Innovative repairs to
the concrete 1930s
“Tecton’ structures
at Dudley Zoo
fascinated delegates
on a recent SPAB
Repair course. s
We invited structural
engineer Stuart Tappin,
whose practice Stan
Consulting Engineers®
worked on the
Z00’s remarkable
architecture, to write.
about the project '

t is unlikely that a new zoo would open now,
but if one did how many would turn up over
the first weekend? Probably not the numbers
that turned up 80 years ago, when Dudley Zoo
opened on the Whitsunday weekend and the
Dudley Herald reported: “Bewildering Bank

Holiday Traffic Scenes on Castle Hill. Estimated
150,000 visitors — 50,000 admitted”.

By the end of 1937 the zoo had had nearly
700,000 visitors and most would have come to see
the animals and the 16th-century ruins on the top
of Castle Hill. The third attraction was the
buildings themselves and for many it is likely to
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have been their introduction to the Modern
Movement. While de-industrialisation has meant
the area is no longer “black by day, red by night”,
the zoo continues to be the main attraction in this
part of the West Midlands. Recent works, aided by
the Heritage Lottery Fund, have repaired a number
of the reinforced concrete buildings and structures
— all listed Grade I1* or II — so that they are once
again an attraction in their own right.

The story of the zoo begins in 1935. Castle Hill
was owned by the 3rd Earl of Dudley, William
Humble Eric Ward, and he formed the first board
of directors of the Dudley Zoological Society

Limited with a local businessman, Ernest Marsh,
and William Frank Cooper. Captain Cooper — of
the jams and marmalade family — was looking to
close his zoo in Oxford and find a new home for
his animals. The Superintendent at London Zoo
was appointed as their advisor and he introduced
the Thbilisi-born architect Berthold Lubetkin whose
practice, Tecton, had recently designed the Gorilla
House and Penguin Pool in London. The structural
engineer at London Zoo was Ove Arup and at
Dudley he was the director responsible for designs
and tenders for the contractor JL Kier and Co Ltd.
To have the zoo open in the spring of 1937
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The bear ravine after (above and top): ‘This
platform is the most complex structural element
at the zoo, but by establishing how it stands up
and understanding the causes of the damage we
were able to determine where a “helping hand”
was required and target works to those areas.’
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The bear ravine before (above): ‘The initial review of the bear ravine had identified significant
structural issues with the cantilevered viewing platform. The bear ravine before (below): Most
defects were as a result of inadequate concrete cover to the steel reinforcement. This had led the

to corrosion of the bars and extensive areas of spalled concrete. Along with the corrosion of the
bars there was an unsettling “bounce” when walking at the end of the platform and a number of
cracks due to structural movement.’
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meant that the design and construction had to
proceed at a rapid pace. There were further
pressures from dealing with the Ancient
Monuments Department of the Office of Works
which was concerned about the setting and
integrity of the castle, and Lubetkin’s design kept
a respectful distance. There were also unexpected
engineering challenges from the unrecorded
tunnels and mines for the extraction of limestone
and coal. All these factors led to much of the final
design being carried out on-site by the project
architect Francis Skinner and Kier’s resident
engineer, Ronald Sheldrake. Inevitably there were
compromises, as we shall see, for both the design
and the quality of construction.

As reinforced concrete is not usually found on
the pages of this magazine, it is worth briefly
putting the buildings at Dudley Zoo into context.
The patent for Portland cement was taken out in
1824 by Joseph Aspdin, a mason from Yorkshire,
but the UK, in comparison with continental
Europe, was slow to pick up on the possibilities of
this new material. Further patents, mostly from
overseas, were taken out during the 19th century
and into the 20th century that combined concrete
with reinforcement in various ways. There were
however a number of significant early reinforced
concrete structures in the UK, in particular the six-
storey Weaver and Co flour mill built in Swansea
in 1897 (demolished 1984) and the Royal Liver
Building at Liverpool Pier Head that, when
completed in 1911, was the largest reinforced
concrete framed structure in the world. Both were
built using the French Systeme Hennebique, but
these were exceptions and the set-up of the UK
construction industry during the first half of the
20th century meant that the majority of large
buildings tended to have a steel frame.

Things began to change in the early 1930s
with the arrival of architects, engineers and
contractors from Europe who brought new
forms and styles, new methods of
structural analysis and innovative
techniques to build with concrete. The
patented systems could not keep up
with these new demands and the
structural design at Dudley was
developed from first principles,
albeit with the engineer working for
the contractor rather than as an
independent consultant.

In 2011 Stand Consulting
Engineers was appointed as part of
the design team led by Bryant Priest
Newman Architects for the repair and
refurbishment of four of the structures;
the original entrance to the zoo, the bear
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Right: Dudley Castle, viewed from the
zoo. Work went on around the merkats to
avoid any disruption to their breeding regime
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The canopied entrance before ‘The top of the entrance canopies had never been waterproofed and had been designed with a shallow fall to a small
drainpipe that ran through the kiosks below, although the majority of rainwater ran over the edge of the roof slabs. The concrete was, unsurprisingly, damp.’

ravine and a nearby kiosk, all individually listed at
grade II*, and the grade II Station Café that now
serves as the main entrance and shop. All were in a
poor condition and the bear ravine and kiosk had
both been out of use for a number of years.

As with all types of structures a key part of the
assessment was to understand the cause(s) of the
damage. A building materials specialist, Rowan
Technologies, carried out a range of non-
destructive and invasive investigations that helped
us to confirm that the majority of concrete was of
a good quality and most defects were as a result of
inadequate concrete cover to the steel
reinforcement. This had led the to corrosion of the
bars and extensive areas of spalled concrete.
Although unsightly the damage to the
reinforcement was mostly superficial and it was
only on the viewing platform of the bear ravine
where concerns about the structural performance
were identified.

As the modern layers of paint were removed ;
during pre-tender investigations — taking care not The zoo entrance, following work
to damage the surface of the concrete — a number
of repairs were exposed along with traces of the
original painted finish. None of these previous
repairs had addressed the underlying causes of the
damage and consequently they had also failed.
SPAB readers will not need to be reminded that
the use of like-for-like materials is one of the key
principles for the repair of historic structures, but
until recently the majority of concrete repairs were
carried out using high-strength epoxy mortars that
are significantly different to a traditional mix of
Portland cement, sand and aggregate.

These modern repair mortars were developed
for utilitarian structures such as motorway bridges
and the relevant British Standard is premised on
their use. Their application on listed buildings is
however being questioned by organisations 2
including Historic England, the 20th Century = e 0 5 v
Society and ICOMOS. As with more traditional The zoo shop, plctured after the recent work had taken place, was also part of the project
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forms of construction, a repair that uses
compatible concrete will reduce the risk of future
differential movement from thermal expansion and
contraction or due to changes in the moisture
content. In addition, the alkalinity of a cement-
based repair can help to protect against future
corrosion of the nearby steel reinforcement.
Finally, for listed structures with an exposed
concrete, a compatible mix will provide a closer
visual match to the original fabric.

A key aim for the repairs at Dudley was to use
a concrete mix that was similar to the original
construction wherever possible. This was fully
supported by the project team and client together
with English Heritage, as was, and the 20th
Century Society. Another part of our conservation-
based approach was not to repair unless there were
clear signs of damage. This meant, for example,
that poorly formed construction joints or local
irregularities in the surface from poor compaction
of the concrete would be retained as a record of
how the structures were originally built.

A useful aid when assessing historic buildings
is to put yourself in the place of the original
designer or builder and then consider how items
like the methods of analysis and the availability of

tools and skills had an influence on what was built.

One area where this proved useful was in
understanding the poor condition of the underside
of the curved slabs to the original entrance. There
is little information from the 1930s of how the
steel reinforcement was to be supported as the
concrete was placed, but a reference in Cassell’s
Reinforced Concrete, published in 1920, mentions
the use of notched timber templates. It notes these
“can be removed shortly after the concreting has
begun, quite a small quantity of concrete
sufficing to hold the rods in place”. If this

method was employed the undulating shape of
the slabs meant it was almost inevitable that

the bars would slump towards the bottom
of the wet concrete and come to rest on
the timber formwork. These bars would
have been visible as soon as the
formwork was removed and we can
only surmise that the pressure to
open the zoo to the public led to
a “make-do” approach of adding (.
a thin render and paint to hide
the exposed reinforcement.

In early 2013 trials of the
proposed repairs were carried
out. These explored different
methods to remove the damaged
concrete, how to deal with the
limited concrete cover to the bars,

Right: Staff at Dudley Zoo ¥
dressed in 1930s style to
celebrate the 80th anniversary of
the opening earlier this year
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masonry contractors with experience of concrete
repairs. A local firm of stone masons was selected
and the works began in September 2013.

Most repairs used a 1:2:4 cement: sand:
aggregate mix to match the original concrete with
the size of aggregate chosen to suit the depth of the
repair. The procedure was for the edges of the
damaged concrete to be cut using a small disc
cutter with the arrises slightly undercut, as for a

Below: The back cover of the official ~ dove-tail joint, to improve the mechanical
Dudley Zoo 1938 guidebook  adhesion of the repair material. The entire surface
e of the exposed reinforcing bar had to be accessible
R ____ toremove rust before an anti-corrosion
coating was applied. All the surfaces were
then covered with a cement slurry
immediately before placing the concrete. In
general, the concrete had a plain finish but
|| the surface was worked to match the
existing finishes including reproducing the
lines of joints formed by the original shutter
boards.

There were some locations, mostly to the
soffit of the slabs and beams, where a repair
using a thin coating with a traditional
concrete mix was not feasible. To repair

using concrete would have involved either
the removal of all the existing concrete to
recast around retained reinforcement or
increasing the thickness of the slab to provide
an acceptable cover to the bars. Recasting the
slabs involved the loss of large amounts of
original fabric and had cost and programme
implications. Thickening the slabs would have
had structural implications due to the additional
weight of concrete and significantly changed
the appearance. As with most conservation
projects there had to be a balance between key
conservation principles like the retention of the
maximum amount of original fabric, reversibility
and for the use of like-for-like materials. After
much discussion a 4mm-thick modern render
was used to repair the soffits with a finished
surface to match the surrounding board
marks.
The top of the entrance canopies had
never been waterproofed and had been
designed with a shallow fall to a small
drainpipe that ran through the kiosks
_ below, although the majority of
" rainwater ran over the edge of the
"> roof slabs. The concrete was,
BB\ | nsurprisingly, d d
rprisingly, damp and a
. temporary covering was placed
] over each slab to allow the
" structure to dry prior to the
% repairs. A roof covering has now
been applied to protect the concrete
and the painted soffit. The design
criteria included being reversible, the
ability to accommodate thermal movements
and to be visually acceptable from below and

an assessment of the amount of water and
proportions of the cement: aggregate repair mix
and how to match the surface finish. This helped to
inform the tender documentation and
specifications were written “from scratch” to cover
repairs in different locations (top, side or soffit)
and for different degrees of damage. Tenders were
issued to concrete repair specialists and general
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above for the view from Castle Hill.

The works to the entrance and shop were
completed in time for Easter 2014 and to much
acclaim. The zoo then knew how much money
was left for the more extensive works to the bear
ravine and the project team had the benefit of the
knowledge gained from the first phase of works.
The initial review of the bear ravine had
identified significant structural issues with the
cantilevered viewing platform. Along with the
corrosion of the bars there was an unsettling
“bounce” when walking at the end of the
platform and a number of cracks due to
structural movement. The tender allowed to
strengthen the platform by replacing all the
concrete to the parapet with additional
reinforcement alongside the existing bars, and
additional reinforcement to the top and bottom
of the slab.

A key difference was that the contractor for
the entrance and shop was no longer involved

but their foreman, Carlo Diponio, along with two

apprentices being trained in concrete repairs as
part of the grant from the HLF, became direct
employees of the zoo. One indicator of the
successful outcome of the works was that Carlo
was a winner in the Outstanding Contribution to
Heritage category for the 2016 Historic England
Angel Awards.

Once the works began it found that the bear
ravine concrete was in a much better condition
than had previously been anticipated and we
worked closely with the on-site team to repair
rather than rebuild the parapet. The quality of the
repair to the corrugated finish of the parapet walls
was a major achievement and the attempts by
visitors during a number of open days to match the
finish demonstrated the skills that are needed to
successfully repair concrete. We also explored an
alternative to the tender allowance of additional
mesh reinforcement within a high-strength render
on the top and bottom of the platform. This
platform is the most complex structural element at
the zoo but by establishing how it stands up and
understanding the causes of the damage we were
able to determine where a “helping hand” was
required and target works to those areas. Narrow
carbon-fibre sheets, each 1mm thick, were bonded
to the concrete in these areas to provide the
additional strength without any significant change
in weight or appearance. Once again the
conservation arguments were debated beforehand,
balancing the use on a modern material against the
widespread replacement of original fabric or a
change of appearance. Once the repairs were
complete there was a noticeable reduction in the
bounce when walking on the platform.

The structural repairs to the nearby kiosk were
more straightforward. The base of each hollow
steel columns had completely corroded and steel
sleeves were welded around the base to reinstate
the original support. These works were completed
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The penguin
pool at
London Zoo
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LUBETKIN AND TECTON...

BERTHOLD Lubetkin was a Russian émigré architect who pioneered modernist design in Britain in the 1930s.

Probably born in Thilisi, now the capital of Georgia, Lubetkin practised architecture in Paris in the 1920s where
he associated with leading figures of the European Avant Garde, including Le Corbusier.

Emigrating to London in 1931, he set up the influential architectural practice Tecton. The first Tecton projects
incduded landmark buildings for London Zoo, notably the gorilla house and penguin pool.

Tecton was also commissioned by London Zoo to design buildings for its reserve park at Whipsnade and to
design a completely new zoo at Dudley in the West Midlands. Dudley Zoo consisted of twelve animal enclosures
and was a unique example of early Modernism in the UK. All of the original enclosures survive, apart from the
penguin pool, which was demolished in 1979. According to the 20th Century Society: “Encapsulated in the playful
pavilions at Dudley is a call to remember the higher calling of all architecture, embracing not just material needs

but also the desire to inspire and delight.”

early in 2015 and the on-site team then moved on
to the sea lion pool and the former reptillary. Now
home to meerkats this is the only enclosure not to
have been painted. The work to repair the concrete
and the highly skilled operation to match the
exposed-aggregate finish had to be carried out in
stages with the meerkats remaining in place to
avoid any disruption to their breeding regime.
These repairs now form an important part of
the history of the zoo and an area in the shop has
an interpretive display that tells the story of the
zoo and its buildings. As the conservation-based
approach to the repair of historic concrete is still at
an early stage the works to the bear ravine are now

being monitored by Historic England. The results
to date are encouraging and should, for the first
time, provide reliable information on the
performance of traditional concrete repairs. This is
important as the number of listed reinforced
concrete buildings and structures continues to
increase.

® Stuart Tappin is a structural engineer with his
practice, Stand Consulting Engineers, who are
based in a 1960s listed building. He is a member
of the 20th Century Society Casework Committee
and the UK representative for the ICOMOS
International Scientific Committee for 20th
Century Heritage.



