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O much has already been said and written, both wisely and well, upon the marvellous
edifice which has just been reared with such magical rapidity to enshrine the results of
the skill and industry of all nations, that it would appear an almost hopeless task to
present the subject in any new point of view to the reader.

If, therefore, the authors cannot lay claim to novelty or originality in the execution of the
pleasurable work which they have undertaken, they are not without hopes that, from their having
been connected with this gigantic undertaking during the greater part of its progress, they will
be enabled to trace in a more detailed and consecutive manner than has yet been attempted the
history of the design and execution of the building up to the period of its completion.

A great deal has been lately said upon the want of distinctive character in almost all the buildings
of the present day; and it is certainly a striking fact that in scarcely any of our important modern
structures does the exterior appearance in any way lead the spectator to form an idea of the
purposes or arrangement of the interior, the former being apparently governed by fancy, or the
fashion for some particular style, while the latter only, is accommodated to the peculiar
requirements of the case. Thus we have porticos which do not shelter from the weather, or in
which no one is allowed to walk; Venetian palaces appear piled upon a substructure of plate-
glass; baronial castles prove to be model prisons; and richly-decorated mansions, from the time
of "Good Queen Bess," or fanciful Italian villas, are made to serve for the accommodation of
paupers.
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The ancients appear to have been more careful in this respect, so that the form and external
arrangement afforded in most cases a ready key to the purposes of their structures. Their
temples, their fora, theatres and amphitheatres, baths, and other public edifices, seem each to
have been stamped with their own characteristic features, at the same time without in any way
producing a monotonous uniformity among the different examples of the same class of building.

Now, if this criterion of excellence be applied to the remarkable building recently erected in
Hyde Park, it will be found that the constructive arrangement of the interior is plainly expressed
without, and it must be conceded that it possesses at least those elements of beauty arising from
consistency and simplicity which, in combination with its vast size, give it also that of grandeur.
That it is faultless it would be needless to assert, or to imagine that, from its example, a new style
of architecture will originate; but that it is admirably suited to its purpose, that it is a remarkable
specimen of the constructive skill of this country, and that it will certainly form one of the most
interesting objects of the Great Exhibition by which it has been called into being, if not the most
interesting of all, must, we think, be admitted by all candid observers.

Although the building in its present form was designed, as well as carried out, in a singularly
short space of time, this could not have been accomplished but for the great amount of thought
and labour which had been previously bestowed upon the subject. In order, therefore, to trace
the whole of the progress of the design, it will be necessary briefly to advert to the early labours
bestowed upon the project.

On the 5th of January, 1850, the Royal Commission for carrying out this great scheme was
gazetted; its first and second meetings, which were respectively held on the 11th and 18th of the
same month, were entirely devoted to preliminary arrangements, and determining the mode of
conducting its proceedings.

Among the most urgent matters calling for the attention of the Commissioners, the subject of the
building early presented itself, as it was of the utmost importance that the longest possible time
should be allowed for its erection; and, accordingly, at the third meeting, held on the 24th of
January, the following noblemen and gentlemen were appointed to act as a

Committee fur oll Flotters teloting to the Builing.

His Grace the Duke of BuccreucH, K.G.,
F.R.S.

The Right Hon. the Earl of ELLesmERE, F.S.A.

CHARLES Barry, Esq., R.A., F.R.S.

Wirriam Cusrrr, Esq., F.R.S., Pr. of J.C.E.

RogerT STEPHENSON, Esq., M.P., F.R.S.

C. R. CockereLL, Esq., R.A.

I. K. BruneL, Esq., F.R.S.

Tromas L. Donarpson, Esq., M.I.B.A.

From which list it will be seen that some of the very highest professional talent in the country
was enlisted on behalf of the undertaking.

Tobowrs of the Building Committee.

C@ HE first point to be ascertained by this Committee was where to find an eligible site; for
&, ¢ although they were not able at that early stage of their labours to determine the exact
?;} amount of space that would be required, they appear to have been of opinion that, from
~—/ the general data before them, about sixteen acres would be necessary—an amount which
has been subsequently considerably exceeded, but which was already an enormous area
to be covered by one building; and in dealing with it the Committee must have felt that a very
heavy amount of responsibility rested upon them, as appears, indeed, from their recommendation
to the Royal Commission given below.

After about a month of attentive deliberation, the Committee made a report upon this part of
their labours.

With regard to the site, it had appeared to the Committee that—firstly, the north-eastern portion
of Hyde Park; secondly, the long space between her Majesty's private road and the Kensington
road, in the southern part of Hyde Park; and thirdly, the north-western portion of Regent's Park,
were the only available spaces about the metropolis which would afford the necessary
accommodation; and it was believed that the order in which they were named represented also
their relative eligibility. As regarded the first, the Committee had been informed by the Chief
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Commissioner of her Majesty's Woods and Forests that considerable objections would arise to its
occupation for such a purpose, and that no such objections would be raised to the use of the
second; and the Committee, therefore, recommended the adoption of this site, which, amongst
other advantages, is remarkable for the facility of access afforded by the existing roads.

As regarded the extent of the building, the Committee were not yet in possession of sufficient
data to enable them to determine this accurately, but, from such information as they had before
them, they thought that it might be assumed, for the present, that about sixteen acres of covered
space would be required.

And finally, as regarded the mode of proceeding to determine the general interior arrangements
or ground-plan of the building, a subject to which they had given much consideration, they
resolved, "That, in their opinion, it was desirable to seek, by public competition, for suggestions
as to the general arrangements of the ground-plan of the building."

It was deemed by the Committee that the peculiar object for which the building was required,
namely, the encouragement of the widest and most liberal competition in all the branches of arts
and manufactures—the circumstance of the cost of the erection being defrayed by the public—the
peculiar character of the building, for the designing of which were especially required judgment
and contrivance in the detail of arrangement, and experience in the management of large crowds,
and for the construction of which the mechanical skill and knowledge of the application and of
the economical use of materials now so generally possessed by builders and practical men were
necessary—all seemed, in the opinion of the Committee, to be reasons for recommending that the
designs for the general arrangements should, as far as practicable, be the result of public
competition, and that the actual construction should be so to the fullest extent. The Committee
were, moreover, of opinion that the general design or arrangement of such a building was one of
those subjects, perhaps few in number, on which many good ideas may be elicited by a general
contribution of plans; and that a mode might be adopted of obtaining such plans, and collecting
useful suggestions from them, which should not eventually lead to any loss of time, or be
attended with those delays which too frequently render ordinary competition inconvenient.

Great objections were made in some quarters to the proposed site in Hyde Park; but as they were
not raised on really public grounds, they were gradually overcome by the interest which the
public at large manifested in the success of the undertaking.

In consequence of the latter recommendation in the Report which was adopted by the Royal
Commissioners, the following document was published by them on March 13th, 1850, copies of
which appear to have found their way into almost every corner of Europe:—

"The Committee appointed by the Royal Commission to advise on 'all matters relating to the
building,' having received the sanction of the Commission, are desirous of obtaining from all
parties who are disposed to assist them suggestions for the general arrangement of the buildings
and premises required for this Exhibition. Upon the general form of the building in plan, the
distribution of its parts, the mode of access, and the internal arrangements and contrivances, will
depend the convenience and general fitness of such a building; and it is upon these points that
the Committee seek information and suggestions, and wish to encourage the most extended
competition in the preparation of plans. The Committee do not propose to offer any pecuniary
reward for such plans—they rely upon the desire which men of all countries will feel to forward
the objects of the proposed Exhibition. The Committee think it probable that, when the plans are
received, they may not be limited to the selection of any one plan, but may derive useful ideas
from many; and that the best plan may be determined upon by the help of this general assistance.
As the credit of any such plan will be due solely to the contributors, the Committee propose to
make a report, in which they will acknowledge by name those whose plans had been wholly or
partially adopted, or who had afforded the most useful suggestions; and the Committee hope to
be able to offer such other honorary distinction to the successful contributors as the
circumstances may appear to warrant. In order to guide the contributors in the preparation of
such plans and designs, and to facilitate the examination and the comparison of them when
received, the Committee have enumerated concisely the principal 'desiderata’ for such a building,
and have laid down certain rules and conditions to which they earnestly request the contributors
to conform, as the Committee will be under the necessity of abiding strictly by the regulation of
not acknowledging any plans which may be sent in a form inconsistent with these rules. Copies of
the engraved plan of the ground referred to may be had on application to the secretaries of the
Commission, at the New Palace at Westminster."

An engraved plan of the site which had been fixed upon, together with the subjoined regulations,
which all competitors would be expected to observe, were subsequently issued to all applicants:—

"1. The communications from contributors must consist of a single sheet of paper, not larger than
the accompanying engraving, with a simple ground-plan upon a scale of 1-1000 of the full size,
with such elevations and sections only of the building, and on the same sheet, as may be
necessary to elucidate the system proposed—such elevations and sections not being intended to

{4}

{5}



convey more than a general idea of the building, and not entering into details of construction or
of architectural decoration—to be accompanied by a short, clear-written explanation of the
system recommended, on a separate sheet. Any contributor wishing to send two designs must
send separate and distinct communications, each conforming to the above conditions. No
communications made inconsistent with these conditions, or any plan prepared upon a different
scale from that prescribed, can be received. The plans, &c., must be sent on or before the 8th of
April next, addressed to the Secretaries of the Exhibition, New Palace at Westminster, London. It
is suggested that the most convenient mode of preparing the plan, elevation, and section, would
be to draw them upon one of the engraved copies of the plan of the ground which accompany
these instructions.—2. The building is to be erected on the space marked A B C D, and must not
extend beyond the boundaries of the shaded portion. The groups of trees shown on the plan must
be preserved. The principal public approaches are by the roads E F and G H. The road K L will be
available only for foot-passengers. There will be no objection to the formation of cross-roads
between the two last, G H and K L, if the design of the building requires it.—3. The roofed portion
of the building is to cover a space of 700,000 square feet, or about 65,000 square metres; and the
whole building must not occupy, including open spaces, an area of more than 900,000 square
feet, or about 84,000 square metres. The building generally will be of one storey only.—4. No
space will be required for cattle, or for shrubs or flowers.—5. It may be assumed, so far as it
affects the ground-plan, that the light will be obtained entirely from the roof, and the building
will be constructed of fire-proof materials.

"The general requirements are—simplicity of arrangement; economy of space; capability of
extending or curtailing the building without destroying its symmetry as a whole, or interfering
with the general arrangement, it being impossible to determine the exact extent of roof required
until a late period of construction. Adaptation for the erection of separate portions of the building
at different periods. Conveniences of ingress and egress, with facilities of access to all parts of
the Exhibition, either from the exterior or interior. Means of classification of the various objects
of different departments. Wall-space for the display of articles requiring it. Means of affording
private access and accommodation for exhibitors, with counting-houses, if required. Committee-
rooms, council-rooms, public refreshment-rooms, and all other public and private
accommodation. (This portion of the building may be in two or more storeys if required.) Internal
arrangements, by which, under proper regulations, large crowds of visitors may circulate freely,
and have convenient access to all parts of the Exhibition, and uninterrupted means of examining
the various objects exhibited."

CThe Cumetition Designs.

C@ HOUGH the time allowed for the preparation of drawings was but short, being only about
¢ one month, no less than 233 designs were sent in, many of them of an elaborate
% architectural character. Of these, thirty-eight, or one-sixth of the whole, were received
~——/ from the different foreign countries of Europe (France, twenty-seven; Belgium, two;
Holland, three; Hanover, one; Naples, one; Switzerland, two; Rhine Prussia, one;
Hamburgh, one); 138, or more than half the entire number, from London and its vicinity, where
the interest excited was naturally more immediate; fifty-one from the provincial towns of
England; six from Scotland, and three from Ireland. Seven were sent anonymously. The small
number contributed by the sister kingdoms seems rather remarkable.

The greater part of these designs were, of course, contributed by members of the architectural
and engineering professions, but some were the productions of amateurs, and one among them
purported to be the suggestion of a lady. Here, then, was matter enough not only to assist, but
even, from its great variety, to perplex the Committee, since at once every possible variety of
style in decoration, material in construction, and system in arrangement, were strenuously
recommended by the authors of the respective designs as the great ultimatum sought for.

To Mr. Digby Wyatt, whose services were to a great extent withdrawn from the Executive
Committee, in order that his professional knowledge of the subject might be placed at the
disposal of the Building Committee, was intrusted the arduous task of examining and classifying
these incongruous materials, and of eliminating from them such general principles of
arrangement as seemed most worthy of the attentive consideration of the Committee. The result
of this gentleman's minute examination was embodied in a Report, upon the basis of the
recommendations contained in which the subsequent utilitarian portions of the design of the
Building Committee would appear to have been founded.

After holding about fifteen protracted sittings, the Committee presented the following Report to
the Royal Commission on the 9th of May:—

“ Ay it plense goue Rugal Lighuess,
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"My Lords and Gentlemen,

"We have the honour to report that we have examined the numerous plans so liberally
contributed by native and foreign architects in accordance with the public invitation.

"Exhausting in their numerous projects and suggestions almost every conceivable variety of
building, the authors of those designs have materially assisted us in arriving at the conclusions
which we have now the honour to report.

"We have been aided in our analysis of this subject by a great amount of thought and elaboration
thus brought to bear upon it from various points of view.

"We have, however, arrived at the unanimous conclusion, that able and admirable as many of
these designs appeared to be, there was yet no single one so accordant with the peculiar objects
in view, either in the principle or detail of its arrangements, as to warrant us in recommending it
for adoption.

"In some of the least successful of the designs submitted, we find indicated errors and difficulties
to be avoided, whilst in the abler and more practicable of them, there are valuable conceptions
and suggestions which have greatly assisted us in framing the plan we have now the honour to
lay before you. In preparing this design we have been governed mainly by three considerations:—

"1. The provisional nature of the building.

"2. The advisability of constructing it as far as possible in such a form as to be available, with the
least sacrifice of labour and material, for other purposes, as soon as its original one shall have
been fulfilled, thus insuring a minimum ultimate cost.

"3. Extreme simplicity, demanded by the short time in which the work must be completed.

"For the arrangements of the plan we rely for effect on honesty of construction, vastness of
dimension, and fitness of each part to its end.

"The principal points of excellence we have endeavoured to attain are—

"1. Economy of construction.

N

. Facilities for the reception, classification, and display of goods.

w

. Facilities for the circulation of visitors.

"4. Arrangement for grand points of view.

Ul

. Centralisation of supervision.

"6. Some striking feature to exemplify the present state of the science of construction in this
country.

"The first of these, ECONOMY, is attained by doing away with any internal walls (all divisions being
made by the necessary stalls), by reducing the whole construction, with the exception of the
dome, to cast iron columns, supporting the lightest form of iron roof in long unbroken lines, and
by the whole of the work being done in the simplest manner, and adapted in all respects to serve
hereafter for other purposes.

"The second, facilities for the RECEPTION, CLASSIFICATION, and DISPLAY of goods. The main central
entrance for the reception of objects for exhibition will probably be that most approachable from
the public road. All cases accompanying goods will be examined, registered, catalogued, &c., in
the offices of the Executive; the packing-cases will then be put upon a truck running on a line of
rails laid down temporarily, and conveyed to the centre turn-table, from which they may be
carried by a line of rails at right angles to the first, to the end of the transverse gallery, in which
they may be destined to be placed.

"The most important condition to insure successful classification is, that those to whom the duty
of arrangement may be confided should be hampered by no fixed limits of space, such as would
have been the case had the building been divided into a number of halls, sections, or chambers.
The plan submitted fulfils this condition perfectly; as objects can be arranged just as they are
received, and moved, if necessary, from gallery to gallery with great facility.
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"The successful display of the goods would be best insured by leaving, under certain general
restrictions, the fitting up of each stall to the Exhibitor or his Agent, floor-space only being
allotted to each; and stands, frames, brackets, shelves, &c., being put up by a contractor's
carpenter, at a fixed tariff.

"The best light is provided, and the most economical wall-space is proposed to be furnished by
connecting pillar to pillar transversely, on the extreme north and south sides of the building, by
rods, from which draperies, &c., can be suspended.

"The third, FACILITIES FOR THE CIRCULATION OF VISITORS, is thus attained. The visitor, on arrival at
the central hall, proceeds at choice to any one of the four sections. He will, most probably, desire
either to follow the whole course of the section selected, or will wish to go at once to some
particular class or object. He will be enabled to do either the one or the other, without interfering
with the general current, by means of gates or other arrangements, which shall insure the
current of visitors passing in one direction. If he desire to proceed rapidly from one end of the
building to the other, and finds the great central gangway at all blocked up, he will, no doubt, be
able to get on by either the north or south corridors, fifteen feet wide. Numerous doors of egress
in these latter afford ready means of exit for a large number of persons. Seats are provided in the
middle of the great central gangway for those who may desire to rest.

"The fourth, ARRANGEMENT FOR GRAND POINTS OF VIEW. The view from or to the centre of the
building will, from its extent, be necessarily imposing. The seats and main avenues are arranged
so that, on the occasion of the distribution of the prizes, an immense number of persons may be
accommodated. Most interesting views might be obtained from galleries constructed at either
end of the building and around the dome, for the admission of the public to which some small
charge might be made.

"The fifth, CENTRALISATION OF SUPERVISION. All the business of the Exhibition will be carried on in
one spot, and be readily under control. The Royal Commission, the principal Committees, Clerks,
Accountants, Police, &c., would be together, and in so large an establishment it would be
absolutely necessary, or much time would be wasted in walking from one point to another.
Passages running behind the money-takers' boxes, with glazed doors into them, would enable
each accountant to detect anything improper that might be going on, and to exchange and
balance checks, money, &c., at any moment. Telegraphic communication with each of the four
pay-places will permit orders to be given, cash accounts, &c., to be issued and returned, from
and to the head-accountant's office, as often as may be necessary.

"Four Committee-rooms, one for a Jury in each section, have been provided at the extreme east
and west ends. The duties of such Committees being deliberative, and not executive, it is not
necessary that they should be accommodated in the Central Establishment, where they would be
more liable to be disturbed than at the extremity of the building.

"A policeman stationed in each gallery would, from his elevated position, be enabled to observe
much which might escape detection if he mingled only with the crowd.

"The sixth, SOME STRIKING FEATURE TO EXEMPLIFY THE PRESENT STATE OF THE SCIENCE OF
CONSTRUCTION IN THIS COUNTRY. In order that the building, in which England invites the whole
world to display their richest productions, may afford, at least in one point, a grandeur not
incommensurate with the occasion, we propose, by a dome of light sheet iron 200 feet in
diameter, to produce an effect at once striking and admirable. From calculations which have
been made of the cost of so grand a Hall, we have reason to expect that it may be executed for a
sum not greatly exceeding the cost of the simplest form of roof likely to be adopted to cover the
same area.

"It is to be borne in mind that a considerable amount of any such difference may be recovered,
should this portion of the building be converted hereafter to other purposes, which is more than
probable. This vast dome it is proposed to light mainly from one circle of light in its centre, and
thus the sculpture will be pleasingly and suitably lit.

"Six out of the eight openings in the cylinder of the dome would be well adapted for the
exhibition of stained glass windows of great extent, while the two remaining arches will open to
the main central gallery. The lower part of some of the voids will admit the eye to turf and
shrubs, and produce a great freshness of effect.

"The immense continuity of the Central Avenue will be broken and relieved by a variation in the
roof opposite the openings to the second and third sets of refreshment-rooms, and windows for
the reception of Stained Glass may be placed at the ends of each transverse gallery, thus
terminating the vista for each.

"It now only remains to explain the course of action we would recommend for adoption as soon as
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the principles of the plan, &c., shall be positively decided.

"We consider this to be an occasion upon which the greatest amount of intellectual and
commercial ingenuity and ability should be called out; and that a generous rivalry among those
best fitted to execute the principal portions of this vast structure may lead to results which no
amount of detailed study that we could possibly give to this matter would supply.

"We would therefore recommend that every advantage should be taken of the accumulated and
experimental knowledge and resources of intelligent and enterprising contractors, and that every
opportunity should be afforded to them of DISTINGUISHING THEMSELVES. We would therefore
recommend as the best means of enlisting their services the following course of action:

"Adopting the approved design as a basis, we would proceed immediately to prepare such
working-drawings and specifications as may be necessary, and to issue invitations for tenders to
execute Works in accordance with them, requesting from competitors, in addition, such
suggestions and modifications, accompanied with estimates of cost, as might possibly become the
means of effecting a considerable reduction upon the general expense.

"W. Cusrtt, Chairman."

The following Report of the Committee on the competition plans submitted, and which was so
unfavourably received by the public, and more particularly by the profession, was presented to
the Royal Commission on the 16th of May:—

“ my it please your Kogal Fighess,

"My Lords and Gentlemen,

"Your Committee beg leave to report, that the invitation issued by the Commissioners, requesting
information and suggestions for the general arrangement of the Building and premises required
for the Exhibition of 1851, has been responded to in the most ample and satisfactory manner,
both as respects the variety of useful ideas presented to their consideration, and the liberality
with which many experienced and skilful men of foreign countries, no less than of our own, have
contributed their valuable time to this great undertaking, thereby evincing their entire sympathy
both with the great cause of Arts and Industry in which her Majesty's Commissioners have
embarked, and with the arduous labours of the Directors of the undertaking.

"The Designs and Specifications transmitted to the Committee amount to the surprising number
of 233, offering an aggregate of professional sacrifice of very considerable importance; for, not
confining themselves to suggestions only, which were invited by the Programme, a large
proportion of them are remarkable for elaboration of thought and elegance of execution.

"Penetrated with admiration and respect for these gratuitous and valuable contributions,
unexampled, they believe, in the history of competition, your Committee have devoted the most
careful attention to the collection of these projects, and hasten to offer those acknowledgments
which are due to their merits, and to the generous motives which have led to their execution; and
they trust that the public may shortly be witnesses of the effect of this very noble emulation of
the skill of all countries, by the public exhibition of these designs, offering the opportunity, in the
true spirit of the whole undertaking, of mutual improvement, respect, and friendship amongst the
cultivators of the liberal arts in the several countries of Europe.

"It is remarkable that, while many of these contributions may be attributed to the laudable
motive of professional reputation and advancement on the part of practitioners not yet
sufficiently known to the public, a great number are from Gentlemen whose position in the
confidence of their respective Governments or in the Republic of Arts and Letters is of the
highest eminence, and who can have been actuated by no such personal motives. Already entitled
to respect and admiration, they could have little to gain, while they have something to lose, in the
competition for glory. The kind and frank communication, therefore, of their thoughts and
experience towards this great work is to be the more highly commended. Every possible mode of
accomplishing the object in view has been displayed by the respective contributors as regards
economy of structure and distribution, and these qualities are united with various degrees of
architectural symmetry and features in many designs. Our illustrious continental neighbours
have especially distinguished themselves by compositions of the utmost taste and learning,
worthy of enduring execution—examples of what might be done in the architectural illustration of
the subject, when viewed in its highest aspect, and, at all events, exhibiting features of grandeur,
arrangement, and grace which your Committee have not failed to appreciate.

"Amongst these several classes of design, the practical character of our own countrymen, as
might have been expected, has been remarkably illustrated in some very striking and simple
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methods suited to the temporary purposes of the Building, due attention having been paid to the
pecuniary means allotted to this part of the undertaking. The principle of suspension has been
applied in a single tent of iron sheeting, covering an area averaging 2,200 feet by 400 feet by a
lengthened ridge, or in separate tents on isolated supports. Others display the solution of this
problem by the chapter-house principle, and a few by the umbrella or circular locomotive-engine-
house system of railway-stations, either with a central column or groups of columns sustaining
domes or roofs to the extent of four hundred feet diameter.

"Grandeur and simplicity of distribution are carried out with great architectural effect in other
compositions, and the general arrangement by columnar supports has been also variously and
elegantly developed. The system of iron roofing, with all the architectural powers of which that
material is susceptible, has been adopted by some with signal enterprise, ingenuity, and power.

"In another class of design the authors have viewed with enthusiasm the great occasion and
object of the proposed Exhibition, and have waived all considerations of expense. They have
indulged their imaginations, and employed the resources of their genius and learning, in the
composition of arrangements which present the utmost grandeur and beauty of architecture,
suited to a permanent Palace of Science and Art. These, as addressed to the architectural
Student, are of the highest value, reminding him of all the conditions of his art—the Egyptian
hypostyle, the Roman thermee, or of the Arabian or Saracenic inventions. And though their
expense has placed them beyond reach, they cannot fail to inspire and elevate the treatment of
the reality. They at all events confer great obligations on the lovers of the Fine Arts, for the
authors have evidently felt that, if one of the results to be expected from the proposed Exhibition
may be to prove that the simplest object of ingenuity and skill should not be devoid of some of the
attractions of taste, the Building itself ought to be an illustration of that important principle.

"The Committee, however, have been unable to select any one design as combining all the
requisites which various considerations render essential. But the judgment and taste evinced by a
large number of the contributors have enabled the Committee to arrive more promptly at their
conclusions, and they have freely availed themselves of most valuable suggestions in directing
the preparation of a fresh design for the proposed building.

"They have consequently been most earnest in the desire to fulfil the just expectations of the
various competitors, and feel assured that your Royal Highness and the Commission will be of
opinion that the most unreserved and handsome acknowledgments are due to those able men of
science and art who have in so disinterested a manner submitted such admirable projects for the
consideration and assistance of the Committee. They beg, therefore, to submit, as their opinion,
that the following gentlemen are entitled to honourable and favourable mention, on account of
architectural merit, ingenious construction or disposition, or for graceful arrangement of plan.

"And they cannot conclude without calling attention to the designs, accompanied by models, of
M. Hector Horeau, Architect of Paris, and of Messrs. Turner, of Dublin, as evincing most daring

and ingenious disposition and construction.[!]
"W. Cusrtt, Chairman."

Some of the strongest objections to this Report are very fairly urged in a letter which appeared in
the Builder of the 15th of June, a part of which is subjoined:—

"Part II. of the Report contains what I suppose is to be taken as the best exposition of the merits
of contributors that the Committee can give, which commences by stating, in a tone of
commendation, that, 'not confining themselves to SUGGESTIONS ONLY, which were invited by the
PROGRAMME, a large proportion of them are remarkable for elaboration of thought and elegance
of execution.' This, I would contend, is clearly a breach of the specified conditions, viz., that
SUGGESTIONS ONLY were to be given—that the plan or drawing sent in was to be A MERE OUTLINE
SKETCH, upon a SINGLE SHEET; and the Committee even recommended that it would be most
convenient merely to trace it upon the common paper on which the 'plan of site' was supplied to
the public, a space being left upon the sheet for SKETCHING any sections or elevations that might
be necessary to illustrate the design; and that a written description, limited also to 'a single
sheet,' was all the exposition of their ideas that authors would be allowed to give. The Report
goes on to state, that 'our illustrious continental neighbours have especially distinguished
themselves [in designing a temporary building for an exhibition] by compositions of the utmost
taste and learning, worthy of enduring execution—examples of what might be done in the
ARCHITECTURAL illustration of the subject [the conditions strictly enjoined contributors not to
enter into architectural detail] when viewed in its highest aspect, and, at all events, exhibiting
features of grandeur, arrangement, and grace which your Committee have not failed to
appreciate.' It then places in contradistinction to these no doubt admirable but out-of-place
productions of architectural genius, the 'practical character of the designs of our own
countrymen,' which it states, 'as might have been expected, has been remarkably illustrated in
some very striking and simple methods, suited to the temporary purposes of the building, due
attention having been paid by them to the pecuniary means allotted to this part of the
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undertaking.' Yet, notwithstanding this comparison, clearly and indisputably in favour of our own
countrymen, as regards the object sought and the conditions stipulated by the Committee, we
find by the selected list of those authors who are to receive 'the highest honorary distinction' the
Commissioners can award, that the Committee can only discover, out of 195 English and 38
foreign contributors, THREE Englishmen entitled to reward, the remaining FIFTEEN out of the
eighteen selected being foreigners; or, as regards the whole numbers, in proportion of 1 to 65 of
'our own countrymen,' the authors of the 'striking and simple,’ so admirably 'suited to the
temporary purpose of the building,' and 1 to about 2% of foreigners, who, in designing for a
temporary building, to be simple, cheap, and readily constructed, have so overshot the mark as to
produce 'compositions' commendable only for the 'utmost taste and learning, and worthy of
enduring execution.' Surely something must be wrong here, either the Report or the selected list
—possibly both.

"In conclusion, I cannot help avowing the opinion that a wrong, though I believe unintentionally,
has been done to many of the 233 who so readily and 'generously' responded to the call for their
ideas; more particularly as I know, from personal inspection, that at least ONE of the plans
altogether omitted from the Report contains FIVE of the leading features of the approved design."

But to judge of this matter fairly, it must be mentioned that, although the number of foreign
competitors was small, the majority of them were men already well known for their talents and
professional skill; in all cases their designs evinced considerable study of the subject (both
architecturally and in a practical point of view), and manifested a desire to exhibit to English
professional men the proficiency of their continental brethren. On the other hand, many of the
designs from the competitors at home were much slighter suggestions presented in a less
elaborate form. Under these circumstances, it is not to be wondered at that those eminent men of
the technical professions who, on this occasion, came forward with practical suggestions for the
assistance of the Committee, and designs calculated rather to assist with thoughts than to charm
by the graces of elegant drawing or symmetrical disposition, should seem to have been found
wanting in this first trial with all the world. It should further be borne in mind, that the nature of
competitions is not so well understood in some foreign countries, where they are of less frequent
occurrence, than with us. It must at the same time be admitted that the practice of disregarding
and exceeding the instructions in competitions is too much a matter of general complaint in
England to be brought forward as a new grievance against our continental brethren.

After the publication of the above Report, the competition designs were all exhibited in the rooms
of the Institution of Civil Engineers, in Great George-street, which were liberally placed at the
disposal of the Committee for this purpose; and of those who visited this interesting exhibition,
many, no doubt, must have sympathised with those feelings which dictated the decision of the
Committee. From an attentive examination of these designs, presenting the subject in such
exceedingly varied forms, one of the peculiar difficulties of the case becomes apparent, namely,
the total absence of any precedent to guide or afford suggestions to the designer; for the small
number of buildings erected or adapted for a similar purpose have been on so limited a scale that
their example could not afford much assistance in designing a structure to meet all the
requirements of the present case. This building differed from all previous ones in being intended
to accommodate the products of all nations, instead of being confined to those of one only; in
which case the arrangement would have been more certain and more readily provided for.

FBuilings wsed for previons Exbibitions,

») S a comparison of some of these earlier buildings with the first erected in London for a
similar purpose cannot fail to be interesting, a short notice of them may not be deemed
out of place. The most important amongst them are those temporary structures which
> )22 ) have been erected in Paris for the periodical Industrial Expositions, with reference to

the last of which we cannot do better than quote, from Mr. Digby Wyatt's instructive
and masterly Report, that part where the building is treated of:—

A,

~

"The vast edifice which has been erected to contain the specimens of manufacture selected for
exhibition in the year 1849 is situated on the same site as that occupied by a similar building in
the year 1844. The Carré de Marigny, on which it has been placed, is a large oblong piece of
ground, abutting on the main avenue of the Champs Elysées, and as a site offers every possible
advantage, being of a gravelly soil, already efficiently drained, and standing on the line of a
continually moving series of public conveyances. The Champs Elysées, though at some
considerable distance from the great centre of Parisian population, are still so universal a place
of resort, that they may be fairly assumed to be "in the way" of even the poorest classes of the
community. The elevation may be admirably seen from all the approaches to the building, and it
has the advantage of being in immediate proximity to the residence of the President of the
Republic.

PLAN OF THE BUILDING FOR THE FRENCH EXPOSITION IN 1849.
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VIEW OF THE PRINCIPAL ENTRANCE.

"The whole plot of the present building (exclusive of the agricultural department) covers a vast
parallelogram of 206 metres by 100 (about 675 by 328 feet English), round the outline of which
runs a gallery about 90 feet wide, divided into two avenues by a double range of pilasters. In the
centre of each avenue is a set of stalls, placed back to back, for the exhibition of merchandise;
and both between the central pilasters, and round, and upon the walls, other objects are placed,
so that on traversing either of the four gangways (each about ten feet wide) the public have upon
their right and left hands objects for inspection. In the part of the building appropriated to large
machinery, of course this system cannot be carried out with the same regularity. The vast
parallelogram, inclosed by a somewhat similar gallery in the year 1844, was left as one
magnificent hall, within which were placed the most important objects; in the present building
we find it divided by two transverse galleries, similarly arranged to those we have described,
forming three court-yards; the central one being about 140 feet square, and the two lateral ones
80 feet by 140. The central court-yard is open to the sky; in the middle rises an elegant fountain
placed on a platform of turf, and around are disposed sheds for the exhibition of flowers and
horticultural ornaments and implements. One of the lateral courts (inclosed) receives a large
collection of objects in metal-work, cast-iron, &c., and the other contains an immense reservoir,
in which all the drainage from the roofs is collected, so as to form a supply of water immediately
serviceable in case of fire. In addition to this great building, which corresponds with that
previously erected, there is this year constructed a vast shed for the exhibition of agricultural
produce and stock. It extends to a length rather greater than the width of the great
parallelogram, and is about 100 feet (English) wide. Its construction is ruder than that of the
'Palace,' but it is not on that account less effective. It appears to have been originally
contemplated to fill the whole of this gigantic hall with cattle, &c., and to place the agricultural
implements in a long narrow gallery intervening between it and the main building; but as the
stock of animals forwarded for exhibition has not proved so large as was anticipated, it has been
half-filled with semi-agricultural machines, and the whole of the long narrow gallery alluded to
crammed with stoves, and miscellaneous domestic mechanism.

"The whole of the building is constructed of wood, the roofs being covered with zinc: of the latter
material 400,000 kilogrammes, equal to nearly 4,000 tons, are stated to have been used; and of
the former, nearly 45,000 pieces of timber.

"It is hoped that the accompanying plan and views will convey a tolerably good idea both of the
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exterior and interior arrangements of the Exhibition. They will serve to show, at least, that a
somewhat unnecessary expenditure has been gone into, and to manifest the possibility of
constructing a much more simple building, possessing all the advantages of this one, at a far less
cost.

"Both externally and internally there is a good deal of tasteless and unprofitable ornament; all the
pilasters are papered and painted in a species of graining to imitate light oak, and even the
ceiling is covered over with the same work. Large 'carton pierre' trusses apparently support the
timbers, and a painted bronze bas-relief fills the tympanum of the pediment, at the principal
entrance. The architecture of the whole is 'mesquin,' although the gigantic scale of the building
necessarily elevates the general effect into something of impressiveness; not, however, to nearly
the extent which the same outlay might have produced."

Mr. Wyatt further states that the total cost of this building was about 450,000 francs, or about
18,0001, which, however, he considers was an unnecessarily large outlay. He mentions, also, that
the building erected on the previous occasion, in 1844, was in some respects more suitable for
the purpose, especially from its greater simplicity of arrangement, a remark it will be well to bear
in mind in considering the various designs for the building in Hyde Park. The accompanying
plates will enable the reader readily to follow all the details of the description.

The permanent building erected by the King of Bavaria at Munich, likewise for periodical
Exhibitions, is on a much smaller scale than those in Paris, and must be regarded rather as
having afforded an opportunity for that manifestation of architectural display in public buildings
for which its Royal projector was so well known, than as being peculiarly fitted for its purpose. It
is divided internally into various halls for the different classes of objects; but as the proportion of
these must necessarily vary at every Exhibition, such an arrangement cannot be deemed the most
suitable for the purpose.

At Berlin, where several Industrial Exhibitions have taken place, no distinct building has been
provided, but some already existing one has been temporarily adapted and fitted up for the
purpose; thus, on the last occasion, Kroll's WINTERGARTEN, a large establishment for public
amusement, which has been recently destroyed by fire, was made use of. The large central
saloon, with the smaller ones flanking it, forming, in fact, one space 310 feet long, and 82 feet
broad at the widest point, afforded a very good opportunity for the arrangement of the objects to
be exhibited, some of which were placed in the gallery of the large saloon.
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View of Kroll's Wintergarten at Berlin.

PLAN OF KROLL'S WINTERGARTEN, BERLIN. {20}
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4. Machinery. 13. Embroidery. 23. Leather Articles.
5. Hardware. 14. Ornamental Blinds. 24. Hats & Felt
6. Zinc Works. 15. Silks and Velvets. Articles.
7- Plate and Jewellery. 16. Furs. 25. Machinery.
8. Lithography. 17. Pianofortes. 26. Carriages.
9. Watches, &c. 18. Carriages.

On a previous occasion a part of the Royal Arsenal building was appropriated, and the Exhibition
embraced two storeys.

In our own country, exhibitions of manufactures have taken place in several of the most
important towns, generally in spaces only temporarily adapted; but in 1849 the first building in
this country intended solely for the purpose of an exhibition of manufactures was erected at
Birmingham, on the occasion of the meeting of the British Association in that town.

VIEW OF THE BIRMINGHAM EXPOSITION BUILDING.

The building alluded to included a space extending to 10,000 square feet, and a corridor, giving {21}
additional accommodation of 800 square feet, connected the temporary exhibition-room with
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Bingley-house, within the grounds of which the building was erected; and including the rooms of
the old mansion, the total area covered by the Exhibition was equal to 12,800 feet, or only about
one-seventeenth of the area covered by the last building erected in the Champs Elysées. The cost
of this building was about 1,300/ It was opened to the public on the 3rd of September, 1849.

In most of the buildings alluded to above, the principal defect seemed to be that a definite and
fixed subdivision of space was made for a classification of objects which was necessarily
uncertain. This appears to have determined the Committee in the arrangement of the plan which
they presented in a general form to the Royal Commission at the same time with the Report
already quoted; and although the design was slightly modified during the progress of the
working-drawings subsequently made, this is, perhaps, the best place for introducing a
description of it.

It has been already mentioned that at the time the Committee received the competition designs,
they obtained the assistance of Mr. Digby Wyatt, the secretary to the Executive Committee, to aid
them in the preparation of drawings, although Mr. Scott Russell officially filled the post of
secretary to the Building Committee. At a somewhat later stage of the Committee's proceedings,
when the general design for the proposed building had been approved by the Royal Commission,
and it became necessary to prepare working drawings for the same with extraordinary despatch,
Mr. Charles Heard Wild, as engineer, and Mr. Owen Jones, as architect, were appointed to co-
operate with Mr. Wyatt in carrying out this object.

Pesrription of the Builing Committee's Design.

@ HE site to have been occupied by the building designed by the Committee was the same

¢ as that on which the building has been actually erected, namely between Rotten-row and

< the drive in Hyde Park, but the area proposed to be covered was somewhat larger, the

—~—/ length of the building being about 2,200 feet, and the greatest width nearly 450 feet. The

central space was occupied by an immense rotunda 200 feet in diameter, the cupola

rising to a height of more than 160 feet, and exceeding the span of that of St. Peter's at Rome by

61 feet, and of St. Paul's in London by 88 feet. The dome for covering this rotunda consisted of

wrought-iron ribs, supporting a covering of corrugated iron, the whole resting on a wall or drum

of brickwork, about 60 feet high; a large opening in the centre was to be glazed for the admission
of light.

This large open area was intended for the exhibition of groups of sculpture, fountains, and other
objects requiring great space in order to be seen to advantage; at the same time the cupola
would have presented a striking instance of the constructive skill of this country.

The remaining area of the building was divided into avenues 48 feet wide, by iron columns 24
feet apart, this dimension having been determined on as that most likely to work in well for the
division of the counters and passages. One of the 48-feet avenues on the main axis of the building
was spanned by semicircular ribs of wrought iron supporting the roof, which rose here to a
greater height than the rest of the building; the other avenues were covered with roofing very
similar to that commonly seen in railway-sheds, the whole being rendered as light as possible,
and constructed in iron covered with slating; the light being in all cases admitted by a range of
sky-lights at the apex of the roof, which was also adapted for ventilation. The height of the main
avenue was 52 feet, and of the others 36 feet, from the floor throughout. A corridor of
communication 15 feet wide was carried round the whole of the building, interrupted only by the
open courts; this, with the main avenue, afforded the visitor to the Exhibition the means of
reaching any particular point without threading a maze of small passages. The inclosing walls
were to be of brick, relieved externally by panels in two colours; but there were to be no internal
division walls except those necessary to surround the various courts which were left on account
of the trees.

The executive offices were grouped on either side of the principal entrance, which was placed
immediately opposite Prince's Gate; and at this, as well as at the entrances at either end and on
the north front, large arched recesses were introduced which served as vestibules, and formed at
the same time prominent and striking features to relieve the necessarily monotonous aspect of
the building. Along the whole of the principal front and at the ends of the building a pent or
overhanging roof projected about 15 feet, to enable visitors in bad weather to be set down under
cover, and the exit-doors, of which there were altogether 24, were further protected by porches.

The water was to be conveyed from the roof through the columns which supported it, and which
were for this purpose connected with the necessary drain-pipes, &c.

Very ample accommodation was provided for refreshments in the open courts which were
necessarily left for the preservation of the trees, particularly in that at the western end of the
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building, where there was proposed to be placed a large establishment, comprising two storeys,
with somewhat the arrangement of the French cafés, including a fine saloon on the first floor,
upwards of thirty feet wide and nearly one hundred feet long; separate spaces were also provided
for the accommodation of exhibitors. This was the only part of the building, with the exception of
the executive offices, which was to have an upper storey.

GROUND PLAN OF THE BUILDING COMMITTEE'S DESIGN.
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Machinery. Plastic Arts. Executive Road.

3. Seats for 8. Small Court. Offices. 14. The Queen's Private
Visitors. 11. The Other Road.

4. Refreshment Entrances.

Courts.

An objection might, perhaps, be raised to this part of the building, that it was too commodious,
and that there might be some danger of its being converted into a lounge, while it was occupying
too much of the space intended for the Exhibition, for a secondary, though certainly necessary
purpose; it was, however, considered by the Committee, that of the vast number of visitors that
might be expected to be in the building at one time, so many would avail themselves of the
accommodation provided as to render a less amount undesirable. The principal courts were
surrounded by a covered way, where refreshments were also to be served at long counters, in the
manner of the railway-stations.

All these arrangements will readily be understood by a reference to the plan of the design we
have been describing, which plan, together with a view taken from the south-east angle of the
building, will place before the reader the result of the labours of the Committee. The materials
proposed for the construction of this building were fire-proof throughout, with the exception of
the floor and its supporting timbers.

The above design, at least in all its leading features, for some of the details were subsequently
added, was laid before the Royal Commission, at the same time with the Report already quoted,
and was by them approved, and the Committee proceeded to prepare the necessary working-
drawings and specifications for the execution of the work. These proceedings of the Committee
occupied until the 24th of June, when large lithographed copies of the most important of the
drawings, together with printed copies of the specifications and other details, were issued from
the offices of the Executive, contractors having been some time previously invited by public
advertisement to send in tenders for the execution of either a part or the whole of the work. The
tenders were to be on two systems, one on the supposition that the Royal Commission were to
become the bona fide purchasers of the building; the other, that the contractors were to erect
and maintain the building during the time of the Exhibition, after which they were to remove it
and take back the materials at their own risk, receiving a proportionably diminished sum.

It has been considered necessary to describe thus minutely the labours of the Committee and the
design in which they resulted, in order to show how far it paved the way for that which was
subsequently adopted, and to give them that credit which they undoubtedly deserve for devoting
so much of their valuable time for the furtherance of a great public undertaking.

Oppusition to this Besign.

@ HE design of the Building Committee, when published to the world, met with anything
¢ but public approbation; some of the objectors called in question the practicability of the
(J@"} execution of the enormous dome, at least within the time assigned; others complained

—/ that the outlay would be unnecessarily large for a purpose avowedly temporary, and
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expressed their fears that so costly a structure once erected, there would be the less probability
of its subsequent removal; but the objection which appeared to have most weight with the public
at large was, the great amount of solid brick construction in the walls, &c., which, it was urged,
would require a longer time than could be allowed for their erection, and that the carting of the
materials would cause serious injury in the Park and the surrounding neighbourhood. This strong
current of objection seemed to bid fair to overwhelm the much-abused design. To increase the
difficulties which seemed to gather round the progress of this noble undertaking, an exceedingly
vexatious and factious agitation was got up in opposition to the proposed site in Hyde Park, and
petitions and counter-petitions were presented to both Houses of Parliament, and much of the
time of the Legislature was wasted in fruitless discussion on the subject. The Building Committee
thought it desirable, under these circumstances, to lay before the public their reasons for
recommending the site in the Park, and therefore issued a memorandum of the grounds on which

it had been selected.[?] The result was, that the opposition was defeated in the Legislature, and
finally crushed by the force of public opinion.

Tle Tenders.

N the mean time the competing contractors had been obliged to strain every nerve to get
¢ their tenders ready by the 10th of July, when, altogether, nineteen were sent in, but eight
#) only were for undertaking the whole of the work; the amounts of these are stated to have
7~) ranged between 150,000/ and 120,0007, and this for the use only of the materials for the
building. But, at the same time, in accordance with the recommendation and invitation
contained in the last part of the Report already quoted, Messrs. Fox, Henderson and Co.
presented a tender upon a design entirely different in construction and appearance, though
resembling that of the Committee in the general arrangement of the plan.

Exterior View of the Building Committee's Design

This design was by Mr. Joseph Paxton, and resembled in its general form the building as it is now {25}
executed, with the exception of the transept and semicircular roof, which were subsequently
added, and were suggested by Mr. Barry.

The result of the tenders appears to have been unfavourable to the Committee's design; and in
their Report to the Royal Commission on the subject, made a few days afterwards, they proposed
to omit the great dome and some portions of the design which were not essential, by which they
considered that the cost of its execution might be reduced below 100,000/; at the same time,
they made special mention of Mr. Paxton's design, which, however, they considered would prove
more expensive.

Mr. Paxton's design had been brought before the public before this period; for, considering that
his best road to success would be to get a favourable verdict from that many-headed jury, he
published a view and description of it in the Illustrated News, and, through the influence of Mr.
Stephenson, he got his plans laid before the Royal Commission, in consequence of which he
obtained an interview with his Royal Highness the President. The encouragement given him by
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the attention bestowed upon his design by the Royal Commission, and the favourable opinion of
the public, had determined him to procure a tender for the execution of the work, to be sent in
with those upon the Committee's design. This he was enabled to do by the great energy and
promptitude of the contractors, Messrs. Fox and Henderson, to whom he applied at the eleventh
hour. The difficulties that had to be overcome, owing to the shortness of the time remaining for
the estimates to be made up, can scarcely be better laid before the reader than they have been
by an able writer in "Household Words:"—

"It was now Saturday, and only a few days more were allowed for receiving tenders. Yet before
an approximate estimate of expense could be formed, the great glass-manufacturers and iron-
masters of the north had to be consulted. This happened to be dies mirabilis the third; for it was
the identical Saturday on which the Sunday postal question had reached its crisis, and there was
to be no delivery the next day! But in a country of electric telegraphs, and of indomitable energy,
time and difficulties are annihilated; and it is not the least of the marvels wrought in connexion
with the great edifice that, by aid of railway-parcels and the electric telegraph, not only did all
the gentlemen summoned out of Warwickshire and Staffordshire appear on Monday morning at
Messrs. Fox and Henderson's office, in Spring Gardens, London, to contribute their several
estimates to the tender for the whole, but within a week the contractors had prepared every
detailed working-drawing, and had calculated the cost of every pound of iron, of every inch of
wood, and of every pane of glass.

"There is no one circumstance in the history of the manufacturing enterprise of the English
nation which places in so strong a light as this its boundless resources in materials, to say
nothing of the arithmetical skill in computing at what cost and in how short a time those
materials could be converted to a special purpose. What was done in those few days? Two parties
in London, relying on the accuracy and good faith of certain iron-masters, glass-workers in the
provinces, and of one master-carpenter in London, bound themselves for a certain sum of money,
and in the course of some four months, to cover eighteen acres of ground with a building
upwards of a third of a mile long, and some four hundred and fifty feet broad. In order to do this,
the glass-maker promised to supply, in the required time, nine hundred thousand square feet of
glass (weighing more than four hundred tons), in separate panes, and these the largest that ever
were made of sheet glass; each being forty-nine inches long. The iron-master passed his word in
like manner to cast in due time three thousand three hundred iron columns, varying from
fourteen feet and a half to twenty feet in length: thirty-four miles of guttering-tube, to join every
individual column together under the ground; two thousand two hundred and twenty-four girders
(but some of these are of wrought iron); besides eleven hundred and twenty-eight bearers for
supporting galleries. The carpenter undertook to get ready within the specified period two
hundred and five MILES of sash-bar, flooring for an area of thirty-three millions of cubic feet,

besides enormous quantities of wooden walling, louvre-work, and partition.[3!

"It is not till we reflect on the vast sums of money involved in transactions of this magnitude that
we can form even a slight notion of the great, almost ruinous loss, a trifling arithmetical error
would have occasioned, and of the boundless confidence the parties must have had in their
resources and in the correctness of their computations. Nevertheless, it was one great merit in
Mr. Paxton's original details of measurement that they were contrived to facilitate calculation.

"There was little time for consideration, or for setting right a single mistake, were it ever so
disastrous. On the prescribed day the tender was presented, with whatever imperfections it
might have had, duly and irredeemably sealed. But after-checkings have divulged no material
error."

The Royal Commission appear from the first to have been favourably impressed with Mr. Paxton's
design, partly, no doubt, because its adoption would at once silence the great bricks-and-mortar
objection to the occupation of the site in Hyde Park; and the result was that, on the 16th of July,
Messrs. Fox and Henderson's tender of 79,800/ for Mr. Paxton's design was verbally accepted,
and, as soon as the necessary arrangements could be made, the contract was formally concluded.

Tistury of Fr. Parton’s Design.

.3 ) S Mr. Paxton himself has stated, the design for a building of such magnitude could not
Y\~ have been produced in so short a space of time without the aid of the experience he had
iy 1’ ? gained in constructing other great buildings of a somewhat similar character; the
% /) progress of this experience Mr. Paxton has described in the lecture he delivered to the

Society of Arts on the 13th of November, 1850, from which we have made the following
extracts; and we hope to be excused by the reader for their copiousness, on the ground that no
man can so well relate his own doings as the actor himself:—

"The Great Industrial Building now in the course of erection, and which forms the subject of the
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present paper, was not the production of a momentary consideration of the subject. Its peculiar
construction, in cast-iron and glass, together with the manner of forming the vast roof, is the
result of much experience in the erection of buildings of a similar kind, although on a smaller
scale, which has gradually developed itself through a series of years. It may not, therefore, be
uninteresting to give a brief account of the reasons which led me to investigate the subject of
glass roofs and glass structures generally, and which have resulted in the Exhibition Building.

"In 1828, when I first turned my attention to the building and improvement of glass structures,
the various forcing-houses at Chatsworth, as at other places, were formed of coarse thick glass
and heavy woodwork, which rendered the roofs dark and gloomy, and, on this account, very ill
suited for the purposes they were intended to answer. My first object was to remove this evil,
and, in order to accomplish it, I lightened the rafters and sash-bars, by bevelling off their sides;
and some houses which were afterwards built in this manner proved very satisfactory. I also at
this time contrived a light sash-bar, having a groove for the reception of the glass; this groove
completely obviated a disadvantage connected with the old mode of glazing, namely, the putty
becoming continually displaced by sun, frost, and rain, after the sashes had been made for a
short time, and the wet by this means finding its way betwixt the glass and the wood, and
producing a continual drip in rainy weather.

"About this period the desire for metallic roofs began to extend in every direction; and as such
structures had a light and graceful appearance, it became a question of importance as to the
propriety of using metal sashes and rafters, instead of wooden ones, for horticultural purposes.
After carefully observing the effects of those built by various persons, it became apparent to me
that the expansion and contraction of metal would always militate against its general adoption, as
at no season of the year could the sashes and rafters be made to fit.

"The extra expense, also, of erecting metallic-roofed houses was a consideration. In 1833 I
contemplated building a new range of hot-houses; and being desirous of knowing how much they
would cost, if erected of metal, a plan of the range was prepared and sent to Birmingham, and
another to Sheffield, with a desire to be furnished with estimates for that purpose. The estimate
from Birmingham was 1,800/; and the other, from Sheffield, was 1,850/ These appeared to me
such enormous sums, that I at once set about calculating how much the range would cost if built
of wood under my own inspection; and the result was, that I was able to complete the whole
range, including masonry (which was omitted in the metal estimates), for less than 5001

"Besides the extra cost of metallic roofs, we must add the extreme heat of such houses in hot
weather, and their coldness in times of frost; the liability to breakage of glass from expansion and
contraction of the metal; the very limited duration of the smaller portions, as sash-bars, from
corrosion, by exposure to the alternations of heat, cold, and moisture, inseparable from
gardening operations, and which could only be prevented by making use of the expensive
material, COPPER; and the difficulty, when compared with wood, of repairing any damages, as a
wooden roof could at any time be set to rights by a common carpenter. These different items
formed in my mind so many objections to its use, and the same disadvantages soon became
generally apparent.

"It was now thought advisable by some parties that, in order to obviate the many disadvantages
in the use of metal, the rafters and frame-work of the sashes ought to be made of wood, and the
sash-bars of metal. This plan certainly presented more advantages than the other, yet it was quite
obvious that materials so incongruous could never give satisfaction; and accordingly, in a few
years, as I had anticipated, the rage for these structures gradually subsided, and the use of wood
again became resorted to by most persons, as the best material for horticultural purposes.

am

B

COMMON MODE OF GLAZING ROOFS.

"In the construction of glass-houses requiring much light, there always appeared to me one
important objection, which no person seemed to have taken up or obviated; it was this. In plain
lean-to or shed roofs, the morning and evening sun, which is on many accounts of the greatest
importance in forcing fruits, presented its direct rays at a low angle, and, consequently, very
obliquely to the glass. At those periods most of the rays of light and heat were obstructed by the
position of the glass and heavy rafters, so that a considerable portion of time was lost both
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morning and evening; it consequently became evident that a system by which the glass would be
more at right angles to the morning and evening rays of the sun would obviate the difficulty, and
remove the obstruction to rays of light entering the house at an early and late hour of the day.

METHOD BY RIDGE-AND-FURROW.

"This led me to the adoption of the ridge-and-furrow principle for glass roofs, which places the
glass in such a position that the rays of light in the mornings and evenings enter the house
without obstruction, and present themselves more perpendicularly to the glass at those times
when they are the least powerful; whereas at mid-day, when they are most powerful, they present
themselves more obliquely to the glass. Having had this principle fixed in my mind, and being
convinced of its importance, I constructed a pine-house in 1833 as an experiment, which still
exists unimpaired, and has been found fully to answer the purpose.

"In 1834 I resolved to try a further experiment on a larger scale, on the ridge-and-furrow
principle, in the construction of a green-house of considerable dimensions, which also remains
and answers admirably. For this building I made a still lighter sash-bar than any I had previously
used; on which account the house, when completed (although possessing all the advantages of
wood), was as light as if constructed of metal. The whole length of this structure is 97% feet, and
its breadth 26 feet; the height at the back is 16 feet 9 inches, and in the front 12 feet 3 inches. A
span so large as 26 feet could not be safely covered with a roof constructed in the ordinary way,
unless the sash-bars were stronger, and the assistance of heavy rafters and numerous supports
was afforded. The house presents a neat and light appearance, and consists of 15 bays, and
pediments in front, supported by 16 slender reeded cast-iron columns. Whilst it makes an
admirable green-house, it is also an economical building; for, at the period of its construction,
notwithstanding the heavy tax on glass (since removed), it only cost at the rate of twopence and a
fraction per cubic foot. At the present time, considering the change in the price of material, and
the removal of the glass-tax, it could be constructed at a considerably smaller amount.

"Having in contemplation the erection of the Great Conservatory in its present form, it was
determined, in 1836, to erect a new curvilinear hot-house 60 feet in length and 26 feet in width,
with the elliptical roof on the ridge-and-furrow principle, to be constructed entirely of wood, for
the purpose of exhibiting how roofs of this kind could be supported. The plan adopted was this:
the curved rafters were composed of several boards securely nailed together on templets of wood
cut to the exact curve; by this means a strength and firmness were obtained sufficient to support
an enormous weight.

"In 1837 the foundations of the Great Conservatory were commenced; and in constructing so
great a building it was found desirable to contrive some means for abridging the great amount of
manual labour that would be required in making the immense number of sash-bars requisite for
the purpose. Accordingly, I visited all the great workshops in London, Manchester, and
Birmingham, to see if anything had been invented that would afford the facilities I required. The
only apparatus met with was a grooving-machine, which I had at once connected with a steam-
engine at Chatsworth, and which was subsequently so improved as to make the sash-bar
complete.

CUTTERS OF MR. PAXTON'S SASH-BAR
MACHINE.

"For this apparatus the Society of Arts, in April, 1841, awarded me a medal; and this machine is
the type from which all the sash-bar machines found in use throughout the country at the present
time are taken. As the Conservatory was erected under my own immediate superintendence, I am
able to speak accurately as to the advantages of the machine: it has, in regard to that building
alone, saved in expenses 1,400/ The length of each of the bars of the Conservatory is 48 inches;
only one inch shorter than those of the Exhibition Building. The machine was first used in its
present form in August, 1838; and its original cost, including table, wheels, and everything
complete, was 20/ The motive power is from a steam-engine employed on the premises for other
purposes; and any well-seasoned timber may be used. The attendants required are only a man
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and a boy, and the expense of the power required for it when in use is comparatively trifling. The
sash-bars may be made of any form, by changing the character of the saws.

"There is one particular feature in working the machine, namely, the bar is presented to the saws
below the centre of motion, instead of above it (as is usual); and to the sides of the saw which are
ascending from the table, instead of those which are descending. These arrangements were
necessary to suit the direction of the teeth to the grain of the wood; for when the bars were
presented to the saws in the usual way, the wood was crushed instead of being cut and cleaned.
It is essential that the machine should revolve 1,200 times in a minute to finish the work in a
proper manner.

"The glass and glazing of the Chatsworth Conservatory caused me considerable thought and
anxiety, as I was very desirous to do away altogether with the numerous overlaps connected with
the old system of glazing with short lengths. This old method, even under the best of
management, is certain, in the course of a few years, to render unsightly any structure, however
well built.

"In the course of my inquiries, I heard that Messrs. Chance and Co., of Birmingham, had just
introduced from the Continent the manufacture of sheet glass. Accordingly, I went to see them
make this new article, and found they were able to manufacture it three feet in length. I was
advised to use this glass in two lengths, with one overlap; but to this I could not assent, as I
observed, that since they had so far advanced as to be able to produce sheets three feet in
length, I saw no reason why they could not accomplish another foot; and, if this could not be
done, I would decline giving the order, as, at that time, sheet glass was altogether an experiment
for horticultural purposes. These gentlemen, however, shortly afterwards informed me that they
had one person who could make it the desired length, and, if I would give the order, they would
furnish me with all I required.

"It may just be remarked here that the glass for the Exhibition Building is forty-nine inches long—
a size which no country except England is able to furnish in any large quantity, even at the
present day.

"In 1840 the Chatsworth Conservatory was completed and planted. The whole length of this
building is 277 feet; its breadth, 123 feet over the walls; and the height, from the floor to the
highest part, 67 feet.

"Notwithstanding the success which attended the erection of these buildings, it became to me a
question of importance how far an extensive structure might be covered in with flat ridge-and-
furrow roofs; that is, the ridge-and-valley rafters placed on a level, instead of at an inclination, as
in the green-house, or curvilinear, as in the Great Conservatory. I therefore prepared some plans
for an erection of the kind for the Earl of Burlington, somewhere about ten years ago; but, on
account of the lamented death of the Countess, the design of erection was abandoned. However,
from that time I felt assured, not only that it could be done satisfactorily, but that the most
appropriate manner to form and support level glass roofs, to a great extent, was that adopted this
year for the New Victoria House at Chatsworth, which may be considered a miniature type of the
Great Industrial Building.

"Before describing this house, however, it may be well to notice two instances in which the flat
roofs had been previously tried, and in both cases with the most perfect success.

"The first of these was a conservatory attached to a villa in Darley Dale, only a short distance
from Chatsworth. This building is divided into five bays, with a glass door in the centre, and glass
pilasters separating the bays; the ridge-and-furrow roof covers an opening of seventeen feet in
the clear. The ventilation is simultaneously effected by a lever connected with a rod, which is
attached to all the ventilators....

THE VICTORIA REGIA HOUSE,
CHATSWORTH.

"The second instance is this. In the spring of 1848, plans were prepared for the erection of an
ornamental glass structure, to cover the conservatory wall at Chatsworth. This wall was
previously a plain flued structure, devoted to the growth of rare and choice plants. The new
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erection is 331 feet in length, and 7 feet in width. It is divided into ten bays, with an ornamental
centre projecting beyond the general line of the building. Each bay is subdivided by smaller bays,
which are separated by glass pilasters; the glass sashes are so arranged that they can be
removed in summer, and the whole thrown open to the gardens, whilst in winter the building
affords an extensive promenade under cover. The ground on which this structure is built has a
fall of 25 feet 6 inches in its whole length; consequently, there is a proportionate fall at each bay,
which gives great variety, and obviates the monotony that would be exhibited in a building of
such length and dimensions placed on a uniform level. The lower side of each bay is finished by a
glass pilaster, three feet in width, and surmounted by a vase on the wall behind. The roof is on
the ridge-and-furrow principle, with the rafters on a very slight inclination; and the ventilation is
effected in a similar but more perfect manner than that already described as in use at the
conservatory at Darley Dale.

"The new Victoria Regia House, which presents a light and novel appearance, is 60 feet 6 inches
in length, and 46 feet 9 inches in breadth. Although, when compared with the Great Industrial
Building, the Victoria House is a very diminutive structure, yet the principles on which it is
constructed are the same, and may be carried out to an almost unlimited extent. The form of the
roof, the general elevation, the supports, and the mode of construction, are all quite simple, and
yet fully answer the purposes for which they were intended.

INTERIOR OF VICTORIA REGIA HOUSE.

"The Victoria House, however, was so built as to retain as much moisture and heat as possible,
and yet to afford a strong and bright light at all seasons; whilst, on the contrary, the Industrial
Building, being intended to accommodate a daily assemblage of many thousands of individuals,
and a vast number of natural and mechanical productions, many of which would be destroyed by
moisture and heat, is constructed so as fully to answer that end."

This, then, was the experience which enabled Mr. Paxton to conceive his design for the "Crystal
Palace," a description of which as it has subsequently been carried out we must now proceed
with.

Geuernl Desvription of the Building.

@ HE plan forms a parallelogram, 1,848 feet long and 408 feet wide, besides a projection on
 the north side, 48 feet wide and 936 feet long. A main avenue, 72 feet wide and 66 feet
A high, occupies the centre through the whole length of the building. Flanking this on

—J either side are smaller avenues alternately 24 feet and 48 feet wide; the two first on
either side of the centre are 43 feet, and the remainder 23 feet high. About the centre of

the entire length, at a point determined by the position of a row of large trees, which it was
resolved to inclose, these avenues are crossed by a transept of the same width as the main
avenue, or 72 feet, and 108 feet high; two other groups of trees on the ground give occasion for
open courts, which are inclosed within the building. The area thus inclosed and roofed over

amounts to no less than 772,784 square feet, or about 19 acres;[4] the building is, therefore,
about four times the size of St. Peter's at Rome, and more than six times that of St. Paul's,
London. Three entrances lead to this vast interior, one in the centre of the principal or south
front, and one at either end of the building. The number of these is necessarily small, in order to
facilitate the arrangements for the money-taking, and to avoid having too large a staff of officers;
on the other hand, it was equally desirable to afford the most ample opportunities of egress for
visitors, and accordingly fifteen exit doors are placed at frequent intervals.

GROUND-PLAN OF THE BUILDING.

{33}

{34}


https://www.gutenberg.org/cache/epub/44192/images/p33.jpg
https://www.gutenberg.org/cache/epub/44192/images/hd14.png
https://www.gutenberg.org/cache/epub/44192/pg44192-images.html#Nt_4

P = -4

A TP T O T
i ﬂ%_ﬂ LI || \g\
CFERE EEEE | L 1 TR
‘1 | L | = il =

AN -2 | |
d\,,_!_aa K O O e ke TS oK. e 5 00 0k o 0Ag & QKO G oo o g o o o mpHko 8 © of0

A. Principal Entrance. E. Entrance. I. Accountant. N. Royal Commission.

B. West Entrance. F. Gentlemens' Ante-rooms. K. Exits. O. Clerks.

C. East Entrance. G. Ladies' Ante-rooms. L. Ante-rooms. P. Stairs.

D. Refreshment Courts. H. Pay Place. M. Committee Waiting-room. Q. Engine House.

It will be well to mention here that the horizontal measure of 24 feet, which we have seen as the
unit in the plan of the Building Committee, is also preserved in the present plan; every horizontal
dimension of which is either a certain number of times or divisions of twenty-four feet.

The avenues into which the plan is divided are formed by hollow cast-iron columns twenty-four
feet apart, which rise in one, two, and three storeys respectively, to support the roof at the
different heights given above; in the lower storey these columns are nineteen feet high, and in
the two upper ones seventeen feet. Between the different lengths of the columns short pieces are
introduced, called "connecting-pieces," from the office they perform; these are three feet long,
and are so contrived that they serve to support girders in horizontal tiers, dividing the greatest
height into three storeys as already mentioned. The girders, of which some are of cast and some
of wrought iron, are all of the same depth, namely, three feet, with the exception of four, to be
specially named hereafter, and by this arrangement the same horizontal lines are preserved
throughout the whole of the building. They are also all similar in appearance, forming a kind of
lattice-work, by which construction they do not look too heavy for the slight supports; and large
solid masses are avoided, practically showing how great strength may be combined with elegance
and lightness. The first or lower tier of these girders, in parts of the building more than one
storey in height, forms the support for the floor of the galleries, which are twenty-four feet wide,
and extend the whole length of the building in four parallel lines, intercepted only by the
transept, round the ends of which they are continued. Numerous cross galleries connect each
pair of longitudinal lines on either side of the centre avenue, which remains uninterrupted from
end to end, and can only be crossed on the gallery-floor at the extremities.

These galleries are reached by eight double staircases, of easy ascent and ample width, which
are placed between the lines of gallery so as to communicate equally readily with either, and are
so distributed as to give two to each quarter of the building; in the eastern or foreign half two
supplementary staircases of smaller dimensions have been added.

In those parts of the building more than two storeys in height, the second horizontal tier of
girders does not support a gallery, but serves only to give stiffness to the columns. The upper tier
of girders, in all cases, supports the roof, which is one of the most peculiar features in the
structure. In its general form the roof is flat; but it is made up of a series of ridges and furrows,
the rise and fall of which is but small, and is thus arranged: the roof-girders or trusses being
twenty-four feet apart, and lying in the transverse direction of the building, the space between
them is spanned by light beams or rafters, which are cambered or bent upwards, and are
hollowed out in a groove on the top to form a gutter. The rafters are placed eight feet apart, their
ends resting on the roof-girders, and lying, therefore, in the opposite direction to them, that is, in
the direction of the length of the building; these rafters are commonly called the Paxton's
Gutters. Between the rafters so described, ridges are supported by light sash-bars sloping up to
them, at an inclination of two-and-a-half to one, and the rafter itself forms the bottom of the
furrow. The advantage of this form of roofing is the facility it affords for the escape of the water,
which runs from the surface of the roof into the Paxton's gutters; from them it is discharged into
the main gutters resting on the roof-girders, by which it is conducted to the hollow columns, and
passes down through them into the drains. A drop of water falling on the most distant point from
the discharge would only have to traverse a distance of forty-eight feet; but in most cases the

length to be passed over before reaching the down pipe would be considerably less.[®! The
covering of the roof is glass, fixed between the sash-bars, which are grooved to receive it; and in
order to carry off the moisture arising from condensation on the inner surface of the glass, the
rafters have a small groove on each side, which makes the Paxton's gutter complete, and from
which the moisture is also discharged into the main gutters. The essential portions of the roof
may therefore be considered as a network of gutters; one set, the main gutters, lying in a
transverse direction, and the others resting on them, and lying in the direction of the length of
the building; by which arrangement any amount of surface can always be covered by roofing of a
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small span. The principle is precisely the same as that of subdividing large fields of arable land
into strips or "lands" with furrows between them, in order to facilitate the surface-drainage.

VIEW OF ONE 24-FEET SQUARE BAY OF ROOF PARTLY
COMPLETED.

The outer inclosure, on the ground-floor, is formed by dividing each 24-feet bay between the
columns into three 8-feet bays by half columns of wood, between which is placed boarding, held
in its place by iron clips and bolts; a plinth, four feet high, is formed immediately above the floor
by frames, filled with what are commonly called louvre-blades, which are hung on pivots, and of
which a large number can be moved simultaneously for the admission of air; similar ventilating-
frames, three feet deep, are introduced at the top of each storey round the entire circuit of the
building, and by this means a ventilating-surface of no less than 40,800 square feet is obtained,
or rather more than one acre.
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PORTION OF THE LOWER STOREY OF THE PRINCIPAL
ELEVATIONS.

Externally some light arches are inserted, and open panels form the inclosure for the upper
louvre-frames. The details we have been describing may be readily traced in the engraving of a
portion of the lower storey as seen from the outside. The exit doors occupy one of the 8-feet bays
opening about six feet wide. The inclosure to the upper storeys closely resembles those of the
ground-floor, but glazed sashes are substituted for the close boarding, and the plinth is omitted.
Each storey is crowned externally with a cornice and cresting ornament, and over the columns
posts are carried up, to which flagstaffs will be fixed.

To return to the interior. The whole of the floor is boarded; that below is laid with an interval of
half an inch between the boards, to allow the passage of dust from the millions of feet by which it
will be trod; the gallery floor, on the contrary, has iron tongues between the boards to prevent
the dust from coming through on the heads of the visitors below.

The roof of the transept, which we have described as crossing the building about the centre of its
length, differs from that of the other parts, its general form being semicircular instead of flat, and
rising above the rest of the building so as to show the whole of the semicircle externally. This
roof is supported by arched timber ribs placed twenty-four feet apart, or one over every column,
which forms a socket, into which the foot of the rib is fitted and secured by iron straps. Between
the ribs, timbers are fixed which carry minor ribs at a distance of eight feet apart, and upon these
the ridge-and-furrow roofing is constructed in the manner that has been described for the flat
roofing, but following the curve of the arched ribs. At the springing or foot of the arch on either
side of the transept there is a range of louvre-frames to assist in the ventilation of the building,
and on the top of the arch externally a narrow passage is formed to give access to the different
parts of this roof. On the inner side of the arch diagonal tie-rods are introduced between the main
ribs, which, while they serve to increase the strength of the construction by tying together all the
parts from end to end, produce an agreeable play of lines forming a kind of network over the
whole of the surface.
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The ends of the transept are closed in with fan-like tracery, reminding the spectator of the
magnificent wheel windows of our Gothic cathedrals; this elegant feature is not visible in our
interior view, but will be seen in some of the exteriors.

There is, perhaps, no part of this interesting building in which the great size and singular
lightness, almost airiness, of the construction are so strikingly displayed as in the TRANSEPT,
inclosing as it does a row of fine old elm-trees, as if to protect them in their venerable age from
the smoke of the thousands of chimneys that have been gradually forming a destructive circle
around them.

The only portion of solid untransparent roofing in the whole of this building is formed on either
side of the arched roof just described, where there is a lead flat twenty-four feet wide. This was
partly required for a platform to serve for carrying on the works for the arched roof, and was also
exceedingly useful in giving access to the other roofs on either side; it likewise afforded the
opportunity of giving some additional strength at the springing of the arched ribs to resist any
possible tendency they might have to spread outwards.

View of the Interior of the Transept.
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View of Glass Roof from the Lead Flat.

As the weight of such lead roofing considerably exceeds that of the glass ridge-and-furrow
covering, it was necessary at the point where it crosses the wide span of the main avenue to
introduce some stronger roof-girders than those used elsewhere; of these there are two on either
side of the transept, the inner one of which has also to sustain two of the large arched ribs with
their superincumbent roofing, and its strength is therefore increased in proportion to the
additional load placed upon it. The extra-strong roof-girders are six feet deep, or twice that of the
others; but their general construction is similar, the diagonal ties forming a kind of latticework,
and thus keeping up the same character. These, like all the roof-girders of large span, are
constructed principally of wrought-iron. Those who visited the building during its erection, and
were among the fortunate few who were enabled to ascend to the "lead-flat," must have been
very much struck with the singular appearance presented by the great expanse of acres of glass
stretching in long lines of "ridge-and-furrow" roofing on each side of the centre, while the eye,
penetrating the transparent covering, became lost in endeavouring to follow the apparently
intricate lines of the interior. Such a view might fairly be said to justify the title of "Crystal
Palace," by which this building is so commonly known; and it would require no great stretch of
imagination to believe that it had been reared by fairy hands, as a votive offering at the world's
jubilee of labour.

But we must descend again to the interior, to point out the arrangement of the offices for the
staff of the Executive. The principal of these are naturally placed in the centre, on either side of
the principal entrance, where they occupy in two storeys the space underneath the gallery, which
is continued uninterrupted over them. The entrances at the end are also flanked by offices of less
extent. The outer inclosure of these spaces is formed with glazed sashes, similar to those which
are placed on the exterior of the building, and boarded partitions divide the interior. The rooms
are arranged to be heated and lighted by gas when required, and ample means of ventilation are
provided.

The simplicity of the construction renders it very easy to extend or contract the accommodation
much more readily than would be possible under ordinary circumstances.

It now remains to notice the arrangements provided for refreshments, which are introduced in
connexion with the open courts left on account of the groups of trees. These happen to occur
towards the ends of the building, and on the north side of the main avenue; the space at the north
end of the transept, next to the inclosed trees, is also appropriated for this purpose. The roofing
over these parts is a continuation of that over the rest of the building; and the partitions
necessary for inclosing the different spaces are formed chiefly with glazed sashes, avoiding as
much as possible any solid construction, which would appear out of character. The open courts
are inclosed with sashes and doors, rendered necessary by the uncertain nature of our climate.

A small detached building which has not been mentioned serves for the boiler-house, and is
placed near the west end of the building. As it had been determined to afford the means of
exhibiting some of the machinery in actual motion, it was necessary to erect boilers to supply the
steam to the different machines, as it would clearly be inadmissible for each to generate steam
for its own use in the building. The house to contain the boilers is ninety-six feet long and twenty-
four feet wide, and is placed as near as practicable to the machinery-department; but at the same
time it is quite detached from the main building to avoid risk from the fires. In appearance it
resembles the one-storey portion of the main building, but it is constructed entirely of fire-proof
materials. It contains five boilers, each to supply steam for twenty-horse power, which is
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distributed by a pipe to the different machinery.

General View of the Building from the South-West.

An ornamental cast-iron railing designed by Mr. Owen Jones incloses the building, being placed
at a distance of about eight feet from it along the principal fronts, but carried much further off at
the ends, so as to inclose a considerable space, which will thus be available for exhibiting any
large objects that will bear exposure to the weather, if there should not be sufficient room in the
interior of the building. Gates are placed opposite all the entrances and exits, and these are so
arranged that when closed they are uniform in appearance with the rest of the railing.

EXTERNAL RAILING.

Having thus given a general sketch of the arrangement and appearance of the building, we shall
proceed to describe somewhat more minutely the various details of the construction, of which the
essential parts are few in number compared with the great repetition of each individually. To
assist in this multiplied reproduction of the same form, some exceedingly ingenious machinery
has been employed, which will therefore be described in connexion with the parts it has been
used to form; and thus these will be traced through their various stages, from the raw material to
their finished state as portions of the building. The greater part of this machinery has been used
in shaping out those parts which are of wood, and particularly the different portions of the roof,
with which we will therefore commence.

Che Jnrton's Gutters.

T has been mentioned that the rafters which span the space between the roof-girders
serve, at the same time, as gutters, for which purpose they are hollowed out on the upper
#) face, besides having smaller grooves at the sides to take the condensation-water. The
~) bottom of the gutter is of a circular form, which is universally considered the best for
conveying liquids with the least amount of friction, and therefore the least liable to
obstruction from an accumulation of dirt.
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SECTION OF THE THE CIRCULAR PLANING-MACHINE. PORTION OF PLANING-

PAXTON'S GUTTER, MACHINE, WITH THE
WITH THE STRONG REVOLVING ARM AND
SASH-BAR. CUTTERS.

A section of the gutter, as finished, is shown. To bring it into this form, after the timbers had
been sawn into the requisite general dimensions they were brought under the action of the
planing-machine, where they were planed on the four sides. This machine is patented by W.
Furness, of Liverpool, and was worked at the Chelsea Wharf Saw-mills. The operation was
effected by cutters (a) attached to the ends of an arm revolving with great rapidity in a horizontal
plane; the timbers to be planed were wedged up into a frame (b) traversing on rails, and as this
was passed under the revolving cutters the upper surface was removed by them, at the same
time the timbers were held down upon the frame by a large iron disc (c¢) pressing upon their
upper surface. The disc, together with the revolving arm carrying the cutters, was capable of
being adjusted vertically to the exact dimensions of the timber. The traversing-frame was slowly
propelled by the machinery, and three widths of timber were operated upon at one time. On
leaving the planing-machine these quarter baulks were passed on to the gutter-cutting machine.
Four different cutters were required to form the section, as shown above; they were placed one
behind the other, so that the piece of timber, which was presented to their action above the
centre of motion, passed over each of them in succession. The first set, which revolved in a
vertical plane, roughly hollowed out the larger groove to the section shown in Fig. 1; the two next
were counterparts, and formed the same section in opposite directions; they were set at an
inclination to the upright of about 45 degrees, the one to the right, the other to the left; and each
hollowed out one of the small side grooves, and one side of the larger gutter, leaving the section
of the timber respectively of the forms shown in Figs. 2 and 3. Fig. 4 shows the form of its section
after it had passed both; the fourth set of cutters again revolved vertically, and gave the gutter
its finished form, as shown above. As the timber passed over the cutters it was supported at the
ends on revolving rollers, and was held in its place by guiding grooves, being pressed gradually
forwards against the cutters.

SECTIONS OF THE DIFFERENT STAGES OF THE
PAXTON'S GUTTERS.

THE GUTTER-CUTTING MACHINE.
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In this manner forty-two lengths of solid gutter, each twenty-four feet and a fraction long, were
completed in a day of ten hours; and as the machine was worked double time, a length of more
than 2,000 feet was turned out daily ready for use: this, it has been calculated, would have
required the labour of about three hundred men to be employed for the same length of time. The
absolute necessity for such rapid production will be evident when it is known that no less than
110,000 feet, or about twenty miles length, of such gutters were required—very nearly the
distance from Buckingham Palace to Windsor Castle.

Finished as described above, the Paxton's gutters arrived at the building, where the first
operation they underwent was that of cutting them to the exact length requisite. This was a nice
operation, as the smallest deviation would have caused a difficulty in fitting them into their place,
and to perform it a framework was constructed by which the solid gutter could be bent to the
same curve it would have when fixed; a precaution that was necessary in order that the ends
might be cut off quite vertically so as to fit together when in their place. At one end of this frame-
work was placed a circular saw, twenty inches diameter, hung with a pulley and balance weight,
so as to be moved up and down by means of a lever. The gutter being fixed in the frame by means
of hinged guage-plates, one end was cut by the circular saw being brought down upon it; and at
the same time another operation was performed: two cutters, placed in the centre of the circular
saw, were so arranged that when brought down upon the end of the solid gutter they cut out a
semi-circular notch, so that when the ends of two gutters were afterwards placed together there
was a circular hole left, through which the water passed down into the main gutter. When these
operations were completed at one end of the gutter, the guage-plates were taken off, and the
timber was swung round on a pivot or crutch in the centre, and the same process gone through
as before; the whole scarcely occupying two minutes. We shall presently have to return to this
piece of machinery, as it was also used in finishing the ridge rafters.

MACHINE FOR FINISHING ENDS OF
GUTTERS AND RIDGES.

The solid gutter was now transferred to the hands of the carpenter, who fixed at each end, on the
under-side, a small cast-iron shoe; and two struts, nine inches long, were placed so as to divide
the whole length into three equal parts—the struts spread out at the top in order to present a
large surface of pressure against the under-side of the gutter; and tenons projected upwards,
which were fitted into mortices cut into the timber. The lower end of the struts were formed so as
to give them a firm hold upon a wrought-iron rod, thirteen-sixteenths of an inch diameter, which
was passed under them and through the shoes, where it was screwed up with nuts; and the struts
pressing up against the timber produced the requisite bend or camber. Twenty-seven notches, to
receive the sash bars, were marked with a templet and cut out on each edge of the upper-side of
the gutter; and a small cast-iron plate having been fitted on the under-side at each end, the
Paxton's gutter was complete and ready for fixing. The under-trussing of the rafters increased
their strength considerably, so that a weight of one-and-a-half tons was required to break one
which was experimented upon.

&le Snsh-hars.

E will next consider the sash-bars which support the ridge of the roof and receive the
glass. The total length which was required of these amounts to about two hundred
miles; it will, therefore, be easily understood that mechanical contrivance for cutting
them out became an absolute necessity; this Mr. Paxton appears to have discovered
in his works at Chatsworth, as he mentions in his lecture.
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MACHINE FOR CUTTING OUT SASH-BARS.

The sash-bars are one inch thick and one-and-a-half inches deep, and are grooved on each side,
besides having all the four edges bevelled or chamfered; all which was done in one passage
through the machine. The plank which was to form the sash-bars was passed in at one end of the
machine, between pressure-rollers; it then passed between cutters placed both above and below
it, which made about twelve hundred revolutions per minute, and hollowed out the different
grooves; and, lastly, it passed between circular saws which divided it into separate sash-bars,

after which they had only to be cut into their proper lengths.!6! The exact length of each sash-bar
when finished is four feet one inch.

In this state the skylight bars were sent to the building, where they underwent several finishing
operations, necessary to make the ends fit down into the notches prepared in the ridges and
gutters. Thirty of the bars were first placed together in a horizontal traversing-frame on a saw-
table, on each side of which circular saws were fixed at the distance of the required length of the
sash-bar; the frame was then moved forward against the saws, so that both ends of the whole set
of bars were cut off simultaneously, and at the same time a cut was made at one end half-way
through the bar, in order to form the shoulder against the gutter. They were then removed to
another bench, where the end of the bar was bevelled and the shoulder formed by means of a
small instrument having a handle with two projecting jaws fitting into the ends of the glass
grooves of the bars; between these there was a small blade which, being pressed down, cut out
the shoulder which had been sawn through in the other direction, and another blade was placed
at the proper angle to remove the bevelled piece at the end of the bar.

THE SASH-BAR DRILLING-MACHINE.

One more process made the sash-bars complete for fixing—this was the drilling a hole at each
end to nail them down on the gutter and ridge; and this was also done by machinery, to insure all
the holes being drilled at the same angle. On one side of a horizontal bench were placed a set of
four-inch driving pulleys (a a), with as many horizontal drills projecting towards the other side of
the bench; a wooden traversing-plate (¢) opposite each drill, and working towards it, received
one end of the sash-bar, while the other rested in an inclined position against a wooden rail (b)
placed longitudinally above the pulleys, having as many sinkings thereon as there were drills. The
traversing-plate being then pushed forward, the sash-bar was perforated by the drill; the plate
was then drawn back, and the same operation repeated with the other end of the bar, which left
it ready for fixing.

The action of the traversing-plate (c) is shown more distinctly in the second engraving.l”! One out
of every nine of the sash-bars of the roof is stronger than the rest, to serve for fixing the ridge
previous to glazing. These extra-strong bars are two inches wide and one inch and a half deep,
and were formed by the same machinery already described, by an adjustment of the different
cutters and saws.
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PORTION OF SASH-BAR
DRILLING-MACHINE.

The Ridges.

@ HE total length of these required was about sixteen miles. They are cut out of timber
¢ three inches square, in section, and are of the form shown in the diagram, with a groove
< on each side to receive the glass. This was also done by machinery which, with about five-
—/ horse power, turned out one hundred lengths of twenty-four feet in a day of ten hours,
allowing the time for the necessary stoppages. After they had been delivered at the
building, these ridge-pieces were cut to the exact lengths by means of the same apparatus used
for the solid gutters which has already been described. At each end of the ridge-piece two holes
were also drilled to receive dowells to connect it with the adjoining length. By no other than
mechanical means could the immense number of holes thus drilled have been placed so exactly
that those in the opposite ends of any two ridge-pieces should correspond precisely.

L=
O sl

SECTION OF
RIDGE AND
ORDINARY
SASH-BAR.

The different essential component parts of the roof having thus been described, we propose to
take the different members of the construction in succession downwards.

Che Gloss.

/m UT first it may be mentioned here that the glass used throughout the building is sheet,
1% on an average about one-sixteenth of an inch thick, and weighing one pound per foot
>Ff superficial. This gives an aggregate weight of about four hundred tons for the whole of
the work, the greater part of which was supplied by Messrs. Chance and Co., of
Birmingham. Each square is forty-nine inches long and ten wide, the greatest length of
sheet glass that has ever been made in this country. The manufacture of this kind of glass is of
comparatively recent introduction into England, though practised for some time on the
Continent; and the rapid progress made by the manufacturers alluded to must be in a great
measure attributed to the wise removal of the fiscal burden on the article, made by the late Sir
Robert Peel. That lamented statesman, with his usual foresight, doubtless contemplated that
great social benefits would follow from that enactment; and it is, perhaps, not too much to say
that, but for Sir Robert's enlightened measure, this "huge pile of transparency" would never have
been reared.

The Bur Gutters,

T has been mentioned that the triple gutters deliver the water into main gutters running
in the transverse direction of the building; these are formed of wood, with a bottom piece,
#) into which are grooved two upright sides, they are firmly bolted down upon the upper
£7-) flange of the roof-girders, and where these are quite horizontal the fall in the gutter is
given by a false bottom laid to a slope. Of these gutters there is a length of about five-and-
a-half miles in the building, which, added to the aggregate length of the Paxton's gutters, makes
a total of about twenty-five-and-a-half miles of gutter.
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Ruof Girders,

C@HESE are of cast-iron, where not more than twenty-four feet long, and the rest of
&, ¢« wrought-iron. The cast-iron ones are precisely the same in appearance as those used for
% the galleries, but lighter in metal; a separate description of them is not, therefore,
~——/ necessary. The weight of each of these girders is twelve cwt., and each was proved to
nine tons previously to being used; but it is calculated that the greatest weight they may

have to bear will not exceed five tons: the total number required was about 470.

The wrought-iron girders, or trusses, are partly forty-eight and partly seventy-two feet long, to
span the avenues of those respective widths; the principle of the construction is the same in each.
The top rail (if it may be so called) of the truss is formed with two pieces of L iron placed back to

back 1T, and the bottom rail with two flat bars " the total depth being three feet; at the ends
these bars are riveted on to cast-iron standards, and the intermediate distance is divided into
eight-feet lengths by other cast-iron standards, to which the bars are also riveted, and thus a
framework of rectangles is formed. In the trusses forty-eight feet span there are, therefore, six
such divisions in the length, and nine in those of seventy-two feet span. These are then divided in
the direction of ONE of the diagonals by a flat bar passing between and riveted to those forming
the top and bottom rails. This completes the constructional part of the truss; but to render the
appearance more uniform with that of the cast-iron girders, a flat bar of wood (shown by the
dotted lines) is made to form the other diagonal of the rectangles.

Lo

I A T

DIAGRAM OF 48-FEET GIRDER.

The trusses for a span of seventy-two feet are cambered or bent upwards about ten inches, which
both adds to their strength and improves the appearance. The form and arrangement of these
roof-trusses may be clearly traced in several of the views of the interior which are presented to
the reader. The weight, when completed, of each of the trusses of seventy-two feet span is about
thirty-five cwt., and of those of forty-eight feet span about thirteen cwt.

It has been already mentioned that four of the roof-trusses vary from the rest on account of the
greater load they have to sustain. The depth of these exceptional trusses is six feet, and their
length seventy-two feet, or the width of the main avenue, which they bridge over. The principle of
their construction is similar to that employed in the lighter trusses; but the arrangement of the
parts is somewhat modified. The top rail consists of two pieces of L iron, placed, as before, back

to back; but they are further connected on the top by a flat piece "1 I". The lower rail is formed by

two flat bars placed upright l I and these are riveted at the ends to standards of cast-iron, which,
however, are considerably heavier in construction than those before described; and they have
also in the centre, at (a) two slots, or sinkings, into which the ends of two of the diagonal bars are
riveted. The whole length is then divided into three equal parts, each 24 feet long, by strong
CAST-iron standards at (b) the ends of which are riveted between the rails, and these spaces are
again subdivided into three eight-feet lengths by WROUGHT-iron standards at (¢ ¢). The top of each
standard is next connected with the foot of the next but one to it by diagonal flat bars, which,
together with the short pieces fastened into the slots at (a), complete the figure of the whole,
forming a kind of trellis-work, two diamonds in depth. In the diagram only half the length of the
girder is shown.

36.0
i

R e,

c c

DIAGRAM OF ONE-HALF OF 72-FEET
GIRDER.

The dimensions of the different bars of iron in this piece of construction are proportional to the
amount of strain they have to bear. The two heavier out of the four trusses just described
weighed when completed eight tons each, and the other two, which are of rather lighter
construction, six tons each.

The riveting together of the wrought-iron trusses was performed on horizontal supports, on
which the curve that they were to be made to was marked out. The bars having been previously
cut to the requisite lengths, and punched and drilled with holes for the rivets, were laid out on
the stages in the proper forms with the cast-iron standards, which were temporarily kept in place
by bolts passed through some of the rivet-holes. The whole framework was then riveted up with
red-hot rivets supplied from small portable furnaces, several sets of men being employed upon
each truss, by which means as many as sixteen were completed in one day. The whole of the
trusses, three hundred and seventy-two in number, required for the building were put together
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on the ground, and several ingenious mechanical contrivances were made use of to facilitate and
hasten the work. To form some idea of the amount of labour that had to be performed, it may be
mentioned that each of the trusses forty-eight feet in length, or the smallest, is held together by
more than fifty rivets, requiring more than twice that number of holes to be made in bars of iron
varying in thickness from a quarter of an inch upwards. About 25,000 rivets were thus required
for the whole of the work.

Fron Prilling  Aorhine,

@ HE holes for the rivets were made partly by drilling and partly by punching. In the
¢ machine used for the former the bar to be bored was laid upon a flat surface forming part
%.) of the solid cast-iron stand of the machinery; the drilling-point worked vertically, and
-/ could be moved in that direction to suit the different thicknesses of iron brought under its
operation. It was suspended at one end of a lever, with a counterpoise at the other. This
lever was also connected by a rod and crank, with another near the ground, one end of which was
formed into a tread to be worked by the foot. The workman, when he had arranged the iron in the
right position under the drill, pressed his foot upon the tread; thus raising the counterpoise end
of the upper lever, and pressing the point of the drill, which was of a spear-head form, down upon
the iron. Underneath the iron to be drilled was placed a piece of wood to protect the point of the
drill when it had passed through the iron. It was also necessary to moisten the iron during the
operation, in order to keep the drill-point cool. Three men were required to attend to this work,
which was not so rapid as the other method of making the holes by punching.

THE DRILLING-MACHINE.

@he Puuching Aachine.

THE PUNCHING-MACHINE AND SHEARS.

@ HE enormous power exerted by this piece of machinery renders it necessary that the
 stand containing the punch, &c., should be exceedingly solid, and it is formed accordingly
%7) by a heavy mass of cast-iron, in which there are two indentations, as seen by the
-/ engraving. In the lower of these the punching operation is performed, and in the upper
there are shears for cutting off the ends of the bars when required. The motion is
communicated to each of these by means of a cogged wheel at the back; but both the punch and
the shears work in a vertical direction, slowly moving up and down with irresistible force. There
is no sudden blow or jerk, which makes the effect the more striking, as the unpractised eye has
no means of discovering the amount of the force which is being put in operation. It is, however,
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so great that, although the punching of a hole scarcely occupies two or three seconds, the iron
becomes quite hot from the effect of the pressure. In using this machine, the workman arranges
the iron bar on a solid rest, placing it so that when the punch descends it makes the hole in the
position required. As soon as the punch has passed through the bar, the action of the machinery
is reversed, and the instrument ascends again; during which time the bar is re-arranged, and the
operation is thus continually repeated. This piece of machinery also requires three men to work
it, if the bars to be punched are of considerable length, so as to require the ends to be held up;
otherwise, one alone is sufficient; and in the course of a ten-hours day about three thousand
holes can be punched out—the number, of course, varying according to the thickness of the bars.

Neither of the mechanical contrivances just described are novel inventions, though they are thus,
perhaps, brought for the first time under the notice of many of our readers, to whom they may be
so far rendered interesting from their being connected with the execution of THE building of the
day.

@he Adging ond Ploning Hachine.

THE ADZING-
CUTTERS.

out, another interesting piece of machinery was in use for these works, for the purpose
> of finishing planks to a certain size and thickness, called the adzing and planing
“s )2 ) machine. An adze is a tool used by carpenters to remove any unevenness in the surface
of a board in a particular spot. In this piece of machinery two cutters are fixed to a
revolving arm, under which the plank is made to pass; and as it does so the cutters remove a
certain thickness from the whole of the surface. The arrangement of these cutters is very plainly
shown in the annexed engraving. On the under-side of the same bench to which this apparatus is
fixed, three planes are set, each at an angle of about 5 degrees, by which the under-side of the
plank is brought to an even face, while the upper surface is operated on by the adzing-cutters,
and in this manner the plank is reduced to an even thickness throughout. As it passes on it is
brought between two circular saws, which are adjusted to the width which it is desired to give to
the plank. It is dragged forward towards the planes and cutters by means of an endless chain,
composed of open links; which chain passes over a wheel provided with projecting pegs, so
arranged as to fit into the links. The plank is kept down upon the planes, and otherwise held in
position, by pressure-rollers.

THE ADZING AND PLANING MACHINE.

@he Cnlumns oud Connerting Pieres.

@ HE columns in the building perform three important offices. They
¢ support the roof and the galleries, and serve as pipes to convey the rain-
%r) water from the roofs. Their form, which is beautiful, both mechanically
-/ and artistically, was suggested by Mr. Barry; it is a ring, eight inches in
diameter externally, the thickness varying in the different columns,
according to the weights they have to support respectively. Four flat faces, about  ggcTION OF
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three inches wide, are added on the outside of this ring, so that when the column COLUMN.

is in its place, they face nearly north, south, east, and west. The column may

therefore be considered as a hollow tube, of the section just described, and of

the same form at each end, having at its extremities horizontally projecting rings called SNUGS,
through which the bolts are passed, to fasten the columns to the connecting-pieces and base-
pieces. That the hollow form adopted for the columns is that best suited to obtain the greatest
strength with the least amount of material has been abundantly shown by experiments, as even
two straws placed in an upright position will bear a very considerable weight; it is that also seen
in the structure of the bones of animals. Of these columns there are 3,300 in the whole building.

Those portions of the height of the columns which correspond with the depth and position of the
girders form separate lengths, which are called connecting-pieces, as they unite the lengths of
columns of the different storeys. These connecting-pieces have the same sectional form as the
columns themselves, and, like them, are the same at each end, where there are projections cast
on, which serve to support the girders, and which are provided with holes through which the
bolts pass to connect them with the columns. These holes alternate with the projections to
receive the girders, which projections are so formed that they clip others cast on to the ends of
the girders, which will be hereafter described. In the centre of each projection there is formed a
small notch which receives the key or wedge for fixing the girders.

The meeting faces of the columns and connecting-pieces were all turned in a lathe, in order that,
when set up, they might fit so precisely as not to require any packing to adjust them in an upright
position; and only in the cases of those columns which serve as water-pipes is any such packing
introduced. In those a piece of canvass, with white lead, is put into the joint. An enormous
amount of additional labour was involved by this proceeding, as no less than twelve hundred of
such faces had to be operated on; but this did not deter the enterprising contractors, who were
fully alive to the importance of the object to be attained. When fixed, the projecting "snugs," with
the bolts passing through them, were covered by ornamental caps and bases of cast-iron, fixed
after the rest of the work was completed.

Thr Base Pirres.

@ HE lower storey of columns in every case stands upon base-pieces of which the upright
 portion is a continuation of the column, with "snugs" at the top, to correspond with those
% of the column, and standing on a horizontal bed-plate, from which "shoulders" rise to
—J strengthen the upright portion. These bed-plates vary in size from three feet by two feet
to one foot six inches by one foot, in proportion to the weight which the several
superincumbent columns have to sustain. The longest dimension of the bed-plate is in the
transverse direction of the building, in which the greatest overturning strain might be expected
to act upon the columns. From the vertical portion of the base-pieces, sockets six inches in
diameter project, in the direction of the length of the building, into which are fitted the cast-iron
drain-pipes, which convey away the water brought down by the columns from the roof. The
height of the base-pieces varies to suit the different levels at which the floor is supported above
the ground. These levels had therefore to be determined in every individual instance previous to
the castings being made. It was done, however, with such precision that, when they came to be
used, they were all found to be of the exact length required for their situation. Of these base-
pieces, 1,074 were required for the building.

Cnst-iron Girders,
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T has been mentioned that the columns supported girders at three different heights,
¢ dividing the greatest altitude of the building into three storeys; and that the lower tier of
girders, where the building consisted of more than one storey, served to support a
gallery.

These gallery girders are all twenty-four feet long and three feet deep, the upper and lower
"flanges" or rails having a T formed section with standards at the ends of similar section. The

rectangular space between them is then divided into three equal parts, by uprights having a 'I'
form of section, and the three smaller spaces thus obtained have diagonal "struts" in each
direction. The girder thus described forms a double truss, in which the diagonal braces are
subjected both to the strain of compression and tension. At the top and bottom of the end-
standards small projections are cast on, by which the connecting-pieces hold the girders; and at
each end of the flat portion of the top and bottom rails small sinkings are cast, by means of which
the girder is keyed up to its position. The flat portion of the upper and lower "flanges" of the
girder is swelled out in width from the ends towards the centre, in order to increase the quantity
of metal in that part where the strain is greatest.

The description just given of the gallery girders will apply to all the cast-iron girders throughout
the building, of which there are 2,150; the only difference between them being, that those for the
roofs or other internal portions, where no gallery is to be supported, are cast with a less amount
of metal. The form of girder just described, which is unusual, was the result of several
experiments performed under the superintendence of Messrs. W. Cubitt, C. H. Wild, C. Fox, and
other gentlemen, previous to the commencement of the building; and the thickness of metal for
the different parts of these, as well as for all the other cast-iron work in the building, was
minutely calculated and determined by Mr. C. H. Wild and Mr. C. Fox, under the supervision of
Mr. Cubitt, the President of the Institution of Civil Engineers, to whom the Royal Commission had
intrusted the responsible duty of the chief superintendence of the whole of the work.

View of Interior from the Level of Galleries.

The Golleries.

@O proceed to the gallery itself, supported by the girders just described. The timbers

¢ supporting the floor are so arranged that the weight of each bay of twenty-four feet

@ square is distributed equally to the four girders inclosing it, and in such a manner as to
-/ bear upon them at the points immediately over the vertical standards.

In the transverse direction of the building two pairs of joists, eight feet apart in each bay, are
formed into trusses by tie-rods, 1% inches diameter, passed through a cast-iron shoe at each end,
and pressing up two "struts," which are made to bear against the under-side of binding-timbers
running longitudinally, or crossing the joists, and immediately under them. The cast-iron shoes
for the trusses are bolted down to the girders, and serve at the same time to receive the standard
supports of the gallery railing. The ends of the binding-timbers are secured by bolts and oak
suspension-pieces to the other two girders inclosing the square. Joists about two feet six inches
apart bear from girder to girder parallel to the trusses, and resting on the binding-timbers. On
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these is laid the floor, 1% inches thick, grooved and iron-tongued. A light cast-iron railing,
forming a kind of trellis-work, is fixed between the columns, and is capped with a round
mahogany hand-rail. From the view at page 60 the arrangement of the galleries will be readily
understood.

@esting the Cnst-iton Girders.

ROM the very important office which the girders perform throughout the building, but
more particularly those supporting the galleries, it was of the utmost importance that,
previously to their being fixed in their places, the soundness of the casting should be
proved; for it could hardly be expected that so large a number of girders could be
produced without some of them being defective. The ordinary means of testing girders,
by loading them with weights, would have occupied far too much time; and therefore an
ingenious apparatus was devised by Mr. C. H. Wild for this purpose, by the use of which the
testing of a girder occupied but a few minutes.

% _&‘%1;2,‘%,3‘$
FRAME AND HYDRAULIC PRESS FOR TESTING THE GIRDERS.

It consisted of a very strong cast-iron frame rather longer than the girder, the bottom of which
was formed by two fixed beams placed eight inches apart, and supported a few inches above the
ground. At each end of these a cast-iron standard was firmly bolted between them and rose to a
height rather greater than the depth of the girder to be tested; on the inner faces of these
standards two "shoulders" were formed, which received the projections cast on the ends of the
girder, as before mentioned. Between the fixed beams below, at two points dividing the whole
length into three equal parts, were placed strong cylinders, with rising pistons connected with a
forcing-pump, together with which they formed a Bramah's hydraulic press. A girder being
placed in this frame, in an inverted position, the force applied by means of the pistons rising from
the cylinders acted upon it precisely at those points, and in the same manner, as the load from
the gallery or the roof would do when afterwards fixed in its place.

The essential parts of the Bramah's press may be thus briefly described. It consists of two
cylinders, the diameter of one being considerably larger than that of the other. The smaller
cylinder is fitted with a solid plunger or piston, by means of which water may be forced from it
into the larger; this being also fitted with a rising piston, the force is communicated by it to the
weight which it is desired to raise. The power obtained by means of this apparatus arises from
the distributive power of fluids and the practical incompressibility of water, and it is proportioned
to the difference of the diameters of the two cylinders; so that if a pressure of one pound per
square inch be applied on the surface of the piston in the smaller cylinder, and the piston in the
larger cylinder present a surface ten times greater, the power is multiplied by that number;
whilst, in addition, the lever power used in applying the pressure to the smaller piston is
obtained. The cylinders are fitted with valves, so arranged as to prevent the return of the water
from the larger to the smaller, while the apparatus is in action, and thus the power is
accumulated in the former.

In the instance before us, the two 3-inch cylinders already alluded to in the proving-frame took
the place of the larger cylinder of the ordinary apparatus; and they were connected with the
forcing-pump by a strong metal tube. When a girder had been fixed in the frame for proving, the
force-pump was worked till the pistons underneath the girder carried it off its lower bearings and
pressed it upwards against the "shoulders," by which it was firmly held, and the pressure was
then continued until the amount previously fixed upon as necessary for proof had been obtained.
This was ascertained by means of a self-adjusting apparatus attached to the hydraulic press.

An iron cylinder 1% inches diameter was placed in communication with the pipe connecting the
pump and the press, so that the pressure obtained in it was, in proportion to its diameter, the
same as that in the large cylinder; and it was fitted with a piston-rod, working in a vertical
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direction. This piston-rod was connected with a lever, from the end of which a scale-pan was
suspended, at a distance from the fulcrum ten times greater than that of the point of attachment
of the piston from the same. The weight of the scale-pan and lever were balanced by a large mass
of iron at the other end. In the scale-pan a certain weight was placed, proportioned to the proof
desired to be obtained; and the action of the pump was continued until the water, rising in the
iron cylinder just described, forced up the lever, and with it the weight attached; and thus
indicated that the pressure to which it was desired to subject the girder had been reached. The
weight to be placed in the scale-pan was thus determined: the diameter of the lever cylinder
being 1% inches, and that of each of those in the proving-frame three inches, the pistons or
"rams" in the latter presented together eight times the surface of that in the lever cylinder; which
being multiplied by the difference of length of the two parts of the lever, determines the weight
for the scale-pan to be one-eightieth of that to which it was desired to prove the girder.

The ordinary gallery girders were tested with a pressure equivalent to a weight of fifteen tons;
but it was calculated that, when fixed, the greatest weight they would have to sustain would be
seven-and-a-half tons. In one instance, for the sake of experiment, the pressure was continued
beyond the proof weight of fifteen tons, to see what amount of strain the girders would bear
without fracture, and it was found that a strain of thirty tons produced no injurious effect; but the
girder broke with an additional weight of half a ton.

Ruof of Cronsept.

P E will now return to describe that portion of the roof which varies in form and
( . X -
(,;\\5 § ¥ arrangement from the rest, namely, the semicircular covering of the transept. This is

(4.9 supported by arched ribs, placed twenty-four feet apart, and constructed of Memel
e timber, in three thicknesses; the centre-piece four inches thick, with a 2-inch piece on

each side of it. They are formed in lengths of about nine feet, placed so as to break
joint; that is, the joints of the outer pieces fall upon the centre of the inner one. The thicknesses
are fastened together by bolts passing through them about two feet six inches apart, besides
being nailed at other points. On the inner circumference of the rib thus constructed there is then
placed a piece of timber moulded to correspond with the form of the columns; and on the outer
circumference two boards, each one inch thick, are bent round and attached to the rib with
strong nails. On both the outer and inner circumference a flat bar of iron is secured by bolts
passing through the whole depth of the rib, which, thus finished, measures eighteen inches in
depth by eight inches in thickness. The ends of the ribs are fitted into sockets, formed by the
upward continuation of the columns, to which they are attached by iron straps.

The ribs, which are supported by the trusses over the main avenue, have their ends bolted down
upon a piece of timber secured on the upper portion of the truss; and they are further fixed in
their places by oak brackets, forming a spreading foot on each side upon the same piece of
timber.

Between these large ribs horizontal timbers, called "purlins," are fixed about nine feet apart, by
means of cast-iron shoes, bolted both to them and to the ribs. These serve to support the minor or
intermediate ribs, occurring at distances of eight feet apart; which consist of a single square
piece of timber, having the two thicknesses of 1-inch board bent round their outer circumference,
as on the main ribs. The boards form the gutters or furrows between which rise the ridges, in the
same manner as in that portion of the roof which is horizontal.

The ridges, in this case, instead of being cut out of solid pieces, are formed in three thicknesses,
bent round to the requisite curve, and so retained by small bolts tying them down to the
"purlins." The sash-bars which receive the glass form, as elsewhere, the sloping rafters or
supports of the ridge.
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Interior View of the Central Avenue towards the West.

The space below the first "purlin" or plate at the springing of the arch, down to the level of the
lead-flat beneath it, is fitted with louvre-frames for ventilation. The diagonal bracing between the
main ribs has been already alluded to. Each set consists of four wrought-iron rods three quarters
of an inch in diameter, having eyes at one end, by means of which they are secured with bolts,
passing through the thickness of the ribs; in the centre they meet in a cast-iron ring, on the inner
side of which the ends are screwed up with nuts.

The semicircular ends of the transept are filled in with tracery, formed by radiating timbers,
strutted apart with short pieces placed in concentric rings. The circular heads of the openings
are formed by iron castings screwed into their places, and the eye from which the radiating lines
of the tracery proceed is also formed by solid iron castings bolted together. On the outer face the
ribs of the tracery are moulded, and on the inner side glazed sashes are fixed, filling in the
openings.

The lead-flat, twenty-four feet wide, extending the whole length of the transept, on either side of
the semicircular roof, is constructed in a similar manner to the floor of the galleries, by under-
trussing two pairs of joists in each bay. In the width of the lead-flat roof a horizontal truss is
formed by flat bars of iron fixed in the direction of the diagonal of the 24-feet square bays, to
resist any possible thrust or tendency of the ends of the ribs to open outwards at the springing.

@he  Faremork,

@ HE external inclosures of the building, on the levels of the different storeys, require but
( little description in detail beyond that already given. The sash-bars dividing the sashes of
%7) the upper tiers are grooved for glass similarly to those used in the roof, and were cut out

by the same machinery. The glass was put in after they were framed together, so that it

was necessary to arrange the ends of the bars that it could be slipped in at one end. As
the bars of these sashes were of slight dimensions and considerable length, they were
strengthened by wrought-iron rods passed through the sash-frame and the bars, and screwed up
at the ends, causing the whole to work together. The sashes are held in their position by small
cast-iron clips, which are bolted on to the columns; and as the surface presented to the wind by
the upright sides of the building is of such considerable extent, wooden bridges are fixed against
the sashes on the inside, by small cast-iron shoes bolted to the columns; and at the internal
angles, where the wind would exert its greatest force, these bridges are further strengthened by
wrought-iron rods half an inch in diameter, pressing against the back of them, which is grooved
for the purpose, and screwed up at each end in the cast-iron shoes. In this manner a connected
chain of resistance to any external pressure is established round the whole circuit of the building.
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THE LOUVRE-FRAME.

The louvre-frames, which form part of the face-work in all the different storeys, consist of a deal
frame in which bent louvre-blades are hung on pivots at each end. These blades are of galvanised

iron of an S form. On the back of each blade is fixed a loop of thin iron, to which a rack is fitted;
and by these means all the blades in each frame are moved simultaneously. A considerable
number of these racks may also be connected, so that a large area of ventilation may be
regulated at once.

@he Dingonal Bracing.

ROM the total absence in this building of any internal division-walls, which in ordinary
structures considerably add to their stability, it was thought desirable to introduce into
the construction something to compensate for this deficiency. At several points in the
length of the building, where a continuous connexion could be established transversely,
the squares formed by the columns and girders on the different storeys have their four
corners connected by diagonal rods, seven-eighths of an inch in diameter, having eyes at the
ends, by which they are secured to the bolts connecting the different parts of the columns. In the
centre of the square the four rods meet in a cast-iron ring, and are screwed up with nuts;
ornamental faces are fitted into the rings, so that this addition to the construction is by no means
detrimental to the general effect.

In a similar manner this diagonal bracing is introduced in a horizontal direction immediately
under the floor of some portions of the galleries; of these there are twenty-two sets, and of those
placed vertically there are, altogether, 220 sets in the building, and the manner of their
introduction will be readily understood from the views of the interior.

@he Staircases,

@ HE double staircases, of which it has been mentioned there are eight in the building,
¢ consist each of four flights, about eight feet wide; two parallel ones, leading from the
%7) ground-floor to a landing, at the half-height, and the other two branching in opposite
-/ directions from the landing to the two galleries. The treads of the steps are made of a
species of mahogany called sabicu, which is much harder than oak, and therefore
peculiarly suited to the purpose for which it is here employed. The risers, or faces of the steps,
are of deal. The stairs are supported by cast-iron girders, following the slope, the lower ones
being fixed at the foot to stout timbers under the flooring, and the upper ends bolted to the cast-
iron columns which support the landing. These columns are of the same pattern as the rest
throughout the building, but only five inches in diameter. They are supported on concrete, and
eight of them are required for each staircase. The floor of the landing is carried by lesser cast-
iron girders, with flooring-joists.

VIEW OF STAIRCASE.
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The girders carrying the upper flights spring from the landing girders, and have their upper ends
bolted on to the main girders supporting the galleries, which are varied in pattern for this
purpose. The railing of the staircase is formed in separate cast-iron standards, one to each step,
which are bolted on to the top flange of the girders; and the foot of the standard is so continued
that the ends of the treads are fitted into it, and are thus supported. The pattern of these
standards is assimilated to that of the gallery railing.

The hand-rail is formed of Honduras mahogany, with carved ends. On each side of the upper
flight, which occupies the centre of a 24-feet space, connecting-galleries about eight feet wide
are carried, establishing a communication between the two lines of gallery without descending to
the level of the landing and then re-ascending. The landing is sufficiently high above the ground-
floor to give ample headway for passing underneath it; so that the space occupied by the
staircases on the ground-floor is but small.

@he Foor and Foundetivus,

T now only remains to mention briefly the construction of the floor of the building, and
the foundations for the base-pieces. The substratum of the site consists of gravel of an
excellent quality, and sufficiently dense to have sustained, perhaps without any
preparation, the load brought upon it by the bases of the columns. A thickness of
concrete, proportioned in all cases to the amount of the weight to be borne by the
superincumbent columns, and of such a size as to be two feet in each direction larger than the
bed-plates, was placed upon the gravel, and the upper surface was finished with a bed of fine
mortar to receive the bed-plates. In this manner it was calculated that in no case would a greater
weight than two-and-a-half tons be borne by each foot superficial of the gravel—previous
experiments having shown that a considerably larger weight could be placed upon it without any
injurious effect.

The timbers supporting the joists for the floor are also placed upon small blocks of concrete,
about one foot cube, at a distance of eight feet apart. On these are fixed the flooring-joists, and a
deal floor an inch and a half thick is laid on them, as has been already mentioned, with intervals
of about half an inch between the boards.

FIXING CAST-IRON DRAIN-PIPE.

In order to carry off the water brought down from the roof by every alternate longitudinal row of
columns, 6-inch cast-iron pipes are fitted into the sockets described in the base-pieces, and are
carried in the lines of those columns through the whole length of the building, with discharges
into the larger drains at the centre and at each end; the natural slope of the ground gives a
sufficient fall to the pipes.

Having thus described in detail all the different portions of the construction of the building, we
must proceed to give some account of its actual erection, which will enable us to mention many
very ingenious mechanical contrivances which were employed in the course of its progress.

@he Fivst Operations on the Growa.

ROM the great extent of the area required for the building, it was not to be expected
that any site would be found of the necessary size, perfectly level. On the ground
occupied by the building there is a difference of level between the two extreme ends of
about eight feet. In consequence of this fall of the natural surface from west to east,

{62}

{63}


https://www.gutenberg.org/cache/epub/44192/images/hd33.png
https://www.gutenberg.org/cache/epub/44192/images/p62.jpg
https://www.gutenberg.org/cache/epub/44192/images/hd34.png

and in order to avoid having a considerable flight of steps at one end of the building to
compensate for it, it was determined to arrange the floor with an inclination following nearly that
of the ground, such fall being at the rate of one inch in twenty-four feet. All the lines of the
building which would be called horizontal in fact follow this line of the floor, and those which are
supposed to be upright are placed at right angles to the floor, and therefore slightly inclined from
the perpendicular towards the east. The deviation, however, is so exceedingly small as to be
perfectly imperceptible even to those who are aware of the fact; and no one who was not
previously informed of it would be able to detect it.

It has been mentioned that Messrs. Fox and Henderson's tender for the building was verbally
accepted on the 16th of July, 1850, and on the 30th of that month they obtained possession of the
site from the Commissioners of Woods and Forests.

The first proceeding was to inclose the whole area (including a considerable space at each end
more than would be covered by the building) with a hoarding about eight feet high, put together
in a very simple manner, so that the boards were afterwards available for the flooring. The
supports for the hoarding consisted of pieces of timber fixed in the ground in pairs, at intervals of
the length of the boards, leaving a narrow space between them, into which the boards were
dropped, and thus held in their place without any nails. Temporary offices were then erected in a
convenient portion of the site, and were covered with a