THE MANCHESTER ASSOCIATION OF ENGINEERS

TRANSACTIONS

151st SESSION 2006-2007
President
Rev. Dr R. L.Hills
Published by the Association

151 Marsland Road
Sale, Cheshire, M33 3WE
WWW.MAE.UK.COM

Rev. Dr R . L. Hills

President,
Manchester Association of Engineers
2006/07

Manchester Association of Engineers
Founded 1856

Council and Officers 2006-07
President
Vice President

Rev. Dr. R. L. Hills
Vacant

Hon. Secretary

Mr E S Andrews, CEng, FIMechE
FIPlantE

Hon. Treasurer

Mr B M Kavanagh, CEng,FIStructE,
ACIArb, FASI, Fconse

Hon. Editor

Mr J S S Mann BSc Dip(Maths)

Ex-President

Prof F M Burdekin FREng FRS

Ordinary Members

Mr R E Atkinson, MICE, MIStructE
Mr P A Dorber,ARCATS, CEng,
FIStructE, FASI,ACIOB
Mr P J A Evans
Mr R A Webb, Bsc, CEng, FICE, MHKIE,
MIHT
Mr B P Clancy JP, Bsc(Eng), CEng, FICE,
FIStructE, FASI, ACIArb, FRSA, FConsE

Programme Of Meetings 2006-07
Tuesday 19th September 2006
Collecting The First Exhibits For The Museum Of Science & Industry
Rev Dr R L Hills
Tuesday 24th October 2006
A Life Of Leisure - Istruct E Gold Medal Address
Dr J Roberts
Thursday 16th November 2006
Welding & Erection Of Steelwork For Wembley Stadium
Dr A P Mann
Thursday 7th December 2006
50 Years From Brewing To Biotechnology
Dr H Charlton
Tuesday 26th January 2007
History & Development Of Engineering Workshops
Mr R Fitgerald
Tuesday 13th February 2007
Blast Engineering & Protection Of Structures
Dr S. Thurlbeck
Friday 2nd March 2007
Dinner Dance at Alma Lodge
Tuesday 13th March 2007
Restoration & Conversion Of Victorian City Hall To Form
Air & Space Museum
Mr H Dickson
Thursday 19th April 2007
AGM & Quiz
Saturday 19th May 2007
Visit To Anson Engine Museum Poynton

Collecting the First Exhibits for the
Museum of Science & Technology
Presented By President Rev. Dr. Richard Hills
On 19th September, 2006
On 20 October 1969, Lord Rhodes of Saddleworth formally declared the
Manchester Museum of Science and Technology open at a ceremony held
in its temporary home, 97 Grosvenor Street. This was the climax of years
of discussion and months of planning, for the need for such a museum in
the Manchester area had long been recognised. This can be traced back
to at least March 1839, when Richard Roberts was involved with founding an institution with the grandiloquent title of the Royal Victoria
Gallery for the Encouragement and Illustration of Practical Science. Its
aim was to illustrate the progress made in industry and science and to
have a collection of apparatus ‘combining philosophical instruction and
general entertainment’ and to present experimental demonstrations
which, in particular, would arouse the interest of young people. Alas its
life was short and its apparatus disappeared. Yet its founding concepts
were similar to those embodied later in various reports.
Through the difficult period of the nineteen-fifties, the idea was kept alive
by the late Alderman Sir Maurice Pariser and a few members of the staff
at Manchester University. When the late Professor Donald S.L. Cardwell
was appointed Reader in the History of Science and Technology at the
University of Manchester Institute of Science and Technology in 1963,
the Principal, the late Lord Bowden, suggested that he should investigate
the possibilities of starting a Science Museum. A Joint Committee
consisting of representatives of Manchester City Council, Manchester
University and the University of Manchester Institute of Science and
Technology was established. The Education Department of the City of
Manchester was a strong supporter of the scheme in spite of one Councillor asking at a meeting why a science museum was necessary when
people could look at machines in UMIST - which didn’t go down very
well in some quarters. But more important, this Committee approved a

Report prepared in 1966 recommending the establishment of a museum.
This report became the founding document of the present Museum.
Also stretching beyond what might be called these official circles was a
growing range of people interested in Industrial Archaeology. This was
stimulated by, for example, Professor Owen Ashmore at the University
Extra Mural Department arranging lectures on the subject there, at the
Central Library as well as at many classes scattered throughout the
region. These led, in part, to the formation of the Manchester Region
Industrial Archaeology Society, to whom I express my thanks for their
support and help in establishing the Museum. Its members put me in
contact with potential exhibits, helped with their removal and display,
catalogued the archives we acquired and then, more importantly as the
Museum developed, helped to demonstrate our working exhibits. In
return, the Museum became the base for the Society where it could hold
its meetings and house its archives. Likewise the Manchester Association of Engineers also deserves my thanks for the support given by its
members. Here were people such as Jack Diamond, Professor of Mechanical Engineering at Manchester University, and Koenigsberger, Professor of Machine Tools at UMIST, to whom I could turn for advice
about the suitability of objects that were offered as well as their historical
importance.
But this is running ahead of the presentation of that 1966 Report. The
financial difficulties at that time prevented any start being made on a new
building or even the adaptation of an old one. So that important material
should not be lost, Dr. Cardwell (as he was then) and his newly appointed
Research Assistant, Richard Hills, began in 1965 to collect exhibits in a
store situated in a railway arch on Sackville Street. They also persuaded
manufacturers to hang on to potential items until a Museum could be
launched. Through such contacts, it became apparent that there existed a
wealth of material which would be lost if a place could not be found to
display it. For myself, it was a very steep learning curve for, having been
born and bred a Kentish man, I thought Manchester produced only
textiles but I was quickly made aware of its extraordinary range of
scientific and technological discoveries and inventions, so much so that I
entitled Manchester as ‘The Centre of the Industrial Revolution’.

I have always said that the salvation of the Museum came through the
University Methodist Chaplaincy. In the course of developing the University Campus, UMIST had purchased for redevelopment the headquarters of the Manchester Unity of Oddfellows. The first two new buildings
projected in this area did not involve the site of this one so 97 Grosvenor
Street was left standing. Agreement was reached in 1965 that it should
form a temporary home for the Methodists in one half until their new
chapel was built and for the new Manchester Museum of Science and
Technology in the other half. The finance for this new venture was
provided equally by the three bodies mentioned above. The budget in
1968 of £12,000 provided for a staff of Director, two Technicians,
Secretary and one porter/cleaner. Two more porter/cleaners joined to
help with the opening in the autumn of 1969.
At that time, the only other general science museums in England outside
London were those at Birmingham and Newcastle-upon-Tyne. In the
North West, there was the Liverpool Maritime Museum, the Coal Mining
Museum at Buile Hill, Salford, and the textile machinery collections at
Tonge Moor, Bolton, and Higher Mill, Helmshore. Hence there was a
need for a museum to reflect the wide range of industries in the area.
Therefore the aim of this new Museum was to explain the major discoveries and inventions in the history of science and the history of technology, using wherever possible exhibits made in or linked with the North
West. Even so, collecting exhibits had to be restricted to a comparatively
small range of subjects which had had the greatest impact in making the
North West the Centre of the Industrial Revolution.
It was recognised that 97 Grosvenor Street was only a temporary home
and that Manchester justified a much larger museum. Therefore I was
faced with the dilemma, whether to concentrate solely on the displays in
that building, in which case there would be little more for a larger place,
or whether to collect for the future. I realised both were necessary. Soon
a chapel on Rosamund Street and a near-by house were pressed into
service as stores. Space was lent at a mill beyond Rochdale. Then we
were able to use an old bakery at Gorton but in 1973 had to move
everything from there to a store in Newton Heath. Not only was this

constant moving of exhibits demoralising for the staff as well as a waste
of precious time and resources, but it did not assist in preserving the
exhibits. The position was alleviated a little in July 1973 when the
Methodists vacated their half of the building so that it was possible to lay
out the exhibits there properly, install services and demonstrate the
machines. The name had been changed in May 1972 to the North
Western Museum of Science and Industry, reflecting the importance of
the collections. Then in 1976, the constitution of the Governing Committee was changed to incorporate the Metropolitan authority, the Greater
Manchester Council. In this agreement, the Greater Manchester Council
provided 5/12 of the revenue, the City of Manchester 2/12 and the
Universities of Manchester, Salford and UMIST provided 5/12. The
budget for that year was £122,745 with a staff of seventeen. The City of
Manchester also provided two Education Officers and a Secretary.
Visitor figures rose from 10,133 in 1971 to 45,095 in 1976 and 62,666 in
1977.
What always surprised me, and as I look back still does surprise me, is
both the range and quality of exhibits we were able to collect. The report
on University museums by the Standing Commission on Museums and
Galleries in 1976 stated, ‘Some of this Museum’s collections are of
international significance’. (Report on University Museums, Standing
Commission on Museums and Galleries, London, 1976, p. 36) These
included steam engines, machine tools, papermaking, cotton spinning,
weaving and scientific instruments. So let us first consider scientific
instruments. Perhaps John Dalton’s eye is not one of the most exciting
exhibits visually, but Dalton’s work on colour blindness, meteorology,
and above all his atomic theory brought international recognition of
Manchester as a scientific centre, raising its status beyond just a mercantile town. But all of his achievements, such as the atomic theory, are
difficult to interpret and display for the general public.
Our collections had to be focused on the Manchester region so the work
of the scientific instrument maker, John Benjamin Dancer, in the middle
of the nineteenth century had to feature prominently, so much so that my
designer was surprised to discover how much more important was London than Manchester for producing scientific instruments. Not only do

brass microscopes, theodolites and telescopes have considerable visual
appeal, but we arranged some telescopes, including a large one by
Dancer, so people could look through them out of a window. Ann
Durant, who was then Chair of the Museum, complained about having to
lift each one of the Cub Pack she had brought to the Museum so the boy
could see through the telescope. We were able to acquire early examples
of Dancer’s cameras dating from the middle of the nineteenth century
including one for his pioneering work on stereoscopic photography.
Again an example of a stereoscopic picture was arranged in a case so that
it could be viewed by the public. But this could not be done with
Dancer’s other pioneering work on microphotography, so his microphotographic slides remained preserved out of sight. Dancer also worked
with another early photographic process, that of Daguerre. In 1842,
Dancer photographed Market Street on a Daguerre plate, probably the
first photo of a Manchester street scene.
It was Dancer’s skill as a scientific instrument maker which enabled
James Prescott Joule to determine the mechanical equivalent of heat.
Donald Cardwell was Curator of the collection of Joule’s apparatus
housed in a building on Salford Crescent. Donald transferred the exhibits
to 97 Grosvenor Street. There were highly accurate thermometers made
by Dancer which Joule read through a special microscope with a moveable head, again made by Dancer. Professor Jack Diamond pointed out
the mistake I had made in the notice when I stated that Joule measured
temperature with a travelling microscope. This collection is remarkably
complete with a variety of Joule’s apparatus for his different experiments
and certainly is of international significance.
But to return to photography for a moment. The textile industry needed
chemists in the dyeing and bleaching works. Such people had the
knowledge and skills for manipulating the early photographic processes.
Strines Works was one such place where photography was practised very
early. Perhaps they hoped to use photographic processes as a medium to
print on cloth. I have always been intrigued by the portrait of John
Mercer printed on cloth which came as part of the Flatters and Garnett
collection. Manchester soon became a centre for the manufacture of
cameras. Not only was there Dancer but a firm which became more

important was Thornton and Pickard of Altrincham. Harry Milligan,
photographer at the Central Library and staunch supporter of the Manchester Region Industrial Archaeology Society, retired to Grosvenor
Street where he puffed away on his pipe at the same time as he assembled
a fine collection of cameras and other photographic apparatus based on
the collection from J.T. Chapman from their photographic shop in Albert
Square.
Harry Milligan also drew my attention to the importance of James Mudd
as a local photographer who was noted for his landscape and portrait
work. Just after I arrived in Manchester in the autumn of 1965, the
locomotive engineers, Beyer, Peacock and Co. Ltd., announced its closure of Gorton Foundry. They had made major contributions to locomotive development and I recognised that any archives they had must be
saved. To cut a long story short, with the help of the local publican whose
pub was just outside Beyer, Peacock’s main gate and who also worked at
UMIST, I was kept informed of what was happening inside Gorton
Foundry. Lord Bowden hosted a lunch and assured some of the Directors
that no profit would be made from any of the archives and photographs.
So I was able to carry off as much historical material as I could even
though we had no museum at that time. Harry Milligan was delighted to
find among the ton and a half of glass plate negatives which he took to
the Central Library that the early photographs of locomotives beginning
in 1856 had been taken by James Mudd and that three of the earliest
negatives were paper. This collection must be the earliest surviving
industrial photographs used as advertisements of a firm’s products. Not
quite so pleased was the UMIST Librarian who agreed to store the rolls
of general arrangement drawings which I brought back in triumph from
Gorton nor were my colleagues so delighted who had to share their rooms
in the History of Science and Technology Department with Cost of Work
books and other archives. Although much was scrapped, the Beyer,
Peacock collection must be among the most comprehensive of any of the
private locomotive builders in Britain. When we did acquire 97 Grosvenor Street, the entire collection was moved there and cataloguing
carried out by members of M.R.I.A.S. such as Chris Makepeace.

I always regarded the archives as a very important part of our collections.
We would be lucky to display an actual artefact made by any company,
particularly among the technological exhibits, and that artefact would
have to be a small one through removal costs and space restrictions. But
a firm’s archives could show the range of that firm’s products from the
prototype, through modifications, to the final last products. The Beyer,
Peacock collection was a good example of this, especially with the design
and development of the Garratt locomotive. Also archives could preserve
the achievements of a company where no exhibits were available. Space
in the basement at Grosvenor Street soon became at a premium as we
acquired drawings of mill engines, photographs of Cockshoot’s coachbuilt motor cars, Crossley buses, Glover’s Cable archives and much
more. Some were literally rescued from waste paper collections.
We have had a quick glimpse on the top floor and the basement of 97
Grosvenor Street so now we must turn to see what could be found on the
ground and first floors. Ahead of you as you entered the hallway was a
section of the Bedson continuous rod rolling mill, a world first for the
firm of Richard Johnson and Nephew. At the top of the stairs leading to
the basement was a Midlands Railway signal lever frame, manually
operated, adjacent to part of an electrically operated frame from Central
Station and part of a very early electronic signalling panel from Brunswick Junction. A lecturer in the adjacent Metallurgy Department, Dr.
Paul Spriggs, was a railway signalling fanatic and nearly brought the
Altrincham line to a stand-still when we had failed to appreciate the
difficulty of moving a large very heavy lump of signalling frame from
Brooklands Road box across both running lines. But to return to Grosvenor Street - linking the basement to the top of the building was a
Foucault pendulum, a source of endless fascination to young and old
alike. It was fabricated in the Physics Department of UMIST and was set
swinging at regular times.
This brings us to another point made principally by Donald Cardwell in
that Foundation Document of 1966 - that the exhibits should be able to
be demonstrated to make the Museum a living place and not a mausoleum. This presented many problems through the cramped space, the age
of the machines, their condition, historic importance and so on. I dearly

would have loved to run Mr. Royce’s second two cylinder motor car
engine, but wiser counsels prevailed. Those machines taken from working environments did satisfy health and safety regulations at the time. It
quickly became evident that demonstrations on hand-operated machines
gave the demonstrator a better opportunity to explain the processes and
principles involved. I hoped that whatever museum eventually replaced
97 Grosvenor Street would concentrate on explaining the basic principles.
This would leave other museums, such as perhaps ones at Bolton or
Rochdale, able to develop the industries special to them.
Of those industries, cotton textiles was the obvious one. It was the great
spinning inventions of James Hargreaves, Richard Arkwright and Samuel
Crompton together with John Kay’s flying shuttle which so dramatically
changed that whole industry during the latter part of the eighteenth
century and so launched the Industrial Revolution. Obviously it was
important for us to be able to demonstrate their inventions. At first, we
could show the principles only on hand spinning wheels. We were very
lucky that Dr. David Owen at the Manchester Museum not only had long
recognised that, if he attempted to collect industrial artefacts, he would
soon find the tail wagging the dog and that his own collections would be
swamped. But he also had a few industrial exhibits which he passed over
to us.
Among them was an example of the Great Spinning wheel, the ancestor
of the inventions of Hargreaves and Crompton. A pair of hand cards was
soon acquired and we were in business - at least we could produce a
lumpy, coarse length of cotton with some resemblance to yarn. Hargreaves’ Spinning Jenny had long disappeared so we built a replica - a
back breaking, frustrating machine to demonstrate on which we could
never spin more than a couple of yarns out of the sixteen without constant
breakages. Our spinning demonstrations were soon complemented with
the treadle flyer wheel. This still needed skill to manipulate the fibres but
quickly became an attraction when demonstrated at our ‘Working Days’
as well as to the education school parties. Here again I must express my
thanks to members of M.R.I.A.S. such as Charles Wragg for their valiant
demonstrations on these special days.

We were very lucky to be lent by Tootals Ltd. their original Arkwright
waterframe of about 1775. We made this run on special occasions and
were amazed at how well and how simply it spun. The skill had been
taken out of the final drafting of the fibres by Arkwright’s rollers. One
interesting point was the need for heavy weighting of the front pair of
rollers. As the machine came to us, this was too light, but, once these
weights had been increased, the machine spun very well. Later we had a
replica built for Liverpool Road Station. The original machine remained
in its glass case at 97 Grosvenor Street while the public could operate the
development of Arkwright’s waterframe, the ring spinning frame,
through a push-button timer. This was a shortened Platt’s machine of
1901 from the Hall Lane Mill at Leigh.
The simplicity of the action of the ring frame was contrasted with the
immense complexity of a self-acting spinning mule. Later I was able to
have a demonstration hand mule constructed from parts of a modern one
which had been vandalised. This was so much easier to work than the
Jenny but even so skill was needed to wind on a nice cop. The self-acting
mule had for so long been the mainstay of the Lancashire cotton industry
that it was imperative to be able to demonstrate one. We did take out a
full length one of over a thousand spindles from Bowker and Ball Ltd., at
Stalybridge which was passed on to Higher Mill, Helmshore, but I fear
some parts were lost after I had left the Museum. The departure of the
Methodists from 97 Grosvenor Street coincided with the scrapping of the
last medium counts, Oldham style mule at the Elk Mill of Shiloh Spinners, Chadderton. I had realised that we could never afford the cotton to
spin on a thousand spindles so decided to shorten the one we took from
Elk to a mere one hundred spindles. This was easier said than done
because the mule did not break down into separate sections and we had
to cut up parts to make them fit. Luckily Platts lent us the mule erector
who, as a young man in 1926, had helped install these mules at Elk,
probably the last of their kind. I had it erected on steel framing so it could
be moved easily again without total dismantling - something which has
proved to be a great boon in two subsequent removals.
One day, as our Platts fitter was struggling to make this mule work
properly, in walked Fred Hilditch to see what we had done to his mule

which he had worked at Elk. Between the two of them, the mule was
soon running again. The Platts fitter went into happy retirement as this
was his last job - we never did receive the bill for his services from Platts!
We employed Fred Hilditch for some years to demonstrate his mule a
couple of afternoons a week and sort out the mess we had made of trying
to operate it ourselves. I never learnt how to piece up the broken yarns
while the mule was spinning before the carriage moved out! The mule
was a great attraction because so few people had ever seen one at work in
a mill even though we ran it more slowly than when it was in full
production. At 97 Grosvenor Street, we also demonstrated a shortened
roving frame to supply the mule but it was not until more space could be
acquired at Liverpool Road Station that the full range of machinery in a
spinning mill could be displayed, starting with a bale breaker.
Now we had our yarn, we had to do something with it. Three inventions
concerning weaving are remembered by most people from their history
lessons - John Kay’s flying shuttle, Edmund Cartwright’s power loom
and Jacquard’s pattern selection mechanism. Through seeing an early
ribbon loom in Basel, I realised that Kay may have drawn his inspiration
for his flying shuttle from the way the shuttles were hit by pegs and sent
through the warp on these looms. There had been ribbon weaving mills
in Manchester so we acquired and shortened a ribbon loom for weaving
plain ribbon, perhaps red tape, from a mill in north Manchester. For
Kay’s flying shuttle itself, we were fortunate to be given a loom by Bury
Museum Service. It was an old wooden one stored in the basement
beside the coke-fired boiler. When we erected it, we discovered it was
complete and no parts had been fed into the furnace. Moreover it was a
fly shuttle loom fitted with drop boxes to house three or four shuttles. We
set this up to demonstrate the basic principles of weaving plain cloth. The
warp consisted of two colours so that when one pair of heddles was
raised, all the threads of the first colour were raised and when the other
pair of heddles was raised, the threads of the other colour appeared on top.
Hence people could easily see the alternate threads being raised and
lowered and the shuttle with the weft sent across. There was a knack in
weaving with the flying shuttle to prevent it bouncing back into the warp
out of the shuttle box.

The Jacquard machine we demonstrated on a hand pattern loom donated
by UMIST Textile Technology Department. It had drop boxes so here
we could show how shuttles with weft of differing colours or textures
could be selected. Warping this led to another steep learning curve
through the various ways the Jacquard head could be used in extending a
pattern across the width of the cloth with either direct or reverse repeats.
I got it wrong at first. This hand loom was complemented by the Jacquard
ribbon loom, originally from Cash’s name tape company. We set it up to
weave the name, ‘North Western Museum of Science and Industry’ as
well as an outline of the flywheel from the Durn Mill engine. The idea
was excellent, the product a headache to prevent the flywheel becoming
oval.
I still wonder the extent to which Edmund Cartwright’s power loom was
the father of the loom which evolved into the much later Lancashire loom.
Here again it was necessary to take economy of later demonstrations into
consideration when selecting an example. The closure of Pennington
Mill, Leigh, presented the opportunity of acquiring a loom which wove a
relatively narrow width of about a couple of feet. However the snag was
that their product was cloth for typewriter ribbons, using some of the
finest cotton yarn with small shuttles. Luckily we were able to substitute
coarser heddles and reeds and, more importantly, adapt our spinning mule
so that the cops spun on it could fit into the shuttle of one of these looms.
Once again, we reduced the speed at which we demonstrated the loom but
it still made an immense racket because the shuttle had to be hit hard
enough to send it through the warp. I had the warp made from a plied or
doubled yarn to avoid the necessity of sizing it. Our all-cotton calico
cloth proved to be a popular sales line.
Another of our very popular demonstrations to both school parties and the
general public was hand papermaking. The original National Paper
Museum was housed at the Vegetable Parchment Mills at St. Mary Cray,
Kent. When that mill closed, the Paper Science Department at UMIST
was approached about a new home for it. This coincided with the
acquisition of 97 Grosvenor Street for the Museum. The papermaking
exhibits had been transferred to the nearby Nash’s Mill where they had
been flooded by the River Darenth. Beneath the layer of silt, I could see

exhibits showing principles of technology which we would be unlikely to
acquire from elsewhere. Lack of storage made us turn down some large
exhibits but those we took, such as for example the pulp preparation
stampers, the papermaking vat, the screw press, the frame for the drying
loft and demonstration moulds, enabled us to show the principles of
papermaking by hand. Acquisition of a small laboratory beater reduced
our dependence on UMIST Paper Science Department for supplying the
essential pulp for any demonstration so we and the visitors could make
our own sheets of paper on small moulds. The problem of how to dry
them was solved by using electrically heated photographic drying plates
so that a sheet of sufficiently dry paper could be taken across to the
printing presses to have something printed on it. The change from hand
making into the machine age was represented by a working model of a
Fourdrinier papermachine, showing the important developments added
by Bryan Donkin and T.B. Crompton. While we had the necessary
steam, water and electricity services laid onto it at 97 Grosvenor Street,
the Museum there closed before we could try to produce paper on this
machine.
Manufacture of printing presses came late to Manchester, with none of
the early iron hand presses being made here. We commissioned a replica
wooden press of the 1690s to celebrate the 500 Anniversary in 1975 of
Caxton establishing printing in England. It was fascinating to work this
press with its sloppiness and then change to the solidity of a cast iron one.
We had examples of the first iron press, the Stanhope from the 1790s, the
ornate Columbian with its snakes and eagle, the Albion and the Britannia.
Through the enthusiastic assistance of Dr. Derek Nuttall of the Northern
Printing Historical Society, we acquired not only these but also examples
of the next stage in printing, the Cropper Treadle Platen and then a much
later Manchester-made example of a Thomson automatic platen which
was the mainstay of the small local jobbing printer. I realised that we
should concentrate on preserving examples of letterpress printing because we could see that offset-litho was gaining in popularity. Computers
were just being introduced in the 1970s but we could not foresee that
traditional forms of printing would be totally obliterated.

I searched for locally made flat-bed printing presses on which we could
produce some larger work. From Blackburn College of Technology
came a Wharfedale press made by Furnivals of Reddish. We had another
volunteer, Jack Richardson, a trained printer, who used this Wharfedale
not only to print posters for the Museum but also replicas of the first page
of the Manchester Guardian from 1820 and much else for sale. The
Miehle press from Leeds Technical College never was re-erected at 97
Grosvenor Street though it was made by Linotype of Altrincham. Linotype was better known for its machines used to produce type. Their
Square Base preceded their Model 1 and we were able to obtain examples
of both. In addition we had examples of other type-casting machines
such as the fascinating Typograph and the important Monotype of
Preston. With sets of type, our printing collection was both comprehensive for letterpress as well as practical for printing demonstrations.
I still think that we were exceptionally lucky with our internal combustion engines through the generosity of Messrs Crossley Brothers. They
had pioneered the introduction of internal combustion engines in the
1860s and 1870s based on the German, Nikolaus A. Otto’s patents. In
1867 he had patented an atmospheric gas engine, an example of which
Crossleys had preserved in the powerhouse of their Gorton Works. We
acquired 97 Grosvenor Street just in time to prevent this suffering a fate
worse than death by going to the Birmingham Science Museum. When
we took over the whole of 97 Grosvenor Street, we piped it up to the gas
supply which had not been converted to North Sea gas. Then we found
that the equivalent of the crankshaft was twisted, so we complained to
Crossley’s service engineer, Frank Beard, that this was a bit poor for a
machine only an hundred years old. We received a replacement! The
way this atmospheric gas engine performed with its irregular dramatic
explosions and miniscule power output for its great size explained why it
was a dead-end development.
The contrast with the Crossley Otto silent four-stroke gas engine patented
in 1876 was extraordinary. It was this engine that really launched the
internal combustion engine. We did adapt this to run partially on North
Sea gas but we never dared to try doing this with the atmospheric gas
engine through fear of sending the free piston through the roof. The other

engines were converted by Dr. Ken Barlow, Keeper of Industry. We
acquired different types of National, Crossley, Robinson and Gardner
stationary internal combustion engines to show the development of gas,
petrol and heavy oil engines. Then from the Mechanical Engineering
Department, UMIST, came examples of Rolls Royce Merlin piston and
Derwent jet aero engines taking us into the jet age. Both these had been
sectioned to show how they worked.
The remaining challenge was the diesel engine, another German invention developing out of the work of Rudolph C.K. Diesel. Mirrlees
Watson of Glasgow acquired the patent rights for Britain and decided to
set up a new manufacturing company, Mirrlees Bickerton and Day, at
Stockport. A single cylinder engine, one of the earliest they built was
displayed outside the Stockport Works but not in runnable condition.
When the move to Liverpool Road Station was being discussed, the
Mid-Kent Water Board was replacing their Mirrlees engines with electric
pumps. The opportunity was too good to miss because, although dating
from the mid 1920s, they were the original type with air-blast injection.
These were quite large vertical engines with three cylinders and the
compressor for providing the air-blast at around 1,000 p.s.i. The MidKent Water Board generously agreed to present one, provided we removed it. At least here the crane in the engine room had the capacity to
lift the parts but there was a snag because the building had settled through
extraction of water underneath it so there were gaps in the rails on which
the crane ran. We learnt how to jump the crane wheels over the gaps.
The sump was grouted onto a concrete base. The concrete had been made
with flint nodules and defied attempts with compressed air quango
hammers to break it up. Luckily the grouting had not run far under the
edges of the sump so we were able to lift it off the bed without breaking
it. We took the light parts away in the Museum lorry and we had all the
rest lined up ready for Pickfords to load up. The complexity of the
air-blast injection contrasts with the simplicity of later injection systems.
I have deliberately omitted mention of steam engines and have kept them
to the end because this was the form of power that enabled the cotton
textile industry to expand so dramatically. We first reminded people that
sources of industrial power really started with human or animal muscles.

So we collected a horsewheel from a farm at Waunfawr near Caernarfon.
Although at 97 Grosvenor Street there was insufficient space for it to be
demonstrated for its full circle, we could show education parties the basic
idea. The other important early form of industrial power was water. B.
& S. Whiteley, papermakers near Otley, offered to the National Paper
Museum a small cast iron waterwheel which we erected at Liverpool
Road Station and had splashing round. It served to point out the importance of waterpower in the early paper, textile and so many other industries.
Waterpower was of course the first major source of power in the Industrial Revolution. Soon it was supplemented through steam engines
pumping water over the waterwheel as happened at Arkwright’s mill at
Shudehill in Manchester. However the last example in the Manchester
area of the first type of steam engine, Thomas Newcomen’s atmospheric
pumping engine, had been taken away around 1925 to Henry Ford’s
museum at Dearborn in the United States where it is still proudly
displayed. If we were to explain the complete history of the steam
engine, we had to fill this gap. Once again, UMIST came to the rescue
through Professor Bill Johnson and the Mechanical Engineering Department. They agreed to construct a 1/3 scale replica of the first known of
Newcomen’s engines, that built in 1712 close to Dudley Castle then in
Staffordshire. Barney’s drawing of 1719 was not an engineering drawing
in the modern sense and left a lot to the imagination. However perseverance on the part of the Mechanical Engineering Technicians, Joe Flowett
and Jerry Needham, resulted in a working atmospheric steam engine.
But once again, this was not without problems. Having carefully calculated the expected number of strokes per minute, the volume of water to
be raised and the height, a couple of 4 kW immersion heaters were
installed in the boiler. Eventually we had 16 kW to make the engine work
properly! I am still amazed that Newcomen succeeded in getting his
engine to work. From his success, we knew that it should operate but it
took over three months of adjustments to the valve gear and other parts
before we had ours running smoothly. Working it brought home to us the
crucial importance of the direct injection of cold water into the cylinder
for condensation of the steam to form the partial vacuum. Without it, the

engine barely operates. With it the engine performs splendidly. Steam
power soon became one of our most important topics for education
parties. On working days, Mr. Taylor, the father of Muriel, was one of a
group of M.R.I.A.S. members who explained the mysteries of our Newcomen engine.
After the departure of the Methodists from Grosvenor Street, we installed
a small steam boiler in the basement which enabled us to power the
grasshopper and vertical engines both of which are still working at
Liverpool Road Station. Running the grasshopper explained why this
type of compact beam engine was not more popular. The half beam, the
connecting rod to the crank and the piston with its rod are all the same
side of the beam pivot so that the engine is wildly out of balance. Also
we found that the top of the cylinder had worked bell-mouth. This had
been caused by the ‘A’ frames supporting the radius links being mounted
incorrectly, probably from new!
What should we do about later development of the steam engine since
there was as yet no prospect of any permanent home for the Museum and
no space at 97 Grosvenor Street? I had decided that working mill engines
run off a modern steam package boiler would be a major visitor attraction, as indeed they have proved to be. In view of this, and realising that
preserving large engines would be exceedingly costly, I looked round for
suitable medium size ones that would cover as many technical features as
possible. While textile machines might be shortened and small examples
of machine tools displayed to show the principles, the mill engines would
portray the glory, and to some extent, the scale of Victorian engineering
in Manchester.
After Newcomen came James Watt, who not only dramatically improved
the efficiency of the Newcomen engine with his separate condenser, but
also changed it into a rotative engine that was the basis of steam power in
the textile industry from say 1790 to about 1850. Where might we find a
Watt engine? Reg Platt, who had saved the grasshopper engine from
being scrapped, pleaded with us to save the Watt type beam engine that
once had driven the maintenance workshops of the Richard Evans Collieries at Haydock. The National Coal Board was willing to let us have

it provided we took it out. Moreover Reg Platt was willing to store it for
us at his iron foundry in Widnes, provide transport to get the parts there
as well as persuade a friend to lend a mobile crane. One little snag was
that, since the framing of this engine was supported by the engine house,
we would have first to knock that down and build another for eventual
re-erection. I remember sitting on the roof one summer day lifting off
slates, not as idyllic as it sounds because the wind stirred up one hundred
years of black slate dust. Another disturbing moment was when we were
dismantling the flywheel. Each section of the rim was brought to the top
position, moved sideways to free it from the ‘T’ arms on the ends of the
spokes and then lowered. With one section out, the flywheel was out of
balance. As we manoeuvred another section out, the spoke came with it
because the spoke had broken off at the bottom in the boss. We had not
calculated on moving both parts together.
We were lucky once more because vandals did not discover this engine
as we were dismantling it and we had to leave loose parts lying there
overnight. Reg Platt did not feed any parts into his furnaces although he
did have a break-in into his non-ferrous store so some brasses were lost.
These would have needed replacing anyway but this made their redesign
more difficult. We were exceedingly fortunate that the Goods Shed at
Liverpool Road Station had sufficient height to fit a mock-up of a beam
engine house so that the Haydock engine could be re-erected in such a
way that one side showed a typical beam engine house while the other
could be left exposed to show Watt’s separate condenser, his parallel
motion, the centrifugal governor and the flywheel with gear drive around
its rim. This engine was so much easier to demonstrate than the temperamental Newcomen.
The single cylinder horizontal engine from A. & J. Law’s Durn Mill at
Littleborough shows how much more compact is this form of engine
which developed more power than the Haydock. The Haydock engine
rests on one brick pillar for the cylinder, another for the pillar supporting
the beam and a third for the crankshaft pedestal. High above all these is
the framing supporting the working beam. The Durn Mill engine has a
single horizontal cast iron frame for cylinder, crosshead slides and crank
pedestal secured to the brick and stone engine bed so there is nothing to

be supported by any engine house. This engine has a single short slide
valve, different from the arrangement on the Haydock engine. The
flywheel is a single casting about 12 ft. diameter which was too large to
fit into our stores. At the time of its dismantling, site huts for the builders
constructing the Metallurgy Building next door to us at Grosvenor Street
had been placed between ourselves and Upper Brook Street but a small
gap had been left. One dark night - actually one day - the flywheel was
surreptitiously slipped into this gap and lent against the wall of 97
Grosvenor Street. It appeared in all its glory when the site huts were
removed. Somebody phoned to ask if it were a wheel off a Roman
chariot! Another technical feature on the Durn Mill engine is the gear
drive through a gearwheel made of a single casting. Separating this and
the flywheel from the crankshaft when dismantling proved a difficulty
because the keys had been driven in from opposite sides and access to
their inner ends was obscured by the wall of the mill.
The Durn Mill engine should have shown another feature different from
the Haydock engine. Watt placed his condensing apparatus in a tank of
cold water from where he drew the water to supply the condensing jet.
His condensing water would have become warm, reducing efficiency.
The Durn Mill engine had no cold tank, but we did not remove the
condensing apparatus because it was too far corroded. However this
feature of jet only condensing can be seen on the next engine in the series,
the one from Richard Barnes Mill, Firgrove. So far the engines discussed
have used the steam in a single cylinder. As boiler pressures rose, greater
economy could be obtained by expanding the steam first in a small high
pressure cylinder and then in a larger low pressure one. This feature can
be seen on the Barnes Mill engine where the cylinders are placed one
behind the other in the tandem compound layout. This was quite a
popular form of layout in spite of there being only one crank pin and
journal.
The Barnes engine shows another feature that became very popular on
later mill engines - the Corliss valve gear, first patented by the American
George H. Corliss in 1849. When the paired inlet valves were linked to
the governor, they gave a very precise control of steam admission and so
helped to regulate the speed of the engine. Power was transmitted from

this engine to the various line shafts in the mill through ropes spaced
around the grooves on the flywheel. This form of driving originated in
Northern Ireland through Combe Barbour and was employed in all the
larger textile mills after 1900. The polished wooden lagging on the sides
of the flywheel helped to lessen wind turbulence caused by rotation of the
wheel. As the size of engines increased, so the mill engineers faced
increasing difficulty in barring them round to a starting position. Therefore barring engines became a standard fitting as on the Barnes engine.
The Barnes engine had been supplied by J. & W. McNaught from their
foundry a little way along the Rochdale Canal and, no doubt, was shipped
on barges to the coal stage at the mill. There was no vehicle access but
this engine seemed too good to miss when Courtaulds offered it to us.
Luckily Rochdale Council decided to widen the road bridge over the
canal so that we could park a mobile crane on it from where it could reach
to the stage and lift bits from there onto a lorry without obstructing other
road traffic too much. The engine room crane lacked capacity to lift the
heavier parts so it took all the skill of my Chief Technician, Frank
Wightman, to jack and slide parts out of the engine house to within reach
of the mobile crane. Particularly difficult was the lower half of the
flywheel which had to be turned through 180° so it could slide out on the
faces that bolted it to the other half. The main engine bed was too large
to fit into our stores so it was placed on concrete supports outside 97
Grosvenor Street. The supports are still there.
Having the bed there proved to be a convenient resting place for the W.
& J. Galloway Lancashire boiler which had been supplied to a mill in
Holt in 1889. Not only did it have the twin firetubes advocated by
William Fairbairn in 1844 but also had the later Galloway cross tubes
which gave a greater heating surface. This design of boiler could withstand greater steam pressures than earlier ones, and, when they were
made of steel, could take pressures up to at least 200 p.s.i. They were to
be found in virtually all textile mills. It was offered to us by John Sawtell
and was accepted because it was short for this type and was situated in a
place where, once the side flue walls had been demolished, could be
rolled onto Pickfords low loader alongside with no cranage necessary.

For display at Liverpool Road Station, I had holes cut in it to show how
it worked.
While we were playing with a sort of jigsaw puzzle to fit all the pieces of
our engine collections together in the Goods Shed at Liverpool Road
Station, now designated the Power Hall, Ferranti announced the closure
of their Hollinwood Works. They had preserved a small example of their
reciprocating steam engines that once drove flywheel alternators for
electric power supply. It was a cross-compound with a cylinder on either
side of the flywheel, in this case high up in the inverted vertical position.
The engine had been supplied in 1898 to the Lambeth Electricity Supply
Company but survived there for only a couple of years when it was found
to be too small due to increasing demand. It was then moved to the
weaving shed of J.H. Gillett at Chorley where the flywheel alternator was
replaced with a smaller flywheel grooved for ten ropes. It was preserved
in this state at Hollinwood where it was occasionally demonstrated under
steam. It had many interesting technical features, such as balanced
crankshaft, fully enclosed motion with forced oil lubrication to accommodate the high speed of 150 r.p.m. at the mill and possibly 300 r.p.m. at
Lambeth. It would show an early type of steam engine used for electric
generation so was worth displaying at Liverpool Road Station - but it had
no alternator.
We found that we could fit it into the steam engine display so I went to
Hollinwood to see the parts since by that time it had been dismantled. At
the same time, some testing equipment was being scrapped which included a Siemens flywheel alternator used to generate variable frequencies. I had been told this was eighteen feet in diameter so I knew that it
would not fit the Ferranti engine. But when I went to have a final look at
it, I realised it was much smaller. Charles Somers, the Ferranti archivist,
produced a tape measure so we scrambled over the engine parts and the
Siemens alternator. There were inches in it - it might just fit the Ferranti
engine. We took the risk and had the engine bed prepared in concrete.
The Central Electricity Generating Board machined the crankshaft to fit
the alternator hub. One tie bar across the top of the alternator static coils
had to be cut away and - hey presto - we had a steam powered zig-zag

flywheel alternator once more. This engine also introduced the inverted
vertical type to our collection.
The largest reciprocating steam engine we saved covered the final thermodynamic principles and the final technical developments. Hence it
was a great prize to be won but also gave us the greatest challenges. In
1926, Galloways spent six weeks at Elm Street Mill in Burnley removing
the former engine and replacing it with probably their last engine for a
textile mill. It drove a ‘room and power’ mill where four different
concerns had their looms driven by it. It was situated between the loom
sheds and the two storey building fronting the road used for storage and
preparation areas. Mobile cranes could not reach it. Access was through
the boiler house and up through a small gap in the main mill wall. The
overhead crane in the engine room could handle only the smallest pieces.
It was a cross-compound engine with a cylinder either side of the flywheel of typically massive Galloway construction. Unusually the main
beds lay on two levels, which of course needed to be accurately laid out
later.
Superheated steam was supplied to the high pressure cylinder through
Galloways own design of hydraulically operated drop valves. Corliss
valves would not have been satisfactory at the high speed of around 120
r.p.m. This speed also meant that the main bearings, big and little ends
on the connecting rods and the crosshead slides had pressure oil lubrication. All these parts had to be enclosed. The steam exhausted through
piston valves underneath the high pressure cylinder by which time the
steam pressure had fallen from 150 to 35 p.s.i. Some of this steam was
‘passed out’ at this stage to supply the needs of the weaving concerns for
size preparation equipment. The rest of the steam went to the low
pressure cylinder. Galloways developed special compensation systems
to ensure that the pass out steam was kept at the correct pressure while
adequate steam could be used in the low pressure cylinder to balance the
power being developed in the cylinders in the cross-compound layout.
Steam entered the low pressure cylinder through similar hydraulically
operated drop valves to those on the high pressure cylinder. But steam
was exhausted through a ring of ports in the middle of the cylinder on the

Uniflow principle. As the piston moved back towards the inlet end, the
exhaust ports were covered so that the residual steam was compressed
and reheated. In this way, the hot inlet areas remained hot and the cold
exhaust cold, giving greater economy. Galloways developed special
relief valves should the compression of the residual steam create too high
a pressure. The exhaust steam was condensed and the condensate removed by an Edwards type airpump, claimed to be very efficient at
higher speeds. The front ends of the cylinders were secured to trunk
guides, different from those on the other mill engines while the rear ends
were supported on pillars that could oscillate when a cylinder lengthened
through increasing heat. The weight of the pistons was taken on tail-rod
slides, another feature not found on the other engines. Engines like this
one at Elm Street, expanding superheated steam in the high pressure
cylinder, using the steam at an intermediate pressure for ‘pass out’ or
‘extraction’ purposes and finally having a Uniflow low pressure cylinder
were claimed to be the most efficient reciprocating steam engines ever
designed.
All we had to do was to remove the prize the owner, Brian Melland, had
offered us in 1969. But where to store it? We were lent storage space in
a mill beyond Rochdale, not knowing we would have to move it twice
more before the final move to Liverpool Road Station. How to get it out?
This time we received a grant to help with removal costs from the Science
Museum Preservation Fund. One of Pickford’s trailers was manoeuvred
into the boiler house and a ramp had to be built on it each time we had to
lower a heavy part out of the small hole in the wall. Special frames had
to be assembled on which parts such as the high pressure cylinder,
flywheel halves and crankshaft could be mounted. The crankshaft had
balance weights and the engine was so finely balanced that, when we
disconnected the air pump, the engine gave a quarter turn. The low
pressure cylinder was particularly difficult to handle because it was
moved complete with its heavy piston and had to be balanced only on the
flanges of its exhaust box. It is a tribute to Frank Wightman’s skill as a
millwright that this engine was removed with slight damage only to one
half of the flywheel which slipped when part of the ramp gave way. The
flywheel itself weighed around 12 tons, with other parts similarly mas-

sive. The parts of all these engines were preserved as well as possible to
prevent deterioration while in store.
When the time came for re-erection, mass concrete beds had to be
designed since we had made no attempt to remove the huge bedstones.
Measurements of the bed at Elm Street Mill were checked but of course
the house for the Haydock beam engine had long since disappeared.
Therefore all the parts of all the engines were carefully measured and
drawings prepared. We were fortunate that we had many of the original
drawings from J. & W. McNaught for the Barnes engine. We used
imperial measurements, as had the original engineers, but the architect
responsible at Liverpool road Station wanted metric. The builders of
course wanted imperial. There were only a few instances where cranked
holding-down bolts had to be inserted. Knowing our problems with
removing these engines, I insisted that adequate overhead cranes be
installed at Liverpool Road Station which could lift any single piece of
any engine. The Haydock engine with its house was the exception, but
even here I insisted that the roof beams over the cylinder end be made
strong enough to lift up the smaller parts. The initial budget did not
stretch to cover installing steam, water and condensate services. I pointed
out that to provide these later would be very expensive as well as
disruptive. Means were found to cover provision for these services as
well as a package boiler so that the engines could be demonstrated under
steam from the initial opening to the public. Their popularity ever since
has confirmed that my foresight was correct.

A Life of Leisure
Istruct E Gold Medal address
Presented by Dr John Roberts
On 24th October 2006
Introduction
It goes without saying that I regard it as a singular honour to be awarded
the Institution's Gold Medal. It is not something that one ever gives a
second thought to on a day-to-day basis, so to find out that one's peers and
colleagues in this profession regard my work as worthy of this recognition is extremely gratifying.
In discussing the subject of this address with the President and the Chief
Executive I was encouraged to do two things. Firstly, and perhaps inevitably, to reflect on the rather unusual field of work in which I have been
involved for over 20 years and which in many ways epitomises the public
perception (such as it is) of my career so far - the engineering of major
theme park rides and attractions. And secondly to allow an opportunity to
consider, as I did in my Presidential Year (1999-2000) the public face of
engineering in general and structural engineering in particular.
Career Commencement
How did it all start? How does one move imperceptibly from an undergraduate, struggling with what remains a demanding and challenging
intellectual pursuit, to that semi-mythical 'experienced engineer; qualified, confident and authoritative in his or her chosen specialism? I don't
know the answer to that question, other than the fact that it definitely
involves observation and learning from the past; from mistakes as well as
successes, and from other engineers as well as one's own personal experiences.

My career started in what must still be a very straightforward and conventional way. I went from school to University at the age of 18 without a
great deal of thought or evaluation of my future career path. In my case
school was one of the earliest comprehensive schools in Bristol, which
was a pioneer in this new form of education.
I don't recall any form of careers advice but I think I was heavily
influenced by a series of 'summer holiday' jobs on building and constructions sites. This worked in reverse - the work was long, hard and uninviting, but seemed to me at least to be extremely well paid. On each site
there was an occasional, well publicised visit by 'the engineer' who was
treated with a fair degree of reverence by the agent on site. I fondly
imagined that this was the job for me - imagine how much the engineer
would earn compared in my efforts as a labourer (this was a big mistake
- it took more than 10 years before my salary reached the same level as
my 12 hours a day, 7 days a week work on site).

Fig 1. Hammer head striking nail head - driven into wood block

But anyway; the choice was made and I set out for Sheffield University
in the autumn of 1966. I was fortunate to be taught by a succession of
lecturers in structures who both explained and enthused me, even then, to
focus on structural engineering. I decided to stay on, after completion of
my degree in 1969, for a 3-year PhD research project in dynamic overload of steel structures. Slightly tongue-in-cheek I often tell people that I

am one of the few PhDs who actually make use of their degrees in
non-academic work, but I think that this was more by accident than by
design as I will explain later. What I actually investigated was high speed
application of 'overloads' to steel struts. This is best described by two
opposing facts that I think are understandable by `anyone'- and I am very
keen on being able to describe what we do in our profession, even at a
detailed technical level, to intelligent non-engineers. The two facts?
Firstly, the well known but still surprising phenomenon of pieces of straw
becoming deeply embedded in or even passing right through solid timber
doors during hurricane or tornado winds. Secondly the fact that if you set
up a test rig which applies a slow steady force in compression to a steel
nail ready to penetrate a hardwood block, it will buckle and fail to
penetrate, even though it is perfectly possible to hammer it fully home
with a number of blows. In fact both steel as a material, and the buckling
behaviour of a strut as a structural member are strain-rate dependent or
time dependent, a valuable lesson that bears regular repetition
Staying on at university had me feeling left behind by my contemporaries
who had by then been working in the profession for 3 years, and since I
always imagined I would be a designer (that early site work did do some
good) I thought I should head straight back out into site work, to catch up
and complete my practical experience as soon as possible. I worked for 2
years for what is now Alfred McAlpine plc, firstly at a brewery reconstruction and then on an urban motorway project, the M63/M56 interchange. I can't tell you how galling it is now to use this same stretch of
road for my daily commute to work and to have suffered the indignity of
long periods of delay and disruption as the road was upgraded due to, and

Fig 2. Paterson Laboratories, Christie Hospital, Manchester

I quote directly here, 'having reached the end of its useful life.' Finally,
then, at the age of 26 in 1974 I arrived at a design office, Bertram Done
& Partners, in central Manchester. This was a real baptism of fire small,
locally-based practices which nevertheless worked across a wide range of
public, commercial and industrial projects certainly provided a fast-track
introduction to real structural engineering practice. My very first project
was an in situ-post-tensioned concrete transfer structure which carried a
new three-storey building over an existing underground 'laboratory'
which could not be disturbed, and this involved the use of curved posttensioning ducts; calculations were, of course, only by simple hand
methods. It was duly tendered and built, all in a remarkably short space
of time. The reason it sticks in my mind is simple - within about a year
from starting work in this design office I decided to sit the 'Part 3' exam,
and you can guess what the structural concrete question was - yes, a
three-story structure spanning over an opening where no foundations
were to be placed. Even the dimensions of the project were almost
identical I am pleased to say that I therefore passed our exam at the first
attempt.
Rides and theme parks
Working on rides and theme park projects is clearly a rather unusual
occupation and like many major steps taken in life this one happened
completely by accident and in an unplanned manner. I had by now joined
the large design office at Allott & Lomax in Manchester- 250-strong and
heavily engaged in a programme of work on power stations, and for the
nuclear industry which was headquartered close by in Risley, near Warrington.
In 1985 I had just become a director of Allott & Lomax, and one of my
colleagues had met by chance a director of Blackpool Pleasure Beach
(BPB) whilst on holiday. A new scheme of independent inspections by
engineers had been introduced by the Health & Safety Executive, and
BPB was searching for a consulting engineer to do this work for them. I
arranged to meet the owners (the Thompson family) and the Director of
Engineering, and decided (some would say uncharacteristically) that
honesty was the best policy with respect to our previous experience on

rides. In fact I had never even been to a theme park or fairground, and had
no knowledge of rides at all. Against the odds we were engaged by BPB
initially to carry out annual thorough examinations' of their 130 plus rides
and attractions at Blackpool, as well as at their other theme parks at
Southport and (now closed) Morecambe. Fortunately we were given a lot
of assistance and encouragement by the staff at these facilities and in
return we brought to them our perspective of engineering from other
types of buildings and projects, as well as a multi-discipline strength in
mechanical, electrical and control systems, and in formal risk and safety
engineering techniques. They remain our clients to this day. and in the
close-knit world of theme parks there is a significant interchange of ideas
and people, so that work for other clients soon followed.

Fig 3. General view of Blackpool Pleasure Beach

Our first venture into the design of rides (as opposed to inspection)
happened in 1987, simultaneously at BPB and at a new client Alton
Towers, who had approached us after a recommendation from BPB. At
BPB we designed the foundations and station structure for a project
scheduled to open in 1988, a 'toboggan ride' call The Avalanche. Meanwhile at Alton Towers we carried out a more significant project, designing in an incredibly short time frame the entire track, superstructure and
foundations for a 3.2km long monorail system that in fact linked a new
car parking area to the entrance to the park. The trains had been purchased

Fig 4. Avalanche (Toboggan Coaster)

by Alton Towers from EXPO 86 in Vancouver and were already en-route
by container ship from Canada to the UK. In a period of 16 weeks we

Fig 5. Silver Ride Monorail, Alton Towers

designed, tendered and supervised the construction of a continuously
welded box-girder track carried above ground on steel columns, with pad
foundations. The 820t steelwork contract was competitively tendered and
let within the first 2 weeks, so as you can imagine the state of the design
was not as 'complete' at the start of construction as one would normally
have preferred. But the opening date was sacrosanct and we have learnt

Fig 6. Monorail - Temperature movements

how to deal with clients for whom completion dates are more important
than anything else. For the Alton Towers monorail we needed to do a
complete temperature change analysis (after all, the external exposed
steel track formed a continuous loop 3200m long) and we had agreed
with Alton Towers that this would not be completed until the construction
on site was well underway. When we did complete this work- after the
project had been opened to the public - we realised that we would have to
alter the design at 12 locations to cater for the forces induced into the
structure by extremely cold weather. We planned to make these changes
after the park closed in early November for the season, but in fact a severe
frost in late-October that year caused damage to the holding-down bolts
at the 'worst' three of the l2 locations predicted We were, in a perverse
way, quite `pleased' that this had happened; it is not often that one is
provided with such a graphic demonstration that one's calculations are
correct! The strengthening was duly completed and the monorail system
has performed well ever since. It remains the only major monorail
operating in the UK and I believe it has by now carried around 50M
passengers in the 18 years since it opened'.
Roller coaster designs
Our work at BPB in particular, and at other theme parks in general,
allowed us to inspect and observe the performance of a range of roller
coaster rides. Roller coasters have always represented the 'peak' of passenger carrying rides and have done so for well over l00 years since the
'modern roller coaster and 'modern' theme park both saw the light of day

Fig 7. Coney Island 1884

in America. BPB had a large number of coasters, including five historic
timber coasters dating back to the early 1920s. Without exception these
had been designed and manufactured in the US, and then shipped to the
UK and erected on site by American engineers and contractors. It was
(and still is) a very specialised niche market, almost exclusively served
by turnkey suppliers who design, fabricate and erect the entire project.

Fig 8. Big Dipper - Blackpool Pleasure Beach

In 1992 we started working with BPB on its largest ever ride project, the
world's tallest (and therefor the world's fastest) roller coaster now called
The Pepsi Max Big One. Whilst the designer (and contractor) for the ride

Fig 9. Big One - Blackpool Pleasure Beach

itself was the famous firm of Arrow Dynamics Inc. of Salt Lake City,
Utah, it was agreed that we would design all of the 'non-standard' sections
of the supporting steel structure, and the very considerable subs structure
and foundations. Arrow designed the track itself, the standardised sections of the supporting structure, and of course all of the trains and their
mechanical, electrical and control requirements. However we had by then
developed sufficient expertise in the dynamic design of coaster tracks to
be able to assist, by way of an independent dynamic analysis, with
evaluating and where necessary improving the Arrow design. Our formal
role however was limited to the design of the foundations and the 'special'
sections of the track support structure, and then to co-ordinate the overall
steel work/ superstructure design .This then allowed UK contractors and
suppliers to build much of the project, and in the end about 50% of the
£12M total cost of the ride (in 1994 prices) was spent here in the UK.
Looking back on this project and with the benefit of hindsight, we should
have taken a stronger line with respect to some concerns we had about the
dynamic performance of the ride relating to the track geometry. But we
had no track record (so to speak) of the design of coaster tracks and
therefore we were not confident enough to challenge the established

designers, who had a world wide reputation in their own field of specialisation.
The project opened to great acclaim in 1994 and has proved enormously
popular ever since, typically carrying over 4M passengers per year. Our
concerns over the design proved to be well founded, however and within
a year of the opening we had re-designed two sections of the track to
improve the running performance of the trains. This experience, coupled
with the feedback from instrumentation that was fitted onto the train seats
and gave a real-time record of accelerations and velocities (to compare
with the design values), persuaded us that we were perfectly capable of
designing the key part of a roller coaster i.e. the ride track profile and the
associated ride dynamics. Following on from this we later amended the
track profile (to improve the ride performance) on two more steel coasters, the Black Hole at Alton Towers and the Vampire at Chessington

Fig 10. Big One - Blackpool Pleasure Beach

World of Adventures. It is actually much more difficult to splice in a
short section of new track into the middle of an existing ride and handle
the transitions between old and new geometry than it is to design a whole
new ride profile from scratch, so these three projects taken together
served as a very useful proving ground for our dynamic design capabilities for ride projects.

Fig 11. Dynamic performance graph

Modern timber coasters
The opportunity to put these new skills fully into practice came, rather
unexpectedly, on a Traditional timber roller coaster. Since the late 1980s
there has been a resurgence of interest in timber coasters. These rides
have a timber track as well as a timber supporting structure and have a
lineage directly traceable back to the classic American coasters of the
1920s and 1930s, and before that back to the first-ever purpose-designed
coaster built on the beach at Coney Island, New York, in 1884. In the

Fig 12. Timber track construction (section)

1980s the designers and builders of timber coasters were still all American. In 1996 we heard through the theme park grapevine that the owner
of a number of small family orientated theme parks branded as Gullivers

Fig 13. Antelope Coaster - Gullivers World

wanted to build his own timber coaster, but he was not able to agree terms
with any of the established specialist companies, who all wished to
provide him with a turnkey completed project. Once again luck played its
part, and in a phone call with him I offered to design a simple timber
coaster for him to build himself. This was exactly what he wanted and so
the project was underway Of course we then got cold feet, and I arranged
for some loading tests to be carried out at Bolton Institute to establish
exactly how the traditional form of construction of the track - multiple
layers of boards laminated together with nailing but no glue performed
in practice. Armed with the results from these tests, and using a traditional and basic figure-of-eight layout we duly designed the entire track
And support structure and Gulliver's duly constructed it themselves,
following a 'pattern book' of details we had prepared They also had the
cars made using a traditional design in use on numerous other rides. We
were very anxious on the big day when, for the first time, a car was
dispatched from the top of the lift hill for the first circuit of the track. I
had known from published accounts that timber coasters needed to be

Fig 14. Thunder Coaster - Tusenfryd Track Plan

'run-in' before they performed properly. Indeed there was anecdotal
evidence of it sometimes taking a few weeks of pulling and pushing cars
around the track, by hand, before they had bedded-in sufficiently to
complete a circuit under their own gravity-induced energy from release
at the top of the lift hill. In spite of this it still came as a big worry when
I took a phone call from the owner that first day, telling me that our
design 'must be incorrect' as the car had failed to climb even the next hill
on the track, never mind complete the circuit and return safely to the
station! Needless to say it was just a bedding-in problem and within a day
or two the ride was performing exactly to plan and has now done so for
almost 10 years.
The next project we designed was a quantum leap, from the small and
simple family coaster at Gulliver's World in Warrington to a European
record-breaking fast-and-furious timber coaster at Tusenfryd in Oslo,
Norway. We had written speculatively, after the completion of the Gulliver's coaster to all the large European theme parks to let them know we
could now design timber coasters! Our letter (translated by us into
Norwegian) landed at Tusenfryd at exactly the time they were at the early
stages of considering a new large timber coaster. I went to Oslo to meet
them, and a key factor was that - in order to take up an offer of sponsor

Fig 15. Thunder Coaster - Tusenfryd

ship from the Norwegian timber exporters association - the ride had to be
designed and built using locally sourced timber No problem, one would
imagine, except all the specialist turnkey companies were based in the US
and they always used Southern Yellow Pine, (grown in Florida and
Georgia) for the timber structure, and often Douglas Fir (mainly sourced
from British Columbia, Canada) for the track. They had workshop facilities in the States, where they cut and prefabricated the timber prior to
shipping it, world wide, to the site for assembly. They were 'unwilling' to
change to using Norwegian timber and fabricating the structure in Norway. Our ride in Warrington had, however, been built using Scandinavian
softwood, so we had no problem in agreeing to design the project using
Norwegian timber. We were duly appointed and carried out the design on
a 'blank sheet of paper basis', selecting a route, the 3D geometry and
thereby the dynamic performance on the basis of extensive evaluation
with the client of their (and our) favourite coasters elsewhere in the
world. We thus worked differently from the turnkey suppliers, in that we
were only carrying out the design and when this was agreed (on the basis
of predicted ride performance) with the client, then we would obtain
quotations to Fabricate, erect and commission the ride.
At this stage a major problem arose, because no Norwegian supplier had
built a timber coaster (indeed there were no timber coasters in Norway,

and only one in the whole of Scandinavia) and therefore no-one was
willing to quote a fixed price to build our fully completed design. Tusenfryd was forced, in the end, to accept an offer from an established coaster
manufacturer who did build to our design but regrettably used Yellow
Southern Pine and Douglas Fir sourced from - you guessed North America, and then they prefabricated all the timber in the USA as well. As can
be imagined, the Norwegian timber industry was none too happy about
this (the sponsorship offer was withdrawn). I did get invited back a year
after the opening to give a talk on the project at a meeting of the timber
exporter's association and I have to say they were surprisingly polite and
pleasant to me!.

Fig 16. Ferris Wheel - Columbian Exposition, Chicago 1893

London Eye
In our long association with theme parks we learnt a universal truth Ferris
Wheels never pay their way. They act as a beacon or signpost to a park,
but ride numbers are always very low and they are rarely a popular
attraction.
So how did the London Eye change everyone's perception of 'Wheels' and
become one of the most popular tourist attractions in the UK (if not the
world) and a fantastic icon for London at the same time? The story has
been told and retold enough times already for me only to add here some
particular comments about our involvement and to look to the future.

Fig 17 London Eye (© Nick Wood)

The London Eye had three key selling points -location, location, location
- as well as an emphasis on design quality that has totally transformed
everyone's view of Wheels. Location first. The London Eye is an Observation Wheel and there is something amazing to see-a close bird's eye
view of London that unfolds in front of you as the wheel rotates. For
some reason that is difficult to articulate this is much more impressive
than the sudden vista you get from emerging at high level in a tall
building and looking down, typically in one direction at a time.

Fig 18. London Eye - raising the wheel (© Nick Wood)

Our involvement started shortly after the project was conceived by Marks
Barfield Architects, without a client and therefore without a fee paying
commission. Initially, we were appointed to provide an independent
certifier role for the ride itself, this being a requirement of the updated
version of the HSE Scheme to which I referred at the start of this paper
But when the project started in earnest in mid-1998, with a construction
management/design-and-build work package method of procurement,
then our involvement inevitably widened to cover a number of other
roles, such as advice the various designers, interface design issues, and
an overall commission for approving and signing-off the construction and
the contract payments as well as the design itself.

Fig 19. London Eye - 31 December 1999 (©Nick Wood)

The London Eye had a fixed and immovable deadline - it was, after all, a
Millennium project (albeit one with 100% private funding and none of
the complications of government/grant approvals that came with public
finances) and 31 December 1999 could not be delayed. As we all know,
the three aspects of any project - time, cost and quality - are mutually
interdependent and it is simply not possible to achieve tight demands in
all three at the same time. Here we unashamedly concentrated on time
and quality, and as a result the budget costs were considerably exceeded.
The project was, however, sufficiently complete to be rotating as a

centrepiece of the main London celebrations for the Millennium evening
with fireworks, laser shows and other events along the banks of the River
Thames. The project then opened to the public in early February 2000 and
has already carried more than 20M passengers. Jacobs Babtie is fortunate
to have been retained as engineering and safety advisors to the operating
company since the opening, giving us the opportunity to remain closely
involved with monitoring performance, assessing alterations and upgrades and a range of other activities. Recently the initial set-up ownership and finances for the project have been amended, with 'Tussauds
Group now holding 100% of the equity. This change has coincided with
the completion of the first 5 years of operations and further upgrades and
improvements are now being actively planned as the London Eye enters
the next phase of its (hopefully) long and profitable life.
Many other cities have been very keen to replicate the success of the Eye,
and since 2000 we have been involved in proposals, feasibility studies or
detailed discussions for observation wheels in Shanghai, Beijing, Nanjing, Singapore, New York and Las Vegas, amongst many others.
Of these only Singapore is underway (without our involvement) and none
have been completed. Observation wheels of the scale and quality of the
London Eye remain complex projects to finance and operate, as well as
being technically very challenging. As ever, the exact location within a
city is a critical issue. Placing the London Eye even a few hundred metres
away from the current location, for example, could, in my opinion, have
had a dramatic effect on the project as a whole.
Future Ride Projects
It is the nature of major ride projects that many of the owners/promoters
are reluctant to publicise them at the early stages of project definition and
design. We are working on several new ride projects which fall into this
category!
One scheme that is, however, now in the public domain, is a new
generation viewing tower at the site of 'the derelict West Pier in Brighton,
This is a product of the same team that took the London Eye design

through to fruition, so Jacobs Babtie and
Marks Barfield are working together again on
this project. A tower nearly 200m high, and
with a structural diameter of only 3.5m, will
allow a torus-shaped capsule, encircling the
tower to rise smoothly and slowly to a viewing
height of approximately 150m. Of' course - as
always with theme park devices viewing towers do already exist, but this design will transform the perception of a standard off-the-shelf
viewing tower in just the same way that the
London Eye transformed the perception of
existing wheels. A key feature is the quality of
the capsule, with free movement allowed for
the passengers as opposed to the usual fixed
seating. A tower of this height and diameter
requires significant damping to control vibrations and prevent passenger discomfort - the
lowest natural frequency is approximately
0.lHz (l0s period) so this is a very real problem
that needs to be addressed at the start of the
design, not an issue to be considered as an
afterthought later on.
Fig 20. I-360 Brighton
(© Marks Barfield)

Conclusion
I have been extremely fortunate to have had a stable, long-term involvement with a particular and unusual field of structural engineering. For
exactly 25 years I have worked in the same office in Manchester and I
have had the great fortune to have had a number of colleagues with whom
I have worked with closely for, in some cases, the whole of that period!
Engineering of major projects is a team effort and I wish to pay tribute to
the teams involved in all of these projects, and to two people in particular,
Dr Allan Mann (F) and Doug Dadswell (M), of this Institution,
who have worked, between them, on each and every one of these projects.
I certainly regard them and all my other colleagues as being part and

parcel of this award, since it would not have happened without them all.
Finally I wish to pay tribute to my family, and in particular to my wife
Angie. We all rely, to a large extent on our family and those who are
married to, or partners of engineers, surely have to put up with more than
most in supporting our unusual and well documented personality and
character traits. Providing support and encouragement that has allowed
me to indulge my passion for engineering, and dragging them all over the
world to sample theme park rides and attractions, is probably not how
they would have chosen to spend their lives of leisure: But it is certainly
how I have spent mine.

Fig 21. I-360 Brighton (© Marks Barfield)

Thank you, again, for the great honour of awarding me the Institution's
Gold Medal

Design and Fabrication of the New
Wembley Stadium Roof
Presented By Dr A P Mann
On 16th November 2006

Background
The new Wembley Stadium was finally handed over to the FA in the
Spring of 2007 and the first Cup Final was played in May 2007. Leading
up to this, the project’s difficulties have been well publicised with at least
a year's delay, the budget significantly overspent and much legal action
between the various parties. This paper is not about the rights and wrongs
of how that situation came about but undoubtedly the complexity of build
added to the cost and delays; it’s also true that the skills of transforming
a paper design into reality are not appreciated as widely as they should be
in the structural engineering profession, so this paper concentrates on the
practical difficulties of fabricating the roof and getting it erected to the
state required by the design.
Structural form and components
The roof’s structural form is shown in Figure 1 and understanding this is
important background to understanding the erection sequence and its
interdependency. The key components are the south roof plus the moving
roof on top, the north roof, the cables supporting the north roof up to the
arch (via the cable net) and the arch itself. Structurally the segments of
the north and south roof are two way spanning but the arrangements are
more complicated than that since the end trusses that span across the pitch
(and carry the moving roof) also transfer some of the south roof load over
the pitch and onto the north roof and thence up to the arch. Thus the arch
actually supports a significant area of the whole roof.

In this respect, large parts of the roof are interdependent and are self
supported when finished but unstable and unsupported until that final
stage. Since the roof cannot physically all be erected in one piece, that
means there are many intermediate stages that require propping and
supporting until all the structural members are installed. Thus for example the purlins not only carry cladding onto the rafters they also restrain
the rafters against lateral buckling and the rafters are not stable until the
purlins are installed. As will be seen later, this is not as straightforward
as it seems since roof deformations during construction effectively prevent the purlins from doing their job up until whole roof completion.
The second key factor to be understood is linked to the scale of the roof
and its flexibility (including cable extension). The roof is required to be
in certain geometry under dead load. Reference to Figure 2 shows at the
top row how each girder will deflect by sagging or hogging under applied
vertical load. To achieve the correct geometry the girders therefore have
to be fabricated with both positive and negative camber (there is actually
some rotational camber as well). But the roof as a whole also sags
significantly over the long spans and for example the attachment points
under the cables will sag quite significantly as the long cables elongate
under roof self weight load. To compensate for this, the roof has to be
built artificially high (i.e. plus being pre-cambered) such that when it is
released, it sags down into a correct shape. To give an indication of scale,
a forestay cable 70m long will stretch about 150mm under permissible
loading.
Unfortunately that degree of movement raises a second problem in that if
the roof is built high, none of the parts actually fit together until they have
been deformed by self weight stress and this poses a seemingly intractable problems to the contractor. It can only be overcome by building the
roof high and then gradually lowering it and fitting it together sequentially as the parts are sequentially stressed and take up their correct shape.
This is an immensely complex operation and the way it is planned is to
model the entire roof physically and mathematically in a computer
programme and then ‘un-build’ it mathematically in the reverse sequence
to construction. As this is done, the global roof positions at all the stages

are revealed as is the geometry to which the individual members must be
built. In real life, the roof is then built in that sequence and should all fit
together. But the process is imperfect and to make it happen, various gaps
and joints and articulations have to be built in to accommodate some of
the movements that take place.
Arch Fabrication and Erection
The Wembley arch is the stadium’s signature and one of the largest free
standing arches in the world. It does have a structural function, that of
supporting the north roof directly and of supporting much of the south
roof (and the moving roof) indirectly. As the arch is so large, it had to be
fabricated ‘on the ground’ and then be winched up into its final position
which is leaning backwards away from the pitch. In the master plan, it
was essential to build the arch first and then get it raised up to free the
area underneath for the stadium construction. This in itself was a major
operation of both construction and structural engineering.
A segment of the arch is shown in Figure 3, the sequence was to build
the diaphragms first with stub tubes attached, then to place the diaphragms in position on the ground then to weld the tubes in-between,
the amount of welding is very high and the difficulties of achieving
alignment tolerance were significant. In its final condition, the arch is
hinged ‘in plane’ at the base but to build it on the ground and raise it up,
the arch had also to be hinged at 90° to this and so a rather complex
doubly hinged temporary joint capable of rotation and capable of taking
all the temporary forces was required at the arch ends. In its final state,
the arch is held in place by cables and there are also cable attachment
cleats for supporting the roof under. Thus there are lugs built in at intervals for cable attachment points. To cope with lifting and restraining the
arch before completion, additional lugs were required.
The arch was lifted utilising five turning masts as shown in Figure 4. The
longest mast was ~ 100m long and a substantial structure in its own right.
The pulling forces were supplied by standard civil engineering strand
jacks that have immense capability. One set of jacks was provided for
each turning mast. As the jacks are activated, the turning masts rotate and

exert a force on the arch causing it to be raised. Technically the force is
controllable but the force applied to the arch is dictated by the stiffness of
the particular attachment line. Moreover, because the lines are long they
stretch a significant amount. This is important because it was not only
necessary to lift the arch but also essential to maintain it in a plane during
the lift to avoid dangers of buckling. To achieve both those objectives, the
jacks were operated sequentially and the amount of jacking controlled by
both force and displacement in a manner which lifted the whole arch but
also kept it within planar tolerances. The whole operation was controlled
by a ‘Lift Master' and during the lift, surveys were conducted to assure
that computer predictions matched reality.
The critical part of the lift was the stage at which the arch was turned
through 90°. Up till then it could always have been lowered had something gone wrong but this was unlikely as the peak lifting loads took
place at the moment the arch left the ground, so the entire system was in
effect tested at that stage. In contrast, the first time the arch restraint
lines had to work was the moment when the arch went ‘over the top’ If
they had failed then, the arch would have collapsed.
In its temporary state, the arch was held back on inclined forestay
restraint cables
Erection generally
The erection of steel structures is not just a technical job it’s a complex
management process with implications in the supply chain all the way
back though fabrication and procurement to design. Steel is required on
site in the sequence necessary to erect it and that means every connection
and every fastening and lack of any one part may well hold up the entire
process. The key aspects to be taken account in assessing any erection
scheme are:
sequencing
working area
assembly
lifting up

temporary stability
access
alignment and tolerances
Sequencing. The significance of the sequencing lies in the matters discussed in the introduction but thereafter there are implication for the flow
of deliveries to site (and in turn the design and fabrication) and for buffer
storage on site prior to erection.
Working Area. A substantial lay down area is required to assemble the
pieces delivered small into site and then to link them together into the
larger parts that might be required for completion. Figure 5 shows the
pitch at Wembley during the peak construction activity and the image is
of a forest of cranes and parts under assembly. Clearly there is little room
to move and careful management is required not least since pieces must
be pre assembled at locations where it is possible for cranes to reach at
their permitted reach and capacity.
Assembly. It is frequently not possible to deliver parts to site in the
lengths required for full assembly. Hence a sub assembly process is
needed. The individual trusses at Wembley were long and can be described as semi veierendeel trusses with the bottom member being a
stressed cable. To build these required that the top boom was placed on
stillages, and then curved downwards whilst the cable was fitted into
place on the bottom. This can be seen in Figure 6.
Lifting up. Craneage is expensive and capacity is limited by both tonnage
and reach. Hence planning lifts is most important to assure cranes have
adequate capacity and can be used efficiently. In a job like Wembley,
which was not capable of rapid repetitive production, there are large
amounts of down time whilst the cranes are not being used but still have
to be paid for. This makes the ‘craneage cost / tonne’ quite significant. A
second issue is that long structural members are capable of buckling
under self weight if not restrained, so checks have to be made on the top
boom stability for the loading case during lift.

Temporary stability. Long structural members are unstable and will tend
to buckle unless restrained at intervals and this is normally achieved by
framing steel members into the side for example in a roof this is normally
the purlins. However, such steel does not exist either during the lift or
immediately thereafter when the main members are initially positioned.
Hence checks on stability are required and frequently, additional temporary steel has to be added
Access. Safety during erection is vital and one aspect of this is the
thought and planning that has to go into assuring safe access provisions
for workers to each location they are required to get to. Since it’s clear at
Wembley that workers have to travel along the rafters to fit purlins and
to gain access to the front edge, significant temporary access ways were
required. Moreover on a roof as large as Wembley, unless rapid access
ways are provided, significant man hours will be lost just by getting to
and from the work face.
Alignment. All structures have to be built to achieve alignment and
tolerances. In simple structures, no fabrication measures are taken apart
from traditional means of overcoming tolerance problems. In more complex structures, beams may be precambered and in frames, preset may be
used. In really complex structures like Wembley, a combination of
camber, preset and allowance for elastic shortening is required. Even so,
the tolerance that might be achieved remains uncertain especially where
there is large amount of welding since welding distortion is introduced.
Particular care had to be allowed at interfaces with other disciplines so for
example at Wembley, pessimism on the quality of alignment that could
be achieved on the interface: moving roof to fixed roof, led to the
introduction of significant articulation in the moving roof bogies to
overcome anticipated problems.
Sequence South Roof
The south roof was erected by first building prop towers and temporary
girders all along the front pitch side and then lifting the permanent trusses
and spanning them in between. The complications arose by having to
build the trusses high to accommodate anticipated sag in the front mem-

ber. It also has to be appreciated that in the East West direction, the roof
is a shallow arch and when such an arch sags, the lateral displacement at
the ends is significant. To accommodate this, joints with longitudinal
movement capability were deployed. But because the roof was built in the
‘wrong shape’ that meant none of the purlins fitted and by a significant
amount. The implications of that were that the purlins were unable to do
their job of restraining the rafter during the construction phase and so
additional temporary stabilising steel had to be added. Reference to
Figure 7 will show this was substantial.
The long truss running east west along the front of the south roof had a
complex structural form with stressed cables at the lower boom. To
construct it, the top boom with its hanging triangular props had to be built
within temporary steel trusses spanning between the erection towers. The
truss had to be built curved upwards, the bottom cable thread through and
fixed and then as the whole roof was lowered via jacks, the ends of the
truss eased back to their final position at the perimeter steel where final
fixture was made. Due to the complex geometry, various ‘hinges’ had to
be detailed in and then fixed up at truss completion.
Sequence North Roof
The erection plan of the north roof and the box beam on its front edge
followed the same pattern as that of the south roof and the technical issues
were largely the same. The only major difference was that prior to
completion, the trusses spanning right across the pitch had to be terminated onto the front box member and the load transfer was significant. It
will be seen from Figure 1 (structural form) that transfer of this load was
essential to provide some of the balancing force to the arch to hold it in
position.
Cable Net
The cables hanging from the arch down to the north roof and a pair of
large horizontal cable spanning east west form what is known as the cable
net. The load path for the north roof weight (Reference Figure 1) is up

through the ‘pyramids’ across a joint through which the horizontal cables
run and thence up the forestay to the arch.
An appreciation of the horizontal cable’s function is important. These
cables are not straight but actually have a catenary shape in space and the
arch hangs on them when inclined, its weight being taken down the
forestays and onto the cable and thence to the perimeter steel. However,
as stated above when the roof is complete part of the inclined weight of
the arch is balanced by loads from the north roof. Thus in a temporary
stage, when the arch was held on the catenary cable alone, the load in
those cable was higher than in the permanent stage and correspondingly
the cable stretch was greater. Roughly the deformation of the cable in
plan was about 250mm more at midspan in the temporary case than in the
permanent case. This meant in turn that none of the trusses would actually
fit perfectly in-between.
Arch transfer
A major activity was transfer of the north roof weight onto the arch via
the pyramids, forestays and so on. The first stage was to release and
adjust all the bundled up forestays so they hung roughly in line. The
second stage was to pull the arch forwards so that the catenary cable
could be drawn through its end supports (jacking was required); thereafter the arch was leaned back again, its load now being taken on the two
catenary cables which duly stretched a commensurate amount. As the
roof below would not entirely fit, a sequential loading / fitting process
was required to apply load and fit up as the whole structure moved into
its final position. This was possible by working from the roof centre
outwards, fitting the front pyramid legs first then lowering the roof on its
jacks to apply load and move the whole structure. As this jack down
procedure progressed, the roof sagged into its final shape and the purlins
moved longitudinally into their required position and could be sequentially fitted. All stages were predicted by computer analysis and constantly checked on site to assure that predicted movement matched reality

Moving Roof
The final major part of the project is the Moving Roof. A moving roof is
required so that it can be retracted to aid growth in the pitch grass yet be
moved forward to shelter the fans during a match. The moving roof
consists of 7 sections; one large centre piece plus 6 outer pieces, 3 per
side which can slide over each other. This arrangement requires that the
panels are flexible out of plane to accommodate support structure movement and it requires that the roof panels move forward on bogies some of
which are driven and some of which just guide and support. In recognition of potential movement in the underlying structures, articulation in
plan, longitudinally and out of plane was provided in the roof panel
connections to the bogies.
The whole roof is moved back and forwards on a rack and pinion system
which provides very positive control and location. Nevertheless, to assure
that the roof moves only as and when required, an electronic controls
system with redundancy is included and the whole roof can be operated
from the control room using a mimic screen.
Conclusions
Although there were trials and tribulations during the project, actually the
work on site passed almost without mishap and high quality was achieved
and the roof was built and it ended up more or less exactly as intended.
That it did so is a testimony to the skills of the two steelwork companies
whose engineers planned and made the parts, planned the erection and
executed it. Those companies were Cleveland Bridge (Darlington) and
Hollandia (Rotterdam) and it was a privilege for us to be associated with
them. (Dr Mann worked as third party assessing the connection design
and erection engineering during the Wembley Project)

Fig 1, Structural Form

Fig 2. Deformations

Fig 3. Segment of Truss

Fig 4. Turning Mast

Fig 5. Crowded Pitch

Fig 6. Fitting Cables

Fig 7. Temporary Stability

From Brewing to Biotechnology
The Evolution of a New Industry
Presented By Dr. Henry Charlton
On Dec 7th 2006
Humanity has a history of exploiting biological systems for their own
ends - fermentation of yeast in the absence of oxygen to produce alcohol
being a widely known example.
As scientific theories superseded empirical approaches, vaccines and
medicines were developed on the basis of using a biological system to
generate these products. Such activity enabled the eradication of smallpox and the control of illnesses such as polio. Edward Jenner pioneered
the application of cowpox infections to humans, which enabled eradication of smallpox, albeit almost two centuries later. With advances in our
scientific understanding, vaccines against agents such as polio were also
developed but the key difference between this and earlier vaccines was a
scientific understanding of viruses and how to grow as well as harvest
them for use in vaccines.
With the discovery of the structure of DNA and the means to manipulate
it, new avenues of therapy, and indeed scientific advancement were
possible. Areas of biotechnology (biotechnology meaning the commercial application of DNA manipulation techniques that were pioneered in
the 1970s) include transgenic animals, gene therapy and genetic modification of plants for agricultural purposes.
However, a major part of the biotechnology industry can be represented
by a number of "blockbuster" pharmaceutical products - all currently
based on biologically active proteins. The volumes involved in this
industry are very small compared to other multi-billion dollar industries
– 100 kg of a drug substance might constitute the quantity required for a

year of sales. Most of these drugs fall under the category of “monoclonal
antibodies” which exploit the bodies immune system to destroy disease
state entities, such as cancer cells.
Monoclonal antibodies are proteins, and the synthesis of all proteins is
directed by genes encoded in the structure of DNA. Humanity’s ability
to manipulate the structure of DNA, and insert it into various types of cell
means that a wide range of proteins can be produced by “fermentation”
or “cell culture” of the cells which have been modified. Mammalian cells
tend to grow slowly in expensive growth media whereas bacteria grow
quickly in inexpensive media. However, mammalian cells can produce
larger, more complex, often readily active proteins whereas bacterial
proteins tend to be smaller, requiring further steps to make their proteins
active. Purification of these proteins typically then proceeds using
technologies such as solid phase adsorption (chromatography – affinity,
hydrophobic or ion-exchange), membrane based processes or filtration.
The structure of DNA itself is key to understanding developments in
biotechnology. DNA is a polymer consisting of alternating phosphate
and 5-carbon sugar residues, with constitute the poly-phosphate backbone of the molecule. Nitrogenous bases are bound to the sugar molecule
and face an opposite and complementary strand of DNA. The sequence
of just 4 bases makes up the code within DNA, and a sequence of 3
consecutive bases will determine the location and type of amino acid in a
protein molecule. Hence, the ability to engineer DNA molecules facilitates the ability to manufacture proteins of choice.

The History & Development of
Engineering Workshops
Presented By Mr R Fitgerald
On January 30th 2007
(Joint with the Newcomen Society)

In the 1750’s there were no engineering workshops. The machines were
made principally from wood and were constructed on site. This was also
true of the erection of early steam engines. This tradition from say corn
mills was continued in the early textile mills where Arkwrights water
frames were built at the mills with the assistance of clock makers. But
some early engineering workshops were established in places like Leeds
where textile machinery was fabricated in multi storey buildings similar
to textile mills. This tradition continued for many years. A good example
is Patricroft Foundry started by James Nasmyth in 1838 with part built
like a multi storey cotton spinning mill.
The more usual type of engineering workshop with a single storey and
wide lofty span probably arose through steam engine builders like Boulton and Watt needing to supervise the manufacture more closely. Both
they and Murray in Leeds erected such buildings together with their
foundries. Further impetus towards the single storey engineering works,
often built around a quadrangle, was given by the railway locomotive.
During the 1830s large orders might be placed with locomotive manufacturers such as E B Wilson and Nasmyths. Erecting these machines could
best be done in long lines in the main section with lower sections either
side, where there could be the machine tools and fitters benches. One
such surviving building is Garrett’s Long Shop at Beeston.

By the 1840s the travelling overhead crane had been introduced. this
hastened the trend towards wide span buildings with glazed roofs.
There might be many bays side by side, all served by overhead cranes.
the rails for travelling cranes might be supported by the side walls, or
wooden framing, or cast iron pillars. The 1880s saw the introduction of
steel structures, enabling spans to be extended, the height raised and the
number of bays increased.

Conversion Of
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Introduction
Numerous buildings, throughout their life span, are used for various
purposes other than that for which they were originally designed.
This is very much the case in respect of the 'listed' building which is now
known as the Air and Space Gallery at the Museum of Science and
Industry Manchester.
The paper/talk charts the changes in the structure and usage which have
occurred, over the past 130 Years, to the building now housing the Air
and Space Gallery. The fact that this Victorian building has remained
standing, and continues to provide a worthwhile service to a wide section
of the general public, is a testimony and tribute to the skills and abilities

of its original designers, and ; those who have maintained, restored and,
where necessary, enhanced the building throughout the 130 years of its
existence
To understand the complexities of the building and appreciate the classic
design of the structure, together with its architectural embellishments, we
need to go back to the l9th century; to the point of its inception.

Background History
In 1876, the Manchester architectural practice of Mangnall and Littlewood was commissioned to design two open sided Market Halls in the
Campfield area, on the south-west side of the city. The site chosen for
the halls was a parcel of land which, in the l3th century, had been the
city's "fayre" ground, where regular trading events took place allowing
people from the outlying areas to congregate and sell their produce, wares
and home-made articles to the city dwellers and local merchants.
In 1820, however, the "fayre" ground was bisected by the erection of St.
Matthew's Church, in the centre of the plot. (The church was designed by
Charles Barry, `the architect responsible for the design of the Houses of
Parliament) The church was opened in 1825, and demolished in 1952.
The land on either side of the church was still used for trading and
dealing, and, in the 1870s, it was decided that covered areas should be
provided for those still using the facilities as traders or buyers.
The two Market Halls , therefore, were designed as separate buildings,
but similar in their style, construction and appearance. (See Fig. No.l)
These buildings were to be known as the Upper and Lower Campfield
Market Halls; being positioned on Liverpool Road, either side of the
church. The Market Hall nearest to Deansgate was denoted as Upper
Market Hall, while the one set further along Liverpool Road, towards the
west, was known as the Lower Market Hall. These two Market Halls
opened for trading between 1878 and 1880.

Both buildings are still in existence to this day, and it is the Lower
Campfield Market Hall, in particular, which is the subject of this paper/
talk.

The Buildings
Historically, in England, most large towns had " Market Halls" rather
than market places. These "Halls" were usually buildings of distinction;
being of architectural design in decorative stonework, and standing in a
prominent position near to the town centre.
In Manchester, in 1876, the task facing the architect was somewhat
different; and there can be no doubt that when the practice of Mangnall
and Littlewood deliberated over the design for the two new Market Halls,
it must have been influenced by the fact that the gothic structure of
Barry's St Matthew's church would continue to dominate the site.
Although the new buildings were to be open sided market halls, the
architect endeavoured to produce an atmosphere of grandeur within the
designs, which would equal that of the church.
Instinctively, the architect responded, and produced two "cathedral like "
structures, with fifty foot wide cross aisles and curved arches forming the
roof.
These arches were constructed to embrace the latest technology of
wrought iron latticeworks; providing an ambience of spaciousness and
lightness, while rising up from the caps of slender cast iron columns to a
height of 40 feet (12m) above the market floor. (See Fig.No. 2)
At the centre of the buildings, where the two main aisles intersect,
forming a cross, the latticed arches span 75 feet (23m) diagonally across
this intersection, thus achieving an internal dome like appearance.
The market halls are also provided with two side aisles which run either
side of, and parallel with, the main aisle; extending the whole length of
the buildings. The roofs to the side aisles are supported on wrought iron

roof trusses of 35 feet (llm) span, embellished with ornate cast iron struts.
The trusses are carried on the feet of the main arches and span onto lattice
girders and/or cast iron Columns along the external sides of the buildings.
Atop each archway and side aisle, there is a raised lantern light which
extends continuously along the length of the buildings. These lantern
lights are supported by ornate cast iron frameworks, and are roofed over
with patent glazing. The general roof covering is formed by slating,
resting on battens, which in turn are fixed to 'herring boned' timber
boarding. The underside of the boarding forms the ceiling to the halls,
and is carried on stout wooden rafters, which span onto longitudinal WI
lattice girders.
The architect has further enhanced the interior of the market halls by
providing each column cap with 'Corinthian Capitals', stylised with
acanthus leaves and floral decorations, all intricately sculptured in cast
iron. Each face of the 'Capital' is surmounted by a rose motif, and this
feature has also been used to embellish the vertical faces, both internally
and externally, of the square shaped cast iron columns around the buildings.
In keeping with the standard tradition of the time, the floors to both
market halls were constructed from large 'flag' stone paviors resting on
punned earth. At the time the City Hall was created it was decided to
make the Hall secure providing, around the open sides, an ornamental
wrought iron railing. Each length of railing to be fixed between the
intermediate external columns. It is interesting to note, that, although
many changes have taken place to the building throughout the years, this
feature has been retained, in its original format, up to the present day.

The City Hall
At the end of the 19th Century, the Manchester City Council were in
control of the two Market Halls, and, in 1900, the City Council decided
to close the Lower Campfield Market Hall, and redevelop the Building as
an exhibition centre. Plans were drawn up for the complete revamping of
the building, including the need to fill in the open sides of the original
market hall, to provide a fully enclosed and weather tight structure.

Also incorporated, in the new design, was a small upper gallery, measuring 6 feet (1.8m) wide and set 10 feet (3m) above the ground floor level.
This gallery was made continuous, to run around the full periphery of the
new hall, with access staircases provided at each corner of the building.
The stone flagged floor remained untouched, but was eventually covered
over with a screeded topping.
An entranceway into the exhibition hall was created in the east gable
facade, and this feature was enhanced with an external, canopy-type,
covered over porch way. (See Fig.No.3) The new 'City Hall' was opened
in 1902.
Its success as an exhibition centre was immediate; offering displaying
facilities, and ample floor space for Manchester's growing textile, engineering and commercial industries to advertise and show off their products.
The City Hall's popularity, in the early years, prompted the City Council
to commission the enlargement of the upper gallery. This improvement
took place in 1910. The existing gallery was taken down, to make room
for the new balcony. This new balcony, like the previous gallery, was
built around the entire periphery of the hall and cantilevered out over a
row of new supporting cast iron columns; providing a 15 feet (5m) wide
platform: thus adding an extra 10% of displaying area to the 30,000 sq.ft.
(275 sq,m) already available.
Throughout the 1920s and 30s the City Council engaged the services of
a company, specialising in promotional activities, to organise, manage
and run the various exhibitions on their behalf. This company was
successful in maintaining a steady flow of annual trade shows, demonstrations and public orientated events/exhibitions, which were all popular
and well attended. It is a known fact that one such exhibition ran until
7pm on Saturday 2nd September 1939 ; on which date, and at that time,
the City Hall closed at the outbreak of World War II.

However, the hall did not remain idle during the years of conflict; its
facilities were called into use on a number of occasions. It is recorded
that, because of its size and spaciousness, the hall was used for the
manufacture of "barrage balloons".
Remarkably, the City Hall survived the intense Manchester blitz and
bombings in the early 1940s. It suffered only superficial damage to
glazing and some external finishes.
When hostilities ceased in 1945, and life returned to normal, the City Hall
was refurbished and by 1947, exhibitions were once again being held
within its walls.
The next two decades were probably the most successful in the history of
the City Hall as an exhibition centre. The increase in trade around
Manchester, and the vitality of the docks at Salford, immediately following the war years, led to more 'trade' orientated exhibitions being presented. At this time the general public were beginning to clamour for more
'contemporary' items around their homes, including furniture, fabrics and
wall decorations; to this end, the organisers presented the "Brighter
Homes" and "Ideal Homes" exhibitions at the hall. These exhibitions
proved so popular with the public, they were repeated on an annual basis.
The City Hall, with its historical background and Victorian style of
architecture, prompted the City Council to seek "listing" from English
Heritage. Eventually, the building's attributes were obviously recognised
by English Heritage and on the l7th May 1974, the City Hall was declared
a Grade II Listed historical building. Shortly after being listed the boom
in demand for exhibition space declined, owing to the economic downturn in the mid-1970s and sadly, in 1977 a catastrophe struck the City
Hall.
During the course of one exhibition a fire broke out in the restaurant area
at the end of the building and although dealt with quickly by the Fire
Brigade, substantial damage was caused internally, and areas of the roof
were affected. The City Hall was, therefore, CLOSED!

The Political Equation.
Following the fire and closure of the City Hall, there was a period of
indecision, during which the Manchester City Council deliberated over
what to do with the Victorian building. Various options for its potential
use were considered, but it soon became obvious that its days as an
exhibition centre had run out.
Belle Vue had taken over to fulfil the demand for exhibition facilities in
the Manchester area. The new National Exhibition Centre, in Birmingham, had opened in l976, and the Greater Manchester Council were
already considering using the defunct Central Station railway building as
a major exhibition events venue.
The Manchester City Council politicians were, therefore, faced with an
enigmatic problem that had to be solved in some way.
In 1978, the City Council became so concerned about the demise of the
City Hall, it actually considered demolishing the building and releasing
the land for an alternative development. This was a serious proposal, so
much so, that an Application for Consent to Demolish a listed Building
had already been filled out. The Council, however, decided to put the
application on hold, for the time being, until further proposals had been
considered; thus, buying valuable time for the future of the City Hall.
At this time, Councillor Norman Morris was the Leader of the Manchester City Council, and he took a personal interest in the future of the City
Hall. He was eager to find a positive new role for this fine Victorian
building.
During 1975, a variety of suggestions were considered, including the idea
of using the City Hall as a maintenance workshop for the North West
Museum of Science and Industry, or, alternatively, making use of the
space for storage of the museum's larger items of machinery, which were
now becoming available as historical artefacts

One drastic suggestion was to excavate the floor area, inside this City
Hall, in search of Roman ruins. Fortunately, this option was never adopted!
In its wisdom, the City Council decided, in 1979, to set up a special
subcommittee to consider all possible, or feasible, ideas for the use of the
City Hall. At the same time the City Architect was instructed to prepare
an estimate of costs for the restoration of the building.
At this point in time, someone within the Town Hall put forward the
suggestion that the City Hall might be converted into an "Air and Space
Museum", which would portray the involvement of Manchester and the
Northwest region in the development of flight and flying machines.
The idea was considered credible by Councillor Morris, and an approach
was made to the Director of the RAF Museum, at Hendon, for information on how the project could be set up and moved forward. The Director
was delighted to help the City Council, and offered to loan a number of
planes and accessories, which he had in storage. These items could be
made available for displaying in the proposed Manchester Air and Space
Museum. The proposal was put to the City Council on January 1980, and
was unanimously accepted.
In the meantime, the City Architect had produced the estimate of cost for
the restoration of the building, with additional costings for the likely
work needed to turn the City Hall into a viable Air and Space Museum.
These estimates of cost were set at £1.2 million with a further on cost of
£0.65 million for fitting out the museum.
Subject to satisfactory financial arrangements being made to meet the
costs, the City Council gave its approval to the proposed scheme. The
'political equation' had been solved and, henceforth, the City Hall would
be known as the Manchester Air and Space Museum.

The Engineer's Problem
To enable the City Architect to produce his estimates of cost, it was
essential for a survey to be made of the existing fabric and structure of the
City Hall. Naturally, with a building of this character and age, a number
of problems were identified. One such problem was that of movements at
the head of the columns supporting the large wrought iron arches. The
amount of movement varied from as little as ½ inch (15mm) to a significant l ½ inches (35mm) at some locations. The greatest single outward
movement recorded was at the cap of the square cast iron columns
supporting three separate arches, at the point where the two aisles met and
converged. A displacement of 2 ¼ ins.(55mm) was noted at the end of the
75 feet (23m) span diagonal cross arches. (See Fig. No. 4)
Obviously, these movements gave cause for concern, basically because it
was not clear when these movements had occurred; whether they were of
recent origin or had, in fact, accumulated over a period of time. Nonetheless, the arches had spread out laterally, at their springing positions, and
there was a possibility that they would continue to move in the future. If
the building was to be restored, for long term usage's, then it was
imperative that this movement should be investigated and, if possible,
arrested.
At this stage, the City Architect's structural engineers carried out an
analytical check on the design of the 50 ft. (15.3m) span wrought iron
lattice arched member, and were astonished by their findings. Technically, the arched frameworks were found to be just adequate to carry the
dead weight of the roof coverings, with little capacity left over to cope
with incidental loadings, such as maintenance loads, heavy snow falls or
strong gale force winds.
It is not known who was responsible for the engineering design of the
Market Hall structures, but, by today's standards ,they would fail to meet
the requirements of the current British Standards in respect of incidental
loadings.

It is known that the company of E.T.Bellhouse & Co. of Manchester,
were responsible for some of the cast iron work and wrought iron fabrications, but there is no documentary evidence to indicate that they were
responsible for the overall Engineering design and analysis of the structures.
In 1876, the theory of arched structures was well documented, including
the fact that a horizontal thrust occurs at the springing level of the arch
when acting under loaded conditions, This horizontal thrust was usually
resisted by a robust bulwark, or, where the arch was supported on a
column capping, a metal tie would be introduced at the springing point,
to prevent the tendency for the arch to spread.
In the case of the Market Hall/ City Hall structure, no metal tie bars were
included in the initial construction process and the thrust from the arches,
as they flexed, should, therefore, have been resisted by robust frameworks built at each side of the main aisles. This did not happen. (See
fig.No.5)
The side aisles are single frameworks, roofed over by wrought iron
trusses, with only slender members forming their frames; these provide
little or no 'stiffness' to the overall integrity of the structure.
The structural engineer carried out a further site inspection of the frameworks, and discovered that a number of the sloping rafters of the side
trusses were buckled, at, or adjacent to, the apex of the truss. The
conclusion was, therefore made that the unrestrained horizontal force,
from the arches, had passed into the adjacent roof trusses, and had been
resisted, to some degree, by the rafter member, which had distorted under
the additional compressive force.
The structural engineer reported these findings to the City Architect, and
pointed out that these defects, having occurred, could not be rectified; but
the situation could be resolved by following a set of remedial actions:-

(i)

To provide metal tie bars at the springing level of all the curved
arches, to hold them in their present position, and prevent any
further lateral movement taking place in the future.

(ii)

To introduce a restraining member at the apex of the side aisle
trusses, to run across the ridge point and tie each rafter together
to prevent further buckling taking place.

(iii)

Sore consideration was necessary, during the restoration process,
to reducing the overall dead weight of the roof coverings, in or
der to meet the present day statutory requirements for superim
posed loadings.

(iv)

If these recommendations were not accepted it could result in the
structures being classed as unacceptable under current Building
Regulations.

The City Council took note of these recommendations and agreed to the
strengthening works being carried out, as quickly as possible, ahead of
the restoration works. Accordingly, a sum of £70.000 was made available, to carry out the tying work to the structure, and also for the clearing
of the drainage system. These holding works ware commenced in the
autumn of 1980.

Conflict of Interests
The holding works were well advanced when the Main Contract for the
restoration work was handed to John Laing and Company early in 1981.
At the same time, English Heritage were officially notified of the restoration proposals that were to be carried out on their Grade II Listed
Building. Understandably, English Heritage wanted to ensure that the
listing of the Victorian building was not compromised by any of the
restoration/conservation works.
Accordingly, an independent architect was appointed, by English Heritage, to oversee the various items of work, and represent their views on

site. During the architect's initial visit to the site, serious concerns were
raised about the tying of the arches. The installation of the ties had been
carried out prior to the architect's appointment, and it was pointed out that
the ties were a contravention of the original 'listing' of the building. The
architect considered the ties to be detrimental to the general ambience of
spaciousness within the Hall, and may have impinged on the 'listing'
criteria.
A request was made for the ties to be removed forthwith and the structure
returned to its original state.
However, when the tenuous nature of the structure was pointed out to the
architect, the decision was taken to seek the opinion of an independent
engineer, in order to resolve this early conflict of interests. The English
Heritage engineer reviewed the design analysis, and agreed with the
views expressed by the City's structural engineer. The need to hold the
structure against further movement was accepted, as was also the installation of the metal tie bars.
However, the English Heritage engineer put forward an alternative proposition; he suggested that the tying of the two diagonal arches, across the
intersection of the aisles, may not be necessary. (These particular ties had
not been fixed in position at this time - although the anchoring brackets
for the ties were already fitted to the arches). The engineer's argument
was that the ties already fixed to the shorter span arches formed a
"square" of ties, around the intersection area, and should be sufficient to
hold the springing points of the larger arches in position.
This opinion was countered by the Town Hall structural engineers,
because the greatest movement had been recorded at the base of one of
the diagonal arches, but as the Council did not wish to appear uncooperative, a compromise suggestion was agreed upon. The compromise
proposal was to undertake a monitoring of the larger span arches, over a
specific period of time; to assess if any significant movement was taking
place. After a twelve month period no adverse movements had been
detected at the cap level of the four square columns it was therefore

conceded that the diagonal ties could be dispensed with, and would not
be fitted across the intersection of the aisles.
A similar complaint was raised, by the English Heritage architect, regarding the restraining ties fitted across the apex points of the side aisle
trusses, with a request for their removal; but the visual evidence of the
buckled rafters. and the independent engineer's agreement to the installation of the ties quickly negated any further action over this particular
complaint.
Figure No. 6 Depicts the various parties involved in the restoration/
conversion of the City Hall, and indicates the manner in which each party
leaned or pulled towards their own agenda.
At the outset of the restoration proposals, the City Architect assigned two
of his most experienced staff architects to undertake the task of overseeing the restoration works and co-ordinating the design of any conversion
works required to meet the needs of the Air and Space Museum.
As work commenced on the site discussions were held between the
English Heritage architect and the City Architect's representatives, to
determine the nature and extent of the restoration work. It was at this
point that further conflicts of interest became apparent and needed to be
properly resolved before the works progressed too far.
One significant problem arose from the inability of the wrought iron
arches to accept any additional loadings. In order to meet the present day
statutory requirements, the structural engineer had found it necessary to
impose a loading limit on the arches, which precluded the use of heavy
natural slate from being used as a roofing material. Same lighter cladding
material would have to be utilised as a substitute.
The English Heritage architect was insisting that the restoration works
must be as the 'status-quo', i.e.. the roof must be restored as originally
constructed. The Town Hall architects maintained that this was not
possible, and a compromise was essential to move the works forward.
Eventually, the issue was resolved by adopting mineral fibre slates, which

were half the weight of natural slates, and would still provide an acceptable slate type finish to the roof.
The loading imposition was also contentious to the Air and Space design
team, who had assumed that they would be able to suspend a number of
their exhibits from the roof supporting beams and arches. However, under
the imposition, heavy exhibits were prohibited, but smaller, lighter items,
such as kites and 'hang gliders' were considered to be acceptable.
A second major problem materialised when the Air and Space Museum
accepted the offer of a Shackleton, four engined, aeroplane from the
Ministry of Defence (via arrangements with the Director of the RAF
Museum). This huge aircraft, with a wing span of 119ft (36.5m), had to
be brought into the building and manoeuvred into a salient spot. Getting
the aircraft into the existing structure would be the problem.
Originally, a large entrance door was located in the south gable wall, sited
at the central position of the cross aisle. The entrance gave access for
pantechnicons to deliver large display items for exhibition purposes.
Sadly, the existing entranceway was of insufficient size to accommodate
the four engined aeroplane. The Council's architects were faced with no
other alternative but to increase the size of the opening; and this is where
the conflict arose.
The architects and the Air and Space team wanted to leave this enlarged
entrance as a feature - to facilitate the removal and acceptance of the
larger aircraft for display. The idea was to provide a demountable glazed
frontage, which could be readily removed, and would also allow the
passers-by to view the exhibits inside the museum.
The English Heritage architect rejected these proposed changes to the
original Victorian facade; only agreeing to a compromise, whereby the
features of the original facade would be rebuilt and retained, but the lower
level would be infilled with clear glazing, instead of brickwork, and the
wrought iron railings would not be replaced across the opening.

Other areas of minor conflicts emerged as the works progressed, mainly
regarding the cast iron embellishments around the building, some of
which had broken, cracked or simply disappeared. These defective embellishments were eventually made good, except for three or four of the
larger ornate cast iron brackets, which supported the lattice girders across
the end gables of the aisles. It was contended, by the iron founder
responsible for remaking the defective embellishments, these large brackets were of such an intricate nature that it would not be possible to
accurately reproduce the patterns without removing one of the remaining
brackets from the building. This was not considered to be a viable option,
and the existing modern brackets were, therefore, not replaced. (See
photos No's l to 4) The pursuit of the various conflicts of interest tended
to retard the progress of the work on site, until they were properly
resolved, and so created problems for the Main Contractor, who found it
difficult at times to maintain a steady flow of site work for his work force.
However, every effort was made to meet the target deadline in 1983, and
this was, happily, achieved.

Setting up the Air and Space Museum
Following its decision, in 1980; to revamp the City Hall building and
create an Air and Space Museum, the City Council took a further move
forward by setting up a special Trustee Committee, under the Chairmanship of Councillor Norman Morris; with other politicians and senior
Council officers making up the committee. The Director of the RAF
museum at Hendon was also included as an 'ex-officio' member of the
committee.
The Trustee Committee was the driving force behind the new venture;
being the decision making body which would oversee all the financial
and legal aspects of the project. The committee quickly set the date for
the opening of the Air and Space Museum as Easter 1983; and every
effort was to be made to ensure that the target date would be achieved.
Figure No.7 depicts the interaction between the Trustee Committee and
the Design teams. Two separate design teams were employed to create
the new museum, and were drawn from independent sources. One was

formed from the staff of the Royal Air Force Museum at Hendon, under
the direction and control of the Director. This team concentrated on the
types of aircraft that would be made available as exhibits, and also set
down the proposed location and positioning of each aircraft within the
display gallery; together with the arrangement of pathways, to be followed by the public, through the museum.
The second team was composed of the architectural staff assigned by the
City Architect for the restoration works on the old hall. The team's task
was to co-ordinate with the RAF design team to ensure that all the
conversion works were feasible and compatible with the general ambience of this building, while also complying with the current statutory
regulations. The team was also responsible for liasing with the English
Heritage architect to make sure that none of the conversion works compromised the 'listing' of the building in any way.
At the end of 1981 the Ministry of Defence, through the Director of the
RAF museum, made it known that a Shackleton four engined aeroplane
was due to be decommissioned during 1982, and could be made available
as an exhibit in the new museum at Manchester.
The problems associated with huge aircraft have been outlined earlier,
but it is worth recording that, in order to bring the Shackleton into the
building, it had to have each of its wings dismantled back to their
intersection with the two inboard engines. This reduced this 119 ft
(36.5m) overall wing span down to a manageable 46ft (14m); which was
just sufficient to allow the plane to pass through the specially enlarged
opening in the south gable.
Although the allocation of the Shackleton to the museum was good news,
the conversion process did not run too smoothly for the Trustee Committee. In the spring of 1982, it was considered that the Ministry of Defence,
and the administrators at Hendon, were "dragging their feet" over a
number of legal and financial agreements relating to the leasing of some
of the aircraft to be displayed.

The Trustee Committee were so perturbed, by the procrastinations, that it
felt the whole museum project could be in jeopardy and recommended to
the City Council that the conversion works should be put on hold until the
situation could be clarified. The restoration work was to continue, but no
further work was to be undertaken on the museum project.
Fortunately, the problems ware resolved by the summer of 1982, and the
conversion work was allowed to continue.
At about this time the Trustee Committee decided to appoint a Director/
Curator for the Air and Space Museum, who would be able to take over
the responsibility for the day-to-day management, organisation and running of the museum with immediate effect. Suitable applicants were
interviewed for the post, and the Directorship was finally awarded to
Peter Batson, a former curator with the North-west Museum of Science
and Industry at Grosvenor Street.
Throughout the latter part of 1982 there was a flurry of activity as the
conversion works were carried on at a pace. Under "Mr. Batson's direction the exhibition aircraft started to arrive and take up their appointed
positions in the gallery. However, the Ministry of Defence again delayed
matters by not decommissioning the Shackleton until the end of November 1982; thus creating a 'knock-on' effect with the progress of the
restoration and conversion works. The Shackleton aircraft was finally
delivered to the museum (in bits and pieces) at the turn of the year.
This unexpected delay caused the Main Contractor, John Laing, to be
placed under intense pressure to complete their part of the restoration
woks within the target time.
With less than three months to the opening date, after the Shackleton had
arrived, the contractor was faced with the task of re-forming and making
good the enlarged entranceway, (to the satisfaction of both the English
Heritage and the City architect's representatives plus the rebuilding of
that portion of the balcony that had been removed in order to provide
adequate access to the enlarged entranceway. This was no easy task,
when all these works had to be undertaken at the same time, and in the

same location, as the team of RAF fitters worked on the re-assembly of
the Shackleton.
However, after almost six years of controversy, conflicts and administration uncertainties, the restoration and conversion works were finalised
within the target time. All the aircraft were in their allotted positions, and
the Shackleton was ready to be displayed as the museum's "piece de
resistance".
The Manchester Air and Space Museum was officially opened on Tuesday 29th April 1983.

The Sting at the End of the Tale
Like all good stories, the Air and Space museum saga has a sting at the
end of the tale. In the Spring of 1984, just twelve months after the official
opening of the Museum, one of the major sponsors withdrew their
financial support for the project.
This left the City Council facing an immediate deficit of around £50.000
towards the administration of the museum. The Council had no alternative but to accept the situation, and seek out another sponsor. This was
not easy, and, after six months , the City Council requested the Finance
Subcommittee and the Museum Trustee Committee to review the situation, and put forward proposals for the future funding of the museum.
By the end of 1984, the only viable option was to offer the new Air and
Space Museum to the Greater Manchester Council, to be taken into, and
become part of, the larger Museum of Science and Industry.
So, after spending over £2 million on restoration and conversion works,
the City Council simply handed everything over to the Greater Manchester Council during December 1985.

Author's Footnote

This fine, l9th Century, Victorian building, with its fascinating historical
structure, pre-dates all of the exhibits on display in the museum; and
could continue to give service to the general public well into the 22nd
Century.
Hubert Dickson CEng. FIStructE. MMAE.
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150th Anniversary Civic Reception
Manchester Town Hall
10th October 2006
The Deputy Lord Mayor of the City of Manchester, Councillor Glynn
Evans, hosted a reception at the Town Hall to celebrate the 150th Anniversary of our Association. Twenty-seven members accepted, including
Prof W. Johnson from Cambridge who had been President in 1973 - 74.
Representatives of seventeen other Institutions were also present.
After a welcome by Councillor Evans, our President, the Rev. Dr. Richard Hills replied:'My Deputy Lord Mayor, members of the Manchester Association of
Engineers, members of other engineering institutions and other guests,
may I first thank our Lord Mayor for his generous invitation to mark the
150th Anniversary of the Manchester Association of Engineers in this
splendid setting of the Town Hall.
This building is a remarkable blend of so many engineering skills. We
have of course the architects and the civil and structural engineers who
designed and erected a building with sufficient strength not only to
withstand the ravages of over one hundred years but also to support the
endeavours of Father Christmas to climb into it.
We remember also that Manchester has been the centre of so many
pioneering achievements in the realms of engineering. I do not know
whether the stones from which this building has been constructed may
have been shipped along the Bridgewater Canal, that navigation which
launched the canal age, so important for the Industrial Revolution, or
whether other building materials arrived via the Liverpool and Manchester Railway, which has been called the world's first Inter-City Railway.

That railway certainly created a locomotive building industry here in the
city centre with the firm of Sharp Roberts, part of a wide-ranging body of
Mechanical Engineers here.
Then there have been water engineers who brought that vital commodity
into the Town Hall with reservoirs at Reddish and then the Longdendale
Valley. Such schemes helped to reduce the scourges of cholera and
typhoid, improving the health of the citizens of Manchester. Water also
featured in another way in this Town Hall, and that was in hydraulic
power to work the lifts and wind the Town Hall clock. The pressure in
the mains was 1,000 p.s.i., one of the highest in any public supply in this
country. While walking here tonight, I observed that the clock is still
going so I assume it has overcome its objections to being wound by
electricity.
It would not have been electricity but gas that first illuminated this Town
Hall. In these hallowed surroundings, dare I mention that the first textile
mill in the world to be lit by gas was that of Phillips and Lee just across
the river in Salford. But the Manchester Police Commissioners quickly
rectified this by inaugurating one of the first gas works for public supply
in this country. And so of course we have gas engineers today.
Knowing the problems associated with the present supply of gas, perhaps
the Town Hall authorities were wise to change to electric lighting, an
industry rapidly taken up here in Manchester through the Hopkinson
brothers linked to the University and firms like Mather and Platt, creating
a demand for electrical engineers. As the electric light illuminates the
various splendid textile fabrics around us, we are reminded how once
Manchester was called Cottonopolis. It was a centre for fine spinning
such as M'Connell and Kennedy in Ancoats. They may have used mules
built by Hetherington's near-by. Some of these mills would have been
driven by steam engines supplied by Galloways from Knott Mill. Of this
firm, it has been said that if you were not in their church on Sunday, you
were not at work on Monday.
Our Town Hall has been built and equipped through the work of people
from a wide range of engineering backgrounds. This is equally true of

the Manchester Association of Engineers. Looking through the list of
papers presented, we can see how the interests of the Association have
reflected the importance of Manchester as a centre of engineering excellence and innovation. For myself, I have welcomed the opportunity
through the lectures of the Association to learn about so many industries
way beyond those with which I have not been normally involved; such as
violin making, the latest Triumph motor-cycle or the Big Bang sculpture.
As a reflection of this, it has been the social side of meeting so many
different people from so many different engineering and professional
backgrounds that has been of benefit and help to me especially when
setting up the present Museum of Science and Industry.
This is why we invited colleagues from other institutions to join in these
celebrations this evening. Thank you for coming to celebrate our 150
years young. If I have concentrated my talk on the past, we also look
forward to the future. The emphasis of engineering in Manchester may
change from mechanical or production engineering towards civil engineering but even that needs a multiplicity of skills as can be seen in the
Bridgewater Hall, situated not far from the end of the Bridgewater Canal.
I have no doubt that Manchester will continue to be a centre for engineering excellence and achievement, and I hope that the Manchester Association of Engineers will continue to be a forum where knowledge about
past and present achievements can be shared.'
The Lord Mayor then presented Long Service Certificates to four people
who had been members of fifty years or more. These were David
Butterworth, 57 years and President 1970 - 71 whose father presented the
Butterworth Medal; Kenneth Andrews, 54 years and President 1978 - 79;
Ernest Andrews, 54 years and President 1987 - 88 and 1996 - 97, now
Hon. Secretary and Jimmy Allan, 50 years. Mention was also made of
our member Ashley Kirby who received the Association's Award for
Excellence for his work in producing the PED Handbook which lists
details of all the regional lectures. The evening concluded with a buffet.

