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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withdrawn in March 2010; it will be replaced by the corresponding Parts of the 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* and their support is 
gratefully acknowledged. 

                                         
* This publication includes references to Corus, which is a former name of Tata Steel in 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 Eurocodes 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LT for lateral torsional buckling, which EN 1993-1-1 states may be 
derived from the elastic critical moment Mcr, although no method is given for 
determining the value of Mcr. Sources of NCCI for Mcr include: 

 Formulae in text books 

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

Alternatively, a conservative simplified method for determiningLT directly is 
given in SCI publication P362 Steel building design: Concise Eurocodes. 
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1 Choosing a steel sub-grade 

1.1 Scope 
An exposed steel structure is proposed with: 

 S355 steel to BS EN 10025-2:2004 

 the beams welded to the column flange, as shown in Figure 1.1 

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

 the maximum tensile stress in the beam flange of 175 N/mm2 

 there is no tensile stress in the column. 

Choose appropriate sub grades to avoid brittle fracture. 

References are to 
BS EN 1993-1-10: 
2005 including its 
National Annex 
Unless otherwise 
stated. 

EdN

 

 

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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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 

 

  iiQQGTA k,2k11kEd     BS EN 1993-1-10 
(2.1) 

in which TEd is the reference temperature.  For buildings the value of TEd for 
exposed steelwork is given by the UK National Annex to BS EN 1993-1-1 as  
–15°C. 

For this example the values of stress in the column and the beam are those due 
to Gk and Qk1. 

Beam  Ed = ± 175 N/mm2 in the flanges 
Column Ed is compressive in all parts of the column cross-section. 

BS EN 1993-1-1 
NA. 2.6 

1.3 Joint details 
 

1.3.1 Section properties  

457 × 191 × 98 UKB 
From section property tables: 

 

Depth  h  = 467.2 mm 
Width b  = 192.8 mm 
Web thickness tw  = 11.4 mm 
Flange thickness tf  = 19.6 mm 

P363 

305 × 305 × 198 UKC 
From section property tables: 

 

Depth  h  = 339.9 mm 
Width b  = 314.5 mm 
Web thickness tw  = 19.1 mm 
Flange thickness tf  = 31.4 mm 

P363 

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

BS EN 1993-1-1 
NA.2.4 

For S355 steel and 16 mm < t  40 mm 

Yield strength  fy = ReH = 345 N/mm2  
 

BS EN 10025-2 
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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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) 
 

 

Length of weld

EdN

 

 

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 TRD following the guidance given 
in NA.2.1.1.2 of BS EN 1993-1-10. 

PD 6695-1-10 
2.2i) 

The dimension of the welded attachment considered here fall outside of the 
limits given in Table NA.1 as the length is not applicable.  Therefore, 

Table NA.1  

TRD = 0°C NA.2.1.1.2 

For external steelwork and TRD = 0°C the detail type is: 
‘Welded – moderate’ 

PD 6695-1-10 
Table 3 

Tensile stress level  

The tensile stress level at the detail is: 

)(
Ed

tf y


  = 51.0

345

175
  

PD 6695-1-10 
2.2ii) 
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Initial column in table  

For a ‘welded – moderate’ detail and 51.0
)(

Ed 
tf y


 > 0.5 

The initial column in the table is ‘Comb 7’. 

PD 6695-1-10 
Table 3 

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 (TRg)  

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

TRg = 0 

 

Radiation loss (Tr)  

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

Tr = 0 

 

Strain rate ( εTΔ )  

Here the strain rate is not different to the reference strain rate given in BS EN 
1993-1-5 ( /sec104 4ε ).  Therefore the criterion is met, thus 

εTΔ  = 0 

 

Cold forming (
cfεTΔ )  

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

cfεTΔ  = 0 

 

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

 

For S355, ‘welded – moderate’ and 51.0
)(

Ed 
tf y


 , the limiting steel  

thicknesses are: 
JR 12.5 mm 
J0 37.5 mm 

PD 6695-1-10 
Table 3 

12.5 mm < 19.5 mm < 37.5 mm 

Therefore, an appropriate steel grade for the UKB section is S355J0. 
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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 
limits given in Table NA.1 as, 

Table NA.1  

‘Length of fillet weld’ = 43.5 mm < 150 mm. 

Therefore, 

Sheet 2 

TRD = 0°C NA.2.1.1.2 

For external steelwork and TRD = 0°C, the detail type is: 
‘welded – moderate’ 

PD 6695-1-10 
Table 3 

Tensile stress level  

The tensile stress level at the detail is zero as the vertical compression present 
in the UKC due to vertical actions is greater than the localised tension applied 
by the beam.  Thus, 

)(
Ed

tf y


  < 0 

PD 6695-1-10 
2.2ii) 

Initial column in table  

For a ‘welded – moderate’ detail and 0
)(

Ed 
tf y


 

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

PD 6695-1-10 
Table 3 

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 (TRg)  

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

TRg = 0 

 

Radiation loss (Tr)  

As for the beam Tr = 0 Sheet 4 

Strain rate ( εTΔ )  

As for the beam εTΔ  = 0 Sheet 4 
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Cold forming (
cfεΔT )  

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

cfεΔT  = 0 

 

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

 

For S355, ‘welded – moderate’ and 0
)(

Ed 
tf y


, the limiting steel thicknesses 

are: 
JR 22.5 mm 
J0 67.5 mm 

PD 6695-1-10 
Table 3 

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 fy and fu values may differ slightly from those for 
sub-grades JR, J2 and J0. 
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2 Simply supported laterally restrained 
beam 

2.1 Scope 
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. 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

75

3250

50 50

6500

3250

1,d

2,dF

F

 

 

Figure 2.1   

The design aspects covered in this example are: 

 Calculation of design values of actions for ULS and SLS 

 Cross section classification 

 Cross sectional resistance: 

 Shear buckling 

 Shear 

 Bending moment 

 Resistance of web to transverse forces 

 Vertical deflection of beam at SLS. 

 

2.2 Actions (loading) 
 

2.2.1 Permanent actions  

Uniformly distributed load (including self weight) g1 = 15 kN/m 
Concentrated load G2 = 40 kN 
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2.2.2 Variable actions  

Uniformly distributed load q1 = 30 kN/m 
Concentrated load Q2 = 50 kN 

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 
partial factors for actions to be used for ultimate limit state design should be 
obtained from Table A1.2(B), as modified by the National Annex. 

BS EN 1990 
A1.3.1(4) 

Partial factor for permanent actions G  = 1.35 
Partial factor for variable actions Q  = 1.50 
Reduction factor   = 0.925 

Table 
NA.A1.2(B) 

Note:  For this example, the combination coefficient (0) 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. 

 

i,ijjjj QQGG 0iQ,1,10Q,1inf,inf,Gsup,sup,G     (6.10a) 

i,ijjjj QQGG 0iQ,1Q,1inf,inf,Gsup,sup,G      (6.10b) 

BS EN 1990 
Table 
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: 

 The ULS ‘STR’ (strength) is being considered 

 The structure is to be constructed in the UK 

 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 Qi variable is not considered 
here. 
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UDL (including self weight) 

    7.63305.11535.1925.01Q1Gd1,  QGF   kN/m 

Concentrated load  

    0.125505.14035.1925.02Q2Gd2,  QGF   kN 

 

2.3 Design bending moments and shear forces 
 

Span of beam L = 6500 mm  

Maximum design bending moment occurs at mid-span 

5.539
4

5.6125

8

5.67.63

48

2
d2,

2
d1,

Ed 






LFLF

M  kNm 

 

Maximum design shear force occurs at the supports 

5.269
2

125

2

5.67.63

22

d2,d1,
Ed 




FLF
V  kN 

 

Design shear force at mid-span 

5.62
2

5.67.63
50.269

2
d1,

EdEdc, 



LF

VV  kN 

 

2.4 Section properties 
 

533  210  92 UKB in S275 

From section property tables: 

 

Depth  h  = 533.1 mm 
Width b  = 209.3 mm 
Web thickness tw  = 10.1 mm 
Flange thickness tf  = 15.6 mm 
Root radius r  = 12.7 mm 
Depth between flange fillets d  = 476.5 mm 
Second moment of area, y-y axis Iy  = 55 200 cm4 
Plastic modulus, y-y axis  Wpl,y  = 2 360 cm3 
Area A  = 117 cm2  

P363  

Modulus of elasticity E = 210 000 N/mm2 3.2.6(1) 

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

NA.2.4 

For S275 steel and t  16 mm 
Yield strength  fy = ReH = 275 N/mm2  

BS EN 10025-2 
Table 7 
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2.5 Cross section classification  

92.0
275

235235

y


f

  

Outstand of compression flange 

 
2

7.1221.103.209

2

2w 





rtb
c   = 86.90 mm 

57.5
6.15

90.86

f


t

c
 

The limiting value for Class 1 is 28.892.099
f

 
t

c
 

5.57 < 8.28 

Therefore the flange is Class 1 under compression. 

 
Table 5.2 

 

Web subject to bending 

c  = d  = 476.5 mm 

18.47
1.10

5.476

w


t

c
 

 

Table 5.2 

The limiting value for Class 1 is 24.6692.07272
w

 
t

c
 

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 
 

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 

2.7 Cross-sectional resistance 
 

2.7.1 Shear buckling  

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

6.2.6(6) 

 


ε72

w

w 
t

h
 

 
Eq (6.23) 

  = 1.0  

hw =   9.5016.1521.5332 f  th  mm 

BS EN 1993-1-5 
NA.2.4 
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w

w

t

h
 = 

1.10

9.501
   = 49.7 




72  = 
0.1

92.0
72    = 66.2 

 

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: 

0.1
Rdc,

Ed 
V

V
 

Vc,Rd is the design plastic shear resistance (Vpl,Rd). 

6.2.6(1) 

Eq (6.17) 

M0

yv
Rdpl,Rdc,

)3/(



fA
VV   

6.2.6(2) 

Eq (6.18) 

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

 

Av =  rttbtA 22 wff   But not less than ww th  

 =     6.5723)7.122(1.106.156.153.209210117 2  mm2 

6.2.6(3) 

ww th   = 2.50691.109.5010.1   mm2  

Therefore, 

Av = 5723.6 mm2 

 

The design plastic shear resistance is: 

90910
0.1

)3/275(6.5723)3/( 3

M0

yv
pl.Rd 


 



fA
V kN 

6.2.6(2) 

Eq (6.18) 

 

Maximum design shear VEd  = 269.5 kN 

30.0
909

5.269

Rdc,

Ed 
V

V
< 1.0 

Therefore the shear resistance of the section is adequate. 

Sheet 2 

2.7.3 Resistance to bending  

Verify that: 

0.1
Rdc,

Ed 
M

M
 

6.2.5(1)  

Eq (6.12) 
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At the point of maximum bending moment (mid-span), verify whether the 
shear force will reduce the bending resistance of the cross section. 

5.454
2

909
2
Rdc, 

V
 kN 

6.2.8(2) 

Shear force at maximum bending moment Vc,Ed  = 62.5 kN 

62.5 kN < 454.5 kN 

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

Sheet 3 

 

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

0.64910
0.1

275102360 6
3

M0

yypl,
Rdpl,Rdc, 


 



fW
MM  kNm 

 
Eq (6.13) 

83.0
649

5.539

Rdc,

Ed 
M

M
< 1.0 

Therefore the bending moment resistance is adequate. 

6.2.5(1)  

Eq (6.12) 

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. 

References given 
in Section 2.7.4 
refer to 
BS EN 1993-1-5 

Verify that: 

0.1
/ M1weffyw

Ed
2 




tLf

F
 

 

6.6(1), Eq (6.14) 

 

where: 

FEd  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) 

Rd

M1

weffyw
F

tLf



 (Design resistance) 

 

Leff  is the effective length for resistance to transverse forces, given by, 
Leff = Fy 

 

F  = 0.1
5.0

F



 

 
6.4(1) Eq (6.3) 

F  = 
cr

ywwy

F

ft
 

 
6.4(1) Eq (6.4) 

Determine y and F  
 

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

6.1(2)c) & 
Figure 6.1 
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The length of stiff bearing on the flange is the length over which the load is 
effectively distributed at a slope of 1:1.  However, ss should not be greater 
than hw. 

For a slope of 1:1 ss  = 50 mm < hw  = 501.9 mm  

6.3(1) & 
Figure 6.2 

Therefore, 

ss  = 50 mm 

 

For webs without longitudinal stiffeners kF should be obtained from Figure 6.1 

For Type c)  

kF  = 662
w

s 








 


h

cs
 

c  = 0 mm 

kF  = 60.2
9.501

050
62 







 
 < 6 

6.4(2) 
Figure 6.1 

For Type c) y is the smallest of the values determined from Equations (6.10), 
(6.11) and (6.12). 

6.5(3) 

y =  21fs 12 mmts   but y  distance between adjacent stiffeners 

As there are no stiffeners in the beam in this example neglect the above limit 
for y. 

Or 

6.5(2)  
Eq (6.10) 

y = 2

2

f

e1
fe 2

m
t

m
t 











  

Or 

6.5(3) 
Eq (6.11) 

y = 21fe mmt   Eq (6.12) 

where: 

e  = cs
hf

Etk
 s

wyw

2
wF

2
 

 

Eq (6.13) 

 

e  = 77.201
9.5012752

1.102100006.2 2





 mm > ss + c = 50.0 mm 

Therefore 
e = ss + c = 50.0 mm 

 

Factors m1 and m2 are determined as follows:  

m1 = 72.20
1.10275

3.209275

wyw

fyf







tf

bf
 

 

6.5(1) Eq (6.8) 

m2 = 
22

w

6.15
9.501

02.002.0 

















ft
h

  = 20.70 when F > 0.5 

Or 

 

6.5(1) Eq (6.9) 

m2 = 0 when F   0.5  
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a) First, consider m2 = 0 

y = 22.223072.2016.15250 










   mm 

Or 

 

Eq (6.10) 

y = 2

2

f

e1
fe

2
m

t

m
t 











   

 

6.5(3) Eq (6.11) 

 = mm 86.1200
6.15

50

2

72.20
6.150.50

2









  

Or 

 

y = 072.206.155021fe  mmt   = 121.01 mm 

As 120.86 mm < 121.01 mm < 223.22 mm 

y = 120.86 mm 

6.5(3) Eq (6.12) 

F  = 
cr

ywwy

F

ft
 

fyw  = 275 N/mm2  

 

6.4(1) Eq (6.4) 

Fcr = 3
3

w

3
w

F 10
9.501

1.10
2100006.29.09.0 

h

t
Ek   = 1009 kN 

 

6.4(1) Eq (6.5) 

Therefore 

F  = 3
cr

ywwy

101009
2751.1086.120





F

ft
= 0.58 > 0.5 

 

6.4(1) Eq (6.4) 

As F  > 0.5, m2 must be determined and y recalculated  

m2 = 20.70 

b) Recalculate for m2 = 20.70 

Sheet 7 

y = 00.28270.2072.2016.15250 










   mm 

Or 

6.5(2)  
Eq (6.10) 

y = 70.20
6.15

50
2
72.20

6.150.50
2







   = 150.29 mm 

Or 

6.5(3)  
Eq (6.11) 

y = 70.2072.206.1550    = 150.40 mm 

As 150.29 mm < 150.40 mm < 282.00 mm 

y = 150.29 mm 

6.5(3) Eq (6.12) 
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F  =
3

cr

ywwy

101009

2751.1029.150






F

ft
  = 0.64 > 0.5 

 
6.4(1) Eq (6.4) 

As 0.64 > 0.5, F   = 0.64  

Determine F 
 

F  = 0.1
5.0

F




 

F  = 
64.0

5.0
  = 0.78 

 
6.4(1) Eq (6.3) 

Determine Leff  

Leff = Fℓy  = 0.78  150.29  = 117.23 mm 6.2(1) Eq (6.2) 

Determine FRd  

FRd = 
0.1

1.1023.117275

M1

weffyw 




tLf
  10–3  = 326 kN 

 
6.2(1) Eq (6.1) 

Determine 2 
 

2 = 
326

5.269

/ Rd

Ed

M1weffyw

Ed 
F

V

tLf

F


  = 0.83 < 1.0 

Therefore the web resistance to transverse forces is adequate. 

 
6.6(1) Eq (6.14) 

2.8 Vertical deflection at serviceability limit state 
 

A structure should be designed and constructed such that all relevant 
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. 

7.1(1) 

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 
and expression 6.14a is used to determine design effects.  Additionally, as 
stated in Section 2.2.2, the variable actions are not independent and therefore 
no combination factors (i) are required.  Thus, the combination values of 
actions are given by: 

11ser1,d, qgF   and 22ser2,d, QGF   

BS EN 1990 
A1.4.1(1) 
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As noted above, the permanent actions considered in this example occur during 
the construction process, therefore only the variable actions need to be 
considered in the serviceability verification for the functioning of the structure. 

Thus 0.301serd,1,  qF  kN/m and 0.502serd,2,  QF  kN 

BS EN 1990 
A1.4.3(3) 

 

2.8.2 Design value of deflection  

The vertical deflection is given by:  

w = 





















48384

51 3
serd,2,

4
d,1,

y

LFLF

EI
ser  

 = 






 












 48
650050000

384
6500305

1055200210000
1 34

4  

 = 8.5 mm 

 

The vertical deflection limit is 

wlim = 
360

6500

360


L
  = 18.1 mm 

8.5 mm < 18.1 mm 

 

Therefore the vertical deflection of the beam is satisfactory.  

2.9 Blue Book Approach 
The design resistances may be obtained from SCI publication P363  

Consider the 533 × 210 × 92 UKB in S275 

Page references in 
Section 2.9 are to 
P363 unless 
otherwise stated. 

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

Shear at the supports VEd = 269.5 kN 
Shear at maximum bending moment Vc,Ed = 62.5 kN 
Maximum bending moment MEd = 539.5 kNm 

Sheet 3 

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  

Vc,Rd = 909 kN Page C-103 

Rdc,

Ed

V
V

 = 30.0
909

5.269
  < 1.0 

Therefore the shear resistance is adequate 

 

2.9.4 Bending resistance  

2
Rdc,V

 = 5.454
2

909
  kN 

454.5 kN > Vc,Ed = 62.5 kN 

Therefore there is no reduction in the bending resistance. 
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Rdy,c,M  = 649 kNm Page C-66 
 

Rdy,c,

Ed

M
M

 = 83.0
649

5.539
  < 1.0 

Therefore the bending moment resistance is adequate 

 

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

 

FEd =VEd  = 269.5 kN  

ss + c = 50 + 0  = 50 mm 

Therefore, for ss  = 50 mm and c  = 0 

 

FRd = 324 kN Page C-103 
 

Rd

Ed

F
F

 = 83.0
324

5.269
  < 1.0 

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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3 Unrestrained beam with end bending 
moments 

3.1 Scope 
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. 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

A DB C

2,d 1,d3,dF F F

3000 30003000

9000
 

 

Figure 3.1   

The design aspects covered in this example are: 

 Calculation of design values of actions for ULS 

 Cross section classification 

 Cross sectional resistance: 

 Shear buckling 

 Shear 

 Bending moment 

 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 

Concentrated load 1 G1 = 40 kN 

Concentrated load 2 G2 = 20 kN 
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3.2.2 Variable actions  

Concentrated load 1 Q1 = 60 kN 

Concentrated load 2 Q2 = 30 kN 

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 G = 1.35 
Partial factor for variable actions Q = 1.50 
Reduction factor  = 0.925 

Table 
NA.A1.2(B) 

Note: For this example, the combination coefficient (0) 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. 

 

i,ijjjj QQGG 0iQ,1Q,1inf,inf,Gsup,sup,G    BS EN 1990 
Eq (6.10b) 

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

 

UDL (self weight) 

  7.3335.1925.0Gd1,  gF   kN/m 

Concentrated load 1 

    0.140605.14035.1925.01Q1Gd2,  QGF   kN 

Concentrated load 2 

    0.70305.12035.1925.02Q2Gd3,  QGF   kN 

EN 1990 Table 
NA.A1.2(B) 

 

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 A,Ed = 260 kNm 
Design bending moment at B  MB,Ed = 134 kNm 
Design bending moment at C  MC,Ed = 78 kNm 
Design bending moment at D  MD,Ed = 223 kNm 

Maximum design shear force (at A)  VA,Ed = 137 kN 
Design shear force at D  VD,Ed = 106 kN 
 
The design bending moments and shear forces are shown in Figure 3.2 
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B CA D

Bending moment  kNm

25

3000

140 kN 70 kN

9000

3000 3000

3.7 kN/m

137 126

14

95 106

260

134
78

223

Shear force kN

Design loads

 

 

Figure 3.2   

3.4 Buckling length (Lcr) 
 

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. 

Lcr  = 9.0 m 

 

3.5 Section Properties 
 

457  191  67 UKB in S275. 

From section property tables: 

 

Depth  h = 453.4 mm 

Width b = 189.9 mm 

Web thickness tw = 8.5 mm 

Flange thickness tf = 12.7 mm 

Depth between fillets d = 407.6 mm 

Plastic modulus, y-y axis  Wpl,y = 1 470 cm3 

Area A = 85.5 cm2  

P363  

Modulus of elasticity E  = 210 000 N/mm2 3.2.6(1) 
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For buildings that will be built in the UK, the nominal values of the yield 
strength (fy) and the ultimate strength (fu) for structural steel should be those 
obtained from the product standard.  Where a range is given, the lowest 
nominal value should be used. 
 

NA.2.4 

For S275 steel and t  16 mm 
Yield strength  fy  = ReH  = 275 N/mm2  

BS EN 10025-2 
Table 7 

3.6 Cross section classification 
 

92.0
275

235235

y


f

  
Table 5.2 

Outstand of compression flange 

 
50.80

2
2.1025.89.189

2
2w 







rtb
c  mm 

34.6
7.12
5.80

f


t
c

 

The limiting value for Class 1 is 28.892.099
f

 
t
c

 

6.34 < 8.28 

Therefore, the flange is Class 1 under compression. 

 

Web subject to bending 

c  = d = 407.6 mm 

95.47
5.8
6.407

w


t
c

 

 

The limiting value for Class 1 is 24.6692.07272
f

 
t
c

 

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 
 

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 
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3.8 Cross-sectional resistance  

3.8.1 Shear buckling  

The shear buckling resistance for webs should be verified according to 
section 5 of BS EN 1993-1-5 if: 

6.2.6(6) 




72
w

w 
t

h
 

Eq (6.23) 

  = 1.0  
hw =   00.4287.1224.4532 f  th  mm 

w

w

t

h
 = 35.50

5.8

0.428
  




72  = 24.66
0.1

92.0
72   

50.35 < 66.24 

BS EN 1993-1-5 
NA,2.4 

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

 

3.8.2 Shear resistance  

Verify that: 

0.1
Rdc,

Ed 
V

V
 

Vc,Rd is the design plastic shear resistance (Vpl,Rd). 

6.2.6(1) 

Eq (6.17) 

M0

yv
pl.Rd

)3/(



fA
V   

 

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

 

 rttbtAA 22 wffv   but not less than ww th  

 =    )2.102(5.87.127.129.1892105.85 2  = 4093.57 mm2 

 

00.36385.84280.1ww th  mm2  

Therefore, Av = 4093.57 mm2 

 

The design plastic shear resistance is: 

0.65010
0.1

)3/275(57.4093)3/( 3

M0

yv
Rdpl,Rdc, 


 


fA

VV  kN 

 

6.2.6(2) 
Eq (6.18) 

 
Maximum design shear occurs at A, therefore the design shear is 
VA,Ed,  = 137 kN 
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21.0
650
137

Rdc,

EdA, 
V

V
 < 1.0 

Therefore the shear resistance of the section is adequate. 

 

3.8.3 Resistance to bending  

Verify that: 

0.1
Rdc,

Ed 
M

M
 

6.2.5(1)  
Eq (6.12) 

 

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

0.325
2

650

2

Rdc, 
V

 kN 

 

Shear force at maximum bending moment VA,Ed, = 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) 

40410
0.1

275101470 6
3

M0

yypl,
Rdpl,Rdc, 


 



fW
MM  kNm 

 
Eq (6.13) 

64.0
404

260

Rdc,

EdA, 
M

M
 < 1.0 

Therefore the bending resistance of the cross section is adequate. 

 
Eq (6.12) 

3.9 Buckling resistance of member in bending 
 

If the lateral torsional buckling slenderness ( LT ) is less than or equal to LT,0  
the effects of lateral torsional buckling may be neglected, and only 
cross-sectional verifications apply. 

6.3.2.2(4) 

The value of LT,0  for rolled sections is given by the UK National Annex as 

LT,0   = 0.4 

NA.2.17 

cr

yy
LT

M

fW
  

 
6.3.2.2(1) 

yW  ypl,W  For class 1 or 2 cross sections.  

BS EN 1993-1-1 does not give a method for determining the elastic critical 
moment for lateral-torsional buckling (Mcr).  Here the ‘LTBeam’ software 
(which can be downloaded from the CTICM website) has been used to 
determine Mcr. 
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When determining Mcr the following end restraint conditions have been applied 
to the beam. 

 

LTBeam symbol Definition Restraint applied (fixed/free) 

v Lateral restraint Fixed 

 Torsional restraint Fixed 

v’ Flexural restraint Free 

’ Warping restraint Free 

The value for the elastic critical moment obtained from ‘LTBeam’ is: 

Mcr  = 355.7 kNm 

 

Therefore, 

07.1
107.355

275101470
6

3

LT 



  

 

1.07 > 0.4 ( LT,0 )  

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

Verify that: 

0.1
Rdb,

Ed 
M

M
 

 
6.3.2.1(1) 
Eq (6.54) 

The design buckling resistance moment (Mb,Rd) of a laterally unrestrained beam 
is determined from: 

M1

y
yLTb.Rd



f

WM   

6.3.2.1(3)  
Eq (6.55) 

 

where: 

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

LT  is the reduction factor for lateral-torsional buckling. 

 

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

 

2
LT

2
LTLT

LT
1





  but 0.1  and 

2
LT

1


  

6.3.2.3(1) 
Eq (6.57) 

 
where: 

  2
LTLT,0LTLTLT 15.0    

 

From the UK National Annex, 4.0LT,0   and 75.0  NA.2.17 

39.2
9.189

4.453


b

h
 

 

2< 2.39 < 3.1, therefore use buckling curve ‘c’ NA.2.17 

For buckling curve ‘c’, LT  = 0.49 NA.2.16 & 
Table 6.5 
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     09.107.175.04.007.149.015.0 2
LT   6.3.2.3(1) 

 
60.0

07.175.009.109.1

1

22
LT 


  

 

87.0
07.1

11
22

LT




 
 

0.60 < 0.87 < 1.0 

Therefore, 

60.0LT   

 

To account for the shape of the bending moment distribution, LT may be 
modified by the use of a factor ‘f’’. 

6.3.2.3(2) 

f

LT
modLT,


   but 0.1modLT,   

where: 

Eq (6.58) 

    



 

2
LTc 8.02115.01 kf  but 0.1f   

6.3.2.3(2) 

1
c

1

C
k   

NA.2.18 

C1 may be obtained from either tabulated data given in NCCI, such as 
Access Steel document SN003, or determined from: 

diagram) moment ndinguniform be(
diagram) moment  bending(actual

cr

cr
1 M

M
C   

Access Steel 
document SN003 

As a value for C1 for the bending moment diagram given in Figure 3.2 of this 
example is not given in the Access Steel document SN003 the value for C1 will 
be calculated. 

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

2.134cr M  kNm 

Access Steel 
document SN003 

65.2
2.134

7.355
1 C  

61.0
65.2

1
c k  

 

     83.08.007.12161.015.01 2 f  6.3.2.3(2) 

Therefore, 

72.0
83.0

60.0
modLT,   < 1.0 

 

Eq (6.58) 

The design buckling resistance moment (Mb,Rd) of a laterally unrestrained beam 
is determined from: 
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M1

y
yLTRdb,



f

WM   

where: 

modLT,LT    

 

Eq (6.55) 

 

Thus, 

29110
0.1

275
10147072.0 63

Rdb,  M  kNm 

 

89.0
291

260

Rdb,

EdA, 
M

M
 < 1.0 

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

Sheet 2 
6.3.2.1(1) 
Eq (6.54) 

3.10 Vertical deflection at serviceability limit state 
 

The vertical deflections should be verified.  

3.11 Blue Book Approach 
The design resistances may be obtained from SCI publication P363.   

Consider the 457  191  67 UKB in S275 

Page references in 
Section 3.11 are 
to P363 unless 
otherwise stated. 

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)  MA,Ed = 260 kNm 
Maximum design shear force (at A)  VA,Ed = 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  

Vc,Rd = 650 kN Page C-104 

Rdc,

EdA,

V

V
 = 21.0

650

137
  < 1.0 

Therefore the shear resistance is adequate 

 

Bending resistance  

325
2

650
2
Rdc, 

V
 kN 

137EdA, V  kN < 325 kN 

Therefore there is no reduction in the bending resistance. 

 

Mc,y,Rd = 405 kNm Page C-67 
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Rdy,c,

EdA,

M

M
 = 64.0

405
260

  < 1.0 

Therefore the bending moment resistance is adequate 

 

3.11.4 Member buckling resistance  

From Section 3.8 of this example,  

C1  = 2.65 Sheet 8 

From interpolation for C1 = 2.65 and L = 9.0 m 

Mb,Rd = 290 kNm 

Page C-67 

Rdb,

EdA,

M

M
 = 90.0

290

260
  < 1.0 

Therefore the buckling moment resistance is adequate 
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4 Simply supported beam with lateral 
restraint at load application points 

4.1 Scope 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
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 DB C3000 30003000

9000

2,d 3,d 1,dF F F

 

 

Figure 4.1  

The design aspects covered in this example are: 

 Calculation of design values of actions for ULS 

 Cross section classification 

 Cross sectional resistance: 

 Shear buckling 

 Shear 

 Bending moment 

 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 G1 = 40 kN 

Concentrated load 2 G2 = 20 kN 

 

4.2.2 Variable actions  

Concentrated load 1 Q1 = 60 kN 

Concentrated load 2 Q2 = 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 G = 1.35 

Partial factor for variable actions Q = 1.50 

Reduction factor  = 0.925 

Note: For this example the combination coefficient (0) is not required, see 
Section 4.2.4. 

BS EN 1990 
Table NA.A1.2 

4.2.4 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. 

 

i,ijjjj QQGG 0iQ,1Q,1inf,inf,Gsup,sup,G    BS EN 1990 
Eq (6.10b) 

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

 

UDL (self weight) 

  7.3335.1925.0Gd1,  gF   kN/m 

Concentrated load 1 

    0.140605.14035.1925.01Q1Gd2,  QGF   kN 

Concentrated load 2 

    0.70305.12035.1925.02Q2Gd3,  QGF   kN 
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4.3 Design values of bending moments and shear 
forces 

 

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

B CA D

Shear force kN

Bending moment  kNm

3000

140 kN 70 kN

9000

3000 3000

3.7 kN/m

133 122

18 29

99 110

382
313

Design values
of actions

 

 

Figure 4.2   

4.4 Buckling length (Lcr) 
 

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 (Lcr) equal the span length between lateral 
restraints, 

Lcr  = 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 × 191 × 82 UKB in S275  

From section property tables: 
Depth  h = 460.0 mm 
Width b = 191.3 mm 

Web thickness tw = 9.9 mm 

Flange thickness tf = 16.0 mm 

Root radius r = 10.2 mm 

P363 
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Depth between fillets d = 407.6 mm 

Second moment of area y-y axis Iy = 37 100 cm4 

Second moment of area z-z axis Iz = 1 870 cm4 

Warping constant Iw = 0.922 dm3 

Radius of gyration y-y axis  iy = 18.8 cm 

Radius of gyration z-z axis  iz = 4.23 cm 

Plastic modulus y-y axis  Wpl,y = 1 830 cm3 

Plastic modulus z-z axis  Wpl,z = 304 cm3 

Elastic modulus y-y axis  Wel,y = 1 610 cm3 

Elastic modulus z-z axis  Wel,z = 196 cm3 

Area A = 104 cm2  

Modulus of elasticity E = 210 000 N/mm2 3.2.6(1) 

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

NA.2.4 

For S275 steel and t  16 mm 
Yield strength fy  = ReH  = 275 N/mm2  

BS EN 10025-2 
Table 7 

4.5.1 Cross section classification  

92.0
275

235235

y


f

  
Table 5.2 

 

Outstand of compression flange 

 
50.80

2

2.1029.93.191

2

2w 






rtb

c  mm 

03.5
0.16

5.80

f


t

c
 

 

The limiting value for Class 1 is 28.892.099
f

 
t

c
 

 

5.03 < 8.28 

Therefore, the flange in compression is Class 1 

 

Web subject to bending 

c  = d  = 407.6 mm 

 

17.41
9.9

6.407

w


t

c
 

 

The limiting value for Class 1 is 24.6692.07272
f

 
t
c

 

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  

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 

4.7 Cross-sectional resistance 
 

4.7.1 Shear buckling resistance  

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

6.2.6(6) 




72

w

w 
t

h
 

 
Eq (6.23) 

 = 1.0  

  0.4280.1620.4602 fw  thh mm 

23.43
9.9

0.428

w

w 
t

h
 

24.66
0.1

92.0
7272 




 

BS EN 1993-1-5 
NA.2.4 

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: 

0.1
Rdc,

Ed 
V

V
 

For Class 1 and 2 cross sections 

Rdpl,Rdc, VV   

6.2.6(1) 
Eq (6.17) 

 

M0

yv
Rdpl,

)3/(


fA

V   
6.2.6(2) 
Eq (6.18) 

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

 

 rttbtAA 22 wffv   but not less than wwth  

    2.4763)2.102(9.90.160.163.191210104 2   mm2  

 

20.42379.94280.1ww th  mm2  

Therefore, Av  = 4763.2 mm2 
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The plastic design shear resistance is:  

75610
0.1

)3/275(2.4763)3/(
3

M0

yv
Rdpl, 


 


fA

V  kN 

 

6.2.6(2) 
Eq (6.18) 

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

 

Sheet 3 

 

18.0
756

133

Rdc,

EdA, 
V

V
 < 1.0 

Therefore the shear resistance of the section is adequate. 

 

4.7.3 Resistance to bending  

Verify that: 

0.1
Rdc,

Ed 
M

M
 

6.2.5(1)  
Eq (6.12) 

 

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

378
2

756

2

Rdc, 
V

 kN 

 

 

Shear force at maximum bending moment is VB,Ed  = 122 kN 

122 kN < 378 kN 

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

Sheet 3 
6.2.8(2) 

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

50310
0.1

275101830 6
3

M0

yypl,
Rdpl,Rdc, 


 


fW

MM  kNm 
 
Eq (6.13) 

76.0
503
382

Rdc,

EdB, 
M

M
 < 1.0 

Therefore the bending moment resistance is adequate. 

 
Eq (6.12) 

4.8 Buckling resistance of member in bending 
 

If the lateral torsional buckling slenderness ( LT ) is less than or equal to LT,0  
the effects of lateral torsional buckling may be neglected, and only 
cross-sectional resistances apply. 

6.3.2.2(4) 

The value of LT,0  for rolled sections is given by the UK National Annex as 

LT,0  = 0.4 

NA.2.17 

cr

yy
LT

M

fW
  

 
6.3.2.2(1) 

yW   ypl,W  For class 1 or 2 cross sections.  
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BS EN 1993-1-1 does not give a method for determining the elastic critical 
moment for lateral-torsional buckling (Mcr).  Here a method presented in 
Access Steel document SN002 is used to determine a value for LT  without 
having to calculate Mcr. 

Consider section B – C of the beam. 

 
 
Access Steel 
document SN002 

M

M

3 m

B,Ed

C,Ed

 

 

Figure 4.3  

wz

1

LT
1  UV
C

  

where: 

w

zypl,

I

I

A

gW
U   

97.0
37100

1870
11

y

z 
I

I
g  

88.0
10922.0

101870

10104

97.0101830
12

4

2

3




















U  

Access Steel 
SN002 

4

2

f

z

/20

1
1

1


















th

V



 (For doubly symmetric sections) 

z

z
i

kL
  

k is the effective length parameter and should be taken as 1.0 unless it can be 
demonstrated otherwise.  Therefore, 

92.70
3.42

3000

z

z 
i

L  

 

94.0

16/460

92.70

20

1
1

1

4

2












V  
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ypl,

y
w

W

W
  

For Class 1 and 2 sections ypl,y WW  , therefore, 

0.1w   

 

1

z
z




   

 

8.86
275

210000

y

1  
f

E
 

 

82.0
8.86

92.70
z   

 

1

1

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

 

82.0
382

313

EdB,

EdC, 
M

M
  

 

For the bending moment shape shown in Figure 4.3 and 82.0 , 

92.0
1

1


C

 

Access Steel 
document SN002 
Table 2.1 

wz

1

LT
1  UV
C

  
 

62.00.182.094.088.092.0LT    

0.62 > 0.4  LT,0  

Therefore, the resistance to lateral torsional buckling should be verified. 

6.3.2.2(4) 

Verify that: 

0.1
Rdb,

Ed 
M

M
 

 

6.3.2.1(1) 
Eq (6.54) 

The design buckling resistance moment (Mb,Rd) of a laterally unrestrained beam 
is determined from: 

M1

y
yLTRdb, 


f

WM   

6.3.2.1(3)  
Eq (6.55) 

 

where: 

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

LT  is the reduction factor for lateral-torsional buckling. 
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For UKB sections, the method given in 6.3.2.3 for determining LT  for rolled 
sections may be used.  Therefore, 

 

2
LT

2
LTLT

LT
1





  but 0.1  and 

2
LT

1


  

6.3.2.3(1) 
Eq (6.57) 

where: 

  2
LTLT,0LTLTLT 15.0    

 

From the UK National Annex 4.0LT,0   and 75.0  NA.2.17 

The appropriate buckling curve depends on h/b: 

40.2
3.191

0.460


b

h
  

 

2 < 2.40 < 3.1, therefore use buckling curve ‘c’ NA.2.17 

For buckling curve ‘c’,  LT = 0.49 NA.2.16 & 
Table 6.3 

     70.062.075.04.062.049.015.0 2
LT   6.3.2.3(1) 

 
87.0

62.075.07.07.0

1

22
LT 


  

 

60.2
62.0

11
22

LT




 
 

0.87 < 1.0 < 2.60 

Therefore, 

LT  = 0.87 

 

To account of the shape of the bending moment distribution, LT may be 
modified as follows: 

f
LT

modLT,


   but 0.1modLT,   

6.3.2.3(2) 
Eq (6.58) 

    



 

2
LTc 8.02115.01 kf  but 0.1f  

6.3.2.3(2) 

1

c
1

C
k   

Therefore, 

NA.2.18 

92.0c k  Sheet 8 

     96.08.062.02192.015.01 2 f  6.3.2.3(2) 

Therefore, 

92.0
96.0

88.0
modLT,   

 

Eq (6.58) 
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The design buckling resistance moment (Mb,Rd) of a laterally unrestrained beam 
is determined from: 

 

M0

y
yLTRdb, 


f

WM   

where: 

modLT,LT    

 

Eq (6.55) 

 

For this beam: 

46310
0.1

275
10183092.0 63

Rdb,  M  kNm 

 

83.0
463

382

Rdb,

EdB, 
M

M
 < 1.0 

6.3.2.1(1) 
Eq (6.54) 

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 
The design resistances may be obtained from SCI publication P363.   

Consider the 457 × 191 × 82 UKB in S275 

 

Page references in 
Section 4.9 are to 
P363 unless 
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 VA,Ed = 133 kN 

Shear at maximum bending moment VB,Ed = 122 kN 

Maximum bending moment MEd = 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  

Vc,Rd = 756 kN Page C-104 

Rdc,

Ed

V
V

 = 18.0
756

133
  < 1.0 

Therefore the shear resistance is adequate 

 



Example 4 - Beam with lateral restraint at load application points Sheet 11 of 11 Rev  
 

04-Simply supported beam with lateral restraint at load applications points_meb.doc 40 

Bending resistance  

378
2

756
2
Rdc, 

V
 kN 

122EdB, V  kN < 378 kN 

Therefore there is no reduction in the bending resistance. 

 

Mc,y,Rd = 504 kNm Page C-67  

Rdy,c,

Ed

M

M
 = 76.0

504

382
  < 1.0 

Therefore the bending moment resistance is adequate 

 

4.9.4 Member buckling resistance  

Lcr = 3.0 m Sheet 3 

Consider span B – C.  

M

M

3 m

B,Ed

C,Ed

 

 

From Section 4.7 of this example  

92.0
1

1


C

 
Sheet 8 

Therefore, 

18.1
92.0

1
2

1 







C  

 

From interpolation for C1 = 1.18 and L = 3 m 

Mb,Rd = 449 kNm 

Page C-67  

Rdb,

Ed

M
M

 = 85.0
449

382
  < 1.0 

Therefore the buckling resistance is adequate 
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5 Unrestrained beam with end bending 
moments using a Class 3 section 

5.1 Scope 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
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 not provide restraint against lateral-torsional buckling.  
Design the beam using a UKC in S355 steel. 

 

  
A DB C3000 30003000

9000

F F F2,d 1,d3,d

 

 

Figure 5.1   

The design aspects covered in this example are: 

 Section classification 

 Cross sectional resistance: 

 Shear buckling 

 Shear 

 Bending moment 

 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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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 MA,Ed = 330 kNm 

Design bending moment at B  MB,Ed = 320 kNm 

Design bending moment at C  MC,Ed = 250 kNm 

Design bending moment at D  MD,Ed = 280 kNm 

 

Design shear force at A  VA,Ed = 225 kN 

Design shear force at D  VD,Ed = 185 kN 

 

3000

9000

3000 3000

240 kN 120 kN

B CA D

Shear force kN

Bending moment  kNm

5.6 kN/m

225 208

168

48

185

330
280

250
320

32

Design loads

 

 

Figure 5.2   

5.3 Buckling length (Lcr) 
 

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. 

Lcr = 9.0 m 
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5.4 Section properties  

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

 

Depth  h = 307.9 mm 
Width b = 305.3 mm 

Web thickness tw = 9.9 mm 

Flange thickness tf = 15.4 mm 

Root radius r = 15.2 mm 

Depth between fillets d = 246.7 mm 

Elastic modulus, y-y axis  Wel,y = 1 450 cm3 

Area A = 123 cm2  

P363 

Modulus of elasticity E = 210 000 N/mm2 3.2.6(1) 

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

NA.2.4 

For S355 steel and t  16 mm 
Yield strength  fy  = ReH  = 355 N/mm2  

BS EN 10025-2 
Table 7 

5.4.1 Cross section classification  

  = 81.0
355

235235

y


f

 
Table 5.2 

 

Outstand of compression flange 

c = 
 

5.132
2

2.1529.93.305

2

2w 



 rtb

 mm 

ft
c

 = 6.8
4.15

5.132
  

The limiting value for Class 2 is 81.01010
f

 
t

c
 = 8.1 

The limiting value for Class 3 is 81.01414
f

 
t

c
 =11.3 

8.1< 8.6 < 11.3 

Therefore, the flange in compression is Class 3 

 

Web subject to bending 

c = d  = 246.7 mm 

wt
c

 = 
9.9

7.246
  24.92 

The limiting value for Class 1 is 32.5881.07272
f

 
t
c
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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 
 

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 

5.6 Cross-sectional resistance 
 

5.6.1 Shear buckling  

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

6.2.6(6) 




72

w

w 
t

h
 

 
Eq (6.23) 

 = 1.0  

hw =   1.2774.1529.3072 f  th mm

BS EN 1993-1-5 
NA.2.4 

w

w

t

h
 = 99.27

9.9

1.277
  

 




72  = 32.58

0.1

81.0
72   

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: 

0.1
Rdc,

Ed 
V

V
 

Vc,Rd is equal to the design plastic shear resistance (Vpl,Rd). 

6.2.6(1) 

Eq (6.17) 

M0

yv
Rdpl,

)3/(


fA

V   
 

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

 

 rttbtAA 22 wffv   but not less than wwth  

    38.3517)2.152(9.94.154.153.305210123 2   mm2 
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32.27409.98.2760.1ww th  mm2  

2740.31 mm2 < 3517.38 mm2  

Therefore, Av  = 3517.38 mm2 

 

The plastic design shear resistance is:  

 
72110

0.1
3/35538.3517)3/( 3

M0

yv
Rdpl,Rdc, 


 


fA

VV  kN 

 

6.2.6(2) 
Eq (6.18) 

 
Maximum design shear occurs at A, therefore the design shear 
VEd  = VA,Ed   = 225 kN 

Sheet 2 

31.0
721

225

Rdc,

Ed 
V

V
 < 1.0 

Therefore the shear resistance of the section is adequate. 

 

5.6.3 Resistance to bending  

Verify that: 

0.1
Rdc,

EdA, 
M

M
 

6.2.5(1)  
Eq (6.12) 

 

At the point of maximum bending moment (A) check if the shear force will 
reduce the bending moment resistance of the section. 

5.360
2

721

2

Rdc, 
V

 kN 

 

Shear force at maximum bending moment V A,Ed,  = 225 kN 

225 kN < 360.5 kN 

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

 

 

6.2.8(2) 

The design resistance for bending for Class 3 cross-sections is: 6.2.5(2) 

51510
0.1

355101450 6
3

M0

yyel,
Rdel,Rdc, 


 



fW
MM  kNm 

 
Eq (6.14) 

64.0
515
330

Rdc,

EdA, 
M

M
 < 1.0 

Therefore the bending resistance of the cross section is adequate. 

 
Eq (6.12) 

5.7 Buckling resistance of member in bending 
 

If the lateral torsional buckling slenderness ( LT ) is less than or equal to LT,0  
the effects of lateral torsional buckling may be neglected, and only 
cross-sectional resistances apply. 

6.3.2.2(4) 

The value of LT,0  for rolled sections is given as LT,0  = 0.4 NA.2.17 
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cr

yy
LT

M

fW
  

 
6.3.2.2(1) 

yW   yel,W  For class 3 cross sections.  

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

 

When determining Mcr the following end restraint conditions have been applied 
to the beam. 

 

LTBeam symbol Definition Restraint applied (fixed/free) 
v Lateral restraint Fixed 

 Torsional restraint Fixed 

v’ Flexural restraint Free 

’ Warping restraint Free 

The value for the elastic critical moment obtained from ‘LTBeam’ is: 

Mcr = 607.7 kNm 

Therefore, 

92.0
107.607

355101450
6

3

LT 



  

 

0.92 > 0.4   

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

Verify that: 

0.1
Rdb,

Ed 
M

M
 

 
6.3.2.1(1) 
Eq (6.54) 

The design buckling resistance moment (Mb,Rd) of a laterally unrestrained beam 
is determined from: 

M1

y
yLTRdb,



f

WM   

6.3.2.1(3)  
Eq (6.55) 

 

where: 

yW  yel,W  for class 3 cross sections. 

LT  is the reduction factor for lateral-torsional buckling 

 

For UKC sections the method given in 6.3.2.3 for determining LT  for rolled 
sections may be used.  Therefore, 

 

2
LT

2
LTLT

LT
1





  but 0.1  and 

2
LT

1


  

6.3.2.3(1) 
Eq (6.57) 
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where: 

  2
LTLT,0LTLTLT 15.0    

 

From the UK National Annex 4.0LT,0   and 75.0  NA.2.17 

The appropriate buckling curve depends on h/b: 

01.1
3.305

9.307


b

h
 

 

1.01 < 2, therefore use buckling curve ‘b’ NA.2.17 

For buckling curve ‘b’,  LT = 0.34 NA.2.16 & 
Table 6.5 

     91.092.075.04.092.034.015.0 2
LT   6.3.2.3(1) 

 
74.0

92.075.091.091.0

1
22

LT 


  
 

18.1
92.0

11
22

LT




 
 

0.74 < 1.0 < 1.18 

Therefore, 

74.0LT   

 

To account for the shape of the bending moment distribution, LT may be 
modified by the use of a factor ‘f’’. 

6.3.2.3(2) 

f

LT
modLT,


   but 0.1modLT,   

where: 

Eq (6.58) 

    



 

2
LTc 8.02115.01 kf  but 0.1f   

6.3.2.3(2) 

1
c

1

C
k   

NA.2.18 

C1 may be obtained from either tabulated data given in NCCI, such as Access 
Steel document SN003, or determined from: 

diagram) moment ndinguniform be(
diagram) moment  bending(actual

cr

cr
1 M

M
C   

 

As a value for C1 for the bending moment diagram given in Figure 5.2 is not 
given in the Access Steel document SN003 the value for C1 will be calculated. 

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

5.460cr M  kNm 
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32.1
5.460
7.607

1 C  

87.0
32.1

1
c k  

 

     94.08.092.02187.015.01 2 f  
6.3.2.3(2) 

79.0
94.0

74.0
modLT,   

Eq (6.58) 

The design buckling resistance moment (Mb,Rd) of a laterally unrestrained beam 
is determined from: 

 

M1

y
yLTRdb, 


f

WM   

where: 

modLT,LT    

 

Eq (6.55) 

 

For this beam 40710
0.1

355
10145079.0 63

Rdb,  M  kNm 
 

81.0
407

330

Rdb,

EdA, 
M

M
 < 1.0 

Therefore the design buckling resistance of the member is adequate. 

Sheet 2 
6.3.2.1(1) 
Eq (6.54) 

5.8 Web subject to transverse forces 
 

The verification for web subject to transverse forces should be carried out at 
the supports and at the points of load application.  However, as the reactions 
are transferred through end plates and the loads are applied through the bottom 
flange, there is no need to verify the resistance of the web to transverse forces 
in this example. 

 

5.9 Blue Book Approach 
The design resistances may be obtained from SCI publication P363. 

Consider the 305  305  97 UKC in S355 

Page references 
given in Section 
5.9 are to P363 
unless otherwise 
stated. 

5.9.1 Design bending moments and shear forces  

The design bending moments and shear forces are shown in Figure 5.2 

Design bending moment at A  MA,Ed = 330 kNm 

Design bending moment at B  MB,Ed = 320 kNm 

Maximum design shear force (at A)  VA,Ed = 225 kN 

 

5.9.2 Cross-section classification  

Under bending the section is Class 3. Page D-76  



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

05-Unrestrained beam with end moments using Class 3 UC section_meb.doc 49 

5.9.3 Cross sectional resistance  

Shear resistance  

Vc,Rd = 721 kN Page D-110  

Rdc,

EdA,

V

V
 = 31.0

721

225
  < 1.0 

Therefore the shear resistance is adequate 

 

Bending resistance  

5.360
2

721
2
Rdc, 

V
 kN 

EdA,V 225 kN < 360.5 kN 

Therefore there is no reduction in bending resistance. 

 

Mc,y,Rd = 513 kNm Page D-76  

Rdy,c,

Ed

M
M

 = 64.0
513
330

  < 1.0 

Therefore the bending resistance is adequate 

 

5.9.4 Member buckling resistance  

From Section 5.6 of this example  

C1  = 1.32 Sheet 8 

From interpolation for C1 = 1.32 and L = 9.0 m 

Mb,Rd = 406 kNm 

Page D-76 

Rdb,

EdA,

M

M
 = 81.0

406
330

  < 1.0 

Therefore the buckling resistance is adequate 
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6 Beam under combined bending and 
torsion – Simple method 

6.1 Scope 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

The simply supported (but with torsionally restraining end plate connections at 
each ends) beam (254  254  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 CB

  = 4000 mm

1,d

1,d

F

F

e

L

=75 mm

 

 

Figure 6.1   

The design aspects covered in this example are: 

 Deflections and twist at SLS 

 Cross section classification 

 Cross-sectional resistance (bending about y-y axis): 

 Shear buckling 

 Shear 

 Bending moment 

 Buckling resistance in bending 

 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 
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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. 

 

e 

Ed

Ed

1,d

1,d

1,dF F



Clockwise twist
   Negative angle of

twist due to T

T    = eF

 

 

Figure 6.2   

The application of the force F1,d and torsion TEd are shown below. 

+



(i) Plane bending (ii) Torsional loading

A C
B

Ed
1,d

T
F

  L

x

L L

 

 

Figure 6.3   

6.2.2 Permanent actions  

Uniformly distributed load (self-weight) gk = 0.9 kN/m  

6.2.3 Variable actions  

Concentrated load Qk = 60 kN  

6.2.4 Partial factors for actions  

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

BS EN 1990 
A1.3.1(4) 

Partial factor for permanent actions G  = 1.35 

Partial factor for variable actions Q  = 1.50 

Reduction factor   = 0.925 

Table 
NA.A1.2(B) 

Note: for this example the combination coefficient (0) 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) 

  12.19.035.1925.0kGd2,  gF   kN/m 

Concentrated load 

  0.90605.1kQd1,  QF   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: 

75.6075.090d1,Ed  eFT  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. 

 

Ed

f,Ed

f,Ed

T  

F

F  

 

Figure 6.4   

The force Ff,Ed, acting at each flange, is given by: 

Ff ,Ed = 8.27
10)3.173.260(

75.6
3

f

Ed 



 th

T
 kN 

 

6.3.3 Values at SLS  

The SLS value of the concentrated load is: 

0.60serd,1,  QF  kN 

 

The force at each flange at SLS is therefore: 

5.18
10)3.173.260(

075.060
3

f

serEd,
serEd,f, 









th

T
F  kN  

 

6.4 Design bending moment and shear forces at 
Ultimate Limit State 

 

Design bending moment at B My,Ed = 92 kNm 

Design shear force at supports (A and C) VA,Ed & VC,Ed = 47 kN 

Design shear force at mid-span (B) VB,Ed = 47 kN 
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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,  Lcr = 1.0  L  = 4000 mm 

 

6.6 Section properties 
 

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

 

Depth  h = 260.3 mm 

Width b = 256.3 mm 

Web thickness tw = 10.3 mm 

Flange thickness tf = 17.3 mm 

Depth between fillets d = 200.3 mm 
Root radius r = 12.7 mm 

Plastic modulus y-y axis  Wpl,y = 1 220 cm3 

Elastic modulus y-y axis  Wel,y = 1 100 cm3 

Radius of gyration z-z axis iz = 6.55 cm 

Torsion constant IT = 102 cm4 

Area A = 113 cm2  

P363 

Modulus of elasticity E = 210 000 N/mm2 3.2.6(1) 

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

NA.2.4 

For grade S275 steel and 16 mm < t  40 mm 
Yield strength  fy  = ReH  = 265 N/mm2  

BS EN 10025-2 
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, If,is given by: 

If = 2.242710
12

3.2563.17

12
4

33
f 




 bt
 cm4  

 

The horizontal displacement, u, of the flanges is: 

u = 8.4
102.242721000048

4000105.18

48 4

33

f

3
serEd,f, 






EI

LF
 mm 

 

Therefore the maximum twist is 

 = 04.0
3.173.260

8.422

f





























 th

u
 radians  = 2.3 

 

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  254  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 
 

 = 94.0
265

235235

y


f

 
Table 5.2 

Outstand of compression flange 

c = 
 

3.110
2

7.1223.103.256

2

2w 



 rtb

 mm 

ft
c

 = 4.6
3.17

3.110
  

Table 5.2 

The limiting value for Class 1 is 
ft
c

  9   = 9  0.94  = 8.46 
 

6.4 < 8.46 

Therefore, the flange in compression is Class 1. 

 

Web subject to bending 

c = d  = 200.3 mm  

wt
c

 = 4.19
3.10

3.200
  

 

The limiting value for Class 1 is 
wt
c

  72 = 72  0.94 = 67.7 
 

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  

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 

6.10 Cross-sectional resistance 
 

6.10.1 Shear buckling  

The shear buckling resistance for webs should be verified according to 
section 5 of BS EN 1993-1-5 if: 

6.2.6(6) 




72
w

w 
t

h
 

Eq (6.23) 

 = 1.0 (conservative)  

  7.2253.1723.2602 fw  thh mm  

9.21
3.10

7.225

w

w 
t

h
 

 

7.67
0.1

94.0
7272 




 
 

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: 

0.1
Rdc,

Ed 
V

V
 

Vc,Rd is equal to the design plastic shear resistance (Vpl,Rd). 

6.2.6(1) 

Eq (6.17) 

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

 

 rttbtAA 22 wffv   but not less than wwth  

    6.3049)7.122(3.103.173.173.256210113 2   mm2 

 

7.23243.107.2250.1ww th  mm2  

2324.7 mm2 < 3049.6 mm2  

Therefore, Av  = 3049.6 mm2 

 

Therefore the design plastic shear resistance is:  

46710
0.1

3/2653049.6)3/(
3

M0

yv
Rdpl,Rdc, 








 



fA
VV kN 

 

6.2.6(2) 
Eq (6.18) 
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From Sheet 3, the maximum design shear is  

VEd  = 47.0 kN 

Sheet 3 

10.0
467

47

Rdc,

Ed 
V

V
 < 1.0 

Therefore the shear resistance of the section is adequate. 

 

6.10.3 Resistance to bending  

Verify that: 

0.1
Rdc,

Edy,


M

M
 

6.2.5(1)  

Eq (6.12) 

As the shear at maximum bending moment VB,Ed is the same as the maximum 

shear and 10.0
Rdc,

Ed 
V
V

 < 0.5 no reduction in bending moment resistance 

due to shear is required. 

 

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

32310
0.1

265101220 6
3

M0

yypl,
Rdpl,Rdc, 


 



fW
MM  kNm 

 
Eq (6.13) 

29.0
323

92

Rdc,

Ed 
M

M
 < 1.0 

 

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

6.11 Buckling resistance in bending 
 

Verify that: 

0.1
Rdb,

Ed 
M

M
 

6.3.2.1(1) 
Eq (6.54) 

The design buckling resistance moment is determined from: 

Mb,Rd  = 
M1

y
yLT



f

W  

6.3.2.1(3)  
 
Eq (6.55) 

Wy  = Wpl,y 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 (LT) of rolled sections is 
used. 

 

LT = 
2

LT
2

LTLT

1

 
 but  1.0 and 

2
LT

1


  

6.3.2.3(1) 
Eq (6.57) 
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where: 

LT = 0.5(1 +  LT ( LT – LT,0) +  LT
2) 

 

 LT,0 = 0.4  and    =0.75 NA.2.17 

 LT = 
cr

yy

M

fW
 

6.3.2.2(1) 

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

 

 LT  = wz

1

9.0
1 
C

 
P362 5.6.2.1(5) 

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

may be ignored when determining 
1

1

C
 

 

Therefore, 
1

1

C
  = 0.86 

P362 Table 5.5 

z = 
1z

c 1

i

L
 

P362 5.6.2.1(5) 

Lc is the distance between lateral restraints, therefore Lc  = 4.0 m  

1 = 86 for grade S275 Steel  

w = 
pl.y

y

W

W
 

P362 Table 5.2 

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

Here the UKC considered is Class 1, therefore w = 1.0 

 

z = 71.0
86
1

5.65
40001

1z

c 
i

L
 

 

LT = wz
C

9.0
1

1

  = 0.86  0.9  0.71  1   = 0.55 
 

If LT   LT,0 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.  

The appropriate buckling curve depends on h/b: 

b

h
 = 02.1

3.256

3.260
   

NA.2.17 

1.02 < 2, therefore use buckling curve ‘b’ NA.2.17 

For buckling curve ‘b’ LT = 0.34 NA.2.16 & 
Table 6.5 
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LT = 0.5(1 +  LT ( LT – LT,0) +  LT
2) 

LT = 0.5  (1 + 0.34  (0.55 – 0.4) + (0.75  0.552))  = 0.64 

6.3.2.3(1) 

LT = 
2

LT
2

LTLT

1

 
 

LT = 
 

94.0
55.075.064.064.0

1
22




 

31.3
55.0

11
22

LT




 

Eq (6.57) 

0.94 < 1.0 < 3.31 

Therefore, 

LT = 0.94 

6.3.2.3(2) 

 

Eq (6.58) 

To account for the bending moment distribution, LT may be modified as 
follows: 

LT,mod  = 
f

LT
 but LT,mod  1.0 

 

f = 1 – 0.5(1 – kc)[1 – 2(LT – 0.8)2] but f  1.0 6.3.2.3(2) 

1

c
1

C
k   

NA.2.18 

1

1

C
  = 0.86 

Sheet 8 

f = 1 – 0.5  (1 – 0.86)  [1 – 2  (0.55 – 0.8)2]  = 0.94 < 1.0  

Therefore, 

LT,mod 0.1
94.0
94.0

 , but LT,mod  1.0 

Therefore, 

LT,mod = 

Eq (6.58) 

Mb,Rd = LT,mod Wy 
M0

y



f
 

Wy = Wpl,y for Class 1 or 2 cross sections 

Eq (6.55) 

Mb,Rd = 32310
0.1

265
1012201 63    kNm 

 

Rdb,

Edy,

M

M
  = 29.0

323

92
  < 1.0 

Eq (6.54) 

Therefore the lateral-torsional buckling resistance is adequate.  
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6.12 Resistance to combined bending and torsion  

6.12.1 Cross sectional resistance  

Verify that:  












Rdc,

Ed

M
M

 + 











Rdf,

Edf,

M

M
 1.0 

Based on 
Eq (6.41) 

 = 1.0 and  = 1.0 (conservative) 6.2.9.1(6) 

where: 

MEd = My,Ed  = 92 kNm 

 

Sheet 3 

Mc,Rd = 323 kNm Sheet 9 

Mf,Ed is the maximum bending moment in the flange due to the lateral 
flange force 

 

Mf,Rd 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: 

 

Mf,Ed = 8.27
4

48.27

4

Edf, 



LF

 kNm 
 

The resistance to bending of a class 1 flange is: 

Mf,Rd =  
M0

fypl,



fW
 

 

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

Wpl,y = 3
22

f 101.284
4

3.2563.17

4





bt
mm3  

 

Mf,Rd = 7510
0.1

265101.284 6
3

M0

yypl,



 



fW
 kNm 

 

Verify resistance to combined bending and torsion  












Rdc,

Ed

M

M
 + 












Rdf,

Edf,

M

M
 1.0 

Based on 
Eq (6.41) 

66.0
75

8.27
323
92

11

Rdf,

Edf,

Rdc,

Ed 
































M

M

M

M
 < 1.0 

 

Therefore the resistance of the cross-sectional to combined bending and torsion 
is adequate. 
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6.12.2 Buckling resistance  

Verify that:  

kyy 

M1

Rkz,

Edz,Edz,
yz

M1

Rky,
LT

Edy,Edy,




M

MM
k

M

MM 



  1.0 (no compression force) 

And 

Based on 
Eq (6.61) 

kzy 

M1

Rkz,

Edz,Edz,
zz

M1

Rky,
LT

Edy,dy,




M

MM
k

M

MM 



  1.0 (no compression force) 

Based on 
Eq (6.62) 

For Class 1, 2 and 3 cross sections  

My,Ed and Mz,Ed  are zero. 

Table 6.7 

My,Rk = fyWpl,y 

Mz,Rk = fyWpl,z 

 

As M1 = 1.0, Expressions (6.61) and (6.62) simplify to the following: 

kyy 
Rdz,c,

Ed,z
yz

Rdy,b,

Ed,y

M

M
k

M

M
   1.0 

And 

 

kzy 
Rdz,c,

Ed,z
zz

Rdy,b,

Ed,y

M

M
k

M

M
   1.0 

 

Interaction factors (kyi & kzi)  

The interaction factors are determined from either Annex A (Method 1) or 
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.   

NA.2.21 

s

h hM M

M  

 

Figure 6.5   

From the bending moment diagram for both the y-y and z-z axes  = 1.0 and 

0
92
0

s

h
h 

M
M  

Table B.3 

 

Therefore, as the loading is predominantly due to the concentrated load, 

Cmy = Cmz = CmLT  = 0.9 + 0.1h  = 0.9 + (0.1  0)  = 0.9 

 

As NEd  = 0 kN, the expressions given in Tables B.1 and B.2 simplify to: Table B.1 
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9.0myyy Ck  

9.0mzzz  Ck  

54.09.06.06.0 zzyz  kk  

 

As there is no compression force (NEd = 0 kN), 0.1zy k  Table B.2 

Mb,y,Rd = Mb,Rd = 323.0 kNm 

Mc,z,Rd = Mf,Rd = 75.0 kNm 

My,Ed  = 92.0 kNm 

Mz,Ed = Mf,Ed = 27.8 kNm 

Hence: 

Sheet 9 

Sheet 10 

Sheet 3 

Sheet 10 

kyy 
zRd,c,

Ed,z
yz

yRd,b,

Ed,y

M

M
k

M

M
   = 46.0

75
8.27

54.0
323

0.92
9.0 













  < 1.0 

 

kzy 
zRd,c,

Ed,z
zz

yRd,b,

Ed,y

M

M
k

M

M
   = 62.0

75
8.27

9.0
323

0.92
0.1 













  < 1.0 

 

Therefore the buckling resistance of the member is adequate.  
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7 Continuous beam designed elastically 

7.1 Scope 

The continuous non-composite beam shown in Figure 7.1 has its top flange 
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. 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

1 2 3 4 5 6 7 8

3000 3000 3000 3000 3000 3000

6000 9000

1500

4500  

 

Figure 7.1  

The design aspects covered in this example are: 

 Cross section classification 

 Cross sectional resistance: 

 Shear buckling 

 Shear 

 Bending moment 

 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. 

 

2 4 5 7

1 3 6 8

6000 9000

3000 6000 3000 6000 1500

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 G,sup if the total resulting action effect is unfavourable and G,inf 
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 G,inf  = 1.0 

Q = 1.5 

BS EN 1990 
Table 
NA.A1.2(B) 

For combination 6.10b the design values are given by: 

FG,sup,d = GGG 25.135.1925.0supG,   (Unfavourable) 

FG,inf,d = GG 0.1infG,   (Favourable) 

FQ,d = QQ 5.1Q   

 

The values at each location are tabulated below.  
 

 Characteristic 
values of actions 

(kN) 

Design values of 
actions (kN) 
Unfavourable 

Design values of 
actions (kN) 
Favourable 

Location G Q GsupG,  QQ  GinfG,  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  
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7.3 Design bending moments and shear forces  

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

AB.2(1)B 

2

2

2

2

4

4

4

4

5

5

5

5

7

7

7

7

3

3

3

3

6

6

6

6

8

8

8

8

c) Load case 3

b) Load case 2

d) Load case 4

1

1

1

1

G

Q

Q

G

Q

a) Load case 1

Q

G

Q

G

 

 

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 

MEd =  –952 kNm 

Maximum design shear force occurs at point 3 for load case 4 

VEd =  546 kN 
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Shear forces kN

Bending moments kNm

(1.25     +  1.5   )
525              525

G G GQ

Design values of actions kN

(1.25   )
140.6

(1.25   )
187.5

745 758

520.5
228.5

88

-224.5

-4.5

-529.5

-110

-783 -820

-133

779 767

-37 -88

-37

 

 

Figure 7.4a)  Load case 1    

Shear forces kN

Bending moments kNm

G GGQ Q(1.25    + 1.5   )
525

(1.25    )
187.5             187.5

Design values of actions kN

182

-343

182 547 401 247

(1.25    + 1.5    )
478
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-247
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137 189

-322
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Figure 7.4b) Load case 2    
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Shear forces kN

Bending moments kNm

GG Q(1.25   )
187.5

Design values of actions kN

------------------(1.25    + 1.5    )------------------
525                 525                                   478

-33 729 901 118

-33

-220

509
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-758

768 720
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Figure 7.4c) Load case 3    

Shear forces kN

Bending moments kNm

104
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525                                    525                525
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Design values of actions kN
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-114

748686
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Figure 7.4d) Load case 4   
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7.4 Section properties  

Try 686  254  125 UKB in S275   

Depth  h = 677.9 mm 
Width b = 253.0 mm 

Web thickness tw = 11.7 mm 

Flange thickness tf = 16.2 mm 

Root radius r = 15.2 mm 
Depth between fillets d = 615.1 mm 

Second moment of area y axis Iy = 118 000 cm4 

Second moment of area z axis Iz = 4 380 cm4 

Radius of gyration y axis  iy = 27.20 cm 

Radius of gyration z axis  iz = 5.24 cm 

Plastic modulus y axis  Wpl,y = 3 990 cm3 

Plastic modulus z axis  Wpl,z = 542 cm3 

Elastic modulus y axis  Wel,y = 3 480 cm3 

Elastic modulus z axis  Wel,z = 346 cm3 

Area A = 159 cm2  

P363 

Modulus of elasticity E = 210 000 N/mm2 3.2.6(1) 

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

NA.2.4 

For S275 steel and 16 < t  60 mm 
Yield strength  fy =  ReH =  265 N/mm2  

BS EN 10025-2 
Table 7 

7.5 Cross section classification 
 

94.0
265
235235

y


f

  
Table 5.2 

Outstand of compression flange 

c = 
 

2.103
2

2.1522.16253

2

2w 



 rtb

 

Table 5.2 

ft
c

 = 37.6
2.16

2.103
  

 

The limiting value for Class 1 is 46.894.099
f

 
t

c
 

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 

 

wt
c

 = 57.52
7.11

1.615
  

The limiting value for Class 1 is 68.6794.07272
f

 
t

c
 

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 
 

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 

7.7 Cross-sectional resistance 
 

7.7.1 Shear buckling  

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

6.2.6(6) 




72
w

w 
t

h

 
 
Eq (6.23) 

   = 1.0  

  50.6452.1629.6772 fw  thh  mm

BS EN 1993-1-5 
NA.2.4 

17.55
7.11

50.645

w

w 
t

h
 

 

68.67
0.1

94.0
7272 




 

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 

0.1
Rdc,

Ed 
V

V
 

For Class 1 and 2 cross sections 

Rdpl,Rdc, VV   

6.2.6(1) 
Eq (6.17) 

M0

yv
Rdpl,

)3/(


fA

V   
6.2.6(2) 
Eq (6.18) 
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Av is the shear area and is determined as follows for rolled I and H sections 
with the load applied parallel to the web. 

 

 rttbtAA 22 wffv   but not less than wwth  

    82.8384)2.152(7.112.162.16253210159 2  mm2  

6.2.6(3) 

35.75527.115.6450.1ww th mm2  

8384.82 > 7552.35 

Therefore, Av  = 8384.82 mm2 

 

The design plastic shear resistance is: 

128310
0.1

)3/265(82.8384)3/( 3

M0

yv
Rdpl, 


 


fA

V  kN 

6.2.6(2) 
Eq (6.18) 

Maximum design shear VEd  = 546 kN Sheet 5 

43.0
1283

546

Rdc,

Ed 
V

V
< 1.0 

Therefore the shear resistance of the section is adequate. 

 

7.7.3 Resistance to bending  

Verify that: 

0.1
Rdc,

Ed 
M

M
 

6.2.5(1)  
Eq (6.12) 

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

2

1283

2

Rdc, 
V

  = 641.5 kN 

 

Shear force at maximum bending moment VEd  = 546 kN 

546 kN < 641.5 kN 

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

Sheet 5 

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

6
3

M0

yypl,
Rdpl,Rdc, 10

0.1

265103990 





fW
MM   = 1057 kNm 

 
Eq (6.13) 

The design bending moment is: 

MEd = 952 kNm 

Sheet 5 

1057

952

Rdc,

Ed 
M

M
= 0.90 < 1.0 

6.2.5(1)  
Eq (6.12) 

Therefore the bending moment capacity is adequate.  



Example 7 - Continuous beam designed elastically Sheet 9 of 14 Rev  
 

07-Continuous beam designed elastically_meb2.doc 70 

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  

 
M6,Ed  = -820 kNm M7,Ed  = -133 kNm 

 

If the lateral torsional buckling slenderness ( LT ) is less than or equal to 

LT,0  the effects of lateral torsional buckling may be neglected, and only 
cross-sectional resistances apply. 

6.3.2.2(4) 

The value of LT,0  for rolled sections is given by the UK National Annex as 

LT,0   = 0.4 

NA.2.15 

cr

yy
LT

M

fW
  

 
6.3.2.2(1) 

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

 

LT  = wz

1

9.0
1 
C

 
P362 5.6.2.1(5) 

 = 
820

133

Ed6,

Ed7,






M

M
  = 0.16 

 

Therefore  79.0
1

1


C

 
 
P362 Table 5.5 

Span length considered  

L6-7 = 3000 mm 

 

1 = 93.9  = 93.9 × 0.94  = 88 6.3.1.3(1) 

65.0
88

1

4.52

30001

1z

7-6
z 



















































i

L
 

 

3000 

7
X

X

X

X
6

Bending moment kNm 

-820 

-133 
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w  = 1.00 for Class 1 and 2 sections  

46.0165.09.079.09.0
1

wz

1

LT  
C

 
 
P362 5.6.2.1(5) 

From the UK National Annex LT,0  = 0.4 

0.46 > 0.4 

NA.2.17 

 

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

Verify that: 

0.1
Rdb,

Ed 
M

M
 

 
6.3.2.1(1) 
Eq (6.54) 

The design buckling resistance moment is determined from: 

M1

y
yLTb.Rd



f

WM   

6.3.2.1(3)  

Eq (6.55) 

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 (LT) of rolled sections is 
used. 

 

2
LT

2
LTLT

LT
1





  but  1.0 and 

2
LT

1


  

6.3.2.3(1) 
Eq (6.57) 

where: 

LT  =   2
LTLT,0LTLT15.0    

 

From the UK National Annex LT,0  = 0.4 and  = 0.75 NA.2.17 

The appropriate buckling curve depends on h/b: 

68.2
0.253

9.677


b

h
 

 

2 < 2.68 < 3.1, therefore use buckling curve ‘c’ NA.2.17 

For buckling curve ‘c’ LT = 0.49 NA.2.16 & 
Table 6.3 

   59.0)46.075.0(4.046.049.015.0 2
LT   6.3.2.2(1) 

98.0
)46.075.0(59.059.0

1

22
LT 


  

 

73.4
46.0

11
2

LT




 

0.98 < 1.00  < 4.73 

 

Therefore  

LT  = 0.98 
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To account for the shape of the bending moment distribution, LT may be 
modified by the use of a factor ‘f’’. 

 

f
LT

modLT,
   but 0.1modLT,   

where: 

Eq (6.58) 

    



 

2
LTc 8.02115.01 kf  but 0.1f   6.3.2.3(2) 

1

c
1

C
k   

NA.2.18 

79.0
1

1


C

 (from sheet 9) 
 

Hence, 

79.0c k  

 

     92.08.046.02179.015.01 2 f  
6.3.2.3(2) 

Therefore, 

07.1
92.0
98.0

modLT,   > 1.0 

 

Eq (6.58) 

Therefore, 

0.1modLT,   

 

The design buckling resistance moment for this length (M6-7,b,Rd) is 

63

M1

y
ypl,modLT,Rdb,7,-6 10

0.1

265
1039900.1 




f
WM  = 1057 kNm 

Eq (6.54) 

78.0
1057

820

Rdb,7,-6

Ed6, 
M

M
< 1.0 

 

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  

  

 

M2,Ed = 312 kNm M3,Ed = -952 kNm  

3000 

X

X

X

X
2 3 

Bending moment kNm

-952 

312
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 = 33.0 
952

312

Ed3,

Ed2, 



M

M
 

 

Therefore 69.0
1

1


C

 
P362 Table 5.5 

Span length considered  

L2-3 = 3000 mm 

 

1 = 88 Sheet 9 

65.0
88

1

4.52

30001

1z

3-2
z 



















































i

L
 

 

w = 1.00 for Class 1 and 2 sections  

40.0165.09.069.09.0
1

wz

1

LT  
C

 
 
P362 5.6.2.1(5) 

From the UK National Annex LT,0  = 0.4 NA.2.17 

As LT,0LT    the resistance to lateral-torsional buckling does not need to be 
verified. 

6.3.2.2(4) 

7.9 Blue Book Approach 
The design resistances may be obtained from SCI publication P363.   

Consider the 686  254  125 UKB in S275 

Page references in 
Section 7.9 are to 
P363 unless 
otherwise stated. 

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 
MEd  = 952 kNm 

Maximum design shear occurs at point 3 for load case 4 
VEd  = 546 kN 

 

7.9.2 Cross section classification  

Under bending the 686  254  125 UKB in S275 is Class 1. Page C-63  

7.9.3 Cross-sectional resistance  

Shear resistance  

Vc,Rd = 1280 kN Page C-102  

Rdc,

Ed

V
V

 = 43.0
1280

546
  < 1.0 

Therefore the shear resistance is adequate 
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Bending moment resistance  

640
2

1280
2
Rdc, 

V
 kN 

546Ed3, V  kN < 640 kN 

Therefore there is no reduction in the bending resistance. 

 

Mc,y,Rd = 1060 kNm Page C-63  

Rdy,c,

Ed

M
M

 = 90.0
1060
952

  < 1.0 

Therefore the bending moment resistance is adequate 

 

7.9.4 Member buckling resistance  

Consider length 6-7  

 

 

M6,Ed  = -820 kNm M7,Ed  = -133 kNm  

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

Lcr  = 3.0 m 

 

From Sheet 9 79.0
1

1


C

 
Sheet 9 

Thus, 

60.1
79.0

1
2

1 







C  

 

From interpolation for C1 = 1.60 and L = 3 m  

Mb,Rd  = 1060 kNm Page C-63  

Therefore, 

M6-7,b,Rd  = 1060 kNm 

Note: The value determined from the Blue Book for M6-7,b,Rd 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LT. 

 

Rdb,7,-6

Ed6,

M

M
  = 77.0

1060

820
  < 1.0 

The buckling resistance is adequate. 

 

3000 

7
X 

X 

X

X
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Consider length 2-3  

  

 

M2,Ed  = 312 kNm M3,Ed  = -952 kNm  

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

Lcr  = 3.0 m 

 

From sheet 12 69.0
1

1


C

 
Sheet 12 

Thus, 

10.2
69.0

1
2

1 







C  

 

From interpolation for C1 = 2.10 and L = 3 m  

Mb,Rd  = 1060 kNm Page C-63  

Therefore, 

M2-3,b,Rd  = 1060 kNm 

 

Rdb,3,-2

Ed3,

M

M
  = 90.0

1060

952
  < 1.0 

The buckling resistance is adequate. 
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8 Simply supported composite beam 

8.1 Scope 

Design the composite beam shown in Figure 8.1 in S275 steel.  The beam is 
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. 

References are to 
BS EN 1994-1-1: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

 

Composite beam

Composite beam

Composite beam

      3.5 m

      3.5 m

12.0 m

Plan  

12.0 m

Typical cross-section    

 

120145

A252 mesh

70  

300300 300

170 130

60

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: 

 Calculation of design values actions for ULS and SLS 

 Cross section classification 

 Cross-sectional resistance of the steel beam 

 Shear buckling 

 Vertical shear 

 Bending moment 

 Shear connection 

 Cross-sectional resistance of the composite beam 

 Vertical shear 

 Bending moment 

 Longitudinal shear resistance of the slab 

 Serviceability considerations 

 Modular ratio 

 Deflections 

 Serviceability stress verification 

 Natural frequency. 

 

8.2 Floor details 
 

Span L = 12.0 m 
Beam spacing b = 3.5 m 
Slab depth hs = 130.0 mm 
Profiled metal decking 0.9 mm Corus CF60 
Depth of concrete above profile hc = 70.0 mm 
Decking profile height hp = 60.0 mm 

 

8.2.1 Shear connectors  

Connector diameter  d = 19 mm 
Overall height  hsc  = 100 mm 
As-welded height  = 95 mm 
Ultimate tensile strength fu = 450 N/mm2  

 

8.2.2 Concrete  

Normal weight concrete grade C25/30 

Characteristic cylinder strength  fck = 25 N/mm2  
Characteristic cube strength  fck.cube = 30 N/mm2 
Secant modulus of elasticity of concrete  Ecm = 31 kN/mm2 

Concrete volume (from Corus datasheet)  = 0.097 m³/m² 

 

BS EN 1992-1-1 
Table 3.1 

8.2.3 Reinforcement  

Reinforcing bar diameter  8 mm (A252 mesh)  
Spacing of bars  200 mm 
Area per unit width (both directions)  252 mm2/m  
Yield strength fsk = 500 N/mm2  
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8.3 Actions  

8.3.1 Construction stage  

Permanent actions 

Slab (0.097 m³/m² @ 26 kN/m³)   = 2.52 kN/m² 
Decking  = 0.10 kN/m² 
Total gk,1 = 2.62 kN/m2 

Allowance for beam self-weight gk,2 = 1.0 kN/m 

 

BS EN 1991-1-1 
Table A.1 

Variable actions 

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

qcc is the construction load due to non-permanent equipment in position 
for use during execution. 

qca 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 qcc = 0 and 
qca = 0.75 kN/m2 

Construction loads  qk,1  = qca,k  = 0.75 kN/m2 

 

BS EN 1991-1-6 
NA.2.13 

8.3.2 Composite stage  

Permanent actions 

Slab (0.097 m³/m² @ 25 kN/m³)   = 2.43 kN/m² 
Decking  = 0.10 kN/m² 
Total gk,1 = 2.53 kN/m2  
Allowance for beam self-weight gk,2 = 1.0 kN/m 
Ceiling and services gk,3 = 0.50 kN/m2 

 

BS EN 1991-1-1 
Table A.1 

Variable actions  

The beam considered here will support a “general use” office floor area 
(category B1). 

Imposed floor load (B1) qk,1 = 2.5 kN/m2 

BS EN 1991-1-1 
Table NA.2 & 
Table NA.3 

As the composite floor allows a lateral distribution of loads, a uniformly 
distributed load can be added to the imposed variable floor load to allow for 
movable partitions.  Three values for the imposed load due to moveable 
partitions are given, here, qk,2 = 0.8 kN/m2  

BS EN 1991-1-1 
6.3.1.2(8) 

Therefore, the total variable action is qk = 3.3 kN/m2  

8.3.3 Partial factors for actions 
 

Partial factor for permanent actions G = 1.35 
Partial factor for variable actions Q = 1.50 
Reduction factor  = 0.925 

BS EN 1990 
Table 
NA.A1.2(B) 

Note for this example, the combination coefficient (0) 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. 

i,ijjjj qqgg 0iQ,1Q,1inf,inf,Gsup,sup,G    

As there is only a single variable action, Q,i , ,i0  and iq  are not required in 

this example. 

 

 

BS EN 1990  
Eq (6.10b) 

Therefore, the design UDL on the beam at the construction stage is: 

Fd =   bqgg  k,1Qk,1Gk,2G    

Fd =      5.375.05.162.235.1925.00.135.1925.0 
 = 16.64 kN/m 

 

BS EN 1990 
Table 
NA.A1.2(B) 

8.4.2 Composite stage, at ULS  

The design UDL at the composite stage is: 

Fd =    bqggg  kQk,3k,1Gk,2G    

Fd =      82.315.33.35.15.053.235.1925.00.135.1925.0   kN/m 

 

BS EN 1990 
Table 
NA.A1.2(B) 

8.4.3 SLS Loading  

As brittle finishes may be attached to the beam, the characteristic combination 
of actions is considered.  Therefore the applied loading for calculation of 
deflections is: 

 

Permanent actions applied to steel beam:   slab loading + beam weight  

g1  = 2.53 × 3.5 +  1.0  = 9.86 kN/m 

 

Permanent actions applied to composite beam:  ceiling and services  

g2  = 0.5 × 3.5  = 1.75 kN/m 

 

Variable actions applied to composite beam: imposed floor load 

q1  = 3.3 × 3.5  = 11.6 kN/m 

 

Variable actions for natural frequency calculations.  From guidance given in 
P354 10% of the imposed load should be considered therefore: 

q2  = 3.3 × 3.5 × 0.1 = 1.16 kN/m 

P354 

8.5 Design bending moments and shear forces 
 

8.5.1 Construction stage  

Maximum design bending moment is: 

MEd = 
8

1264.16

8

22
d 


LF

  =299.5 kNm 
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Maximum design shear force is: 

VEd = 
2

1264.16

2

d 


LF
  = 99.8 kN 

 

Shear forces kN

Bending moments  kNm

339.3

113.1

113.1

 

 

Figure 8.2  

8.5.2 Composite stage  

Maximum design bending moment is: 

MEd,comp = 8.572
8

1282.31

8

22
d 




LF
 kNm 

 

Maximum design shear force is: 

VEd,comp = 9.190
2

1282.31

2
d 




LF
 kN 

 

 

 

Figure 8.3   

8.6 Section properties 
 

533 × 165 × 75 UKB in S275 steel 

From section property tables: 

 

Depth  ha = 529.1 mm 
Width b = 165.9 mm 
Web thickness tw = 9.7 mm 
Flange thickness tf = 13.6 mm 
Root radius r = 12.7 mm 
Depth between fillets d = 476.5 mm 
Second moment of area y axis Iy = 41100 cm4 
Plastic modulus y axis  Wpl.y = 1810 cm3 
Area Aa = 95.2 cm2  

P363 

Shear forces kN

 

 

190.9 

578.2
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Modulus of elasticity E = 210 kN/mm2 BS EN 1993-1-1 
3.2.6(1) 

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

BS EN 1993-1-1 
NA.2.4 

For S275 steel and t  16 mm 

Therefore,  fy  = ReH = 275 N/mm2 

BS EN 10025-2 
Table 7 

8.7 Cross section classification 
 

 = 92.0
275

235235

y


f

 
BS EN 1993-1-1 
Table 5.2 

Outstand of compression flange 

c = 
 

2

7.1227.99.165

2

2w 


 rtb
  = 65.4 mm 

BS EN 1993-1-1 
Table 5.2 

 

ft
c

 = 
6.13

4.65
  = 4.81 

 

The limiting value for Class 1 is 28.892.099
f

 
t
c

 

4.81 < 8.28 

Therefore the flange in compression is Class 1 

 

Web subject to bending 

c = d  = 476.5 mm 

BS EN 1993-1-1 
Table 5.2 

7.9

5.476


wt

c
  = 49.12 

 

The limiting value for Class 1 is 24.6692.07272
w

 
t
c

 
 

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  

 M0 = 1.0 
 M1 = 1.0 

BS EN 1993-1-1 
NA.2.15 

Shear connector  

For the shear resistance of a shear connector 
 v = 1.25 

NA.2.3 
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Concrete  

For persistent and transient design situations 
 c = 1.5  

BS EN 1992-1-1 
Table NA.1 

Reinforcement  

For persistent and transient design situations 
 s = 1.15 

BS EN 1992-1-1 
Table NA.1 

8.9 Design resistance for the construction stage 
 

8.9.1 Cross-sectional resistance of the steel beam  

Shear buckling  

The shear buckling resistance for webs should be verified if: 


ε72

w

w 
t

h
 

BS EN 1993-1-5 
5.1(2) 

  = 1.0 BS EN 1993-1-5 
NA.2.4 

hw =   9.5016.1321.5292 fa  th  mm  

w

w

t

h
 = 

7.9

9.501
  = 51.74 




72  = 
0.1

92.0
72   = 66.24 

 

51.74 < 66.24  
Therefore the shear buckling resistance of the web does not need to be 
verified. 

 

Vertical shear resistance  

Verify that: 

0.1
Rdc,

Ed 
V

V
 

Vc,Rd is the design plastic shear resistance (Vpl,Rd). 

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

M0

yv
Rda,pl,Rdc,

)3/(



fA
VV   

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

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

 

Av =   wwwff 22 thrttbtA   

 =     5485)7.122(7.96.136.139.1652102.95 2  mm2 

BS EN 1993-1-1 
6.2.6(3) 

ww th  = 1.0  (529.1 – 2 × 13.6)  9.7  = 4868 mm2 < 5485 mm2  

Therefore, Av = 5485 mm2  
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Design plastic shear resistance 

kN 870.9  
1.0

10)3 / (2755485
  

)3 / ( 
  

3

M0

yzv,
Rda,pl, 








fA
V  

BS EN 1993-1-1 
6.2.6 (2) 

Maximum design shear for the construction stage is VEd = 99.8 kN 

115.0
9.870

8.99

Rda,pl,

Ed 
V

V
< 1.0 

Therefore the shear resistance of the section is adequate. 

 

Bending moment resistance  

Verify that: 

0.1
Rdc,

Ed 
M

M
 

BS EN 1993-1-1 
6.2.5(1)  
Eq (6.12) 

As 5.435
2

9.870

2

Rda,pl,


V
 kN > VEd (99.8 kN) 

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

6.2.2.4(1) 

 
The design resistance for bending for Class 1 and 2 cross-sections is: 

BS EN 1993-1-1 
6.2.5(2) 

2.49710
0.1

275101810 6
3

M0

yypl,
Rda,pl,Rdc, 


 



fW
MM  kNm 

Eq (6.13) 

602.0
2.497

5.299

Rdc,

Edy,


M

M
 < 1.0 

Therefore the bending resistance is adequate. 

BS EN 1993-1-1 
6.2.5(1)  
Eq (6.12 

8.9.2 Buckling resistance  

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

 

8.10 Shear connection  

8.10.1 Design resistance of shear connectors  

Shear connector in a solid slab  

The design resistance of a single headed shear connector in a solid concrete 
slab (PRd), which is automatically welded in accordance with BS EN 14555 is 
given by the smaller of: 

 

PRd = 
V

2
u 4/8.0


 df 

 
6.6.3.1(1) 
Eq (6.18) 
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and   

PRd = 
V

cmck
229.0



 Efd 
 

 
Eq (6.19) 

where: 

 = 1.0 as 4
19

100sc 
d

h
 

 

 
Eq (6.21) 

PRd = 3
2

10
25.1

)4/19(4508.0 
 

  = 81.7 kN 
 
Eq (6.18) 

PRd = 3
32

10
25.1

103125190.129.0 


  = 73.7 kN 
 
Eq (6.19) 

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

PRd,solid  = 73.7 kN 

 

Shear connectors in profiled decking  

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

 

kt = 












 1

7.0

p

sc

p

0

r h

h

h

b

n
 

6.6.4.2(1) 
Eq (6.23) 

Where hp, hsc and b0 are as shown in Figure 8.4 and nr is the number of studs 
in each rib. 

 

But kt  kt,max (taken from Table 6.2) 6.6.4.2(2) 

o

0.5  p

p
sc

b 

  h
 h

h

 

 

Figure 8.4  

b0 = 139 mm 
hsc = 100 mm 
hp = 60 mm 

 

For one shear connector per rib (nr  = 1)  

kt = 





  1

60

100

60

139

0.1

7.0
  = 1.08 

 
Eq (6.23) 
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For shear connectors welded through the profiled decking with t  1.0 mm and 
nr = 1: 

kt,max  =0.85 

Therefore, 

kt  = 0.85 

 
 
Table 6.2 

Hence, the design resistance per shear connector is: 

PRd  = kt PRd,solid  = 73.7  0.85  = 62.6 kN 

And the design resistance per rib is: 

nr PRd  = 1  62.6  = 62.6 kN 

 

For two shear connectors per rib (nr  = 2)  

kt  = 







 1

60

100

60

139

0.2

7.0
   = 0.76 

 
Eq (6.23) 

For shear connectors welded through the profiled decking with t  1.0 mm and 
nr = 2: 

kt,max  = 0.7 

Therefore, 

kt  = 0.7 

 
 
Table 6.2 

Hence, the design resistance per shear connector is: 

PRd  = kt PRd,solid  = 73.7  0.7  = 51.6 kN 

And the design resistance per rib is: 

nr PRd  = 2  51.6  = 103.2 kN 

 

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: 

hsc  4d  and  16 mm  d  25 mm 

The degree of shear connection may be determined from: 

fc

c

N

N

,

  

where: 

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

Nc,f 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). 

6.6.1.2(1) 
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For steel sections with equal flanges and Le  < 25 m  

)03.075.0(
355

1 e
y

L
f











 , 4.0  

where: 

6.6.1.2(1) 
Eq (6.12) 

Le is the distance between points of zero bending moment; therefore for 
this simply supported beam: 

 

 Le  = L  = 12.0 m  

   50.01203.075.0
275

355
1 








  

 

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

  0.50 

 

However, for one shear connector per trough (nr = 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: 

 shear connectors of diameter 19 mm and height of not less than 76 mm 

 rolled or welded I or H section with equal flanges 

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

 b0/hp ≥ 2 and hp ≤ 60 mm. 

 

As b0/hp = 139/60 = 2.32 and hp = 60 mm, this method can be used for the 
case of one shear connector per trough. In this situation, 

 

)04.00.1(
355

1 e
y

L
f











 , 4.0  

6.6.1.2(1) 
Eq (6.16) 

)1204.00.1(
275

355
1 






  = 0.33 

 

As 0.33 < 0.4 the required degree of shear connection with nr = 1 is: 
  0.4  

 

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 (Npl,a and Nc,f respectively), as 
shown in Figure 8.5. 

For full shear connection (i.e.  = 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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effb   

+

_

yd

cd

c,f

pl,a

pl,Rd

f

f
N

N

M

0,85   

 

 

Figure 8.5   

Determine the effective width of the concrete flange (beff)  

e1 e2

o

eff

1 2

b  b  
b  
b   

b  b  

 

 

Figure 8.6  

At the mid-span the effective width of the concrete flange is determined from: 

beff =  ibb e0  

5.4.1.2(5) 

For nr = 1, b0 = 0 mm 

For nr = 2, b0 = 80 mm (assumed spacing for pairs of shear connectors) 

bei  = 
8

eL
, but not greater than bi  

where: 

 

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

 

 Le = L = 12.0 m  

bi  is the distance from the outstand shear connector to a point mid way 
between adjacent webs, therefore: 

 For nr = 1, b1 = b2 = 1.75 m 

 For nr = 2, b1 = b2 = 1.71 m 

 

be1 = be2  = 
8

eL
  = 5.1

8

12
  m  

Therefore, 

For nr = 1, be1 = be2 = 1.50 m 

For nr = 2, be1 = be2 = 1.50 m 
 

 



Example 8 - Simply supported composite beam Sheet 13 of 20 Rev  
 

08-Simply supported composite beam_als2.doc 88 

Hence at the mid-span the effective width of the concrete flange is:  

For nr = 1, beff = b0 + be1 + be2  = 0 + (2 × 1.50)  = 3.00 m  

For nr = 2, beff = b0 + be1 + be2  = 0.08 + (2 × 1.50)  = 3.08 m  

 

Compressive resistance of the concrete flange  

The design compressive strength of concrete is 

fcd = 
c

ck



f
 

BS EN 1994-1-1 
2.4.1.2(2)P 

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

fcd = 7.16
5.1

25
  N/mm2  

 

Compressive resistance of the concrete flange is:  

For nr = 1, 

Nc.Rd  = 0.85fcd beff hc  = 0.85  16.7  3000  70  10–3  = 2981 kN 

For nr = 2, 

Nc.Rd  = 0.85fcd beff hc  = 0.85  16.7  3080  70  10–3  = 3060 kN 

 

Tensile resistance of in the steel member  

Npl,a  = fyAa  = 275  95.2  102  10–3  = 2618 kN  

Compressive force in the concrete flange  

The compressive force in the concrete at full shear connection is the lesser of 
Nc,Rd and Npl,a, and so Nc,f = 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 × 0.3)). 

For nr = 1, n = 20 

For nr = 2, n = 40 

 

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

For nr = 1, Nc = n × PRd  = 20 × 62.6  = 1252 kN 

For nr = 2, Nc = n × PRd  = 40 × 51.6  = 2064 kN 

 

Shear connection present  

The degree of shear connection, , is the ratio of the reduced value of the 
compressive force, Nc, to the concrete compressive force at full shear 
connection, Nc,f. 

For nr = 1,  = Nc / Nc,f  = 1252 / 2618  = 0.48  

For nr = 2,  = Nc / Nc,f  = 2064 / 2618  = 0.79  
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Comparing the shear connection present to the minimum shear connection 
requirements established above ( > 0.5, or  > 0.4 for one stud per trough 
using the simplified method), the shear connection exceeds the minimum 
requirement for nr = 2 but only exceeds the requirement for nr = 1 if the 
simplified method for calculating MRd 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 (Vpl,Rd) should be taken as the resistance of the 
structural steel section (Vpl,a,Rd). 

6.2.2.2(1) 

Vpl,a,Rd = 190.92 kN Sheet 8 

Maximum design shear for the composite stage is VEd = 238.1 kN 

2.0
9.870

92.190

Rda,pl,

Ed 
V

V
< 1.0 

Therefore the vertical shear resistance of the section is adequate. 

Sheet 5 

8.11.2 Resistance to bending  

As 5.435
2

9.870

2

Rda,pl,


V
 kN > VEd (190.92 kN) 

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

6.2.2.4(1) 

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

6.2.1.3(5) 

RdM  =  
cf

c
Rda,pl,Rdpl,Rda,pl, N

N
MMM   

Eq (6.1) 

where: 

fc,

c

N

N
  =    = 0.48 

 

Mpl,a,Rd is design value of the plastic resistance moment of the structural 
steel section (497.2 kNm) 

Sheet 8 

Mpl,Rd  is design value of plastic resistance moment of the composite 
section with full shear connection. 
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For full shear connection Npl,a (2618 kN) < Nc,f (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: 

 

Mpl.Rd  = 









22

c
s

a
apl,

x
h

h
N   

 

where: 

xc = ch
N

N
















fc,

apl,
  = 5.6170

2981

2618









 mm 

 

 

 

Figure 8.7   

Mpl.Rd = 310
2

5.61
130

2

1.529
2618 



    = 952.4 kNm 

 

Therefore, the design resistance moment of the composite section is: 

RdM  =  
cf

c
Rda,pl,Rdpl,Rda,pl, N

N
MMM   

RdM  =   7.71548.02.4974.9522.497   kNm 

 

The design bending moment is: 

MEd = 572.8 kNm 

 

Sheet 5 

Rd

Ed

M
M

 = 80.0
7.715

8.572
  < 1.0 

 

Therefore the resistance moment of the composite beam is adequate.  

Two shear connectors per trough (nr = 2)  

For the case of two shear connectors per trough, the simplified method used 
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: 

6.2.1.2 

With partial shear connection, the axial force in the concrete flange is Nc. As 
Npl,a (2618 kN) > Nc (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 xpl 
below the top of the top flange of the section, where xpl is given by: 
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Figure 8.8   

   
9.1652752

1020802618

2

3

y

capl,

pl 






bf

NN
x   = 5.90 mm < tf =  13.6 mm 

 

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

 
222
pl

capl,sc
a

apl,Rd

x
NN

h
hN

h
NM c 






    

 

 
2

90.5
20802618

2

70
79.01302080

2

1.529
2618Rd 






 M  

 

59.189.21259.692Rd M   = 903.9 kNm  

The design bending moment is: 

MEd = 572.8 kNm 

 

Sheet 5 

Rd

Ed

M
M

 = 63.0
9.903

8.572
  < 1.0 

 

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

 

8.11.3 Longitudinal Shear Resistance of the Slab  

Transverse reinforcement  

a

a
A t

 

 

Figure 8.9   

As the profiled steel decking has its ribs transverse to the beam, is continuous 
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: 

6.6.6.4(4) 

 
cot

fEd
dyp,pe

f

ydsf hv
fA

s

fA















 

Eq (6.25) 

However, in practice it is usual to neglect the contribution of the steel decking, 
in which case equation (6.21) may be used: 

 



Example 8 - Simply supported composite beam Sheet 17 of 20 Rev  
 

08-Simply supported composite beam_als2.doc 92 

f

fEd

f

ydsf

cot
hv

s

fA


        ( and f are synonymous)
 

BS EN 1992-1-1 
Eq (6.21) 

where: 

vEd is the design longitudinal shear stress in the concrete slab 

fyd is the design yield strength of the reinforcing mesh 

fyd = 8.434
15.1

500


M0

y



f
 N/mm2  

hf is taken as the depth of concrete above the profiled decking 

hf = hc  = 70 mm 

 

f  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 f to: 

 

1.0 ≤ cot f ≤ 2.0, 45°≤  f ≤ 26.5º 

To minimise the amount of reinforcement, try: 

 f = 26.5° 

BS EN 1992-1-1 
6.2.4(4) and 
Table NA.1 










f

sf

s
A

 = At (for the failure plane shown in Figure 8.9) 

At is the cross-sectional area of transverse reinforcement (mm²/m) 

Figure 6.16 

Therefore, the verification becomes: 

f

fEd
ydt cot

hv
fA   

 

And the required area of tensile reinforcement (At) must satisfy the following: 

fyd

fEd
t cotf

hv
A   

 

The longitudinal shear stresses is given by: 

vEd = 
xh

F





f

d  

where: 

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

x = 6
2

12

2


L
 m

BS EN 1992-1-1 
6.2.4(3) 

Fd = 
2

cN
 

For nr = 1, 626
2

1252
d F  kN;    and for nr = 2, 1032

2

2064
d F  kN 

 

hf   = 70 mm  
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For nr = 1, vEd  = 
600070

10626 3






xh

F





f

d   = 1.49 N/mm2 

For nr = 2, vEd  = 
600070

101032 3






xh

F





f

d   = 2.46 N/mm2 

 

For nr= 1, 119.0
)5.26cot(8.434

7049.1

cot fyd

fEd 





f

hv
 mm2/mm 

For nr= 2, 196.0
)5.26cot(8.434

7046.2

cot fyd

fEd 





f

hv
 mm2/mm 

 

Therefore, the area of tensile reinforcement required is: 

For nr = 1, At  119 mm2/m 

For nr = 2, At  196 mm2/m 

 

The reinforcement provided is A252 mesh, for which:  

At  = 252 mm2/m > 197 mm2/m 

Therefore an A252 mesh is adequate. 

 

Crushing of the concrete flange  

Verify that: 

vEd  v fcd sin f cos f 

where: 

BS EN 1992-1-1 
6.2.4(4) Eq (6.22) 

v = 









250
16.0 ckf

 
BS EN 1992-1-1 
Table NA.1 

v = 54.0
250

25
16.0 








   

 

 f = 26.5°   

fcd is the design compressive strength of concrete according to 
Eurocode 2 thus, 

 

fcd 
c

ck
cc 

 f
  

BS EN 1992-1-1 
3.1.6(1)P 

cc = 0.85 Table NA.1 

fcd 2.14
5.1

25
85.0   N/mm2 

 

v fcd sin f cos f  = 0.54 × 14.2 × sin(26.5°) × cos(26.5°)  = 3.04 N/mm2   

vEd  = 2.46 N/mm2  < 3.04 N/mm2  

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 
sheet 2, Ecm = 31 kN/mm². This corresponds to a modular ratio of 

BS EN 1992-1-1 
Table 3.1, 3.1.4 

77.6
31

210
0 

cm

a

E

E
n  

5.4.2.2 

For buildings not intended mainly for storage the effects of creep in concrete 
beams may be taken in to account by using an effective modular Ec,eff = Ecm/2 
and thus, 

55.13
5.15

210

ceff

a 
E

E
n  

5.4.2.2(11) 

For dynamic conditions (i.e. natural frequency calculation), the value of Ec 
should be determined according to SCI publication P354, Design of floors for 
vibration – a new approach which gives Ec = 38 kN/mm², and so the dynamic 
modular ratio is: 

P354 

53.5
38

210


c

a
d E

E
n  

 

8.12.2 Second moment of area of the composite section  

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

 

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

 

For n0 = 6.77, Ic = 137,100 cm4 (zel  = 541 mm from bottom flange)  

For n = 13.55, Ic = 117,800 cm4 (zel  = 490 mm from bottom flange)  

For nd = 5.53, Ic = 141,600 cm4 (zel  = 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  

y

4
1

ag,
384
5

IE
Lg

w   

  86.90.153.25.35.3 k,2k,11  ggg  kN/m 

 

 

 30.8 10
104110010210384

121086.95 3

89

43

ag1, 






w  mm 

 

Permanent actions on composite beam  

IE

Lg
w

384

5 4

g    
 

75.15.05.35.3 k,3  gg  kN/m  
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Variable actions on composite beam  

IE

Lq
w

384

5 4

q   
 

6.11q  kN/m
 

Sheet 4 

7.1210
1011780010210384

12106.115 3
89

43

q 






w  mm 

 

Total deflection is, wTotal = 30.8 + 1.9 + 12.7  = 45.4 mm < L/200  = 60 mm 

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

BS EN 1993-1-1 
NA.2.23 

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 

6
8

323

y

el
2

1
aG1, 10

10411008

10265121086.9
8












I

zLg
   = 114.4 N/mm² 

 

Stress in steel section due to actions on composite beam 

 
0.10010

101178008

104901210)6.1175.1(

8
6

8

323
el

2

a 






 





I

zLqg  N/mm² 

 

a  = 114.4+ 100.0 = 214.4 N/mm2 < 275 N/mm²  

Stress in concrete due to actions on composite beam 

  6

8

323
el

2

c 10
55.13101178008

104901301.5291210)6.1175.1(

8

)( 













nI

zLqg
 

    = 2.6 N/mm² 

 

c  = 2.6 N/mm2< fcd  = 16.78 N/mm²  

8.12.5 Natural Frequency  

Actions considered when calculating the natural frequency of the composite beam:  

g = 9.86 + 1.75 = 11.61 kN/m Sheet 4 

q = 1.16 kN/m Sheet 4 

The deflection under these actions is::  

6.1110
1014160010210384

1210)16.161.11(5
384

)(5 3
89

434

1









EI

Lqg
G  mm 

 

The natural frequency of the beam is therefore:  

28.5
6.11

1818



f  Hz 

P354 

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

P354 
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9 Pinned column using a Class 3 
section 

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

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

N

   
=

 6
0

0
0

N

z z

y

y

Ed

Ed

L

 

 

Figure 9.1  

The design aspects covered in this example are: 

 Cross section classification 

 Cross-sectional resistance 

 Compression 

 Buckling resistance 

 Flexural 

 Torsional 

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

Design compression force  NEd  = 3500 kN  

9.3 Section properties 
 

356  368  129 UKC in S355 steel 
From section property tables: 

 

Depth  h = 355.6 mm 
Width b = 368.6 mm 
Web thickness tw = 10.4 mm 
Flange thickness tf = 17.5 mm 
Root radius r = 15.2 mm 
Depth between fillets d = 290.2 mm 
Radius of gyration y axis  iy = 15.6 cm 
Radius of gyration z axis  iz = 9.43 cm 

Torsional constant IT = 153 cm
4
  

Warping constant Iw = 4.18 dm
6
  

Area A = 164 cm2  

P363 

Modulus of elasticity E = 210 000 N/mm2 
Shear modulus G ≈ 81 000 N/mm2  

3.2.6(1) 

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

NA.2.4 

For S355 steel and 16 < t  40 mm 
Yield strength  fy  = ReH  = 345 N/mm2  

BS EN 10025-2 
Table 7 

9.4 Cross section classification 
 

  = 83.0
345

235235

y


f

 
Table 5.2 

Outstand of compression flange 

c = 
 

2

2.1524.106.368

2

2w 


 rtb
  = 163.9 mm 

ft
c

 = 
5.17

9.163
  = 9.37 

The limiting value for Class 2 is 30.883.01010
f

 
t

c
 

The limiting value for Class 3 is 62.1183.01414
f

 
t

c
 

8.30 < 9.37< 11.62 

Therefore the flange in compression is Class 3 
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Web subject to compression 

c = d  = 290.2 mm 

wt
c

 = 90.27
4.10

2.290
   

 

The limiting value for Class 1 is 39.2783.03333
w

 
t

c
 

The limiting value for Class 2 is 54.3183.03838
f

 
t

c
 

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 
 

M0 = 1.0 

M1  = 1.0 

NA.2.15 

9.6 Cross-sectional resistance 
 

9.6.1 Compression resistance  

Verify that: 

0.1
Rdc,

Ed 
N

N
 

 
 
6.2.4(1) 

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

Nc,Rd = 
M0

y


Af

 (For Class 1, 2 and 3 cross sections) 
 

6.2.4(2) Eq (6.10) 

Nc,Rd = 3
2

M0

y
10

0.1

34510164 





Af
  = 5658 kN 

 

6.2.4(2) Eq (6.10) 

Rdc,

Ed

N

N
  = 62.0

5658

3500
  < 1.0 

Therefore the compression resistance of the cross section is adequate. 

 

6.2.4(1) Eq (6.9) 

9.7 Member buckling resistance 
 

9.7.1 Buckling length  

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

Lcr = L = 6000 mm 
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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 (Nb,Rd) is determined 
for the z-z axis only. 

 

Verify that 

0.1
Rdb,

Ed 
N

N
 

 

6.3.1.1(1)  
Eq (6.46) 

The design buckling resistance is determined from: 

M1

y
Rdb, 

 Af
N   (For Class 1, 2 and 3 cross-sections) 

 

6.3.1.1(3)  

Eq (6.47) 

 is the reduction factor for the buckling curve and is determined from: 6.3.1.2(1) 

   = 0.1
)(

1
22


 

 

where: 

  =   



 

2
2.015.0   

Eq (6.49) 

  is the slenderness for flexural buckling  

  = 



















1

cr

cr

y 1

i

L

N

Af
 (For Class 1, 2 and 3 cross-sections) 

6.3.1.3(1)  
Eq (6.50) 

 

 1 = 94.7783.09.939.93    

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

z  = 82.0
94.77

1

3.94

60001

1z

cr 













































i

L
 

 
Eq (6.50) 

As, z  > 0.2 and 
Rdc,

Ed

N
N

 > 0.04, the flexural buckling effects need 

to be considered. 

 
6.3.1.2(4) 

The appropriate buckling curve depends on h/b: 

96.0
6.368

6.355


b

h
 < 1.2 and tf = 17.5 mm < 100 mm 

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 

Then: 

Table 6.1 

  
   99.082.02.082.049.015.0

2.015.0
2

2
zz



  λ
 

 
6.3.1.2(1) 

65.0
)82.099.0(99.0

1

)(

1

222
z

2









  

 
Eq (6.49) 
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0.65 < 1.0 

Therefore, 

  = 0.65 

The design resistance to flexural buckling is: 

367810
0.1

3451016465.0 3
2

M1

yz
Rdb, 


 



 Af
N  kN 

 
Eq (6.47) 

95.0
3678

3500

Rdb,

Ed 
N

N
 < 1.0 

 

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 
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. 

6.3.1.4(1) 

Thus, verify: 

0.1
RdT,b,

Ed 
N
N

 

where: 

Nb,T,Rd is the design resistance to torsional buckling 

 

M1

yT
RdT,b, 

 fA
N   (For Class 1, 2 and 3 cross sections) 

Based on 
Eq (6.47) 

T  = 0.1
)(

1
2

T
2

TT


 

 

where: 

T  =   2
TT 2.015.0    

Based on 
Eq (6.49) 

T  is the slenderness for Torsional buckling  

T  
Tcr,

y

N

fA
  

6.3.1.4(2)  
Eq 6.52 

Tcr,N  is the elastic torsional buckling force  

Tcr,N  
















 2

w
2

T2
o

1
L
EI

GI
i


 

oi  2
0

2
z

2
y yii   

0y  is the distance from the shear centre to the centroid of the gross cross 
section along the y-y axis. 

P363  
Page A-15  
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For doubly symmetric sections: 

0y  = 0 

Therefore, 

oi  29.18203.94156 222
0

2
z

2
y  yii  mm  

 

Tcr,N  






 









 2

w
2

T2
o

1
L
EI

GI
i

 

 








 



















2

122
4

2 6000

1018.4210000
)1015381000(

29.182

1
 

 = 11×106 N 

 

T  72.0
1011

34510164
6

2

Tcr,

y







N

fA
 

6.3.1.4(2)  
Eq (6.52) 

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

6.3.1.4(3) 

The appropriate buckling curve depends on h/b: 

96.0
6.368

6.355


b

h
 < 1.2, tf  = 17.5 mm < 100 mm and S355 steel 

 

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 

Then: 

Table 6.1 

T   2
TT 2.015.0   λ  

    89.072.02.072.049.015.0 2   

6.3.1.2(1) 

71.0
)72.089.0(89.0

1

)(

1

222
T

2
TT

T 








  

0.71 < 1.0 

Therefore, 

T = 0.71 

The design resistance to torsional buckling is: 

 
Eq (6.49) 

401710
0.1

3451016471.0 3
2

M1

yT
RdT,b, 


 



 fA
N  kN 

Based on 
Eq (6.47) 

87.0
4017

3500

RdT,b,

Ed 
N

N
 < 1.0 

Therefore the torsional buckling resistance is adequate. 
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9.8 Blue Book Approach 
The design resistances may be obtained from SCI publication P363.   

Consider a 356  368  129 UKC in S355 steel 

Page references in 
section 9.8 are to 
P363 unless 
otherwise stated. 

9.8.1 Design value of force for Ultimate Limit State  

Design compression force  NEd  = 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  = Npl,Rd  = 5660 kN Page D-161  

Rdc,

Ed

N
N

  = 62.0
5660

3500
  < 1.0 

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 (Lcr) may be taken as: 

Lcr = L  = 6.0 m 

 

For a buckling length of 6.0 m, the flexural buckling resistances are: 

Nb,y,Rd = 5010 kN (about the major axis) 

Nb,z,Rd = 3670 kN (about the minor axis) 

Page D-11  

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

Nb,T,Rd = 4040 kN 

 

The critical buckling verification is: 

Rdz,b,

Ed

N
N

 = 95.0
3670
3500

  < 1.0 

Therefore the buckling resistance is adequate 
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10 Pinned column with intermediate 
restraints 

10.1 Scope 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
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. 

 

N

3
0

0
0

3
0

0
0

   
=

 6
0

0
0

y

y

z z

N

L

Ed

Ed  

 

Figure 10.1   

The design aspects covered in this example are: 

 Cross section classification 

 Cross-sectional resistance 

 Compression 

 Buckling resistance 

 Flexural 

 Torsional 

 Torsional-flexural 
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10.2 Design value of force for Ultimate Limit State  

Design compression force  NEd  = 2850 kN  

10.3 Section properties 
 

305  305  97 UKC in S275 steel 

From section property tables: 

 

Depth  h = 307.9 mm 
Width b = 305.3 mm 
Web thickness tw = 9.9 mm 
Flange thickness tf = 15.4 mm 
Root radius r = 15.2 mm 
Depth between fillets d = 246.7 mm 

P363 

Radius of gyration y axis  iy = 13.4 cm 
Radius of gyration z axis  iz = 7.69 cm 

Torsional constant IT = 91.2 cm
4
  

Warping constant Iw = 1.56 dm
6
  

Area A = 123 cm2  

 

Modulus of elasticity E = 210 000 N/mm2 
Shear modulus G ≈ 81 000 N/mm2  

3.2.6(1) 

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

NA.2.4 

For S275 steel and t < 16 mm 
Yield strength  fy  = ReH  = 275 N/mm2 

BS EN 10025-2 
Table 7 

10.4 Cross section classification 
 

  = 
275

235235

y


f

  = 0.92 
Table 5.2 

Outstand of compression flange 

c = 
 

2

2.1529.99.305

2

2w 


 rtb
  = 132.8 mm 

ft
c

 = 
4.15

8.132
  = 8.6 

The limiting value for Class 1 is 3.892.099
f

 
t

c
 

The limiting value for Class 2 is 2.992.01010
f

 
t

c
 

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 

wt
c

 = 
9.9

7.246
  = 24.9 

 

The limiting value for Class 1 is 4.3092.03333
w

 
t

c
 

24.9 < 30.4 

Therefore the web is Class 1 under compression. 

 

Therefore the cross section is Class 2 under compression.  

10.5 Partial factors for resistance 
 

 M0  = 1.0 

 M1  = 1.0 

NA.2.15 

10.6 Cross-sectional resistance 
 

10.6.1 Compression resistance  

Verify that: 

0.1
Rdc,

Ed 
N

N
 

 
 
6.2.4(1) 

The design resistance of the cross section for compression is:  

Nc,Rd = 
M0

y



fA 
 (For Class 1, 2 and 3 cross sections) 

 

6.2.4(2) Eq (6.10) 

 

Nc,Rd = 3

M0

y
10

0.1

27512300 







fA
  = 3383 kN 

 
6.2.4(2) Eq (6.10) 

84.0
3383

2850

Rdc,

Ed 
N

N
 < 1.0 

Therefore the compression resistance of the cross section is adequate. 

 
6.2.4(1) Eq (6.9) 

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 Lcr,y = L  = 6000 mm 

About the z-z axis Lcr,z =  
2
L

 = 3000 mm 

 

10.7.2 Flexural buckling resistance  

Verify that: 

0.1
Rdb,

Ed 
N

N
 

6.3.1.1(1)  
Eq (6.46) 

The design buckling resistance is determined from: 

M1

y
Rdb,



Af
N  (For Class 1, 2 and 3 cross sections) 

6.3.1.1(3)  
Eq (6.47) 

   is the reduction factor for the buckling curve and is determined from: 6.3.1.2(1) 

  = 0.1
)(

1
22


 Φ

 

where: 

Φ =   



 

2
2.015.0   

 

Eq (6.49) 

  is the slenderness for flexural buckling  

  = 























1

cr

cr

y 1

i

L

N

Af
 (For Class 1, 2 and 3 cross sections) 

 
6.3.1.3(1)  
Eq (6.50) 

1 = 93.9  = 93.9  0.92  = 86.39  

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

z  = 













































39.86

1

9.76

30001

1z

zcr,

i

L
  = 0.45 

 
Eq (6.50) 

Slenderness for buckling about the major axis (y-y)  

y  = 












































39.86

1

134

60001

1y

ycr,

i

L
  = 0.52 

 
Eq (6.50) 

As both z  and y  are greater than 0.2 and 
Rdc,

Ed

N
N

 > 0.04 the effects of 

flexural buckling need to be considered. 

 
6.3.1.2(4) 

The appropriate buckling curve depends on h/b: 

01.1
3.305

9.307


b

h
 < 1.2, tf = 15.4 mm < 100 mm and S275 steel 

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’ 

 
Table 6.2 
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For buckling curve ‘c’ the imperfection factor for the z-z axis is: 

z = 0.49 

For buckling curve ‘b’ the imperfection factor for the y-y axis is: 

y = 0.34 

Table 6.1 

Minor axis (z-z)  

  2
zzzz 5.015.0    

   66.045.02.045.049.015.0 2   

6.3.1.2(1) 

88.0
)45.066.0(66.0

1

)((

1

222
z

2
zz

z 









ΦΦ

 

0.88 < 1.0 

Therefore,  

z = 0.88 

 

Eq (6.49) 

Major axis (y-y)  

  2
yyyy 2.015.0   λΦ  

   69.052.02.052.034.015.0 2   

6.3.1.2(1) 

87.0
)52.069.0(69.0

1

)((

1

222
y

2
yy

y 









ΦΦ

 

0.87 < 1.0 

Therefore, 

y = 0.87 

 

Eq (6.49) 

Therefore the more onerous effects are for buckling about the y-y axis.  The 
design buckling resistance is: 

294310
0.1

2751230087.0 3

M1

yy
Rdb, 


 



 Af
N  kN 

 

Eq (6.47) 

97.0
2943

2850

Rdb,

Ed 
N

N
 < 1.0 

 

Therefore the flexural buckling resistance of the section is adequate.  

10.7.3 Torsional and torsional-flexural buckling resistance  

For open sections, the possibility that the torsional or torsional-flexural 
buckling 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. 

6.3.1.4(1) 
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Thus, verify: 

0.1
RdT,b,

Ed 
N
N

 

where: 

Nb,T,Rd is the design resistance to torsional buckling 

 

M1

yT
RdT,b, 

 fA
N   (For Class 1, 2 and 3 cross sections) 

Based on 
Eq (6.47) 

T   = 0.1
)(

1
2

T
2

TT


 

 

where: 

T  =   2
TT 2.015.0    

Based on 
Eq (6.49) 

T  is the slenderness for Torsional buckling  

T  
Tcr,

y

N

fA
  

6.3.1.4(2)  
Eq 6.52 

Tcr,N  is the elastic torsional buckling force  

Tcr,N  
















 2

w
2

T2
o

1
L
EI

GI
i


 

oi  0zy yii   

0y  is the distance from the shear centre to the centroid of the gross cross 
section along the y-y axis. 

For doubly symmetric sections: 

0y  = 0 

P363, 6.1(ii) 
 

Therefore, 

oi  50.15409.76134 22
0zy  yii  mm2  

 

Tcr,N  






























2

w
2

T2
o

1

L

EI
GI

i

π
 

 








 



















2

122
4

2 3000

1056.1210000
)102.9181000(

5.154

1 π
 

 =18.1×103 N 

 

T  43.0
101.18

27510123
3

2

Tcr,

y







N

fA
 

6.3.1.4(2)  
Eq 6.52 
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For torsional buckling, the buckling curve to be used may be obtained from 
Table 6.3 of BS EN 1993-1-1 considering the z-z axis. 

6.3.1.4(3) 

The appropriate buckling curve depends on h/b: 

01.1
3.305

6.307


b

h
 < 1.2, tf = 17.5 mm < 100 mm and S275 steel 

 

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 

z = 0.49 

Table 6.1 

  2
TTT 2.015.0   λ  

   65.043.02.043.049.015.0 2   

6.3.1.2(1) 

88.0
)43.065.0(65.0

1

)(

1

222
T

2
TT

T 








  

0.88 < 1.0 

Therefore, 

T = 0.88 

The design resistance torsional buckling is: 

 
Eq (6.49) 

297710
0.1

2751012388.0 3
2

M1

yT
RdT,b, 


 


 fA

N  kN 
Based on 
Eq (6.47) 

96.0
2977
2850

RdT,b,

Ed 
N
N

 < 1.0 

Therefore the torsional buckling resistance is adequate. 

 

10.8 Blue Book Approach 
The design resistances may be obtained from SCI publication P363.  

Consider 305  305  97 UKC in S275 steel 

 

 
Page references in 
Section 10.8 are 
to P363 unless 
otherwise stated. 

10.8.1 Design value of force for Ultimate Limit State  

Design compression force NEd  = 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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10.8.3 Cross-sectional resistance  

Compression resistance  

Nc,Rd = 3380 kN Page C-162  

Rdc,

Ed

N
N

 = 84.0
3380

2850
  < 1.0 

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  Lcr,y = 6.0 m 

About the minor (z-z) axis  Lcr,z = 3.0 m 

 

The flexural buckling resistances are: 

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  

Page C-12  

For a buckling length of 3.0 m, the torsional buckling resistance is: 

Nb,T,Rd = 2980 kN 

 

The critical buckling verification is 

Rdz,b,

Ed

N
N

 = 97.0
2950
2850

  < 1.0 

Therefore the buckling resistance is adequate 
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11 Biaxial bending and compression of a 
Class 1/2 section 

References are to 
BS EN 1993-1-1: 
2005 Unless 
otherwise stated. 

11.1 Scope 
Verify the adequacy of a 203  203  46 UKC in S275 steel shown in 
Figure 11.1 to resist combined bending and compression. 

 

 

 

Figure 11.1  

The design aspects covered in this example are: 

 Cross section classification 

 Cross-sectional resistance 

 Compression 

 Bending 

 Buckling resistance under bending and compression 

 

50
00

30 kNm

Major axis

590 kN

590 kN

1 kNm

Minor axis
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11.2 Design bending moments and compression 
force 

 

Design bending moment about the y-y axis My,Ed = 30 kNm 
Design bending moment about the z-z axis Mz,Ed = 1 kNm 
Design compression force NEd = 590 kN 

 

11.3 Section properties 
 

203  203  46 UKC in S275 steel  

From section property tables: 

Depth  h = 203.2 mm 
Width b = 203.6 mm 
Web thickness tw = 7.2 mm 
Flange thickness tf = 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  iz = 5.13 cm 
Plastic modulus y-y axis  Wpl,y = 497 cm3 
Plastic modulus z-z axis  Wpl,z = 231 cm3 
Area A = 58.7 cm2  

P363 

Modulus of elasticity E = 210 000 N/mm2 3.2.6(1) 

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

NA.2.4 

For S275 steel and t  16 mm 
Yield strength  fy  = ReH  = 275 N/mm2  

BS EN 10025-2 
Table 7 

11.4 Cross section classification 
 

 = 
275

235235

y


f

  = 0.92 
Table 5.2 

Outstand of compression flange 

c = 
 

2

2.1022.76.203

2

2w 


 rtb
  = 88.0 mm 

ft
c

 = 
11
88

  = 8 

 

The limiting value for Class 1 is 28.892.099
f

 
t

c
 

8 < 8.28 

Therefore the flange is Class 1. 
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Web subject to bending and compression 

c = d  = 160.8 mm 

wt
c

 =
2.7
8.160

  = 22.33 

 

 = 






















































8.1602.7275

590000
15.015.0

wy

Ed

dtf

N
 = 1.43 

but -1 <   1 

Therefore  = 1.0 

 

As  > 0.5, the limiting value for Class 1 is 

  10.113

92.0396

113

396

w 










t

c
  = 30.36 

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 
 

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 

11.6 Cross-sectional resistance 
 

11.6.1 Compression resistance  

Verify that: 

Rdc,

Ed

N

N
   1.0 

 
 

6.2.4(1) 

The design resistance of the cross section for compression is:  

Nc,Rd = 
M0

y


fA

 (For Class 1, 2 and 3 cross sections) 
 

6.2.4(2) Eq (6.10) 

Nc,Rd = 3

M0

y 10
0.1

2755870 





fA
 = 1614.3 kN 

 

 

Rdc,

Ed

N

N
= 

3.1614

590
  = 0.37 < 1.0 

Therefore the compression resistance of the cross section is adequate. 

 

6.2.4(1) Eq (6.9) 
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11.6.2 Resistance to bending  

For members subject to biaxial bending verify that: 

0.1
Edz,N,

Edz,

Edy,N,

Edy,




























 

M

M

M

M
 

 

 

6.2.9.1(6) 

For doubly symmetrical Class 1 and 2 I and H sections. 

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. 

6.2.9.1(4) 

NEd  0.25  Npl,Rd  and 
M0

yww
Ed

5.0



fth
N   

0.25Np.,Rd = 0.25  1614.3  = 403.6 kN < 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: 

M0

yww
Ed



fth
N   

 

hw = h – 2tf  = 203.2 – 2  11.0  = 181.2 mm 

3

M0

yww
10

0.1

2752.7181 





fth
  = 358.8 kN 

 

NEd = 590 kN > 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: 

6
3

M0

yypl,
Rdy,pl, 10

0.1

27510497 





fW
M  = 136.7 kNm 

 

 

6.2.9.1(2)  

The design plastic moment resistance for the minor axis (z-z) is: 

6
3

M0

yzpl,
Rdz,pl, 10

0.1

27510231 





fW
M  = 63.5 kNm 

 

 

6.2.9.1(2)  

Design plastic moment resistance reduced due to the effects of the axial force 
may be found using the following approximations. 

 

MN,y,Rd  = Mpl,y,Rd 












a

n

5.01

1
 but MN,y,Rd  Mpl,y,Rd 

 

6.2.9.1(5) 
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where: 

n = 
3.1614

0.590

Rdpl,

Ed 
N

N
  = 0.37 

a = 
A

btA f2
 but a  0.5 

a = 
 

5870
0.116.20325870 

  = 0.24 < 0.5 

 

MN,y,Rd = Mpl,y,Rd 












a

n

5.01

1
  = 136.7  















)24.05.0(1

37.01
  = 97.9 kNm 

97.9 kNm < Mpl,y,Rd (136.7 kNm) 

Therefore, 

MN,y,Rd  = 97.9 kNm 

 

As n > a 

MN,z,Rd  = Mpl,z,Rd















































22

24.01
24.037.0

15.63
1

1
a
an  = 61.6 kNm 

 

 

6.2.9.1(5) 

For biaxial bending of I and H sections 

  = 2 

 = 5n but    1.0 

 = 5  0.37  = 1.85 > 1.0 

6.2.9.1(6) 

Then: 

09.0
6.61
0.1

9.97
30

85.12














 < 1.0 

 

Eq (6.41) 

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,cr  = L  = 5000 mm 

Minor axis  Lz,cr  = L  = 5000 mm 

 

11.7.2 Combined bending and compression  

Verify that:  

0.1
/)/(/ M1z.Rk

z.Edz.Ed
yz

M1y.RkLT

y.Edy.Ed
yy

M1Rky

Ed 














 M

MM
k

M

MM
k

N

N
 

And: 

 
Eq (6.61) 
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0.1
/)/(/ M1z.Rk

z.Edz.Ed
zz

M1y.RkLT

y.Edy.Ed
zy

M1Rkz

Ed 














 M

MM
k

M

MM
k

N

N
 

 
Eq (6.62) 

where: 

 y,  z  are the reduction factors for flexural buckling about the major and 
minor axes 

 LT  is the reduction factor for lateral-torsional buckling 

 

kyy, kyz, kzz and kzy are the interaction factors  

For Class 1 cross sections: 

NRk  = Afy  = 5870  275  10–3  = 1614.3 kN 

My,Rk  = Wpl,y fy  = 497  10 3  275  10–6  = 136.7 kNm 

Mz,Rk  = Wpl,z fy  = 231  10 3  275  10–6  = 63.5 kNm 

My,Ed  = 0.0 kNm (section is not Class 4) 

Mz,Ed = 0.0 kNm (section is not Class 4). 

Table 6.7 

Reduction factor for flexural buckling  

The reduction factor for flexural buckling is determined from: 

  = 
  





  22

1


  1.0 

where: 

 =   



 

2
2.015.0   

 

Eq (6.49) 

  is the non-dimensional slenderness for flexural buckling  

  = 



















1

cr

cr

y 1

i

L

N

Af
 (For Class 1, 2 and 3 cross sections) 

 
6.3.1.3(1)  
Eq (6.50) 

1 = 93.9  = 93.9  0.92 = 86.39  

Flexural buckling about the minor axis (z-z)  

z  = 














































39.86

1

3.51

50001

1z

cr

i

L
  =1.13 

 
Eq (6.50) 

The appropriate buckling curve depends on h/b and steel grade: 

b

h
  = 

6.203

2.203
  = 1.0 < 1.2, tf  = 11.0 mm < 100 mm  

Therefore, for S275, the buckling curve to consider for the z-z axis is ‘c’ 

 

Table 6.2 

For buckling curve ‘c’ z = 0.49 Table 6.1 

zΦ  =   2
zzz 2.015.0    

 =    37.113.12.013.149.015.0 2   

6.3.1.2(1) 
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z  = 
)13.137.1(37.1

1

)((

1

222
z

2
zz 


 ΦΦ

  = 0.47 

0.47< 1.0 

Therefore, 

z  = 0.47 

 
Eq (6.49) 

Buckling about the major axis (y-y)  

y  = 













































39.86

1

2.88

50001

1y

cr

i

L
  = 0.66 

 
Eq (6.50) 

The appropriate buckling curve depends on h/b: 

6.203

2.203


b

h
  = 1.0< 1.2, tf  = 11.0 mm < 100 mm  

Therefore, for S275, the buckling curve to consider for the y-y axis is ‘b’ 

 
Table 6.2 

For buckling curve ‘b’ y = 0.34 Table 6.1 

yΦ  =   2
yyy 2.015.0    

 =    80.066.02.066.034.015.0 2   

6.3.1.2(1) 

y = 
)66.080.0(80.0

1

)((

1

222
y

2
yy 


 Φ

  = 0.80 

0.8< 1.0 

Therefore, 

y = 0.8 

 
Eq (6.49) 

Reduction factor for lateral-torsional buckling  

As a UKC is being considered, the method given in 6.3.2.3 for determining 
the reduction factor for lateral-torsional buckling (LT) of rolled sections is 
used. 

 

LT  = 
2

LT
2

LTLT

1

 
 but  1.0 and  

2
LT

1


 

6.3.2.3(1) 
Eq (6.57) 

where: 

LT =   2
LTLT,0LTLT15.0    

 

 LT,0  = 0.4  and    = 0.75 NA.2.17 

The appropriate buckling curve depends on h/b: 

b

h
  = 1.0 < 2 therefore use curve ‘b’ 

 
NA.2.17 

For buckling curve ‘b’ LT = 0.34 NA.2.16 & 
Table 6.3 
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cr

yy
LT

M

fW
  

 
6.3.2.2(1) 

BS EN1993-1-1 does not give a method for determining the elastic critical 
moment for lateral-torsional buckling (Mcr).  The approach given in SCI 
publication P362 is used to determine LT. 

It should be noted that the approach for determining LT given in SCI P362 is 
conservative; other approaches that may be used are: 

 Determine Mcr from either: 

 Hand calculations 

 Software programmes e.g. ‘LTBeam’ 

 Determine LT using the more exact method, see Example 4. 

 

Using the P362 method: 

 LT. = w
1

9.0
1 















C
 

P362 5.6.2.1(5) 

Based on the bending moment diagram in Figure 11.1 

1

1

C
 = 0.75 

P362 Table 5.5 

 

1 = 86 (for S275 Steel) P362 Table 5.2 

z  = 














































86

1

3.51

50001

1z

z

i

L
  =1.13  

 

For Class 1 and 2 sections 

w  = 1.00 

 

LT  = 113.19.075.09.0
1

w
1



















C
  = 0.76 

 

LT =   2
LTLT,0LTLT15.0    

 = 0.5  1 + 0.34  (0.76 – 0.4) + (0.75  0.762)  = 0.78 

6.3.2.3(1) 

2
LT

2
LT

LT
1







LT

 

)76.075.0(78.078.0

1

22
LT


  = 0.83 

2
LT

1


 = 276.0

1
  = 1.73 

 

Eq (6.57) 

0.83 < 1.0 < 1.78 

Therefore, 

LT = 0.83 

6.3.2.3(2) 

 

Eq (6.58) 
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To account for the bending moment distribution between restraints, LT may be 
modified as follows: 

LT,mod = 
f
LT

 but LT,mod  1.0 

 

f = 1 – 0.5(1 – kc)[1 – 2( LT – 0.8)2] but f  1.0  6.3.2.3(2) 

kc = 
1

1

C
  

NA.2.18 

M

M  

 

For the above major axis bending moment diagram 

  = 0.0 therefore, 

 

kc = 
1

1

C
  = 0.75 

Access Steel 
SN002 Table 2.1 

f = 1 – 0.5  (1 – 0.75)  [1 – 2  (0.76 – 0.8)2]  = 0.88 6.3.2.3(2) 

0.88 < 1.0 

Therefore, 

f = 0.88 

 

Thus, 

LT,mod = 
88.0
83.0

  = 0.94 

0.94 < 1.0 

Therefore, 

LT,mod = 0.94 

 

Eq (6.58) 

Interaction factors (kyi & kzi)  

The interaction factors are determined from either Annex A (method 1) or 
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. 

NA.2.21 
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M

M  

 

From the bending moment diagrams for both the y-y and z-z axes,  = 0.0  

Therefore 

Cmy  = Cmz  = CmLT=  0.6 + (0.4  0)  = 0.6 

Table B.3 

 

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. 
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Table B.1 

73.0
1/)3.16148.0(

590
)2.066.0(16.0 




























  

 

82.0
1/)3.16148.0(

590
8.016.0 






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


















  

0.73 < 0.82 

Therefore  

kyy = 0.73 

 

Factor kzz 

Table B.2 refers to the expression given in Table B.1. 

For Class 1 and 2 I sections. 
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Table B.1 
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1.37 > 1.25 

Therefore, kzz = 1.25 

Factor kyz 

Table B.2 refers to the expression given in Table B.1. 

For Class 1 and 2 sections. 

kyz  = 0.6kzz  = 0.6  1.25  = 0.75 

 

Factor kzy 

As z > 0.4 
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Table B.2 
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0.78 >  0.75 

Therefore, kzy = 0.78 

 

Verification  

Verify that:  
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And: 

 
Eq (6.61) 
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Eq (6.62) 
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Eq (6.61) 
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Eq (6.62) 

As, 0.64  < 1.0 and 0.98 < 1.0 

The buckling resistance of the 203  203  46 UKC in S275 steel under 
combined bending and compression is adequate. 
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11.8 Blue Book Approach 

The design resistances may be obtained from SCI publication P363.  

Consider a 203  203  46 UKC in S275 steel 

Page references 
given in Section 
11.8 are to P363 
unless otherwise 
stated. 

11.8.1 Design value of bending moments and compression force  

Design bending moment about the y-y axis My,Ed = 30 kNm 
Design bending moment about the z-z axis Mz,Ed = 1 kNm 
Design compression force NEd = 590 kN 

 

11.8.2 Cross section classification  

Npl,Rd = 1610 kN 

n = 
Rdpl,

Ed

N
N

 

Page C-166 

Limiting value of n for Class 2 sections is 1.0 

n = 37.0
1610

590
  < 1.0 

Therefore, under combined axial compression and bending the section is at 
least Class 2. 

Page C-166 

11.8.3 Cross-sectional resistance  

For Class 1 or 2 cross sections there are two verifications that may be 
performed. 

 

Verification 1 (conservative)  

Verify that:  

0.1
Rdz,c,

Edz,

Rdy,c,

Edy,

Rdpl,

Ed 
M

M

M

M

N
N

 
 
6.2.1(7) 

Mc,y,Rd  = 137 kNm 

Mc,z,Rd  = 63.5 kNm 

Page C-78 
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1
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M

M

M

M

N

N
 < 1.0 

Therefore this verification is satisfied. 

 

Verification 2 (more exact) 

Verify that: 
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6.2.9.1(6) 
Eq (6.41) 

From the earlier calculations, 

   = 2 and    = 1.85 

Sheet 5 

n = 0.37  
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From interpolation between n = 0.3 and n = 0.4:  

MN,y,Rd  = 97.9 kNm 

MN,z,Rd  = 61.3 kNm 

Page C-166 
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
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M

M

M
 < 1.0 

Therefore the cross-sectional resistance is adequate. 

 

11.8.4 Buckling resistance  

Buckling resistance under bending and axial compression   

When both of the following criteria are satisfied: 

 The cross section is Class 1, 2 or 3 

 M0M1    

The buckling verification given in 6.3.3 (Expressions 6.61 & 6.62) of 
BS EN 1993-1-1 may be simplified to: 
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From Section 11.7, the values of the interaction factors are: 

kyy = 0.73 

kyz = 0.75 

kzy = 0.78 

kzz = 1.25 

 

For a buckling length of L = 5 m and n = 0.37 < 1.0 

Nb,y,Rd = 1310 kNm 

Nb,z,Rd = 762 kNm 

Page C-13 

Mc,z,Rd = 63.5 kNm Page C-78  

From Section 11.7 of this example  

75.0
1

1


C

 
Sheet 9 

Therefore, 

78.1
75.0
1

2

1 





C  

 

From interpolation for C1 = 1.78 and L = 5 m  

Mb,Rd  = 135 kNm Page C-78 
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Verifications: 
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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 LT was conservatively based on a simple 0.9 factor in 
the calculation of LT. 
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12 Major axis bending and compression 
of a Class 3 section 

12.1 Scope 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
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  191  67 UKB in 
S355 steel. 

 

 

B CA

3000 3000

6000
 

 

Figure 12.1  

The design aspects covered in this example are: 

 Cross section classification 

 Cross sectional resistance: 

 Shear buckling 

 Shear 

 Moment 

 Lateral torsional buckling resistance. 

 

12.2 Design value of combined actions for 
Ultimate Limit State 

 

Concentrated load Fd,1 = 92 kN 
UDL Fd,2 = 1.8 kN/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 NEd  = 1100 kN  

Maximum design bending moment (mid-span) MEd = 146.10 kNm  

Maximum design shear force (at A and C) VEd = 51.40 kN  

Design shear force at the mid-span (B) VB,Ed = 46.00 kN  

The shear force and bending moment diagrams are shown in Figure 12.2.  

6000

3000 3000

A B

Shear forces kN

Bending moments  kNm

51 46

46 51

146

1.8 kN/m 1100 kNN

92 kN

C

Design values
of actions

 

 

Figure 12.2   

12.4 Section properties 
 

For a 457  191  67 UKB in S355  

From section property tables: 
Depth  h  = 453.4 mm 
Width b  = 189.9 mm 
Web thickness tw  = 8.5 mm 
Flange thickness tf  = 12.7 mm 
Root radius r  = 10.2 mm 
Depth between fillets d  = 407.6 mm 
Radius of gyration y-y axis  iy  = 18.5 cm 
Radius of gyration z-z axis  iz  = 4.12 cm 
Plastic modulus y-y axis  Wpl,y  = 1470.0 cm3 
Elastic modulus y-y axis  Wel,y  = 1300.0 cm3 
Elastic modulus z-z axis  Wel,z  = 153.0 cm3 
Area A  = 85.5 cm2  

P363 

Modulus of elasticity E  = 210 000 N/mm2 
Shear modulus G  ≈ 81 000 N/mm2 

3.2.6(1) 
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For buildings that will be built in the UK, the nominal values of the yield 
strength (fy) and the ultimate strength (fu) for structural steel should be those 
obtained from the product standard.  Where a range is given, the lowest 
nominal value should be used. 

NA.2.4 

For S355 steel and t  16 mm 
Yield strength,  fy  = ReH  = 355 N/mm2  

BS EN 10025-2 
Table 7 

12.4.1 Cross section classification  

81.0
355

235235

y


f

  
Table 5.2 

Outstand of compression flange 

 
2

2.1025.89.189

2

2w 





rtb
c   = 80.5 mm 

 

Table 5.2 

34.6
7.12

5.80

f


t

c
 

 

The limiting value for Class 1 is 29.781.099
f

 
t

c
 

6.34 < 7.29 

Therefore the flange is Class 1. 

 

Web subject to bending and to compression force NEd = 1100 kN 

c  = d  = 407.6 mm 

 

Table 5.2 
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5.8
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w
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t
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For plastic stress distribution,  

95.0
6.4075.8355

101100
15.015.0

3

wy

Ed 



























































dtf

N
  

but –1 <   1 

Therefore   

 
P362 Table5.1 

As  > 0.5 the limiting value for Class 2 is: 
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
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Therefore the web is not class 1 or 2 

 

For elastic stress distribution,  
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The limiting value for Class 3 is 

 
90.58

)28.0(33.067.0

81.042

33.067.0

42

w













t

c
 

 

32.54 < 47.95 < 58.90  

Therefore the web is Class 3 under combined bending and NEd = 1100 kN. 

Therefore the cross section is Class 3 under combined bending and 
NEd = 1100 kN. 

 

12.5 Partial factors for resistance 
 

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 

12.6 Cross-sectional resistance 
 

12.6.1 Shear buckling  

The shear buckling resistance for webs should be verified according to 
Section 5 of BS EN1993-1-5 if: 

6.2.6(6) 




72
w

w 
t

h
 

Eq (6.23) 

  = 1.0  
hw =   0.4287.1224.4532 f  th  mm 

w

w

t

h
 = 

5.8

0.428
  = 50.35 




72  = 72  

0.1

81.0
  = 58.32 

BS EN 1993-1-5 
NA.2.4 

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: 

0.1
Rdc,

Ed 
V

V
 

Vc,Rd is the design plastic shear resistance (Vpl,Rd). 

6.2.6(1) 

Eq (6.17) 

M0

yv
Rdpl,Rdc,

)3/(


fA

VV   
6.2.6(2) 

Eq (6.18) 

Av 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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 rttbtAA 22 wffv   but not less than ww th  

    )2.102(5.87.127.129.1892105.85 2   

 = 4024 mm2  

 

00.36385.84280.1ww th  mm2  

Therefore, Av  = 4094 mm2 

 

Therefore the design plastic shear resistance is: 

83910
0.1

)3/355(4094)3/( 3

M0

yv
Rdpl, 


 


fA

V  kN 

6.2.6(2) 
Eq (6.18) 

Maximum design shear VEd = 51.4 kN 

06.0
839

4.51

Rdc,

Ed 
V

V
< 1.0 

Therefore the shear resistance of the section is adequate. 

Sheet 2 

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. 

 

50.419
2

0.839

2

Rdpl,


V
 kN 

 

The design shear force at maximum moment is, VB,Ed  = 46.0 kN 

46.0 kN < 419.50 kN 

 

Therefore no reduction in resistance for bending and axial force need be 
made. 

6.2.10(2) 

For Class 3 cross sections, the maximum longitudinal stress, in the absence of 
shear, (x,Ed) should satisfy the following: 

6.2.9.2(1) 

M0

y
Edx,




f
  

 
Eq (6.42) 

The maximum longitudinal design stress (x,Ed) is: 

241
101300

10146

8550

101100
3
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EdEd
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
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N
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0.1

355

M0




yf
  = 355 N/mm2  

241 N/mm2 < 355 N/mm2 

 

Therefore the resistance of the section for combined bending, shear and axial 
force is adequate. 
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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  Lcr,y  = 6000 mm 

Minor axis  Lcr,z  = 3000 mm 

 

12.7.2 Combined bending and compression  

For combined bending about the y-y axis and  compression, verify that:  
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Based on 
Eq (6.61) 
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Based on 
Eq (6.62) 

where: 

 y &  z  are the reduction factors for flexural buckling about the major 
and minor axes 

 LT   is the reduction factor for lateral-torsional buckling 

 

kyy & kzy are the interaction factors  

For Class 3 cross sections: 

NRk  = A fy  = 8550  355  10 –3  = 3035.3 kN 

My,Rk  = Wel,y fy  = 1300  10 3  355  10 –6  = 461.5 kNm 

My,Ed  = 0.0 kNm 

Table 6.7 

Reduction factor for flexural buckling  

The flexural reduction factor is determined from: 

 = 

  





  22

1



  1.0 

where 

 =   2
2.015.0    

 

Eq (6.49) 

  is the non-dimensional slenderness for flexural buckling  

  = 

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y 1

i

L
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Af
 (For Class 1, 2 and 3 cross sections) 

 
6.3.1.3(1)  
Eq (6.50) 

1 = 93.9  = 93.9  0.81  = 76.06  
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Buckling about the minor axis (z-z)  

z  = 96.0
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Eq (6.50) 

The appropriate buckling curve depends on h/b: 

39.2
9.189

4.453


b

h
 > 1.2, tf  = 12.7 mm < 40 mm 

Therefore, for S355, the buckling curve to consider for the z-z axis is ‘b’ 

 
Table 6.2 

For buckling curve ‘b’  z = 0.34 Table 6.1 

  2
zzz 2.015.0   λΦ  

   09.196.02.096.034.015.0 2   

6.3.1.2(1) 

62.0
)96.009.1(09.1

1

)((

1

222
z

2
zz

z 









ΦΦ

 
 

Eq (6.49) 

 
0.62< 1.0

Therefore, 

z  = 0.62 

 

Buckling about the major axis (y-y)  

y  = 43.0
06.76

1

185

60001

1y

ycr,















































i

L
 

 
Eq (6.50) 

The appropriate buckling curve depends on h/b: 

39.2
9.189

4.453


b

h
 > 1.2, tf  = 12.7 mm < 40 mm 

Therefore, for S355, the buckling curve to consider for the y-y axis is ‘a’ 

 

Table 6.2 

 

For buckling curve ‘a’  y = 0.21 Table 6.1 

  2
yyyy 2.015.0   λΦ  

   62.043.02.043.021.015.0 2   

6.3.1.2(1) 

94.0
)43.062.0(62.0

1

)((

1

222
y

2
yy

y 









ΦΦ

 

0.94< 1.0

Therefore, 

y  = 0.94 

 
Eq (6.49) 
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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 (LT) for rolled sections is 
used. 

 

 LT
2

LT
2

LTLT

1

 
 but 0.1  and 

2
LT

1


  

6.3.2.3(1) 
Eq (6.57) 

where:  

  2
LTLT,0LTLTLT 15.0    

 

From the UK National Annex, 4.0LT,0   and 75.0  NA.2.17 

The appropriate buckling curve depends on h/b: 

39.2
9.189

4.453


b

h
  

As 2 < 2.39 < 3.1 use buckling curve ‘c’ 

NA.2.17 

For buckling curve ‘c’ LT = 0.49 NA.2.16 & 
Table 6.3 

cr

yy
LT

M

fW
  

 

BS EN1993-1-1 does not give a method for determining the elastic critical 
moment for lateral-torsional buckling (Mcr).  The approach given in SCI 
publication P362 is used to determine LT. 

It should be noted that the approach for determining LT given in P362 is 
conservative, other approaches that may be used are: 

 Determine Mcr from either; 

 Hand calculations 

 Software programmes e.g. ‘LTBeam’ 

 Determine LT using the more exact method, see Example 4. 

 

Using the P362method: 

Consider the span between lateral restraints. 

 

 M

M  

 

wz

1

LT 9.0
1 
C

  
P362 5.6.2.1(5) 

Based on the bending moment diagram,  = 0, therefore,  

75.0
1

1


C

 
 
P362 Table 5.5 

96.0z   Sheet 4 



Example 12 - Major axis bending & compression of Class 3 section Sheet 9 of 14 Rev  
 

12-Major axis bending and compression Class 3_meb.doc 133 

For Class 3 cross sections 

88.0
1470

1300

ypl,

yel,
w 

W

W
  

 

61.088.096.09.075.0LT    

     69.061.075.04.061.049.015.0 2
LT   

6.3.2.3(1) 

 
88.0

61.075.069.069.0

1

22
LT 


  

69.2
61.0

11
22

LT




 

 
Eq (6.57) 

0.88 < 1.0 < 2.69 

Therefore, 

LT   = 0.88 

 

To account for the moment distribution, LT may be modified as follows: 

f

LT
modLT,


   but 0.1modLT,   

6.3.2.3(2) 

 
Eq (6.58) 

F  =     



 

2
LTc 8.02115.01 k  but 0.1f   

6.3.2.3(2) 

kc  = 
1

1

C
  

NA.2.18 

75.0
1

1


C

 
Sheet 8 

     88.08.069.02175.015.01 2 f  
6.3.2.3(2) 

Therefore, 

0.1
88.0

88.0
modLT,    

 

Eq (6.58) 

Interaction factors (Cmy and CmLT)  

Factor Cmy  

Cmy is determined from the bending moment diagram along the whole span of 
the beam. 

 

Table B.3 

s

h hM M

- M  

 

Therefore for Cmy  

Mh  = 0 kNm 

Ms  = 146 kNm 
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As Mh < Ms  

0
146

0

s

h
h 

M

M
  and 0.1     

 

Therefore, as the moment is predominantly due to the concentrated load, 

hmy 1.09.0   C  

 

  9.001.09.0  my C   

Factor CmLT  

CmLT is determined from the bending moment diagram between the end of the 
beam and the location of the secondary beam, as this beam restrains the 
primary beam against lateral torsional buckling at this point. 

 

Table B.3. 

s



h

hM

M

- M

 

 

Therefore for CmLT  

Mh = 146 kNm 

Ms = 79 kNm 

  = 0 

 

As Mh > Ms  

54.0
146

79
    

h

s
s 

M

M
  

 

Therefore, as the moment is predominantly due to the concentrated load, 

4.08.02.0 smLT  C  

 

  63.054.08.02.0mLT C  > 0.4 

Therefore, 

63.0mLT C  

 

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. 

 























































M1Rky

Ed
my

M1Rky

Ed
ymyyy

/
6.01

/
6.01




N

N
C

N

N
Ck  

 

Table B.1 

 
 

99.0
0.1/3.303594.0

1100
43.06.019.0 




























  
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 
11.1

0.1/3.303594.0

1100
6.019.0 




























  

0.99 < 1.11 

Therefore, 

kyy  = 0.99 

 

kzy 

For Class 3 and 4 sections. 
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Table B.2 

 
93.0

0.1/3.303562.0

1100

25.063.0

96.005.0
1 





















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







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






  

 
92.0

0.1/3.303562.0

1100

25.063.0

05.0
1 







































  

0.93 > 0.92 

Therefore, 

kzy  = 0.93 

 

Verification  

0.1
)/(/ M1y.RkLT

Edy,y.Ed
yy

M1Rky

Ed 






 M

MM
k

N
N

 

And 

Based on 
Eq (6.61) 

 

0.1
)/(/ M1y.RkLT

Edy,y.Ed
zy

M1Rkz

Ed 






 M

MM
k

N
N

 
Based on 
Eq (6.62) 

My,Ed  = MEd  = 146 kNm Sheet 2 

   
70.0

0.1/5.4610.1

146
99.0

0.1/3.303594.0

1100




















 < 1.0 

Based on 
Eq (6.61) 

 

   
88.0

0.1/5.4610.1

146
92.0

0.1/3.303562.0

1100




















 < 1.0 

Based on 
Eq (6.62) 

0.70 < 1.0 and 0.88 < 1.0 

Therefore, the bending and compression buckling resistance is adequate. 

 



Example 12 - Major axis bending & compression of Class 3 section Sheet 12 of 14 Rev  
 

12-Major axis bending and compression Class 3_meb.doc 136 

12.8 Blue Book Approach 

The design resistances may be obtained from SCI publication P363.   

Consider the 457  191  67 UKB in S355 steel 

Page references 
given in Section 
12.8 are to P363 
unless otherwise 
stated. 

12.8.1 Design value of moments and forces  

Design compression force NEd  = 1100 kN  

Maximum design bending moment (mid-span) MEd = 146.10 kNm  

Maximum design shear force VEd = 51.40 kN  

Design shear force at the mid-span (B) VB,Ed = 46.00 kN  

12.8.2 Cross section classification  

Npl,Rd = 3040 kN 

n = 
Rdpl,

Ed

N
N

 

Page D-144 

Limiting value of n for Class 2 sections is 0.139 

Limiting value of n for Class 3 sections is 0.569 

n = 36.0
3040
1100

  

0.139 < 0.36 < 0.569 

Therefore, under combined bending and compression force NEd = 1100 kN the 
section is Class 3. 

Page D-144 

12.8.3 Cross -sectional resistance  

Shear resistance  

Vc,Rd = 839 kN PageD-104  

Rdc,

Ed

V
V

 = 06.0
839

4.51
  < 1.0 

Therefore the shear resistance is adequate 

 

Combined bending, shear and compression resistance  

2
Rdpl,V

 5.419
2

839
  kN 

 

As VB,Ed = 46.0 kN < 419.5 kN the effect of shear on the resistance of the 
section to combined bending and compression does not need to be accounted 
for, thus the requirement is simply to verify that: 

 

0.1
Rdy,c,

Edy,

Rdpl,

Ed 
M

M

N
N

 
Section 10.2.1 

Mc,y,Rd =  522 kNm Page D-67 
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64.0
522

146

3040

1100

Rdy,c,

Edy,

Rdpl,

Ed 
M

M

N

N
 < 1.0 

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: 

 The cross section is Class 1, 2 or 3 

 M0M1    

The buckling verification given in 6.3.3 (Expressions 6.61 & 6.62) of 
BS EN 1993-1-1 may be simplified to: 

 

0.1
Rdb,

y.Ed
yy

Rdy,b,

Ed 
M

M
k

N
N

 (no minor axis moment) 
 

0.1
Rkb,

y.Ed
zy

Rkz,b,

Ed 
M

M
k

N
N

 (no minor axis moment) 
 

From earlier calculations 
kyy = 0.99 
kzy = 0.93 

Sheet 11 
Sheet 11 

Compression buckling resistance y-y axis 

For a buckling length of L = 6 m and n = 0.36 < 0.569 

Nb,y,Rd = 2870 kNm 

Page D-145 

Compression buckling resistance z-z axis 

For a buckling length of L = 3 m and n = 0.36 < 0.569 

Nb,z,Rd = 1900 kNm 

Page D-145 

Lateral torsional buckling resistance 

From Section 12.6 of this example 

 

75.0
1

1


C

 
Sheet 8 

Therefore, 

78.1
75.0
1

2

1 





C  

 

For C1 = 1.78 and L = 3 m  

Mb,Rd = 507 kNm D-67  
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Verification 

Resistance under combined bending and compression 

 

67.0
507

146
99.0

2870

1100


















 < 1.0 

 

85.0
507

146
93.0

1900

1100


















 < 1.0 

 

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 

LT  in Section 12.7.2 of this example. 
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13 Column in simple construction 

13.1 Scope 
Design the column shown in Figure 13.1 in S275 steel between levels 1 and 2.  
The following assumptions may be made: 

 The column is continuous and forms part of a structure of simple 
construction. 

 The column is nominally pinned at the base. 

 Beams are connected to the column flange by flexible end plates. 

References are to 
BS EN 1993-1-1: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

Level  1

Level  2

Level  3

1,d

3,d

2,d

5
0

0
0

3
0

0
0

F

F

F

 

 

Figure 13.1   

The design aspects covered in this example are: 

 Cross section classification 

 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 F1,d  = 37 kN 
Reaction from beam 2 F2,d  = 147 kN 
Reaction from beam 3 F3,d  = 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: 

2814737377d3,d2,d1,Ed3,-2Ed  FFFNN   = 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 
distance of 100 mm from the face of the column. 

For a 203  203  46 UKC. 

Access-steel 
document SN005 

The bending moments at level 2 are: 

Edy,2,M  
















 3

d2, 10100
2

2.203
147100

2

h
F 29.64 kNm 

 

Edz,2,M      3w
d3,d1, 10100

2
2.7

2837100
2







 






 
t

FF  

 = 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  11.11
8

3
64.29Edy, M  kNm 

 

z-z axis 35.0
8

3
93.0Edz, M  kNm 

 

There are no moments at level 1.  
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13.3 Section properties  

For a 203  203  46 UKC in S275 steel  

From section property tables: 
Depth  h = 203.2 mm 
Width b = 203.6 mm 
Web thickness tw = 7.2 mm 
Flange thickness tf = 11.0 mm 
Root radius r = 10.2 mm 
Depth between fillets d = 160.8 mm 
Second moment of area z-z axis Iz = 1 550 cm4  
Radius of gyration y-y axis iy = 8.82 cm 
Radius of gyration z-z axis iz = 5.13 cm 
Plastic modulus y-y axis Wpl,y = 497 cm3 
Plastic modulus z-z axis Wpl,z = 231 cm3 
Warping constant Iw = 0.143 dm6  
St Venant torsional constant IT = 22.2 cm4  
Area A = 58.7 cm2  

P363 

Modulus of elasticity E  = 210 000 N/mm2 
Shear modulus G   81000 N/mm2 

3.2.6(1) 

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

NA.2.4 

For S275 steel and t  16 mm 
Yield strength  fy  = ReH  = 275 N/mm2  

BS EN 10025-2 
Table 7 

13.4 Partial factors for resistance 
 

 M0 = 1.0 
 M1 = 1.0 

NA.2.15 

13.5 Cross section classification 
 

 = 92.0
275

235235

y


f

 
Table 5.2 

Outstand of compression flange 

c = 
 

2

2.1022.76.203

2

2w 


 rtb
  = 88.0 mm 

 

ft
c

 = 
11

88
  = 8.0 

 
Table 5.2 
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The limiting value for Class 1 is 28.892.099
f

 
t

c
 

 

8.0 < 8.28  

Therefore the flange in compression is Class 1  

Web subject to bending and compression 

c  = d  = 160.8 mm  

 
Table 5.2 

wt
c

 = 
2.7

8.160
  = 22.3 

 

For plastic stress distributions,  

 = 



























































8.1602.7275

10589
15.015.0

3

wy

Ed

dtf

N
  = 1.4 

but –1 <   1 

Therefore  

 
P362 Table5.1 

As  > 0.5 the limiting value for Class 1 is 

 
4.30

1113

92.0396

113

396

w













t

c
 

22.3 < 30.4 

Therefore the web is Class 1 under bending and NEd = 589 kN 

 

Therefore the cross-section is Class 1 under bending and NEd = 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 

replaced by a single expression 0.15.1
Rdz,cb,

Edz,

Rdb,y,

Edy,

Rdb,min,

Ed 
M

M

M

M

N
N

 when 

the following criteria are satisfied: 

 The column is a hot rolled I or H section, or an RHS 

 The cross section is class 1, 2 or 3 under compression 

 The bending moment diagrams about each axis are linear 

 The column is restrained laterally in both the y-y and z-z directions at each 
floor level, but is unrestrained between the floors 

Access-steel 
document SN048 

 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. 0y   and 

0z  ) the axial force ratio must satisfy the following criterion: 
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83.0
Rdb,y,

Ed 
N
N

 (note to Table 2.1) 

Here the 

 The section is Class 1 

 The bending moment ratios are 0y   and 0z  , as the base of the 

column is nominally pinned (see Figure 13.2).  Therefore determine the 
axial force ratio. 

 

M M

M M y y,Ed

y,Ed z,Ed

z z,Ed

y - y axis z - z axis  

 

Figure 13.2  

Axial force ratio  

Rdb,y,N  = 
M1

yy


 Af

 
 

Determine the flexural buckling reduction factor y :  

  = 0.1
)((

1
22


 

 

Where: 

 =   



 

2
2.015.0   

 
Eq (6.49) 

  = 
1

c

cr

y 1




i

L

N

Af r  
6.3.1.3 Eq (6.50) 

1 = 93.9  = 93.9  0.92  = 86.39  

The buckling length may be taken as: 

About the major (y- y) axis Lcr  = L  = 5000 mm 

 

66.0
39.86

1

2.88

50001

1y

cr
y 


















































i

L
 

 
Eq (6.50) 

The appropriate buckling curve depends on h/b: 

0.1
6.203

2.203


b

h
 < 1.2, tf  = 11.0 mm < 100 mm 

 
Table 6.2 
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Therefore, for S275, the buckling curve to consider for the major (y-y) axis 
is ‘b’ 

 

For buckling curve ‘b’  y = 0.34 Table 6.1 

  2
yyy 2.015.0   λ  

   80.066.02.066.034.015.0 2   

6.3.1.2(1) 

80.0
)66.08.0(8.0

1

)((

1
222

y
2

yy

y 








  

0.80 < 1.0

Therefore, 

y = 0.80 

 

Eq (6.49) 

 

Rdb,y,N  = 129110
0.1

27558708.0 3

M1

yy 


 


 fA

 kN 
 
Eq (6.47) 

Rdb,y,

Ed

N
N

 = 46.0
1291
589

  

0.46 < 0.83 

 

Therefore all the criteria given above are met, so the simplified expression 
may be used for this example. 

 

The criterion to verify is: 

0.15.1
Rdz,cb,

Edz,

Rdb,y,

Edy,

Rdb,min,

Ed 
M

M

M

M

N
N

 

Access-steel 
document SN048 

where: 

Nmin,b,Rd is the lesser of 
M1

yy


 fA

 and 
M1

yz


 fA

. 

My,b,Rd  = 
M1

ypl,y
LT 


Wf

 

Mz,cb,Rd = 
M1

zpl,y


Wf

 

 

Determine Nmin,b,Rd   

Rdb,y,N   = 1291 kN Sheet 6 

Determine Nz,b,Rd  

The buckling length may be taken as: 

About the major (z-z) axis  Lcr  = L  = 5000 mm 

 

13.1
39.86

1

3.51

50001

1z

cr 


















































i

L
z  

 
Eq (6.50) 
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The appropriate buckling curve depends on h/b: 

0.1
6.203

2.203


b

h
 < 1.2, tf  = 11.0 mm < 100 mm 

 
Table 6.2 

Therefore, for S275, the buckling curve to consider for the minor (z-z) axis 
is ‘c’ 

 

For buckling curve ‘c’  z = 0.49 Table 6.1 

  2
zzz 2.015.0   λΦ  

   37.113.12.013.149.015.0 2   

6.3.1.2(1) 

47.0
)13.137.1(37.1

1

)((

1

222
z

2
zz

z 









ΦΦ

 

0.47 < 1.0

Therefore, 

z = 0.47 

 

Eq (6.49) 

 

Rdb,z,N  = 75910
0.1

275587047.0 3

M1

yz



 



 Af
 kN 

 
Eq (6.47) 

759 kN < 1291 kN 

Therefore, 

Nmin,b,Rd = 759 kN 

 

Determine My,b,Rd   

As a UKC is being considered, the method given in 6.3.2.3 for determining 
the reduction factor for lateral-torsional buckling (LT) of rolled sections is 
used. 

 

 LT
2

LT
2

LTLT

1

 
 but 0.1  and 

2
LT

1


  

BS EN 1993-1-1 
6.3.2.3(1) 
Eq (6.57) 

where: 

  2
LTLT,0LTLTLT 15.0    

 

From the UK National Annex 4.0LT,0   and 75.0  NA.2.17 

The appropriate buckling curve depends on h/b: 

0.1
6.203

2.203


b

h
 < 2  

Therefore the buckling curve to consider is ‘b’ 

NA.2.17 

For curve buckling  ‘b’ LT  = 0.34 NA2.16 & 
Table 6.3 

cr

yy
LT

M

fW
  

BS EN 1993-1-1 
6.3.2.2(1) 
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where: 

Wy = Wpl,y for Class 1 or 2 sections 

Mcr 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 Mcr may be determined 
from: 

 

z
2

T
2

z

w

2

z
2

1cr
EI

GIL

I

I

L

EI
CM




  

Access-steel 
document SN003 

where: 

L is the element length between points of lateral restraint 

 = 5000 mm 

C1 is 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, 
 C1 = 1.77 

Access-steel 
SN003 Table 3.1 

Therefore, 

Mcr =













 
2

432

5000
10155010210

77.1


 

 7.34510
10155010210
102.2210815000

101550
1043.1 6

432

432

4

11













 


 kNm 

 

And 

63.0
107.345

27510497
6

3

LT 



  

 

     69.063.075.04.063.034.015.0 2
LT   

BS EN 1993-1-1 
6.3.2.3(1) 

 
90.0

63.075.069.069.0

1

22
LT 


  

BS EN 1993-1-1 
Eq (6.57) 

52.2
63.0

11
22

LT




 
 

0.90 < 1.0 < 2.52 

Therefore 

LT  = 0.90 

 

To account for the bending moment distribution, LT may be modified as 
follows: 

f
LT

modLT,
   but 0.1modLT,   
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    



 

2
LTc 8.02115.01 kf  but 0.1f  

BS EN 1993-1-1 
6.3.2.3(2) 

1

c
1

C
k   

NA.2.18 

For the bending moment diagram given in Figure 13.2 

   = 0.0 

Therefore 

75.0    
1

1


C

 

Access Steel 
document SN002 
Table 2.1 

Thus, 75.0c k    

     88.08.063.02175.015.01 2 f  
 

Therefore, 

02.1
88.0

90.0
modLT,   

BS EN 1993-1-1 
Eq (6.58) 

As 

1.02 > 1.0 

0.1modLT,   

 

M0

yypl,LT
Rdb,y,   


 fW

M   
Access-steel 
document SN048 

where, modLT,LT     

Therefore, 

13710
0.1

27510497
0.1 6

3

Rdb,y, 


 M  kNm 

 

Determine Mz,cb,Rd   

6410
0.1

27510231 6
3

M1

yzpl,
Rdcb,z, 


 



fW
M  kNm 

Access-steel 
document SN048 

Verification  

0.15.1
Rdcb,z,

Edz,

Rdb,y,

Edy,

Rdb,min,

Ed 
M

M

M

M

N
N

 









64
35.0

5.1
137

11.11
759
589

  = 0.87 < 1.0 

 

Therefore, the resistance of the member is adequate.  
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13.7 Blue Book Approach 
The design resistances may be obtained from SCI publication P363.  

Consider the 203  203  46 UKC in S275 steel 

Page references in 
Section 13.7 are 
to P363 unless 
otherwise stated. 

13.7.1 Design value of bending moments and compression 
forces 

 

Design compression force  NEd = 589 kN Sheet 2 

Design bending moment about the y-y axis Edy,M  = 11.11 kNm  

Design bending moment about the z-z axis Edz,M  = 0.35 kNm  

13.7.2 Cross section classification  

Npl,Rd = 1610 kN 

n = 
Edpl,

Ed

N
N

 

Page C-166  

Limiting value of n for Class 2 sections is 1.0 

n = 37.0
1610

589
  < 1.0 

 

Therefore, under bending and NEd = 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: 

0.15.1
Rdz,cb,

Edz,

Rdb,y,

Edy,

Rdb,min,

Ed 
M

M

M

M

N
N

 

Access-steel 
document SN048 

For buckling length L = 5 m and n  1.0 

Nb,y,Rd = 1310 kN 

Nb,z,Rd = 762 kN 

Page C-167  

Therefore, 

Nmin,b,Rd = 762 kN 

 

Conservatively, the value for Mb,Rd may be taken from the axial and bending 
table in SCI P363 (Mb,Rd = 109 kNm) where the values for Mb,Rd are based on 
C1 = 1.0.  However a more exact value may be determined from the bending 
resistance table. 

 

From Section 13.7 of this example, C1  = 1.77 Sheet 8 

For C1 = 1.77 and L = 5 m  

Mb,Rd  = 135 kNm Page C-78  

M1

yzpl,
Rdcb,z,



fW
M   

Access-steel 
document SN048 
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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 M0 and M1, 

M0

yzpl,
Rdz,c,Rdcb,z,



fW
MM   

 

Rdcb,z,M  = 63.5 kNm Page C-78  

Therefore, 

Rdcb,z,

Edz,

Rdb,y,

Edy,

Rdb,min,

Ed 5.1
M

M

M

M

N
N

  

86.0
5.63

35.0
5.1

135

11.11

762

589



























  < 1.0 

Access Steel 
document SN048 

Therefore, the resistance of the member is adequate.  
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14 End Plate beam to column flange 
connection 

14.1 Scope 
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). 

References are to 
BS EN 1993-1-8: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

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 SN017 and SN018 (www.access-steel.com). 

 

For persistent and transient design situations 
End plate bolt group* VRd,1 

Supporting member in bearing VRd,2 
End plate in shear (gross section) VRd,3 
End plate in shear (net section) VRd,4 
End plate in shear (block tearing) VRd,5 
End plate in bending VRd,6 
Beam web in shear* VRd,7 

For accidental design situations (tying resistance) 
Bolts in tension NRd,u,1 

End plate in bending* NRd,u,2 
Supporting member in bending NRd,u,3 
Beam web in tension NRd,u,4 
 

 

In addition to the resistance calculations indicated above, the following design 
aspects are covered in this example: 

 Ductility of the end plate connection 

 Design of the fillet weld 
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e   

1

1
p

3

2
p

a

2,c

1

v

1

a

100

70   

70   

45   

45   

230   

10

p    

p    
h      

p  e

m
e

g    

e   

50M20, 8.8 

  = 4.2  mm

50

203 x 46
UKC S275

305 x 165 x 40
UKB S275

 

Figure 14.1 

 

14.2 Joint details and section properties 
 

Configuration Beam to column flange 
Column 203  203  46 UKC, S275 
Beam 305  165  40 UKB, S275 
Type of connection End plate connection using non-preloaded bolts 
 Therefore it is a Category A: Bearing type connection  
End plate 230  200  10, S275 

  
3.4.1 

203  203  46 UKC, S275 

From section property tables: 

 

Depth hc = 203.2 mm 
Width bc = 203.2 mm 
Web thickness tw,c = 7.2 mm 
Flange thickness tf,c = 11.0 mm 
Root radius rc = 10.2 mm 
Second moment of area y-y axis Iy,c = 4 570 cm4 
Area Ac = 58.7 cm2  

P363 

 

The sub-script ‘c’ has been included to denote the properties relating to the 
column. 
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For buildings that will be built in the UK, the nominal values of the yield 
strength (fy) and the ultimate strength (fu) for structural steel should be those 
obtained from the product standard.  Where a range is given, the lowest 
nominal value should be used. 

BS EN 1993-1-1 
NA.2.4 

For S275 steel and t  16 mm 
Yield strength  fy,c = ReH  = 275 N/mm2  
Ultimate tensile strength fu,c = Rm  = 410 N/mm2 

BS EN 10025-2 
Table 7 

305  165  40 UKB, S275 

From section property tables: 

 

Depth  hb1 = 303.4 mm 
Width bb1 = 165.0 mm 
Web thickness tw,b1 = 6.0 mm 
Flange thickness tf,b1 = 10.2 mm 
Root radius rb1 = 8.9 mm 
Second moment of area y axis Iy,b1 = 8 500 cm4 
Area Ab1 = 51.3 cm2  

P363 

The sub-script ‘b’ has been included to denote the properties relating to the 
beam. 

 

For S275 steel and t  16 mm 
Yield strength  fy,b1 = ReH  = 275 N/mm2  
Ultimate tensile strength fu,b1 = Rm  = 410 N/mm2 

BS EN 10025-2 
Table 7 

End Plate – 230  200  10, S275  

Distance below top of beam gv = 35 mm 
Plate depth hp = 230 mm 
Plate width bp = 200 mm 
Plate thickness tp = 10 mm 

 

For S275 steel and t  16 mm 
Yield strength  fy,p = ReH  = 275 N/mm2  
Ultimate tensile strength fu,p = Rm  = 410 N/mm2 

BS EN 10025-2 
Table 7 

Direction of load transfer (1) 

Number of bolt rows n1 = 3 
Plate edge to first bolt row e1 = 45 mm 
Pitch between bolt rows p1 = 70 mm 

 

Direction perpendicular to load transfer (2) 

Number of vertical lines of bolts n2 = 2 
Plate edge to first bolt line e2 = 50 mm 
Column edge to bolt line e2,c = 51.5 mm 
Gauge (i.e. distance between cross centres) p3 = 100 mm 
 

 



Example 14 - End plate beam to column flange connection Sheet 4 of 9 Rev  
 

14-End Plate beam to column flange_meb.doc 153 

Bolts  

Non pre-loaded, M20 Class 8.8 bolts 

Total number of bolts ( 21 nnn  ) n = 6 

 

Tensile stress area As = 245 mm2 

Diameter of the shank d = 20 mm 
Diameter of the holes d0 = 22 mm 
Diameter of the washer dw = 37 mm 

P363 Page C-306  

Yield strength fyb = 640 N/mm2 
Ultimate tensile strength fub = 800 N/mm2 

Table 3.1 

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. 

 

py,

ub
p

8.2 f

fd
t   or 

cy,

ub
cf,

8.2 f

fd
t   

Access-steel 
document SN014 

275

800

8.2

20

8.2 py,

ub 









f

fd
  = 12.18 mm  

 

tp = 10 mm < 12.18 mm 

tf,c = 11 mm< 12.18 mm 

 

Therefore the connection has sufficient ductility.  

14.4 Partial factors for resistance 
 

14.4.1 Structural steel  

 M0 = 1.0 BS EN 1993-1-1 
NA.2.15 

 M2 = 1.25 (plates in bearing in bolted connections) Table NA.1 

For tying resistance verification, uM,   = 1.1 Access-steel 
document SN015 

14.4.2 Bolts  

 M2 = 1.25 Table NA.1 

14.4.3 Welds  

 M2 = 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 

a  0.45tw,b1  

0.45tw,b1 =0.45 × 6  = 2.7 mm 

P358 

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 VRd is: 

 Rdb,Rd FV  if  
maxRdb,Rdv, FF   

3.7(1) 

minRdb,Rd )(FnV   if    
maxRdb,Rdv,minRdb, FFF    

Rdv,Rd nFV   if   Rdv,minRdb, FF    

where: 

Fb,Rd  is the design bearing resistance of a single bolt 

Fv,Rd  is the design shear resistance of a single bolt. 

 

Resistance of a single bolt in shear  

The shear resistance of a single bolt (Fv,Rd) is given by:  

M2

ubv
Rdv,



 Af
F   

Table 3.4 

where:  

v = 0.6 for class 8.8 bolts 

A = As = 245 mm2  

 

1.9410
25.1

2458006.0 3
Rdv, 


 F  kN 

 

End plate in bearing  

The bearing resistance of a single bolt (Fb,Rd) is:  

M2

ppu,b1
Rdb,



 tdfk
F   

Table 3.4 

where, b is the least value of d, 
pu,

ub

f

f
and 1.0 
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For end bolts 68.0
223

45

3 o

1
d 




d

e
  

 

For inner bolts 81.0
4

1

223

70

4

1

3 o

1
d 


















d

p
  

 

95.1
410

800

pu,

ub 
f

f
 

 

Therefore 

b = 0.68 

 

For edge bolts k1 is the smaller of 7.18.2
o

2 
d

e
 or 2.5. 

 

66.47.1
22

50
8.27.18.2

0

2 









d

e
 

 

Therefore, for edge bolts 

k1  = 2.5 

 

Therefore the minimum bearing resistance for a single bolt is: 

11210
25.1

102041068.05.2 3
Rdb, 


 F  kN 

 

Table 3.4 

Resistance of end plate bolt group  

Fv,Rd = 94.1 kN 

Fb,Rd = 112 kN 

 

As   Rdv,minRdb, FF   the resistance of the end plate bolt group is: 3.7(1) 

Rdv,Rd nFV    

To allow for the presence of tension in the bolts, a factor of 0.8 is applied to 
the resistance.  Therefore the resistance of the end plate bolt group is: 

7.4511.9468.08.0 Rdv,Rd,1  nFV  kN 

Access-steel 
document SN014 

14.6.2 Beam web in shear  

The shear resistance of the beam web (VRd,7) is 

M0

y.bv
Rd.7

3/



fA
V   

 

BS EN1993-1-1 
6.2.6(2) 

From the guidance given in Section 10 of SN0014, the shear area (Av) to be 
considered for the beam web may be taken as: 

0.124262309.09.0 bw,pv  thA  mm2 

Access-steel 
document SN014  

19710
0.1

3/2751242 3
Rd,7 


 V  kN 
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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 SN015 is used to determine the tying resistance of the end plate. 

As large strains and large deformations are associated with tying resistance 
failure modes, SN015 recommends that ultimate tensile strengths (fu) be used 
and the partial factor for tying γM,u 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 (NRd,u,2) is taken as the minimum value 
for the resistance to mode 1 or mode 2 failure. 

 

0,8 a2

mp a

tw,b1

p3

tp

0,8 a2

mp a

tw,b1

p3

tp

 

 

 

NRd,u,2 is the minimum value of RdT,1,F  or RdT,2,F .  

Mode 1 failure – Complete failure of the T-stub flamge 

 
 ppwpp

uRd,pl,1,wp
RdT,1,

2

28

nmenm

Men
F




  

Access Steel 
document SN015 

Mode 2 failure – Bolt failure with yielding of the T stub flange 

pp

Rdt,puRd,pl,2,
RdT,2,

2

nm

FnM
F







 

 

Determine the required parameters; 

25.9
4

37

4

w
w 

d
e  mm 

 

np is the least value of e2; e2,c; 1.25mp. 

e2 = 50.0 mm 

e2,c = 51.5 mm 

 

 

 
mm 25.42

2
22.48.026100

2

28.02b1w,3
p









atp
m

 

81.5225.4225.125.1 p m  mm 

 

Therefore, 

np = 50 mm 
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14.210
1.1

41010230

4

1

4

1 6
2

uM,

pu,
2
pp

uRd,pl,1, 








 
 



fth
M  kNm 

 

Mode 1 failure – Complete failure of the T-stub flamge 

 
 ppwpp

uRd,pl,1,wp
RdT,1,

2

28

nmenm

Men
F




  

 

 
  

242
5025.4225.9)5025.422(

1014.2)25.92()508( 3

RdT,1, 



F  kN 

 

Mode 2 failure – Bolt failure with yielding of the T stub flange 

pp

uRd,t,puRd,pl,2,
RdT,2,

2

nm

FnM
F







 

 

uM,

sub2
Rd.ut,



Afk
F   

 

k2  = 0.9 Table 3.4 

4.16010
1.1

2458009.0 3
uRd,t, 


 F  kN 

 

4.9624.1606uRd,t,uRd,t,  nFF  kN  

2.14uRd,pl,1,uRd,pl,2,  MM  kNm  

56810
5025.42

)104.96250()1014.22( 3
36

RdT,2, 



 F  kN 

 

242 kN (FT,1,Rd) < 568 kN (FT,2,Rd)  

Therefore the resistance of the end plate in bending is equal to the Mode 1 
failure ( RdT,1,F ) 

NRd,u,2  = 242 kN 
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14.8 Summary  

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 
are not presented in this example. 

 

Table 14.1 Joint shear resistance 

Mode of failure Joint shear resistance 

End plate bolt group VRd,1 452 kN 

Supporting member in bearing VRd,2 877 kN 

End plate in shear (gross section) VRd,3 575 kN 

End plate in shear (net section) VRd,4 776 kN 

End plate in shear (block shear) VRd,5 668 kN 

End plate in bending VRd,6  

Beam web in shear VRd,7 197 kN  

 

  
Therefore, the design shear resistance of the end plate connection is  
VRd  = VRd,7  = 197 kN 

Design shear force, VEd  = 100 kN 

 

Table 14.2 Joint tying resistance 

Mode of failure Joint tying resistance 

Bolts in tension NRd,u,1 962 kN 

End plate in bending NRd,u,2 242 kN 

Supporting member in bending NRd,u,3 N / A 

Beam web in tension NRd,u,4 514 kN  

 

  
Note: If the column flange thickness is less than the end plate thickness, the 
column flange in bending should be verified. 

 

The design tying resistance of the end plate connection is 
NRd,u  = NRd,u,2  = 242 kN 
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15 Fin plate beam to column flange 
connection 

15.1 Scope 

References are to 
BS EN 1993-1-8: 
2005, including its 
National Annex, 
unless otherwise 
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 SN017 and SN018 (www.access-steel.com). 

 

For persistent and transient design situations 
Bolts in shear* VRd,1 

Fin plate in bearing* VRd,2 
Fin plate in shear (gross section) VRd,3 
Fin plate in shear (net section) VRd,4 
Fin plate in shear (block tearing) VRd,5 
Fin plate in bending VRd,6 
Fin plate in buckling (LTB) VRd,7 
Beam web in bearing* VRd,8 
Beam web in shear (gross section) VRd,9 
Beam web in shear (net section) VRd,10 
Beam web in shear (block tearing) VRd,11 
Supporting element (punching shear)  (This mode is not appropriate for 

fin plate connections to column 
flanges) 

 

For accidental design situations (tying resistance) 
Bolts in shear* NRd,u,1 

Fin plate in bearing* NRd,u,2 
Fin plate in tension (block tearing) NRd,u,3 
Fin plate in tension (net section) NRd,u,4 
Beam web in bearing* NRd,u,5 
Beam web in tension (block tearing) NRd,u,6 
Beam web in tension (net section) NRd,u,7 
Supporting member in bending (This mode is not appropriate for 

fin plate connections to column 
flanges) 
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In addition to the resistance calculations indicated on sheet 1, the following 
design aspects are covered in this example: 

 Rotation requirements 

 Design of fillet welds 

 Ductility of fin plate connection 

 

45  

70  

70  

45  

50 50

   35

   230

60
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e  

e  

e       

p  

p  

e  

b  
z

 h

g 
g

h
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S275

    = 5.7 mm

     = 5.7 mm

S275
230 x 110 x 10

1,b 1

1

1

1

p

vh

1 2n n

a

a

ae2

p

2,b1e  

    = 3          = 1

305 x 165 x 40
UKB S275

203 x 46
UKC S275

 

 

Figure 15.1   

15.2 Joint details and section properties 
 

Configuration Beam to column flange 
Column 203  203  46 UKC, S275 
Beam 305  165  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  110  10, S275 
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203  203  46 UKC, S275 

From section property tables: 

 

Depth hc = 203.2 mm 
Width bc = 203.2 mm 
Web thickness tw,c = 7.2 mm 
Flange thickness tf,c = 11.0 mm 
Root radius rc = 10.2 mm 
Second moment of area y axis Iy,c  = 4570 cm4 
Area Ac = 58.7 cm2  

P363 

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

BS EN 1993-1-1 
NA.2.4 

For S275 steel and t  16 mm 
Yield strength  fy,c = ReH = 275 N/mm2  
Ultimate tensile strength fu,c = Rm = 410 N/mm2 

BS EN 10025-2 
Table 7 

305  165  40 UKB, S275 

From section property tables: 

 

Depth hb = 303.4 mm 
Width bb = 165.0 mm 
Web thickness tw,b = 6.0 mm 
Flange thickness tf,b = 10.2 mm 
Root radius rb = 8.9 mm 
Second moment of area y axis Iy,b = 8500 cm4 
Area Ab = 51.3 cm2  

P363 

For S275 steel and t  16 mm 
Yield strength  fy,b = ReH = 275 N/mm2  
Ultimate tensile strength fu,b = Rm = 410 N/mm2 

BS EN 10025-2 
Table 7 

Fin plate – 230  110  10, S275  

Distance below top of beam gv = 35 mm 
Horizontal gap (end beam to column flange)gh = 10 mm 
Plate depth hp = 230 mm 
Plate width bp = 110 mm 
Plate thickness tp = 10 mm 

 

For S275 steel and t  16 mm 
Yield strength  fy,p = ReH = 275 N/mm2  
Ultimate tensile strength fu,p = Rm = 410 N/mm2 

BS EN 10025-2 
Table 7 

Direction of load transfer (1) 
Number of bolt rows n1 = 3 
Plate edge to first bolt row e1 = 45 mm 
Beam edge to first bolt row e1,b = 80 mm 
Pitch between bolt rows p1 = 70 mm 
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Direction perpendicular to load transfer (2) 
Number of vertical lines of bolts n2 = 1 
Plate edge to first bolt line e2 = 50 mm 
Beam edge to last bolt line e2,b = 50 mm 
Lever arm z = 60 mm 

 

Bolts  

Non pre-loaded, M20 Class 8.8 bolts 
Total number of bolts ( 21 nnn  ) n = 3 

 

Tensile stress area As = 245 mm2 

Diameter of the shank d = 20 mm 
Diameter of the holes d0 = 22 mm 

P363 Page C-306  

Yield strength fyb = 640 N/mm2 
Ultimate tensile strength fub = 800 N/mm2 

Table 3.1 

Welds  

Leg length  = 8 mm 
Throat thickness a  = 5.7 mm 

 

15.3 Rotational requirements 
 

It is assumed that there is sufficient rotation capacity, because the details given 
in Access-steel document SN016 (www.access-steel.com) have been adopted. 

 

15.4 Partial factors for resistance 
 

15.4.1 Structural steel  

 M0 = 1.0 BS EN 1993-1-1 
NA.2.15 

Plate in bearing 

 M2 = 1.25 

 

Table NA.1 

For tying resistance verification,  uM,   = 1.1 Access-steel 
document SN018 

15.4.2 Bolts  

 M2 = 1.25 Table NA.1 

For tying resistance verification,  uM,   = 1.1 Access-steel 
document SN018 

15.4.3 Welds  

 M2 = 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  0.5tp  

0.5tp  = 0.5 × 10  = 5 mm 

P358 

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, Fv,Rd is given by: 

M2

ubv
Rdv,



 Af
F   

Table 3.4 

 

where: 

6.0v   for class 8.8 bolts 

 245s  AA  mm2  

 

1.9410
25.1

2458006.0 3
Rdv, 


 F  kN 

 

For a single vertical line of bolts (i.e. 12 n  and 1nn  ) 

0  and 

43.0
7043

606
 

)1(

6

1










pnn

z  

 

The shear resistance of the bolts in the joint is 

   
 

1
  

22

Rdv,
Rd,1

nn

Fn
V

 
  

   
 173 

343.0301

1.943
  

22
Rd,1 




V  kN 

 

15.6.2 Fin plate in bearing  

For a single vertical line of bolts (i.e. 12 n  and 1nn  ) 

0  and 43.0   (from section 15.6.1) 

 

The bearing resistance of a single bolt (Fb,Rd) is given by 

M2

ub1
Rdb,



 tdfk
F   

Table 3.4 
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Therefore vertical bearing resistance of a single bolt on a fin plate, Fb,Rd,ver is:   

M2

ppu,b1
verRd,b,



 tdfk
F   

 

where: 

b is the least value of 
0

1

3d
e

; 
4
1

3 0

1 
d
p

; 
pu,

ub

f
f

 and 1.0. 

68.0
223

45

3 0

1 



d

e
 

81.0
4

1

223

70

4

1

3 0

1 




















d

p
 

95.1
410

800

pu,

ub 
f

f
 

 

Therefore, 68.0b    

For edge bolts k1 is the lesser value of 7.1
8.2

0

2 


d
e

 and 2.5 

66.47.1
22

508.2
7.1

8.2

0

2 






 




d

e
 

 

Therefore, 5.21 k   

Thus, the vertical bearing resistance of a single bolt on a fin plate, Fb,Rd,ver is:   

5.11110
25.1

102041068.05.2 3
verRd,b, 


 F  kN 

 

The horizontal bearing resistance of a single bolt in a fin plate (Fb,Rd,hor) is 

M2

ppu,b1
horRd,b,



 tdfk
F   

Table 3.4 

where: 

b is the least value of 
0

2

3d
e

; 
pu,

ub

f
f

 and 1.0 

76.0
223

50

3 0

2 



d

e
 

95.1
410

800

pu,

ub 
f

f
 

 

Therefore, 76.0b    

k1 is the least value of 7.1
8.2

0

1 
d

e
; 7.1

4.1

0

1 
d

p
 and 2.5 
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03.47.1
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704.1
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Therefore, 5.21 k   

Thus, the horizobtal bearing resitance of a single bolt is 

6.12410
25.1

102041076.05.2 3
horRd,b, 


 F  kN 

 

The bearing resistance of the fin plate is 

 

1

  
2
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2
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
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Access-steel 
document SN017 

219 

6.124

343.0

5.111

301

3
  

22
Rd,2 








 





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 

V  kN 
 

15.6.3 Beam web in bearing  

For a single vertical line of bolts (i.e. n2 = 1 and n = n1) 

0  and  43.0  (from Section 15.6.1) 

 

The bearing resistance of a single bolt (Fb,Rd,) is: 

M2

ub1
 Rd,b, 

 tdfk
F   

Therefore the vertical bearing resistance of a single bolt in a beam web, 
(Fb,Rd,ver) is: 

M2

bw,bu,b1
verRd,b,



 tdfk
F   

 

where: 

b is the least value of 
4

1

3 0

1 
d

p
; 

bu,

ub

f

f
 and 1.0 

81.0
4

1

223

70

4

1

3 0

1 











d

p
  

95.1
410

800

bu,

ub 
f

f
 

 

Therefore,b = 0.81  
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k1 is the lesser value of: 

66.47.1
22

508.2
7.1

8.2

0

b2, 






 


d

e
 

and 2.5 

 

Therefore: 

k1 = 2.5 

 

Thus, the vertical bearing resitance of a single bolt in the beam web is 

7.7910
25.1

62041081.05.2 3
verRd,b, 


 F  kN 

 

The horizontal bearing resistance of a single bolt in the beam web (Fb,Rd,hor) is 

M2

bw,bu,b1
horRd,b, 

 tdfk
F   

 

where: 

b is the least value of 
0

b2,

3d

e
, 

b1u,

ub

f

f
, and 1.0 

76.0
223

50

3 0

b2, 



d

e
 

95.1
410

800

b1u,

ub 
f

f
 

 

Therefore, 76.0b    

k1 is the lesser value of: 

75.27.1
22

704.1
7.1

4.1

0

1 






 


d

p
 

and 2.5 

 

Therefore, k1  = 2.5  

Thus the horizontal bearing resitance of a single bolt is 

8.7410
25.1

62041076.05.2 3
horRd,b, 


 F  kN 

 

The bearing resistance in the beam web is 

 

1

  
2

horRd,b,

2

verRd,b,

Rd,8



























 



F

n

F

n

n
V



 

Access-steel 
document SN017 

7.140 

8.74

343.0

7.79

301

3
  

22
Rd,8 








 








 

V  kN 
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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 SN018 is used to determine the tying resistance of the end plate. 

As large strains and large deformations are associated with tying resistance 
failure modes, SN015 recommends that ultimate tensile strengths (fu) be used 
and the partial factor for tying γM,u be taken as 1.1. 

 

15.7.1 Bolts in shear  

For a single bolt in shear 

uM,

ubv
uRd,v,



 Af
F   

 

where: 

v = 0.6 for grade 8.8 bolts 

A = As  = 245 mm2  

 

Thus, 9.10610
1.1

2458006.0 3
uRd,v, 


 F  kN 

 

Therefore the tying resistance of all the bolts in the joint is 

0.7329.1063uRd,v,u,1Rd,  nFN  kN 

 

15.7.2 Fin plate in bearing  

The bearing resistance of a single bolt (Fb,Rd) is  

uM,

ub1
Rdb,



 dtfk
F   

 

Therefore the horizontal bearing resistance of a single bolt in a fin plate in 
tying (Fb,Rd,u,hor) is 

uM,

pu.pb1
horu,Rd,b,



 tdfk
F   

 

where: 

b is the least value of 
od

e
3

2 ; 
b1u,

ub

f
f

 and 1.0 

76.0
223

50

3

2 



od

e
  

95.1
410

800

b1u,

ub 
f

f
 

 

Therefore, 76.0b    

k1 is the least value of 7.18.2
o

1 
d
e

; 7.14.1
o

1 
d

p
 and 2.5 
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03.47.1
22

458.2
7.18.2

o

1 



d

e
 

75.27.1
22

704.1
7.14.1

o

1 



d

p
 

Therefore, 5.21 k   

The horizontal bearing resitance of a single bolt is 

6.14110
1.1

102041076.05.2 3
horu,Rd,b, 


 F  kN 

 

Therefore the horizontal tying resistance of the fin plate in bearing in tying is 

4256.1413Rd.u.horb,u,2Rd,  nFN  kN 

 

15.7.3 Beam web in bearing  

The horizontal bearing resistance of a single bolt in the beam web (Fb,Rd,u,hor) is 

uM,

w.bu.bb1
horu,Rd,b,



 tdfk
F   

 

where: 

b is the least value of 
od

e

3
b,2 ; 

bu,

ub

f
f

; and 1.0 

76.0
223

50

3

b,2 



od

e
 

95.1
410

800

bu,

ub 
f

f
 

 

Therefore: 

76.0b    

 

k1 is the least value of 7.14.1
o

1 
d
p

 and 2.5 

75.27.1
22

704.1
7.14.1

o

1 



d

p
 

 

Therefore, 5.21 k   

The horizontal bearing resitance of a single bolt in the web is 

0.8510
1.1

62041076.05.2
 3

horu,Rd,b, 


 F  kN 

 

The bearing resistance of the beam web is 

255853horu,Rd,b,u,5Rd,  nFN  kN 
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15.8 Summary  

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 
presented in this example. 

 

Table 15.1  Joint shear resistance 

Mode of failure Joint shear resistance 

Bolts in shear VRd,1 173 kN 

Fin plate in bearing  VRd,2 219 kN 

Fin plate in shear (gross section)  VRd,3 288 kN 

Fin plate in shear (net section)  VRd,4 388 kN 

Fin plate in shear (block shear) VRd,5 270 kN 

Fin plate in bending VRd,6 N/A 

Fin plate buckling  VRd,7 777 kN 

Beam web in bearing  VRd,8 141 kN 

Beam web in shear (gross section) VRd,9 319 kN 

Beam web in shear (net section)  VRd,10 381 kN 

Beam web in shear (block shear) VRd,11 196 kN  

 

The design shear resistance of the fin plate connection is 

VRd  = VRd,8  = 141 kN 

 

Table 15.2  Joint tying resistance 

Mode of failure Joint shear resistance 

Bolts in shear  NRd,u,1 321 kN 

Fin plate in bearing NRd,u,2 425 kN 

Fin plate in tension (block tearing) NRd,u,3 743 kN 

Fin plate in tension (net section) NRd,u,4 550 kN 

Beam web in bearing  NRd,u,5 255 kN 

Beam web in tension (block tearing)  NRd,u,6 446 kN 

Beam web in tension (net section)  NRd,u,7 330 kN 

Supporting member in bending NRd,u,8 N/A  

 

The design tying resistance of the fin plate connection is  
NRd,u = NRd,u,5  =255 kN 

 

15.9 Ductility  

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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16 Column splice – Bearing 

16.1 Scope 
Verify the adequacy of the column bearing splice shown in Figure 16.1 that 
connects a 254 × 254 × 73 UKC (upper section) to a 305 × 305 × 118 UKC 
(lower section). 

References are to 
BS EN 1993-1-8: 
2005, including its 
National Annex, 
unless otherwise 
stated. 
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Figure 16.1   
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The design aspects covered in this example are: 

 Determination of tying force to be resisted by the column splice 

 Continuity of column stiffness at splice location 

 Resistance of the splice to compression and moment 

 Resistance of the splice to horizontal shear 

 Design of the welds 

 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 × 254 × 73 UKC in S275 steel 

 

P363 

Depth huc = 254.1 mm 
Width buc = 254.6 mm 
Thickness of the web tw,uc = 8.6 mm 
Thickness of the flange tf,uc = 14.2 mm 
Depth between fillets duc = 200.3 mm 

 

Area Auc = 93.1 cm2  

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

BS EN 1993-1-1 
NA.2.4 

For S275 steel and t  16 mm 
Yield strength  fy,uc = ReH = 275 N/mm2  
Ultimate tensile strength fu,uc = Rm = 410 N/mm2 

BS EN 10025-2 
Table 7 

Lower column 

305 × 305 × 118 UKC in S275 steel 

 

P363 

Depth hLc = 314.5 mm 
Width bLc = 307.4 mm 
Thickness of the web tw,Lc = 12.0 mm 
Thickness of the flange tf,Lc = 18.7 mm 
Depth between fillets dLc = 246.7 mm 

 

Area ALc = 150.0 cm2  

For S275 steel and 16 < t  40 mm 
Yield strength  fy,Lc = ReH = 265 N/mm2  
Ultimate tensile strength fu,Lc = Rm = 410 N/mm2 

BS EN 10025-2 
Table 7 
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Cap and base plates 

315 × 308 × 16 mm plate in S275 steel 

 

Depth hp = 315.0 mm 
Width bp = 308.0 mm 
Thickness of plate tp = 16.0 mm 

Diameter of bolt holes for M20 bolts d0 = 22 mm 

 

For S275 steel and t  16 mm 
Yield strength  fy,p = ReH = 275 N/mm2  
Ultimate tensile strength fu,p = Rm = 410 N/mm2 

BS EN 10025-2 
Table 7 

In the major axis (y-y) 

Distance between bolts p1 = 140 mm 
Plate edge to first bolt row e1 = 87 mm 

 

In the minor axis (z-z) 

Distance between bolts p2 = 120 mm 
Plate edge to first bolt line e2 = 94 mm 

 

Bolts 

Non pre-loaded, M20 Class 8.8 bolts 

 

Diameter of the shank d = 20 mm 
Tensile stress area As = 245 mm2 

P363 Page C-306  

Yield strength fyb = 640 N/mm2 
Ultimate tensile strength fub = 800 N/mm2  

Table 3.1 

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 NEd,G = 825 kN 

Design compression force due to variable actions NEd,Q = 942 kN 
Total design axial compressive force NEd = 1767 kN 
Design bending moment (due to permanent and  
variable loads) MEd = 15 kNm 
Shear force (due to permanent and variable loads) VEd = 8 kN 

 

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 
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. 

 

BS EN 1991-1-7 
A.6(2) 

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: 

NEd  = 460 kN  

 



Example 16 - Column splice - Bearing Sheet 4 of 11 Rev  
 

16-Column splice-Bearing-DCI.doc 173 

16.4 Net tension  

CL

Ed

Ed

Ed

V

N

M

 

 

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: 

2
1GEd,

Ed

pN
M   

 

8.57
2

10140825

2

-3
1GEd, 




pN
 kNm 

 

15Ed M  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 M2 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 M2 are required. 

 

For plates in bearing   
M2 = 1.25 Table NA.1 

For the resistance of cross sections 
M2 = 1.1 

BS EN 1993-1-1 
NA.2.15 

For tying resistance verification, M,u  = 1.1 SN015 

16.5.2 Bolts  

M2 = 1.25 Table NA.1 

For tying resistance verification, M,u  = 1.1 SN015 
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16.5.3 Welds  

M2 = 1.25 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 
level in a braced steel frame, full continuity of stiffness through the splice is 
not required. 

Access-steel 
document SN025 

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. 

 

If 
2

uclc
lcp,ucp,

hh
tt


 , the forces can be transferred directly in compression, 

within a 45° dispersal from the upper column. 

 

tp,uc + tp,lc = 2 tp = 2  16 = 32 mm 

2
uclc hh 

 = 2.30
2

1.2545.314



 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 (Fv,Rd) is given by:  

M2

ubv
Rdv,



 Af
F   

 
Table 3.4 

v = 0.6 for class 8.8 bolts 

As the shear plane passes through the threaded part of the bolt: 

A = As  = 245 mm2  

 

Therefore, the shear resistance of a single bolt with a single shear plane is: 

1.9410
25.1

2458006.0 3
Rdv, 


 F  kN / bolt 

 

16.8.2 Cap and base plates in bearing  

The bearing resistance of a single bolt (Fb,Rd) is given by:  

M2

ppu,b1
Rdb,



 tdfk
F   

 
Table 3.4 
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where: 

b is the least value of b; 
pu,

ub

f
f

 and 1.0 

For the end bolts, b is not applicable because the column flange is welded 
to the cap and base plates. 

 

For inner bolts 81.1
4

1

223

140

4

1

3 o

1
b 





















d

p
  

 

95.1
410

800

pu,

ub 
f

f
 

 

Therefore, for both end and inner bolts, ab  = 1.0  

For edge bolts k1 is the smaller of 7.18.2
o

2 
d

e
 and 2.5. 

 

3.107.1
22

948.2
7.18.2

o

2 






 


d

e
 > 2.5 

 

For inner bolts k1 is the smaller of 7.14.1
o

2 
d
p

 and 2.5. 
 

9.57.1
22

1204.1
7.14.1

o

2 






 


d

p
 > 2.5 

 

Therefore, for both edge and inner bolts, k1  = 2.5  

Therefore the bearing resistance for a single bolt is: 

26210
25.1

16204100.15.2 3
Rdb, 


 F  kN 

 
 
Table 3.4 

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 M2 (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: 

Fv,Rd  = 94.1 kN 

The bearing resistance for a single bolt is: 
Fb,Rd  = 262 kN 

Sheet 5 

As Fv,Rd < Fb,Rd the resistance of the group of four bolts in the splice is 
determined as: 

3761.9444 Rdv, F  kN 

3.7(1) 

Therefore, the resistance of the splice to horizontal shear is: 
VRd  = 376 kN 

 

02.0
376

8

Rd

Ed 
V

V
 < 1.0 

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: 

1
Rdw,

Ed 
V

V
 

 

The design weld resistance per unit length, 

afF dvw,Rdw,   

4.5.3.3(2) 

 

where: 

M2w

u
dvw,

3/



f
f   

 

 
4.5.3.3(3) 

For S275 steel, w  = 0.85 Table 4.1 

fu relates to the weaker part jointed by the weld, therefore for S275: 

fu  = 410 N/mm2  

4.5.3.2(6) 

Sheet 2 

Hence 223
25.185.0

3/410
dvw, 


f  N/mm2  

 
4.5.3.3(3) 

 
The throat thickness of the weld that corresponds to a leg of 6 mm is: 

a  = 4.2 mm 

 

Therefore, the design weld resistance per mm is: 

9372.4223Rdw, F  N/mm  

4.5.3.3(2) 

 

Conservatively consider the effective weld length (l) to be: 

    9103.2006.25422 ucuc  dbl  mm 

85310910937 3
Rdw,Rdw,  lFV kN 

0.101.0
853

8

Rdw,

Ed 
V

V
 

 

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 SN015 is used to determine the tying resistance of the end plate. 

 

As large strains and large deformations are associated with tying resistance 
failure modes, SN015 recommends that ultimate tensile strengths (fu) be used 
and the partial factor for tying γM,u be taken as 1.1. 

Access-steel 
document SN015 
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Bearing column splice material should be able to transmit 25% of the 
maximum compressive force (NEd).  Generally this force will be less than the 
accidental tying force.  Here: 

25% of NEd is 25% of 1767 = 442 kN 

6.2.7(14) 

and for tying NEd = 460 kN  

As 442 kN < 460 kN the tying resistance verifications are critical so the 25% 
verification does not need to be verified in this case. 

Sheet 3 

16.10.1 Bolts in tension  

Verify that: 

Rd

Ed

N

N
 < 1.0 

 

The tensile resistance of a single bolt is: 

uM,

sub2
Rdt,



Afk
F   

 
 
 

As the bolts are not countersunk k2 = 0.9   

16010
1.1

2458009.0 3

uM,

sub2
Rdt, 


 



Afk
F  kN 

 

Therefore, the tension resistance of all the bolts in the splice is: 

6401604Rd N  kN 

 

72.0
640

460

Rd

Ed 
N

N
 < 1.0 

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:  

M2

upm
Rdp,

6.0



 ftd
B   

Table 3.4 

Here M2 must be replaced with M,u as this verification considers the tying 
force resistance, thus, 

 

uM,

upm
Rdp,

6.0



 ftd
B   

 

dm is the mean of the ‘across points’ and ‘across flats’ dimensions of the bolt 
head or nut, whichever is the smaller. 

The dimensions of the nut are the same as the head of the bolt, therefore 
determine dm for the bolt head only. 

2
m

se
d


  

1.5(1) 
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s

e

s

e

 

 

Figure 16.3  

For an M20 bolt:  

e  = 30.0 mm 

s  = 34.6 mm 

Therefore, 

3.32
2

6.3430
m 


d  mm 

P358  

36310
1.1

410163.326.0 3
Rdp, 


 

B  kN 
 
Table 3.4 

Therefore, for the group of four bolts, the punching shear failure is: 

4 × 363  = 1452 kN 

 

32.0
1452

460

4 Rdp,

Ed 
B

N
 < 1.0 

 

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 (NRd,u,2) 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. 

 

0,8 a2

mp a

tw,b1

p3

tp

0,8 a2

mp a

tw,b1

p3

tp

 

 

Access Steel 
document SN015 

NRd,u,2 is the lesser value of RdT,1,F  (Mode 1 failure) and RdT,2,F (Mode 2 

failure). 
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Mode 1 failure 

 
 ppwpp

uRd,pl,1,wp
RdT,1,

2

28

nmenm

Men
F




  

Access Steel 
document SN015 

where: 

4

w
w

d
e    

dw is the diameter of the washer or width across the points of the bolt or 
nut 

dw = 37 mm 

 

25.9
4

37
w e  mm 

 

np  is the least value of e2; e2,c; 1.25mp. 

e2 = 94.0 mm 

e2,c is not applicable in this example as the two plates have the same 
dimensions.  

 

pm  
  

2

28.02b1w,3 


atp
 

Access Steel 
document SN015 

3p  0.1202  p  mm 

b1w,t  6.8ucw,  t  mm 

 

pm  
  

95.50
2

22.48.026.8120



  mm 

p25.1 m  68.6395.5025.1   mm 

 

63.68 mm < 94.0 mm 

Therefore, np  = 63.68 mm 

 

uM,

pu,
2
peff,1

uRd,pl,1, 4
1


ftl

M


  kNm 
Based on 
Table 6.2 

where: 

  eff,1l  is the effective length for Mode 1 and may be determined  by 

following the method given in SCI P358 or conservatively may be 
taken as peff,1 hl  . 

 

Take peff,1 hl   thus,  

5.710
1.1

410165.314

4

1

4

1 6
2

uM,

pu,
2
pp

uRd,pl,1, 








 
 



fth
M  kNm 

 

Therefore, 

 
  

678
68.6395.5025.9)68.6395.502(

105.7)25.92()68.638( 3

RdT,1, 



F  kN 
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Mode 2 failure 

pp

uRd,t,puRd,pl,2,
RdT,2,

2

nm

FnM
F







 

Access Steel 
document SN015 

where: 

uRd,t,uRd,t, nFF   

 

uM,

sub2
uRd,t,



Afk
F    where k2  = 0.9 

Access Steel 
document SN015 

4.16010
1.1

2458009.0 3
uRd,t, 


 F  kN 

 

6.6414.1604uRd,t,uRd,t,  nFF  kN  

uM,

pu,
2
peff,2

uRd,pl,2, 4
1


ftl

M


  
Table 6.2 

where: 

  eff,2l  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 peff,2 hl  .  Thus, 

 

7.28uRd,pl,1,uRd,pl,2,  MM  kNm  

Therefore, 

487
10)68.6395.50(

)106.64168.63()105.72(
3

36

RdT,2, 



F  kN 

 

487 kN < 678 kN  

Therefore the resistance of the division plate in bending is the Mode 2 failure 
value RdT,2,F  

NRd,u,2 = 487 kN 

 

94.0
487

460

u,2Rd,

Ed 
N

N
 < 1.0 

 

Therefore, the resistance of the division plate in bending is adequate.  

16.10.4 Welds in tension  

Verify that: 

1
Rdw,

Ed 
N

N
 

 

 

85310910957 3
Rdw,Rdw,  lFN  kN 

153.0
853

460

Rdw,

Ed 
N

N
 

Sheet 7 

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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17 Column splice – Non bearing 

17.1 Scope 
Verify the adequacy of a non bearing column splice that connects a 
203  203  60 UKC (upper section) to a 254  254  89 UKC (lower 
section). 

References are to 
BS EN 1993-1-8: 
2005, including its 
National Annex, 
unless otherwise 
stated. 
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Figure 17.1   
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The design aspects covered in this example are: 

 Calculation of forces for connection component verification 

 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  203  60 UKC in S355 steel 

 

Depth huc = 209.6 mm 
Width buc = 205.8 mm 
Thickness of the web tw,uc = 9.4 mm 
Thickness of the flange tf,uc = 14.2 mm 
Root radius ruc = 10.2 mm 

P363 

Area Auc = 76.4 cm2  

Area of flange 

22.292.148.205ucf,ucucf,  tbA  cm2 

 

Area of web 

96.1722.294.762 ucf,ucucw,  AAA  cm2 

 

For S355 steel 
Yield strength (t  16 mm) fy,uc = ReH = 355 N/mm2  
Ultimate tensile strength (3 mm  t  100 mm) fu,uc = Rm  = 470 N/mm2 

BS EN 10025-2 
Table 7 

In the direction of load transfer (1) 

End of upper column to first bolt row on column web e1,w  = 50 mm 
Pitch between bolt rows on column web p1,w = p1,wp = 80 mm 

 

In the direction perpendicular to load transfer (2) 

Edge of upper column to first bolt line on the column web  e2,w  = 53 mm 
Pitch between bolt lines on column web p2,w = p2,wp = 80 mm 

 

Lower column 

254  254  89 UKC in S355 steel 

 

Depth hlc = 260.3 mm 
Width blc = 256.3 mm 
Thickness of the web tw,lc = 10.3 mm 
Thickness of the flange tf,lc = 17.3 mm 
Root radius rlc = 12.7 mm 
 

P363 



Example 17 - Column splice- Non bearing Sheet 3 of 14 Rev  
 

17-Column splice-Non bearing_meb.doc 183 

For S355 steel 
Yield strength (16 mm < t  40 mm) fy,lc = ReH = 345 N/mm2  
Ultimate tensile strength (3 mm  t  100 mm) fu,lc = Rm  = 470 N/mm2 

BS EN 10025-2 
Table 7 

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 gv = 10 mm  

Flange cover plates 

210  690  12 in S355 steel 

 

Height hfp = 690 mm 
Width bfp = 210 mm 
Thickness tfp = 12 mm 

 

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

BS EN 1993-1-1 
NA.2.4 

For S355 steel 
Yield strength (t  16 mm) fy,fp = ReH = 355 N/mm2 
Ultimate tensile strength (3 mm  t  100 mm) fu,fp = Rm = 470 N/mm2 

BS EN 10025-2 
Table 7 

Number of bolts between one flange  
cover plate and upper column nfp = 8 

 

Direction of load transfer (1) 

Plate edge to first bolt row e1,fp = 50 mm 
Pitch between bolt rows p1,fp = 80 mm 
Pitch between bolt rows (across joint) p1,fp,j = 110 mm 

 

Direction perpendicular to load transfer (2) 

Plate edge to first bolt line e2,fp = 55 mm 
Pitch between bolt lines p2,fp = 100 mm 

 

Flange packs 

340  210  25 in S355 steel 

 

Depth hpa = 340 mm 
Width bpa = 210 mm 
Thickness tpa = 25 mm 

 

Web cover plates 

350  150  8 in S355 steel 

 

Height hwp = 350 mm 
Width bwp = 150 mm 
Thickness twp = 8 mm 

 



Example 17 - Column splice- Non bearing Sheet 4 of 14 Rev  
 

17-Column splice-Non bearing_meb.doc 184 

For S275 steel 
Yield strength (t  16 mm) fy,wp = ReH = 355 N/mm2  
Ultimate tensile strength (3 mm  t  100 mm) fu,wp = Rm  = 470 N/mm2 

BS EN 10025-2 
Table 7 

Number of bolts between web cover plate and upper column nwp = 4  

In the direction of load transfer (1) 

Plate edge to first bolt row e1,wp = 40 mm 
Pitch between bolt rows p1,wp = 80 mm 
Pitch between bolt rows (across joint) p1,wp,j = 110 mm 

 

In the direction perpendicular to load transfer (2) 

Plate edge to first bolt line e2,wp = 35 mm 
Pitch between bolt lines p2,wp = 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 As = 353 mm2 

Diameter of the shank d = 24 mm 
Diameter of the holes d0 = 26 mm 

P363 C-306 

Yield strength fyb = 640 N/mm2 
Ultimate tensile strength fub = 800 N/mm2 

Table 3.1 

17.2.2 Connection category  

The bolted connection uses non-preloaded bolts i.e. Category A: Bearing type 
bolted connection. 

3.4.1(1) 

17.3 Design forces at ULS 
 

Design actions are taken from Example 16 
For persistent and transient design situations 
Design compression force due to permanent load NEd,G = 825 kN 

Design compression force due to variable load NEd,Q = 942 kN 
Total design compression force NEd = 1767 kN 
Design bending moment (due to permanent and  
variable loads) MEd = 15 kNm 
Shear force (due to permanent and variable loads) VEd = 8 kN 
 

 

For accidental design situations (tying resistance) 
Design tension force NEd = 460 kN  
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17.3.1 Design axial forces on flange cover plates  

Ed

Ed

Ed

N

V

M

Ed,fp,c
EdN

V

Ed,wpN2  
Maximum compression force 

Ed

Ed

N

V

M

N Ed,fp,t

Ed,G

 
Maximum tension force 

 

Maximum design compression force in the flange cover plate (Nfp,Ed) 
















uc

ucf,
Ed

uc

Ed
Edfp,

A

A
N

h

M
N  

 

4.747
4.76

29.22
1767

106.209

15
3Edfp, 














N  kN 

 

Maximum design tension force in the flange cover plate (NEd,fp,t) 
















uc

ucf,
GEd,

uc

Ed
Edt,fp,

A

A
N

h

M
N  

 

0.244
4.76

29.22
825

106.209

15
3Edt,fp, 














N  kN 

 

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 

uc

ucw,Ed
Edwp,

2 A

AN
N   

 

7.207
4.76

96.17

2

1767
Edwp, N  kN 

 

17.3.3 Design force in the upper column web  

4.4157.20722 Edwp,Educ,w,  NN  kN  
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17.4 Partial factors for resistance  

17.4.1 Structural steel  

M1 = 1.0 BS EN 1993-1-1 
NA.2.15 

For the bearing resistance of plates 

M2 = 1.25 

 

Table NA.1 

17.4.2 Bolts  

M2 = 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 (NRd,fp,c) may 
be determined from BS EN 1993-1-1. 

 

Local buckling between the bolts need not be considered if, 

9
fp

1,fp, 
t

p j  

Note 2 Table 3.3 

81.0  Sheet 6 

29.79   

2.9
12

110

fp

fp,1,


t

p j
 > 7.29 

Sheet 6 

Therefore the buckling of the flange plate between the bolts must be 
considered. 

 

Verify, 

0.1
Rdb,fp,

Edfp, 
N

N
 

 

M1

fpy,fp
Rdb,fp,

γ

fA
N


  

BS EN 1993-1-1 
6.3.1.1(3) 

252012210fpfpfp  tbA  mm2     

   = 0.1
)(

1
22


 

 

where: 

  =   




 

2
2.015.0   

BS EN 1993-1-1 
Eq (6.49) 

  is the slenderness for flexural buckling  

  = 



















1

cr

cr

y 1

i

L

N

Af
 (For Class 1, 2 and 3 cross-sections) 

BS EN 1993-1-1 
6.3.1.3(1)  
Eq (6.50) 
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Lcr = 0.6p1,fp,j 

Lcr = 0.6 × 110 = 66 mm 

Note 2 to 
Table 3.3 

 1 = 9.93  

 = 81.0
355

235235

fpy,


f

 

 1 = 06.7681.09.93   

 

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

iz = 46.3
12

12

12

fp


t
 mm 

 

z  = 25.0
06.76

1

46.3

661

1z

cr 













































i

L
 

BS EN 1993-1-1 
Eq (6.50) 

For a solid section in S355 steel use buckling curve ‘c’ BS EN 1993-1-1 
Table 6.2 

For buckling curve ‘c’ the imperfection factor is  = 0.49 BS EN 1993-1-1 
Table 6.1 

  2
zz 2.015.0   λ  

   54.025.02.025.049.015.0 2   

BS EN 1993-1-1 
6.3.1.2(1) 

98.0
)25.054.0(54.0

1

)(

1

222
z

2









  

0.98 < 1.0 

Therefore, 

 = 0.98 

BS EN 1993-1-1 
Eq (6.49) 

Therefore, 

Rdb,fp,N   = 
M1

fpy,fp

γ

fA
  = 87710

0.1
355252098.0 3 

   kN 

 

85.0
877

4.747

Rdb,fp,

Edfp,


N

N
< 1.0  

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 )( fpRd,V  is 

 Rdb,Rdfp, FV  if  maxRdb,Rdv, FF   

3.7(1) 

minRdb,fpRdfp, )(FnV   if maxRdb,Rdv,minRdb, )()( FFF    

Rdv,fpRdfp, FnV   if   Rdv,minRdb, FF    
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where: 

Fb,Rd  is the design bearing resistance of a single bolt 

Fv,Rd  is 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 (Fb,Rd) is 
given by: 

Fb,Rd  = 
M2

fppu,b1



 tdfk
 

Table 3.4 

In the direction of load transfer: 

b is the least value of d, 
pu,

ub

f

f
and 1.0 

 

For end bolts 64.0
263

50

3 0

fp1,
d 




d

e
  

 

For inner bolts 78.0
4

1

263

80

4

1

3 0

fp,1
d 





















d

p
  

 

70.1
470

800

fpu,

ub 
f

f
 

 

For end bolts 0.64 < 1.0 < 1.70 therefore, b,end = 0.64 

For inner bolts 0.78 < 1.0 < 1.70 therefore, b,inner = 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. 

 

For edge bolts k1 is the smaller of 7.18.2
o

fp,2


d

e
 or 2.5. 

 

22.47.1
26

558.2
7.18.2

o

fp,2








 


d

e
 

 

2.5 < 4.22 

Therefore, k1  = 2.5 

 

Hence, the bearing strengths for single bolts are,  

End bolts 

Fb,Rd,end  = (Fb,Rd)min  = 310
25.1

122447064.05.2 


  = 173 kN 

 

Inner bolts 

Fb,Rd,inner  = (Fb,Rd)max  = 310
25.1

122447078.05.2 


  = 211 kN 
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Shear resistance of a single bolt  

The design shear resistance of a single bolt in the flange cover plate (Fv,Rd) is 
given by: 

 

Fv,Rd = 
M2

ubv



 Af
 

Table 3.4 

As the packing between the flange of the upper column and the flange cover 
plate is thicker than one third of the nominal diameter of the bolt plate, Fv,Rd 
should be multiplied by the reduction factor p. 

3.6.1(12) 

 

Therefore, 

Fv,Rd = 
M2

ubv
p 
 Af

 

where: 

 

pafp,

p
38

9

td

d


  but   1.0 

81.0
)253()248(

249
p 




  

0.81 < 1.0 therefore p = 0.81 

Eq (3.3) 

For class 8.8 bolts, 

v  = 0.6 

Table 3.4 

Where the shear passes through the threaded part of the bolt 

A  = As  = 353 mm2 

 

Fv,Rd = 310
25.1

3538006.0
81.0 


   = 110 kN 

 

Long joint verification  

If Lj > 15d, a reduction factor should be applied to the bolt resistances. 

Lj  is the joint length, here 

3.8(1) 

Lj  = 3p1,fp  = 3 × 80  = 240 mm 

15d = 15× 24  = 360 mm 

 

As 240 mm < 360 mm, no reduction in bolt resistance is required.  

Resistance of the flange plate bolt group  

As, Fv,Rd (110 kN) < (Fb,Rd)min (173 kN), 

the resistance of the bolt group in the flange cover plate is: 

3.7(1) 

8801108Rdv,fpRdfp,  FnV kN  

85.0
880

747

Rdfp,

Edfp,


V

N
< 1.0 

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 (Nfp,Rd) may be 
determined from BS EN1993-1-1. 

 

Local buckling between the bolts need not be considered if, 

9
fp

1,fp, 
t

p j  

Note 2 Table 3.3 

9  = 7.29 

75.13
8

110

wp

wp,1,


t

p j
> 7.2 

Therefore buckling of the flange plate between the bolts must be considered. 

Sheet 6 

Verify, 

0.1
Rdb,wp,

Edwp, 
N

N
 

 

M1

wpy,fp
Rdb,wp,

γ

fA
N


  

BS EN1993-1-1 
6.3.1.1(3) 

12008150wpwpwp  tbA mm2   

   = 0.1
)(

1
22


 

 

where: 

  =   



 

2
2.015.0   

BS EN 1993-1-1 
Eq (6.49) 

  is the slenderness for flexural buckling  

  =























1

cr

cr

y 1

i

L

N

Af
 (For Class 1, 2 and 3 cross sections) 

BS EN 1993-1-1 
6.3.1.3(1) 
Eq (6.50) 

 

As p1,wp,j = p1,fp,j the buckling length, 

Lcr  = 66 mm (from Sheet 7) 

 

As fy,wp  = fy,fp,   = 0.81 (from Sheet 6), thus 

 1  = 76.06 (from Sheet 7) 

 

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

iz = 31.2
12

8

12

wp


t
 mm 
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z  = 38.0
06.76

1

31.2

661

1z

cr 













































i

L
 

BS EN 1993-1-1 
Eq (6.50) 

For a solid section in S355 steel, use buckling curve ‘c’ BS EN 1993-1-1 
Table 6.2 

For buckling curve ‘c’, the imperfection factor is  = 0.49 BS EN 1993-1-1 
Table 6.1 

  2
zz 2.015.0   λ  

   62.038.02.038.049.015.0 2   

BS EN 1993-1-1 
6.3.1.2(1) 

90.0
)38.062.0(62.0

1

)(

1

222
z

2









  

0.90 < 1.0 

Therefore, 

  = 0.90 

BS EN 1993-1-1 
Eq (6.49) 

3
Rdb,wp, 10

0.1

35512009.0 


N   = 383 kN 
 

Rdb,wp,

Edwp,

N

N
  = 54.0

383
7.207
  < 1.0 

Therefore the design resistance of the flange plate is adequate. 

 

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 
be satisfactory by inspection. 

 

17.5.4 Web cover plate bolt group  

Bearing resistance of a single bolt  

The design bearing resistance of a single bolt in the web cover plate (Fb,Rd) is 
given by: 

Fb,Rd  = 
M2

fppu,b1



 tdfk
 

Table 3.4 

In the direction of load transfer: 

b is the least value of d, 
up

ub

f

f
 and 1.0 

 

For end bolts d  = 51.0
263

40

3 o

,1





d

e wp
 

 

For inner bolts d  = 78.0
4

1

263

80

4

1

3 o

wp1,






















d

p
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wpu,

ub

f

f
  = 

470
800

  = 1.70  
 

For end bolts 0.51 < 1.0 < 1.7, therefore, b,end = 0.51  

For inner bolts 0.78 < 1.0 < 1.7, therefore, b,inner = 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. 

 

For edge bolts k1 is the smaller of 2.8 
o

wp2,

d

e
– 1.7 or 2.5. 

 

2.8 
o

wp2,

d

e
– 1.7  = 07.27.1

26

358.2



 

2.07 < 2.5 

 

Therefore, k1  = 2.07  

The bearing strengths for single bolts are:  

End bolts 

Fb,Rd,end  = (Fb,Rd) min  
310

25.1
82447051.007.2 


  = 76 kN 

 

Inner bolts 

Fb,Rd,inner  = (Fb,Rd) max  = 310
25.1

82447078.007.2 


  = 117 kN 

 

Shear resistance of a single bolt  

The design shear resistance of a single bolt in the web cover plate (Fv,Rd) is 
given by: 

 

Fv,Rd = 
M2

ubv



 Af
 

BS EN 1993-1-8 
Table 3.4 

As there is no packing between the web of the upper column and the web 
cover plate, the reduction factor p is applied to Fv,Rd.  Therefore, 

BS EN 1993-1-8 
3.6.1(12) 

Fv,Rd = 310
25.1

3538006.0 


  = 136 kN  
 

Long joint verification  

If Lj > 15d a reduction factor should be applied to the bolt resistances. 3.8(1) 

Here, 

p1,wp = p1,jp  

 

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, (Fb,Rd)max (117 kN) < Fv,Rd (136 kN), 

the resistance of the bolt group in the web cover plate is: 

3.7(1) 

Vwp,Rd  =  Rdb,F  = (2  76) + (2  117)  = 386 kN  

54.0
386

7.207

Rdwp,

Edwp,


V

N
< 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 
(Fb,Rd) is given by: 

Fb,Rd = 
M2

ucw,ucu,b1



 tdfk
 

Table 3.4 

In the direction of load transfer: 

b is the least value of d, 
ucu,

ub

f

f
 and 1.0 

 

For end bolts 64.0
263

50

3 o

,1
d 




d

e w  

For inner bolts 78.0
4

1

263

80

4

1

3 o

w1,
d 





















d

p
  

70.1
470

800

ucu,

ub 
f

f
 

 

 

For end bolts 0.64 < 1.0 < 1.7, therefore  b,end = 0.64  

For inner bolts 0.78 < 1.0 < 1.7, therefore b,inner = 0.78  

 

Perpendicular to the direction of load transfer: 

For bolts in the web it can be considered that there are no edge bolts. 

 

For inner bolts k1 is the smaller of 7.14.1
o

w,2


d

p
 or 2.5. 

 

61.27.1
26

804.1
7.14.1

o

,2 






 


d

p w
 

 

2.5 < 2.61 

Therefore, k1  = 2.5 
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The bearing strengths for single bolts are:  

End bolts 

Fb,Rd,end  = (Fb,Rd)min  =
310

25.1

4.92447064.05.2 


  = 136 kN 

 

Inner bolts 

Fb,Rd,inner  = (Fb,Rd)max  = 310
25.1

4.92447078.05.2 


  = 165 kN 

 

Shear resistance of a single bolt  

The design shear resistance of a single bolt in the web (Fv,ucw,Rd) is  

Fv,ucw,Rd = 2Fv,wp,Rd  

Fv,wp,Rd =136 kN 

 

Sheet 12 

Fv,ucw,Rd = 2  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, (Fb,Rd)max (165 kN) < Fv,Rd,w,uc (272 kN) 

the resistance of the bolt group in the upper column web is: 

3.7(1) 

Vucw,Rd, =  Rdb,F  = (2  136) + (2  165)  = 602 kN  

Rducw,

Educw,

V

N
 = 69.0

602
4.415
 < 1.0 

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 

References are to 
BS EN 1993-1-8: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

Determine the resistance of the non-bearing column splice given in Example 17 
when the applied forces result in the presence of net tension. 
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Figure 18.1   
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The design aspects covered in this example are: 

 Resistance of the splice 

 Flange cover plates – tension 

 Flange cover plates – block tearing. 

 

18.2 Joint data and section properties 
 

Upper column 

203  203  60 UKC in S355 steel 

 

Depth huc = 209.6 mm 
Width buc = 205.8 mm 
Thickness of the web tw,uc = 9.4 mm 
Thickness of the flange tf,uc = 14.2 mm 
Root radius ruc = 10.2 mm 

P363 

Area Auc = 76.4 cm2  

Area of flange 

22.292.148.205ucf,ucucf,  tbA  cm2 

 

Area of web 

96.1722.294.762 ucf,ucucw,  AAA  cm2 

 

For S355 steel 
Yield strength (t  16 mm) fy,uc = ReH = 355 N/mm2  
Ultimate tensile strength (3 mm  t  100 mm) fu,uc = Rm  = 470 N/mm2 

BS EN 10025-2 
Table 7 

In the direction of load transfer (1) 

End of upper column to first bolt row on column web e1,w   = 50 mm 
Pitch between bolt rows on column web p1,w = p1,wp  = 80 mm 

 

In the direction perpendicular to load transfer (2) 

Pitch between bolt lines on column web p2,w = p2,wp = 80 mm 
Edge of upper column to first bolt line on the column web e2,w  = 53 mm 

 

Lower column 

254  254  89 UKC in S355 steel 

 

Depth hlc = 260.3 mm 
Width blc = 256.3 mm 
Thickness of the web tw,lc = 10.3 mm 
Thickness of the flange tf,lc = 17.3 mm 
Root radius rlc = 12.7 mm 

P363 

For S355 steel 
Yield strength (16 mm < t  40 mm) fy,lc = ReH = 345 N/mm2  
Ultimate tensile strength (3 mm  t  100 mm) fu,lc = Rm  = 470 N/mm2 

BS EN 10025-2 
Table 7 

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 EN1993-1-8:2005. 
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Vertical gap between column ends gv = 10 mm  

Flange cover plates 

210  690  12 in S355 steel 

 

Height hfp = 690 mm 
Width bfp = 210 mm 
Thickness tfp = 12 mm 
 

 

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

BS EN 1993-1-1 
NA.2.4 

For S355 steel 
Yield strength (t  16 mm) fy,fp = ReH = 355 N/mm2 
Ultimate tensile strength (3 mm  t  100 mm) fu,fp = Rm = 470 N/mm2 

BS EN 10025-2 
Table 7 

Number of bolts between one flange  
cover plate and upper column nfp = 8 

 

Direction of load transfer (1) 

Plate edge to first bolt row e1,fp = 50 mm 
Pitch between bolt rows p1,fp = 80 mm 
Pitch between bolt rows (across joint) p1,fp,j = 110 mm 

 

Direction perpendicular to load transfer (2) 

Plate edge to first bolt line e2,fp = 55 mm 
Pitch between bolt lines p2,fp = 100 mm 

 

Flange packs 

340  210  25 in S355 steel 

 

Depth hfp,pa = 340 mm 
Width bfp,pa = 210 mm 
Thickness tfp,pa = 25 mm 

 

Web cover plates 

350  150  8 in S355 steel 

 

Height hwp = 350 mm 
Width bwp = 150 mm 
Thickness twp = 8 mm 

 

For S275 steel 
Yield strength (t  16 mm) fy,wp = ReH = 355 N/mm2  
Ultimate tensile strength (3 mm  t  100 mm) fu,wp = Rm  = 470 N/mm2 

BS EN 10025-2 
Table 7 

Number of bolts between web cover plate and upper column nwp = 4  

In the direction of load transfer (1) 

Plate edge to first bolt row e1,wp = 40 mm 
Pitch between bolt rows p1,wp = 80 mm 
Pitch between bolt rows (across joint) p1,wp,j = 110 mm 
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In the direction perpendicular to load transfer (2) 

Plate edge to first bolt line e2,wp = 35 mm 
Pitch between bolt lines p2,wp = 80 mm 

 

Web packs 

170  150  0.5 in S355 steel 

 

Depth hwp,pa = 170 mm 
Width bwp,pa = 150 mm 
Thickness twp,pa = 0.5 mm 

 

Bolts 

M24 Class 8.8 

 

Tensile stress area As = 353 mm2 

Diameter of the shank d = 24 mm 
Diameter of the holes d0 = 26 mm 

P363 C-306 

Yield strength fyb = 640 N/mm2 
Ultimate tensile strength fub = 800 N/mm2 

Table 3.1 

18.2.2 Connection category  

The bolted connection uses non-preloaded bolts i.e. Category A: Bearing type 
bolted connection. 

3.4.1(1) 

18.3 Partial factors for resistance 
 

18.3.1 Structural steel  

M0 = 1.0 

M2 = 1.1 

BS EN 1993-1-1 
NA.2.15 

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. 

 

 Flange cover plates – maximum compression 

 Flange cover plate bolt group 

 Web cover plate 

 Web cover plate bolt group 

 Upper column web bolt group 

 

18.4.1 Flange cover plates – tension resistance  

The design resistance in tension (Nt,Rd) is the lesser of: 

M0

y
Rdpl,



Af
N   and 

M2

unet
Rdu,

9.0



fA
N   

BS EN 1993-1-1 
6.2.3(2) 

252012210fpfp  tbA  mm2    
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89510
0.1

3552520 3
Rdpl, 


 N  kN 

 

As the bolt holes are not staggered the net area (Anet) is determined as 

1896)12262(25202 fp0net  tdAA  mm2  

BS EN 1993-1-1 
6.2.2.2(3) 

72910
1.1

47018969.0 3
Rdu, 


 N  kN  

729 kN < 895 kN 

BS EN 1993-1-1 
6.2.3(2) 

Therefore, the design resistance in tension is 

729Rdu,Rdt,  NN  kN 

 

18.4.2 Flange cover plates – Block tearing  

Area subject
to shear

290

Area subject
to tension

100  

Area subject
to shear

290

Area subject
to tension

55 55  
                      a)                                               b) 

 

Figure 18.2   

In this example p2 < 2e2; therefore the block tearing failure area shown in 
Figure 18.2 a) should be considered.  However, if p2 > 2e2 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 
tearing resistance is: 

3.10.2(2) 

M0

nVy

M2

ntu
Rdeff,1,

3

AfAf
V   

 
Eq (3.9) 

Ant is the net area subject to tension 

    8881226100fp0fp2,nt  tdpA  mm2  

 

AnV is the net area subject to shear 

AnV = 2(3p1,fp + e1,fp – 3.5d0)tfp  

 = 2  ((3  80) + 50 – (3.5  26))  12 = 4776 mm2 

 

Therefore, the design resistance to block tearing is 

Rdeff,1,V  = 135810
0.13

4776355
1.1
888470 3 












   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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19 Base plate – Nominally pinned 

19.1 Scope 
Verify the adequacy of the base plate shown in Figure 19.1. 

References are to 
BS EN 1993-1-8: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

Ed

Ed

600

   600

600 x 600 x 35
Base plate
S275

Fillet welds
(8 mm leg length)

M24 grade 4.6
holding down bolts

100

N

V

305 x 305 x 137 UKC
S355

35

Column and base plate
are in direct bearing  

 

Figure 19.1   

The design aspects covered in this example are: 

 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 NEd = 2635 kN 
Design shear force VEd = 100 kN 

 

19.3 Joint details and section properties 
 

Column 

305  305  137 UKC in S355 steel 

Depth  h = 320.5 mm 
Width b = 309.2 mm 
Web thickness tw = 13.8 mm 
Flange thickness tf = 21.7 mm 
Root radius r = 15.2 mm 
Area A = 174 cm2  

P363 

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

BS EN 1993-1-1 
NA.2.4 

For S355 steel 
Yield strength (16 mm < t  40 mm) fy = ReH = 345 N/mm2  
Ultimate strength (3 mm  t  100 mm) fu = Rm = 470 N/mm2 

BS EN 10025-2 
Table 7 

Base plate  

Width bbp = 600 mm  
Length lbp = 600 mm 
Thickness tbp = 35 mm 

 

For S275 steel 
Yield strength (16 mm< t  40 mm) fy,bo = ReH = 265 N/mm2  
Ultimate strength (3 mm  t  100 mm) fu,bp = Rm = 410 N/mm2 

BS EN 10025-2 
Table 7 

Fillet welds  

Leg length  8 mm 
Throat a = 5.7 mm 

 

Concrete  

Grade of concrete below base plate is C25/30  

Characteristic cylinder strength  fck = 25 N / mm2  
Characteristic cube strength  fck.cube = 30 N / mm2 

BS EN 1992-1-1 
Table 3.1 

Design compressive strength of the concrete is determined from: 

fcd  = 
c

ckcc



 f
 

where: 

BS EN 1992-1-1 
3.1.6(1) 

cc = 0.85  (for compression) 

c = 1.5  (for the persistent and transient design situation) 

BS EN 1992-1-1 
Table NA.1 
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fcd = 
5.1

2585.0 
  = 14.2 N/mm2 

BS EN 1992-1-1 
3.1.6(1) 

19.4 Partial factors for resistance 
 

19.4.1 Structural steel  

M0 = 1.0 BS EN 1993-1-1 
NA.2.15 

19.4.2 Weld  

M2 = 1.25 Table NA.1 

19.5 Resistance of joint 
 

19.5.1 Effective area of base plate  

w

w

eff

eff

eff

t

c c

A     

b   

l

 c

 c

+2t          c

 

 

Figure 19.2  

The flange of an equivalent T-stub in compression is used to represent the 
design resistance of the concrete in bearing. 

6.2.5(1) 

The design bearing strength of the joint is 

fjd  = 
ffeff

duR,j

elb

F
 

where: 

 

6.2.5(7) Eq (6.6) 

j = 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. 

6.2.5(7) 

beff & leff  are shown in Figure 19.2 

FRd,u  is the concentrated design resistance force given in BS EN1992, 
where Ac0 is to be taken as (beff leff). 
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FRd,u  = c0cd
c0

c1
cdc0 3 Af

A

A
fA 








 

where: 

BS EN 1992-1-1 
6.7(2) Eq (6.63) 

c0

c1

A
A

 
accounts for the concrete bearing strength enhancement due to 
diffusion of the force within the concrete.   

 

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 
plate (see Figure 19.3) will allow. 

 

5.1
c0

c1 
A

A
 

 

Note:  As shown below, when 5.1
c0

c1 
A

A
,  fjd = fcd. 

Guidance on the calculation of 
c0

c1

A

A
 is given in Annex A of the Access-steel 

document SN037a (available at www.access-steel.com). 

 

Foundation

b

b

h

      =2.25A cl

h

d f

Aco

bp bp

bp bp Base plate

e

or

0.5       or 0.5

b

 

 

Figure 19.3   

Assume that the foundation size will allow the distribution of the load as shown 
in Figure 19.3,  

therefore, 5.1
c0

c1 
A

A
 

  cdc0cdc0 5.1
c0

c1 fAfA
A

A   

 

As c0cdcdc0 35.1 AffA   

FRd,u = cdc05.1 fA  

BS EN 1992-1-1 
6.7(2) Eq (6.63) 

Taking effeffc0 lbA   gives, 

FRd,u = cdeffeff5.1 flb  

6.2.5(7) 

Therefore, 

fjd = cdj
ffeff

cdffeffj
5.1

5.1
f

lb

flb

e

e 


  

 

fjd = 2.14
3

2
5.15.1 cdcdcdj  fff  N/mm2 

6.2.5(7) Eq (6.6) 
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Making the design compression resistance of the joint (Fc.Rd) equal to the axial  

design force (NEd), the bearing area required is determined as: 

Aeff  = 
2.14

102635 3

jd

Ed 


f

N
  = 185600 mm2 

 

The bearing area provided is approximately: 

4c2 + pcol c + A 

c  is defined in Figure 19.2. 

A = 17400 mm2 cross sectional area of column 

 

pcol = 1820 mm perimeter of the column taken from member property tables  P363 

Taking the area provided to equal the area required gives, 

4c2 + pcol c + A  = 185600 mm2 

 

4c2 + 1820c + 17400  = 185600 mm2  

Solving gives, 

c = 79 mm 

 

Verify that the T-stubs do not overlap for c = 79 mm 

2
2 fth 

  = 
 

139
2

7.2125.320



 mm 

As c < 139 mm, the T-stubs do not overlap, therefore no allowance for 
overlapping is required. 

 

Verify that the plan size of the base plate is adequate. 

Width required is beff =   5.4787925.3202  ch  mm 

Length required is leff =   2.4677922.3092  cb  mm 

 

As both beff and leff 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. 

 

t  = 6.31
12.143/265

79

3/ M0jdy





ff

c
 mm 

31.6mm < 35 mm 

Based on Eq (6.5) 

Therefore the 600  600  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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Verify that, 0.1
Rdw,

Edw, 
F

F
 

where: 

 

Fw.Ed  Design value of the weld force per unit length 

Fw,Rd Design weld resistance per unit length  

 = fvw,d a  

 
4.5.3.3(2) 

a is the throat thickness of the fillet weld 

 = 5.7 mm (for a fillet weld with an 8 mm leg length) 

 

fvw, d = 
M2w

u 3/


f
  

Eq (4.4) 

fu is the nominal ultimate tensile strength of the weaker part jointed. 

Therefore, fu  = fu.bp  =410 N/mm2  

 

For S275 steel w  = 0.85 Table 4.1 

fvw, d = 223
25.185.0

3/4103/

M2w

u 





f
 N/mm2  

Eq (4.4) 

Fw.Rd = fvw. d  a  = 223 × 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 Lw = length of weld – 2 × leg length 

 = 100 – (2 × 8)  = 84 mm 

Fw,Ed  = 595
842

10100

2

3

w

Ed 




L

V
 N/mm 

 

47.0
1271

595

F Rdw,

Edw, 
F

 < 1 

Therefore an 8 mm fillet weld of 100 mm along either side of the web is 
adequate.   
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20 Base plate – Column with moment 

20.1 Scope 
Verify the adequacy of the base plate for the column shown in Figure 20.1, 
which transfers moment and axial force. 

References are to 
BS EN 1993-1-8: 
2005, including its 
National Annex, 
unless otherwise 
stated. 

Ed

Ed

600 x 600 x 40 
Base plate
S275

N

M
305 x 305 x 137 UKC
S355

 

 

Figure 20.1  

The design aspects covered in this example are: 

 Resistance of the right side of joint 

 Moment resistance of column base  

 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 NEd = 1380 kN 
Design bending moment M y,Ed = 185 kNm 

 

20.3 Joint details and section properties  

305  305  137 UKC 

Depth  h = 320.5 mm 
Width b = 309.2 mm 
Web thickness tw = 13.8 mm 
Flange thickness tf = 21.7 mm 
Root radius r = 15.2 mm 
Plastic modulus y-y axis Wpl,y = 2300 cm3  
Area A = 174 cm2  

P363 



Example 20 - Base plate – Column with end moment Sheet 2 of 7 Rev  
 

20-Base - UC axial load and moment_meb.doc 208 

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

BS EN 1993-1-1 
NA.2.4 

For S355 steel 
Yield strength (16 mm < t  40 mm) fy = ReH = 345 N/mm2  
Ultimate strength (3 mm  t  100 mm) fu = Rm = 470 N/mm2 

BS EN 10025-2 
Table 7 

Base plate  

Width bbp = 600 mm  
Length lbp = 600 mm 
Thickness tbp = 40 mm 

 

For S275 steel 
Yield strength (16 mm < t  40 mm) fy,bp = ReH = 265 N/mm2  
Ultimate strength (3 mm  t  100 mm) fu,bp = Rm = 410 N/mm2 

BS EN 10025-2 
Table 7 

Concrete  

Grade of concrete below base plate is C25/30 

Characteristic cylinder strength  fck = 25 N/mm2 
Characteristic cube strength  fck,cube = 30 N/mm2 

BS EN 1992-1-1 
Table 3.1 

 

Design compressive strength of the concrete is determined from: 

fcd  = 
c

ckcc



 f
 

where: 

BS EN 1992-1-1 
3.1.6(1) 

cc = 0.85  (for compression) 

c = 1.5  (for the persistent and transient design situation) 

BS EN 1992-1-1 
Table NA.1 

fcd  = 
5.1

2585.0 
  = 14.2 N/mm2 

BS EN 1992-1-1 
3.1.6(1) 

20.4 Design forces on equivalent T-stubs 
 

1

1

1

11 3
eff,1

c   

c   

 c

 c

c  c  c  c  
A      A      

2

3

3

3

3

eff,3

c

c

2

2

Aeff,2  

1. T-stub 1 

2. T-stub 2 

3. T-stub 3 

 

Figure 20.2  

The design moment resistance of a column base (Mj,Rd) 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. 

6.2.8.3(1) 
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Ed

Ed

= =

C,l C,r

N

M

F F
Z     Z     

Z

C,Rd C,Rd

 

Figure 6.18 

 

Figure 20.3  

In this example, the column base connection is subject to a significant 
compression force.  Therefore, the lever arms to be considered are as shown in 
Figure 20.3. 

3.2.5.1(3) 

z = h – tf  = 320.5 – 21.7  = 298.8 mm  

Therefore: 

zC,1 = zC,r  = 
2

8.298
  = 149.4mm 

 

The design forces on the T-stubs are: 

Left flange (T-stub 1) 

Fc,l,Ed = 
8.298

10185

2

1380

2

6
Edy,Ed 


z

MN
  = 71 kN (Compression) 

 

Right flange (T-stub 3) 

Fc,r,Ed = 
8.298

10185

2

1380

2

6
Edy,Ed 


z

MN
  = 1309 kN (Compression) 

 

20.5 Partial factors for resistance 
 

20.5.1 Structural steel  

M0 = 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,r,Rd of the right side of the joint should be 
taken as the smaller value of: 
– the concrete in compression under the right column flange  Fc,pl,Rd (6.2.6.9) 

– the right column flange and web in compression Fc,fc,Rd (6.2.6.7) 

6.2.8.3(5) 

Concrete in compression under the right column flange (Fc,pl,Rd)  

6.2.6.9(2) refers to 6.2.5(3) thus the resistance of the concrete under a column 
flange is: 

6.2.6.9(2) 

Fc,pl,Rd = FC,Rd  = fjd leff beff 

where: 

6.2.5(3) 

fjd  is the design bearing strength of the joint.  From the conservative 
approach used in Section 19.5 of Example 19,   

  fjd = 14.2 N/mm2 

 

leff , beff 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 (Fc,r,Ed) is: 

Aeff,3  = 92190
2.14

101.1309 3

jd

Edr,c, 



f

F
 mm2 

 

Determine the minimum value for dimension c3 that is required to provide an 
adequate bearing area. 

The effective area is Aeff,3  = 4c3
2 + pf c3 + Af   

 

where: 

c3  is defined in Figure 20.2. 

 

Af is the cross sectional area of flange 

Af = tf b  = 21.7  309.2  = 6709.6 mm2  

pf is the perimeter of the flange 

pf = 2tf  + 2b  = (2 × 21.7) + (2 × 309.2)  = 661.8 mm.  

 

Equating the required area to the effective area 

92190  = 4c3
2 + 661.8 c3 + 6709.6 

 

Solving, 
c3  = 85.2 mm 

 

The thickness of the base plate limits the maximum cantilever, c, such that 

c  8.99
12.143

265
40

3 M0jd

y 



f

f
t  mm 

6.2.5(4) 
Eq (6.5) 

85.2 mm < 99.8 mm, therefore the value of c3 is acceptable.  

  

The compression resistance of the concrete under the right hand flange is, 

Fc,pl,Rd = FC,Rd  = fjdleff,3beff,3 

 

6.2.5(3) 
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Where, leff,3  = b+ 2c3 and beff,3  = tf + 2c3  

Here the design force (Fc,r,Ed) has been used to determine c3, thus the 
compression resistance of the concrete under the right hand flange is 

 

Fc,pl,Rd  = Fc,r,Ed  = 1309 kN  

Right column flange and web in compression (Fc,fc,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: 

Fc,fc,Rd = Fc,fb,Rd = 
 fb

Rdc,

th

M


 

 

 

 

Eq (6.21) 

Mc,Rd  is the design bending resistance of the column obtained from 
BS EN 1993-1-1. 

tfb is the thickness fo the beam flange, in this case tfb = tf 

 

Determine whether the axial force reduces the bending resistance of the cross 
section.  The axial force (NEd) does not need to be allowed for if both the 
following criteria are met, 

NEd  0.25Npl,Rd  and  NEd  
M0

yww5.0



fth
 

BS EN 1993-1-1 
6.2.9.1(4) 

Npl,Rd  = 
0.1

34517400

M0

y 



Af

  10–3  = 6003 kN 

0.25Npl,Rd  = 0.25  6003  = 1501 kN 

BS EN 1993-1-1 
6.2.4(2) 

NEd < 0.25Npl,Rd (i.e. 1380 kN < 1501 kN) 

Therefore the first criterion is satisfied. 

 

hw  = h – 2tf  = 320.5 – 2  21.7  = 277.1 mm  

6.65910
0.1

3458.131.2775.05.0 3

M0

yww 


 


fth

 kN 
 

NEd > 659.6 kN (i.e. 1380 kN > 659.6 kN)  

Therefore, this criterion is not satisfied, so an allowance for the axial force on 
the bending moment resistance is required. 

 

The design plastic bending resistance for the major axis is 

Mpl,y,Rd  = 79410
0.1

345102300 6
3

M0

yypl, 


 


fW

 kNm 

BS EN 1993-1-1 
6.2.5(2)  
Eq (6.13) 

Design plastic moment resistance reduced due to the effects of the axial force 
may be found using the following approximation 

 

MN,y,Rd  = Mp,,y,Rd 












5.01

1 n  but MN,y,Rd  Mp,,y,Rd 
BS EN 1993-1-1 
6.2.9.1(5) 
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where: 

n = 
Rdpl,

Ed

N

N
  = 

6003
1380

  = 0.23 

 

 = 
 

17400

7.212.3092174002 f 



A

btA
 = 0.23 

 

MN,y,Rd  = Mpl,y,Rd 












5.01

1 n   = 794   









23.05.01

23.01
  = 691 kNm 

 

Therefore 

Mc,Rd  = MN,y,Rd  = 691 kNm 

 

Fc,fc,Rd  = Fc,fb,Rd  = 
 fb

Rdc,

th

M


 

 
Eq (6.21) 

Therefore the bearing resistance of the concrete under the right hand column 
flange and web is 

Fc,fc,Rd  =   231310
7.215.320

10691 3
6



   kN 

 

Design compression resistance of the right hand side of the joint  

Fc,pl,Rd < Fc,fc,Rd (i.e. 1309 kN < 2313 kN)  

Therefore the design compressive resistance Fc,r,Rd of the right side of the joint 
is: 

Fc,r,Rd  = Fc,pl,Rd  = 1309 kN 

6.2.8.3(4) 

20.6.2 Design moment resistance of column base  

e  = 
Ed

Ed

N

M
 

 
Table 6.7 

If the moment is clockwise MEd is positive 

If the axial force is tension NEd is positive 

 

Therefore 

MEd = 185 kNm  

NEd = –1380 kN 

 

e = 1.13410
1380

185 3 


 mm 
 

z = 298.8 mm Sheet 2 

As NEd < 0 and -zC,r < e  0 

The design moment resistance of the joint Mj,Rd is the smaller of 

Table 6.7 

1/rC,

Rdl,C,





ez

zF
  and  

1/lC,

Rdr,C,





ez

zF
 

 

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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1/lC,

Rdr,C,





ez

zF
  =   18510

11.134/4.149
8.2981309 3 


   kNm 
 

Therefore the design moment resistance of the column base is 

Mj,Rd = 185.0 kNm 

 

Design moment MEd = 185 kNm 

Rdj,

Ed

M
M

 = 0.1
185
185

  

 

Therefore, the design moment resistance of the joint is adequate.  

20.6.3 Dimensions of base plate  

Plan dimensions  

leff,r = b + 2c3  = 309.2 + (2  85.2)  = 479.6 mm < 600 mm 

beff = h + 2c3 = 320.5 + (2  85.2)  = 190.9 mm < 600 mm 

 

Therefore a 600  600 base plate is adequate.  

Thickness  

As the verification for the maximum allowable value of c was satisfied in 
Section 20.6.1 of this example, a base plate thickness of 40 mm is adequate. 
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BS EN 1994-1-1 Part 1-1: General rules and rules for buildings 

BS EN 1994-1-2 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 
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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, to 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. 

SN002 NCCI: Determination of non-dimensional slenderness of I and H sections 

SN003 NCCI: Elastic critical moment for lateral torsional buckling 

SN005 NCCI: Determination of moments on columns in simple construction 

SN014 NCCI: Shear resistance of a simple end plate connection 

SN015 NCCI: Tying resistance of a simple end plate connection 
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SN017 NCCI: Shear resistance of a fin plate connection 

SN018 NCCI: Tying resistance of a fin plate connection 

SN020 NCCI: "Simple Construction” - concept and typical frame arrangements 

SN048 NCCI: Verification of columns in simple construction – a simplified 
interaction criterion (GB).  (This is a localized resource for UK) 




