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3D model of new underdeck gantry

FORTH
AT LAST
With the installation of replacement runway beams
on the Forth Road Bridge a new underdeck gantry
can finally be installed, signalling the start of a
ten-year project to recoat the main trusses, writes
David Price
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he iconic Forth Road Bridge that
opened across Scotland’s Firth
of Forth in 1964 has some
significant challenges when it
comes to bridge maintenance.
The huge open truss structure leads
to complex access requirements in
relation to inspection and maintenance,
particularly when compared to other
large scale suspension and cable-stayed
bridges such as the M48 Severn Crossing, Fatigue crack found in
runway beam
the Humber Bridge and the adjacent
Queensferry Crossing, which use the
externally simpler trapezoidal box deck design. The main suspension cables
on the Forth Road Bridge, which have been fitted with acoustic monitoring
equipment and a dehumidification system to reduce the rate of corrosion,
also provide a challenge in terms of inspection and maintenance activities.
Eadon’s history with the bridge goes back over ten years and now
includes the design of several access gantries above and below the
deck. As one of the founders of Eadon, I worked on the design of the
original Cable Crawler gantry back in 2006. This design has been used on
numerous bridges in the UK and Europe and allows working access to the
full length of the main cables above deck level by traversing from low level
up to the height of the towers.
The mobile nature of the Cable Crawler gantry means that it is limited
in size and working load, and is therefore used for non-invasive inspection
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and light maintenance duties. For a more substantial working area on
the main cables a different type of gantry was designed. The Main Cable
Inspection Platform is a static structure that is mounted on the bridge deck
and substantial hoisting equipment is installed to lift the platform up to
the main cable where it is secured. This type of platform allows for major
works to take place on the main cable such as invasive cable inspection and
compacting then rewrapping the cable afterwards.
Runway beams were retrofitted to the bottom chords of the bridge’s
main trusses back in the mid-1980s to allow for the installation of
underdeck maintenance gantries. The steel gantries, which spanned the full
30m width of the bridge and weighed over 20t, incorporated two mobile
elevated working platforms (MEWP’s) to allow full access to the intricate
arrangement of steel girders which make up the bridge structure. It was a
significant upgrade in safety and functionality at the time for carrying out
bridge inspection and maintenance activities, which had previously relied
on roped access techniques.
Fast forward to 2016 and Eadon Consulting were appointed by Amey,
the then bridge operator acting on behalf of Transport Scotland, to design
a new additional underdeck gantry for the main span of the bridge, to
complement the two existing gantries which were to be refurbished. The
gantry design was completed in 2017, however, the following year before
the start of manufacture an important discovery was made during routine
inspection operations from the existing main span gantry.
A significant horizontal crack was discovered on the web of a section of
the east runway beam. Gantry operations were immediately suspended
and on close inspection a further four cracks were found at similar
locations. The cracks originated at a fatigue sensitive class of detail where
there is a stress concentration at the welds on the ends of half-height web
stiffeners. This welded detail is subjected to cyclic tensile loads every time
each pair of suspension wheels passes the location.
The decision was taken to replace the runway beams and a new design,
utilising a more substantial, asymmetric beam, and avoiding onerous stress
concentrating details was carried out by Amey and independently checked
by Eadon. This substantial project to replace 3.6km of runway beams took
place over the course of 2020 and they are now ready to receive the new
additional underdeck gantry. The new gantry constructed by the Spencer
Group will also be installed by the firm, acting on behalf of new bridge
operator Bear Scotland.
Whilst this project was being carried out, the two original gantries
were removed from the bridge and a principal inspection undertaken.
The general condition and the fact the gantries are well over 30 years
old, has led to them being permanently decommissioned with a view to
replacement in 2022.
The design for the new additional underdeck gantry for the Forth
Road Bridge was to replicate the existing gantries in terms of form and
functionality but be compliant with modern safety and design standards.
There are no specific codes for the design of suspended access gantries of
this type and scale and so various other documents are adopted to fill the
role. BS EN 13001, the suite of documents relating to General Crane Design
was the primary design standard used, with the structure sharing some
similarities with a gantry crane. BS EN 1808, a code for Suspended Access
Equipment, albeit of a much smaller nature, was used as a basis for levels
of safety factors as well as load testing criteria. Where these standards
were found to be lacking, for example in determining wind loading, the
Eurocodes were called upon to fill any gaps. Steelwork manufacture
was carried out to BS EN 1090-2 and, although not a particularly fatigue
sensitive structure, execution class EXC3 was chosen due the critical
nature of many parts of the gantry.
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VISIBILITY SENSOR FOR HARSH CONDITIONS

A

New gantry on test trestles

The gantry is classed as a complex machine, and despite the fact
that it is a bespoke piece of equipment designed and used solely for the
benefit of the purchaser, it still has to comply with the Machinery Directive
2006/42/EC. Under this directive the gantry is classed as an ‘Annex IV’
machine based on the fact that part of the machine, the on-board MEWPs,
are designed to lift personnel to a height greater than 3m. The Annex IV
classification covers a hazardous group of machines and as such one route
to compliance involves independent assessment by a Notified Body.
Every maintenance gantry installed on the major bridges around the
country is unique, designed to fit the particular dimensional aspects of its
host structure. However, regardless of the size, shape and characteristics of
the gantry, they all present a similar set of design challenges.
A gantry is usually designed to be permanently installed on a bridge
and so has to withstand the full range of possible climatic conditions over
its lifetime including wind during various different operational conditions.
Storm winds tend to be one of the most onerous loads a gantry will be
subjected to and the exposed location and height of the bridge mean
winds in excess of 160km/h need to be catered for. On most bridge access
gantries including this one, storm bracing is installed to anchor the gantry
to suitable, secure locations on the bridge, fixing it in a horizontal plane and
preventing the runway beams from being overloaded.
As well as horizontal forces from the wind, an often neglected load is
the vertical force caused by pressure differentials above and below the
deck, similar to the effect of wind on an airplane wing. The open mesh
flooring on the FRB gantry design negates this effect, necessary to prevent
runway beam overloading. Another significant issue with gantry design is
to limit forces on the runway beams to acceptable levels. Runway beams
are commonly made of an I-section such as a Universal Beam or Universal
Column, or in this case an asymmetric steel beam. These open sections
don’t perform well in torsion and hence it is important to understand and
control the forces they will be subjected to. Other than the obvious dead/
live vertical loads on the runways, the main sources of transverse load
on the runways are in-service wind when no storm bracing is installed;
variation in runway beam centres; grantry skewing across bridge width.
The loads due to in-service wind are generally dictated by the
operational wind speeds and are well defined. Loads due runway beam
tolerance and skewing can be extremely high and hence limits must be
imposed and designed around. It is important that the suspension trolleys
– in the case of the FRB gantry – have sufficient articulation so they don’t
overly restrain the gantry and consequently overload the runways.
Following the successful load testing in March, the gantry is due to be
installed and commissioned on the bridge in summer 2021. This milestone
will then enable the start of a huge program of works to repaint the main
trusses, a US$139-million job that will take ten years n
David Price is a director at Eadon Consulting
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A road weather/visibility
sensor for use in harsh
road-side environments and
which can be integrated into any
road weather information system
has been launched by Biral.
The RWS-20 has a measurement
range of 10m to 7.5km and is
designed for use in road applications
where fog, rain, spray and snow can
create dangerous driving conditions.
The optical windows and sensor
hoods contain heating for harsh
weather conditions throughout the
year. Both optical windows have
systems for lens contamination
monitoring, ensuring visibility
output is constantly compensated
to maintain accuracy, reducing
routine maintenance duties.
In addition to monitored window
heating, the RWS-20 has a two-year
warranty and self-test capabilities,

along
with
automatic alerts for
cleaning the optical
windows. The product
has a serial data output of RS232,
RS422 or RS485, while providing
analogue voltage visibility outputs
(0-10V) or the extinction coefficient.
The sensor also features optional
relays that can directly connect
to road-side signage and other
control systems, allowing intelligent
communication and operation of
local warning signs.
The sensor is based on the
company’s existing range of visibility
sensors and is described by the
manufacturer as ‘very competitively
priced’.
Biral
www.biral.com

RECOGNITION FOR BATTERY-POWERED CRANE
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iebherr-Werk Nenzing has
been declared Innovation
Manufacturer Award winner
for developing the world’s first
battery-powered crawler crane at
the end of 2020.
The Awards are conferred by
Europaische SchwertransportAutomoilkran (ESTA), a European
association for abnormal road
transport and mobile crane rental
industry.
The 220t-capacity LR 1200.1
Unplugged and the 250t LR 1250.1
Unplugged are claimed to be the
world’s first battery-powered
crawler cranes, with zero exhaust
emission at the point of use.
The LR 1250.1 is driven by
an electric motor with a power
rating of 225kW and, according
to Liebherr, its performance is
comparable with conventional
versions. Another benefit of the
technology is its low level of noise
when operating, which makes the
crane suitable for use in areas
sensitive to noise.
The blue-coloured cranes can
be recharged on a conventional
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jobsite electric supply (32A, 63A) in
4.5 hours and optionally with 125A
in 2.25 hours. The capacity of the
battery is designed for four hours
lifting operation. The crane can be
operated with or without a cable.
An LR 1250.1 has already been
deployed on site in Oslo and
further models in the series are
expected to go into operation in
the UK over the coming weeks,
according to the manufacturer.
Gerhard Frainer, sales director
of Liebherr, commented that
other electric models are being
developed for future launch.
Liebherr-Werk Nenzing
www.liebherr.com
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