ACO :beffleff giVCS,
Fraw = 1.5bgsl i foa
Therefore,
IB‘ 1'Sbeffleff cd
ﬁd = = :l'sﬂjfcd
Degr o
2 2
fo =158 fu :1.5><§><fcd = fq =14.2 N/mm

BS EN 1992-1-1
6.7(2) Eq (6.63)

BS EN 1992-1-1
6.7(2) Eq (6.63)

6.2.5(7)

6.2.5(7) Eq (6.6)
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Making the design compression resistance of the joint (F.rq) equal to the axial
design force (NVgq), the bearing area required is determined as:

Ng  2635x10°
fi 14.2

Agr = = 185600 mm*

The bearing area provided is approximately:

4 + pec + A

¢ is defined in Figure 19.2.

A = 17400 mm®* cross sectional area of column
Peot = 1820 mm perimeter of the column taken from member property tables | P363
Taking the area provided to equal the area required gives,
4¢* + peoic + A = 185600 mm*

4¢* + 1820c¢ + 17400 = 185600 mm®

Solving gives,

c = 79 mm

Verify that the T-stubs do not overlap for ¢ = 79 mm
h-2t, _ 320.5-(2x21.7)
2 2

As ¢ < 139 mm, the T-stubs do not overlap, therefore no allowance for
overlapping is required.

=139 mm

Verify that the plan size of the base plate is adequate.
Width required is by =h+2c =320.5+(2x79) =478.5 mm

Length required is Ly =b+2c =309.2+(2x79) =467.2 mm

As both b.gr and ¢ are less than 600 mm, the plan size is adequate.

19.5.2 Thickness of base plate

Rearranging Equation (6.5) of BS EN1993-1-8 gives the minimum thickness of
the base plate.

c 79 Based on Eq (6.5)
= = =31.6 mm
VS 13 arwe  265/3x142x1

31.6mm < 35 mm

t

Therefore the 600 x 600 x 35 mm S275 base plate is adequate.

19.5.3 Base plate welds

BS EN1993-1-8 gives two methods for determining the strength of a fillet
weld, the directional method (6.5.3.2) and the simplified method (6.5.3.3).
Here the simplified method is used.
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F.
Verify that, —~£ <1.0
FW,Rd

where:

Fyrqa Design value of the weld force per unit length

Fyra Design weld resistance per unit length 4.5.3.30)
= fruad
a is the throat thickness of the fillet weld
= 5.7 mm (for a fillet weld with an 8 mm leg length)
fou = M Eq (4.4)
Buve
fu is the nominal ultimate tensile strength of the weaker part jointed.
Therefore, f, = fup, =410 N/mm’
For S275 steel B, = 0.85 Table 4.1
f N3 41043 Eq (4.4)

fvw,d = = = 223 N/l’nl’l’l2
Lo Xy 0.85x1.25

Fyra = fiwaxa =223 X 5.7 = 1271.0 N/mm
Here, in direct bearing the weld only needs to resist the shear force.
Conservatively consider only the welds that run parallel to the applied shear.

Weld length L,, = length of weld - 2 X leg length
=100 - 2 X 8 = 84 mm

Ve 100x10°

Fypa = =595 N/mm
2L, 2x84

Fog 595 _04d7 <1

Fore 1271

Therefore an 8 mm fillet weld of 100 mm along either side of the web is
adequate.
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/7/_T—/ﬁ Job No. CDS164 Sheet 1 of 7 |Rev
“\

Job Title  Worked examples to the Eurocodes with UK NA

N
ysc' Subject

Silwood Park, Ascot, Berks SL5 7QN
Telephone: (01344) 636525

Example 20 - Base plate - Column with end moment

Fax: (01344) 636570 Client Made by MEB Date Feb 2009

SCI

CALCULATION SHEET Checked by DGB bate  Jul 2009

_ . References are to
20 Base plate — Column with moment BY EN 199518,

2005, including its

20.1 Scope National Annex,

) o unless otherwise
Verify the adequacy of the base plate for the column shown in Figure 20.1,| ¢4ze4.

which transfers moment and axial force.
\

305 x 305 x 137 UKC
S355 N ‘ M
/\‘Ed
gOO X 6|O(t) x 40 N
ase plate
575" ‘ Ed ‘
] | I

| | |

Figure 20.1

The design aspects covered in this example are:
e Resistance of the right side of joint
e Moment resistance of column base

e Verification of base plate dimensions

20.2 Design values of forces due to combined
actions at ULS

The design value of compression force and bending moment are simultaneous.
No other combination of actions is considered here.

Design compression force Negs = 1380 kN
Design bending moment M gq= 185 kNm

20.3 Joint details and section properties

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

305 x 305 x 137 UKC P363
Depth h = 320.5 mm
Width b = 309.2 mm
Web thickness ty = 13.8 mm
% Flange thickness tr = 21.7 mm
i Root radius r = 15.2 mm
3 Plastic modulus y-y axis Wy, = 2300 cm’
E Area A = 174 cm?
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For buildings that will be built in the UK, the nominal values of the yield
strength (f;) and the ultimate strength (f,) for structural steel should be those
obtained from the product standard. Where a range is given, the lowest
nominal value should be used.

For S355 steel

Yield strength (16 mm < ¢ < 40 mm) Iy = Ry = 345 N/mm’
Ultimate strength (3 mm < ¢ < 100 mm) f, = R, = 470 N/mm’
Base plate

Width by, = 600 mm

Length Iy, = 600 mm

Thickness I, = 40 mm

For S275 steel
Yield strength (16 mm < ¢ < 40 mm) Jybp
Ultimate strength (3 mm < ¢ < 100 mm)  fyp,

= R.; = 265 N/mm’
= R, = 410 N/mm’

Concrete
Grade of concrete below base plate is C25/30

Characteristic cylinder strength fao = 25 N/mm*
Characteristic cube strength Seree = 30 N/mm?

Design compressive strength of the concrete is determined from:

accfck
Ve

Ja =

a. = 0.85 (for compression)
% = 1.5 (for the persistent and transient design situation)
0.85x 25

1.5

Ja = = 14.2 N/mm?

20.4 Design forces on equivalent T-stubs

011 103
ICZ
Be, 1. T-stub 1
2. T-stub 2
01[ 103
3. T-stub 3
Aeff,‘l Aeff,3
Figure 20.2

The design moment resistance of a column base (M;rq) subject to combined
axial force and moment may be determined using the expressions given in
Table 6.7 of BS EN 1993-1-8 where the contribution of the concrete under
T-stub 2 to the compression resistance is neglected.

BS EN 1993-1-1
NA.2.4

BS EN 10025-2
Table 7

BS EN 10025-2
Table 7

BS EN 1992-1-1
Table 3.1

BS EN 1992-1-1
3.1.6(1)

BS EN 1992-1-1
Table NA.1

BS EN 1992-1-1
3.1.6(1)

6.2.8.3(1)
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- Sle = 5 Figure 6.18

Zc) | _“Zcr
>1<
V4
Figure 20.3
In this example, the column base connection is subject to a significant 3.2.5.1(3)
compression force. Therefore, the lever arms to be considered are as shown in
Figure 20.3.
z =h-t; =320.5-21.7 = 298.8 mm
Therefore:
Zci = 2oy = w = 149.4mm
2

The design forces on the T-stubs are:
Left flange (T-stub 1)

Nyg Myp 1380 185x10°
2 z 2 298.8

Right flange (T-stub 3)
N M s 1380 . 185x10°
2 z 2 298.8

Fc,l,Ed -

= 71 kN (Compression)

Fc,r,Ed =

1309 kN (Compression)

20.5 Partial factors for resistance

20.5.1 Structural steel

mo = 1.0 BS EN 1993-1-1
NA.2.15

20.6 Resistance of joint

As the joint is symmetrical, the resistance of the left (T-stub 1) and right sides
of the joint (T-stub 3) will be equal.

Here the right side of the joint is required to resist a greater compression than
the left side of the joint. Therefore, only the resistance of the right side of the
joint (T-stub 3) needs to be considered.

Note: If the applied forces were such that tension occurred at T-stub 1, a
separate verification for the tension resistance would be required.
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20.6.1 Right side of joint (T-stub 3)

The design compression resistance Fc,rq Of the right side of the joint should be | 6.2.8.3(5)
taken as the smaller value of:

- the concrete in compression under the right column flange Fyirq (6.2.6.9)
- the right column flange and web in compression F.fra (6.2.6.7)

Concrete in compression under the right column flange (Fc i ra)
6.2.6.9(2) refers to 6.2.5(3) thus the resistance of the concrete under a column | 6.2.6.9(2)

flange is:
Fepira = Fera = fialer Dese 6.2.5(3)
where:

fid is the design bearing strength of the joint. From the conservative

approach used in Section 19.5 of Example 19,
fa = 14.2 N/mm’

lr, berr  are the effective length and breadth of the effective area for the
equivalent T-stub flange.

The effective area that is required under T-stub 3 to resist the design
compression force (F,gq) 1S:

F 3
Aefﬁ3 _ c,r,Ed _ 1309.1x10 —92190 mm2
fa 142

Determine the minimum value for dimension c; that is required to provide an
adequate bearing area.

The effective area is Aers = 4 + pres + Ar
where:
C3 is defined in Figure 20.2.
As is the cross sectional area of flange
Ar =tb =21.7%x309.2 = 6709.6 mm’
pr  is the perimeter of the flange
D =2t+2b = (2 X 21.7) + (2 X 309.2) = 661.8 mm.

Equating the required area to the effective area
92190 = 4c;* + 661.8¢; + 6709.6

Solving,
¢z = 85.2 mm

The thickness of the base plate limits the maximum cantilever, c, such that 6.2.5(4)

Eq (6.5)
0x, |————— =99.8 mm
3f_|d7/M0 3)( 42)(1

85.2 mm < 99.8 mm, therefore the value of c; is acceptable.

The compression resistance of the concrete under the right hand flange is,
Fc,pl,Rd = FC,Rd = fjdleft‘jbeffj 6.2.5(3)
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Where, lefﬂ3 = b+ 2C3 and beff,j, =t + 2C3

Here the design force (F.,rq) has been used to determine c;, thus the
compression resistance of the concrete under the right hand flange is

Fepira = Ferpa = 1309 kN

Right column flange and web in compression (F¢ ¢ rd) 6.2.6.7

6.2.8.3(5) refers to 6.2.6.7 which gives rules for connections where the beam

flange and web are in compression, thus the resistance of the right column

flange and web in compression is:

FfRd =Fbed=M E 621
T ) 10020

M_rq is the design bending resistance of the column obtained from
BS EN 1993-1-1.

s is the thickness fo the beam flange, in this case fp, = #;

Determine whether the axial force reduces the bending resistance of the cross | BS EN 1993-1-1
section. The axial force (NVgg) does not need to be allowed for if both the 6.2.9.1(4)
following criteria are met,

0.5hyt of y
NEd < 0-25Npl,Rd and NEd < ——
Mo
A 174 4 BS EN 1993-1-1
Nyira = Yy _ 17400345 105~ 6003 kN 6.2.4(2)

7 Mo 1.0
0.25N,ra = 0.25 x 6003 = 1501 kN
Neg < 0.25N,rq (i.€. 1380 KN < 1501 kN)
Therefore the first criterion is satisfied.
hy, =h-2t; =320.5-2x21.7 =277.1 mm
0.5ht,fy,  0.5x277.1x13.8x345
¥ Mo - 1.0
Ngg > 659.6 kN (i.e. 1380 kKN > 659.6 kN)

Therefore, this criterion is not satisfied, so an allowance for the axial force on
the bending moment resistance is required.

x107 =659.6 kN

The design plastic bending resistance for the major axis is BS EN 1993-1-1
6.2.5(2)
114 3
My = my Sy _2300x10° %345 o o, Eq (6.13)
7 Mo 1.0

Design plastic moment resistance reduced due to the effects of the axial force
may be found using the following approximation
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where:
" _ Ng _ 1380 _ 023
N jira 6003
A-2bt; 17400 —(2x309.2x21.7)
a = = = 0.23
A 17400
1-n 1-0.23
M =M " | =7% x| ——————| =691 kNm
Nod T e [1 _ O.SaJ (1 —(0.5% 023)}
Therefore
M.ra = Myyra = 691 kKNm
M c,Rd
Fefera = Fepra = m Eq (6.21)

Therefore the bearing resistance of the concrete under the right hand column
flange and web is

6
Fc,fc,Rd = M X 10_3 =2313 kN
(320.5-21.7)

Design compression resistance of the right hand side of the joint
Fopira < Fegera (€. 1309 KN < 2313 kN)

Therefore the design compressive resistance F.,rq Of the right side of the joint | 6.2.8.3(4)
is:

Fc,r,Rd = Fc,pl,Rd = 1309 kN

20.6.2 Design moment resistance of column base
_ My

e
Table 6.7
N g able

If the moment is clockwise Mg, is positive

If the axial force is tension Ngyq is positive

Therefore
Mgy = 185 kNm
Ngg = -1380 kN
1
e = 18 10" =—1341 mm
—1380

Z = 298.8 mm Sheet 2
AS Ngg < Oand -z¢, < <0 Table 6.7
The design moment resistance of the joint M;gq is the smaller of

— Fcra? — FcrraZ

—— and ———

Zcesle +1 Zcile -1

Here the base plate is symmetrical and the moment acts clockwise, so the
second of the above expressions will result in the smaller value.
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-F —
cera? _ —1309x2988 L ies iNm
zeile —1 (149.4/-134.1)-1

Therefore the design moment resistance of the column base is
Mgq = 185.0 kNm
Design moment Mgy = 185 kNm

My 185
Mg 185

Therefore, the design moment resistance of the joint is adequate.

20.6.3 Dimensions of base plate

Plan dimensions

Ly = b + 2c; =309.2 + (2 x85.2) =479.6 mm < 600 mm
bt = h + 2c; = 320.5 + 2 x85.2) =190.9 mm < 600 mm
Therefore a 600 x 600 base plate is adequate.

Thickness

As the verification for the maximum allowable value of ¢ was satisfied in
Section 20.6.1 of this example, a base plate thickness of 40 mm is adequate.

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010

213


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

214

JUBWaalBYy 80UBdIT Z1G|931S BY) JO SUOIIPUOD PUB SWIB) Y} 01 193[gNs SI UBWNI0P SIY} JO 3sN ‘panIasal sybul (e - 1ybuAdoo si eusrew siy L
0T0Z 494010 TT UO pajeai)


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

REFERENCES

Eurocode Parts:

All the following Parts have been published by BSI with their respective UK
National Annexes.

BS EN 1990 Eurocode — Basis of structural design

BS EN 1991 Eurocode 1: Actions on structures

BS EN 1991-1-1  Part 1-1: General actions. Densities, self-weight,

imposed loads for buildings

BS EN 1991-1-2

BS EN 1991-1-3
BS EN 1991-1-4
BS EN 1991-1-5
BS EN 1991-1-6
BS EN 1991-1-7

Part 1-2: General actions.
exposed to fire

Part 1-3: General actions.
Part 1-4: General actions.
Part 1-5: General actions.
Part 1-6: General actions.

Part 1-7: General actions.

Actions on structures

Snow loads

Wind actions

Thermal actions

Actions during execution

Accidental actions

BS EN 1992 Eurocode 2: Design of concrete structures
BS EN 1992-1-1
BS EN 1992-1-2

Part 1-1: General rules and rule for buildings

Part 1-2: General rules — Structural fire design

BS EN 1993 Eurocode 3: Design of steel structures
BS EN 1993-1-1
BS EN 1993-1-2
BS EN 1993-1-3

Part 1-1: General rules and rules for buildings
Part 1-2: General rules - Structural fire design

Part 1-3: General rules — Supplementary rules for cold-
formed members and sheeting

BS EN 1993-1-5
BS EN 1993-1-8
BS EN 1993-1-9
BS EN 1993-1-10

Part 1-5: Plated structural elements
Part 1-8: Design of joints
Part 1-9: Fatigue

Part 1-10: Material toughness and through-thickness
properties

Part 1-12: Additional rules for the extension of
BS EN 1993 up to steel grades S700

BS EN 1993-1-12

BS EN 1994 Eurocode 4: Design of composite steel and concrete structures

BS EN 1994-1-1
BS EN 1994-1-2

Part 1-1: General rules and rules for buildings

Part 1-2: General rules — Structural fire design

Product Standards
The following product standard has been published by BSI as BS EN 10025-2.

BS EN 10025-2:2004 Hot rolled products of structural steels. Part 2: Technical
delivery conditions for non-alloy structural steels

215

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

SCI/ publications

1. Design of floors for vibration: A new approach. Revised Edition (P354)
The Steel Construction Institute, 2009

The publications listed below are in accordance with Eurocodes and the UK
National Annexes

2. Steel building design: Introduction to the Eurocodes (P361)
SCI, 2009

3. Steel building design: Concise Eurocodes (P362),
SCI, 2009

4. Steel building design: Design data (P363)
SCI and BCSA, 2009

5. Steel building design: Medium-rise braced frames (P365)
SCI, 2009

6. Steel building design: Worked examples — Hollow sections (P374)
SCI, 2009

7. Steel building design: Fire resistance design (P375)
SCI, 2009

8. Steel building design: Worked examples for students (P387)
SCI, 2009

9. Joints in steel construction: Simple connections in accordance with
Eurocode 3 (P358)
SCI & BCSA, to be published in 2010

10. Steel building design: Composite members (P359)
SCI, to be published in 2010

11. Steel building design: Stability of beams and columns (P360)
SCI, fo be published in 2010

12. Handbook of structural steelwork Eurocode Edition (P366)
BCSA & SCI, to be published in 2010

13. Steel building design: Combined bending and torsion (P385)
SCI, to be published in 2010

Published Document

The following document is published by BSI.

PD 6695-1-10 Recommendations for the design of structures to BS EN 1993-1-10
BSI, 2009

Access Steel documents

The following documents are available from www.access-steel.com.

SNO002 NCCI: Determination of non-dimensional slenderness of I and H sections
SNO003 NCCI: Elastic critical moment for lateral torsional buckling

SNO05 NCCI: Determination of moments on columns in simple construction
SNO014 NCCI: Shear resistance of a simple end plate connection

SNO015 NCCI: Tying resistance of a simple end plate connection

216

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 11 October 2010


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005506

P364 Steel Building Design: Worked Examples - Open Sections

Discuss me ...

SNO17 NCCI: Shear resistance of a fin plate connection
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