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1. Introduction 

Stand Consulting Engineers was instructed by Dudley Zoological Gardens to prepare a structural 
engineering report for the repair of four structures designed by Tecton Architects. This report is part 
of a submission for grant-funding to the Heritage Lottery Fund.  

We have made two visits to the zoo, on 12th July 2011 with the architect, Bryant Priest Newman 
and Rowan Technologies Limited, and a visit and project team meeting on 25th July 2011. 

This report is based on a desk study of our own information, together with reports and drawings 
provided by others, together with our assessment of the four structures.  The condition and repair 
of the existing reinforced concrete structures is covered in the report by Rowan and so is not 
repeated here.  

It is proposed to repair four of the structures; the Entrance, the Safari Shop, the bear ravine, and a 
kiosk adjacent to the bear ravine.  During our visits we also had a general look at the other 
structures from the same period to get an overall impression of the quality of construction and their 
condition.  Our brief comments on these are included with this report. 

We worked on many 20th century buildings and structures including a 1930 steel and reinforced 
concrete factory designed by Wallis Gilbert, the Barbican Art Centre in London, and the Melnikov 
House in Moscow.  We have lectured for a number of years on the repair of reinforced concrete 
structures and buildings at West Dean in Sussex and at an ICOMOS conference in Madrid this 
year on the conservation of 20th century heritage. 

2. Summary of the existing structures 

Thirteen structures for a variety of uses were built at Dudley Zoo between 1935 and 1937.  The 
architect was the Tecton Partnership with the structural design and construction by JL Kier & Co. 
Ltd.  The principal structural material is reinforced concrete. Patch repairs to corroded 
reinforcement and spalled concrete has been carried out to most of the structures we saw. The 
majority of these repairs have failed. 

The zoo is sited around Castle Hill which is shown on the British Geological Survey map as an 
outcrop of siltstone from the Coalbrookdale formation. 

1. The Entrance Canopy 

This grade II* listed structure is formed by solid steel columns which support five separate, curved 
reinforced concrete slabs.  The columns are shown on a record drawing to bear onto a shallow 
reinforced concrete foundation.  We assume that the roof slabs act as two-way spanning structures 
with additional reinforcement between the columns as noted on drawing EC 01. There is corrosion 
of the steel columns at ground level which has resulted in a reduction in size from 90 mm to 
approximately 70 mm in diameter.  



  

There is extensive corrosion of the reinforcement and spalling of the concrete to the underside of 
the slabs.  Providing temporary support to the reinforcement of the slab in the curved slabs as they 
were cast in order to maintain adequate cover seems to have been a particular problem and there 
are areas where the reinforcement is visible on the soffit.  

1. Dudley Zoo Shop 

This is a reinforced concrete framed structure. Some internal alterations have taken place in the 
past to create a more open plan area including the removal of one of the reinforced concrete 
columns which has been replaced by a steel beam supported on a steel column at each end. 
There are some local areas of corroded reinforcement and spalled concrete but no obvious signs 
of significant structural defects.  It is listed grade II. 

2. The Bear Ravine Kiosk 

This small, grade II* listed structure is formed by four circular steel hollow section columns which 
support a flat reinforced concrete roof slab. It is partly enclosed by reinforced concrete walls and a 
slab at counter level. We assume that the foundations are shallow mass concrete pads and strips. 
The existing structure is summarised on drawing K 01. 

The base to one of the columns has completely corroded and the support is now provided by the 
encasement of the steel in the reinforced concrete slab at counter level. There is corrosion to the 
counter and roof slabs and some erosion of concrete to one side of the roof slab. 

3. The Bear Ravine 

The grade II* listed former bear enclosure is one of the largest structures at the zoo.  It is built 
against part of Castle Hill and is formed of reinforced concrete retaining walls and columns onto 
pad and strip footings, with reinforced concrete slabs and stairs.  Circular hollow steel columns 
have been used locally around the stair well.  There is a large viewing platform which cantilevers 
over the animal enclosure below.  

Parts of the structure are in a poor or very poor condition.  There is extensive corrosion of the 
reinforcement and steel columns and large areas of spalled concrete.  There are longitudinal 
cracks in the cantilevered slab that indicate deflection of the structure. The existing structure is 
summarised on drawing B 01. The structural action of the cantilevered viewing platform is shown 
on drawing B 02.  

3. What were the contexts for the structural design? 

The first British code of practice for concrete was the 1933 document, “Report of the Reinforced 
Concrete Structures Committee of the Building Research Board with recommendations for a code 
of practice for the use of reinforced concrete in buildings”.  This provides useful information on the 
design and specification of reinforced concrete structures from this period.  For example the cover 



  
to main bars “shall be 1 inch” (25 mm) and ½ inch for secondary bars.  As a comparison the 
modern practice for structures with a similar exposure condition would be a minimum of 40 mm 
concrete cover to all bars. 

Concrete would have been mixed on site using mechanical equipment.  The proportions for the 
cement, sand and aggregate are typically in a ratio of 1:2:4 which would give strength in the order 
of 25N/mm2.  The results from the Rowan tests found a higher strength, for the bear ravine it was 
generally 40 N/mm2 to 55 N/mm2.  This indicates good design practice, together with good quality 
control and supervision during the placing of the concrete. 

The reinforcement is from one of the many propriety systems that were available at the time.  
Some of the bars exposed in the parapet wall to the bear ravine are square twisted bars and may 
be the Ransome system which was developed by Ernest Ransome in the USA and first patented in 
1844.  

Support to the reinforcement is described in “Cassell’s Reinforced Concrete” edited by Bernard 
Jones which was first published 1913 and “new and enlarged edition” made in 1920.  This shows 
that bars are laid on wood blocks and strips which are “removed as soon as there is sufficient 
concrete in the moulds to keep the bars in place.”  This process does have the risk that the bars 
will not be fully supported and if walked on during concreting the cover will be less than specified. 

Design books were available from the beginning of the 20th century for the majority of the 
reinforced concrete structures.  These included Design of Arch Roofs in 1932, and Design of 
Domes in 1937 both by J.S. Terrington.  The Analysis of Engineering Structures by A. J. S. Pippard 
and J. F. Baker published in 1936 took engineers through the design from first principles.  With his 
European background Arup would have been familiar with the analysis from more innovative 
structures built in France, Germany and elsewhere.  The majority of the structures at Dudley would 
have been designed following established principles.  Special structures such as the entrance 
canopy roof slabs, the cantilevered slab to the bear enclosure and the ramps for the now 
demolished the penguin pool would have required analysis from first principles. 



  
4. The Ove Arup/Tecton relationship 

Ove Arup was born on the 16th April 1895 in Newcastle where his father was working as a 
consultant for the Danish government supervising the health of beef cattle.  Within a year the 
family relocated to Hamburg where they lived for twelve years.  Between 1907 and 1913 Ove was 
at a boarding school in Sorø in Denmark before studying philosophy and then engineering at the 
Polytekniske Lëreanstlt in Copenhagen.  Arup’s approach from his time at the Polytekniske is 
summed up early in Peter Jones’s biography; “Gropius’s goal of unity and Le Corbusier’s 
celebration of engineering provided the core and foundation of everything for which Ove 
subsequently campaigned.”  After graduating, his expertise in reinforced concrete led him to work 
for the Danish contractor, Christiani and Nielsen, initially in Hamburg then, by virtue of his British 
citizenship, to London in November 1923.  
 
The construction industry in the UK during this period was dominated by the use of steelwork; a 
steel frame will be behind most of the brick or stone-clad elevations of buildings from the 1920s 
and 1930s.  The influence from Europe of the Modern Movement was beginning to feature in the 
late 1920s with houses like High and Over in Amersham and was spurred by the arrival of émigré 
architects during the 1930s.  One of the first to arrive was Berthold Lubetkin who was born on 14th 
December 1901 in Tbilisi, Georgia and had worked in Paris during the 1920s before arriving in 
London in 1931 where he set up Tecton.  

An early Tecton commission, in 1933, for the Gorilla House at London Zoo led Lubetkin to Arup.  
Lubetkin had decided it should be constructed in reinforced concrete but without any experience of 
this in England he contacted the Paris office of Christiani and Nielsen.  They referred him back to 
the Christiani and Nielsen office in London and to Ove Arup.  The next collaboration was to be the 
eight-storey residential block, Highpoint in Highgate, north London. It seems that C+N was 
reluctant to tender for works that went beyond the reinforced concrete structure to include the 
internal finishes.  

Around this time Arup was approached by Jorgen Lodz, another Dane, who with Olav Kier had set 
up the contractor Lodz and Kier which by 1932 was known as JL Kier & Co. Ltd.  Their head office 
was in Stoke and they wanted Arup to become Chief Designer for a new office in London.  Kier, 
lead by Arup won the tender for Highpoint in 1934.  This was followed by projects such as the 
Penguin Pool at London Zoo where the detailed calculations for the spiral ramps were carried out 
by Felix Samuely.  After Samuley left Kier the complex analysis was carried out by Ronald Jenkins 
who joined Kier in 1935 and it is likely he was involved at Dudley Zoo.  In 1938 Arup with this 
cousin Arne set up Arup and Arup Ltd as civil engineering contractors. Ove N. Arup Consulting 
Engineers was formed in April 1946 and the Arup/Tecton collaboration continued after the war with 
buildings like the Spa Green Estate in London. 



  
5. The Proposed Structural Repairs 

A conservation-based approach to the structural repairs is proposed.  This will include the design 
of repairs based on an understanding of the existing structures and their defects, the specification 
of compatible materials for repairs, and the reversibility of any repairs.   

The repair of 20th century listed buildings follows the conservation principles of buildings from 
previous centuries but there are new challenges from the use of modern materials.  These include 
whether to let the repairs ‘read’ as an intervention – in line with SPAB principles – or should the 
repair be a match to the surrounding material.  In our work at the Barbican Art Centre the latter 
approach was adopted and trial repairs were carried out to determine the best concrete mix and 
finish to achieve a close match to the original concrete.  A similar approach is likely to be the most 
successful here, both in terms of maintaining the architectural coherence and the presentation of 
the buildings to the public. 

A key part of our role has been to identify whether the defects are due to decay to the materials 
(such as corrosion of the reinforcement) or the result of structural problems such as settlement or 
deflection.  The majority of the problems are due to corrosion of the reinforcement and these are 
identified in the Rowan report.  There are some specific structural problems and repairs to steel 
elements of the structures which are noted below. 

5. The Entrance Canopy 

5.1.1 The pattern of some of the longitudinal cracks in the concrete at roof level of the entrance 
canopy indicates some deflection of the curved slabs.  The movement is likely to be historic 
and there are no signs of significant deformations to indicate that major remedial work is 
required. 

2. There is corrosion to a number of the columns at ground level.  These are solid circular 
sections, probably made from steel.  Some investigation of the material and the loss of 
section below ground level are required and from this we can assess whether any remedial 
repairs are needed.  The repair would likely be the addition of new steel sections which 
would be welded to the existing structure.  All the steelwork will need to be prepared to 
remove loose rust, scale and paint, and then coated to prevent further corrosion.  A summary 
of these repairs is shown on drawing EC 02.  

1.  Dudley Zoo Shop 

5.2.1 There have been some internal changes to the original structure with the introduction of a 
steel columns and beam where one of the original columns has been removed.  There are no 
obvious signs of any structural problems as a result of these changes.  Repairs of the 
damaged concrete are proposed and as noted in the Rowan report. 



  
2. Bear Ravine Kiosk 

2.1. A repair is required to the corroded base of one of the circular hollow steel columns.  This will 
involve the local breaking out around the base of the column and the welding of a new 
circular steel section as shown on drawings K 11 and K 12.  All the steelwork will need to be 
prepared and then coated to prevent further corrosion.  General repairs are required to the 
reinforced concrete structure. 

3. The Bear Ravine 

3.1. The diagonal cracks above the entrances to the bear dens may indicate some settlement of 
the foundations.  We understand that remedial work was carried out nearby following the 
collapse of a disused mine.  A trial pit has been dug as part of an initial investigation of this 
area.  Further investigations will follow as part of the design development stage. 

3.2. A number of the circular hollow section steel columns are in a very poor condition.  Some 
have previously failed and we issued a drawing for temporary support works which was 
installed after our first visit.  New steel columns to match the existing will be used for the 
repair. 

3.3. The main item of structural work is to the cantilevered viewing platform.  This is in a very 
poor condition with extensive corrosion and spalling of concrete.  The approach here is to 
deal with the main structural decay issues and add new reinforcement to enhance the 
performance of the existing structure.  It is feasible to carry out these remedial works without 
any significant change to the visual appearance of the bear ravine. 

3.4. The structure is formed by a thin, approximately 120mm thick, reinforced concrete slab with a 
130mm wide reinforced concrete parapet.  From the pattern of the cracks it appears that the 
slab was designed to span between the parapet walls which are then anchored to the main 
structure.  This is summarised on drawing B 02.   

3.5. Structural stiffening is required together with traditional concrete repairs.  The structural 
stiffening will involve the removal of all the damaged concrete and reinforcement to the 
parapet.  New steel reinforcement will be installed which will be anchored to the walls at each 
side of the balcony.  The parapet bars will be tied to new reinforcement added to stiffen the 
slab.  A summary of the proposed works is shown on drawing B 03.  
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The Entrance Canopy 

"  

"  
Top of roof slab 



  

"  
Longitudinal crack in top of roof slab 

"  
Underside of roof slab 



  

"  

"  
Corroded reinforcement and spalled concrete to underside of roof slab 



  

"  

"  
The close centres of reinforcement bars indicate a beam strip in the slab 



  
Dudley Zoo Shop 

"  

Additional steel beam and columns  

"  
Additional steel frame where a reinforced concrete column has been removed 



  

"  
Spalled concrete edge beam at roof level 



  
Bear Ravine Kiosk 

"  
General view 

"  

Corrosion to bars in roof slab around top of posts 



  

"  

Base of steel post has completely corroded 

"  

Corrosion to steel post at reinforcement in counter 



  
The Bear Ravine 

"  
General view showing cantilevered viewing platform 

"  
Extensive corrosion to parapet wall which supports and anchors the cantilevered viewing 

platform 



  

"  
Corrosion to parapet wall to high level walkway 

"  
Failure of steel posts supporting stair landing  

(before temporary support was installed) 



  

"  
End pier provides vertical support and restraint against lateral loads & Corrosion to end pier 

"  
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Appendix C 

Summary of our brief structural engineering comments  

on all 13 Tecton Structures 
 



 

 

 

Key plan of the Tecton structures at Dudley Zoo 

 

 

 



 

Identifier: Tecton 1 
Building name: Entrance 
Listing: II* 

 
Original use: Entrance, ticket control cabins & turnstiles 
Current use: As original 
Has it been altered: 
 

No 

Description of the structure: 
 
 
 
 
 
 
 

Five single storey masonry buildings form the ticket 
control cabins and turnstiles with five overlapping “S” 
shaped reinforced concrete roof slabs (7” thick), each 
supported on 9 no. solid 90mm diameter steel posts, 
which are independent to the masonry buildings.  The 
steel columns vary in heights between 3.0m and 3.3m. 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 
 
 
 

• The masonry structure is in a reasonable condition 
• There are signs of weathering of finishes to the top of 

the concrete roof slabs. 
• There are cracks to the top surface near the centre of 

each roof slab. 
• There is corrosion to reinforcement to the underside of 

the roof slabs.  The exposed reinforcements are at 
close but irregular centres 

• Corrosion is evident to the base of a number of the 
steel columns up to 200mm above ground level. 

Investigations required: 
 
 
 

Trial pit dug and paint to be removed towards the base of 
all columns to check degree of corrosion. Samples taken 
to confirm metallurgy. 

Structural works required: 
 
 
 
 
 
 

• Corrosion to base of columns; cut back to sound metal 
and repaired with new steel base onto existing 
footings and protective coating applied to all columns. 

• Exposed reinforcement to be cleaned, treated and 
concrete repaired. 

• All cracks repaired  

  



Identifier: Tecton 2 
Building name: Safari shop (former Station cafe) 
Listing: II 

 
Original use: Self-serviced cafeteria with rear servicing and kitchens 
Current use: shop 
Has it been altered: 
 

Extensively altered – separated into two spaces in 1965 

Description of the structure: 
 
 
 
 
 
 
 

Rectangular reinforced concrete structure with circular 
columns spaced at regular intervals.  There is an 
additional non-original structure to the rear with a 
basement (following the slope of ground).   
Internal alterations had been carried out with steel beams 
and steel columns in both the shop and store rooms to 
increase column spacing.   
 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 
 
 
 

• One RC beam is propped in the store area. 
• There is a vertical crack in the fascia beam due to 

shrinkage or thermal movement. 

Investigations required: 
 
 
 

 

Structural works required: 
 
 
 
 
 
 

Corrosion repairs 

  



Identifier: Tecton 3 
Building name: Kiosk 2 (south of polar bear pit) 
Listing: II 

 
Original use: Serving refreshments 
Current use: Not in use 
Has it been altered: 
 

No 

Description of the structure: 
 
 
 
 
 
 
 

Elliptical reinforced concrete structure supported on four 
hollow steel columns.  The structure has an integrated 
“table top” and curved walls. 
 
 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 
 
 
 

The structure appears to be in good condition.  The 
structure had been recently repaired and painted. 

Investigations required: 
 
 
 

Not part of the current works 

Structural works required: 
 
 
 
 
 
 

Not part of the current works 

  



Identifier: Tecton 4 
Building name: Polar bear, lion & Tiger Ravine & separate W.C. 
Listing: II* 

 
Original use: Polar bear, lion & Tiger Ravine & separate w.c. 
Current use: Animal enclosure 
Has it been altered: 
 

No 

Description of the structure: 
 
 
 
 
 
 
 

Circular pit with pool, ramps, retaining walls, galleries, 
parapets & steps 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 
 
 
 

The structure had been recently repaired and painted. 

Investigations required: 
 
 
 

Not part of the current works 

Structural works required: 
 
 
 
 
 
 

Not part of the current works 

  



Identifier: Tecton 5 
Building name: Cafe No. 2 (Moat) 
Listing: II 

 
Original use: Cafeteria & kitchen 
Current use: Educational building/ discovery centre 
Has it been altered: 
 

Originally the building was open; the front elevation is 
now enclosed with glazing. 

Description of the structure: 
 
 
 
 
 
 
 

Long, serpentine, single-storey structure to the front with 
mullion and transom glazing & two storeys structure at 
rear.  

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 
 
 

No visual structure defects to the front or internal area.  
The rear structure is in poor condition with spalling of 
concrete to different parts. 

Investigations required: 
 
 
 
 

Not part of the current works. 
 
Extensive investigations are recommended to be carried 
out by Concrete Specialist. 

Structural works required: 
 
 
 
 
 
 

Not part of the current works. 
 
To be confirmed following detailed concrete survey. 

  



Identifier: Tecton 6 
Building name: Sea lion pool 
Listing: II 

 
Original use:  
Current use: As original 
Has it been altered: 
 

 

Description of the structure: 
 
 
 
 
 
 
 

A pair of shaped pools connected under the bridge to the 
castle, with retaining walls, viewing 
platform and shaped shelves 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 
 
 

Evident of erosion to cast edge of “viewing balcony” 
retaining wall to the rear. 

Investigations required: 
 
 
 
 

Not part of the current works 

Structural works required: 
 
 
 
 
 
 

Not part of the current works 

  



Identifier: Tecton 7 
Building name: Queen Mary (castle) restaurant 
Listing: II 

 
Original use: restaurant 
Current use: As original 
Has it been altered: 
 

No 

Description of the structure: 
 
 
 
 
 
 
 

Single-storey triangular open-plan reinforced concrete 
structure.  

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 

Some corrosion to the entrance area 

Investigations required: 
 
 
 
 
 

Not part of the current works 

Structural works required: 
 
 
 
 
 
 

 Not part of the current works 

  



Identifier: Tecton 8 
Building name: Tropical bird house (Aviary) 
Listing: II 

 
Original use: Bird house 
Current use: Not in use 
Has it been altered: 
 

Yes.  3 columns added to support centre of roof 

Description of the structure: 
 
 
 
 
 
 
 

Circular building of 2 storeys with balcony supported on 
concrete columns. Canopies etc 
to upper part. Lower part has been altered to form bison 
house 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 

Some areas of corrosion to steel reinforcement and 
columns. 

Investigations required: 
 
 
 
 
 

Not part of the current works 

Structural works required: 
 
 
 
 
 
 

Not part of the current works 

  



Identifier: Tecton 9 
Building name: Bear Ravine 
Listing: II* 

 
Original use:  
Current use: Not in use 
Has it been altered: 
 

 

Description of the structure: 
 
 
 
 
 
 
 

Substantial structure with shaped retaining wall against 
the hill behind. Cantilevered balcony and upper 
terrace supported on mushroom columns. Steps, ramps 
etc 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 

Refer to main report 

Investigations required: 
 
 
 
 
 

Refer to main report 

Structural works required: 
 
 
 
 
 
 

Refer to main report 

  



Identifier: Tecton 10 
Building name: Kiosk 1 (East of Bear Ravine) 
Listing: II* 

 
Original use: For serving refreshments 
Current use: Not in use 
Has it been altered: 
 

 

Description of the structure: 
 
 
 
 
 
 
 

Circular hollow steel columns support a flat reinforced 
concrete roof slab. Curved reinforced concrete wall and 
counter. 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 

Refer to main report 

Investigations required: 
 
 
 
 
 

Refer to main report 

Structural works required: 
 
 
 
 
 
 

Refer to main report 

  



Identifier: Tecton 11 
Building name: Elephant house 
Listing: II 

 
Original use: To house elephants 
Current use: Not in use 
Has it been altered: 
 

? 

Description of the structure: 
 
 
 
 
 
 
 

Single-storey concrete structure with two flanking 
staircases.  The roof forms a terrace on two levels.  The 
lower tier terrace extends in a shallow curve and 
cantilevers over the columns.  The rear wall forms a 
retaining structure to the hillside 
 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 

The structure appears to be in a reasonable condition.  
The structure had been recently repaired and re-painted. 

Investigations required: 
 
 
 
 
 

Not part of the current works 

Structural works required: 
 
 
 
 
 
 

Not part of the current works 

  



Identifier: Tecton 12 
Building name: Reptiliary 
Listing: II 

 
Original use: To house reptiles 
Current use: To house meerkats 
Has it been altered: 
 

 

Description of the structure: 
 
 
 
 
 
 
 

Concrete. Low wall surrounding double apse ended pit, 
and supporting concrete 
shelf. Wall dips to north side where horizontal tubular 
metal bar is inset 

Comments on the structure: 
 
 
 
 
 
 
 
 
 
 

Parts of the wall around the enclosure are in a poor 
condition. 

Investigations required: 
 
 
 
 
 

Not part of the current works 

Structural works required: 
 
 
 
 
 
 

Not part of the current works 

 


