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CHURCH OF ST. PHILIP THE EVANGELIST, ARLINGTON SQUARE, ISLINGTON.
(With an Engraving, Plate 1.)

Tam stracture, the subject of our first Plate, is in the Anglo-
Norman style of the 12th century, and is constructed with
Kentish rag-stone in random walling, and Bath stone dressings,
and contains accommodation for 1054 persons, chiefly seated on
the ground floor. The ancient basilical form has been adopted,
with certain additions, to render it suitable for a modern church,
1t consists of nave, side aisles, and transepts, with a semicircular
apse for the altar at the eastern termination of the nave. The

ities of the style will be seen to consist in its massive
solidity and boldness of outline, with a prevalence of horizontal
lines and a vast variety of surface carving, for which Anglo-
Norman work, in its final development, was so remarkable. e
tower is a low, square structure at the north-east angle of west
front, flanked ‘with broad flat buttresses. Its elevation consists of
three ’“f.; the lower part forming one of the principal entrances
to the Church, and the np(rer part the , the louvres of
which are in pairs, within ee;;ly-reoeued semicircular arch
the stringoourses dividing the lower stages of the tower; umm
arcades above; and the cornices are all decorated with surface
earving; circular pinnacle shafts at the les terminate with

carved coned caps; and a low, timber, pyramidal roof covered with

lead and surmounted by a vane, finishes the tower. The principal
entrance doorway is in the west front, and as well as that in the
tower, consists of a series of semicircular deeply-recessed arches,
with a considerable amount of carving upon them. Chevron
moulded work, saw-tootk and beaded enrichments, twisted cable
shafts, rosettes, and varied significant devices, three semicircular
headed windows, also enriched with carving, and a large circular
wheel window, fill up the western gable, which is surmounted
by a characteristic stone cross. A small stone turret is attached
to the west end of south aisle; the lower stage is square, with its
circular-headed carved doorway; the upper part i:%moched into
circular form, and surmounted by a conical carved stone roof.
The north transept has a similar doorway, varied in detail, in
which the saw-tooth billet and zig-zag moulding prevail. Two
semicircular-headed windows above, exhibit a further variety of
Grﬂ:?, in which the double chevron and beaded enrichments
are effectively applied. A single-light circular window in the

gable above is surmounted by a plainly cut stone cross, The side
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sin s Ui i b i
ows, in massive bu whi
indgms, iy been the f masiy bt by
also tht the clerestory; carved corbel tables and continuous
molded gutter-stones are lined with lead. The apse contains five
windows of size, and the semi-domed roof to the same is
covered with lead,—the main roofs with pd:‘frean ‘Westmoreland
llnl.tu with ridges, and ornamental crest tiles of corresponding
colour.

It is in the interior, however, that the more important features
of the style are seen to advantage. There is a sombre grandeur
and repose ing the unbroken line of nave with its arched
timber roof, terminating with its deeply-recessed and elaborately
carved circular chancel arch. A long range of circular piers
divide the aisles and ts from the nave, with their semi-
circular arches, and characteristic saw-tooth cutting, together with
subordinate arches of connection at the transepts, springing as

they do from boldly carved corbels, producing an exceedingly
good effect. Open arcade work enclooeg a position for the ec;l}in,
and corresponding blank arcades the vestry, at the of

north and south aisles. A dwarf stone screen forms the com-
munion rail, open at the ends. It is composed of a series of suiall
columns, supporting interlaced arches. The pulpit, also, is of
stone, circular in form, and is placed upon a massive square stone
base. It consists of blank arcade work, with the twisted cable
and other effectually carved mouldings. The font is aquare, of
massive character, upon a raised dais, and supported by a large
central and four smaller shafts, with carved caps, cable mould-
ings, and beaded enrichments. It occupies the south side of nave
at western entrance into the Church. The reading-desk and
pewing-stall seats in chancel and roof timbers are all stained dark
oak colour. A western gallery provides accommodation prin-
cipally for children, without breaking in upon the main lines of
the structure, or injurious to the general effect. The gas fitti

by which the Church is lighted are iron corona, suitable in
c| r, and embellished with colour and gilding, suspended
from the roof. The warming is effected by six of “ Tozer's
ventilating stoves.” The paving of the gangways ﬁnernll&
is of red and grey Staffordshiretileing. The chancel is laid wi
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Minton’s encaustic tiles, in lozenge compartments; and the apse
with blue tiles of interlaced pattern. The enclosure is by a
dwarf wall and low horizontal iron rails, and gates with orna-
mental standards. The entire outlay is included in an amount of
5000.. It has been executed from the designs and under the
divection of Mr. A. D. Gough, Architect, of Lancaster-place, by
Messra. Dove Brothers, Contractors, of Isli

It is intended, we believe, to complete the design, as represented
in our Plate, by the erection of a Sarsonage, on the south side of
the Church, in Arlington-square, and a complete set of School
buildings for boys, girls, and infants. We hope this intention
will be fulfilled.

The incumbent is the Rev. James Sutherland, B.A., formerly
senior curate of the parish church.

SUGGESTED REMOVAL OF THE LAW COURTS.

Ir is high time that the present. Law Courts were removed from
their present situation at %Vestminstar: to the large majority of
the legal profession and the public they are exceedingly inconve-

nient, they being at a distance from the Law Offices, the cham-

bers of counsel, the offices of the attorneys, and the business

portion of the metropolis. They are also so inconvenient that it
18 with great difficulty the jurymen, counsel, and witnesses attend-

ing the various trials can be accommodated. In the event of
new courts being erected, an excellent situation might be readily

obtained in the bounded by St. Clement's-inn, Carey-street,

Chancery-lane, ;qeet-stme and the Strand. The Chancery and

Common Law Courts, and Westminster and Nisi Prius Courts at
Guildhall, might be both concentrated at this spot, as there
would be ample space. A deputation from the Incorporated Society
lately waited on Sir Benjamin Hall, as Chief Commissioner of
Works, toask his assistance, but he very properly pointed out to
them that the initiative lay with the principal law officers of the
Crown rather than with him; at the same time he expressed his
willingness to aid fthe work as far as was in his power. The
proposition made by the deputation was to the effect that out of
the funds in the Court of Chancery, law courts of fitting accom-
modation should be erected either in or near Lincoln’s-inn-fields,
go that all the different courts might be concentrated on one spot.
In the new building rooms should be provided for reference

meetings. At present, on a cause being referred, the parties and

their witnesses are compelled to withdraw and wait several days

before an appointment can be made convenient to all parties;

whereas, if rooms were provided for the purpose, the reference

could be at once p ed with and great expense and trouble

saved.

—_———

NEW STREET NOMENCLATURE.

Tre Committee appointed by the Metropolitan Board of Works
have put forth their report, recommending an entirely new
pomenclature with respect to those streets in the metropolis
which bear the same generic name. It appears from the report,
that there are no fewer than 571 streets requiring to be re-
christened, since only 17 names fall to the share of that large

number. These are as follows, viz. :—

George-streets . . .. 062] New-streets .. «o 33 | James-stroets . 2
Chs:ﬁ » oo .. 66| William ,, . <o 81| York ,, . 25
John o e .. 45/High ,, .. «s 30| York-places .. 4
King 9 oo .. 44| Unon ,, . .. 80| Park ”w oo e 41
Queer ,, .. . 8 |North , .. .. 28] Edward-streets . 20
Church ,, .. 34 | Duke ,, . 16

In proof that the committee have bestowed much labour on
the task entrusted to them, they have taken the pains to
suggest fresh names in the case of each street, the names of
places in the country being avoided. To prevent confusion, it is
proposed to place the old name of the street in very legible
characters above, and the new name below, prefixing to the latter
the word “new.” This would meet the inconvenience arising
from a sudden change of names. The two names might be kept
up for three or four years, and then the old name taken down.

In reference to the New-road and a few other great thorough-
fares, there are some peculiarities which have received the special
attention of the committee. The great thoroughfare which runs
from the Edgware-road to the Angel Inn, Islington, known as
the New-roa«f, comprises at present 55 places, separately num-
bered under different names, and in every instance, except one

(Bath-place), the names of the places on the north and south
sides, opposite each other, are totally different. Many of the
above names are repeated froquently in other parts of the metro-
polis. The committee recommend that, from the Edgware-road
to Park-square East, it be called the lebone-road; from Park-
square East to Tottenham Court-road, St. Pancras-road West;
from Tottenham Court-road to King’s Croes, St. Pancras-road
East; and from King’s Cross to the Angel Inn, Pentonville-road.
The names of the separate places being altogether abolished, and
the numbers commencing at the Angel Inn, King’s Cross,
Tottenham Court-road, and Park-square, respectively.

The Committee make the following suggestions : — )

1. There should not be two streets of the same name in London.

2. The names of streets, places; &c.should be painted conspicu-
ously at the corners and at all points of intersection, the initial
letters of the postal districts being placed below.

3. The numbers of the houses should follow in regular order,
and not be interrupted in their course by J}licea, terraces, rows,
&c. The odd num should be on one side, thé even numbers
on the other, and the order of counting should proceed in a direc-
tion from some central point—say St. Paul’s Cathedral, so as to
provide for the gmduso extension of suburban streets into the
country.

4. The convenience of the Post-office would be greatly consulted
if the names of the principal streets or roads were made to com-
mence and terminate at points of intersection by other principal
streets; and also, if in the case of streets or roads of great length,
the line could be divided into sections not exceeding half a mile
in length, with corresponding separate series of numbers and
distinctive names.

—_————

DRAINAGE OF THE METROPOLIS.

ON the 22d ult. a degntation from the Metropolitan Board of
‘Works submitted the drainage plans agreed upon by the Board,
when Sir Benjamin Hall, having received the plans, made the fol-
lowing statement : —

“Isee by your plans that the outfall proposed is precisely in
accordance with th}:a suggestions of Captain Burstal, P:md I v{ish
members of the Board to understand that Captain Burstal named
that as the nearest point of outfall rec’uired of you in compliance
with the provisions of the statute. The Metropolitau Board of
‘Works having, therefore, complied with the provisions of the Act
as to the outfall, I acept the plans; and in doing so, I will explain
the course I shall adopt as clearly as I can. I think it desirable,
in carrying out a work of sucﬁ immense magnitude, that we
should obtain the best counsel and advice, and the course I intend
to take is to nominate three gentlemen, to whom I ehall refer the
r]ans—viz. two civil engineers aud one military engineer se-
ected from the most experienced men I can find, to whom I shall
send the plans, with such instructions as I shall now inform you
of. There is one point to which I shall call their particular atten-~
tion. In the reports presented to the Metropolitan Board of
‘Works, there appeared to be a great discrepancy as to the amount
of sewage to be tfisch , and Ishall draw their attentiou to this
fact, as the size of the drains must greatly depend on the amount
of sewage that will flow down into the river. Then I think that
we ought to have the best plana which the ingenuity of man can
devise, and Ishall tell them that they are not to confine themselves
to the consideration of the plans submitted by the Metropolitan
Board, and if they can devise any other scheme better calculated
to carry out the object in view, and that might appear desirable to
them, that they should set it fortk in their report, so that I ma
lay it before your board for your consideration. Parliament wxﬂ
desire that the plan should be examined in the wayI have sketched
out, and if they saw that its merits had been examined by the moat
qualified minds of men of talent, they would be more likely to
grant the money than if they had confined themselves to one par-
ticular plan. I shall desire the engineers to report whether it is
desirable that there should be a wore distant discharge to meet
the requirements, and the best means for securing that object. I
shall get from them an account of the cost from the extension at
B* of the works which would be for the benefit of the districts
through which they would pass. It would be desirable to state
this, so that each district may contribute to the works having
relation to the benefits derivable from such extension. Of course
it is not my intention to impose on the metropolis a larger amount
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of taxation than for the outfall at B¥, and so long as the metro- Now River ompazy. Dorrington

polis eom%l:ed with the requirements of the act, on&mt extent only o smmmm o 3247 Foarm

should it be taxed. I shall tell them that s t number of plans South Eastern Railway (Resding). Pritt

have been sent in upon this subject, and I refer all persons b ety e A b

having plans to them; and I feel assured they will give those plans South Eastern Railvay (Groenwichi, Prit

all the attantwnthoyreqm’ : gm-unndY mmnny(nnmm;. Pritt

smUordmpon-Avon nnllny Toogood

Dartmoor ::m Railway, Tt#uod

LIST OF PLANS FOR PUBLIC WORKS FOR %&M"&m
SESSION 1857. Public Offices Extension. Gardiner
TaE following is a list of the plans and sections deposited at mgm““ M‘Dougall
the Board of Trade, House of Lords, and House of Commons, up B D e ey Johnson and Ca.
to 30th Novembor, 1856, by the various Parliamentary age Brighton, Hove, and Preeton Waterworks. Dysca
whose names are enumerated, with the titles of the bills, by Mr. e e, A allway. lolmes
Conroy, Mr. Fanshawe, and Mr. Stebbing, at the House of Com- Mordon, Carrs, e md
mons; Hon. Mr. Stonor and Mr. Hmnes, at the House of Lords; Newry and ml Rallwy
and Mr. Mackenzie, at the Board of Trade. The total number of ,§:“.",‘;,“&::,,m,,., *c., m'.‘,{', ”,g,‘:_
plans deposited was 176, of which 109 were railways, and the Decaide vay.  Jolmes
S Gaeral Baiwa, (Extension). Grahame

rest for miscellaneous purposes. The number deposited last year

Monklands
was 122, so that this year there is an increase of 54, in spwe of Watchet Harbour Trast. Dorrington
the operations of the Eunwod Liability Act and the state of the Waterford and Tramore Railway.
ket. Caledonian Railway (Lines to Granton). Graham
moeney marke Hamilton and Strathaven Railway. Deans
Natchet Harbour. Parliamentary ageats, Gregory and Co. Hamilton Improvement. Deans
Milford m@t Edinburgh and Qu¢ Railway. Deans
Adllnlt (Chatham). W.¥. Robscn Bouth Yorkshire, &c., way. Todd
reakwater. Robson Hull and Hornses Railway. Todd-
Bﬂihhndlﬂlhﬂmdhncﬂonwny. Dyson and Co. Maidstone and Loose Valley Railway. Pritt
Keith and Dovetown Railway. Martin Staplehurst, Cranbrook, &c., Railway. Pritt
Nmuyl’lu.ﬂubonr “Rail Mud(h. , &c. Railway. Deans
Par Canal, Harbour, and Railwa Blackburn Mn‘& tt
Banff, Portsoy, &c., Railway. l{srtl.n Prestwich, Bury, &c., Roads. J. 8. Player
et Somensl Miceral Rallm. Greeey Novport. Avergaveaty, &, Rallvay.” Dyso
ecry al ow, veuny, way.
Newtown and Machyulleth Railway. Prits and Co. Halvault Foreet Railway. Dyscn 4
Orkney Roads. Martin Cannock Mineral Railway. M‘Dougall
Abenlocn Junction Bul';z.u Cork and Fermoy lhuny Dyson
Oldham and Aabton &c., ny Hoddings South Staffordshire Waterworks. Dyson
R L B e e
ey, wa; e Na: jon.
Klnm‘:-m-cil Dodt{l dge v Mzt itan Railway. Dyson
Banfl, hlwdnll nnd arriff Extension way. Dyson Cwm on Railway. Doarrington
Leslie Railway. Doda and Co. Pulteney Town lhrbonr R.lchudm
Dublin and Wicklow Railway. Mnncidge Victoris London Dock.
London and Bouth Western Dorrington Mid Kent Railway. Pritt
Birkenhead Docks. undco Forest of Dean Central, &c., Railway. Pritt
Birkevhead, Lan and Cheshire Junction lhllny. Pritt and Co. Shropshire Union Bnllwny Pritt
Lowestoft Water, Gas, t, and Rallway. Gregory West Eud Railway. ohnlon
&e, &c., Bridge. Under'ood (eombe Mw
estern Rallway, Dyson Midlan estern Railway of Ireland. Muggeridge
qonth Shields Gas. RoD Salisbury and Yeovil Baﬂ'ay Hoddings
Tyne Improvement. Dyson Chariug Croes Bridge. Dorrington
Sanderland Gas. D{'non East Kent Railway (8 &c) Dorrington
Lewes and Uckfield Railway. Dorrington Ely Tidal Harbour and Pritt
GuiMford Gas. Dorrington Herne Bay and Faversham ny Dorrington.
‘Wearmouth Bridge, &c. Dyson Mayfield and Heathfield Railway. Le Blanc
Mid-Sussex Railway. IHolines South Loadon Railway. Dy.ou
Great Yarmouth Britannia Pier. Baker Allsager and Audley Durnford
Taff Vale Rallway. Pritt Lancaster and Carlisle Bdln . Pritt -
Manchester Corporation. Pritt Fife and Kinross Railwa; -
Metropolitan Sewage (ontfall to the sea). Bristol, S8outh Wales, h Union Railway. Dyson
Manche-ter, Shefield, and Lincolnshire Ratlway (Buxton). Pritt mnﬁvn 0od, Christchurch, &c., Railway. Hoddings
Torquay and 8t. Mary Church, Gas. Toogoud and Meath Railway. Dorrington
Dundalk aud en Railway. Dorrington Finsbury Park. Lndlow
Victoria Gas Compnny Toog: Rlie Harbour. Richardeon
Readiog Railways. . Backwater Brldp and Road. Deans
Biyth and Tyne Rulvuy yson %y Valley Railway. Wyatt
ktou New Gas C: Durunford ‘estminster Improvement. Wyatt
Wﬂ Waterworks, _Tyrell and Co. Bastern Counties n.-ungxmm Pritt
Keat and S8outh Kent Railway. :lm North Level Drainage.
Cardigan Hukeu and Imgovemenh ford Cork Gas Consumers Oomle;ny (Limited). Pritt
‘Hartlepool i Impr ts. Durnford Dorset Central Railway. o*ood
l(ldlnnd Grut Western Railway. Muggeridge North Derbyshire Railway. oogood
East Somerset Railway. Dyson Richmond and Kawkxbndon 'way. Toogood
Tilbury, Maldon, and Colclnuur Railwa: Coniston Railway.
mnd:ut.er, Sheffield, and Lincolnshire Luny (Romily). Pritt Mid-Kent (Bmmlcy to t. Mary’s Cray). Wyatt
Bumtord dl‘nn‘eum ﬁu Dorrington ll;ntonl?o mn.n loo‘ood
an ndine way. unmemn way.
Border Counties Railway. Toogood Rhymn
Portamouth Waterworks, Dorrington \Vimbl Railway. Roy
Sittingbourne and Sheernees Railway. Durnford reat N ortharn and Western Rallway of Ireland. Pritt
Dews! , Earlsheston, Ouetn:hn Great Wakefield Railway. Durnford Sonv.lnmptou, Bristol, and South Wales Railway. Dysoa
Portadown and Dungnnnon way. Dyson Portamouth Railway. Pritt
Aldershot Railway. Holmes Chatbam District Waterworks, Fearca
Lynn and Bummton Railway. Dyson City of London Hotel and Buﬂd!nc Company. Martin
Dews , Ossett, and Wakefield Railway. Pritt. Conway Valle l{u vx:.'
and Wexford Railway. Pritt 8t. George's bour Amendmt Holmes
Limerick and Hoynes Railway. Pritt Southwark Improvement. 8lee
Great Southern and Western Railway of Ireland. Pritt Direct London and 8ydenham Railway. Young
Cork and Bandon Rallway. Pritt
Colne and Bradford Railwa; J Dyson N
Carlisle and Liddesdale and Hawick Railway. Dyson —_—
Athenry .%d#:m lhlihmo; e den '
an il Atumeet%ofnu yers of Southwark, it was resolved that a deputati
Mch“dm& L %w g’wpmmw‘:hnwtmgkfwofw ks, mp;u'. pooedo‘wbP o) he"
0] e or] Mr. Peaneth
Thames and ““’"‘l ’Iw"" m“' is for a street commencing near the Town Hall and going m h{ direction thm‘::l:
Station

y of small value compared with the board’s (onlooB
West Metropolitan Railway. B-ddov : "a’ auoe through v;::mm and the waste mléni:' that ueiglrlbour to York-

Metropolitan New Streets and Improvements. Dyson
2.
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THE CAMBRIAN AND UNIVERSAL INSURANCE
COMPANY'S OFFICES, GRESHAM STREET.

Tir this buildiug the old had to be retained as far as
possible, and the old bressummer was left undisturbed, which will
aoccount for some of the points in the design. The object of the
architect was to connect the two stories together, and to bring
the width of the u piers pleasantly and easily into the lower
supports, 50 as to obtain wide windowsand light piers, sufficiently
strong without appearing heavy. The building being situate in &
rather narrow street, attention has been paid to reveals and
soffits. All the work is executed in Bath stone. Mr. J. Edmes-
ton, jun., 6, Crown-court, Old Broad-court, City, is the architect.

—_———

ARCHITECTURAL EXHIBITION.

THE rooms of the Suffolk-street Gallery are again open as
above for the winter season, and the space available is, as hereto-
fore, well filled. Some 500 framed drawings, and a goodly stock
of fittings and furniture in the “ Department for Materials,” form
in themselves no mean collection; and when it is remembered
that the majorig of these present some claim to notice, and that
all are mew (the Committee having wiselv adhered to their
former resolution of excluding such as had been exhibited before),
it will be presumed that there is abundance to satisfy the eye,
and to offer s tions to the mind.

In a first gl round the large room the attemtion is not
arrested by more than two or three productions, and by scarcely
one on a very large or elaborate scale. The prevalence of
pohliychrome, as a medium of constructive as well as decorative
utility, is not this year so apparent as last; that of alternately
red and white brick, almost universally treated merely on the
horizontal or banded princine, retains however its hold and it
is perhaps the most reasonable and judicious method of treatment.
In one Erge drawing (178), to which we shall bave occasion
again to refer, the coloured material is used but sparingly, but
in so felicitous a manner that it vutlg aids the making out of
the architectural features, binds together as it were the several
parts, and enlivens the general effect. In the “ Material” apart-
ments, several kinds of productions are submitted which bear
upon the external ce of buildings, such as the Cornice
Bricks (30), Stucco Wash (28), Terracotta Air Brick (31), Serpen-
tine Marble (43), Ransome’s Siliceous Stone (37), and the contri-
butions of the Architectural Pottery Company, Poole (51). With-
out laying too much stress on the value of these specimens—for
many of them are comparatively untried—the production of so
many varieties, aiming at agreeable results combined with
sterling utility, must be hailed as a satisfactory indication of the
disposition of the times. But to return.

We have always urged the importance of constituting this
annual Architectural Exhibition & medium of representing as
fully as possible the existing state of the art, by the displaying
such drawings as shall illustrate works in progress; and, in
cases of competition, the unsuccessful as well as approved designs,
in order that the profession and the public at large may have an
opportunity of comparing and judging for themselves. On the
present occasion there are not a few drawings of this kind, and
in three instances they are sufficiently numerous to require a
distinct classification. We refer to the oomgetition designs for
the Lille Cathedral, for the Liv 1 Free Library and Museum,
and the Rotherham Grammar School. The former of these was,
undoubtedly, the event of the year; and, in a challenge to the
world, it is no small credit to our countrymen that the two
chief premiums were awarded to Englishmen, and it will be
doubtless a source of Ent.iﬁeation to learn that the principal
drawings of one of these successful sets find a place in the

t Exhibition in company with other less fortunate rivals,
Ke much-canvassed design, “ Quam dilecta,” &o., which ulti-
mately obtained the second prize, proved to be by Mr. Street, of
Oxford, who has forwarded a plan, perspectives, and parts at
large, of his design—in all, nine drawings; and it may be remarked
at once that they immeasurably surpass in talent of design and
manipulation those by which they are here surrounded. Why
the&mmitteedidnotadﬁdgethem a place on the line we are
at a loss to conceive. e plan is more complete and better
proportioned than either of the others. It consists of nave and
single aisles, seven bays in length to the intersection of the

(which are rather shallow); the east end is apeidal,
and clustering around it are the several chapels, after the
custom usual on the continent. From the intersection at the
croes rises a slender fiéche. At the west end are the principal
entrances and the two towers, which are flanked respectively
by the hptim and the mortuary chapel. Externally, the

ign has & and massive appearance, attributable c‘nieﬂy
to its buttresses. The least successful part of the design
appears to be the western towers, which in their upper stages
are not very happy either in outline or detail. The spires are
dwarfish, and look still more so from the belt of large gabled
lucarnes which surround it. The interior view shows a fine
massing of colour as well as architecture. In this view the
tapestry and metal screens, so beautifully detailed on another
sheet, are seen to great advan The o is designed in
two parts, 80 as not to conceal a marigold window bebind.
The other details of furniture, such as lectern, ambe, confes-
sional, stalls, and font, are each in its kind excellent and well
studied; perbaps the pulpit, which is the most ambitious, is the
least deserving of praise. Having‘nid thus much respecting
Mr. Street’s drawings, it will not be needful to enlarge on those
of other competitors, which, as we hinted before, fall lament-
able into the background. A very highly finished set Ly Mr.
C. Brodrick (336—340) partakes very much of the horizontality
of the classic styles; its best features are palpably copied from
Rheims Cathedral. The general proportions are better than
most, as also is the plan, which in many iculars accords
with that just noticed. One peculiarity in this design is that it
has but one central tower at the west end, whereas the others
exhibit two. Messrs. Lee and Jones (324—329) have evidently
borrowed the t-street steeple, engrafting fragments from
the Abbaye aux Hommes, Caen. Three lofty arches flush with
the towers form the portals; and the whole is constructed inside
and out in red and white bricks alternately. The detailed por-
tions are wretchedly managed. Mr. Robinson’s drawings
(330—332) have not the advantage of either good outline or
colouring, nor is the plan eomslete; its small octagonally-ter-
minated transepts have an odd look. The altar, as detailed,
is by far the best part of the design. Mr. Kelley’s ideas in
(334, 335) seem but a slight remove from those of the Batty
Lanfley age. Mr. Thrupp’s (352, 353) is a sortof coarse Early
English, acutely pointed, but with an abominably classic-looking
excresoence at the intersection. Messrs. Evans and Pullan
(365—359) somewhat more appropriate.

The recent decision respecting the Liverpocl Free Library
and Museum will cause %fneral dissatisfaction, if not disgust;
and the more 80 since in the outset everything promised so fair.
No less than 53 of the competition drawings are exhibited in
the present collection, the productions of twenty individuals.
Copies of those by Mr. Allom, to whom was awarded the first
premium, are included in this number (174—177). It is essen-
tiall{ a classic deeign, one that would assort well with St. George’s
Hall, its neighbour,—which is apparently imitated in some of the
schemes for lighting. It has a hexastyle Corinthian portico,
on a well-designed stylobate, and flanked by masses of walling,
freely relieved by niches and sculpture. Internally, the central
Hall or Museum for sculpture and Jminting is a prominent
feature, and most cleverly planned and delineated in (176). A
vista through some columns above produces a charming effect.
Among the others, that of Mr. Huggins has most claim to
notice. The elevation, quite Palladian, in well composed. Mr.
Grayson’s plan (235) has the novelty of a circularly planned
reading-room; the librarian’s office being in the centre,—a good
idea, perhaps taken from the new room at the British Museum.
The external appearance of (236), by Messrs. Hay is, on the
whole, good; but there is no occasion for the exact repetition of
the features of the front in the side elevations. Mr. Truefitt’s
design (178) has at least the merit of origiuality : on the score of
apgropriateness we cannot say much. here is all the needed
light to come from? Mr. Hewitt, one of the sixteen whose first
sketches were selected, has ten drawings illustrative of his
finished design, which looks best in elevation: the plan would
seem very defective. The same may be said of tgat of Mr.
Huﬁins (229—231), whose view is cleverly but mysteriously
tin

In the drawings for the Rotherham Grammar Echool, which
comprise nine in number, there is little to call for notice. Some
of the better desiﬂ: were exhibited last year in the Royal Aca-
demy. That by Mr. T. D. Barry (413, 414) is by“far the best
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both in the general disposition of the masses and the originality
in dt;ngn.gogr E. B. Lamb’s (260), in another style, is perhaps
nearly as R

The Architectural Association contributes, a3 usual, a large
sheet (271) of selected sketches from its Class of Design—not so
good this year as formerly. Mr. Clarke and Mr. Richardson have
most distinguished themselves in a * Domestic Gothic Window
without Mullions,” and a “ Landing Pier.”

Generally speaking, the public buildings exhibited this year are
gir no means striking on the score of merit. The group by

. Walters (1), and those by Mr. Colling (98), and Mr. T. Roger
Smith (8), are among the best. The “ Carpet Warehouse erected
at Kidderminster” (69), by Mr. J. G. Bland, is also good. It is
of red brick, with blue brick occasionally introduced as chequered
ornament. Itssimplicity of treatment is its great recommendation.
Mr. Lockyer’s “ Premises erected in Tottenham Court Road” are
good specimens of the kind, and well detailed in the elevation
exhibited (149). Nor must we omit the ¢ New public buildings
about to be erected at Singapore” (12), by James eston, jun.,
as a handsome and characteristic pile. Mr. Edmeston also exhibits
(73) the * Offices of the Cambrian and Universal Fire and Life
Insurance Company, 27, Gresham Street, as altered by him.
Early in the catalogue list is Mr. Murray’s “ Baptist Chapel at
Coventry” (11), a strikingly origi and clever Gothic design ;
further on (14), Mr. Walter’s “Free Trade Hall, Manchester,”
equally good in another style. Mr. Petit’s half-dozen sketches
are, as usual, powerful, and a welcome feature in the room.
So is Mr, Rawling’ “ Cave of Elephanta” (46), a beautiful specimen
of colouring. The group of designs exhibited by Mr. Messenger
(50) are noticeable more on account of the boldness with which
the tinting is washed in. A lady contributor named Travers
has three drawings, all really architectural (30, 123, 449).
Professor Donaldson revives one of his ancient classic studies in
(65, 66). The show of Independent and other chapels is this
year most miserable: we observe scarcely one that is even
tolerably decent. What kind of genius can provoke such a design
as (70), or (341, 342) 7 The latter,avowedly “ suited to the times,”
is in truth as ill-conceived and unsuitable as possible. To make
the absurdity more apparent, the drawing is placed among the
Lille pictures, as if in burlesque. Two or three half-timbered
houses “in progress” show that that style of building is not
quite out of vogue: (76), by Mr. Coe, is designed in the true
feeling. The three drawings exhibited by Mr. Owen Jones stand
prominently forward: (84) is an elaborate view of the interior of
the pro St. James’s Hall, where much is contemplated by
the aid of colour, and (111, 112) show his design for the Manchester
Exhibition building, in section a complete semicircle, of iron
construction, and springing directly out of the ground,—a novel,
but not prepossessing appearance. Mr. E. B. Lamb’s desi
continue to exhibit his peculiar mannerisms and ingenuity: his
churches are the least satisfactory. Mr. T. E. Knightley is a
frequent contributor; the group of little drawings in (108) will
attract notice: their proportioning is unusually picturesque.
Mr. Gray has but one drawing (116), In a style that he has almost
made his own. The present work seems scarcely equal to some
shown heretofore. Mr. G. G. Scott exhibits (158) a beautiful
design for a recumbent monument to the late Dr. Mill, of
Cambridge; and also (through Mr. J. D. Wyatt), the “ Porch now
erecting at St. Michael’s, Cornhill” (245). Mr. Truefitt’s pro-
ductions are unmistakeable; in matters of detail, and ironwork
especially, he most excels: some very iood proofs may be seen
in (136). Mr. Philip Brannon’s “ Brickwork on Asthetic prin-
ciples” (162, 164, 203), must for almost every other be rejected.
Among the general sketches from the Continent deserving of
notice, may be mentioned those by Mr. R. N. Shaw, Mr. Eastlake,
and Mr. Aitchison. Some of the plans for the Middlesex
Industrial Schools will be conned with interest. Messrs. Morgan
and Phipeon’s (300—302) are on a quadrangular scheme; Messrs.
Reeves and Butcher’s on a radiating one (299, 303). Mr. Clayton
has & large drawing (371) of the * Study for the colossal figure
of Our Lord, painted on the choir ceiling of Peterborough
Cathedral,” of which we gave a description last month; a.Igso
some good geometrically patterned stained glass (132). A folio of
designs for Grisaille glass also is forwarded for inspection by
Messrs. Heaton and Butler—It would be easy to extend our
remarks on the contents of this Exhibition, but we have endea-
voured to seize on only its most interesting or suggestive features.
In many of the departments there is a manifest room for great
improvement, which careful sfudy in such a collection as this will

do much to effect. On every account, therefore, let each well-
wisher to the art pay a visit to the Exhibition, and invite others
to do so likewise.
The Department for Materials will be noticed in the next
Journal, ’
—_—

INSTITUTION OF CIVIL ENGINEERS.
Dec. 2, 1856.—JosepR Locxe. M.P., V.P,, in the Chair.

The Paper read was “ On Recent Improvements in Water
Meters” By T. T. JopLiNG.

" After alluding to the generic merits and defects of piston and
bucket meters,—merits which were generally appreciated, and
defects which were apparently inseparable from these machines,
and had only as yet been parﬁalr;‘;moved,—the author pro-
ceeded to !escnge a meter constructed on the piston or
diaphragm principle, which appeared to meet the objections
hitherto made to that class of meter. It consisted of two
measuring cylinders, set lel to each other, with working
pistons, the rods of which projected out of the cylinders in
opposite directions, carrying at their extremitics slide-valve
frames, for supporting and operating on the slide valves that
governed the ports of the cylinders. These measuring cylinders
were contained in a cast-iron case, or tank, into which the water
to be measured entered under a certain pressure. The water
thence passed into the cylinders, from which, after having acted
upon one or other of the pistons, it made its escape. rough
the agency of suitable counting apparatus connected with one of
the piston rods, the recégromting movements of the piston
were counted, and thus the tAua.ntity of water passed through
the meter in a given time was indicated. The measuring chambers
were made somewhat like ordi steam-engine cylinders, as
respected the inlet and outlet ports, but in one of the cylinders
the direction of the inlet ports was inverted, in order that the
right hand port might pass the water to the left hand end of the
cylinder, and the left hand port to the right hand end. By
this means the two pistons were enabled to follow each other in
the same direction, and to maintain a continnous stream of water,
without the use of cranks. The slide valves were pressed up
against the ports of the cylinder by means of springs, in order
to retain them in contact with the faces when the meter was
at rest. They were free to remain stationary during the greater
portion of the progress of the pistons; but just as the piston
of one cylinder was completing its stroke, one of a pair of tappets
on the valve-frame, carried by the }iistmx-rod of that cylinder,
would strike against the valve which that valve-frame carried,
and altered its position over the ports of the other cylinder,
whereby the direction of the flow of water into that measuring
cylinder was reversed. For transmitting the reciprocating motion
of the pistons to the index, one of the valve-frames was furnished
at the back with two ribs, or feathers, set el to each other,
but one in advance of the other. These feathers acted as teeth,
and in sliding backwards and forwards with the piston-rod, they
entered alternately the teeth of an escape-wheel, and so drove it
round tooth b{ tooth. The arbor of this wheel led through the
water-case to the counting apparatus; aud thus motion was com-
m}tlmilc:wd directly to it, without the aid of pawls and ratchet-
wheels.

By this arrangement the meter became a very simple and in-
expensive machine, not liable to derangement, or if injured, it
was easily repaired, as the only moving parts were the two
valves and two pistons. There was an entire absence of con-
cussion ; the pressure of the head was preserved; and being
similar within and without the cylinders, there was no friction
upon the pistons; and the water-tight external case, or chamber,
served as a deposit for sand, or other extraneous matter. These
merits were itted by the engineers of the Sunderland Water-
works, where the meters had been connected with meters by
other manufacturers, and exhibited identical results.

Models of Jopling’s, Kennedy’s, Siemens’, and Chadwick’s
Meters, were' exhibited in action during the eveni In the
course of the discussion, descriptions were given of Kennedy’s,
of Chadwick’s, and of Siemens’ meters. e former was des-
cribed as consisting of a single vertical cylinder, wherein a deep
piston worked, with a packing consisting of a vulcanised india-
rubber ring, made to roll between the piston and the cylinder,
allowing for easy motion, and yet being perfectly water-tight
without friction. The alternate action of the piston was com-
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municated to the counting apparatus, by means of a rack and
pinion, and action wut;'lgen to the inlet and outlet valves E
means of & tumbling weight. This machine, it was contended,
‘was very durable, and easily kept in order; the elut.icit{ of the

ing, and the peculiar rolling motion diminished the friction ;
the
action of the valves was regular and simple, and under the most
extreme trials the variation had never been found to exceed
1 per cent. The meters were stated to have been extensively
employed and much approved by water works engineers.

hadwick’s new meter was described to consist of three or
more rollers, revolving on their axes, attached to the periphery of
a wheel, the spindlé of which worked in journals in two upright
supgom; these rollers rested upon a bag, or piece of prepared
leather, with inlet and outlet passages, and so fixed upon a con-
cave bed-plate of brass, as to form the measuring chamber of the
meter. e water being admitted to the bag, propelled the
rollers forward, so that they each in turn passed over every part,
and expressed the fluid before them by the outlet pipe. The
motion was regulated by a governor, moving in an _cg:po'site
direction to the rollers; and the counting apparatus was identical
with that in the old meter, described on a former occasion at
the Institution. These meters had not been very long in use;
but, as far as could be at present seen, they might be called
sucoessful.

Siemens’ meter was of the class termed “inferential” measurers,
and so many of them were in use that it was not considered
necessary to give any minute description of their construction,
beyond stating that its action was similar to that of the Barkers
mill, the water entering at the centre, and being expelled through
numerous curved orifices at the periphery of the revolving meter.

It was contended that the chief desiderata for high-pressure
meters were:—accuracy of measurement under very varying
pressures,—free passage for the water without loss of pressure,—
compactness and lightness of construction,—with durability and
cheapness. .

Gcfod meters were made both of the piston and diaphragm
class, and many did register excellently during laboratory expe-
riments and for short periods; but the real test was the action
after twelve months constant work, and it was generally found
that some injury had occurred to piston meters, from the intro-
duction of sand, or other extraneous matter, whereas the action
ot the differential meters was as perfect, after several years, as
when first they were erected. Arguing that a certain force was
required to cause motion, it had been stated, that these meters
were not capable of registering small quantities of fluid at low
velocities. This was, however, an erroneous opinion, in proof of
which it was mentioned, that a small house-meter had registered
accurately 8o small a quautity as half a gill per minute. These
meters gained in sensitiveness as they worked, whereas piston
and other meters were liable to wear and tear. The former could
be 8o applied as to present little more resistance than a bend in
the pipe;—they were so compact in form, and so small, that they
counld E adapted to almost any situation, however restricted; and
under either high or low preasure, and with constant or inter-
mittent action, they had been found to give satisfactory results.

It was stated that the East London Water Works Company
had two hundred of Siemens’ meters now at work. They had
cost on an average 10/ a-piece; but new failures had occurred, and
those quite capable of being remedied, so that casualties were
likelv to be even less frequent in future. They were also almost
exclusively used at Bristol, where they were tested every three
months, and it had been observed, that they gained from 1 to 2

cent. The new meters were consequently adjusted so as to
allow for that gain.

It was admitted, that both Jopling’s and Kennedy’s meters had,
when tested, been found to act very satisfactorily, and that %:w
tically they could be received as very good efficient machines, both
for the water companies and the consumers. .

It was shown, that there had been at least eleven distinct
classes of meters, and probably not less than ten varieties in
each clasa; which could be taken as 110 distinct inventions.
They might be divided into two great classes : —high-pressure
meters, 1. . working under the direct pressure of the mains, and
delivering the water without any sensible diminution of the pree-
sure; and low-pressure meters, which, receiving the water under
pressure, mereYy delivered into a cistern, or other receptacle,

erally situated at the top of the buildin'it.o be supplied. The
tter class was asserted to be generally the best, especially in

of the water was preserved through the meter; the .

those cases where the consumption was large and i , — 88
that of brewers, dyers, bleachers, calico printers, &c. Of this
class, Parkinson's was said to register accurately under all circum-
stances of change of head, and velocity, or quantity delivered.

SELF-ACTING PENSTOCKS, OR FLUSHING
MACHINES.

At a late meeting of the Institution of Civil Engineers, Mr.
Roger Salter explained two models of self-acting Penstocks, or
Flushing Machines, for cleansing house drains and sewers. They
were of two kinds, the one having a valve hung horizon-
tally, the other a valve or gate hung vertically. In house drains,
a tank or cesspool was formed for the collection and retention of
all the waste water running from the house, say in the course of
one day, and thus this water which would otherwise possibly help
to create the necessity for flushing, would itself act as a flushing
medium. If the rain water also was allowed to run into and col-
Ject in this tank, then the number of flushings would be increased.
Although it was not contended that the coustruction of flushing
tanks was a new idea, yet it was believed that the mechanical ar-
rangements for makin%them self-acting were novel and important.
The mode of accomplishing this for the tank was very simple :—A
cast-iron pipe was fixed to the bottom of the tank, and on a level,
or nearﬂl{ 80, with the bottom of thedrain. A valve was huug so
as to fall on the outlet of this pipe, the beat for the valve having a
considerable angle. To keep this valve closed, and to prevent
the water from escaping, a strut or stopper, working on a centre,
fell dead on the valve, and held it close to its seat, thereby securing
a water-tight joint. To release the water when it had risen to the
discharging point in the tank, a waste pipe conveyed the overflow
to a tilting basin, or bucket, hung on centres, at a convenient
height above the valve. Beyond these centres an arm or lever,
extended, to which was attached a weight to counterpoise the
bucket, and a rod connecting the lever with the strut. When
the weight of water in the bucket caused it to tilt or drop down,
the lever and connecting rod at the opposite end of the oasin or
bucket, rising b thel:lifting of the bucket, carried up the strut
and released the valve, and the contents of the tank were
suddenly discharged into the drain. By means of a move-
able lid, the bucket was made to enwtily itself, while the contents of
the tank were being discharged. en the water was all out of
the bucket, the balance-weight caused il to recover itself, and in
doing so again fixed down the valve, by means of the strut before
referred to. These machines had neither latch, catch, nor spring,
which by corrosion would impede their action. They were e
of cast-iron, and were said not to be liable to get out of order.
They had been used by the Board of Ordnance for the cleansi
of barrack-drains. The arrangement in these cases consisted o
an elongated cesspool, or invert, having a self-acting flushing ma-
chine fixed at the outlet, so that when the water in the invert had
risen as high as was required, the machine acted, and the whole of
the contents of the cesspool, or invert, were at once disc
into the drain, and swept away. In cavalry barracks large quan-
tities of hay, straw, and other matter, were thrown into the invert,

et no inconvenience had hitherto arisen in their use. It would

readily seen that these machines could be applied to tanks to
all situations, as 1o head of water was required, and they might
be of any capacity. In the self-acting flushing gate, the gate was
entirely closed the whole width of the sewer, and was of any con-
venient height. The gate was kept closed i)y means of a strut
jointed in the cenure; one end of the strut worked in an eye fixed iu
the centre of the gate, whilst the other end worked in an eye fixed
to the wall of the side entrance. The tilting basin was hung on
centres within the side entrance, 8o as not to interfere with the
opening of the gate; the lever extended beyond the centres and
underneath the joint of the strut. The water having risen behind
the gate to the discharging point, a waste pipe took the overflow
water into the tilting basin, or bucket, when the lever raised the
joint from the horizontal position, and the weight of water pres-
sing against the gate, caused it immediately to fly open, and the
scour took place. The legs of the strut, by the two extremities
being brought closer together, formed the two legs of the letter A.
‘When the rush of water had subsided, the legsof the strut, from
their position, had a tendenoy to thrust the gate from them, and
the more nearly the legs of the strut assumed a horizontal position,
the greater was the thrust, and the gate was eventually forced
home. : )



CLITHEROE WATERWORKS.

TrE inhabitants of this borough, long feeling the serious in-
convenience of a defective wamng-hu&)ly, determined, in 1849, to
call upon the General Board of Health toapply the Public Health
Act to their district, which request was complied with in the
following year, upon the report and recommendation of their
ins r, Mr. B. H. Babbage. In the report made by Mr.
Babbage, a scheme for su pl{ing the district with water was
proposed; the Local owever, preferred taking further
advice as to the best means of doing this, and secured the
services of Mr. Park, of Preston, then engineer to the Preston
Waterworks, and subsequently those of Mr. McLandsborough,
civil engineer, of Bradford, who both reported upon the subject.
In 1853, a company was formed for supplying the borough with
water, and in the following session of 1854, an Act of Parliament
was obtained for such anﬁoo, to which there was some local
opposition. Upon the Act ing procured, the directors had the
works carried out with as little delay as poesible. Contracts
were entered into in the autumn of the same year for the whole
of the works, which have recently been completed at a cost
rather more than ten per cent. under the parliamentary estimate,
which estimate included such per centage for contingencies. The
mains through the streets are now with water, and the
inhabitants are being supplied therefrom as nfpidly as the
comﬁly can put branch pipes into the houses, of which about
950 have already been fixed. The company have also fixed fire-
plugs to the mains in all the public streets, at the expense of the
corporation, and by their use have already, in one case of fire,
beenlthe mea.nsf saving considerable properg.ed The mt
supply of water orcnlmn.r(' purposes was proc Pprin y
frol:n public and private wells, which sourcee yielded an abundant
supply of water, bright and clear, but unusually hard; the
principal town well (one of the softest) being 23 degrees of hard-
ness, and the others varying as hi'ih as 34 d while the
new supply is only 4 degrees, and this reduceable by boiling to
2} degrees. Not only in tioim; of softnees does the new supply
contrast favourably with the recent supply, but also in its com-

tive freedom from organic and solid matters; and, as the
ollowing table will show, it bears favourable comparison with
the water of other towns, including those supplied from the

purest sources known : Organic Total solid
hmm« ;onmu
gallon. per gallon,

per

Clitheroe—Recent supply from public wells
'many of the private wells contain much
r proportions of both organic and

inorganic matter) 079 .. 2230
Clitheroe—New supply ... .. ... 023 371
Glasgow—Lock Katrine, new source of

supply ... . . 082 223
‘Whitehaven—Ennerdale Lake, new source

of supply ... e 091 310
Dewsbury—New source of supply .. 1'18 351
Liverpool —Rivington Pike, new source of

supply ... . 075 575
Leeds—River Wharfe, new source of par-

tial supply .. 080 ... 1484
Hull ... el eee 320 1800
London—New River Company ... ... 279 1978
London—Supply from Thames Ditton ... 229 .. 2133
Malvern ... .. . oo .. Notknown 300
Aberdeen ... Ditto ... 350
York... . Ditwo ... 900
Tlkley Wells... ... Ditto ... 1079
London—Hampstead Water Company ... Ditto ... 3550

. 1500 to
Glasgow—Well water . ... Ditto ... 96:00

. 2800 to
London—Well water Ditto .. 18000

: . 13:80 to
Liverpool—Well water Ditto ... 41702

quality, is procured from a

This

numt ise on the adjacent fells, the
distri north of Clitheroe. The for-
matic and from 560 to 1300 feet
abow The minimum yield of the
sour( ns is over 300,000 gallons per
diem vhich amount the works have
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been consructed. The conduits and pipes, however, have beea
ldddownof-’uutondmitoftheir'oomoyingamnehhrg:
qmﬁz,whioh,withont farther powers being required, can

supplied at s nominal expense. population of
Clitheroe in 1851 was only 7244, in 1854 it had so far increased
a8 to induce provision bein immedinte

less than loi?wam-,nwgdlmpchudper em.
supply is co by means of earthenware condwits, and
veyed to a reservoir, si mi
borough, at an elevation of 75 feet above the level of the
which is the highest part of the district, and of

the level of Low Moor, the lowest part. The main from

g
H

15T,

B

reservoir to the town consists of 9-inch cast-iron pipes, whi
aﬂnrdmcndhg:oralmgthof‘l furlongs, and a of 250
croeses under the bed of the river Ribble for rather more
200 From the river the main ascends towards the town

i

parliamentary, legal, and engineering expenses, is 13s. per head,
and inclusive of parliamentary, legd, engineering, and every
other expense, the works and ave cost 1. per head on the
above population. When the quality and quantity of water sup-
plied; the efficiency of the executed for present and future
uirements; the facilities they possess for economical extension,
and their cost, are considered, it is oonceived they will bear
favourable comparison with those executed in any part of the
United om. The works were designed and carried out by
Mr. M borough, C.E., of Bradford, Mr. J. Barker acting as
clerk of the worhugineo appointed manager), and Mr. Booth as
inspector. The earthenware pipes were supplied by Meesrs.
Hayes, Brough, and Co., of Liverpool; the iron pipes by Mr.
Clark, of Clitheroe; the fire-plugs, &c., by Messrs. Guest and
Chrimes, of Rotherham; and the formation of reservoir, conduits,
pipe-laying, &c., were executed by Mr. J. Metcalf, of Bradford.

ST. PETERS CHURCH, SCARBOROUGH.
(With an Engraving, Plate 11.)

The want of accommodation for the resident Catholics, and
numerous visitors at this fashionable watering-place, has been
long felt in the t building used as a chapel, and it was
therefore resolved to erect a new church, of which we present our
readers with a view. The site, upon a rapid decline, and on
too narrow a piece of land to enable the plan to be reversed, has
offered considerable difficulty to the architects; resulting, how-
ever, in a gain of picturesqueness. The as will be seen,
consists of a nave and aisles, apsidal chancel with lateral chapels,
baptistery, tower, and sacristy. The style adopted is the
Geometrical Decorated, verging upon the Flowing Decorated; but
throughout there is an evident desire to attain to originality as
:rpoled to servile copying, without, however, euti.ngﬁ:ide the

oquent ing of the church builders of old. e most
remarkable feature in the building is the “blind ” apse, in which
an effort is being made to avoid the great objection to the over-
flowing flood of light which proceeds from an eastern window,
and nttex‘;lx destroys the effect of any sculpture or adornment in
the way of reredos, &o, which may be beneath it. In this case
abundant light will be thrown into the church from quoin
clerestory windows, two on either side; leaving the walls of the
apee proper, free for frescoes and sculpture. The exterior is
“veiled” with an arcade adapted from the Lombard arcadings of
the Rhenish apses, &. The tower (which is not itrcluded in the
present contract above the level of nave walls) is treated with
considerable novelty, and is adapted to resist the sweeping winds
to which the building will be of necessity ex from its
elevated position. The contract was taken after a spirited com-
getition b{ Mr. Falkinbridge of Whitby, for the amount of 3350!.

or the fabric, exclusive of all fittings, and the upper portion of
tower as we have said above. The whole of the uﬁfar and wall-
stone are from quarries in the neighbourhood of Whitby. The

walls are lined hout with brick, having a two-inch cavity.
Messrs. Weightman, eld, and Goldie, of Sheffield, are the
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ON THE DESIGN AND CONSTRUCTION OF
HARBOURS.*
By Taomas Srevexsox, C.E, F.RSE

HARBOURS are either natural or artificial. Some parts of the
British coasts are mﬂly provided with natural bays and creeks,
while in other parts the accommodation and shelter for shipn'::s
have been entirely supplied by artificial means. Thus, Ire
and the west coast of Scotland are plentifully intersected by ex-
cellent deep water bays and anchorages; but on the east and
south-weat shores of Britain there are but few natural harbours.
Cromarty Bay is 200 miles distant from the Firth of Forth, which
is the nearest southern natural harbour; while there are no lees
than 400 miles between the Firth of Forth and the Thames, which
may be considered as the next really unexceptionable harbour of
refuge. On the west coast there are ahout 200 miles of coast
between the nearest natural harbours of Holyhead and Loch
Ryan. The construction of artificial places of refuge becomes
therefore a very important matter in a country where every
winter's lists of shipwrecks and loss of life, remiud us how
much natare has left for art to accomplish. For the most com-
gato body of evidence regarding the ports of Britain, we cannot

better than refer to the volumes of reports by the Tidal Har-
bour’s Commission, for the completeness of which the public
is mainly indebted to the zeal of Csxtnn ‘Washington, the present
inddn?nble hydrographer to the Admiralty.

The designing of harbours constitutes confessedly one of the
most difficult branches of civil engineering. In making such
designs, the engineer, in order to avail himself of the advantage
which is to be derived from past experience, must endeavour to
the best of his power to institute a comparison between the given
ocality and some other, which he sup to be in pari cusu.
Perfect identity, however, in the ﬁn‘ri peeuliarities of ditferent
stations, seldom if ever exists, all that can be done is to
select an existing harbour, which appears to be as nearly as pos-
sible similarly circumstanced to the proposed work.

In considering the subject of the construction of harbours in
exposed situations, the first and most important subject deserving
our attention is the destructive action of the element with which
we have to deal,—what are its energies when excited by storma,
and what the direction of its forces on the barriers which have
been raised to control it?

Smeaton, in his history of the Eddystone, when speaking of
the objection that might be raised against the necessity for using
joggles in the masonry of that building, says, “ When we have to
do with, and to endeavour to control those powers of mature that
are subject to no calculation, I trust it will be deemed prudent
not to omit in such a case anything that can without ditficulty
be applied, and that would be likely to add to the security.” This
statement of our greatest marine engineer, indicates the propriety
of carefully collecting any facts that may help us to a more accu-
rate estimation of those forces which he regarded as being
“ subject to no calculation.” We shall therefore state a few facts
which have been recorded of the destructive power of the waves
in inland lakes, and in the open ocean.

The writer has seen at Port Sonachan, in Loch Awe, where
the fetch is under 14 miles, a stone weighing a quarter of a ton,
torn out of the masonry of the landing slip and overturned.
Mr. D. Stevenson, in his ‘ Engineering of North America,’ de-
scribes the harbours in Lake Erie as reminding him of those on
our own sea-girt shores. and mentions having seen one stone
weighing upwards of half a ton which had been taken out of its
bed in the pier at Buffalo, moved several feet and overturned.
The Comte de Marsilli, iu his ‘ Histoire Physique de la Mer,
published at Amsterdam in 1725, states that the highest wave
obeerved by him on the shores of Languedocin the Mediterranean
Sea, where the breadth is about 600 miles, was 14 ft. 10 in.
At the mouth of a harbour on the German Ocean, with a fetch
of about 600 miles, the writer had observed for him the height
of the waves during south-easterly gales, and on one occasion the
result was lsigfeet from the crest of the wave to the trough of
the sea. In deeper water, and with a north-easterly gale there is
no doubt that the waves of the German Ocean will attain a
height considerably greater than this. In November 1817 the
waves of the German Ocean overturned, just after it had been
finished. a column of freestone 36 feet high and 17 feet base.
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The diameter at the place of fracture was about 11 feet. 1In the
Atlantic Ocean, Dr. Scoresby stated, in a communication to the
British Association in 1850, that during several hard gales he
had measured many waves of about 30 fest, but the highest was
43 feet from the hollow to the crest. Waves of such magnitude
could scarcely, however, reach our artificial harbours, from the
shallowness of the water near the shore. To these facts it may
be added, that we know (from the testimony of an eye-witness)
of a block of 50 tons weight being moved by the sea at Barra-
head, one of the Hebrides; and wﬁm.t is far more extraordinary,
we kuow and can vouch for the fact, that blocks of 6 tons weight
have been quarried, or broker out of their beds in #itu, on the
top of the Bound Skerry of Whalsea in Zetland, which is
elevated 70 feet above rge level of high-water spring tides.
The Bound Skerry and neighbouring rocks, which are in the
German Ocean, certainly furnish by far the most wonderful
proof that has yet been discovered, of the great force which is
developed by the billows of the ocean when suddenly checked
by opposing rocks.

The writer has stated ( in the ‘ Trans. Roy. Soc. Edinburgh’)
that, from the observations which he had made with the marine
dynamometer (a self-registering instrument designed by him for
the purpose), he had found the force of the waves of the German
Ocean during hard gales, to be 1} ton per superficial foot at the
Bell Rock, and of the Atlantic Ocean to be 3 tons per superficial
Joot at the Skerryvore Lighthouse. But these results may still
be far short of the maxima. As the marine dynamometer has
often been found useful in indicating the force of the waves in
situations where harbours were to be built, it may be proper to
lg;::; such a description of it as will enable any one to have it

e.
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DEF D is a cast-iron cylinder, which is firmly bolted at the
projecting flanges G, to the rock where the experiments are to be
made. is cylinder has a circular flange at D. L is a door
which is opened when the observation is to be read off. A
is a circular disc on which the waves imginge. Fastened to the
disc are four guide rods B, which pass through a circular plate
C, which is screwed down to the flange D, and also through
holes in the bottom EF. Within the cylinder there is attached
to the plate C a powerful steel spring, to the other or free end
of which is fasteued the small circular plate K, which again is
secured to the guide rods B. There are also rings of leather, T,
which slide on the guide rods and serve as indices for registering
how far the rods have been pushed through the holes in the
bottom, or, in other words, how far the spring has been drawn
out by the action of the waves against the disc A.

In comparing an existing harbour with a proposed one, in
order to ascertain the dimensions which are necessary to insure
stability, perhaps the most obvions element is what may be
termed the line of mazimum erposure, or, in other words, the
line of greatest fetch or reach of open sea, which can be easily
measured from a chart. But though possessed of this informa-
tion, the engineer still does not know in what ratio the height
of the wave increases in relation to any given increase in the
line of exposure.

As this inquiry is one of great moment in the practice of
marine engineeriug, and has not been in any way investigated,
the writer has for some time back been making occasional obser-
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vations on the bubject, when favourable circamstances oecurred.
These observations have been but limited in extent, and
cannot be regarded as dese: of confidence unless in cases
where the two harbours are not far different in their lines of ex-
posure. So far as these experiments have gone, the waves seem
tn increase- in height most nearly in the ratio of the equare root
of their distances from the windward shore.

It does not follow, however, that the line of maximam ex-
posure is in every case the line of maximum effective force of the
waves; for this must depend not only on the length of reach, but
also on the angle of incidence of the waves on the walls of the
harbour. What may be termed the line of maaimum effective
exposure, is that which, after being corrected for obliquity of
w of the waves, produces the maximum result, and this can

y be taken from the chart after successive trials. Let 2—the
test force that can assail a pier, A —height of waves which
produce (after being corrected for obliquity) the maximum effect,
and which are due to the line of maximum effective exposure,
Sin a=sine of azimuthal angle formed between directions of
pier and lime of maximum effective exposure, radius being
unity. Then & X A gin? a when the force is resolved normal to
the line of the pier, but if the force is resolved again in the
direction of the waves themselves, the expression becomes
o b sin’ a. .

It should not be forgotton, in connection with this subject,
that there are various qualifying elements to which special atten-
tion requires in some cases to be given. The waves, for example,
may often be noticed, when approacning the land obliquely, to
alter their direction when they get close to the shore (in con-
sequence of the depth changing), so as to strike it more nearly
at right angles to the general line of the beach. In this way a
swell from the ocean may enter a bay which is not directly ex-
posed to it. It should also be observed, that the lines of
exposure cannot be directly compared if the depths of the water
through which they pass are materially different.

The tides, too, exert in many places a very decided effect on
the nature of the billows, in some places eansini waves of an
unusually danﬁerons character, while at others they are found
to run down the sea. If a marine work is situated in a race or
rapid tide-way, such, for example, as those called “roosts” in
Orkney and Shetland, the masonry will be exposed to the ac-
tion of a very trying and dangerous high-cresting sea. As an
example of this, we may refer to Port-Patrick in Wifnnshire,
where the violence of the waves is, we have no doubt, much
due to the rapidity of the tides. If, on the other hand, the race
or roost runs 1n such a direction as to be entirely outside of the
harbour, and at some distance off, it will have a decided tendency
to shelter the works, and to act asa breakwater. Thus it ap,
from obeervations specially made for the writer at Sumgurgh
Head Lighthouse in Shetland during a south-westerly storm,
that so long as the Sumburgh roost (one of the most formidable
in those seas) was cresting and breaking heavily, one could have
easily landed in & small goat at a oreeE or bay called the West
Voe; but no sooner did the roost disappear towards high-water
than there came in towering billows that totally submerged
cliffs of very considerable height. The study of the modifying
and intensifying effects of tidecurrents on the waves of our
British seag seems to have been entirely neglected in the late
discussions regarding the merits of vertical and sloping walls,
which will be referred to in another section of this article.

‘We think it right to mention that we consider as erroneous
the opinion expressed by a writer in the ¢ Edinburgh Philoso-
phical Journal’—that the cause of races or roosts is the meeting
of two rapid currents; neither do we believe that they are occa-
sioned by the projection of rocks from the bottom of the sea as
many sailors suppose.

From careful inquiries, as well as from actual personal expe-
rience, of such formidable breaking waters as the Boar of Dun-
cansbay, and the Merry Men of Mey in the Pentland Firth, and
several others, we are of opinion that the true cause is the sweld
of the sea encountering a tidul current running in a direction more
or less opposed to that of the waves. While it is obvious that two
rapid tides may meet each other without any dangerous effects,
it is also quite true that when two tides meet each other in a
rouih sea, as in coming round such islands as Stroma or Swona
in the Pentland Firth, the effect of their union being to increase
the current at that place, there will be produced a highly dan-
gerous gea; but the fact of their meeting, though calculated to
aggravate, is not, we think, the primary cause. s.l’he races which
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occur in open seas, as, for instance, off headlands and i

points of the coast, are certain portions of those seas in whi

the waves brenk to a greater or less extent, although the water
ma; beve:ydeep,andtheremzbonowindttthehme. Atall
such places it will be found that there are rapid tides. The
roosts on the west ¢oast of Orkney or of the Pentland Firth,
for e le, are worst with ebd tides and westorly
because the Atlantic swell and carrent of ebb mu?puud.
Those again on the east coast are worst with fleod tides and
easterly swells from a similar cause. Thus at the east end of the
Pentland Firth the Boar of Duancansbay is well known to rage
with easterly swells and a flood tide; whereas, at the west end
of the same firth, the Merry Men of Mey are equally well knowa
to be worst with ebb tide and a westerly swell, at which time
10 boat could enter them without the risk of being overturned.
The dangerous surf which exists at the moaths of some rivers is,
we believe, not solely due to the want of depth nt the bar, bat
also to the meeting of the outward current with the waves of the

i

sea.
‘When a swell encounters a rapid opposing current, the onward
motion of the waves seems to be and their wi

becomes visibly decreased. They get higher and ) crest,
and at last break, sometimes very partially, and at time
almost as they would on a shelving beach. It & b0 us

ible that several waves may ultimately combine in such
mmed waters into one monatainous billow; for the wave that
has partially broken may have its onward motion so much
checked as :;) allow the wave behind to overhiI:: it, and lnvms ::iul
coalesced, they may, as one large wave, acquire a superior velocity
80 as to overtike those in front, and be farther augmented by the
union of other waves which have been reflected from the shore.
It is to this cause we are inclined to refer such wonderful
effects as that to which we have already alluded, where blocks of
6 tons weight were quarried out of the solid rock at an elevation
of 70 feet above the sea. Were such violent action common to
all the shores of the German Ocean, instead of being restrioted
to one or two similar places, half of our eastern seaport towns
would, without any doubt, be washed into the sea during the
first stormy winter. As a further proof of the great effect of
the tides in exasperating the waves, we may mention that the
time when most damage is done to seaworks which are in
tolerably deep water, is from one to two hours before and after
high-water, which nearly corresponds to the time when the tide
runs strongest outside. We have found this to hold true at many
different parts of the coast, but will only refer to one well-marked
instance. At Peterhead harbour, which g:o]eo'a prominently
into the sea on an isthmus, the tides, at but a short distance
seaward of the harbour, run very rapidly. On the 10th J.
1849 there was a very heavy sea, and a erowd of people were
down, about two Aours before hi{‘l:mur, helping to secure the
whalers and other vessels in the harbour, when t successive
waves carried away 315 feet of & bulwark, founded 9} feet above
high-water springs, which had stood for many years. One piece

of this wall, weighing 13 tons, was moved 50 feet. After this
outbreak of the sea the waves became more moderate, until
about two hours after high-water, by which time the large whalers

had taken the ground, when other three enormous waves aiun
swept over the harbour, submerging the quays to the depth of
from 6 to 7 feet of solid water, by which sixteen people were
drowned. These waves filled the harbour to such a depth
as to set all the whalers afloat again, and tll::g continued so for

several minutes, until the excess of water run out through
the harbour mouth.
These gigantic waves were, in our opinion, clearly the result

of some such action as has been attempted to be described. We

‘should not have dwelt at such length on this subject were it not

that we might again refer to the facts when we come to treat of
the subject of vertical and sloping walls for harbours of

where 1t is of importance to show that even in the d ‘water
the waves are not purely oscillatory, but that wherever there
is a tide-way the waves will more or less partake of the qualities
of waves of translation.

Another circumstance affecting the of any marine
work is the depth of water in front of it. The t mountain-
ous billows so commonly met with in the Atlantic Ocean cannot
be generated in the shallower waters of the German Ocean,
unless, perhaps in such peculiar circumstances as have just been
adve to. It becomes, therefore, of t oconsequence to
ascertain the maximum possible wave in & given depth of water.
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braach.of hyhrodymaroios v of snch gret valus has
ynamios are of su t value,
if waves be propagated in a channﬁhooo depth
uniformly, the waves will break when their height
the surface of the level fluid becomes equal to the depth
below the surface (‘p. 435 Bnit. Assoc. Rep. on
statement, the meaning of which seems doubtful,
where (‘Instit. Civ. ﬁng., P. 136’) defines thus:
has never noticed a wave 80 much as 10 feet high
ter, nor so much as 20 feet high in 20 feet water,
high in five fathoms water; but he has seen waves
approach very nearly to those limita.” It is presumed that the
datam here referred to is the mean level of the surface of the sea.
‘We have had no opportunities of verifying these ohservations;
joot i im t—because the depth of water
said to be the ruling element which

be the line of maximum exposure, we shall simply state what
has come within our own knowledge and observation. We have
repeatedly seen at different parts of the coast breaking waves of
from 4 to 5 feet, measuring from hollow to crest, in from 7 ft. 8in.
%0 10 or 11 feet of water, measuring from the bottom up to the
mean level; and on one occasion we were told of waves which
were estimated an 94 feet it 13 feet water. It must, however, be
borne in mind that these observations, and we conceive also
those of Mr. Ruseell, apply only to common waves of the ses,
or those short, steep, and superficial waves which are due to an

isting wind, and not to the ground swells which are almost
constantly to be found in the open ocean, and which may be
the result of former gales, or are the telegraph, as Mr. Russell
terms them, of those which are yet to come.

From what has been stated, it would appear that in most
cases the heaviest waves ahould assail any tide-work at high-
water. This, however, as mentioned in the last section, is not
always the case, the being often found to occur
at the times when the tide runs strongest.

Mr. Leelie found that the Arbroath Harbour-works were in
general leas severely tried by the very heaviest waves than byaclass
of waves vomewhat smaller than these, owing to the outlying
rocks, which, from the small depth over them, bad the effect of
tripping up the heavier seas, and thus destroying them before
they reached the harbour, while the depth was sufficient to allow
the smaller waves to pass over the shoals unbroken. In some
oases of severe exposure the waves might to some extent be
reduced by dropping very lar%: stones outside of the barbour,
80 a8, by forming an artificial shoal, to cause themn to crest and
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One t difficulty connected with the subject of the genera-
tion c:c(l waves still remains unsolved, viz,—What are the
minimum line of exposure and area of sea which are compatible
with the existence of a ground swelll This question, we fear,
cannot be answered- in the present state of our knowledge.

Deep Water Harbours,

Harbours of refuge are distinguished from tidal harbours
mainly by the superior depth of water which they possess, and
the larger area which they enclose. The requisites are shelter
daring storms, and access for shipping at any time of tlide.
There has been much discussion as to whether piers for harbours
of refuge should be vertical or sloping. Col. Jones. RE., has
aspecially advocated the superior merits of the vertical wall; and
the discussions on his plan at the Institution of Civil Engineers,
and the able protest by Sir Howard Douglas, will be found, from
their interest and importance, to merit a careful perusal.

The priuciple which is asserted is, that oceanic waves in deep
water are purely oscillatory, and would occasion no impact

inst vertical barriers, which would be the most eligible; as
x;n would only have to encounter the simple hydrostatic
preesure due to the height of the advancing bi
reflect the waves without causing them to break.

Were it even admitted that the waves were purely oscillatory,
and were reflected by a vertical barrier, would no force, it may be
asked, be expended when the motion of the particles was
reversed ? The reflection of a wave was equivalent to the nearly
instantaneous ereation of a wave in the opposite direction, for
which a very eonsiderable foroe must surely be required.

We believe, however, that from the effect of tide currents, to
which we have already referred, and rll‘:ra from other causes
whose action seems to have been overlooked by the advocates of

w, and would
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the upright wall, any form of barrier, in whatever depth it may
have been erected, must be oocasionally subjected to heavy
im We conceive that the possibility of waves of translation
being generated in the deepest water has already established,
if we succeeded in satisfying the reader of the truth of the
following assertions: First, ’l%mt waves break in deep water
during calm weather; a fact which is ap(ruent to the eye and
familiar to all sailors: aud secondly, and negatively, t to
leeward of those races or portions of broken water, which cer-
tainly do not reflect the incoming waves, there is comparativel
smooth water both at sea and on the adjoining shores, until s
time as the strength of the tide is exhausted, and the roost has
disappeared, when violent action is again fully manifested.

It may be that these are extreme cases, and that such
high velocities in the current of the tide are seldom met with.
This objection has, no doubt, truth in it; but still the tendency
is shown, and though the velocities may be less in other quarters,
there may yet be quite enough to destroy the condition of stagna-
tion which the oscillatory theory assumes. The breaking of
waves at sea, and the existenoe ot‘y races, seem to prove beyond
question that waves of translation are possible in the deepest
water. Is it not also a probable case that waves which have
been reflected by a vertical wall, and have (irrespective of the
question of tide currents) combined with the advancing waves,
may then become waves of translation, possessing all the elements
which endanger the stability of a sea work? Or, again, how
much more would result to a vertical wall than to a
slope of loose stones, from the sinking of the foundations, or
from their getting underwashed by the reaction of the waves?
It therefore appears that the method generally resorted to of
forming deep water harbours of masses og rubble stone with long
slopes, 80 a8 to form an artificial beach for the waves to spend on,
i8, in most circumstances, the best and cheapest kind of construc-
tion. We incline, however, to the adoption of an upright wall,
founded on the rubble as a basis (similar to that at Cherbourg,
about to be described), in preference to long paved slopes, as there
is always experienced a great difficulty In founding the toe of
Auch talus walls among the loose rubble. When pitched slopes
are adopted, great benefit will be found to accrue from leaving at
the bottom or toe of the slope a wide fore-shore. Much, however,
depends on local peculiarities in selecting the best design for any
work; and the nature of the bottom is all-important. here the
bottom is soft, a vertical wall can hardly, if ever, be attempted.

In making these remarks, we must not be understood as con-
demning the adoption of vertical walls in cases where the founda-
tion is good. that we assert is the opinion, that waves of
translation do exist in deep water, and therefore that harbours of
refuge will prove failures unless they are built in such a manner
88 to resist the impact of those waves of translation. The
Cherbourg breakwater has been often referred to as a successful
instance of the application of a vertical wall, and has been con-
trasted with the Blymouth breakwater, which has a long slope
But this appeal is quite fallacious, as the profile of that work is,
as already hinted, of a composite character, consisting of a talus
wall sloping at the rate of 10 horizontal to 1 per icular, sar-
mounted by a plumb wall; so that whatever merit may be sup-
posed to belong to the vertical profile is entirely nullified at
Cherbourg by the long talus wall in front, on which the violence
of the waves is much broken. Moreover, the heavieast waves at
Cherbourg come from the north-west, and do not assail the break-
water at right angles to its direction, but come more nearly end
on to the work, so a8 to a great extent to run along the outer
wall. The north-west waves are propagated from the Atlantic,
while the waves which are most trying to the work come from
the north, in which direction the line of exposure is only
about 21 leagues. These facts we obtained during a recent
visit to Cherbourg, undertaken for the special purpose of
ascertaining the physical characteristics of the place. The
attempt to make out a parallelism between Plymouth, which
faces the Atlantic directly, and Cherbourg, which is compara-
tively land-locked, cannot, in our opinion, stand the test of a
candid inquiry.

Other comparisons may be referred to which have beerad-
vanced on equally untenable grounds. Thus, the old pier of
Dunleary, which is vertical, and has stood well, has been com-
pared with the talus walls of Kingstown Harbour, which now

rotect Dunleary, and which have often received much damage.
he all-important element of depth of water has been in this
instance entirely overlooked; for at Kingstown there i a depth
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of 27 feet, while Dunleary is all but (gg An able writer on
the same questio vexats in comparing different sea walls in the
Firth of Forth, has, in like manner, not sufficiently adverted to
the great differences in the depths opposite the works to which
he refers.

An important advantage of the sloping wall is the small
resistance which it offers to the impinging wave, but it should
also be borne in mind that the weight resting on the face stones
in a talus wall is decreased in proportion to the sine of the angle
of the slope. If we suppose the waves which assail u sloping
wall to act in the horizontal plane, their direct impulse, when
resolved into the force acting at right angles to the sloping
surface of the talus wall, will be proportional to the sine of the angle
of incidence. The effective force wmn estimated in the horizontal
plane, will be proportional to the square of the sine of the angle of
incidence. But if we assume the motion of the impinging
particles to be horizontal, the number of them which will be
intercepted by the sloping surface will be also reduced in the
ratio of the sine of the angle of incidence, or of elevation of
the talus wall. Hence the tendency of the waves to produce
horizontal displacement of the wall, on the assumption that the
direction of the impinging particles is horizontal, will be propor-
tional to the cube of the sine of angle of elevation of the wall.

If it farther happens that there is obliquity of action in the
azimuthal as well as in the vertical plane arising from the
relative direction of the pier and of the waves, there will be
another similar reduction in the ratio of the squares or cubes of
the angle of incidence according as the force is resolved into that
at right angles to the line of the pier, or to that of the direction
of the waves.

Let ¢ = ver;iﬁ.l angle of incidence or angle of elevation of
¢’ = azimuthal angle of incidence;
S = horizontal force exerted on unit of surface at right
angles to the line of harbour wall;
h = height of greatest assailing waves;
S & h (sin ¢ sin ')

The above expression assigns, we think, too ireat a reduction,
as the motion of the particles may not be horizontal, and no
account is taken of the effects of friction against the rough surface
of the masonry. Experiments are therefore wanting to deter-
mine the constant for correcting the theoretical results due to
this expression.

Mr. Eeott Russell recommends the paraholic curve as that
best suited for the é)roﬁle where the object is to break the
waves, and not to reflect them, as is the case in sloping break-
waters. This curve possesses, according to Mr. Russell, the
advantages of superior strength, of economy in the materials,
of breaking the wave early, and of coutinuing an uniform
action over the longest period of time. When the tide is low,
the toe of the slope, which springs out of the foreshore and forms
the vertex of the parabola, would, we fear, be found rather
weak, and perhaps difficult to form. On the whole we rather
incline in such cases, simply to throw in the materials, and to
allow the sea to form its own sloj

According to Sir John Rennie (‘ Account of Plymouth Break-
water,’) rubble breakwaters with slopes formed at the angle of
repose, were adopted by the Greeks in the moles of Tyre and
Carthage, and by the Romans at Athens and Halicarnassus.
The same design was also followed at Venice, Genoa, Rochelle,
Barcelona, and other places. In this kingdom the first example
on a large scale which we find is at Howth. Kingstown, Holy-
head, and the noble breakwater at Plymouth, were afterwards
carried out on the same principle, and chiefly under the direc-
tions of the late Mr. Rennie. The great national harbours of
refuge at present in progress in this country, according to Mr.
Rendel’s designs, at Ho?ybead and Portland, are on a similar
principle; while those under Messrs. Walker, Burges, aud
Cooper, at Dover, Alderney, and Jersey, are more nearly
vertical.

On the best Forms of Walle for Tidal Harbours.

Having now considered the few facts of which we are in pos-
session regarding the disputed nature of the impulse of the
waves in deep waters, we shall direct the reader’s attention
to their effects in shallow water. Those in deep water were
chiefly whole waves, and regarded by mn.ng' as geiug purely
oscillatory, while those in shoal waters are breaking waves, and

therefore regarded by all as waves of translation. We have
hitherto been considering breakwaters erected in deep water, and
which were constantly exposed to the waves; we now to turn to
piers and sea walls which are placed within the range of the surf,
and which are exposed to its force for a limited t.nnod only,
b%ing sometimes left nearly, or altogether dry by receding
tide.

The impulse of the waves against a sea-wall or pier may be
resolved practically into four directions:—1st, The direot hori-
zontal force which tends to shake loose, or carry before it, the
blocks of which the opposing masonry consists. This force m:ﬁ
also blow up the pitching, or overturn the inner or quay-w:
by condensing the air, or pressing upon the water which occu-
pies the interstices of the rubble. We know two cases in the
German Ocean where, in consequence of want of width in the
pier, coupled, in one instance, with insufficient workmanshi
the inner or quay-walls were observed first to bulge and l‘aﬂ:
before the sea-wall was injured. One of these piers measured
26 ft. 4 in,, and the other 24 feet on the roadway. 2nd. The
vertical upward fo hich may act on any projecting stone or
protuberance. 3rd. ™he vertical downw. orce of the water
which results either from the wave breaking upon the toe of a
talus wall, or from the wave passing over the parapet, and falling
upon the ﬁitching behind, so as to plough it up. 4th. The back-
draught which tends by reaction from the wall to plough up the
soft bottom, and thus to undermine the lower courses of the
work, or perhaps by guction to pull out the facework. We may
conclude from the above that the points which require to be
carefully attended to are—lst. The contour and quality of
masonry of the wall itself; 2nd. The parapet, which, if not of
sufficient height, or built in a proper direction, leads to d
in the pitching behind it; and 3nfe The foundation courses, in
the design and construction of which, if similar precautions be
not atteuded to, underwashing of the bottom may in some situa-
tions take place, 80 as to leave the lowest courses without pro-
tection. :

‘We shall in the first place consider how far those remarks are
:grlioable where the bottom is solid rock. Such a supposition

ill render unnecessary any precautions arising from the wasting
of the bottom, and, ceeleris paribus, there does not seem to be any
reason for preferring a talus to a vertical wall. The question of
preference 1n such a case will in the main depend upon the kind
of material which can be obtained. Should tE: stone be scarce or
costly, and the quality such as to warrant the introduction of
masonry of the best description, the vertical wall may be found
to be the most economical. Where freestone is to be used, it is
not ouly desirable that it should be got in large blocks, but that
the face stunes should possess considerable harduess. This pre-
caution is particularly necessary in selecting the stones for the
lower courses, and especially where the beach consists of hard
gravel. For the same reason it is highly important that all
stones which are subject to decay from atmospheric influence
should be either entirely rejected or assembled in the upper
courses of the parapet.

Where the materials are abundant, but of an unworkable
nature, a long talus wall will generally be found most economical.
For such walls the rate of slope must depend very much upon
the exposure of the lplaoe, and upon the pf::t.ifulneu of rubble-
stone hearting,. he easily-dressed and naturally flat-
bedded materials, which the stratified rocks of the secondary
formation very often furnish, are especially applicable for the
construction of vertical walls; while the uncouth blocks
of the primary and igneous formations are better suited
for talus walls. Such rocks as gneiss, the schists, basalts,

nstones, amggdaloids, and the tougher kinds of granite, are

t fitted for that purpose. With some of those rocks the angu-
larity of the pieces, and the excessive difficulty of dressing,
render it necessary to assemble them without almost any altera-
tion of their shape, by an adaptation of their salient and re-
entrant angles, so as to make a kind of random rubble face-work.
In this kind of work, mortar is very seldom employed. The
Empet generally consists of squared masonry, surmounted by a

eavy cope, and it should in every case be set in gvod lime
mortar,

‘Where the materials are light and of small sizes it is desirable
to equalise the action of the sea over the whole work, and not to
concentrate it against any particular place. Mr. Russell states
that the cycloidal form was recommended for this purpose by
Franz Gerstner of Bohemia. The only instance with which we
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uainted of the adoption of this curve was in a sea wall
at Trinity, near Edinburgh, by the late Mr. Robert
Stevenson, in 18232,

It has been already stated that, irrespective of the qnaitz of
the masonry, the two points in the structure which are weak or
dangerous are the and bottom of the wall. With a rocky
bottom the risk of failure at the foundations is removed; on the
other hand, where the shore consists of rotten rock, moving
shingle or sand, it is obvious that provision must be made for
both those sources of evil. In fact, if we consult the history of
harbours, we shall find that by far the most frequent cause of

is the reaction of the sea against the shore.

The general slope of a fragmentary beach must depend upon
the size and nature of the particles and the force of the sea. The
dissimilarity between the slopes of a beach near the levels of
high and low water, arises from a decrease in the force of the
waves, owing to their being broken before they reach the high-
watermark. The great object, therefore, is to design the protile of
our wall so as to alter a.s{ittle as possible the symmetry of the
beach. Where isolated rocks or large boulders are seen project-
ing above the surface of a sandy beach, there will generally be
formed around them hollows, corresponding in depth to the kind
of obstruction which the rocks present. The principal point
in the design, therefore, must be to avoid t and sudden ob-
structions to the movement of the water. e best formm which
could be adopted in any situation would of course be the same as
the cross section of the beach itself, but this w;);]xld an;lwe;s n(;
possible : and, as the wall is to consist of heavy blocks o
stone inagﬁ(:;fe minute particles of sand, it ia clear that a much
steeper slope may be adopted than the profile of conservancy of the
coast, provided the lower part of the slope be flattened out so as
to meet the sand at a low angle. The action of a bulwark is to
arrest the waves before they reach the Feneml high-water mark,
and to change the horizontal motion of the fluid particles to the
wvertical plane, or to compel the waves to destroy themselves on
an artificial beach consisting of heavy stones. To preventunder-
washing, the two following requisites should therefore be as far
as ible secured:—1st, the foundation courses or bottom of the
wall should rise at a very small angle with the beach, so that
their top surfaces may be coincident- with the profile of con-
servation of that portion of the beach out of which the wall
springs; 2nd. the outline of the wall should be such as to allow
the wave to onwards without any sudden check till it shall
have reached the strongest part of the wall, which should be as
far from the foundation as possible.

Those two requisites show clearly how inapplicable a vertical
wrall must in most cases be fora sandy beach. Instead of altering
the direction of the wave at a distance from its foundation, the
whole change is produced at that very point, and unless the wll
be founded at a great depth, its destruction is all but certain.
Where the materials are costly, but admit of being easily
dressed, we are disposed to think that a horizontal, or nearly
horizontal wall connected with a vertical one by a quadrant
of a circle may be found suitable. Such a form will prevent
to a considerable extent the danger of reaction by causing an
alteration in the form of the wave at that part where the wall
is strongest and at the greatest distance from the toe or curb
course. Where the materials are abundant and of a rougher
natare, a cycloidal wall, with vertical and horizontal tangents
somewhat similar to that erected at Trinity, to which we have
already referred, may be adopted with advantage.

A special caution may not be out of place regarding clayey
bottoms. Many are apt to suppose that there can be no better
foundation than clay; and it 13 indeed true that some kinds of
hard clay form a satisfactory subsoil. But there are others of
a softer kind, and permeated by sandy beds, which are ex-
tremely treacherous. If there be the slightest dip seawards,
there 18 always a risk of any pier that may be built on such
8 base slipping bodily into the sea. This holds especially true
of inland lochs, where the sides very often slope suddenly. In
one instance, the particulars of which we got on the spot
shortly after the accident, a pier built on a clayey beach,
sloping below low water at the rate of 1 in 12§, suddenly
began to move, and after two hours it had slipped seawards 150
fect, and had by that time descended bodily a height of 31 feet,
the top of the pier being then no less than 23 feet below low-
water spring tides.

13

Construction of Harbours,

Our space will not admit of our going much farther into the
sub{l:ct of the construction of harbours than the few remarks
we have already made. A knowledge of such matters may to
some extent be acquired by a careful perusal of the published
histories of marine works; but, after all, it must be confessed
that the onlly valuable teacher in this wide practical field is
experience. 1t is, in truth, impossible to lay down any general
rales of guidance as to matters of this kind. All that can be
done within our o?ace is to notioce very briefly some of the more
important methods of working. And first, with to that
invaluable piece of apparatus, the diving-bell, we would refer
to Smeaton’s ‘Account of Ramsgate bour,’ published in
1721, where it was first applied by him to harbour works. The
diving-helmet is & most useful and convenient modification of
the diving-bell, and is now very generally employed.

Of late years Mr. Walker has introduced from ¥‘moo the use
of beton as a substitute for backing. This artificial concrete is
sometimes used in enormous masses. We have seen at Cherbourg
blocks of 50 tons prepared in boxes, whose sides and tops are
removed after the concrete has set, in order to be again similarly
employed. The proportions used at Cherbourg by M. Rebeille
were two of sand or fine gravel, to one of Portland cement.

We may also mention that the method of assembling stones
on their edges, instead of on their beds, which formerly was in
use in some old Scottish harbours and sea-walls, as at St.
Andrews, Prestonpans, &c., deserves to be more generally known
and adopted, from its superior strength.

The proposal of Mr. Bremner, of Wick, for putting in the
foundations of low-water piers also merits notice. Mr. Bremuner
proposes to construct, in some adjoining place of shelter, enor-
mous pontoons of timber, on which the under parts of the work
are built, and afterwards floated to the desired spot in favourable
weather, and carefully grounded. Such a plan might, we have
no doubt, be found economical and useful in some situations.

Mr. Rendel has introduced an improved method of assembling
the pierres perdues or rubble used in the construction of large
breakwaters; this method he em})loyﬁ:l at Millbay Pier, near
Plymouth, in 1838, in a depth of 38 feet; and he is at present
carrying out the same principle on a still r scale, in the
construction of the breakwaters at Holyhead and Portland. The
improvement consists in depositing the rough materials from

stagings of timber elevated a considerable height above high
water. The stones are brought on the staging in wn.gona, through
the bottoms of which they are discha into the sea. e
principle on which the stagings are designed is that of offering
the smallest ible resistance to the sea, the under structure
consisting of nothing more than single upright piles, there
beiﬁg only one line of piles for each roadway.

. Rendel, in a letter kindly communicated to us, states,
“T use no timber braces of any kind, as these offer more re-
sistance to the sea than strength to the staging. At Portland,
however, where any accident would be a serious evil, owing to
our employing convicts in the quarries, we stay the piles with
iron guys, fixed to Mitchell’s screw moorings, and also truss
the outer piles in each row with ironrods. We also fix the piles
in the ground with a screw.

“ At Holyhead, however, we only attach to each pile boxes
filled with emall stones, for the purpose of getting them into a
vertical position, and use no stays or guys o amyukind.

‘ The superstructure consists simply of balks of timber, with
rails laid on them to carry the wagons. The piles are placed in
rows 30 feet apart, and the ease and certainty with which the
staging i8 constructed is such that a length of 30 feet, includin
the screwing in of the piles, the laying down of the roadways, anﬁ
all minor works necessary to make them fit to carry the waguns,
never occupies more than one working day and a half, and often
less. The length of the piles that we are now using varies from
84 to 90 feet, the depth of water at both Holyhead and Portland
bein fta.bl;)ut; 11 fatll:on;s.h e fro

“ Of the strength of the stage you may judge from its carryi
on each roadway as muchmagle three wagons, weighing iny:;ltlng
gross 12 tons each.

“The advantages of the staging are obvions. Tt contributes
reatly to the consolidation of the stone, it makes a greater
el:;;th of breakwater to be under construction at the same time,

and it enables the deposits to be carried on without interruption,
almost in the heaviest weather. As an instance of this, I may
remark that my resident at Portland informs me that the
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ns and locomotives were engaged guhrday at a time when
such a sea was running that large ies of were thrown
55 feet above the water level. As a proof of the facilities which
the stage affords for rapidity of construction, I should state that
we have deposited this year at Holyhead, where free labour is
employed, nearly one million tons of stone. The loss from
accidents to the stage is comparatively small on its first cost,
and when spread over the cost of the whole works it is a mere
trifle. I find the sea-slopes are, in the deep water and e?osed
from &4 or 6 to 1 between 6 feet above high-water and from
12 to 15 below low-water, from which point they rapidly become
about 1 to 1. The inside alopes are never more than 1} to 1, and
seldom more than ito 1. e materials are excellent.”

Mr. Walker has also kindly contributed some facts connected
with the construction of the great works now %):g on under the
direction of Messrs. Walker, Burges, and per at Jersey,
Alderney, and Dover. At Alderney, which is a very ex
place, the base, up to 12 feet below low-water, is formed by stones
thrown, or rather dropt in from barges. Up to low-water the
work is all done by diving-helmets. The wall is faced with

ite, backed with blocks of beton made of sand, shingle, and
ortland cement. Above low-water it is faced with stone of the
island, a kind of millstone-grit, and is backed with blocks of
rubble set in Roman cement. The millstone-grit is raised in
very blocks. The profile is to consist of a quay, an espla-
nade, a pa;:{et.

Jersey is much the same as Alderney, but the pell-mell work
is carried to low-water, having nearly vertical walls of conglo-
merate built above. Dover has nearly vertical walls, faced with
granite from the very bottom, which is now 45 feet below low-
water. This work was doue with diving-bells.

Sir J. Rennie, in his ¢ Account of the Plymouth Breakwater,’
says, “From the bottom to within 8 feet of low-water sprin
we find that the slope is 23 or 3to 1. Here the effect of the
waves is comparatively being neutralised by the mass of
water. From thence to low-water of spring-tides the salo
increases from 3or 4 to 1, but between low-water of spring-tides
and high-water, when the effect of the waves is greatest, there
we found that the rubble would not lie at less than 5 to 1,
whilst, on the inside, the slope stands generally at from 1} or
2 to 17

The above interesting details regarding these national works
show, from the variety which they exhibit how difficult it is to
lay down any general rules for the construction of harbours, and
confirm the principle that each work must be judged of per se.

The ultimate object of constructing harbours is, by lowering
the height of the waves, to preserve the tranquility of the area of
water which is enclosed by the piers; and this property is
variously d by harbours of different forms, and depends
much upon the relative widths of the entrance, and of the interior,
the depth of water, the shape of the entrance, and the relation
between the direction of 1ts opening, and that of the line
of maximum exposure.

The only formula of which we are aware is that by the writer
of this article (‘ Edin. New Phil. Journal,’ 1853), which gives an
approximation to the reductive power, or is, in other words, a nume-
rical form of expressing how much a wave of given height
becomes reduced, after it has entered a harbour. Though the
results obtained by the formula may not be abeolutely correct,
this will be no objection where the object is merely to obtain a
comparative value, as, for example, in comparing one design for
a harbour with another.

When the piers are high enough to screen the inner area from
the wind, where the depth is uniform, the width of entrance not
very great in comparison with the width of the wave, and when
the quay walis are vertical, and the distance not less than
50 feet,—let

H —height in feet of waves in the open sea.
« =reduced height of wavesin feet at place of observation
in the interior of the harbour.
b =Dbreadth of entrance to harbour in feet.
B=breadth of harbour at place of observation in feet.
D —=distance from mouth of harbour to place of observa-
tion in feet.

el T (/D))
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This formula has been found to give good approximations at.
several harbours where the heights of the waves were registered.
‘When H is assumed as unity, # will represent the reductive
power of the harbour.

In situations where the highest waves croes the harbour
mouth at an oblique angle, a farther reduction is due to this cause.
‘We have been unable to find any obeervationsthat have been made
on this subject by others, for want of better, we shall give
three observations made under our directions at Latheronw
Harbour:
Angls of obliquity.

0° ...
500
140°

These must, however, be regarded as but approximations. It
is obvious that as the wave may be deflected tgu'ough more than
860°, the curve representing the reduction must be a spiral; but
more observations are wanted to determine of what kind.

Buoms are logs of timber placed across the mouth of a harbour
or the entrance to an inner basin or docl:‘l having their ends
secured by projecting into grooves cut in the masonry on each
side of the entrance. The booms are dropped into these grooves
to the number of from 10 to 20, or as many more a8 will ensure
close contact of the lowest one with a sill-piece placed in the bottom
of the harbour, without which precaution the swell is found to
enter the harbour from below the booms. By this contrivan
which forms a temporary wall, the waves are completely check
and prevented from spreading into the interior basin. The
longest booms we have seen areabout 45 feet, and in some places,
as at Hartlepool and Seaham in Durbamshire, they are taken
out and in by steam-power.

Though perfectly successful in their tranquilising effect (pro-
vided they are kept in contact with the sill-piece at the bottom),
boorus are not suited for the'mouths of harbours where there is
mauch traffic, as the shipping and unshipping of so many logs of
timber can hardly take less than a quarter of an hour—a (f:lay
which might in many cases be attended with serious conse-
quences.

It is very desirable, and in some cases essential, that there be
either a considerable internal area, or else a separate basin oppo-
site the entrance for the waves to destroy or spend themselves.
Such a basin should, if possible, be e 80 as to preserve a
portion of the original shore for the waves to break upon, and
when circumstances render this impossible, there should at least
be a flat talus of 2 or 3 to 1. Talus walls of 1 to 1, or steeper,
will not allow the waves to break fully, but will reflect them in
such a manner as might in some cases make the entrance difficult
or even dangerous of access, and the berthage within uunsafe.
There are many instances of harbours being materially injured
by the erection of a quay wall acrvss a beach where the waves
were formerly allowed to expend their force. -

It may be observed that when there is an inner harbour or
stilling basin, the elliptical form seems to be the most promising.
Let one focus be supposed to be on the middle line of the entrance
and to coincide with the point from which the waves in expand-
ing into the interior radiate as from a centre (which they do
approximately), and if the other focus is situated inland of high-
water mark, the waves will tend to reassemble at the Jandward
focus, and on their way will be destroyed by breaking on the
beach. This appears from the well-known property of the ellipse,
that if two radii vectores be drawn from the two foci to any
point in the curve they will make equal angles with the tangent
at that point; and as the angles of incidence and reflection of a
wave from any obstacle are Fmtiea.lly equal, each wave will be
nearly concentrated at the focus opposite to that from which it
eminated.

Another cause of disturbance in harbours, which is often not
sufficiently considered, is the indiscriminate deepening of th
entrance without a proportionate enlargement of the internal
area or the execution of other works for counteracting the effect.
As the dﬁpth of l:.l‘xe water is ‘r):lmre u&t‘i more increue(tl,h‘ waves of

ter height become possible at the entrance, so that larger
E:::es in admfimlnlion tl:)ohthe interic}rim The wnt.erA htl‘: had
re roofs of this in the course of his practice. Atthe port
ofpgtmdex}')land, Mr. D. Stevenson recommended the nmovflo of
nearly the whole of the south stone pier, and the subetitution of
works of open framework in order to tranquilise the interior.
These works, which have been quite meom}u.l, were rendered
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nocossary by the frequent dredging of the channel at and near
the entrance,

The preservation of the depth of harbours where there is a
tendency to deposit is often attended with great difficulty and
expense, Where the deposit of silt is confined to the space
between high and low-water marks, the scouring by means of
salt or fresh water is in general comparativel, , but where
there is a bar outside of the entrance the case mes most
materially The officacy of the scour, so long as it is
not imtfeded by encountering stagnant water, is kept up for
great distances, but soon comes to an end on its meeting the
sea. Probably the ounly way in which this difficalty mi;it to
would be by conducting the water in
iron pipes to the bar, a plan which the author proposed in 1843
for E{vnish harbour, but the expense was derable and the
wucceas doubtful. The same plan was proposed by Mr. Alexander
Swan for Kirkealdy some years later. When the volume of
water liberated is Eat compared with the afveus or channel
through which it to pass, the objection based on the stag-
pancy of the water originally occupying the channel does not
hold to the same extent as when the scouring is to be pro-
duced by a sudden finite momentum. 1n the one case the scour-
ing power depends timpx on the quantity liberated in a given
space of time, while in the other it depends on the Eropelling
head and the direction in which the water leaves the sluice.
Mr. Rendel’s scheme for Birkendead was on the former principle.
"The first example of artificial scouring in this country seems to
‘be due to Smeaton, who used it effectually at Ramsgate in 1779,

At Bute Docks, Cardiff, designed by 8ir W. Cubitt, the
access to the outer basin is kept open most successfully by
means of artificial scouring on a gigantic scale. The entrance
‘was cat through mud banks for a distance of about three-fourths
of a mile seaward of high-water mark. The initial discharge
when the reservoir is full, is stated to be 2500 tons per minute.
The writer has known even so limited a discharge for an hour
10 two as one ton a minute, produce very useful effects in keep-
ing a small tidal harbour clear of sand.

y proposals have from time to time been made for
mooring in the open sea floating frameworks of timber with the
view of sheltering the space enclosed by them. The objections
to floating breakwaters are so t and obvious that there
seems little chance of their ever being much used. From what
‘was stated on the subject of booms, it will be recollected that it
is a requisite that they should fit closely to a sill-piece at the
‘bottom, otherwise the run is found to extend into the harbour.
From what will be afterwards stated regarding the liability of
timber to speedy destruction from the marine worm, and to
iron by chemieal action, it is obvious that floating structures of
wood connected by iron and moored by iron chains, cannot
possibly be of long duration. If to all these sources of evil we
add the risk of their being broken by the sea we think the case
may be almost regarded as hopeless. No doubt green-heart
might be employed 80 as to resist the ravages of the worm, but
its high specific gravity and its great expense would prove bars
to its employment.

In some situations where there i8 & I shallow beach, a
harbour or pier of timber or masonry may be made at or near
the low-water mark, which may be connected with the shore by
means of a suspension bridge. The inducements to adopt the
suspension £finciplo are its economy, and the free e it
affords to the currents, which in way are prevented from
forming accumulations of sand, silt, or gravel. These advantages
ure, however, much reduced by the t wear and tear conse-

uent upon the perishable nature of the structure. The late
gir Samuel Brown erected two chain piers, the one at Brighton
and the other at Newhaven, near Edinburgh, both of which are
still in existence.

In every situation where it is easily icable to make two
eatrances to a harbour, it will be found well worth the extra
expense, provided they can be so placed that the one shall be
available when the other has become difficalt of aocess. In
harbours which have but one mouth, vessels are often detained
for a great] of time by the continuance of the wind in the
direction which throws a heavy sea into the entrance. Whereas
if there are two entranees situated as we have vessela
are at once able to take their de by the sheltered side,
At the port of Peterhead, the north and south harbours were
mm-sagounitedbytml,weordinghﬂzewriufsphm,
and the advantage has been of the mest marked description.

some extent be obvia

15

Veasels can now clear out as soon as loaded, either by the north
or south mouth, according to the state of the gea. Some caution
is necessary, however, as the run is apt to extend from the one
harbour to the other unless there be a considerable area.

There is generally much prudence m%red in the alteration
or repairs of existing marine works. The risk of having the
whole structure destroyed by a gale coming suddenly on while
there is an open breach in the works, must be obvious; and in
one m‘:} where the exposure of the place was great, and the
evil was a hidden one, the writer could not recommend the face-
work being disturbed. The cause of failure in this instance was
supposed to be the decay of the backing, which having deprived
the face-stones of support allowed them to be driven inwards by
the force of the waves. Instead of removing the facework, the
only recommendation that could be given was to inject the whole
pier with fluid cement, so as, if possible, to render the mass
monolithic. An alternative of this kind is obviously of very
doubtful success, and can be ed as nothing short of a last
resort, for there is but a small ce of getting the injected flnid
to permeate the whole masas of the pier. The system of permea-
ﬁn&the masonry with fluid matter could, however, be employed
with more chance of sucocess in the formation of a pier, while
each course lies open to view. In 1844, at a harbour that had
stood for very manyyear:Ltwo or three faulty stones had been
incautiously taken out of the facework bya mason who intended
to replace them by others, when a sudden gale came on, and
nearly the whole of the work was levelled with the beach.

As an example of the suddenness with which our eastern coast
is visited by gales, and as indicating graphically the relative
eligibility of the summer and winter months for carrying on
harbour works, we give the acoompmymﬁrdnegnm of the heights
of waves, as observed for the writer, by Mr. William Middlemiss,
resident engineer at Lybster harbour.
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In landlocked bays, where a deep-water landing-place is all that
is required, and where the bottom is sandy or soft, timber may
be employed with great advantage. Even in exposed situations,
timber can also be used, but the fatal disadvantage attending ita
employment in most places where there is no admixture o#ruh
water, is the rapid destruction oocasioned by marine worma.
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The damage occasioned to harbours in this way is noticed by
Semple in his treatise ¢ On Building in Water,’ in 1776, and very
robably by much earlier writers. Indeed, the ravages of the
gbredo navalis are very ludicrously described by Hector Boece,
in his “ Croniklis of Scotland,’ printed at Edinburgh circa 1636.
In the Atlantic Ocean the Teredo navalis, and at many places in
the German Ocean the Limnoria terebrans, are the animals which
are found to destroy any setructure of timber which is exposed to
the water. They are found to eat most rapidly between the
bottom and low-water mark, but above low-water the damage is
not so t; and what is singular, they do not appear to exist at
all below the bottom where the pile is covered with sand. These
observations do not, however, quadrate with Mr. Hartley’s at
Liverpool, for he found the parts which were alternately wet and
dry to decay faster than the which were constantly im-
mersed. Even solid limestone is often destroyed by the persevering
efforts of another marine animal called the Pholas.
The late Mr. R. Stevenson made several experiments on the
ravages of the Limnoria terebrans at the Bell Rock in 1814, 1821,

Unsound Quite
Kind of Timber, Decayfirst| 8ud | 004 Remarks,
ol quite for
. lyrs mo
130
13 0 |Affected in one corner.
Nearly sound 74 yrs.
after beinglaid down
30
13 0
50
Ditto ... 56 | ... s+ | £ Nearly sound 73 yrs
English Oak ............ 11 31 {ter einglaid o
Ditto  ............ 2 4 4 7
British Oak ............... 1 6 5 0
English Oak, kyanized.| 4 7 |10 0
American Oak ......... 211 4 7
Ditto ... 16|50 .. )
Ditto, kyanized| 4 8 | ... e | {Brcoying but slowly
Italian Oak ............... 11 3 6 after being laid down
Dantzic Oak ............ 11 2 6
Scotch Oalk ............... 2 4 | ... { ach fecuyed when
BalticOak ............... 2 4 4 3 Decaying bat slowly
lee'.!‘ree ............... 211 | ... { 6 yrs. and 7 months
B Ditto ............... 1 6 50 after beinglaid down
ritish Ash............... 3 0 5 0
Ash .o 211 4 3
English Elm ............ 211 4 7
Ditto  ............ 11 1 6
Scotch Elm............... 30 5 0
American Elm ......... 19 31
%anaéia Rock Elm ...... 11 1 6 Nte\arl qour;gi c’lZi yrs.
onduras Mahogany...| 2 1 | ... piter bewng alcdown
Do. teak treenails.] 1 6 5 0 {:m lator ) six
Beech . 1 86 5 0
Do. .ooiiiniiiiiinn, 19 3 1
Do. Payne's pat. pro.| 10 7 | ...... { A little holed at one
Cedar of Lebanon ...... 11 286 Uend underneath
Scotch Fir, teak treenails| 1 6 3 0
Do. from Lanarksh.] 1 6 3 0
Do. do. 1 6 3 0
Do. locust treenails| 1 6 3 0
Memel Fir 1 6 5 0
Riga Fir ....... 11|18
Dantzic Fir . 11 1 6
Norway Fir 2 4 3 1 A good d "
Baltic Red Pine ......... 29 4 3 deal decay
.Ditto' kynnized 2 4 4 7 { when first observed
th];ih“}:me ............... f g ; g Gmg f;t when first
Virginia Pine ............ 11|18 A food deal gone 18
Yellow Pine ............ 11 1 86 mos. after being laid
Red Pine ............... 11168 down; swept nway by
Cawdie Pine ............ 11 1 6 A good deal decayed
American Yellow Pine.| 2 4 3 7 when first observed
Ditto, locust treenails] 0 8 3 0
American Red Pine ...| 2 4 3 1
Ditto, kyanized| 2 4 4 7
%alrlch ..................... 2 4 4 3
olish Ltrch ............ 11 1 6 Going fast when first
Birch, Payne's pat. pro.| 0 10 110 { obactved "

. used by Mr. J. Hartley, of Live

1837, and 1843, by fixing piéces of different kinds of timber to
the rock, and getting ar reports on their decay. From those
experiments it appeaﬁ“ that green-heart, beef-wood, and bullet-
tree, were not attacked by the worms, while teak stood remarkably
well, although suffering at last. The kyanizing fluid and other
preparations have been tried, but were not found to be of
permanent service. In addition to these experiments on timber,
no fewer than 25 different kinds and combinations of iron were
tried, including specimens of galvanised irons. Although
separate specimens of each were tried in places where they were
always under water, and also in places were alternately wet and
dry, yet all the ungalvanised specimens were found to oxidise
with ‘much the same readiness. The galvanised specimens re-
sisted oxidation for three or four years, after which the chemical
action went on as quickly as in the others.

The annexed table shows the different kinds of wood which
were made the subject of experiment at the Bell Rock in 1814,
1821, 1837, 1843, with their relative durabilities.

Green-heart timber is now generally had recourse to in places
where the worms are destructive. It appears to have been first

l?who published in the
‘Minutes of Institution of Civil ineers’ an account of its
virtues in 1840, as ascertained at the Liverpool Docks. Its cost
is considerably greater than Memel or than most of the other
timbers generally used. Memel logs for the inner piles of piers
might perhaps, from their not being exposed to abrasion lt)mm
ships, be with green-heart planking at thuse parts which are
exposed to the worm. Copper sheathing and scupper nailing are
often and successfully employed as protections for piles in exposed
situations. Breaming or scorching the wood, and afterwards
saturating it with train oil, also forms a partial protection.

It is much to be regretted that timber is so expensive in this
ocountry, and that some simple and economical specific against the
worm has not been discovered for protecting Memel and the
cheaper kinds of pine. The grand desideratum in harbour
works, which is the want of continuity in the structure, would
then be supplied. It follows, from the known laws of flui
that each ims)ividual stone in a pier which is equally ex
throughout its whole length, is subjected to a force which it
can only resist by its own inertia, and the friction due to its
contact with the adjoining stones. The stability of a whole
hydraulic work may therefore be perilled by the use of small
stones in one part of the fabric, while it is in no way in-
creased by the introduction of heavier stones into other
By the use of long logs of timber carefully bolted together a
new element of strength is obviously obtained. A pier could
be erected almost free of sea risk if constructed of rectangular
or other shaped prisms, consisting of logs of timber treenailed
and bolted together, 8o as to form boxes, say 10 feet square and
30 or 40 feet long. The interior of the boxes would be tilled with
rubble or beton. The first layer would be arranged across the
pier, so as to fit the i larities of the bottom, and above that,
they might be arranxsed engthways of the pier, so0 as to form its
outer and iuuer walls; the space between being filled with
common rubble or beton.

In many ports the original depth has been decreased by the
deposit of silt, sand, and gravel.. This is, indeed, a great evil,
and one which unfortunately is moat difficult of cure. So
obscure and appareutly capricious are the causes which lead to
the formation of shoals, that in the present state of our knowledge
it would be little short of quackery to lay down any general
rules for the guidauce of the engineer. In tixing on the site for
a harbour, all existing obetructions should be examined to asocer-
tain whether there be a tendency to deposit, and the works
should be kept as far as possible from places where the tendency
is most strongly developed. The agents which occasion bars at
the mouths of harbours are the waves, the tide currents, and
land streams where they exist. Rivers are often more icious
than beneficial in their effects, especially where they intersect a
gravelly soil; but in some cases the descending gravel may be
successfully intersected by the erection of weirs, from which the
acccumulations must be from time to time removed. We
with Sir H. De la Beche in believing that the bars at the mouths
of rivers are most generally formed by the constant tendency of
the waves to preserve the continuily of the beach profile. It is
therefore not to be wondered at, that heavy gales should distort
and fill up the narrow trench which the back waters cut in
gravelly or sandy beaches. The erection of breakwaters on each
gide has undoubtedly a good effect in protecting the channel, but
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still a bar is very apt to form outside of the breakwaters. In some
cases the depth of the track might probably be maintained b
driving, on each side of the mid-channel, dwarf piles to whi
continuous walings should be attached so as to oonfine the
current at low-water. The timber framework should not pro-
joct more than a foot or two above the bowomimwhioh in some
cases migl:tbe lanked. This, however, is but s hint, and
has, .ole umﬁe t:nthor is aware, n”"thmf tried. The
principle on whi e proposal is based is contracting
the low-water channel to‘:osmsllor width than that of the high-
water channel, and thus by fixing the low-water track, to pre-
vent a tortuous channel. The ssme principle was adopted by
the writer with success in controlling and fixing the meanderings
gfe:hgnvelly river, which is subject to very sudden and heavy
es.

The want of sufficient fands occasions a national loss
in the construction of our harbours. The history of a large
majority of those ports which have been erected by private or
local enterprise, presents but & record of the building of piers
at one period when the funds were small, and of taking them
down at another when the trade had increased and more room
and accommodation were required. Want of funds often pre-
vents the original works from being oarried within deep water,
and in consequence the most expensive part of the protecting
breakwater is often put down just in the very place which has
afterwards to be converted, at great expense, into a deep water
access or bert Sometimes, indeed, a whole line of pier is,
from motives of economy, placed in such a manner as to in-
terfere most materially with what might have been by far the
best and safest berths for shipping, so that in the further ex-
tension of the works a great part of the old harbour has to be
demolished. Want of a ‘Eroper marine survey has also often led
to very serious errors in the position of the piers.

To such an extent has this system prevailed, that were an
engineer called on to value many of our works as they exist at

t, his estimate, however fairly and fully made out, would
Ment&bly short of the actual cost. This estimate would pro-
ceed on a measurement of what he sees, while the actual cost
would include the building of piers and jetties which had lon,
since ceased to oxist. For these reasons we conceive there coul
hardly be & more advisable expenditure of the public money than

by a system of ta for supplementing the local funds on a
li{enl scale, 7 hos

ith such aid the authorities on the spot would
be enabled to protect and improve the existing physical advan-
tages which the shores possess, by preventi e construction of
proposed improvements on too narrow a scale. But a comparu-
tively slight increase of the means would, in instances of which
the writer is aware, have iuclosed a great extra area, and secured
a deeper access with superior internal tranquility, the want of
which now cripples the trade; and is the subject of lasting regret
to all frequenting the harbours.

Reference may be made to Brit. Assoc. . 1150 (Sooresby); Min.
Inet. Civ, Eng. 1848 (Rankine); Ditto 1847 Rusell); Ditto 1844
(Bremner); Smeaton’s Reports, passim. Rep. Com. on Waves by Brit,
Assoc., J. S. Russell, Lond., 1848. Researches on H, ynamics, J.
8. Russell.—T'rans. Roy. Soc. Kdim., vol. xiv. 1837. Account of Expe
riments on Foroe of Waves of Atantic and German Oceams, Thomas
Btevenson,— T'rans. Roy. Soc. Edin., vol. xvi. 1845. On Reduction of
Height of Waves qfter pasting into Harbours, T. Stevenson,—Edin.
New Phil. Journ. 1852. Account of the Plymowth Breakwater, by
Sir J. Rennie, London, 1848. Belidor's A rchitecture Hydraulique, Paris.
Semple's Treatise on Building sn Water, Dublin, 1776. Royal Tidal
Harbour Commissions Reports (Captain Washington), London 1846-8.
The Article on Tides and Waves in the &; ia Metropolitana, by
G. B. Airey, Astronomer Royal. Report by Commissioners of Harbours

of Refuge, with the Protest, by Sir Howard Douglas.

Mr. John Newton has been appointed S8urveyor to the Preston
Board of Health. There were 67 candidates.

It has been determined, by the Government, in consequence of
the successful experiments at Leicester and other places, in refer-
ence to utilizing the sewage of towns for the purposes of manure,
to appoint a scientific commission to enquire into the whole sub-
ject, and make a report as soon as possible. Should the report of
the commission be to the effect that sewn.ﬁ::n be deodorized and
advmtageounl‘{l employed, an Act of Parliament may be expected

hibiting towns from polluting streams which are used
E;-o domestic and drinking purpoees.
No. 274—Vol. xx.—JANUARY, 1857.

PRESTAGE'S IMPROVEMENTS IN LOCOMOTIVE
ENGINES.

(With an Engraving, Plate IIL)

‘We feel satisfied that the locomotive which forms the subject
of the Eninvm will prove of t interest, and will con-
vincingly show that amid the multitude of minor changes and
modifications which have been made in the construction of the
locomotive engine, others of a much more important character,
embodied in the invention now under notice, have been passed
over with comparative neglect.

It will be seen, on reference to the Plate, that the drivini:haﬁ
and working parts of the en{ne, instead of being placed below,
are above the boiler, by which arrangement the s beneath is
rendered available for the construction of a tank to contain an
ample supply of water for the journey. This tank is continued
80 as to form the sides of the smoke-box, by means of which the
water becomes heated, and thus not only provides a supply, at
a high temperature, for the boiler, but also converts the tank and
ita contents into a most effectual covering for the prevention of
loss of heat from the bottom and sides of the boiler. The foot-
board is sufficiently extended to carry a eorrespondinf amount of
coke. Another and very marked feature of movelty and im-
provement in this engine is observable in the position of the
cylinders, which, with their valves, are encircled by jackets, and
go immediately above the ends of the tubes in the smoke-

x. The consequences of this arrangement, in an economical
point of view, are most important, inasmuch as the steam, in its

from the boiler to the cylinders, is led into the jackets
fore mentioned, and there, becoming supecheated, has its elas-
ticity increased to an extent which would apparently justify usin
anticipating a saving of au least one half in the consumption of
fuel and water. Thus, steam, the pressure of which in its normal
condition in the boiler is 1201b. to the square inch, has a tem-
perature of 343° Fahr., while that of the jackets through which
1t must pass before enterig the cylinders is equal to 600°. But
admitting that the temperature of the steam in passing throuil:
the jackets becomes raised to only 400° its pressure will
increased to something like 2401b. to the square inch. It will at
once be seen that as by this arrangement the steam is conducted
from the boiler to a egzmbar of a much higher temperature, and
there heated. The only conditivns suggested by the Franklin
Institute of New York, as being necessary for the economical
working of superheated steam, have been most successfully
obtained,—the committee’s report being, that there would be
great economy in using superheated steam, or stame,” if it
could be brought into operation where the temperature of colder
bodies would not interfere to abstract the heat before it could be
profitably employed.

The enormous power of superheated steam is more than
sufficiently demonstrated by the awful boiler explosions we but too
often have to record; yet, tremendous as are its effects when
uncontrolled, there is no mechanical difficulty to prevent its
subjection and employment to our advantage in the manmer
pr;ﬁeed by Mr. Prestage.

nomy in the consumption of fuel is evidently a consideration
of paramount importance; but at the same time railway share-
holders have also had, amoungst other causes, to suffer most
seriously from the great cost of renewal and maintenance of way.
This has been in a t measure owing to the excessive weight
of the engines hitherto employed,—an evil entailed by the
large amount of heating surface required to obtain sufficient
evaporative power to meet the la expenditure (not to sa;
waste), of steam which has taken place to a t extent in al
but more particularly in engines with outside cylinders, where
the loss by condensation has in some cases amounted to 33 per
oent.

It will be evident on reflection, that in consequence of the
reduced size of boiler, Mr. Prestage’s engines will be of greatly
diminished weight—a fict sufficient in itself to bring them into
geuneral use. This will be clearly understood when it is considered
that an engine of moderate boiler 8 and heating surface
superheating its steam, will be equal 1n efficiency to one of much
greater heating surface in connection with which the steam is
not superheated. The diminished size of boiler also tells favour-
ably in givi f the inventor the option of constructing his engines
either with driving-wheels of large or of moderate size. n?:u
impossible to deny, that for fast tratfic the former are desirable,
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not only on account of the increased obtainable by their
use, but also on account of the diminution of wear and tear con-
muent on the number of reciprocations of the engine bei

aced, and by reason of the more effective and economi
manner in which the steam is worked. There is a farther
advantage arising from the reduction of the back pressure, to
the effect of which, in the present engines, is in some measure
attributed the great cost of working at high velocities, from
the fact of its increasing greatly in proportion to the speed.

It is, however, to be remarked, that as in the invention before
us the patentee, by bringing the boiler down, is enabled to
lengthen the funnel, there will be more natural draft, attended by
a corresponding diminution of the blast required and of ita
attendant back pressure.

We would also lay particular stress upon the fact, that in
addition to the directly economical advan attendant upon
this construction of engine, in point of safety it presents features
of an equally important character. Thus, it is undeniable, that
a8 the centre of gravity is brought nearer to the base of a
machine, so its stability is increased. 1In this instance, not only
is the centre of gravity brought considerably nearer to the base
and point of resistance than in ordinary locomotives, but is at the
same time situated nearly in the direction of the line of traction,
and oouaequentlz in a highly desirable position for ensurin
steadiness, and thus at once giving increased safety, uoeompanieg
by a reduction of the wear and tear of engiues, road, and rolling
stock. In our opinion, numerous accidents have taken place, the
chances of which, if not altogether done away with, would at
least have been considerably reduced by the use of Mr. Prestage's
engines. We might mention many which have occurred in con-

uence of engines leaving the rails: two in particular have
happened lately, in which the leading wheels mounted the rails
in traversing curves; and instances have been known in which
they have literally leaged from the rails. That casualties of this
class would be considerably reduced, must be apparent; and it
may afford some satisfaction to the public to know that the con-
struction of engines may be such as to afford increased chances of
their keeping the rails, thus in some degree compensating for the
anything but improving condition of the ent ways of
several railways we could name. We may further observe, that
in working these engines, the driver has a full view and easy
access to the working parts, which may be readily lubricated
while running. They are, moreover, screened, and placed above
the action of the t-dust, &c., which otherwise tells most
seriously on their wear and tear; and, from their position, can be
repaired with ter ease and at less cost than in ordi
locomotives. Finally, from the large size of the fire-box of these
engines, they are particularly adapted for the combustion of coal,
which is daily getting into more general use as a fuel for
locomotives.

REGISTER OF NEW PATENTS,

STEAM BOILERS.
Epwiv Herwoop, Sutton, York, Patentss, April 14, 1856.

This invention relates to a mode of fixing vessels or boilers
used for generating steam where two or more or furnaces are
used, and consists of amngng the furnaces so that when one
furnace is omned to supply the fire with fresh fuel, a damper or
valve will be opened in an adjoining fire or furnace flue, thus
forming a communication between the flue and the chimney, and
at the same time closing a damper or valve in the flue of that fire
or furnace which is being supplied with fresh fuel, and also
closing the door of the fire or Emuee belonging to the flue made
to communicate with the chimney. As each fire is being supplied
with fresh fuel the smoke is caused to pass or be drawn down
through its own fire to the ash-pit, and through tubes, openin
or apertures to the adjoining ash-pit, and up through the adjoin-
ing fire, causing the smoke or combustibie matter to be consumed.
In supplying fresh fuel to the last-named fire, the damper or
sa.lve ba,bove named wtlgl be revers;d, and the direction of the

raught changed to the contrary flue, the amoke ing down-

as before described, through ome fire and upa:.hro%gh the
other, changing the direction of draught alternately as each fire
is re-supplied with fuel. The grate bars are hollow, and connected
at each end with other hollow bars or pipes, forming a compact
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hollow framework for fire-bed, and connected to the vessel or
boiler, so as to be readily taken out for repairs or other

. The water ci tes freely through the said hollow
?umework, lz{ which the generation of steam is accelerated, and
the fuel greatly economized.

The furnace doors are suspended one at each end of & beam,
capable of sliding up and down, so that when one is raised the
otﬁzr is lowered. A damper is suspended by pulleys, and capable
of being traversed upon rails, alternately from one flue to the
other. To tix the hollow grate bars in the other hollow side bars
or tubes, a thread is put on one end of every cross-bar, and each
alternate one is passed through one of the side tubes, so that it
will screw into the other or opposite side tube. The
thus made in the side tube is closed by a screw-plug. By every
alternate cross-bar being thus screwed into one or other of the
side tubes, a compact framework is formed, screwed together
.instead of plugged or rivetted in the usual manner. When the
door is open to supply fresh fuel to that furnace the damper of
which is in position to cut off the communication of that fire with
the flue or chimney, at the same time the door is closed, and the
damper of that fire removed, opening & communication with the
flue, consequently the smoke of the first-named fire, or that which
is newly fed, wi S:.n down through its own fire and grating to
the ash pit, and thence through the tubes to the other ash pit,
and up through the other grating and fire to the chimney; and
when it is desirable to feed the other fire, the doors and per
are changed in poeition, and the draught is thereby reversed to
the contrary direction. By this arrangement of the furnaces, the
smoke or combustible matter will have to pass through both its
own fire and the adjoining fire, whereby it will be consumed and
fuel economised.

Claims.—1. The method of fixing the grate bars deecribed.

2. The general arrangement of furnace or apparatus applied to
boilers or vessels for producing steam, boiling water, &c., whereb
tll:e u;;yke is caused to pass down through one fire and up throug
the other.

STEAM BOILERS.

W. and J. GaLLoway, Manchester, Patentos, May 22, 1856.

According to this invention, boilers are constructed with one
or more fires or furnaces, from whence the products of combustion
pass upwards or downwards through conical pipes, surrounded by
water, and placed with their smaller ends upwards. The products
of combustion afterwards pass through horizontal or inclined
tubes surrounded by water. A large amount of heating surface
is thus obtained, and a power of generating steam in proportion
to the heating surface and peculiar form, r, and position
of such cones.

To each boiler are two furnaces, inclosed in two cylindrical
tubes or flues, placed side by side, and connected by one common
chamber at their back ends beyond the fires. This chamber is
separated from another chamber Elaeed above it, by a horizontal
water space, which is traversed by an assemblage of conical fire
tubes or flues, placed vertically with their smaller ends upwards.
From the chamber the products of combustion pass through a
series of horizontal cylindrical return tubes to a smoke-box at
the front end of the boiler, from which they pass up a flue into
the chimney. The chambers are stayed and strengthened by
conical water tubes, placed with their ends upwards, or by
cylindrical water tubes. The conical fire tubes are omitted at
tﬁoae places in which they would interfere with the water tubes.
By making the fire tubes of conical form, and placing them with
their emaller ends upwards, the ascent of the steam from their
outer surfaces is facilitated. It is advisable to make these conical
fire-tubes of larger diameter than the borizontal cylindrical tubes,
80 that the flame may not be cooled and extinguished before the
gases are completely burned. By constructing the boiler in this
manner, the egoait of soot isin a ﬁ“ degree avoided.

Claims—1. Constructing steam boilers with an assemblage of
vertical conical fire-tubes, In combination with an assemblage of
horizontal cylindrical fire-tubes.

2. Constructing steam boilers with an assemblage of vertical
conical fire-tubes, in combination with vertical water-tubes, and
an assemblage of horizontal cylindrical fire-tubes.
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PAVING.
C.J. e M. e LA Haicnois, Finsbury, Patentes, March 31, 1856 _
This invention consists in the employment of lime, sand,
asphalte, caoutchouc, gutta marine- glue, and wood, for
the purpose of forming an even and durable pavement. A layer
composed of lime and sand is laid down to the thickness of about
5 inches on the part to be paved, then a layer of asphalte mixed
with stones to the thickness of about 2 inches, which &
layer of asphalte, either alone or mixed with sand to the depth of
about 1 inch, is laid down, in which are embedded, at equal dis-
tances, strips of vulcanised caoutchouc or gutta percha. In the
last application, a layer of asphalte, of about half-an-inch in
deptb, is laid down, and then the strips of vulcanised caoutchouc
or th—%erchn, of about half-an-inch in thickness, and from a
hal{“wtm-qmmnofminchin breadth, so as to form
squares or lozenges. The ctng- are placed from 6 to 10 inches
and are secured together by iron hooks or ties, at a distance
3 to 5 inches from each other, which hooks through them.
Instead of using hooks, the strips may be bevelled at the edges,
%0 as to be firmly embedded in and secared by the asphalte.
When the strips are laid down, a second layer of asphalte is
ied, 30 as to be on & level with the strips of caoutchouc.

ep.vingl::{booomtmmd by firet laying down on a bed
or layer of asphalte, mixed with small stones, small cross pieces
of wood of about 1 to 2 inches in breadth, and half-an-inch in
thicknees, injected, according to Dr. Boucherie’s process. Upon
these cross pieces are placed the strips or bands of vulcanised
india-rubber or guttt-pemha. p:ﬂued as hereinbefore described.
As asphalte does not natul { adhere to caoutchoue, it is
necessary to apply a thin coat of marine glue or other similar
substance to those parta to be placed in contact with the asphalte
before being laid down; the asphalte bem'g hot causes the marine
glue to melt and adhere to it strongly. The strips ot caoutchoue
should be embedded in and secured to the upﬂlte during the

cooling of the latter.
Claim.—The method of constructing pavement in the manner

described.

SUBMARINE EXPLORING APPARATUS,
W. E. Newrox, Chancery-lane, Patentee, March 26, 1856. .

This invention consists of a novel construction of boat for
submarine navigation, and improved appliances for supplying air
to divers, and improved means for raising sunken articles.

The submarine boat is made strong enough to resist the
pressure of the water at the depth it is intended to go, being con-
structed of iron with stout ribe to prevent collapse. It has an
egg shape with poiuted ends, and is propelled by a screw turned
by a crank by persons within, or by a clock spring or electro-
magnetic machine. To this boat an ordinar{ rudder is fitted at
the stern, and an up-and-down rudder at the bow. It has two
keels, so that it will sit level upon them. Ingress is obtained at
aman-hole at top. The boat, which forms an air reservoir, is
made large to contain air sufficient for several men to breathe as
long as they may require to be under water without opportunity
to ventilate it.

The boat being constructed air and water tight, with the
windows and veatilating apertures, is ready for use. The crew
enter it with ballast nearly sufficient to sink the boat, and by
means of a stop-cock they admit a quantity of water, and the boat
sinks. By the action of a force-pump a ﬁportion of this water is
ejected, until the boat is of such a specific gravity as will permit
of its rising or sinking with equal facility. The boat is then pro-
pelled in the direction required, and is governed by the two
rudders. Within the boat is placed a lum[), or Drummond light,
shining through the windows, and the pilot can see through the
bow lights his direction, and the objects he encounters. en
the air requires renewal, a little water is pumped oat, and the
boat rises to the surface, two pipes are then thrust up about
6 feet above tl:m water; their va.lp:‘e are optgmd, a.llxd the air at the

part of the interior is pumped out, and its place supplied b;
:Et which naturally lows iu. Or, the air may be pgriﬁed uy;
some de; by a small fountain of lime water issuing in many
jets, to lmb carbonic acid gas, and the issue from a meter of a
small quantity of oxygen gas. There may be a heavy ballast
benes& the bottom or under the shelves at the sides, which could
be liberated from the inside at a moment’s notice. If the weight
be under the bottom, it could be liberated by turning back a
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screw. If at the sides, the weights may be held by hooks, the
turning of which from within would liberate the bd{m, and let
the boat rise suddenly to the surface. When divers lceompug
the boat, they sit upon shelves outside, and draw their brea

from within by means of pipes and a suction-blower, the pipes
being long enough to admit o?ezheir operating at a distance from
the boat. When desirable, the boat can be supplied with venti-
lating pipes reaching above the surface, the circulation of the air
being kept up or quickened when required by means of a suction-
blower within the boat or abovmo water. The boat can be
drawn by a tow line by a steamer, or by the outside
divers to any spot required. Instead of using this novel con-
struction of boat, the inventor propoees in some cases to employ
31.1 air reservoir for receiving and distributing air to a group of

1vers.

The diver should have defensive armour to resist the
of the water at great depths, and m all cases he must have a
head-piece, with which the two ventilating pipes are brought into
connection. One of them, the exhaust pipe, is connected with a
blower or an air pump, by which the air is constantly drawn out.
The other is the supply-pipe, and conducts to the diver the fresh
air which naturally flows down to su?l{ the partial vacaum
caused by the exhaust-pipe. When the defensive armour admits
of the pipes being contained within the casing which is round the
body, the exhaust-pipe should have a branch extending down-
wards to abstract the carbonic acid gas.

In deep water, a lamp is often necessary. A globe containing
the lamp has an exhaust-pipe and a supply-pipe, and the supply
and exhaust air eﬂecb«f in the same manner as for a diver.
A lamp of suitable shape is also attached to the breast or head-

iece of the diver, the air pipes of which are branches of his own
greathing pipes.

The breatfi‘:g pipes must be made flexible, and strong enough:
not to brenk by tension, and with rings or coils of wire within to
resist collapee. At the junction of th:ﬂpipes with the diving
dress, there must be in each of them a valve, so arranged that if
the pipe should break and admit water, the valve would close
and protect the diver. In case of accident to the dress, so that
it admits the water, the supply-pipe must be so situated that the
diver can take it in his mouth, and make sure of breath until he
can rise to the surface and open a stop-cock, which will commu-
nicate air to his mouth from above the water.

Gas bags are employed to recover subme: property when
found in deep water, such as a ship. Each one of them is
calculated to float to the surface a weight equal to aboat ten tons.
Such a bag would be in cylindrical form, about 12 ft. 6 in. long,
and 6 feet in diameter when infiated. The must be e
air tight, and strong enough to contain the gas. It has a valve
held closed by a spring and by the outside pressure, which will
allow the gas to escape whenever the pressure within is greater
than is deemed safe. e bags are connected to the sunken vessel
by chains, and then inflated.

The gas to inflate the bags may be generated from chemical
substances of various kinds. In the drawer at the bottom of the
bag, and which shuts water-tight, a quantity of alkali may be put
dissolved in water or magnesia in a granulated state. Amid this
lies a bottle of acid;—beside this, is an iron shaft having a cam
upon it, and a crank outside. When it is desired to inflate the
bag, the diver turns the crank, and the cam is thrust against the
bottle and breaks it; the acid is diffused in the alkali,and a gas is
evolved which distends the bag, and gives it a lifting power. Or
iron filings may be put in the drawer of the box, or zinc; and in
the bottle dilute sulphuric acid to evolve hydrogen or the
vessel may be inflated by burning in it a slow gunpowder.

The inventor remarks, that it is not in all cases n to
have an artificial draught in the breathini pi If they are
made thick and non-conducting, the warmth of the body of the
diver, and the heat given off by the lamp which he carries, will
make a natural draught.

Claims.—1. The arrangement of submarine vessel, as described,
which is capable of carrying the divers from place to place, and
of supplying them with air.

2. The arrangement above described for creating a circulation
of air through the diver’s helmet at or near the usual pressure of
the atmosphere.

3. The construction of collapsible vessel, whereby the pressure
of the gas generated therein may be regulated as required.
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METROPOLITAN STREET WASHING.

The committeeappointed to superintend the new system of street
washing adopted in Marylebone during the last autumn, have re-
ported that the experiments had been carried out in Oxford-street
and the Edgeware-road, to the t satisfaction of the inhabitants.
The facilities for carrying out the experiments became so increased
that at last the entire of Oxford-street was effectually washed by
a small gang of men in two consecutive morunings. An experi-
ment upon m ised roads was also made, but although at an
unfavorable period, by carefully securing the gully holes free from
the descent of heavy matter, very little into them, and the
experiment was sati ry, the surface of the road being well
bound, damp, and clean for many days after. A new arran,
ment was sni:eeq
which all solid matter was brought in a reservoir or pit
under the grating, so that nothing, even fluid, could pass into the
sewer until it ascended to a dip-stone or trap, which also pre-
vented the ascent of gases from the sewer. On testinf these pits,
no deposit of heavy matter was found therein, and only 4} inches
of mud or sand was deposited there. In a sanitary point of view
this plan will diminish the exhalations from decomposed animal
and vegetable matters, and on the score of cleanliness and comfort
in the avoidance of mud, dust, &c., the public would be greatly
benefited. The relative cost between this and the old system was
50! the old system being 917L and the new system 967.. The
report was adopted.

_————

THE SUNKEN RUSSIAN FLEET.

Ot all the 70 vessels that were scuttled or sunk in the harbour
of Sebastopol between September 1854 and Feb. 1855, there have
been only one steamer, the Chersonese, and a few transposts raised.
The result of the examination to which the others have been sub-
jected by divers shows them not to be worth much expense being
Lestowed upon them. The ships of the line which were sunk at
the entrance of the barbour had already been ten years afloat, and
have now been embedded in the sand there for two winters, so
that they certainly cannot be worth much. The liners, Paris,
Grossfurst, Constantine, Maria, and Tschesma are lying on their
beam-ends, and have been much injured by the lurching over of
the 8, the ballast, and other ponderous articles; the Chrabry,
Kullewtschy, and the steamers imir, Bessarabia, Gromones-
setz, Odessa, Krimea, and Turok are described as standing upright
on their keels, and it is proposed to lift these by means of the
Chersonese and the transporta. As regards those steamers which
were among the vessels that were last sunk, considerable h?Fea
are entertained that they may be brought into service again. The

ies who have undertaken the recovery of these wrecks from
the bottom of the harbour are to be paid for their trouble and out-
lay with one-half the estimated value of all objects recovered, a
remuneration that is t.houiht to be in all probability very inade-
uate to the expenses. The method proposed is to fasten on to
the sides of the vessel to be raised sacks made air-tight with tar
or gutta percha; in the case of a ship of the line it is calculated
that 2000 of these sacks must be used, containing 50,000 cubic feet
of air. Whether the scuttled veesels can ever be used or not it
seems to be decided that they must be lifted, and not blown to
pleces, inasmuch as by the latter process the roads would be en-
cumbered with a vast number of chains, guns, anchors, and other
heavy bodies. which would for ever after obstruct the anchorage
very much.

—_———

A communication from Mr.James Coey was read at a recent
meeting of the Liverpool Dock Committee, describing a plan by
him for improved approaches to the pier. He proposes to erect a
bridge across the Mersey, of 6 spats of 521 feet each, and at a level
above the pierhead of 125 feet, to connect the London and North-
‘Western l&ilway with the Chester and Birkenhead Railway; th
rail on the Liverpool side of the river to be carried on to the top
of a pile of granaries ending at Roscoe-street, where a tunnel could
be formed to Edge-hill. It is stated that the commiteee have also
under consideration a plan p::ﬁnred by the Dock Surveyor, Mr.
Hartley, for alarge graving-dock at the north-east end of Prince’s
Dock basin, as the entrance will be through the north-east corner
of Prince’s Dock. The length of the dock will be 700 feet, large
nough to accomm odate three ships of 2000 tons burden.

uently carried out with regard to gullies, by
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WROUGHT IRON BEAMS*
By TrHoMAS Davies, F.ALLS.

TrE material first used in the construction of beams was doubt-
less timber, and although it has many properties peculiarly fittin,
it for this purpose, yet, on account of 1ts flexibility, and the (hﬁg
culty of getting it of sufficient size and strength for long spans,
its tendency to deea{, and its destructibility by fire, it is in
many cases unsuited for the purpose required.

en the manufacture cast metal became more general,

and the means were obtained of making large castings, the appli-

cab.lity of this material to the formation of beams could not

fail to itself. This material has decided advantages—in

its rigidity, in its capability of being made of almost any

uired shape and strength, in its non-liability to decay, and

in its incombustibility; and consequently, it has come to be very
extensively used for the purpose referred to.

There has, however, been a general want of confidence in
beams of this material, arising from different causes. One objec-
tion is, that when a beam gives way, it does so without any
previous warning. Another objectiun is, that although we have
innumerable experiments on the strength of cast-metal, by which
we are enabled to calculate the amount which any particular
beam of this material oufht to carry, it does not follow that it
will bear that amount. In a large casting there may be some
inequality in the metal used; again, if there is much difference
in the thickness of the parts, the cooling of one part before
another produces, to some extent, a tendency to fracture,
especially if subjected to any sharp concussion; or the casting
may be clean and apparently sound, and yet there may be a
flaw, of which nothing can be known until it is revealed by a
fracture. No doubt, to guard against these defects, we have
the system of testing; but this is not always to be depended
upon, as it has been considered, that in some cases beams have
been tested so nearly to the limita of their strength, that, though

ing the ordeal, they have been permanently injured thereby.
is suggests another objection, that though a beam be in eve
way sound, yet, if it is occasionally subjected to great straius, it
wi]{ ultimately be so much weakened, as to break with a load
much lees than the original breaking weight.

The result of the want of confidence above mentioned has
been, that cast-metal beams are %enen.lly made much stronger
tan, judging from experiment, they require to be, necessitating
heavy castings and increase of cost, with the additional draw-
back of great weight and difficulty of handling.

Malleable iron i)eams unite, to some extent, the advantages of
both timber and cast-metal. They possess the advantage of
timber, inasmuch as they are comparatively light, and therefore
easily handled, aad when overloaded, they show this by yieldins
considerably before breaking. They the advantage of
cast-metal in their incombustibility, in their being capable of
being conveniently made ot any required strength, and even to
some considerable extent, in their rigidity; for although malleable
iron is comparatively flexible, yet this quality is in a great
measure c.unteracted by the mode of constructing the beams.

Messrs. Stephenson and Fairbairn, in their investigations and
experiments relative to tubular brid were the first to call
general attention to the use of malleahle iron in the construction
of beams. After many experiments on various sections of tubes,
they arrived at the rectangular tube, or box beam, as the best;
and it was a simple step, by dividing itin two by a vertical line,
to come to the double ﬂa.:ﬁe or plate beam, w{ich is the most
convenient shape for general use.

Mr. Fairbairn, in his valuable book on cast and wronght-iron,
shows the superiority, in many respects, of malleable over cast-
irou for beams. He shows, moreover, that, contrary to what
takes place in cast metal, the upper flange requires to be ln.r%er
than the under one, in the portion of 2 : 1, and gives formule for
calculating the strength of beams. There is, however, this
drawback, that while his book contaius the details of many ex-

riments on various sections of cast-metal and malleable iron

x beams, there is almost a complete want of experiments on
malleable iron plate beams. There is given, in fact, the result of
only one experiment on one kind of plate beam, and this experi-
ment was not altogether satisfactory.

This circumstance, there is little doubt, has tended to deter
many from adopting this of beam. Having made several experi-

* Kead at 8 Meeting of the Architectural Institute, held in Edinburgh on Feb. 18, 1856.
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kind of beam referred to, I considered, under the
that the results of some of these might be accept-

able to this Institute, and might tend to the more general use of

a beam which has decided advantages for many p:

Having had my attention drawn to the icability of malle-
able iron for beams, and baving long share?m the general want
of confidence in cast-metal already alluded to, I determined to
take the first opportunity of making a trial of them. AnopFr-
tunity having afforded itself of using them, I consulted Mr. otk
engineer, Leith Walk, and had the benefit of his experience; an
I was so satisfied with the result of the trial, that since then I
have not used cast-metal for beams of any importance.

The beams in my first experiments, I am sorry te say, were
tested by a Bramah Prees, which I afterwards discovered to
be very inaccurate, The results of the experiments, however,
which are to be laid before this meeting, are only those which
have been obtained by the application of dead weight, so that
there may be nothing to ereate want of contidence in the state-
ments now laid before you. These exPerimenu were made at
various times in Mr. Tod's None of the beams were
tested till they broke, as all were intended for use; but, as most
of them were tested to a deflection greater than that to which
it would be advisable to have them permanently loaded, they
give data for guidance in fixing the dimensions of other beams.

ments on the

S Ezxperiment 1.
.4
i “eX2X¥ Length of Beam .. o 12 f0in.
.-; ) ” Bearing ... .. 11 , 8,
o™ # Weight of Beam ... 4cwt.1qgr.
. - IXINE ~ The Load rested on 20 inches in the
. = ‘ middle of the Beam.
x#
Divisions of Load. Load. Deflection Deflsction
Loading. Unloading.
Cwi. Qra. b Cwt. Qrs. Ib. Ins. 16ths. Ins. 16ths.
00 o0 0 0 O 00 00
33 0 21 33 0 21 0 2 03
42 2 14 7% 8 7 0 38 0 4
65 2 14 141 1 21 0 4 0 5 nearly|
38 8 0 180 0 21 05
27 0 7 207 1 0 0 6 0 6full
28 8 20 238 0 20 07 07
Load 11§ tons,
Deflection ... .. .. vath inch.
There being no apparent permanent deflection.
e A Ezperiment IL
! “2xaxk : .
Length of Beam ... 17 ft. 2in,
i, i' » Bearing . 16 4, 6,
‘e Weight of Beam... 6 cwt.2 qr.
/2')( Z'Xi. The Load rested on 21 inches in the
. middle of the Beam.
i
Divisions of Load Load. Deflection ion
) Loading. Unloading.
Cwt. Qrs. Tb. Cwt. Qrs. Ib. Ins. Sths. Tus,
00 O 0 Q(l)‘ 0 n(;. 0 l())‘ Blﬁu.
37 2 0 87 2 0 01 0 2
38 0 24 70 2 24 0 2 0 38 nearly.
64 2 16 126 1 12 [} 0 3full
52 0 O 177 1 12 0 4 0 4ful
52 0 0 229 1 12 05 05
Load Lo 113 tons.
Deflection ... #ths inch.
Permanent deflection ... inch.
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Experiment IIL
; Length of Beam ... 30 ft. 0in.

X 24X
” Bearing... 28, 6,,
L
< Weight of Beam ... 20cwt.2qrs.
/3ix34x4 The Load rested on 27 inches in the
F middle of the Beam.
12§
Divisions of Load. Load. Deflection Deflaction
Loading. Unloading.
Cwt. Qra. Ib Cwt. Qrs. Ib. Ins. Sths. Ins. Sths,
00 00 0 00 03
34 1 4 34 1 4 0 2 05
12 3 12 47 0 16 03 0 6
9 2 16 56 3 4 0 4 0 7 neart
13 8 20 70 2 24 05 1 Onﬂrg
12 3 12 83 2 8 0 6 1 0full
16 0 8 99 2 16 07 1 1full
18 0 O 112 2 16 10 1 2
18 0 0 125 2 16 11 13
18 0 O 138 2 16 1 2 1 4 neady
18 0 O 151 2 16 1 3 1 4full
13 0 0 164 2 16 1 4 15
13 0 0 177 2 16 15 1 6
13 0 O 190 2 16 1 6 1 7
180 0 203 2 16 17
18 0 0 216 2 16 2 0 2 0
Load 10§ tons.
Deflection 2 inches.
Permanent deflection # inch.
L ”
1% g Ezperiment 1V,
—~— .~ . Length of Beam ... 29 ft. 6 in.
N2¢x2f x§ gth .
. » Bearing... 28 ,, 6 ,,
‘e _*' Weight of Beam ... 14cwt. 3 grs.
(: R
IiIXIi’x * The Load rested on 22 inches in the
|74 A middle of the Beam.
xlx}'
LoADING. UNLoADING.
Divisions
Divislons Losd. | Defleckion. | DFYCD Load. | Deflection.
Cwt. Qr. Ib. | Cwt. Qr. Ib. |Ins. Stha.®  |Cwt. Qr. Ib. |Cwt. Qr. 1b. | Ins. 8ths.*
00 0 60 0|00 00 0 00 0| 0 38§
. e 58 8 58 8| 0 4
171 24 17124 (01 8226 142 6| 0 &
11216 |- 29012)0 2 11216 | 26022 0 6
11 2 16 408 0]03 11 216 37810 0 7
11216 521160 4 11 216 49120 1 0
82 26 61014 |0 Snearly| 11 2 16 61 0 14 11
11216 | 728 2|08 11216 | 728 2| 1 2
11216 | 841 8|07full 11216 | 84118( 1 3
8226 93016110 11216 960 6| 1 4
822 |101814 (11
AR A R A 12fun§1121“ w7222 15
822 [1221 0|18 11216 | 119110) 1 6
8226 |13082 |14 11216 [180826| 1 7
8822 (139820156
s32 |\ 1s03 2 l“nn}usozz 602 1] 2 0
61 0 |156562 6|17
Sy S lins 6 20; 122 0 |16822 | 2 1
61 0 |1680 6| 21full
83014 |171 020122 122 0 (171020 2 2
Load... tons.
Deflection ... inches.
Permanent deflection 1% inch.

* The deflections were observed to 16ths of an inch, but the 8ths only are here given.

5
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Tx¥
£ — Ezperiment V.,
h%$¢3°¢ 4
' Length of Beam 23 ft. 6 in.
" __”_‘f 9 Bearing 22,6,
7 Weight of Beam 13cwt. 24 qr
R The Load rested on 21 inches in the
grﬂ 2X2%% middle of the Beam.
L
x§
LoaDING. UNLOADING,
Divisions
Em Load. Deflocticn. | Dpvision Load. | Deflection.
Cwt. Qr. Ib. | Cwt. Qr.1b.| Ina 16ths. [Cwt.Qr.Ib. [Cwt. Qr. Ib. |Ins. 16ths
00 O 00 O 00 00 0 00 O 0 2
171 24 17124| 0 38
84 8 20 34 8 20 01 201 14 87810 0 4
201 14 5561 6 0o 2 231 4 |- 61014{ 0 5
26 0 22 812 0 0 3 231 4 84118 0 6
281 4 [1043 4 0 4 231 4 |107222| 0 7
20114 | 125018 05 281 4 |18032 | 0 8
181 8 143 1 26 0 6}
188 0 [163026| o 7§ [250 0 [156336) 0 9
188 0 | 180 3 26 Og 250 0 {180826( 010
188 0 199 2 26 0
15214 [216112 olog 250 0 | 206326 011
15 2 14 | 230 3 26 0}; 250 0 | 230826 012
122 0 | 2431 26 0
B | siae| Olaf|msu |m2s12| 018
18112 | 2691 10 014 16126 | 269110 0 14
Load ee we 13k tons.
Deflection ... . ths inch.
Permanent deflection . th inch.
I have as yet had only one o};portunityof ing a rolled
malleable iron Beam, of which the following is the t—
. Ezxperiment VL
Length of Beam 10 ft. 9 in.
9 Bearing 10, 3,
‘Weight of Beam ... 3cwt. 21 1b.

The Load rested on 8 inches in the middle of the
Beam,

On account of some circumstances, the testing was not quite
80 satisfactory as could have been desired, so that the observed
intermediate deflections are not given. The total load, however,
was (2044 cwt.=) 10} tons. The deflection was §ths of an inch,
or perhaps y,ths of an inch. The permanent deflection, after
the removal of the load, was 3th of an inch.

It ought to be noticed, that the loads by which the beams in
the foregoing experiments were tested, consisted for the most
part of railway bars, requiring two men at each end to lift them,
and that in loading there was a considerable amount of concussion
and vibration, so that the test was considerably more severe
than that due to the mere application of the load stated.

The foregoing are the details of all the experiments I have to
bring before the meeting. I do not attempt from so few cases to

neralise; but in the meantime I leave them before the Institute
gr their consideration. I may mention, that I am inclined to
doubt the accuracy of the proportions of the upper and under
flange for plate beams, as given by Mr. Fairbairn; but I am
not at pmc'llxtx. x)n a position to spea{ definitely on this subject.
See A i
¢ Therl;pi.;none remark, however, which I beg to make, before con-
cluding this part of the paper. The flexibility of malleable
iron beams, is no doubt greater than that of cast-metal beams,
but it is not so great as to prevent them being used for most
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urposes. For instance, it might be supposed that such beams
l:vete, from this cause, inappl?c:gle to thmelpaupport of walls already
built, where the lower part has to be removed, as in the case of
the alterations in shop fronts, which are continually being
made in this city; but I may give the result of an experiment
made in an alteration in Princes-street, as a case in point.
A pair of beams were used, similar to that referred to in Ex-
riment IL except that they were 2 inches deeper, the length
ming 14 inches greater, and the actual bearing, when put in
theirﬁl:se,beingw&.ein. After the masonry above the
beams been keyed up, and the supports to the removed,
8o as to throw the whole weight of the wall above upon them,
the deflection was only #sth of an inch. I do not mean to say,
that this was all the beams had yielded; but the keying up,
before the supports were removed, had taken up whatever ad‘x-
tional yielding there had been, although this must have been
very little, as there was no appearance, so far as the eye
oo;{d detect, of any deflection in the beams.

Appendix,
As already stated in the body of the , I was inclined to
doubt the the Mm ot the upper and under
as stated by Mr. Fairbai Since then I have made
another experiment upon the beam used in iment V.
but reversed; that is, with the large ﬂme un the
results of which are given in the annexed table—
aixy
. Eaxperiment VIL
ELV.4
2x2x§ (Same Beam as tested in t V. the larger
flange being J)
. Length of Beam ... 23ft.6in
° R Bearing ... 22, 6,
Weight of Beam ... 13 cwt. 2§ qr.
, , The Load rested on 21 inches in the middle
| Ex3Ix% of the Beam.
TXE
Loapixa. UxLoaDING.
Divisi : Divisions
Divisions Losd. | Deflection, | Divisios Load. | Defloction.
Cwt. Qr. Ib. |Gt Qr. Ib, |Ins. 16the.  [Cwi.Qr. Ib. | Cwt. Qr. Ib.| Ins. 16ths.
00 0 |00 00 O 00 0 00 0] 0 8
242 1 242 10 1 190 7 190 7| 0 4
171 8 4183 4|0 3 19°2 21 8838 0] 0 5
13034 300008 211 0 600 0| 0 6
18 0 24 802410 4
14310 9301205&.‘ 718 )818|07
1 1 1101 24 |0 6
201 |130224 |0 7] [34224 (1920 4] 08
gglo 150324 |0 8 84224 | 1568 0| 0 9
016 (1740120 9
201 1 |194118 omf 813 8 11563 8] 010
27118 (2118 8011 23028 {2118 8| 011
15 020 | 226 8 28 (0 12 15020 | 226823 013
156020 | 242015018 15020 |242015]| 0138
15683 6 | 257 82110 14 1583 6 | 257821 014
12016 (2700 9|015 12016 | 2700 9| 015
Load 134 tons.
Deflection ... inch.
Permanent deflection yisths inch.

The circumstance of this being the same beam which was
tested in Experiment V.and which received a set of }th of an
inch in the opposite direction from that in which it was strained
in the present instance, accounts for the apparent anomalies in
the above experiment, as compared with the results of the former,
Thus, at the commencement of the second testing, the beam falls
more quickly than on the former occasion, while as the i
ment proceeds, it seems to recover atmnt%th, and there is little
difference in the ultimate strength in both cases. Again, in un-
loading, the beam in the second testing springs up more
quickly than in the first, which is inconsistent with the idea of
its being weaker, as the observed deflections imply.
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An allowance ought therefore to be made for the greviou
set of 3th of an inch, and the following table is probably near
‘what ought to be substituted for that just given.

Experiment VIL (a8 corrected.)

Loapixa. URLoADING.
Divisions Divisions
of Load, Load. Deflection. of Load. Load. Deflection.
jCwt. Qr. Ib, | Cwt.Qr. 1b. | Ins. 16ths. [Cwt.Qr. Ib. [Cwt. Qr. 1b. | Ins. 16ths.
00 0 00 0 00 00 0 00 0 0 1
e e e e 190 7 190 7| 0 2
350 0 350 0 01 19 2 21 38838 0| 0 3
280 0 580 0 0 2 211 0 600 0| 0 4
270 0 850 0 0 3 271 8 871 8| 0 &
25124 1101 24 0 ¢
21 0 | 130 2 24 05 84224 1220 4| 0 6
201 0 11508241 0 6) 14994 |1568 0| 0 7
23018 | 174 0 12 07 318 8 |1882 8| o 8
201 1 [194118 0 8
17118 |[2118 38 09 23023 (2113 8| 0 9
15 0 20 | 2268 3 23 010 15020 (226323 010
15020 | 242 015 011 15020 (1242015 011
158 6 | 257 8 21 012 1583 6 | 257821 | 012
12016 (2700 9 018 12016 | 2700 9| 013
Load... ... 13} tons.
Deflection ... {2ths inch
Permanent deflection ysth inch.

It woul(}_ h;vm desir;rle, in ldt:rder to have obt.ai];od the
stre of the as above, without requiring to have re-
com;.gﬂtlo allowances, to have used a beam whichghad not been
previously strained by testing. This was intended in making
the above experiment; but through a mistake, the same beam
'was used over again, and there was not an opportunity of making
another experiment before the beams were sent away.

It would be very unadvisable to attempt to draw particular
conclusions as to the exact proportions of the upper and under
flanges, from these two experiments merely, but the results seem
to warrant us in coming to the general conclusion, that for this
kind of beam the flanges ought to be nearly equal, the under
flange being rather larger than the upper.

Since making this Iast experiment, and coming to the above

neral conclusion, and while preparing this paper for the press,
%ehave seen a new work by Mr. Fairbairn, entitled, ¢ Useful
Information for Engineers.” In it he inserts some of the mathe-
matical investigations of Mr. Tate on the subject, which quite
agree with the statements here made. Mr. Tate concludes his
remarks by saying—*“The difference in the value of these con-
stants is so smaﬁl, as to lead us to infer, that the beam in
Experiment 12 approaches to that of maximum strength with a

iven quantity of material. The sectional area of the top and
ottom flanges are to each other as 14 : 15, which is very nearly
a ratio of equality.”
e et eee.

FRICTION OF MACHINES.

Bourxg, in his work on the Steam-Engine, says:—“ The fric-
tion of iron sliding upon iron has generally been taken at about
on;—:ianth of the urg,ln:vh;n l1lihe surfaces are oiled ﬁA.‘nd thel}
wiped again, so that no of oil is interposed. The friction o
iron rubbing upon brass has generally been taken at about one-
eleventh of the pressure, under the same circumstauces; but in
machines in actual operation, where a film of some lubricating
material is interposed between the rubbing surfaces, it is not
more than one-third of this amount, or 1-33rd of the weight.
While this, however, is the average result, the friction is a good
deal less in some cases. The fact appears to be that the amount
of the resistance denominated friction depends, in a great
measure, upon the nature of the unguent employed, and in
certain cases the viscidity of the unguent may occasion a greater
retardation than the resistance caused by the attrition. In
watchwork, therefore and other fine mechanism, it is neces
ur{ both to keep the bearing surfaces small, and to employ
a thin and limpid oil for the purpose of lubrication, for the
resistance ca by the viscidity of the unguent increases with
the amount of surface, and the amount of surface is relatively
greater in the smaller class of works.”

" to the conjugate and
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PROBLEM:
TO FIND SEVEN TRUE CENTRES TO STRIKE AN ELLIPSE.

A L S
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Either by calculation, or geometrically, as in dotted lines in
figure, or Euclid, Prop. IL, Book VL, find the 4th proportionals
transverse radii, and set the larger on C B

extended to E.

Form the rectangle A B CD and join D E.
Then AB:CD :: CD: Aa
And CB:BA :: BA:CE
Now strike the curve CF, and bisect the angle joining E G.
From a as a centre, with distance a B, cut EG in H; the point
H is the centre for curve GI. Unite D H and extend to J, and
fmlﬁJ with distance J B cut JD in K; join Ka and extend
to
The points and a, are the true centres for the ions
ofcurvgoCG,E’Gf’I]II;andzA. port

Barcelona, Nov. 9th, 1856.

——
NOTES OF THE MONTH.

Mr. R. Raywood, Penistone. York, proj an improvement in
the rails u.seg:x the permanent way of railways, by forming them
of two parts each having a T-shaped head or edge formed upon it,
80 that when they are placed together the two will constitute a
continuous rail, having a section corresponding to those now in
general use; by this means the necessity of what is usually termed
the “ fish joint” will be obviated. One ent, found to
answer, is as follows :—suppose two bars of any convenient
length, and suitable in width, &c., each having, as before men-
tioned, a T-shaped head or edge; these bars have also grooves or
slots formed in such a manner, that when they are placed side b,
side, one edge of one will take into the groove of the other, by this
means securing them so as to form the rail, as mentioned. If
necessary, the two l)art.s, formed as above, may be united by
bolts or other suitable apparatus.

Mr. Duff, of the Oakbank Engine Works, Glasgow, has effected
an improvement in the construction of the high-pressure non-con-
densing engine. It consists of two cylinders, instead of one, as in
the onfinary form of construction. The steam from the smaller
of the two cylinders, before passing into the atmosphere, exhausts
itself into the second cylinder, which is three times the capacity
of the first. The effect is that the steam gives three-fourths
additional power as contrasted with the same volume of steam
acting through the former or single oylinder engine, in proof of
which the improved engine, with a cylinder of onlmght inches
diameter, is doing the work with greater facility than the single
cylinder engine, which has one of 10 inches diameter, the length
of stroke and pressure of ateam in both being the same. But
there is in addition this material distinction, that the improved
or double-gylinder engine effects a saving in fuel of about 40 per
cent., The engine is now in daily operation at Mr. Duff’s works.

5.
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The annual general meeting azid conversasions of the Architec-
tural Institute of Scotland was held on the 1st ult. in Edinburgh.
The attendance of members and guests was large. The collection
of photographs and architectural mﬂ:vinga was extensive. The

hotographs which attracted particular attention were the hﬁt
Kithorbo attempted in Scotland, bw. Kibble, of Glasgow. The
Lord Provost was called to the chair, and Lord Neaves delivered
the introductory address of the session.

The first annual exhibition of the association recently established
in Scotland to encourage the application of art to objects of orna-
ment and utility, was opened at Edinburgh on the 13th ult. by a
brilliant and well-attended conversazions. The exhibition isto be
an annual one.

It is stated, that Mr. Charles Manby, who has, after 17 years’
service, resigned the post of secre to the Institution of Civil

ineers, succeeded the late Mr. Starbuck, as the represen-
tative in London and on the Continent of the extensive engine
manufacturing firm of Robert Stephenson and Co., of Newcastle-
on-Tyne. Mr. Manby is su ed as secre by Mr. James
Forrest, who has been connected with the Institution for the last
14 years.

imborne Minster is about to undergo complete restoration.
The chancel and its aisles having recently been repai under
the superintendence of Mr. Wyatt, at a cost of raised on the
tithes, the necessity of restoring the remainder of the minster has
become more apparent. It is uﬂﬁrx the work of restoring
this fine specimen of Norman and y English styles of architec-
ture will rapidly progress. The general features of the minster
are of the Norman period, especmﬁ; the eastern tower, triforium,
the chancel, and the arches of the nave.

A bridge of novel construction is now being made in this country
for the Indian Railway. It is intended to cross the river
Soane, one of the tributaries of the Ganges, and when completed
will be nearly a mile in length. There will be 29 piers, and the

from pier to pier will be 150 feet, being about 26 feet more
m the span of the arches of the High-level Bridge at Newcastle-
upon-Tyne. Like thatstructure, it will consist of two roadways,

e upper one for the railway, and the lower one for foot-passen-

and palanquin-bearers, the height from the lower to the upper
way being 26 feet. The peculiarity of the construction is that the
two roadways are fastened together and supported by latticework
of wrought-iron, combining great strength with a light and ele-
gant appearance. The bars are of channel iron, and cross each
other Siagonally, being firmly riveted together at each crossin
One complete arch has just been constructed at the Elswic
Engine Works, Newcastle, by way of experiment, and the result is
most satisfactory. The entire weight is 120 tons. It was made
with a slight curve, 2 inches higher than a dead level, and when
tested with a weight of 362 tons it only went down 2 inches below
the level, or 4 inches altogether at the centre. The separate
lengths or arches will rest at each end on five rollers of cast-iron,
to allow of expansion and contraction, according to the variation
of the temperature. The engineer en‘pged in the construction of
this bridge is Mr. Rendel, of London. As soon as the
bridge is completed it will be taken to pieces in order to be shipped,
and will be reconstructed in India.

The Grand Trunk Railway of Canada is now open tbrousbout
from the St. Lawrence where the great Victoria tubular bridge is
in progress to the western terminus at Lake Ontario, near To-
ronto, a le of 850 miles. A single line only has as yet been
laid down. The whole route is level. The Victoria bridge will
not be finished till 1860. The cost of this structure was originall
estimated at 1,455,000{., but this sum has since been reduced,
and the present calculation of its probable cost is about 1,250,000L
It is supposed that in its erection 250,000 tons of stone and 7500
tons of iron have been used; the iron superstructure issupported
on 24 piers and 2 abutments, the centre span being 330 feet; there
are 12 arns on each side of the centre, 242 feet each—the
extreme length including abutments is 7000 feet. The height
above summer water level in the centre opening is 60 feet,
descending to either end at the rate of 1 in 130. The contents of
the masonry will be three nillions of cubic feet; the weight of iron
in the tubes 8000 tons. The following are the dimensions of tube
through which the trains pass in the middle span, viz.: 22 feet
high, 16 feet wide; at the extreme ends 19 feet bigh, 16 feet wide.
The total length from river-bank to river-bank will be 10,284 feet,
or about 50 yards less than two English miles. On an average
there is a station on this line to every 6 miles, 2 men to every 3
miles, and & locomotive to every 4 miles.
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The Lords of the Treasury have ted to Mr. Inman, the late
chief surveyor of the Office of Works, a pension of 533/ per
annum.

The Queen has conferred the honour of knighthood upon Mr,
Rowland Macdonald Stephenson, of Glo\lou:zrnea,ﬂys?pwk,
‘and late of Calcutta, Civil Engineer.

Mr. J. Jay has undertaken to complete the Carmarthen and
Cardigan railway from the M ill station of the South Wales
railway to Llandissil for 135,000{.

The Secretary of the Treasury, United States of America, has
awarded a contract to E. Harmon and Co, for the erection of an
iron building for a Marine Hospital at New Orleans. This model
fire and heat-proof structure is destined to initiate the use of iron
in the construction of the public architecture of the country. It
is regarded as the most important measure for the interests of iron
manufactures ever adoptecro by the national goverument.

At the conclusion of the inquest on the bodies of the men killed
at Southampton by the explosion on board the steamer
the verdict was a very elaborate one, the substance of which was,
that the deceased met their deaths by the accidental bursting of

the starboard forward boiler on board the Parana, during the trial
of an experiment as to the superflucus heat in the up-take; that
by a t amount of caution the aocident might have been

ven

l; that the evidence proves that one safety-valve applied to
one boiler is not a sufficient protection to life and property; that it
is questionable whether safety-valves are constructed on sound
and effective principles; that the safety-valve of the boiler which
caused the accident was insufficient in dimensions, and defective
in principle; and, lastly, the Juz declare, their conviction that
the Royal Mail Company and their officers had displayed great
anxiety to obtain perfection in their machinery and to
agrsinst accidents, In having their boilers and engines in good
ordor.

Experiments have recently been made at Woolwich, to test the
power of resistance of timber lined with 4-inch iron plates—the
combined materials being of the same thickness as the floating
batteries constructed during the late war; and also to test the
durability and quality of iron plates manufactured by rolling, as

com with iron turned out by the hammer. The target was
an immense construction of timber, lined with 4-inch plates of
iron of both descriptions, the total weight was 30 tons. Twenty-

four rounds of 68 pounders were fired at this target with the
following results :—the first 14 rounds were fired at a distance of
600 yards, and after the first few rounds the timberwork gave
way in several directions. The last 10 rounds were fired at a
distance of 400 yards, and the work of destruction consummated;
the timberwork of the target was completely broken and splin-
tered, and the Ehm of iron made by the rolling process were cut
up and split, having apparently but little adhesion. The iron
piates which had been made by the old process resisted the solid
wrought-iron shot much more su y, and it was apparent
that these plates more adhesive power than the rolled
plates. By the force of the cannonade the immense t was
forced by the concussion several feet from the foundation or box
on which it was placed. The last shot fired went completely
through the ta.riet, timberwork, and iron included. It was the
subject of remark by several practical men, that the principle of
combining timber with iron plates, was, no doubt, the best that
could be at present adopted; but it was evident from these expe-
riments that such plates must be improved upon before they could
resist the concussion of repeated discharges of heavy shot.

Messenger’s Triangular Tubular Boiler, recently patented, con-
sists in surrounding the fire with tubes, which form water
spaces extending from front to back, and secured at each end
to socketa cast on inmer plates, with sides, and ends, and
flanges, to which are secured front and back plates. A water
space is thus formed between inner and outer plates which com-
municate with the tubes. Water admitted at the lower tubes
becomes heated, circulates through all the tubes and water s H
and rises to an outlet at the upper part of the boiler, from wgenoe
it is conveyed to whatever place 1s required to be heated. The
patentee describes ita advantages as: 1st. The amount of surface
which is by this arrangement exposed to the fire, reduces the quan-
tity of fu uired very considerably; 2nd. Tubes bein for
fire-bars, all burning of the iron is prevented; 3rd. Should any
tube become injured, it can be replaced without in the least dis-
turbing the other part of the boiler. To convert it into a steam-
boiler, the patentee proposes to add a steam-chest, communicating
with the water-spaces.
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OBITUARY.

Recently, Mr. Nash, one of the oldest members of the Bociety
of Painters in Water Colours. He devoted his attention in early
life to making drawings of eoclesiastical and other ancient
buildings for the illustration of to?gnphiul works, and con-
ﬁnuedwwnint-mﬂn' ilar subjecta.

eadw” Mr. R. R M‘Ian, Artist, an Associate of the Scotch

emy. -

On the 24th ult., Dr. Paris, Physician. He was born at
Cambridge on the 7th of Augst, 1785, and at 22 of age he
was elected physician to the Westminster Hoepi He was for
a short time in practice at Penzance, and while there founded the
Royal Geological Society of Cornwall, When at Penzance he

ve to the miners the great boon of the tmnping bar,” the
nstrument by which they are enabled to pursue their business
amid inflammable gases without the fear of striking fire from the
rock. He was elected President of the College of Physicians in
the {):.1844, and this office he held until the hour of his death.
Dr. is possessed rare li talent, and was the author of
several sterling works. His “ Life of Sir Humphry Davy” will
ever remain one of the classical biographies of the lish

COMPETITIONS.

Designs and estimates are required for bailding a master and mistress’s residence, and
te 100 children, with a boundary wall and wﬁrudla,

and all the necessary fittings for the achool, In the parish of Peterchurch.  Hereford.
phut:n:eufmmladzgnm:mgrn "'“""""”'l,‘,""’"m

er 10004, Plans sent to Mr. Thomas ,

Wales, by the 20th inst. ¢ Lewia, Hay,

Design and specification are invited for a to be erected in the town of Lianelly
in late w:«wm Particulars be had of
Lianelly. Designs to be sent in by the S1st

. fon approved by
Plans to be delivered at the office of the Board, No. 6, Church-street, Sun-

tice appolnted by the Town Council of Bristol, to superintend the erection

of a New Panper Lunatic Asylum, offer premiums oll'lool.,l:ot., and 25i. for the

. leﬂolbenmm fed with s) tions and
to

, wit! quisi ces, and accom-
be expended on the bulldl.T to be
The building material found on the

ble. The elevation to be of a simple but
The * Suggestions and Instructions” for building c
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erection not to exceed 3500, Particulars be had of Mesars. G
A y may race and Yoole,
Designs for a church to be Berne are invited from architects of all countries
3mb«u of the *Catholic olm‘:zydﬂeno." The cost not to exoeed
The first prise is 604 ; medals, and silver, are also offered.
The Barial Board of Gl Cemetery have d the d of Mesars. Medland
and Maberly, for the new cemetery, from that were submitted by various

The plans of Mr. T. L. Evans, of Abingdoa-street, Westminster, for the drainage of the
Relgate, ‘Barrey, have boen selected, and the first premium

The of Mr. of the firm of
ubdgn Bnny( Banks and Barry, has been selocted for the

for
Mr. Lindley, of Ashton-under~
Manchester.

The Committes have selected the
,nx&mnone-dmmmum Zotoumm-,

25

INSTITUTION OF CIVIL ENGINEERS OF IRELAND.

A general moeﬁ§ of the members of this body was recently
held in Dublin, G. W. Hemans, Eaq, the recently elected
President, in the chair. .
" The President, in his inaugural address (in which, after some
remarks expressing the respect and gratitude felt by the insti-
tution towards the past Bmidentn, General Sir J. Burgoyne,
General Sir H. Jones, and Dr. Griffith, for their originally form-
ing, and subsequent support of the institution), proceeded to
represent the great influence such a society might have, if pro-
perly supported, in elevating and establishing the profession of
civil engineers. He considered that some test of a public nature
was wanting to establish a right to confidence when men seek to
be entruneﬁ with works of the utmost importance to society.
At present many unqualified persons assumed the title of civil
engineer. As there was no law to prevent this, it should be the
object of the institution to endeavour, by taking sach a scientific
standing as would eomman:’llrublic respect, to distinguish its own
members as recognised civil engineers, who could not without
adequate merit have been admitted into their society. For this
object it was n to make exertions to elevate the society
itaelf, and to kesp up its public interest by more freﬁt:ent com-
munications from the members, descriptive of public works.
A paper ought to be required from eve!'lzh new candidate for
admission in order to test his ability. e public works of
Ireland were then alluded to, and some statistics given of outlay
on, and results of Irish railways. The capital expended was up
to the present time about 15,000,000, and the number of miles
about 1000, giving an average of 15,000/. per mile, about half of
the whole length being single lines. In England the average
outlay was about 39,000/ ger mile. In Ireland the working
expenses were 41 per cent. of gross receipts—in England, 48 per
cent.; but this included taxee, from which Ireland was exempt.
The receipts per mile in England were over 50L week, in
Ireland only 204. per mile per week; but the dividends in Ireland
averaged 403 per cent.; in England only 3:85 per cent. After
mentioning the railway bridges over the Boyne and the Shannon,
and the Cork tunnel, the President then in review somo
other Irish works, such as the new docks at the end of the North
Wall, Dublin—the |Kingstown Harbour Works—the arterial
drai &ec., and regretted that accounts of these had not
been brought forward, so as to enable him to notice them now in
detail. He then stated that some highly interesting, practical,
scientific problems awaited solution in the coming year. The
General 'ansat.lmtic Telegraph Cable, of which details were
given as to the pro method of making and laying, and
explaining that the whole cost would onlg.obe 350,0001., for which
messages would, it was expected, be sent from America to Ireland
at the rate of ten words per minute, or 14,000 per day. The
Great Eastern steamship, of 22,500 tons burthen, was then des-
cribed as a novel feature in navigation, destined to be one of the
wonders of British enterprise. e is to be ready for sailini in
the ensuing year. The method by which she is to be launched
was explained. A very interesting machine for boring tunnels
through rocks in one operation was then described. It had been
adopted by some eminent contractors and engineers on trial, and
having succeeded in a tunnel of 5 feet diameter, was now going
to be applied to much larger dimensions. Its rate of progress
would far exceed ordinary tunnelling. The invention was due to
Captain Peurice, of the Royal Engineers. If ultimately success-
ful, it would cause great changes in tunnel practice. The Roque-
favour Aqueduct in France; Mr. Brunel's great bridge at Saltash,
the centre pier of which is about 200 feet high, and built in an
iron cylinder to a depth of 90 feet below high water mark; the
Niagara Suspension Railway Bridge, 800 feet span; Mesars. Gordon
and Liddell’'s Crumlin Viaduct; Mr. Stephenson’s Victoria
Bridge, &c., were then briefly described as constructions worthy
of careful study; and the President concluded by expressing his
sense of the honour done to him by his elevation to the chair, and
his hope that all their meetings would be conducted in good
feeling and harmony, and that they would be well supported in a
professional point of view.

On its conclusion, Dr. Griffith rose to express the pleasure and

ifiecntion with which he, and he was sure all present, had

Fl‘:t':ned to the important and elaborate address the President had
fuvoured them with. He to move that the marked thanks
of the institution be given to Mr. Hemans for it.

e —
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NEW PATENTS.

PROVISIONAL PROTECTIONS GRANTED UNDER THE PATENT LAWS
AMENDMENT ACT.

Dated Amw.
2018. F. Long, Pcrb—lmpvmk in Mfe-
September 8.
2092. B. Sabatier, M—Immmu in photography

2142. E. Green, Wakefleld hmpmw ny ployed to-cleanse boller
— scra) em;
ubuaniﬂuutm‘eoonmhlng pes

muw.rm-mrmm mmhghm-lmwmuhm wires
ased in otcnmuhlln&nm:% *

Dated September 34.
2288. J. B, Kawoll. Sheffleld, and N. Harvey, Haymarket—Improvements in steam

2858 D. Joy and W. Holt, Leods—1: 3lnhydnnl.lc okl engines,
oy mprovemen motive power
QMWMM%IW P

Dated October 18.
2406. G. Guillaume, Southam, nkrm—u apparatus for obtaining motive power by

mweans of water or other fi

2476. W, E. Newton, Chaneurhno—lm nd mwhlwylormllh(nndfugin‘hm
or steel. (Communication) pro

MWR&
stadt pr in obtaining instantaneous light
mommm
connected there-

2518. J. Fordred, Islington—Improvements in lamps and apparatuses
zith ‘and in mubmﬂnc certain liquids for t.he production of light. (Communica-

ion)
2520. J. Fenton, Low Moor, near Bradford—An improved method of and signal appa-
ratus for preveuting aocidents on rallways
Dated Ootober 31.
B. Goodfellow, Hyde, Chester—Improvements in the construction of steam-boilers,

32512, H. Hochstastter, D

mdinthe mode of su ing steam-boilers in their seatings R
2569. D. E. E. A.de vanon, Essex-street, Strand—Im ts in cleani
sorts of cloth fabrics and skins, by the lpyliutlon of a substance so called cuburlne
ZAHolt dJMﬁundeﬂL&nA'ran Wakefield—Im
2624, an t near |—] ve-
ments in machinery for 'vingnnﬂ'tndothergoods il pro
Dnud November 8,

2630. W. G ‘Widnes, L ta in the manufacture of carbonates
Mmdhm,mdofmmue,mdmthnunfdlppumdmdmchm
on-barl?
2658. J. Pmeuon, Bevm-loy vements in a| for churning, which
li of roots and substances

2660. l Bu:he. mngov—lmprvvunenu in lamps and apparatus for affording or
[
3662”}% thkbu. I ts in hinery for making bricks, tiles,

plpao, and articles made of plastic materials

2664. W. H. Balmain and T. Colby, 8aint Helen’s, Lancaster—Improved means of
gn.nd various substances

2066, J Apperly and W. Clissold, Dudbridge, Improved app for
condensing wool cottan, and other fibrous -ubltnnoeo

2668. R. A. Bmomn, Fleet-street—I in t of fibres for

e prep
spinning, and in machinery employed therein. (Communieauon trom H. Hofer)
2870 F.J W Packman, Puckeridge, Herts, and C. F. Pike, Oxford-street—An armed
glove or oovoring for the thumb an fingers

DaudNombor 18,

2672. J. H. Joh Lincoln’s-inn-fields- p in hi or
for cutting and f paper. (G ication from C Chambers, United States)
2674. C. Dixey, New d-street—Imp in double opera glasses, and

other glnnc il
2676. T. 8. Holt, Manchester, E. Earnshaw and J. Barlow, Rochdale—Improvements
in certain of st steam-boilers, and
2678, T. Earp, Newark-on-Trent—A tap for measuring liquids
2680. J. Kinniburgh, Renfre '—Impmomenu in mot or shaping metals
2681. W. E. Cochrane, Osnaburg-terrace, Regent's-park—Improvements in the perma-
nent way of railways
November 14.

Dated
2682. P, A. le Comte de Fontainemoreau, South-street, Finsbury—An improved
26:;1«3“30(! nol foru letter- md other devieeu on metﬁm anrl‘weu. ﬁs(}ommnmuﬁon)
r dresaing, polish-
mg, and finishing thlud.u d 4
in 1 "

and yarns
2684. T. B.8harpand J. Anthony Collet, Manchester—Impr
2685. A. E. Huart, Southampton—An improved toy for the use of children

uteam-enginu

2686. R. Emery, King-street, St. James's-square—Improvements in springs for car-
riages and er vehicles
2687. R. Emery, te in the constructi

Klg}-nrut, 8¢t. James's-square—Imp

of axles and hoxeo carriages for common roads

2688. J. l;. Day and T. Rutter, Birmingh A new or improved metallic tile for roofing
or covering

2589, E. Money, 8t. smel’-nqlm-e—An improved artificial manure

2690. J. B. Heu, Rue St. Lazare, mprovements in preserving animal and
vegetable substances suitable for food (Communication from C. L. Marle)

2601, J. Sn!.herlud. Paddington—An improved rallway break

2692, H. C. Ash, Park-place South, Chel in mllny sigi

2693. D. Saul and P. illiams, 8 mschineryor
apparatus for nplnmng and doubling cotton and other ﬂhrou materials

2694, A. gﬂingwu, Kettle, Fife—Improvements in apparatus for drying yarns and
woven

Blnb. Iondon—lmpmvemenu in converting iron into steel, and in giving &

ooaung of steel

2606. A. Reld, Sldmonth -atreet, Regent- ng and C. O’Neil, Golden-square—Im-
copper

i fabrics

provements In treatin melalhc ores to ol
2697. J. Crawley, Wood-street, hinery for
.2698. J. Greaves, Gexnrd-ot.reec Soho—An {mproved construction of ladies’ side
saddle. (Communication from H. Adams, New York)
“2699. J. Aftken, Islington—Improvements {n the furnaces enplcyed in the manufac-
ture of iron or other metals
Dated November 15,

2700. N. P.J. Leseure, South-dtrect, Finsbury—An improved embroidering machi

Tmpr

atitohi
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g701. H. H. Fox, Odlngo-hm—lnwvmh in manufacturing brushes

ﬂ&ndmnm Mortimer-street, Cavendish-square—Improvements in the manufage

2708. R. Mushet, Coleford, Gl in the manufacture of iron

2704, A. Barclay, Kilmamock—Im vmenhinthemuhetuno( iron

”‘t):n (:‘ &aﬂu, Bt::le-m'eet Lincoln’s-inn—An im paper suitable for the filtra.
uids,

of and for maaufactare of e
bands, and for other 'm [( hl?ul
pert, Poiﬁon,l‘nneo)

Communication from J. A.
2706. J. Bi Abingdon-street, Westminster—Improvements in chimneys
2701. G. and cotton

pewich—An improvement in
hurn. Bum:vonh -hall, near
mulu for -lutiib:imd 8
\uddluu provements in library tables or desks
2710 Nbl:ob(nwn, Lhur and H. Stevenson, Bradford, York—Improvements in
2711. C. Binks, Imdm—lmmvmhhthamw of iron and steel

2712. T. Cope, Liverpool—Impr t h‘ b
2718. AL M.P? EBeckman, Lille, France—. cnlvﬂury and cookery
2714. J. Worthin Mmehmr—An lmpmvod mode of signalling from the guard

to the enﬁ ver on railway
2716. C. , Lyons, and L. A. l(nnt, Paris—Making atmospherical obeervations
2716. W, ane-, Birmingham—A new or improved mhineryfnr upplyingm
mlﬁ’w to the egl:ching and other ngricumlnl o]

leather and other similar -nmmu '1

uniting leather and other similar mat (Oommnnieluon)
2718. G. Jones and J. R. Jones, I.!verrpool—An improved life

lndhr

ted November 18,
2719, J. Wilson, West Bromvi&. Stafford—Improvements in springs for nﬂm and
2721. B C. Lhtcr, lhnnlngham. near Bradford—Im nts hlmnn
!7 Mngmy, Taverham Mills, Norwich—Improvements in damping paper
273& {insumnorth Cheheu—lmpmmh in the means of securing the ends of

l'lul fnrDr;Sl'l Q priicable ad
er, to propelling ships
rf plicable also as pover mn:hlneq for lhlgn’ purposes
27’6 J Gi cve, Bank-park, Tranent, Had

ristol—I hani

ts in chimney cans
2726 Bessemer, Queen-street-place, New Cannon-street pr in the
mnnnhcmn of iron
Dated November 19,
2737. W. Brindley, M. street ts in the treatment and application

jer mache for covering floo m'&'n’;'mdomu like useful parposes
ms"? Gillman, Cmeddl:fe, Lndpwl'tm—-lmptvvemuu in boxes or packing

2129. H J. Distin, Cranbourn-street, Leicester: ;auro—lmpmemmu in cornets and
other wind m ulimtmmenu. (Communi

2780. W. 8. Churchill and J. w, Stalybridge, Chester—Improvements in
mu:hlnery or apparatus for drying yarns or fabrics, applicable to for sizing
or dressing yarns or pn‘lpuo them to be woven
2181 J. Jones Middlesborough—on- ees, md E. Jones, Liverpool—Improvements in
the cture andt ¢ of metal
2782, J. Lord, kochdnlo—An improved admixtare or and to be .. 0y dasa
substitute for oil in the treatment of ‘nimnl voo to

2738, Junea, Earl of Caithness, Barrogill Cas tllne-— mpmemenh "in dri
straps, or bands for machinery, and ln the apphuunn and use thereof viog
2734. qu )Newwn, y-lane—An impr in centrifugal pumpe. (Com-
municatiop
2736. G. Watson, lhncheater, and C. Satterthwaite, Preston—Improvements in the
manufacture of fire lighte:

2787. J. Yearsley. 8a m, 8t. James's—An improved method of and instrument
for Tpl&ng mincul tym ums
8188 teon and A. Williams, Cornhill—An improved cap or top for scent

8729[1‘8‘ Fox, Deepcar, Sheffield—Improvements in machinery for drawing wire and
ul
9740. L. A. de Milly, Paris—Ii facture of fatty acids

2741. 8. Fox, Deep Sheffleld— In huungltee.lwln and tubes, also
ribs and stretchers of umbrell.u and parasols for hardening, and in apparatus for
straightening wire and tubes

144

Dated November 20.

2743. E. Salt, Bolton-le-Moors—An improved pape rm

ms I M. Gilbert, Manchester—Improvements in v for etching or

27“:8 W. ﬁrh.m and J. Phillips, Newton-heath, Manchester—Improvements in work-

wa, or alarums

2745. P. A, {o Comte de Fontainemoreau, South- ltnot, Flnlb\lry— &oved Appnntnl
{91- 1)>repnrlng carbonic acid gas and impregnating lig
ion

2746. C. F. J. Fonrobert, Berlin—Imp: in the manufacture of boots and shoes.
(Psrtly a Communicahon)

2747, t, Berlin—I ts in the manufacture of insulated wires
for elcctrlc '.elegraplu (I’art.ly a cummumcanonln

ms T. F. Joyce, Bir joining, supporting, and strength-
9 th;l of(;lu e Hyd k—An im t in heating

2.4 organ, Gloucester-terrace, o-park— rovement parts
of cylinders and other hollow bodiee of {mn to a welding K

Dated November 21.

2750. R. B. Benson, New York—Improvements in reefing sails

8752. R. Eaton, Sussex-terrace, New-road, B. pr ts in tus for
buffing on nﬂwnya and for other

2768. L. Dartois, South-street, Fimgury—u improved machine for the cleansing of
textile and fibrous substances

27154. A. M. M. de Bergevin, Sermon-lane—A method or methods of purifying coal
mth;n}‘ demrlmidmuou |—Im tsin vigable :

2755. orman, Liverpool—Improvement propelling na vessels

2757. J. W. Clare, White-street, Sumy—x p g, mnovlng oon-
suming, and ooudensmg sioke and pours, and in app r thoee

2758%00& Burtou-! npon-Tmt'—lmprowmenu in chu-glng or filling and filling up
casks or other vessels for containing fermenting lig

2759. F. Lndewlg Pnna—An improved leaven

2760. 8. Rotb ndon—An i d walking-stick pipe

2761, W. .Ne-uu. Chancery-lane—Impi mguhmmw.phmu
twisting fibrous subst (C ication)

2763. J. 8, Now Croes, Bumv I ts in for applying oil or

lubricating fluid to the axles of railway wnriagu and locomotive engines
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Mer and J. Pritchard, .rrlngtm—
Inmntc in and oxalate of hich im) ts
b&bhhing m ndn,w provements are

enkylt.:ohn-ctreot-md, Guhn'd)—-!m ts in eloctric
d Tobn eirost roed, O3 provemen
2770. ggﬂaqu Basinghall-street—Improvements in furnaces for steam bollers

metals
mm.wwhmmmuumm
2714, J. Wheeler, Wootton-under-Edge, Gloucester—A method ofconverdng rotary

fnto reci
%wwwm plastic sub-
ﬂ"okl- ts in the manufacture of artificial

Fleot-streot—Improvemen
wines, or beverages to be substituted for wines, and in apparatus for aiding fermen-

or ma and nehlhumnl-n

7. W. Bheffield —| ts in looms for wea

2778. D. Chad and i Frost, lhnchm:—lmpuln apparatus
for water and other fluids and gas

2779. W. E. Newton, Chancery- hno—lnpmvmuh rallway carriages. (Commauni-

Dated November 24.
Klmt. Glaagow—Improvements in looms {or weaving ornamental fabrics

2780. B
2781, G. Salt, Saltaire, York—Improvements in weaving carpets and other piled
2782. J. Broadley, Saltaire, York—Improvements in wea
mJ,LmDum—hmh"'ﬂ?}, h PP for
ships and other vessels
2784, M. J. Cooke, MMRM—«»-T]M — Improvements in washing,
nuﬂh(

vrh?:,_ and
2785. C. J. Lewsey, Albion-terrace, Commercial-road-east—Improvements in sugar-cane

%1%, W, . Asios and 8. Hopkineon, Zetand Mils, Hoddersteld—1
iler f loyed for suppl,

steam PP ying water to steam boilers
2781. A B .Stnm,w Imprvnmulnmm.brmndhg
2788. C. B T‘l‘nl for illuminating
mm mmdv.mwh‘lvm ines and other places
combustible or explosive gases exist

ts in the manufacture of pile fabrics

2709, J. Orr, OImw—hn

2790. G. 8harp w. , Jarrow, Durham—Improvements in steam hammers and
machinery for forging iron and other subetances

Dated November %5,

m . , Lanoaster—Im in machinery for oounting and
Bod, Barulay, Lasuser—Tmprovements in machinery fr cousting
92, H. jnn.,BeM— in & oruﬁwhgmhhnhm aly
:h starching, drying, stretching and finish.
n93. H. hghn—lnm the construction of steam boilers
mxm provements in machinery for embroidering,

Fleet-street—Im

‘Ou;nnmmlhb& 8t. Quentin o

9796. J. Palmer, sm-on-'l‘eu.buhn— means for separating different
Moi uliﬁuotnul(tcnhsgm i oupr

196, 3 - Mary A ap lcable t0
the maaufactare of sinc. Oumnnbﬁu) o

m‘lthnhll.jun.. —An improvement in the purifying of oils and fatty

s'na.A.V Nmm-lm—lmmmm for forging fron. (Come
munication)

¢

!n. J. M )y .Globolm— Balmb-N Lancaster—Im;
wm"“m 'orb. oors, provements
mmbumhm and J. Adin, Manchester—[mprovements

Jw;audm
2301. L. G. Riaat, South-street, Finsbary—An improved mode of whale-
bone, perchs, and other elastic bands employed in the wearing

M. nmd-n. Glasgow—Improvements in cutting, sawing, or shaping and

. A NomMyhn—hhwm‘hthmdmdulm
.matplm,nlk,mdodwruﬁdadi wuhmtdllcalhnj
tyuugwuun‘ rusting or oxidation (Oommunhn:l‘:n
2806. H. B Palmer, SBtonchouse, Dovm—lmpmvmnhhphotopuphle apparatus

F

November 127,
Schofield, Ouhn-lmmvmuhndluuumnluhlphnhg
A.mlno‘cunu de l‘nhlmu, South-street, Finsbury—Improved weighing
Finsbury—An improved reefing
Oa-mm from 1. Boss, New York) modo of ad
‘oofe, W ﬁm:{" Gloucester—An implement for paring land, applicable
%m Bamnsbury-park—Improvements in the manufacture

New-road, Brighton—Improvements in spirit lamps

Dated November 28,
the, l!a-nhgm-md. Regent's-park—Improvements in vessels and
.ﬂ wm—hmnuinbmh&mdhmmw

em
Improvements in treat uﬂalnveg«.-bleqm
M_,nuwo:dnnwll::rh‘ b

1,8 |
"s.?
i
E

§i'%

o
:
E

f 1

”“d e o e M—mmnmmwmm
2818, J Boundon.l(enlooMnan Improvements in cooking rangee
2819. H. T. Sourbu yda,cluder— mprovements in taps or valves, parts of which
m;rwahhw}:m fw(}:ln \ub—.l'::i vements applicable to )]

aller, 8 vessel
used in the Mnolnw * i

man
31, A. Turner, Lalcaner—lmpmemeab h ﬂn mnnhctuu of elastic fabrics

28!
xsd M. Allen, Cavendish-grove, W ts in the slide valves
" 29.
2838, J. G. Taylor, Glasgow—Im ts in pencil-cases
2824, C. Siemens, John-nmt.umphl— mpr Fement in fluid met,
2825, J. Dl'yden.l)lndu—lmptwmh weaving
2836. W. Johnson, Liincoln’s-inn-fields—Improvements in projectiles. (Communication
”l;"nmLNWSd‘ivplﬁdd, E’of'ifh, Coanecticut) s fn for ‘"
SO%;L. ; zw;g‘l:“wmr uhmmhmmmum
\Comm from J. Kingaland, jun

J. Brown, nm-pod—lmwmu in the construction of the lower masts of

ps
2830. E. 8. Atkinson, Knottingley, York—An apparatus for condensing vapours, fum
ﬁm&mhlmdmh works o

288! J. wmmnm—mmmuhwmummm;

ssu c.m{h.nm:w,mnm—mmmummhnnwm

2885, :.c.:mwmomdm-m improvement of the common pin

2836, J. W South, Strand—Im) fn

journals of the axles of railway vehicles or otharmvmmdmﬂhay.
MMLMM

2837. J. Gedge, wwmsm—mwuhpm (Com-

munication from
2838, J. Hadden, Ca

prmu in
of apparatus

B e

undh-mhpurpuo

i

2841. E. J. MMMUMM—AMwhmmmy
chair. (Communication from J. Btevens, Massachusetts)

2842. G. Vertue, Northam, Southampton—Improvement in deodorising sewage waters

whea lime s used

3843, T. Peabodr, h&amu od | now res i:'&hndo-ﬁm-

mpmndn ve wind
mn':s:‘“mumm Wh’ orthenednnlmdhuu

brmﬂqonwrhhdn-dﬂﬂm fabrics
i Bardot, Paris—Improvements hhﬂuumm for

2846, N. , Paris—Improvements in bridles and bits for stopping borses

Dated December 3.
2847, E. Dwyer, Wodvld—hwmhhmnmm‘dchﬂdm-m
$848. F. 'nll. —lmpmnmu the M of ln-pheu

and
mﬂnummwwmmwmom

ﬂn— lmbm. ts in drying, roasting,
g car-
bonhin( and cal mineral, udmuhlmh‘lneu
3860 LA.Bmaun, -Improvements in pumps and in pumping. (Commu-

m.} R A Bmw—lmwmhw (Communication from

NSBAMMM—AMMM t to be employed
mmammm-mnm; (Oumlmlllu.gﬂaI oy
2853. B. A. Fleet-street—Improvements hmphgngm.mdhwnp.

L. D. Ginnl. Paris—Improvemeats in hydraulic tarbines
. J. Fowler, jun., Havering, Essex—An improvement in the manufacture of wire

pperly, Dudbridge, Gloucester—Improved fabric applicable to the manufac-
mdboddoth:‘:mm hnbet.ll, and 8. lﬂlel, ﬂouth-unwo, Willow
of cylinder printing

vessels
2860. {ng B. Thwaites, Bristol—An improved screw bolt, or fastenings, for ship build-

ing pm}mu
2861. F. 81 n-street, Adelphi—Improved arrangement of furnaces, which
p:mon:::::n applicable in all cases where great heat is required
2069, J. Iﬂu,w Tm te in o for making gas, partly appli
. | —] 8] o
T provemen! pparatus gas, app

mau" Kfrten, cdqno—lnwmu in the manufacture of motiled soap and
el
Sazl.d:“h:nsmy Accrington, Lancaster—Improvemeats in the construction of filters
2885. E. Rider, Cannon-street, City—*‘ Improvements in the man or treatment
of gutta- ho ‘luggn the i to me by Letters

Patent, daiol.!
%&g:‘mmd Belgi I ack Iminﬂmun::’:ﬂudm and
um—Im; ts 00 of
orpm!eedlen tohennu}t!nmviﬂl

$869. J. the- Asx for

bottles without -nngnymﬁnmunuqm wdenrk. (Oommnniat J.

0. J. Dodcoz Mile-end-road—] hrucu ﬂngudln ing
J. K. Cheetham, llochdnlo—- pmnmcnu

i

287
2871.
to metal and other sarfaces, and mddncmcmwnpdmtng

A. Tissot, South-street,

rlnnlmy—lmpwmh in the uction of mott
m,ndhthumm therewith- Brod e

- 9872 W, I.Ne'wn.clnn -lane—Im|
surfaces in

proved processes metallio
hdlo,orhrdhf.btpﬂnun‘mm (Oommﬁ:nhthnm‘:‘(tm
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2878, A Iaenm; Franoe—Im ts in hydnnllc engines
vemen!
2874 J. Ap}aob roun:n W. Clissol p‘; Dudbridge, Gioucester—Improved machinery for

2876. L.Bu_ver.Soho—-An to be used in place of hair or other sub-
such articles are common!

2876. 1. Llnrmon. Shrubland Grove East, Qm?:-md. Dalston—An improvement in

waterproofing pa;
2877 L C. Stunrt, N ow York—lmpmonhh
D. d and D. Licht dt, High %mﬁm—hwmh

2880. J. 8. Holland, Woolwich—Improvements in the manufactare of irom, partof

which is & Jplluble to other purposes
2881. enson, -street, Caledonian-road, and H. Palmer,
Neﬂmﬁa Od%'d-mt;Impmgmbh Iuwlng flobin machines
£882 3 lord, Bedford-street, Strand—! mpmvm drylng burning,
and bricks, tiles, and other ceramic substances.

9883, L. J. F. Margueritte, Paris—Improvements in
tobonned in manufacturing retorts, crucibles, bricks, mhwmuﬂhu-

2884 D. Crawford, G P ts in sod
hbriesmd Hasg washing, cleansing, preparing
Dated Deoembor 8.

2885. R. Davison and J. Crowther, leeﬂck—lmpmvmenh in machinery for winding
s or thread on bobbins or pirns fixed on spindles driven or cogged wheels,
u"?lor win eﬂ for either hand or povzr looms by goar

2886. H. Moore, Windsor—A boot and shoe stud
2887 Ww. Klon, lnnmghnm, and D. Jones, Liverpool—An improvement or improve-
2888 T. F.urp ewark, Nottingh An improved cutting apparatus for reaping and

2889, An‘Gmt Clemenﬁiwurt——lmpmvemenu in shirts. (Commnmuum) N

$890. L. P. Kerd T for
extracting mlonr{ug matters to be employed for the purposes of (iydng, or for other
similar

2891. W, bard-street—Improved machinery for

burn, Lom! mn.kl.:f butter
2892. H. Ogden and H. Hibbert, Salford—Improvements applicable to colliery and
locomotive engines for the purpoee of or retardiog t.hdrmotwnu uired
intervals, and of indicating the amount of wo

donemnhtlun such in
W. H dIrrymtc.b‘un, dGNumyth.Bnckbnburylm
2893. r AR 8 0 —Improve-
ments in a::i’:glfor n.llwtyou'rhgu.
ers, Gorton, Manchester lppumtobemedtw

2894 W. H. Bow
m@hhmﬂmﬂaﬂm and furnace for

mﬂhﬁm
2895 %V 8. Chrk, High Holbora—
cultural and other purposes. unication from H. Newsham, Baltimore,

l,icwl il Oldham, L in machinery paratus for
" Schiel o or ap
nuts, sorews, or bolts, and tooth-d wheels
2897 J 'erry, Ballymoney, Antrlm—lmpm in the treatment, & ppumﬂon,wd
|;so of mineral tar for the p of and lubr matter and
$898. J. Longb , Leeds—Impr tsin g ting, b m.ormm

steam
2399. J. H. Taylor, Bunhill-row, and P. Marcus, Well-stréeet—An improvement in
ironl (or iron

T. Elliston, Leamington—A new or improved method of hanging and closing

$901. 8 R. Smith, Bristol—I in anch
2903. J. Leslie, Condm—mt., Begcnt—nmt—-u improvement in stoves and fire-
places

ated December 8.

2904. G. Collier, Halifax, and E. Heyvood. Button Cn)-hm:, near Leeds—Improve-
ments in steam boilers and steam generators

2905. R. Eaton, 3ussex-terrnce, New-road, Battersea—An improvement in the maou-
facture of apuugs when indn-rnbber is used

2908. J. Aswnde Brant, Bir An impt t in the facture of

and
2007. J Bertmn, E.dlnburgh—lmpmvementa in steam engines
2908, J. Blain, Belfast—Improvements in J wu:d apparatus for weaving
2909. B. Carless, Birmingham—An improved cage
$910. B. F. Miller, Hnmmem:lﬂth—A mode of printing tables of fares, advertisemen

tices, tablets, or figures, and other like announcements on pain
or other aurtmea to mPenedc vrulng
2911. E. Burwell, G pr t in for coffee, cocoa, chicory,
and similar substances

Dated Decomber 9.
2912 .T Harris, Frodsham—A pnenmnﬁn signal nppnncu,andmodaot working the

1918 J Lilie, Manchester, and A. Dobson, Relfast—Improvements in machinery or
ap| rltlll to be used in the processes of drying animal, mineral, and vegetable
su

o x lé'ri"nmg' m'i‘wrwil?—l jun., T. m d J. Smith, Liverpool—T

2015. T. Vicars, sen. cars, jun., more, an mif verpoo—m ve-
menu m the ot) and other like arti Jm

291" J knson.Bn Improvemenhlnlnbrlutaru
olverhampton—Imp in apparatus to be employed as
andnrmanddetecwrinmuotb
2920. J. Walton, Styal, near Wilmalow—Improvements in tables
2921. W. 8. Carr, New York—Improvements in water-closets
2! E. K. Muspratt, Liverpool, and B. B. W. Gerhnd, Hesse Cassel—Improvements
waste liquors produced in the cture of chlorine‘, -nd in separating
nlckal. ?ﬁdt and copper from liquids ining them in with manga-
nelo an
2923. H. Mollet, Newlay, near Leods—An improvement in fulling woven

- 2969. A,
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Decombder 11.
nllJGmPMhddphh— ts in the mode of manufacturing giaes
luhhrmmla, and friction boxes, and the apparstas
Mnﬂwmveﬁwth one farnace to another for
in mﬂmn’mpu-nb counteract local

”36 M. :i H:ﬂnd-—!mmh in the construction of

”& gm ‘Wheatley, Openshaw—Improvements h fog-signals and in
2087.
”nv & -An jmprovement or improvements in shoes for
193 ki‘l.:ory K : 8¢, James' -Im) inl:e .
. ts
of cerials Kiads of rioairal Implameie e be Soge o sarth ad Toveiling

t.holoﬂ) called harrows
W. Land, Fleet-strost—Ax improved spring clip, for holding or retaining loose
m“oﬁh&l’lw“ﬁd
3. Colle inh Halifax—Improvements in machinery or apparatus for the manufac-

3942 F. W, Anderton and J. Beanland, Bradford, Improvements in a
otmulnmecﬁnc mmtobdlluuthmmpdondmm

8948“}’]0'1;&:1::0!&, GreuW‘ in distilling fatty
and oily matters

nuwrmu.,msmnm Hill Brighton Railway—Im-
pmomenu in locks and fastenings. (éommulmhsnmﬁoh:hou Motheau )
2945. C. Humfrey, The Terrace, Camberwell—The application and use of ptnﬂlne
”:h: manufacture of hair-oils, olntmolt::, and phbull: for medical p&rpoa-
drealng wheat m:- ol
I dge, —An improved construction of poruble nilny
LT F. Margueritte, Plﬂl—lmpmemh purifying rock and sea-salt
Dated Decsmber 13
2949. P. A. le Comte le l‘onhinemo)tm s«mm Finsbury—Improved railway
2950. JlPWrigMndl.'lL'Wﬂch&. pew or improved manufactare
smm Ghndomd, 8t. Paul's Churchyard—Improvements in over shoes. (Cem-

on)
nn x. Panton and C. F. Walsh, Perth—Improvements in apparatus for charging
and e-p%ngtho nipplen of fire-arms
2963. Black Diks )

E

Beadford—
ﬁg J. c“ood.J Bee.on. W. Bmith, and R.lm Derby—Improvemeonts in
e val of steam
M—An imynmd mode of manufac-

fabrics
2924 F. 0. Ward, C‘horkstreet and F. Wynauts, Rue de la Paix, Brabant, Belgium—
in
2925. J. Thornett, jun., New N’or:h road —Imp

ts in gas-b
. Dated December 10.
2926. W. Storey and T. Storey, Lancaster—Improvements in forming ornamental
devices on the surface of paper and certain pmpnod woven fabrics
2927. A. Macarthur, Dalsholm Paper Works, D p te in boiling,

bleaching, washing, or cleansing fibrous materials
2928. W. Nomg, Chancery-lane—Improved apparatus for supplying steam boilers
wnth water. (Communication)

. T. slnlt.l:‘i West Smithfleld—An improved joint for folding handles or sticks of
brellas rnlnh
:om J. Own‘:. 'wan-lane—Improvements in chaff-cutting machines

29086. J. Hndloy. Wnlpola. Bnl
artificial grani bm-'bh or veneering the same with
marl o.nuwpmtmomrlor nndmlnhﬂotolamory‘nlu
Pierremon
2958. 8, Newingtou, Ticehurst, Sn-ex—lmv-wmnu in hand hoes and cultivators
2959. W. B. Birkby, Upper Baplz:l& Card Works, ledheum near Leeds—Improve-
. Sherwin, Waterl d, Baral -Impr in the manufacture of
mbricb tiles, crucibles, and ml::lgc:“' wban:‘dwch hu-edl
- ton—Im| ts in
looms for weaving cut piled fabrics mmmmgn.m.
Boston, United States)
Dated Deosmber 18,
for weaving
8964 L. Braun, Wood-street, City—Im| m_maw and such like articles
o! “alum or sulphate of ;lnmlm
m H Wickens, Tohmhmym—AthmmMc apparatus for protecting the
near Stockport—!
i :ﬂ'::ling Apnrtmeuu, buildings, and ships, and {n apparatus applicable to and tobe
purposes
2068. G. Lm.levood, London-wall—Improvements in geometric patterns
Turner, Leicestar—Improvem
Dated December
2970. P.J’ngr:nt, edydo-p.rk-nmt—lmmmh in lwuln( or cooking by gas, and in
297‘11 J. Millner, Chsr‘iwood-otraoﬁ lelioo-lmpwmh in chimney cans or “E
to
attached to nywﬁngeoortmch!orthopnrpae
same
2973. A. F. des Corats, Rue des Trois Pavillons, Paris—Im in lnmp.
Improvements in ery for boring, turning,
m..ng wummmmmﬁmmymmmm
Datod Dosmber 18,
2976. W. Austin, Upper ‘Wandsworth-road—Improvements in pipes or
271, E. Hervood, Sutton Leeds—Improvements in machinery ar a
ratus u gﬁ o PP
2079. W. Carwood, Charch-| lano—An lmprovement in M-oulne-
corrosive or chemical liquids
£2983. W. E. Newton, Chnnoorrhno—lmrmedprocas or processes of treating tuldan
munication)
Daud December 17,
!989 W. E. Newton,f" y-lang pr t in the manufactnre of table knives.
Wormﬂmmmdapﬂlmﬂew{olborhplnwwﬂar similar purposes
2878. E. D. Draper and G. Draper, Massachusetts—New and useful improvements in
”onl feeden;, veseels, or cans for oiling machinery.—December 4.
uny loom whnovor for wuving n.ll kinds ol ti-uo—Deeunbat
b Fy ¢ in constructed to
ornw hemp, woal, and other arti
com—— P ——

2957. H. Pease, t, Dear dmehu\inn, Newcastle-on-Tyne—
ments in the man wire fillets used in pmputtlono(lln.hv,
2961. G. T. Bouaﬂeld, Bussex-place,
$963. J. Smith, Failsworth, near Manch Inpmmhhhoqunlm
J. Metcalf. Nowton-heath, Improvements in the manufactare
wlnu pmuing or other external
2967. J. Hasslgrove, -Improvements in heating and ven-
ents in the IINIMN of elastic fabrics
2972. L. D. Jnchon. Underwood, pmMa break or lpm
retarding or
2974. A. V. Newton, Chancery-lane—
o they are
Portland-place,
tuhes, and in the method of joining and hying the same
tton Crosshills, near
2981, J. Btobo, Leven Bank Works, D in lifting or forcing
80 that it may be used as & manure, or for obtaining potash or soda therefrom. (
sm J. H.B. Thnlm, Bristol—New or for holding
PATENTS APPLIED FOR WITH COMPLETE SPECIFICATION.
, Paris—A new slide beater with one or more Ahuﬁ.ln applicable to
co-TEm\um of iron levers, which are em| to > com bales
vuaa Preases pfoyod press
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BRISTOL WESLEYAN DAY SCHOOLS,
(With an Engraving, Plate IV.)
The Bristol Wesleyan Day Schools are to be erected near
North-street, and are intended to contain accommodation for
s of 500 children of the poorer classes on the Glasgow
training system. The plans have been submitted to, and received
the sanction of, the Committee of Council on Education and of

the Wesleyan Educational Committee.
The are intended to be of pennant stone with freestone
dressings, and the roof will be covered with ornamental tiles.

The heslzht of the ground story is 14 feet, and the upper story
is 16 feet high to the wall plate and 28 feet hi{x to the ceiling
joints, the room being ceiled at the level of the collar beam.
e whole of the extensive walls are ptastered. An extensive
lay-ground in front of the schools will be provided with swings,
L, and covered play sheds will be erected at either end for boys
and girls respectively.
The cost of the bnilding, exclusive of boundaries, play shed
will be about £2500. The architects are Messrs. Foster an:
'ood, of Bristol.

————e—

CONSTRUCTION OF ARTILLERY.

S,—I claim permission to reply to some remarks in the
reviews which have :%ured in the October and November
numbers of your Journal, of my work, “ On the Physical Con-
ditions involved in the Construction of Artillery.”

(1) Your reviewer starta with affirming, that “though by the
title of this work it would appear to treat solely of the strength
and conetruction of cannon,” yet “ Mr. Mallett’s principal object
was to advocate a system of his own for the construction of guns.”

That is, I am with advocating a hobby of my own, under
a falge title to my . I deny the accusation, and ap, to the
book itself for my vindication. A fair reviewer usually lets an

author himself state bis “ princi o!:jle:t." I have done 8o thus
inmy preface : “ It became evident that progress and improve-
ment (i. &, ¢ in the evisting method of construction of ordnance’)
must come, in the first instance, not from questions as to methods
of operation, but by the establishment of principles; that a science
o/ gun founding yet required to be formed and systematised, and
that this must commence with a more searching and exact dis-
cussion of the properties of the constructive materials for ord-
nance—in strict reference to their purpose and application—than
had yet been given by any one;” and so far from the particular
construction which I have 8 ted for wrought-iron guns, and
those only constituting the principal object of my work, it is no
more than incidentally arrived at as a method by which the other-
wise insuperable difficulties of constructing wrougyhb-iron ocannon
of large calibre in one mass or forging, may be met. Yet,apparently
for no better reason than because this occurs near the end of the
work, it is thus gratuitously and falsely affirmed to be the
principal object of a book which, well or ill, embraces the whole
range and subject of artillery construction, and impartially die-
cusees every known method.

(2) Upon the mathematicsemployed in this particular fragment
of the work your reviewer has spent most of his critical thunder
—at least one-half the first review is occupied with a flourish of

1 x:nbols, ending in an equation identical with one in the work;
1 remainder, so far as the theoretic question of elasticity in
~ivelation to “ built-up guns” is discussed, might be safely left to
reply of m{efnend, Dr. Hart, in page 389, &c, of your
ember namber.
;(3.) Those who are mathematicians, and acquainted with the
ject, will not be misled by the references made to experi-
tal data which have no existence. Your reviewer, when
ed by Dr. Hart to name his experimental authority upon
ich he affirmed that “ when the cubical extension is introduced,
additional tension is approximately in a constant ratio (E) to
cabical extension ”—and to give a value for the coefficient E,
imentally obtained, for any of the most ordinary constructive
i is ouly able to reply, that “in reality, analogous ex
ts have been made,” and that ‘ some account of &oe.
rature of the subject may be found” in Mr. Maxwell’s Paper,
L xx. Edin. Trans., and Mr. Raukine’s, No. xxv. Camb. and Dub.

Jour.
The former most valuable memoir I have more than once
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referred to in my work, and I affirm that neither in that paper
(which is almost purely theoretic, and not experimental,) nor in
the published works of any physicist up to this day, is a single
experiment to be found from which any value (much lees a

ble ond) for the ooefficient E, for wrought-iron, can be
obtained; but this is the only experimental datum we are here
concerned with.

Now admitting, argumenti that the reviewer's calcu-
lations were in all other respects unobjectionable, the whole force
of his objections to the propoeed construction of built-up wrought-
iron guns is based upon the assumption that the value of the co-
efficient E is such, for rolled wrought-iron, as practically to affect
the reeults, as indicated by Dr. Hart’s formula adopted by me;—
in other words, that the normal compressions are actually sufficient
in amount practically to atfect the ntial strains, and there-
fore may not safely be neglected. I believe there is no engineer,
nor any physicist, acquainted with such experimental data as we
do upon the extension and compression of wrought-iron,
but will at once admit that its cubical bears 8o swall a ratio to its
lineal compression or extension as not sensibly to atfect the result
in the case under consideration. No one knows what the exact
cubical compression or extension of wrought-iron is—it can only
be rudely guessed at.

(3) But again—assuming for a moment that your reviewer is
quite right. Upon his own assumption and calculation, a built-up
wrought-iron Eun, of a given calibre, must be, for equal strength,
one-third thicker than a common gun (5. e. of one piece) of the
same calibre. Now, the entire aim and object in view in adopting
built-up guns is here ignored : that object is to escape thus the
difficultiee due to forging in one mass, the chief of which is the
want of uniform disposition of the fibre of the iron in a large
forged gun, in directions all either lengthwise, or wrapping
around the circumference of the gun; iustead of which we obtain
a confusedly crystallised mass, like cast-iron. Henoe the rolled
wrought-iron or hoops of the built-up gun are practically
(vay, actually) a different material in respect to strength, from
the fo gun, taking equal sectiona.

(4) In 113 of my work, you will find that this difference
in strength 18 something like seven o one in favour of the rolled
iron constituting the material of the built-u!) inm If, therefore,
according to your reviewer, the thickness of the common to that
of the built-up gun, must be for equal strength, and of the same
material,

as 2 : 3,
from the ter tenacity in the right directions of the material
of the built-up gun, the thicknesses will be
as 2 : §, oras 2 043.

8o that even upon his own showiug (if he will keep in mind the
condition upon which the built-up gun is propused), it will have
equal strength with a common gun of the same calibre, at lass
than one haif the thickness. A good sample this of what mathe-
matics are worth when applied without attention to essential
conditions.

(5.) Time and your space would not admit of my following all
the ‘g.nguphs of your reviewer in which there is other ground
for objection.

If, for example, “it is demonstrable that the explosive force p
can never be 8o great as the tension of ultimate rupture,” how is
it that any gun ever bursts {

With a rather ntic supercilium, the reviewer accuses me
of not knowing the difference hetween vis viva and momentum.
Thus he says, P and P’ being the weight of the shot and gun,

50", “is clearly wrong, and should be

the momentum of the shot = that of the gun. Both are true; and
it may comfort your reviewer to hear that my expression in this
instance is identical with the quotations given by Generals
Piobert and Morin, who always use those for vis viva, and not
for momentum, in treating questions of recoil ; and that for
reasons 8o obvious, that it is surprising they should escape so
precise a mathematician.

(8) Agnin, at page 134, I do not say that M ¢?, « the vis viv:
of recoil i3 transferred as a pressure against the interior of the
breech,” but that ¢ the latter,” namely, the recoil itself, is so
transferred.

Charges of schoolboy errors ought not to be made upon read-
ings so grossly careless and incorrect. It is mov worth whil-
however, to pursue these remarks further. A critical

{

. P
my expression, 7 v =
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fills & high office;~he is as a trustes batwesn aathor and public:

but he mistakes his office and abandons his trust, in place
of i t.hemainduig‘of his anthor or its of
fulfilment, is occupied In showing the glitter of his own

weapons, or in trying to pick holes in some miserable fragment
isjointed from the entire.

.) Allow me to add a few words upon a part of your second
notioe of my work, p. 367 of your November number.

The dificulty that yoot} lnveirain;i. .:ll to my viev:lhof the law of
crysalline aggregation of cast-iron, based on the assumption
that in dense cohervnt cast masses the in t are
octohedrons. You say I state them to be 80 in page 21. Refer

to the , 8ir, and you will find this again is a mistake and mis-
quotation on your The paseage refers to the loose erystals
often lining the in eastings, and to none other. The sense

in which I use the term, * principal axis of the crystal, is, I believe,
clear, from 16, page 9, of my work; and even from that
of the notai};. 213, which you print, in which there is no petitio
prineipii, correctly read, what it affirms is embraced in two

PR, e f e gt <
1. t the s ie axis of the in t is coin-
cident with the direction of emergence of the heat wave.

2. That this direction is also that of least pressure within the
g L e i el

n, whether cast or wrought, never is for ised in
mass in octohedrons—albeit that such may be one of its primary
forms ;—it is dimorphous.

I shall not attempt to enter further here upon any discussion
of my views of ecrystalline tion in mass, as unsuited to
the brevity with which such a subject must be treated in your
rges. I believe they will be done full justice to, and aoccepted
t{drthuomemﬁnhkothe':lotlewmuw{themmw

ical importance wi increasingly recogni not
only as applimbleptz the construction of a.msllery, but in every
structure, civil or otherwise, into which crystallised bodies enter
as materials.

I
am, &e, Roserr MaLLET,

*.* In the number of this Journal for November was pub-
lished a letter from Dr. Hart, of Trinity College, Dublin, replying
to our strictures on his investigation in the appendix to Mr,
Mallet’s ‘Treatise on the Construction of Artillery Knowing
Dr. Hart's scientific attainments, we premised to our answer in
the following number of the Journal, that we felt “ none of that
reluctance in engzﬁing in controversy with himn which we should
feel if arguing with an opponent who substituted crude Ph'ﬁ,ied
conceptions g;r an eni.ct'l':hno;vledge of mechanical science.” es0
words were dictated in the hope—too ine as it now ap,
—that Mr, Mallet had left the ddhnooofm' cause in Dr.

(1) We "Eﬁnt the letter which we have received from Mr.
Mallet, without alteration except that we have ventured to prefix
numbers to the paragraphs of his letter, referred to in the corre-
sponding paragraphs of this reply. In the paragraph numbered
(1), we are acoused of mis-stating in our review the “ principal
object” of Mr. Mallet's work. On turning to that review it will
be found that we expressly acknowledged that, u:o\ah, “by the
title of this work, it would appear to treat solely of the strength
and construction of cannons, the investigations into which the
author enters relate to subjects of the bi importance to the
civil engineer and student of the gemeral theory of the stren,
of materials;” and we added that the subjeets *of which thi
volume treats are subjects of very general interest.”

‘We cannot therefore bave greatly wronged Mr. Mallet, even if
we have erred, as he says, in ststin%::mt the principal object of
his work is to advocate a system of his own for the construction
of guns. As far as we are aware, he has nowhere in his work
stated explicitlme prim;i‘i)ld object of it, unless it be in the

i ich is a dedication in large type to the “Prime
Minister,” in these words :

“My Lord,—By your kindly-expressed permission, I adorn
this volume with your name; in remembrance of my owing the
approaching trial of a project for the improvement of ordnance
to the attentive and intelligent consideration of its design lzlyonr
Lordship, and in ho to a long career of able and faithful
nr?l'loo as a statesman o! then?‘r‘iltiah Crown. The infavesti tions
in these pages were e in preparation of my designs

* ' ~fore you, and their upshot might perhaps be epitamised
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in the motto of your Lordship’s hause—‘ Fiecti non Frangi)—I
have, &c”

It appears, then, that the “upshot” of Mr. Mallet’s investiga-
twn:ﬁ epitomised by the words, “to be bent—not Lroken,”
which clearly refer to the use of wrought-iron, and the project
mentioned in the first sentence of this dedication. It might be
reasonably inferred, we think, that Mr. Mallet’s principal object
was the advocacy of the project in question. However, he must
know his own motives better than any one else, and he has now
had the opportunity of setting hi right with our readers on
this momentous wg:.. )

(3) Mr, Mallet not appear to have read—at least he does
not notice—our answer to Dr. in the December number of
t.hilsl;:wmal '.lc’lhat an?wer .tl;xow ﬁ;:xr;mofm had arrived
at his main conclusion (as to the posaibility of constructing guns
of uniform tension) by a petitio principii, & e. by assuming a
quantity to be constant which htrqu& to to
be so. Theaocidenmliirin his reasoning was one of those to
which the most practical mathematicians are, notwithstanding
the utmost care, oocasionally liable.

(3.) Mr. Mallet asserts, with quite as much confidence as discre
tion, that th:f ‘l')h?lle force of oblz.r “objections to the pmpog
construction uilt-up wrought-iron guns is based upon
assumption that the vn.lpue of the eoeﬁtcl':ent Eis mcli:‘,lglor :all;;
Wro biron,uﬁ-lcdeslly to affect the results, as indica
Dr. ’s formula adopted by me.” It seems sufficient to reply
to this by the following 3uotat.ion from Dr. Hart’s letter to us
(ante Vol. XIX. p. 389): “8Since by your subsequent Hpotheos
you eliminate E, I suppose we may counclude that the result
would continue to hold if E=0." Our results, a8 Dr. Hart
remarks, do not in the least de oxi‘pu-tlcnlu values of E,
the coefficient of cubic compreesibility. Moreover, we have given

in our reply to Dr. Hart, what we believe to be a
demonotm,:gn, on the hypothesis that E is i blo%
impossibility of constructing a gun so that it s have uni-

form tension when subject to explosive force. We consider it
therefore demonstrated, on both assumptions as to the law of
elasticity é:. e. the common one adopted by Mr. Mallet, which

m),th aid E‘he more aecnxl-:te e:lminwhic‘l':ﬁlihk“ E into
socount), that his “ project” is & physi possibility.

(3.) Mr. Mallet says, “the entire aim and objest in view im
ado;mng built-up guns® are “to escape thus the difficulties due
to forging in one mass” We t that one of his objects
was increase of The practical advantages of forgk
in several parts we readily admit to be cobsiderable, if
ean be obtained without loss of strength; and it was to the
latter subject alone that we explicitly confined our investigations.

(4) At page 113 of Mr. et's work, he refers to the relative
tensile atrength of wrought-iron in the direction of its fibre and
across it. He then draws a conclusion as to the increase of
strength of inwhichthoorﬂ:inmaimm all resisted
hy wrought-iren in the line of fibre. Even supposing he has
oorrectly estimated this increase, it will not follow that it is due
to the peculiar method of eomstruction advocated by him. The
peculiarity of his method is, we believe, the ition of
n’ng suoocesively “shrunk on” at different temperatures. It was
to the value of that novelty that we confined our attention. The
use of whioh reeist the explosive strains by tension of iron
in the direction of its fibre, is no novelty. Of the construction
of wrought-iron hooped guns there are innumerable examples,
sacient and modern.

(5.) The quantity p, to which Mr. Mallet refers, is used
throughout our invn:,i&ﬁom to demote an explosive force which
a cannon may bear without ru; Anything more than the
most superficial knowledge of the theory of the tension of vesssls
would have prevented him from combating the propesition to
which he here objects.

(5.) Mr, Mallet says that the equation
P ) 4

— o7,
)

- =
g
and the proposition that the momentum of the shot = that of the
gun, are both true. The latter proposition gives
Po=PYv,
whence, comparing with the former equation, it follows that
o=1,

or the velocx:f of the ball's projection is equal to that of the
cannon’s recoil !  'We really onght to apologise to our readers for
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np-paeobyaﬂao-ng' blunders so gross. No references
ven to passages ﬁomhofPiobﬁmdMoﬂnbyMﬂ.

t it is clear enough that he must have misapprehended
authors.
) Mr. Mallet says we have mis-stated his at
of his work, and that it is not the vis vies of but the

i which is transferred as a pressure against the breech.
expressions are alike incorrect. To say that either the
s of recoil, or the vie visa of that velocity, is a pressure is
o und the measure of finite foroe with measures of dyna-
mioal effects, ndent on another element besides foroe—
zmamely, time. . Mallet takes no notice of the other blunders
which we expoeed in this passage of his book-—unless the remar
about “ trying to pick holes in some miserable fi t disjoin
the entire,” refers to them. Surely we should abandon the
:ut of which I::fu: ke :{ l.?ﬁily, if, di i eran which

ow an utter confusion e elementary principles of dynamics,
vef.ﬂfudrto i on&mdmofthnm. hn‘ll:hof ullin
. (7.) Mr. et says that our objection to his ““law of crystalline
sggregation of mt!;:on" is all based on the as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>