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Back in January 2005 New Steel Construction published an article 
with the enigmatic title The Eurocodes are coming… but does the steel 
know?1 , accompanied by picture of the rather youthful author. The 
article introduced some of the significant changes from BS 5950 to 

the imminent introduction of the Eurocodes. Some 16 years later, revised 
Eurocodes are in preparation, more mature, like the author. The revised 
Eurocodes are still some way off. The core standards need to be finalised and 
made available, so that the work on revised National Annexes can proceed. 
There will also need to be decisions made about releasing the revised Eurocodes 
and their National Annexes in one lot, or in batches, and how the transfer from 
the current documents to the revised versions is to be implemented. The 
revision of the supporting publications, software and design tools will be a 
significant task to be undertaken in parallel. 

For some Parts, the documents are quite mature. This includes EN 1993-1-1 
and EN 1993-1-8, which are obviously important to steel designers. Between 
now and the date the Eurocodes become available for use it is anticipated that 
there will be a series of technical articles introducing the provisions of the 
revised standards – starting with this article on lateral torsional buckling.

Current provisions
In summary, there are currently two options to calculate the reduction factor 
χLT – either the general case covered in 6.3.2.2 or the special case for rolled 
sections in 6.3.2.3. The special case for rolled sections gives an increased 
resistance and is the basis for the resistances quoted in the Blue Book. A 
comparison between the two expressions is given in Table 1.

The imperfection factor, αLT is a constant, depending on which buckling 
curve is appropriate. Within the special case for rolled sections, the calculation 
of χLT,mod is optional (it is conservative to neglect it) and completed as a 
subsequent modification to the calculated reduction factor. 

General case 6.3.2.2 Special case for rolled sections 6.3.2.3

χLT = 1

φLT +   φLT
2 – λLT

2
χLT = 1

φLT +   φLT
2 – βλLT

2

φLT = 0.5[1 + αLT (λLT- 0.2)+ λLT² ] φLT = 0.5[1 + αLT (λLT- λLT,0 )+ βλLT² ]

For rolled sections, according to the UK NA:
λLT,0 = 0.4
β = 0.75

χLT,mod =
χLT

f
where:
 f = 1 - 0.5(1 - kc )[1 - 2(λLT - 0.8)² ]

Revised provisions
The revised Eurocode has two options – a general case in 8.3.2.3(2) and a 
special case for doubly symmetric I and H sections in 8.3.2.3(3).  The 
comprehensive renumbering of clauses is common to the revised Eurocode 
Parts – an additional complication to master when the revised standards are 
issued for use. 

The general case is no different to that in the current standard, although 
presented in a slightly different way. Designers will have noticed that the 
current general case (Table 1) is precisely the same as the expression for 
flexural buckling, but with subscripts “LT” throughout. The revised Eurocode 
simply instructs designers to use the given expression for flexural buckling and 
make the appropriate substitutions.

The new LTB expressions
In contrast to the general case, there is considerable change in the 
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Proposed revisions to lateral 
torsional buckling

Several of the revised Eurocode Parts are close to their final version – they are in a mature state 
and significant changes now would be a surprise. David Brown of the SCI commences a series of 
intermittent articles considering the proposed rules – starting with LTB.

Table 1:  Current lateral torsional buckling rules

https://www.steelconstruction.info/Design_codes_and_standards#Introduction_to_Eurocodes
https://www.steelconstruction.info/Design_codes_and_standards#National_Annexes
https://www.steelconstruction.info/Eurocode_Design_Guides
https://www.steelconstruction.info/Design_software_and_tools
https://www.steelconstruction.info/Member_design#Lateral_torsional_buckling_resistance
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expressions for doubly symmetric I and H sections (equivalent to the special 
case in Table 1). 

In summary:
T  The imperfection factor αLT becomes a variable unique to the individual 

section, not a constant;
T  The effects covered by the existing f factor (see Table 1) are addressed 

within the expressions – the modification is no longer optional;
T  The non-dimensional slenderness in the minor axis, λz must be calculated.

The core expressions are:

χLT =
fm

φLT +   φLT
2 – fmλLT

2

and

φLT = 0.5  1 = fm
λLT

λz
[ (( )αLT (λz– 0.2) + λLT

2
2 )]

Factor fM

Factor fM may conservatively be taken as 1.0, or from Table 8.6 in the standard. 
This table includes values of fM for some orthodox shapes of bending moment 
diagram. The revised standard notes that fM may be taken as 1.0 “in cases that 
cannot be approximated by the diagrams in Table 8.6”, which seems an immediate 
opportunity for differences of view on what “approximately the same” means in 

practice. No general expression for fM is given, despite requests from the UK (and 
no doubt others) at the comment stages of the draft development. 

The conservative assumption that fM = 1.0 might turn out to be attractive to 
many designers, as the calculation of fM can be painful depending on the shape 
of the bending moment diagram. The entire Table 8.6 is too large to reproduce 
here, but a typical example is given in Figure 2 – a UDL on a member, with fixity 
at one end. 

M0 is the mid-span value of the free bending moment diagram (not the value 
of the bending moment at that point). In this instance, the value of M0 is equal 
to the hogging moment Mh . 

M₀
Mh

( )
2

= 1.0 so  fm = 1.25 + 0.5 
M₀
Mh

– 0.275 ( )
4M₀

Mh
= 1.25 + 0.5 × 12 – 0.275 × 14 = 1.5

For a uniform bending moment diagram, fM = 1.0
For a UDL on a member with pinned ends, fM = 1.05
For a central point load on a member with pinned ends, fM  = 1.10
The values of fM can be plotted against the C1 factor, which also depends on 

the shape of the bending moment diagram, and is readily calculated, either by 
formulae or by software. Figure 3 shows the relationship plotted for some 
known points, indicating an irregular relationship between the two values. The 
inconsistency in the curve appears to be around the UDL values of C1 = 1.13 and 
fM= 1.05
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Figure 2: Example bending moment diagram and expressions for fM

For 0 ≤ 
M₀
Mh

( )
2

< 1.47: fM = 1.25 + 0.5 
M₀
Mh

– 0.275 ( )
4M₀

Mh

M₀
Mh

≥ 1.47: fM = 1.05For 

Figure 3: Relationship between fM and C1 at certain known points
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Imperfection factor αLT

The imperfection factor is given in Table 8.5. As an 
example, for a UB where  
h/b > 1.2 and tf ≤ 40 mm, imperfection factor αLT is 
given by:

αLT = 0.12
Wel,y

Wel,z

but αLT ≤ 0.34  

For a 533 × 210 × 82 UB,
 
αLT = 0.12

1800
192

= 0.367 , 

so the maximum of 0.34 applies.
For a relatively squat 305 × 165 × 40, h/b = 1.84 

and ααLT = 0.12
560
92.6

= 0.295

A smaller value of αLT results in an increased 
resistance, so the use of αLT = 0.295 is an advantage. 

Non-dimensional slenderness for minor axis 
flexural buckling
This is a new input into the formula for φLT, but a 
familiar term. The value can be computed from 
either:

λz = 
Afy
Ncr   

or

λz = 
Lcr

i
1
λ1

Numerical comparisons
Table 2 contrasts the current approach with that 
in the revised standard, for a 533 × 210 × 82 UB in 
S355, subject to a UDL. The beam is 6 m long, 
with pinned ends.

Table 3 contrasts the current approach with 
that in the revised standard, for a 305 × 165 × 40 
UB in S355, subject to a UDL. The beam is 6 m 
long, with pinned ends.

Observations
Precise comparisons are difficult to make, as the 
situation changes with the shape of the bending 
moment diagram.  For beams, the revised standard 
leads to a reduction of resistance which varies, up 
to approximately 14 % (the highest reduction is at 
longer lengths). For universal column sections 
used as beams, the reduction in resistance is less, 
but still significant. 

With software, none of the additional 
calculation steps will really increase design effort. 
The only “missing link” is a general expression for 
fM. Perhaps a general expression will emerge 
before the revised Eurocodes are released, as an 
alternative to curve fitting in a spreadsheet. As 
shown in Tables 2 and 3, manual calculations will 
be more involved, and it will be easier to make an 
arithmetical mistake. It will not be possible to 
have look-up tables for the reduction factor χLT, as 
the imperfection factor is unique to the section 
being considered. 

The plateau length embedded in the formulae 
is not easy to define, since the value of 0.2 relates 
to λz and not λLT . For the 533 × 210 × 82 UB, the 
plateau extends to a value of λLT = 0.32 according 
to the formulae. For the 305 × 165 × 40, the 
plateau extends to a value of λLT = 0.34. However, 

Table 3: Lateral torsional buckling resistance: 305 × 165 × 40 UB 

·

Current standard Proposed revisions
Mcr = 419 kNm Mcr = 419 kNm

λLT = 
Wy  fy
Mcr

= 
2060 × 103 × 355

419 × 106

λLT = 1.32

λLT = 
Wy  fy
Mcr

= 
2060 × 103 × 355

419 × 106

λLT = 1.32
UK NA Table NA.1: Curve “c”
αLT=0.49 αLT = 0.12 

1800
192

= 0.367 but max 0.34 

αLT=0.34

ϕLT = 0.5[1 + 0.49(1.32 - 0.4) + 0.75 × 1.32²] 
ϕLT = 1.38 Ncr,z =

π2EIz

L2 = 
π2 × 210000 × 2010 × 104

6000² × 103

 

Ncr,z = 1157 kN

λz = 
10500 × 355
1157 × 103

= 1.80 

fM = 1.05

φLT = 0.5  1 + 1.05
1.32
1.80[ (( ) × 0.34 (1.80 – 0.2)+ 1.322

2 )]
 

ϕLT = 1.57

χLT = 1
1.38 +   1.382 – 0.75 × 1.322 

= 0.464 χLT = 1.05
1.57 +   1.572 – 1.05 × 1.322 

= 0.444

With a UDL, kc = 0.94
f = 1 - 0.5(1 - 0.94)[1 - 2(1.32 - 0.8)² ] 
f = 0.986

χLT,mod = = 0.471
0.464
0.986

Mb,Rd =
0.471 × 2060 × 103 × 355

1 × 106 = 344 kNm

(thankfully the same as the Blue Book!)

Mb,Rd =
0.444 × 2060 × 103 × 355

1 × 106 = 325 kNm

Current standard Proposed revisions
Mcr = 110.4 kNm Mcr = 110.4 kNm

λLT = 
Wy  fy
Mcr

= 
623 × 103 × 355

110.4 × 106

λLT = 1.42

λLT = 
Wy  fy
Mcr

= 
623 × 103 × 355

110.4 × 106

λLT = 1.42
UK NA Table NA.1: Curve “b”
αLT=0.34 αLT = 0.12

560
92.6

= 0.295

ϕLT = 0.5[1 + 0.34(1.42 - 0.4) + 0.75 × 1.42²] 
ϕLT = 1.43 Ncr,z =

π2EIz

L2 = 
π2 × 210000 × 764 × 104

60002 × 103
 

Ncr,z = 440 kN

λz = 
5130 × 355
440 × 103

= 2.03 

ϕLT =

0.5  1 + 1.05
1.42
2.03[ (( ) × 0.295 (2.03 – 0.2)+ 1.422

2 )]  

ϕLT = 1.70

χLT = 1
1.43 +   1.432 – 0.75 × 1.422 

= 0.463 χLT = 1.05
1.70 +   1.702 – 1.05 × 1.422 

= 0.407

With a UDL, kc = 0.94
f = 1 - 0.5(1 - 0.94)[1 - 2(1.42 - 0.8)² ] 
f = 0.99

χLT,mod = = 0.468
0.464
0.99

Mb,Rd =
0.468 × 623 × 103 × 355

1 × 106 = 103.5 kNm

(Blue Book has 103 kNm)

Mb,Rd =
0.407 × 623 × 103 × 355

1 × 106 = 90 kNm

Table 2: Lateral torsional buckling resistance: 533 × 210 × 82 UB 

https://www.steelconstruction.info/Steel_section_sizes
https://www.steelconstruction.info/Steel_construction_products#Standard_open_sections
https://www.steelconstruction.info/Design
https://www.steelconstruction.info/Design_codes_and_standards#Introduction_to_Eurocodes
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BS EN PUBLICATIONS

BS EN 13001-2:2021 
Crane safety. General design. Load actions 
supersedes BS EN 13001-2:2014

BS IMPLEMENTATIONS

BS ISO 23322:2021 
Paints and varnishes. Determination of solvents in 
coating materials containing organic solvents only. 
Gas-chromatographic method 
no current standard is superseded

BRITISH STANDARDS REVIEWED AND 
CONFIRMED

BS ISO 4306-3:2016 
Cranes. Vocabulary. Tower cranes

BS ISO 9926-3:2016 
Cranes. Training of operators. Tower cranes

NEW WORK STARTED

ISO 6707-3 
Buildings and civil engineering works. Vocabulary. 
Sustainability terms 
will supersede BS ISO 6707-3:2017

BS 7121-2-7:2012+A2 
Code of practice for the safe use of cranes hoists 
and their supporting structures 
will supersede BS 7121-2-7:2012+A1:2015

DRAFT BRITISH STANDARDS FOR PUBLIC 
COMMENT – ADOPTIONS

21/30394409 DC 
BS EN ISO 9220 Metallic coatings. Measurement 
of coating thickness. Scanning electron microscope 
method 
Comments for the above document were required by  
17 May, 2021

21/30421184 DC 
BS EN 17632 Building Information Modelling 
(BIM). Semantic Modelling and Linking (SML) 
Comments for the above document were required by  
10 May, 2021

21/30432856 DC 
BS EN 14717 Welding and allied processes. 
Environmental check list 
Comments for the above document were required by  
18 May, 2021

Although this Code of practice was withdrawn in 
2010, many designers of cold formed thin gauge 
sections still use it to verify members. During the 
course of some recent work, we have noticed two 
problems with Table D1. This table is useful, as 
it gives expressions for the position of the shear 
centre and for the Warping constant (known as 
Cw in BS 5950, and Iw in the Eurocode suite).

In the fourth row of the table, expressions for 
a lipped ‘C’ section are given. The lips are facing 
inward as shown in Figure 1(a). The expression 
for the Warping constant should only have 
positive terms within the bracketed part of the 
equation. The correct expression is:

Cw =
b²t
6 (4bL³ + 3d²bL + 6dbL² + bd²) - Ixe²

The next row has a lipped ‘C’ section with the 
lips facing outwards, as shown in Figure 1(b), 
with a very similar expression for Cw. These 
sections are sometimes known as “top hat” 
sections. The expression for Cw for this section 

does have a negative term within the bracket and 
is correct. 

The next row in the table (which is over the 
page in the code) has a diagram of precisely the 
same ‘top hat’ section, but very different formulae 
– it is clear that the diagram is incorrect. The 
correct shape is a lipped angle, as shown with the 
appropriate labelling of the elements in Figure 2.

Designers are recommended to review Annex C 
of BS EN 1993-1-3 which presents a general 
approach to calculate the Warping constant Iw 
and the Torsional constant It for thin-walled open 
sections. The advantage of this method is that it 
is applicable to any shape of cross section, only 
requiring the centre line co-ordinates of the node 
points between flat elements of the cross section. 
The method is appropriate for a spreadsheet

Contact:  SCI Advisory
Tel:  01344 636555
Email:  advisory@steel-sci.com
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Figure 1: Lipped ‘C’ sections

New and revised codes and standards
From BSI Updates  May 2021

Figure 2: Lipped angle 

in a separate clause the revised standard states 
that no reduction in lateral torsional buckling 
resistance is needed if λLT ≤ λLT,0 where λLT,0 is 
recommended to be taken as 0.4.  This is a 
nationally determined parameter, but if it stays as 
0.4, it would mean there is a step in resistance at 
that point, as shown in Figure 4.

 Designers should note that the Eurocodes are 
not yet “final”. There may still be changes, and the 
work on the National Annex has not yet 
commenced. Only when this work is complete can 

the significant task or revising publications, design 
tools and software be undertaken. T

1  The Eurocodes are coming… but does the steel  
 know?
 Brown, D.G.
 New Steel Construction, January 2005

Figure 4: Reduction factor χχLT

https://www.steelconstruction.info/Steel_construction_products#.27Light_steel.27_sections
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https://www.newsteelconstruction.com/wp/wp-content/uploads/digi/2005pdf/0501NSCJan05.pdf#page=26
https://www.newsteelconstruction.com/wp/wp-content/uploads/digi/2005pdf/0501NSCJan05.pdf#page=26

