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A number of assessment codes and guides exist that take into account the particular details of old U-frame types and

riveted wrought iron construction; however, a significant number of old bridges still have details that cause difficulty in

reliable assessment or require very conservative assumptions, giving low assessed capacity. In this paper, an alternative

assessment method using non-linear finite-element analysis of an old U-frame railway bridge is presented. By using the

analysis results, some guidelines and recommendations are suggested that are considered to be useful for assessments by

the engineering community. However, this approach also has limitations, as it is reliant on assumptions that can be

difficult to confirm without extensive field monitoring and experimental testing. The analysis results showed that main

girders with non-code-compliant U frames do indeed benefit from a low but significant level of restraint to resist lateral

torsional buckling and also that girders that are marginally non-compact based on codified assessment methods may

actually have sufficient local stability to provide additional flexural capacity beyond the elastic moment capacity.
1. Introduction
The reliable structural assessment of old bridges is fundamental to
effective asset management of the UK bridgestock. In particular,
monitoring, maintenance and strengthening/replacement decisions
are heavily based on assessed capacity as well as structural
condition. A large proportion of the railway bridges in the UK
comprise steelwork U-frame types, and a significant number of these
bridges comprise older types of U frame that have not been used in
bridge design and construction for many decades. A common
example of this is the presence of cross-member end connections
not coincident with the main girder web stiffeners, which was
explicitly not covered in BS 5400-3:2000 (and not recommended)
(BSI, 2000) and is also not always covered by assessment standards.
This now obsolete bridge type also exists outside the UK and for
road bridges, with known examples in Australia and elsewhere.

This situation leaves the assessing engineer in a quandary, as either
the U frame is assumed to not exist (giving a very low assessed
capacity, often much less than the bridge has obviously experienced
previously on a daily basis) or a more optimistic engineering
judgement is made that the U frame does exist and is stiffer and
stronger (typically giving a much higher assessed capacity). There
is no reliable middle ground if only simple assessment methods are
used. It is also difficult to incorporate reliably the effects of poor
condition (e.g. section loss) or other defects. The assumption of
whether a reliable U frame exists or not, and the type of U-frame
connection, will also have an effect on web buckling capacity,
although this is not considered in detail in this paper.

Here a case study of an example of this problem is presented for a
very common type of railway underbridge that was assessed
recently. The bridge comprised a 10-m span with riveted wrought
iron main girders and transverse wrought iron troughing carrying
ballasted track. The assessment methods comprised both simple
assessment to codified rules in the Network Rail assessment
standard NR/GN/CIV/025 (Network Rail, 2006) and more
complex assessment by finite-element analysis (FEA). It should
be noted that FEA is recommended as one additional approach in
NR/GN/CIV/025 if a structure does not meet the assessment
criteria using simplified methods. Comparison of these methods
shows that many significant assumptions have to be made for
both the simple assessment and the assessment using FEA.

No firm conclusions are given on what may be the most appropriate
assumptions to use, but the range of assumptions and an indication
of their effect on assessed capacity are discussed. It is of interest to
wonder whether some form of, and to what extent, U-frame action
was ever intended to exist in the original design of this type of
structure. In many instances U-frame fixing details appear to be
located only to suit construction ease rather than structural
effectiveness or at least a balance of these factors. This paper gives
an insight into this complex problem to the assessment community
and researchers. Given the significant paucity on this subject in the
technical literature and assessment standards, the aim of this paper
is to raise debate in the assessment community and enable
improved, more consistent assessment methods or assumptions to
be developed. In the absence of this development, a large number
of bridges will need to be considered for strengthening or
replacement in the future at great cost and disruption.

2. Typical underbridge case study
The underbridge is a simply supported 10-m span U-frame
type bridge crossing the River Cam, Cambridge, UK in a rural
setting (Figure 1), originally constructed c. 1895. The bridge
superstructure comprises riveted wrought iron girders supporting
transverse troughing and two ballasted tracks, at a variable
skew due to a differing abutment orientation. The superstructure
is supported on metal-bearing plates seated on concrete-bearing
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shelves and brickwork abutments. The general arrangement of the
bridge is shown in Figure 2. This underbridge type is common in
the UK with hundreds of bridges of similar age and structural
form, although occasionally the track is supported on longitudinal
timbers directly fixed onto the trough rather than ballasted track.

Inspections and examinations showed that the bridge
superstructure is generally in good condition, with the majority of
the paint system intact and only minor section loss to localised
areas (such as the lower part of the webs in the trough area). The
centre girder had been strengthened previously using a ‘top-hat’
solution bolted onto the top flange of the original girder top flange
including packing plates. Record drawings also showed that in
some locations the packing plates providing a level bearing
surface for the bottom of the trough had also been replaced.

A particular defect identified on this structure was the loss of
rivets, or evidence of loose rivets, at a small number of
trough–girder connections. Additional inspections focusing on
each and every trough–girder connection showed that the details
of the connections vary (Figure 3). In some connections,
presumably original, the upper trough connection comprises only
an angle cleat connected to the trough and girder web with two
rivets each. However, the rivet edge distance and the general
‘good fit’ of the angle cleats vary considerably, suggesting that
when the bridge was constructed the girders were initially
installed, followed by the trough units, which were then
connected to the main girders using angle cleats to give the best
fit possible considering tolerances. Other connections have been
strengthened by welding of the top of the angle cleat to the girder
web or replacement of rivets with bolts. A small number of angle
cleat connections have missing rivets; the condition of existing
Figure 1. Underbridge over River Cam
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Figure 2. (a) Cross-section of underbridge (track omitted).
(b) Elevation of underbridge showing edge girders and trough deck


















