
R econstructing a concrete bridge 
can prove more challenging than 
building one from start to finish. It 
involves working around an existing 

structure, which often places limitations on 
construction methods and logistics. This 
becomes more complicated when there is a 
major traffic route operating as normal above 
the site, resulting in inadequate working 
space and increasing the pressure on the sub 
contractor to choose the right systems for the 
project.

The relationship between all elements of 
the bridge, from the deck to the piers, needs 
to be considered prior to construction.

Responsible bodies have a duty to maintain 
the serviceability of a bridge for the design 
life of the structure. It is crucial that the 
supporting elements provide the required 
strength to support the deck and ensure 
that it is safe for public use. Bridge bearings 
accommodate the movement of the bridge 
deck and transfer loads from the bridge 
deck directly into the supporting piers or 
abutments below. Regular inspection and 
maintenance is crucial to ensure bearings 
work efficiently.

At Nene Bridge in Peterborough, the 
bearings had reached the end of their 
serviceable life and needed replacing. 
However, it was essential that disruption 

to the public was minimised. Therefore, in 
order to replace the bearings, the bridge deck 
required lifting with a temporary jacking 
arrangement. This would allow traffic to 
cross the bridge as normal, without causing 
any disruption in the process.

Expanding the piers
Early in the project, it became clear to main 
contractor Skanska and subcontractor Bell 
Formwork that there was insufficient room 
for the jacking device at the top of all piers. 
As a result, all piers had to be reshaped using 
cast-in-situ concrete to create a larger surface 
as required.

Retaining the character and Y-shaped 
geometry of the bridge piers was an 
important consideration for the scheme and 

Above: Eight piers 

support the weight of 

the bridge; four are on 

land and four in the 

river.

Darren Billenness of PERI discusses the unique formwork challenges in 

creating Y-shaped piers for a bridge reconstruction project.

Nene Bridge, Peterborough

3D software was used to visualise 

the formwork in-situ.
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this was a deciding factor when selecting 
which formwork material to use for 
reconstruction. The new concrete surface 
had to resemble the existing multifaceted 
geometry and architectural function of the 
piers. To achieve the desired shape, various 
materials were considered – from polystyrene 
to steel forms – before deciding to use ply 
face and timber girder formwork. This was 
selected as the component arrangement 
suited site requirements.

Following on from the successful delivery 
of freeform formwork for the V&A Museum 
of Design in Dundee, PERI was appointed to 
supply similar CNC-cut cleat boxes to form 
the irregular shapes and elevations of the 
piers on Nene Bridge. By using custom-made 
cleats, the subcontractor could specify panel 
joints and tie points to replicate the existing 
design on the concrete.

Commenting on the project’s complexity, 
Mark Bristow, contracts director of Bell 
Formwork, says, “The project was technically 
challenging and would have been impossible to 
deliver without 3D technology.” On complex 
projects like this, 3D software can accelerate 
the design process, as the relationship between 
formwork and the existing structure can be 
visualised beforehand.

When delivering an exposed concrete 
finish, particular attention needs to be given 
to the alignment of panel joints. 3D software 

was used to understand the precise formwork 
requirements of each facet, especially as there 
were no 90° angles on the structure. This 
enabled correct alignment between panel 
faces, which was crucial in order to produce 
a consistent architectural pattern around the 
piers. 3D drawings enabled accurate CNC-
cut cleat boxes to be fabricated off-site and 
delivered in time for assembly.

Overcoming site limitations
Due to the low clearance under the bridge, 
cranes were unable to operate to their full 
capacity. To facilitate the positioning of cleat 
boxes, each segment was built as per the 
customer’s requirement.
A single cleat was purposely built so that 
it weighed no more than 70 kg, making it 
suitable for operatives to lift and assemble 
each one in-situ, by hand.

A single cleat offered two uses – it was 
installed on one pier before being reused in 
the same position on an adjacent pier.

The location of the piers added to the 
complexity of construction work. Four of 
the piers are on land and the remaining 
four are situated in the river. To mirror the 
working conditions on land, Skanska erected 
a cofferdam and constructed a foundation 
slab on top to provide a stable and levelled 
platform, allowing formwork and scaffolding 
systems to be erected as normal.

Vario freeform formwork 

constructs the unique facets 

of the Y-shaped pier.
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Compatibility of formwork
The intricate shape of the piers is almost 
impossible to achieve using steel formwork. 
Even then, it would require multiple special 
connectors to join all sides together securely.

Vario freeform formwork offered the 
flexibility and the required strength to 
withstand concrete pressures of up to 
67.5kN/m2, in addition to realising the 
architectural detail. The formwork designer 
worked alongside its team in Germany to 
manufacture bespoke cleats consisting of 
plywood intersections for extra support.

Each pier was encased with 100m2 of 
cleat boxes that accurately formed the 
desired shape. Cleat boxes were faced with 
18mm-thick ply to ensure that a good finish 
to specification was created on the exposed 
surface. All shutters had to be installed from 
behind, as the concrete was poured against 
the existing structure of the piers, thus 
reducing visibility and access to the formwork 
face. This made it difficult to match all joints 
and ties correctly.

To increase visibility and control during 
installation, a ply strip was detailed between 
Vario GT24 girders and cleat boxes, which 
would not have been possible using steel 
panel formwork. Additionally, the walers 
enabled operatives to make continuous 
adjustments in order to tighten or align panel 
connections as required.

Bell Formwork used a tried-and-tested 
method to facilitate the installation of 
formwork and to reduce the requirement for 
manual handling. Air skids, a device used to 
transport and support heavy loads via a bed of 
air, lifted up to 8 tonnes of in-situ formwork 
by 2mm, transporting it from one pier to an 
adjacent pier, without dismantling more than 
one side of the formwork.

Each pier was poured in two lifts, with a 
single lift comprising 70 cleat boxes. Pouring 
in two segments allowed visual confirmation 
that the concrete had flowed around all 
areas of the formwork. A lightweight 
self-compacting concrete (SCC) assisted 
the process, as it was able to flow into the 
complex shape of the formwork more 
consistently than conventional concrete and 
without requiring vibration for compaction.

Due to its high-flow rate, SCC exerts a 
higher pressure than conventional concrete 
and demands a durable and compatible 
formwork system to meet its requirements.

As a result, Vario was designed to take 
the full hydrostatic pressure, meaning that 
the system was capable of withstanding the 
maximum pressure exerted by the concrete, 
which was 67.5kN/m2.

Positioning ties closer to pour joints also 
strengthened the design, in addition to 
reducing grout loss and creating a consistent 
finish. ■

After formwork removal, a smooth exposed 

concrete finish can be seen.
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