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In the April 2016 edition of The Structural Engineer, the ‘Verulam’ 
section presented a series of 6 scenarios presenting ‘grey areas’ 
where the correspondent suggested that responsibility was 
unclear. This article summarises the key elements of the question 
and provides a response.

1. Connections with high tying forces.  
The scenario presented is that high tying forces demand ‘strong’ 
connections, which are likely to be stiffer than ideal – no longer 
nominally pinned - and transfer significant moments into the 
columns. The question related to the responsibility for verifying 
that the columns are still satisfactory. 
  The short answer is that the original structural designer must 
have an appreciation of the likely connection. The designer 
of the structure must anticipate that if the forces are so large 
that a nominally pinned connection is not physically possible, 
the design rules for “columns in simple construction” are no 
longer appropriate and the columns should be designed to 
accommodate the larger moments. The Green Books on Simple 
Connections2,3,  give tabulated resistances in shear and in tying 
for nominally pinned connections, so developing this necessary 
appreciation of the likely connection is not onerous. 
 In fact, a more realistic scenario is when a designer specifies 
axial tensions in the beams that are not tying forces – for some 
reason they are ‘real’ forces. Immediately, this is at variance with 
the concept of “simple” or nominally pinned connections, which 
are “shear only”. Although nominally pinned connections can be 

verified for shear and, as an entirely 
separate check, a tying force, the 
Green Books do not contain any 
design rules for the combination of 
shear and axial forces. 
 In the original question, it was 
suggested that BS 5950 was 
“a little hazy” about requiring 
the connection flexibilities to 
be checked to ensure that they 
comply with the frame design 
concepts. Not so – clause 2.1.2.1 
requires that “in each case the 
details of the joints should be such 
as to fulfil the assumptions made 
in the relevant design method” 
although it might be argued that 
BS 5950 does not specify how 
stiffness is to be calculated. It 
might also be said that BS 5950 
puts the onus on the connection 
designer to meet the structure 
designer’s assumptions, but 

this cannot be reasonable or sensible if those assumptions are 
unrealistic. 
 The Eurocodes place the responsibility squarely with the 
original designer. To paraphrase BS EN 1993-1-1 clause 5.1.2, 
the effects of the behaviour of the joints… must be taken 
into account when they are significant. In clause 5.5.1(2), “the 
calculation model and basic assumptions should reflect…. the 
anticipated type of behaviour of the cross sections, members, 
joints and bearings”. This leads on to BS EN 1993-1-8, where 
rules are presented to calculate joint stiffness and compare 
this with limits on nominally pinned, semi-rigid and rigid 
behaviour. Rather than follow the calculation procedure, the 
Eurocode points out that a joint may be classified on the basis 
of “experience of previous satisfactory performance in similar 
cases”, which seems a more attractive option if that experience 
exists. In the UK, designers have the advantage that the National 
Annex notes that connections designed in accordance with the 
principles in the Green Book on Simple Connections3 (Figure 1) 
are nominally pinned, without justification by calculation of 
stiffness.

2. Flange to web welds in a plate girder. 
This question has reached SCI on a number of occasions. The 
responsibility lies with the designer of the member, not the 
connection designer. 

3. Joint resistances in hollow section trusses. 
The situation described was when checked by the connection 
designer, the joints required expensive stiffening (although 
it was really strengthening that was required).  When the 
truss designer has selected members, the joint resistance 
has also been set. Joints should be checked as part of the 
design process, as judicious choice of members and geometry 
can lead to nodes which do not need strengthening. As the 
question in Verulam noted, there is published guidance on 
this specific subject in Steel Industry Guidance Note SN484. 
All these guidance notes are available on Steelbiz. Although 
checking joint resistance can appear daunting (see Figure 
2 over the page showing part of BS EN 1993-1-8), software 
is available. Free software can be obtained from Tata Steel 
Tubes, in Corby – the contact number is listed on SN48.

4. Holding Down Bolts and foundation design. 
The question focused on the design responsibility when 
holding down bolts are in tension. As the original contributor 
noted, this is covered in Steel Industry Guidance Note SN515. 
Once the loads in the anchors have been calculated by the 
steelwork contractor, it is for the consulting engineer to 
design and specify the anchorage arrangement and the base 
reinforcement. 
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Figure 1:  One of the Eurocode ‘Green Books’

Figure 1 Stresses on the weld throat
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 Managing significant base shear deserves careful thought, 
especially as the UK appears to have an almost unique 
approach to detailing this interface. Other countries tend 
to use anchors solidly cast in (so therefore cast with rather 
more precision than is typical in the UK) and have a mere 
smear of grout. In the UK, we use bolts cast in conical or 
cylindrical formers to allow for significant movement, and 
generally a significant thickness of grout, as shown in Figure 

3 – which may be deeper in practice due to the variability 
of the concrete levels. The baseplate tends to have 6 mm 
oversize holes – so it is unlikely that all the bolts are in 
bearing on the plate. Friction may transfer shear, as may the 
bolts, but for significant base shear additional measures may 
be justified. This may be to consider the grouting operation 
as special, rather than mundane, and ensure the final result is 
as specified. More elaborate measures might involve locating 
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Figure 2:  Typical joint checks from BS EN 1993-1-8

Figure 7:  LTBeam software – stabilising load
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the whole base in a pocket, or welding a shear nib on the 
underside (to be located in a pocket in the foundation).

5. Nominally pinned connections invalidate the original 
assumption of full fixity to the column. 
In this situation, the designer had assumed an effective length of 
0.7L for the column, yet the permitted connections are nominally 
pinned, with only shear loads provided.  The scenario seems 
unlikely – the choice of 0.7L must have been based on full fixity 
at both ends – both ends held in position and restrained in 
direction according to Table 22 of BS 5950. But nominally pinned 
connections do not provide full restraint in direction, so a longer 
effective length would be the correct choice. In the scenario 
described, it seems the original designer has made an error in 
choosing the effective length. Practice probably varies amongst 

designers, but an effective length equal to the system length 
or an effective length factor of 0.85 are common choices when 
nominally pinned connections are anticipated.

6. High shear and bending. 
The last situation presented in Verulam was a member with high 
shear – sufficiently high to reduce the moment capacity. In the 
(hopefully hypothetical) scenario, the necessary strengthening 
was considered to be part of the connection design. Clearly, 
the connection plays no part in the combination of member 
design forces and the responsibility for selecting a member with 
sufficient strength lies squarely with the structure designer. 
 A relatively common (real) situation is when a floor plan is 
prepared, possibly indicating certain shear loads for major beams, 
but also with a general note stating that if no force is given, the 
connection must be designed for a certain minimum shear. This 
note can easily become too general, with the connections for small 
beams supposed to be designed for a shear force that exceeds 
the resistance of the beam itself. In general, the critical check for 
a beam is likely to be the bending resistance or deflection, with 
the shear force no more than about 60% of the beam’s shear 
resistance. High shears at the end of a beam are generally only 
produced if there is a concentrated load near the end of the beam. 

You can lead a horse to water …
The proverb continues  … but you can’t make them drink. There 
are very many resources available covering the sorts of topics 
raised in Verulam, if only designers knew of them and read them. 
A good place to start is the Steel Industry Guidance Notes (SIGNS), 
which cover a wide variety of topics. Searching for “SIGNS” on 
Steelbiz will produce a complete list, which could form the 
background to a succinct library of “good practice” guidance. 
You can also go to www.newsteelconstruction.com and search the 
Advisory Desk articles.
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Figure 3: Typical base detail
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